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Introduction: To evaluate vestibular evoked myogenic potential (VEMP) test responses in patients with systemic lupus ery-
thematosus (SLE).
Methods: Thirty patients who were followed up for SLE in rheumatology clinic were referred for the cVEMP test. A complete 
head and neck examination, neurotological examination, pure tone audiometry, and tympanogram test were performed for 
all patients. Seven patients with neurotological, acute and chronic otitis media, hearing the loss in pure audio audiometry, 
abnormal tympanogram, head and neck trauma, and disease and drug use history that could affect the vestibular system 
were excluded. Thirty healthy controls without medical therapy and systemic disease history that could affect the vestibular 
and auditory system and with normal pure tone audiometry and normal tympanogram were included in the study. Both 
the patient and healthy control groups were tested for cVEMP from 100 dB to 85 dB stimulation. The amplitude and latency 
values of cVEMP responses of the control group and SLE group were compared.
Results: No response was obtained in five patients in the SLE group, whereas all frequency responses were obtained in all the 
controls. There was a decrease in the amplitudes and latency prolongation in the SLE group compared to the control group.
Discussion and Conclusion: Autoimmune diseases have been previously shown to contribute to the pathophysiology of 
endolymphatic hydrops. SLE is an autoimmune disease and can lead to saccular hydrops, which can be demonstrated by 
the cVEMP test.
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Systemic lupus erythematosus (SLE) is a chronic inflam-
matory autoimmune disease affecting many organs 

and systems, such as skin, joints, lungs, and kidneys [1, 2]. 
Sensory neural hearing loss, tinnitus, and vestibular find-
ings can be seen in patients with SLE, although otitic dis-
eases are not among the diagnostic criteria [1, 2]. Vestibular 
symptoms are common in patients with SLE; in a question-
naire study, vestibular symptoms, such as vertigo, were sig-

nificantly higher in patients with SLE than in the controls 
[3, 4]. The vestibular sensorial epithelium is located in the 
saccular macula, utricular macula, and crista ampullaris in 
each semicircular canal. The peripheral sensory epithelium 
comprises type 1 and type 2 hair cells along with support-
ing cells [5, 6]. Histopathological studies have shown that 
type 1 hair cell density in saccule, utricle, and semicircular 
canal in patients with SLE decreased significantly compared 
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to the control group, but there was no difference in type 2 
hair cell density [7]. Some causes of endolymphatic hydrops 
are trauma, viral infections, and autoimmune diseases [8]. 
In our study, we aimed to reveal the presence of saccular 
hydrops by the cVEMP test in the autoimmune disease SLE.

Materials and Methods 
Thirty-seven patients who were followed up for SLE in the 
rheumatology clinic were referred to us for the cVEMP test. 
A complete head and neck examination, neurotological ex-
amination, pure tone audiometry, and tympanogram test 
were performed on all patients. Seven patients with neu-
rotological, acute and chronic otitis media, hearing loss in 
pure tone audiometry, abnormal tympanogram, head and 
neck trauma, and disease and drug use history that could 
affect the vestibular system were excluded. Thirty healthy 
controls and 30 patients with SLE were included in the 
study. Of the 30 patients with SLE, 28 were female and 2 
were male. The mean age of the patients was 41.05±4.96. 
Of the 30 healthy controls, 25 were female, five male. All 
patients included in the study were subjected to a bilateral 
cVEMP test at 500 Hz frequency. The cVEMP test was per-
formed starting from 100 dB stimulation to 85 dB stimu-
lation level. In the study, stimuli at 100 dB were taken into 
consideration. The amplitudes and latencies of the cVEMP 
responses in the 100 dB stimulus of the SLE group were 
compared between the control group and the control 
group. The study was approved by the local ethics commit-
tee (Protocol number: B.10.1.TKH.4.34.H.GP.0.01/58). 

Stimulus Design and Recording Setup (cVEMP 
Recording)

The stimulus profile was gated with 2 ms rise time, 2 ms fall 
time, 2 ms plateau time, and 5.1 Hz repetition rate with 500 
Hz tone burst. Frequencies were presented 50–150 times 
with the aim of average responses. The signal of EMG was 
bandpass-filtered (10–750 Hz) and recorded between the 
range of 10 ms before stimulus start and 60 ms afterward. 
VEMP recordings were performed using an Eclipse EP 25 

VEMP evoked potential system (Interacoustics AS, Assens, 
Denmark). The impedance of electrodes was ≤3 kΩ.

Statistics Analysis

IBM SPSS Statistics 22 (SPSS IBM, Turkey) programs were 
used for statistical analysis. Power analysis was performed 
to determine the minimum sample width required to 
compare two groups and two ratios. The normal distri-
bution suitability of the parameters was evaluated by the 
Shapiro–Wilks test. Student t-test was used to compare the 
descriptive statistical methods (mean, standard deviation) 
as well as the two-group comparisons of the parameters 
with normal distribution in the comparison of quantitative 
data. Significance was assessed at p<0.05 level.

Results
Thirty SLE patients and 30 healthy volunteers were in-
cluded in the study. There were 30 patients and 30 healthy 
controls. Of the 30 patients, 28 were female and two were 
male. The age of the patients ranged from 27 to 48 years, 
and their mean age was 41.05±4.96 (Table 1).

Of the 30 healthy controls, 26 were female, and 4 were 
male. The age of the healthy controls ranged from 26 to 49 
years, and the mean age was 41.6±5.18 (Table 1).

The right and left 100 dB nHL P13 and N23 latency values in 
the control group were significantly lower than those in the 
SLE group (p<0.05) (Table 2).

Table 1. Demographic characteristics of patients  

Patients with SLE Sex Age mean±SD

Female 28 
41.05±4.96

Male 2 
Control group Sex Age mean±SD

Female 26 
41.6±5.18

Male 4 

SD: Standard deviation; SLE: Systemic lupus erythematosus.

Table 2. Evaluation of study parameters between groups

  Healthy group SLE group p
  Mean±SD Mean±SD 

Right 100 dB P13 Latency 13.5±0.27 16.62±0.7 0.001*
Right 100 dB N23 Latency 23.39±0.35 26.97±0.72 0.001*
Right 100 dB P13-N23 Amplitude 161.21±42.95 90.69±20.44 0.001*
Left 100 dB P13 Latency 13.46±0.29 16.95±0.51 0.001*
Left 100 dB N23 Latency 23.32±0.3 26.26±0.24 0.001*
Left 100 dB P13-N23 Amplitude 139.93±21.25 78.28±15.38 0.001*

Student t Test; *p<0.05; dB: Decibel.
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The right and left 100 dB P13-N23 amplitude values in the 
control group were found to be significantly higher than 
those in the SLE group (p<0.05) (Table 2).

Discussion
SLE is an autoimmune connective tissue disorder affect-
ing many organs and systems. The etiology of this disease 
is not entirely known, and clinical and laboratory findings 
are diverse and variable [9]. SLE tends to show relapses and 
remissions, and it may present with symptoms not spe-
cific to the disease, such as fatigue, fever, muscle aches, 
and weight loss, as well as organ and system symptoms 
that are specific to the disease [9]. SLE is a complex disease, 
usually involving severe clinical manifestations and organ 
involvement [10].

The 500 Hz frequency cVEMP test is the most sensitive indi-
cator to detect changes [11]. High levels of circulating DNA-
anti-DNA immune complexes exceed the clearing capacity 
of the reticuloendothelial system (RES), and these immune 
complexes then accumulate in various tissues, including 
the glomerulus, causing local damage there [12]. Autoim-
mune inner ear diseases can be primary or secondary [13]. 
While primary diseases are limited to the inner ear, many 
non-specific autoimmune diseases, such as SLE, rheuma-
toid arthritis, Sjogren syndrome, polyarteritis nodosa, 
Vogt Koyanagi Harada syndrome, chronic lymphocytic 
thyroiditis, Cogan syndrome, Behçet syndrome, sarcoido-
sis, granulomatosis with polyangiitis, ulcerative colitis, and 
relapsing polychondritis, affect other organs and tissues as 
well as the inner ear [14, 15]. Vestibular complications are 
quite common in patients with SLE [16]. One study showed 
that the incidence of abnormal findings on electronystag-
mography in patients with SLE was significantly higher 
than that in healthy controls [17]. Another study showed 
that pediatric patients with SLE also had vestibular dis-
orders, as confirmed by videonystagmography and com-
puterized dynamic posturography [18]. Derebey at al. [19] 
showed that circulating immune complexes pass through 
to the endolymphatic sac circulation and stria vascularis, 
leading to increased inflammation and permeability and 
impaired fluid balance. Takeda et al. [20] performed a study 
examining plasma arginine vasopressin (p-AVP). Endolym-
phatic area showed increased p-AVP levels and increased 
endolymphatic volume when endolymphatic p-AVP in-
creased. In this study, guinea pigs were sensitized with an 
allergic stimulus. Histological evaluation was performed at 
various points and also post-provocation. Cross-sectional 
area was used when endolymphatic volume changes were 
compared to animals injected with saline. In a second ex-
periment, subjects were given oral administration of pran-

lukast hydrate, a leukotriene antagonist. Before antigen 
exposure, subjects were given saline and compared with 
subjects who were given pranlukast. EH was observed in 
each turn of cochlea after antigen exposure in subjects not 
given pranlukast as a prophylactic, whereas, EH was not 
seen in the animals given pranlukast. p-AVP levels were 
elevated in the sensitized group; however, among those 
pre-medicated with pranlukast, p-AVP levels were signifi-
cantly lower. This study showed that a systemic immuno-
logical disease affects the inner ear and that prophylactic 
treatment can suppress it.

A strong association between SLE and balance disorder has 
been suggested, but vestibular system involvement in pa-
tients with SLE has not been fully examined [21]. The mor-
phologic, physiologic, and developmental characteristics 
of vestibular sensory cells (type 1 and type 2 hair cells) are 
remarkably different [22, 23].

It has been found that there is a significant difference be-
tween type 1 and types 2 hair cell loss in patients with SLE. 
It is thought that this condition is caused by the important 
physiological differentiation of type 1 and type 2 cells [7]. 
Histopathological studies on SLE specimens have shown 
that type 1 hair cells are significantly affected and that a 
systemic diseases such as SLE can lead to vestibular system 
involvement. Demonstration of vestibular type 1 hair cell 
loss may provide a pathological basis to explain balance 
problems that patients with SLE encounter [7]. Histopatho-
logically, the intensity of type 1 and type 2 hair cells was 
not significantly correlated with the age of the patient or 
the duration of SLE [7]. Based on this information, we aimed 
to decipher asymptomatic findings of saccular hydrops in 
SLE. Patients in the SLE group were in remission and did 
not have vestibular symptoms. Since the cVEMP test allows 
us to obtain a better and more effective response at high 
stimulation and at 500 Hz frequency in order to determine 
saccular hydrops, we assessed the patients at a frequency 
of 500 Hz and stimuli at 100 dB. Previous histopathologi-
cal and videonystagmography studies have demonstrated 
that structures related to balance are affected in both 
symptomatic and asymptomatic ears of patients with SLE. 
In our study, we found that latency is prolonged and ampli-
tude decreased in patients with SLE.

Conclusions
SLE can affect the vestibular system in the inner ear, and 
this can be demonstrated by the VEMP test.

Ethics Committee Approval: The study was approved by the local 
ethics committee (Protocol number: B.10.1.TKH.4.34.H.GP.0.01/58).  

Peer-review: Externally peer-reviewed.



145Baki et al., Vestibular Evoked Myogenic Potential Responses in Patients with Systemic Lupus Erythematosus / doi: 10.14744/hnhj.2018.14238

Authorship Contributions: Concept: A.B., A.A.C., O.P., M.Y.; Design: 
A.B., A.A.C., O.P., M.Y.; Data Collection or Processing: A.B., A.A.C., 
O.P., M.Y.; Analysis or Interpretation: A.B., A.A.C., O.P., M.Y.; Literature 
Search: A.B., A.A.C., O.P., M.Y.; Writing: A.B., A.A.C., O.P., M.Y.

Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References
1. Yu C, Gershwin ME, Chang C. Diagnostic criteria for systemic 

lupus erythematosus: a critical review. J Autoimmun 2014;48–
49:10–3. [CrossRef ]

2. Batuecas-Caletrío A, del Pino-Montes J, Cordero-Civantos C, 
Calle-Cabanillas MI, Lopez-Escamez JA. Hearing and vestibu-
lar disorders in patients with systemic lupus erythematosus. 
Lupus 2013;22:437–42. [CrossRef ]

3. Gomides AP, do Rosário EJ, Borges HM, Gomides HH, de Pádua 
PM, Sampaio-Barros PD. Sensorineural dysacusis in patients 
with systemic lupus erythematosus. Lupus 2007;16:987–90.

4. Maciaszczyk K, Durko T, Waszczykowska E, Erkiert-Polguj A, 
Pajor A. Auditory function in patients with systemic lupus ery-
thematosus. Auris Nasus Larynx 2011;38:26–32. [CrossRef ]

5. Inagaki T, Cureoglu S, Morita N, Terao K, Sato T, Suzuki M, et 
al. Vestibular system changes in sudden deafness with and 
without vertigo: a human temporal bone study. Otol Neurotol 
2012;33:1151–5. [CrossRef ]

6. Gopen Q, Lopez I, Ishiyama G, Baloh RW, Ishiyama A. Unbiased 
stereologic type I and type II hair cell counts in human utricu-
lar macula. Laryngoscope 2003;113:1132–8. [CrossRef ]

7. Kariya S, Hızlı Ö, Kaya S, Hızlı P, Nishizaki K, Paparella MM, et 
al. Histopathologic Findings in Peripheral Vestibular System 
From Patients With Systemic Lupus Erythematosus: A Human 
Temporal Bone Study. Otol Neurotol 2015;36:1702–7. [CrossRef ]

8. Hughes GB, Kinney SE, Barna BP, Calabrese LM. Autoimmune 
reactivity in Ménière's disease: a preliminary report. Laryngo-
scope 1983;93:410–7. [CrossRef ]

9. Düzgün N. Sistemik Lupus Erythematosus. Available at: http://
ichastaliklariromatoloji.medicine.ankara.edu.tr/files/2014/02/
Sistemik-Lupus-Eritematozus.pdf. Accessed Jul 19, 2018.

10. Goldman L, Bennet JC, editors. Cecil Textbook of Medicine. In: 
Schur PH, editor. Systemic Lupus Erythematosus. W. B. Saun-

ders Company; 2000. p. 1509–17.
11. Timmer FCA, Zhou G, Guinan JJ, Kujawa SG, Herrmann BS, 

Rauch SD. Vestibular evoked myogenic potentials (VEMP) in 
patients with Meniere’s disease with drop attacks. Laryngo-
scope 2006;116:776–9. [CrossRef ]

12. Biesecker G, Katz S, Koffler D. Renal localization of the mem-
brane attack complex in systemic lupus erythematosus 
nephritis. J Exp Med. 1981;154:1779–94. [CrossRef ]

13. Ruckenstein MJ. Autoimmune inner ear disease. Curr Opin 
Otolaryngol Head Neck Surg 2004;12:426–30. [CrossRef ]

14. Merchant SN. Disorders of the immune system. In: Merchant 
SN, Nadol JB Jr, editors. Schuknecht’s Pathology of the Ear. 
3rd ed. Shelton: People’s Medical Publishing House; 2010. p. 
537–70.

15. Bovo R, Ciorba A, Martini A. The diagnosis of autoimmune in-
ner ear disease: evidence and critical pitfalls. Eur Arch Otorhi-
nolaryngol 2009;266:37–40. [CrossRef ]

16. Gad GI, Abdelateef H. Function of the audiovestibular system 
in children with systemic lupus erythematosus. Curr Allergy 
Asthma Rep 2014;14:446. [CrossRef ]

17. Karatas E, Onat AM, Durucu C, Baglam T, Kanlikama M, Al-
tunoren O, et al. Audiovestibular disturbance in patients with 
systemic lupus erythematosus. Otolaryngol Head Neck Surg 
2007;136:6–82. [CrossRef ]

18. Gad GI, Mohamed ST, Awwad KS, Mohamed RF. Study of au-
diovestibular dysfunction in children with systemic lupus ery-
thematosus. Int J Pediatr Otorhinolaryngol 2013;77:1561–6.

19. Derebery JM, Berliner KI. Allergy and its relation to Meniere's 
disease. Otolaryngol Clin North Am 2010;43:1047–58. [CrossRef ]

20. Takeda T, Takeda S, Egami N, Kakigi A, Nishioka R, Yamasoba T. 
Type 1 allergy-induced endolymphatic hydrops and the sup-
pressive effect of leukotriene receptor antagonist. Otol Neu-
rotol 2012;33:886–90. [CrossRef ]

21. Gazquez I, Soto-Varela A, Aran I, Santos S, Batuecas A, Trinidad 
G, et al. High prevalence of systemic autoimmune diseases in 
patients with Menière's disease. PLoS One 2011;6:e26759.

22. Eatock RA, Rüsch A, Lysakowski A, Saeki M. Hair cells in mam-
malian utricles. Otolaryngol Head Neck Surg 1998;119:172–
81. [CrossRef ]

23. Li GQ, Correia MJ. Responses of pigeon vestibular hair cells to 
cholinergic agonists and antagonists. Brain Res 2011;1373:25–
38. [CrossRef ]

https://doi.org/10.1016/j.jaut.2014.01.004
https://doi.org/10.1177/0961203313477223
https://doi.org/10.1177/0961203307084160
https://doi.org/10.1016/j.anl.2010.04.008
https://doi.org/10.1097/MAO.0b013e3182635440
https://doi.org/10.1097/00005537-200307000-00007
https://doi.org/10.1097/MAO.0000000000000897
https://doi.org/10.1002/lary.1983.93.4.410
https://doi.org/10.1097/01.mlg.0000205129.78600.27
https://doi.org/10.1084/jem.154.6.1779
https://doi.org/10.1097/01.moo.0000136101.95662.aa
https://doi.org/10.1007/s00405-008-0801-y
https://doi.org/10.1007/s11882-014-0446-4
https://doi.org/10.1016/j.otohns.2006.06.1255
https://doi.org/10.1016/j.ijporl.2013.07.004
https://doi.org/10.1016/j.otc.2010.05.004
https://doi.org/10.1097/MAO.0b013e3182565a27
https://doi.org/10.1371/journal.pone.0026759
https://doi.org/10.1016/S0194-5998(98)70052-X
https://doi.org/10.1016/j.brainres.2010.12.016



