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Abstract 

Autonomic disorders are common in patients with SLE, but the therapeutic strategy and 

methods for evaluating the effects of therapy have not been established. We describe the 

three cases of SLE patients who developed severe autonomic disorders as demonstrated 

by the head-up tilt table test (HUT). All three patients were treated by intensive 

immunosuppressive treatments including cyclophosphamide (IVCY); their HUT results 

all became negative. Our cases suggest that IVCY treatment can be a good therapeutic 

option for severe autonomic disorders in SLE patients. The HUT is a useful objective 

method for the diagnosis of and the evaluation of longitudinal therapeutic effects on 

autonomic disorders in SLE patients with orthostatic intolerance.  
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Introduction 

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease caused by 

a reduction of tolerance to nuclear antigens [1]. Neuropsychiatric lupus (NPSLE) 

manifestations can affect various nervous systems, and it is associated with a poor 

prognosis and significantly impaired quality of life [2, 3]. Autonomic disorders are one 

of the neuropsychiatric syndromes observed in SLE according to the criteria of the 

American College of Rheumatology 1999 [4]. Over the past few decades, numerous 

studies have shown that autonomic disorders are common in patients with SLE [5, 6], 

but the optimal therapeutic approaches and methods for evaluating the effects of 

therapies for SLE patients with autonomic disorders have not been established. We 

herein describe the cases of three patients with SLE in whom severe autonomic 

disorders were objectively confirmed by the head-up tilt table test (HUT), and we 

describe how intensive immunosuppressive treatments including intravenous 

cyclophosphamide (IVCY) significantly improved these autonomic disorders. 

 

Case presentation 

Patient 1 

A 55-year-old female who had been treated for SLE with prednisolone and 

tacrolimus for 10 months was admitted due to fever, malar rash, persistent headache, 

orthostatic intolerance, early satiety, and urinary retention as bladder dysfunction. She 

also had been treated for rheumatoid arthritis with methotrexate for 14 years. She didn’t 

have any conditions which affect autonomic functions (pregnancy, diabetes, uraemia, 

alcoholism or on medication that influences blood pressure and heart rate). At the time 

of her admission, anti-nuclear antibodies were positive with a speckled pattern, and anti-



ds DNA antibodies were 55.7 IU/mL. Lupus anticoagulant was positive. Anti-β2 GPI 

antibodies, anti-cardiolipin antibody, anti-ribosomal P antibody, and anti-ganglionic 

acetylcholine receptor (gAChR) antibodies (nearly half of patients with autoimmune 

autonomic ganglionopathy show the positivity of anti-gAhR antibodies [7] ) were all 

negative. Complements were normal except for C4 (C3 83.7 mg/dL, C4 11.7 mg/dL, 

CH50 33.1 U/mL). The results of a cerebrospinal fluid (CSF) analysis were normal. 

Magnetic resonance imaging (MRI) and single-photon emission computed 

tomography (SPECT) imaging of the patient's brain did not show any abnormalities 

suggesting NPSLE. A nerve conduction velocity (NCV) test revealed a decreased 

amplitude of sensory nerve action potentials and decreased sensory nerve conduction 

velocity in the left medial plantar nerve. The analysis of the coefficient of variation of 

the R-R interval (CVR-R) was normal (2.84%). To rule out Parkinson's disease, we 

performed MIBG (metaiodobenzylguanidine) myocardial scintigraphy and found a 

normal MIBG accumulation. A heart rate variability (HRV) analysis using 24-hr Holter 

monitor revealed the sympathetic hypertonia state as the following: the high-frequency 

(HF) value reflecting parasympathetic functions was 86.85 (age mean ± standard 

deviation [SD]: 514.5 ± 99.7) and the low-frequency/high-frequency (LF/HF) ratio 

reflecting sympathetic functions was 3.47 (age mean ± SD: 1.39 ± 0.14) (Fig. 1A, left). 

The result of a HUT showed neurally mediated syncope (mixed type) (Fig. 1A, 

left). Based on these results, we speculated that the patient's orthostatic intolerance was 

caused by autonomic disorder associated with SLE. We initiated treatment with 

methylprednisolone (mPSL) pulse therapy (1,000 mg/day for 3 days, twice) and then 

increased the dose of oral prednisolone (15 mg to 40 mg). These treatments were 

effective against the patient's symptoms including, fever, malar rash, persistent 



headache, orthostatic intolerance, early satiety, and urinary retention within 2 weeks. In 

addition, the HUT result became negative, but the increase in the level of noradrenaline 

as the response to the tilt was not observed, and the sympathetic hypertonia state in 

HRV was still observed in another HRV analysis (Fig. 1A, right). The patient's 

orthostatic intolerance had recovered to a level at which she could perform 

housekeeping. 

However, 3 years after her discharge, the patient was admitted to our hospital 

again due to an exacerbation of the orthostatic intolerance. At the time of the second 

admission, the results of testing for complements, anti-dsDNA antibodies, the CSF 

analysis, and brain MRI were normal. Brain SPECT revealed bilateral hypoperfusion of 

the parietal lobes. An HRV analysis using 24-hr Holter monitor revealed a decreased HF 

value and an increased LF/HF ratio again (129.0 and 2.94, respectively) (Fig. 1B, left). 

The HUT result was similar to the previous test at the patient's 1st admission (Fig. 1B, 

left). 

Based the SPECT results, we speculated that the patient had developed NPSLE, 

and we administered IVCY treatment (750 mg/month, three times) and mPSL pulse 

therapy (1,000 mg/day for 3 days, once). The HUT result returned to the normal range 

again, an increase in noradrenaline as the response to the tilt was recovered, sympathetic 

hypertonia was resolved in another HRV analysis (Fig. 1B, right). The patient's 

orthostatic intolerance symptom had also recovered within a month. 

Hydroxychloroquine was also administered, and the flares of SLE and autonomic 

disorders have been inhibited for 4 years. 

 

Patient 2 



A 23-year-old female who had been treated for SLE and Sjögren's syndrome with 

prednisolone for 4 years admitted due to fever, malar rash, persistent headache, 

orthostatic intolerance, and early satiety. She didn’t have any conditions which affect 

autonomic functions. At the time of admission, anti-nuclear antibodies were positive 

with a speckled pattern, but anti-dsDNA antibodies were negative. Anti-U1 RNP 

antibodies were 204.8 IU/ml. Anti-gAChR antibodies were negative. Complements 

were at normal levels. The CSF contained 22 white blood cells/μl (Lymphocytes 82%, 

monocytes 18%). The protein content of the CSF was 83 mg/dl, and the IgG index was 

0.63. The IL-6 level of CSF was high (56.0 pg/ml). Brain MRI showed no abnormalities 

suggesting NPSLE, but SPECT revealed hypoperfusion of the right parietal lobe and the 

bilateral occipital lobes. The NCV test revealed a decreased amplitude in the left 

peroneal motor nerve. The analysis of the patient's CVR-R showed a decline (2.12%, 

the lower limit at her age: 2.46%) and the disappearance of respiratory-induced 

variations. MIBG myocardial scintigraphy showed normal MIBG accumulation. 

The HRV analysis using 24-hr Holter monitor revealed the sympathetic 

hypertonia state as follows: an HF value was 127.0 (age mean ± SD: 860.4 ± 207.3) and 

the LF/HF ratio was 4.87 (age mean ± SD: 2.84 ± 0.44) (Fig. 2, left). The HUT result 

(Fig. 1C, left) fulfilled the definition of postural orthostatic tachycardia syndrome 

(POTS). POTS is defined by a heart rate increase of ≥30 beats/min within 10 min of 

head-up tilt in the absence of orthostatic hypotension; the standing heart rate is often 

≥120 beats/min [8]. 

Based on these results, we speculated that the patient had developed NPSLE and 

that her orthostatic intolerance was caused by autonomic disorder associated with SLE. 

We initiated treatment with mPSL pulse therapy (1,000 mg/day for 3 days, once) and 



then increased the dose of oral prednisolone (7 mg to 20 mg), and we also administered 

IVCY treatment (750 mg/month, 6 times). These treatments were effective against the 

patient's symptoms including the malar rash, persistent headache, orthostatic 

intolerance, and early satiety. 

The CSF analysis after treatment showed that the cell count, protein level, and 

IL-6 level turned to the normal levels. The HUT result also became negative, the 

increase in noradrenaline as the response to a tilt was recovered, sympathetic hypertonia 

state was resolved in HRV analysis (Fig. 2, right). The patient's orthostatic intolerance 

symptom gradually improved 2 months after starting treatment and finally had 

recovered to a level at which she could return to her job as an office worker. Her early 

satiety was also improved 1 month after starting treatment. Hydroxychloroquine was 

also the administered, and the flare of SLE and autonomic disorders have been inhibited 

for 6 years. 

 

Patient 3 

A 46-year-old female who had been treated for SLE for 16 years was admitted 

due to persistent headache, orthostatic intolerance, and early satiety. She didn’t have any 

conditions which affect autonomic functions. At the time of admission, anti-nuclear 

antibodies were positive with a speckled pattern. Anti-dsDNA antibodies were negative. 

Anti-U1 RNP antibodies were 35.4 IU/ml. Anti-gAChR antibodies were negative. 

Complements were at normal levels. The white blood cells in CSF were at a normal 

level. The protein content of the CSF was 56 mg/dl, and the IgG index was 0.53. The 

IL-6 level of CSF was high (18.4 pg/ml). NCV testing revealed a decreased amplitude 

in the left peroneal motor nerve. The analysis of the CVR-R had a normal result. MIBG 



myocardial scintigraphy showed normal MIBG accumulation. The HRV analysis using 

24-hr Holter monitor revealed the following: HF value at 186.8 (age mean ± SD: 

493.5 ± 79.7) and LF/HF ratio of 4.87 (age mean ± SD: 2.01 ± 0.19) (Fig. 1D, left). The 

HUT result indicated POTS (Fig. 3, left). 

Based on these results, we speculated that the patient had developed NPSLE and 

that her orthostatic intolerance was caused by autonomic disorders associated with SLE. 

We initiated treatment with IVCY (750 mg/month, 6 times) without increasing the dose 

of corticosteroid because the patient refused to do this. This treatment was effective 

against the symptoms including persistent headache, orthostatic intolerance, and early 

satiety. The CSF analysis after treatment showed that the protein and IL-6 values had 

returned to normal levels. The HUT result became negative, an increase of 

noradrenaline as the response to a tilt was observed, sympathetic hypertonia state was 

resolved in HRV analysis (Fig. 3, right). The patient's orthostatic intolerance symptom 

gradually improved 3 months after starting treatment and finally had recovered to a 

level at which she could return to her job as a caregiver. Her constipation was also 

improved 5 months after starting treatment. Hydroxychloroquine was then administered, 

and the flare of SLE and autonomic disorders have been inhibited for 6 years. 

 

Discussion 

Autonomic disorders in SLE show a wide variety of symptoms such as 

orthostatic hypotension, palpitation, dry/running nose, gastrointestinal symptoms, 

burning feet, warm/cold extremities, sweating disturbances, bladder dysfunction, and 

sexual dysfunction [9, 10]. The reported incidence of autonomic disorders in individuals 

with SLE ranges from 6% to 93% [5, 9, 11, 12]. This broad range may have been 



observed because the method of evaluating autonomic disorders is different in each of 

these studies, and tests for detecting autonomic disorders are relatively uncommon in 

daily clinical practice for patients with SLE.  

Most of the prior investigations reported that autonomic disorders were observed 

in percentages of SLE patients that are in the range of dozens; therefore autonomic 

disorders could be considered common symptoms in SLE. Of note, one study used a 

comprehensive questionnaire and reported that even though 37.2% of the SLE patients 

exhibited at least one autonomic symptom and 12% of the patients exhibited at least one 

severe autonomic symptom, none of the treating physicians had recorded/paid attention 

to any of these symptoms [9]. In this study, the percentage rate of each autonomic 

symptoms was reported as follows; dry/running nose (15.7%), headache/migraine 

(15.7%), gastrointestinal symptoms (9.8%), burning feet (7.8%), warm/cold extremities 

5.9% sweating disturbances (5.9%), impotence (5.9%), and feeling too hot/cold (4%). 

Thus, although SLE patients frequently suffer from symptoms of autonomic disorders 

that can significantly impair their quality of life, these symptoms may have been 

ignored or considered unimportant. 

Numerous methods such as measurement of the sympathetic skin response, R-R 

interval variation tests, pupillometric techniques, and hepatobiliary scintigraphy are 

reported to be useful to detect autonomic abnormalities in patients with SLE [5, 10, 11, 

13]. Several reports have described the utility of the HUT for the diagnosis of 

autonomic disorders in SLE patients. The neurally mediated hypotension was detected 

in 47.9 % of SLE patients by using the HUT [14]. SLE patients show reduced systolic 

blood pressure at 5 min on the head-up tilt [15]. 



In the context of longitudinal evaluations of autonomic disorders in SLE, there 

are no established methods. One report reported no significant differences in 24-hr 

Holter-based HRV parameters after 7 months of therapy with chloroquine [16]. 

However, there were some tendencies toward a decrease in the mean of the standard 

deviations of all NN intervals for all 5-min segments of the entire recording (SDNNI), 

the square root of the mean of the sum of the squares of differences between adjacent 

NN intervals (rMSSD), and ultralow frequency (ULF) (p=0.05, 0.06, and 0.06, 

respectively). Another study used short-term HRV at two patient visits, and no 

significant differences were observed between the baseline and follow-up values for the 

majority of HRV parameters [17]. To the best of our knowledge, the present report is the 

first to note that the HUT was useful to objectively reveal the reversibility of autonomic 

disorders in SLE patients by treatment. 

The appropriate therapeutic approach for autonomic disorders that are associated 

with SLE has not been established. Individuals with autoimmune diseases such as 

Sjögren's syndrome, rheumatoid arthritis, ankylosing spondylitis, Behçet's disease, and 

systemic sclerosis also develop autonomic disorders, and some immunotherapies have 

been reported to be beneficial for these conditions [18-21]; some reports have also 

described beneficial effects of IVCY [20, 21]. The combination of mPSL and IVCY is 

the only one strategy for acute and severe NPSLE as evidenced by a randomized 

controlled clinical trial which found that the treatment response was higher in the 

combination group compared to the mPSL monotherapy group [22]. There is only one 

report that IVCY treatment is beneficial for SLE patients who developed corticosteroid-

refractory acute pan-dysautonomia including urination disorder and syncope due to 

orthostatic hypotension [10]. 



All three of the present patients showed the improvement of autonomic disorders 

with the resumption of the adrenaline response for the tilt and the resolution of the 

sympathetic hypertonia state by IVCY treatment. Of note, even though patient 1 showed 

the flare of autonomic disorder after the mPSL monotherapy, IVCY and mPSL 

combination therapy successfully controlled her autonomic disorder. At the time of 

induction of IVCY, all three patients were also diagnosed with NPSLE. There is the 

possibility that the development of severe autonomic disorders may be relevant to the 

conditions of NPSLE. Taken together, our present results suggest that intensive 

immunosuppressive therapy including IVCY can be a good treatment strategy for 

refractory autonomic disorders in SLE patients. 

In sum, the clinical approaches for autonomic disorders in SLE patients are still a 

great challenge because of the complicated clinical manifestations and the difficulties in 

the evaluation of therapeutic effects. The findings drawn from the present patients 

indicate that: (1) IVCY treatment can be a good therapeutic option for severe autonomic 

disorders in SLE patients. (2) The HUT is a useful objective method for the diagnosis of 

and the evaluation of longitudinal therapeutic effects on autonomic disorders in SLE 

patients with orthostatic intolerance. We have presented the cases of only three patients, 

and thus further prospective studies with larger numbers of patients are needed in order 

to test our insights.  
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Figure legends 

 

Fig. 1. Autonomic disorders with an abnormal head-up tilt table test (HUT) result and 

the heart rate variability (HRV) analysis findings obtained by 24-hr Holter monitoring 

were reversible by treatment. A: At the first admission, an increase in the heart rate (≥30 

beats/min) with nausea developed within 5 min after tilting at 70°. At 20 min post-

tilting, syncope with hypotension and bradycardia were observed. Due to the syncope, 

the HUT was immediately discontinued, and these symptoms recovered. Based on this 

result, neurally mediated syncope (mixed type) was diagnosed. After treatment with 

methylprednisolone (mPSL) pulse, changes in the heart rate (≥30 beats/min), 

hypotension, syncope, and nausea were not observed after a new HUT session with 

tilting. B: At the second admission, the positive result was similar to the first admission. 

After treatments including mPSL and intravenous cyclophosphamide (IVCY), the result 

turned to negative again. At this point, the increase in the level of noradrenaline as the 

response to a tilt was recovered and the sympathetic hypertonia state by HRV analysis 

was resolved. HF: High-frequency. LF: Low-frequency. 

Fig 2. An increase in the heart rate (≥30 beats/min) with nausea and palpitations 

developed just after tilting. At 10 min post-tilting, the HUT was discontinued due to the 

severe nausea. Based on this result, postural orthostatic tachycardia syndrome (POTS) 

was diagnosed. After treatments with mPSL pulse and IVCY, the result became negative 

(change in the heart rate: <30 beats/min). The increase in the noradrenaline value as the 

response to a tilt was recovered, and sympathetic hypertonia state was resolved in HRV 

analysis.  



Fig 3: An increase in the heart rate (≥30 beats/min) with hyperventilation developed 

just after tilting. Based on this result, POTS was diagnosed. After treatment, the result 

became negative (change in the heart rate: <30 beats/min). The increase in 

noradrenaline as the response to a tilt was recovered, and sympathetic hypertonia state 

was resolved in HRV analysis.  
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