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Background/Aims: Acute transverse myelitis (ATM) is a severe complication of
systemic lupus erythematosus (SLE). This study evaluated the clinical factors re-
lated to outcome in patients with SLE-associated ATM.

Methods: The medical records of patients diagnosed with SLE-associated ATM
between January 1995 and January 2015 were reviewed. The patients were divided
into two groups based on improvement of neurological deficits after treatment:
favorable response group and unfavorable response group. During follow-up, the
recurrence of ATM was also analyzed.

Results: ATM was identified in 16 patients with SLE. All of the patients were
treated with high doses of methylprednisolone (= 1 mg/kg daily). Although 12
patients (75%) recovered (favorable response group), four (25%) had persistent neu-
rologic deficits (unfavorable response group) after the treatment. Compared to the
favorable response group, significantly higher Systemic Lupus Erythematosus
Disease Activity Index-2000, lower complement levels and initial severe neurolog-
ic deficits were found in the unfavorable response group. Among the 12 favorable
response patients, five (41.7%) experienced recurrence of ATM during the follow-
up. Patients (n = 5) who experienced relapse had a shorter duration of high-dose
corticosteroid treatment (13.2 days vs. 32.9 days, p = 0.01) compared to patients who
did not relapse. The mean duration of tapering-off the corticosteroid until 10 mg
per day was significantly longer in non-relapse group (1513 + 60.8 days) than in
relapse group (63.6 +39.4 days, p = 0.013).

Conclusions: Higher disease activity in SLE and initial severe neurologic deficits
might be associated with the poor outcome of ATM. Corticosteroid slowly taper-
ing-off therapy might be helpful in preventing the recurrence of ATM.

Keywords: Lupus erythematosus, systemic; Lupus vasculitis, central nervous sys-
tem; Myelitis, transverse

INTRODUCTION

Involvement of the central nervous system is one of the
serious complications of systemic lupus erythematosus
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(SLE), and contributes substantially to the morbidity
and mortality [1-4]. Acute transverse myelitis (ATM) is
an uncommon spinal cord disorder characterized by the
sudden onset and rapid progression of motor, sensory,
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and autonomic dysfunction [5,6]. This condition is a rare
complication of SLE, but is important because it often
results in severe irreversible neurological deficits in-
cluding gait disturbance or voiding difficulty [4].

SLE-associated ATM is usually treated with high dos-
es of corticosteroids alone or in combination with im-
munosuppressants, such as cyclophosphamide and/or
plasmapheresis [7]. However, the optimal treatment of
this disease remains largely unknown. Although recur-
rence of ATM has been reported in approximately 25%
of patients with idiopathic transverse myelitis, it is more
often found in SLE-associated ATM [4,7]. However, little
has been described about the factors associated with
the outcomes and recurrence of ATM in patients with
SLE. Therefore, in this study, we evaluated the clinical
features and treatment outcomes in patients with SLE-
associated ATM, and analyzed the factors involved in its
prognosis and recurrence.

METHODS

We retrospectively reviewed the medical records of pa-
tients diagnosed with SLE-associated ATM at a Asan
Medical Center in Korea, from January 1995 to January
2015. All of the patients fulfilled the 1997 revised Amer-
ican College of Rheumatology classification criteria for
SLE [8] and the diagnostic criteria for myelopathy in
SLE proposed by the American College of Rheumatol-
ogy in 1999 [3]. The diagnosis of ATM was based on the
appropriate clinical features of motor or sensory deficits
with or without sphincter dysfunction associated with a
spinal cord lesion. Patients with myelopathy related to
brain or spinal cord infections, multiple sclerosis, and
structural lesions including tumor metastasis, herniated
disk, or vertebral fracture were excluded. Demographic
characteristics and clinical features such as neurologic
symptoms, laboratory, and radiologic findings were col-
lected at the time of diagnosis. Neurological deficits at
admission and at the last follow-up were assessed by the
American Spinal Injury Association (ASIA) scale, which
is stratified from A (no sensory or motor function be-
low the injured spinal level) to E (normal sensory and
motor function) [g]. ASIA classification as A, B, or C at
presentation was defined as severe myelitis [10]. Treat-
ment modalities and outcomes were evaluated during
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the follow-up. The Systemic Lupus Erythematosus Dis-
ease Activity Index 2000 (SLEDAI-2K) was used to evalu-
ate disease activity at ATM diagnosis [11]. The study pro-
tocol was reviewed and approved by the Asan Medical
Center Institutional Review Board (IRB No. 2015-0349)
and performed in accordance with the principles of the
Declaration of Helsinki, and informed consents were
waived due to this retrospective nature.

Laboratory assessments

Laboratory data including complement (C3, C4, and
CHs0), anti-double-stranded DNA (anti-dsDNA) anti-
body titer, serum erythrocyte sedimentation rate, C-re-
active protein, and autoantibody profiles were collected.
Examination of cerebrospinal fluid (CSF) included anal-
ysis of cellularity, protein content, and glucose.

Radiological assessment

We only included patients who had undergone spinal
cord magnetic resonance imaging (MRI) on a 1.5-T MR
scanner for diagnostic workup. The sequences includ-
ed sagittal T1- and T2-weighted and axial T2-weighted
images. The number, localization, and extent of spinal
lesions were documented. Longitudinally extensive le-
sions were defined as more than three vertebral seg-
ment spinal cord lesions on MRI [7].

Treatment outcomes

Treatment regimens, recurrence rates, and death rates
were evaluated. Patients were categorized into two
groups according to improvement of neurologic deficits
after treatment. Patients whose ASIA scale improved af-
ter treatment were regarded as the favorable response
group (including both partial and complete improve-
ment). The unfavorable response group comprised pa-
tients with permanent initial neurologic impairments
despite treatment. Among the favorable response group,
relapse was defined as recurrence of neurologic symp-
toms with spinal lesion at MRI.

Statistical analysis

Data are expressed as the mean + standard deviation or
median (interquartile range [IQR]). Categorical data are
expressed as absolute number and percentage. Compar-
ison of the frequencies of various findings among the
patient groups was performed using the Mann-Whitney
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U test or the chi-square test. Odds ratios (ORs) were re-
ported with 95% confidence intervals (CIs). The cumula-
tive probability of disease relapse during follow-up was
calculated using the Kaplan-Meier method and data
were compared using the log-rank test. A p < 0.05 was
considered statistically significant. Statistical analyses
were performed using the SPSS software version 21.0
(IBM Corp., Armonk, NY, USA).

RESULTS

Of the 2,473 patients diagnosed with SLE between 1995
and 2015, 16 (0.64%) were identified as ATM. The clinical
characteristics, treatment regimens and outcomes for
these patients are described in Tables 1-3. Fifteen of the
16 patients were female, and their mean age at diagnosis
of ATM was 37.3 * 14.6 years. In eight (50%), ATM was
identified as an initial manifestation of SLE, and in the
remaining eight patients, SLE disease duration prior to
the development of ATM was a median of 74.4 months
(IQR, 13.7 to 145). Observed neurological manifestations
of ATM were sensory deficits (15/16, 93.8%), motor im-
pairment of the lower extremities (14/16, 87.5%), and uri-
nary sphincter dysfunction (12/16, 75%). In total, 10 of the
12 patients with urinary sphincter dysfunction required
urinary catheterization. Patients were classified based
on their neurological deficits according to the ASIA
scale, and three of 16 patients (18.8%) had ASIA scale A;
two (12.5%) had ASIA scale B; another two (12.5%) had
ASIA scale C; and nine (56.3%) had ASIA scale D. The an-
tiphospholipid antibodies (including Lupus anticoagu-
lant [LA], anti-p2-glycoprotein I [32GPI], anticardiolipin
antibody [ACA]) test was performed in 15 patients. Of the
15 patients, seven (46.7%) were positive for antiphospho-
lipid antibodies. ACA immunoglobulin M (IgM) and/or
IgG were found to be positive in four patients (26.7%).
LA and anti-B2GPI antibodies were detected in 20.0%
(3/15) and 20.0% of patients (3/15) in the tested popula-
tion, respectively. Three patients were positive for more
than two antiphospholipid antibodies. The CSF exam-
inations of the patients are listed in Table 1. Three of
total 16 patients didn’t undergo CSF examination. Pleo-
cytosis, defined as white blood cell count above 10/mm3
in CSF analysis, was found in four of 13 patients. Eight
had the levels of protein greater than 50 mg/dL in CSF
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examination.

A total of 87.5% patients (14/16) showed a high signal
intensity of the spinal cords on T2-weighted images,
and 22.5% patients (2/16) showed spinal cord atrophy.
Eleven had longitudinal transverse myelitis. The most
common site of involvement was the thoracic spine (n =
13), followed by the cervical spine (n = 8) and the lumbar
spine (n = 2).

All of the patients were initially treated with high dos-
es of methylprednisolone (= 1 mg/kg/day). The median
time from onset of initial neurological symptoms to
high-dose corticosteroid treatment was 155 days (IQR,
5.5 to 52.5). Fifteen patients (93.8%), eight patients (50.0%),
two patients (12.5%), and one patient (6.25%) were treated
with methylprednisolone pulse therapy, cyclophospha-
mide pulse therapy, plasmapheresis and rituximab ther-
apy, respectively.

The median follow-up period was 6.3 years (IQR, 2.0 to
7.6). Analyses of 16 patients were performed, of which 12
(75%) belonged to the favorable response group, includ-
ing 10 patients with complete recovery. Four patients
(25%) belonged to the unfavorable response group, and
included those who had no improvement in their neu-
rological symptoms at the last follow-up. The mean
time until recovery of motor function was 53 days (range,
410180). Baseline demographic data and clinical charac-
teristics between the two groups of patients at the time
of diagnosis are shown in Table 4. Gender and age did
not differ between groups, and there were no significant
differences in high-dose corticosteroid treatment de-
lay. The cumulative corticosteroid dosages for initial 1
month and initial 1 month’s mean corticosteroid daily
dosage per kg (body weight) were 3,886.5 + 2,019.2 mg and
2.57 + 115 mg/kg in unfavorable response group, 4,990.0
+1,884.9 mg and 2.95 + 1.36 mg/kg in favorable response
group. Eight out of sixteen patients were treated with
cyclophosphamide pulse therapy. Cyclophosphamide
pulse therapy had no significant influence on neuro-
logic outcome.

Patients diagnosed with SLE before ATM onset
showed a three-fold higher risk (OR, 3.0; 95% CI, 134
to 6.67) of developing unfavorable neurologic response
compared to those who presented with ATM as the first
manifestation of SLE.

Higher SLEDAI-2K scores were found in the unfavor-
able response group compared to the favorable response
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Table 3. Baseline characteristics of the 16 patients with
SLE-associated ATM

Characteristic Value (n = 16)
Female sex 15(93.8)
Age, yr 37.3 £14.6
Clinical manifestation
Sensory deficit 15 (93.8)
Numbness 6(37.5)
Upper motor weakness 2 (12.5)
Lower motor weakness 14 (87.5)
Voiding difficulty 12 (75)
Fever = 38°C 4(25)
Back pain 3(18.75)
Headache 5(31.25)
Spinal MRI
Spinal MRI findings
High signal intensity 14 (87.5)
Spinal cord atrophy 2(22.5)
Spinal cord involvement 6.1+4.6
Longitudinal lesion 11 (68.8)
Site of involvement
Cervical spine 8(50.0)
Thoracic spine 13 (81.3)
Lumbar spine 2 (12.5)

Values are presented as number (%) or mean + standard de-
viation.

SLE, systemic lupus erythematosus; ATM, acute transverse
myelitis; MRI, magnetic resonance imaging.

group (27.0 + 2.4 vs. 16.6 £ 11.1, p = 0.042). Severe myeli-
tis (identified as ASIA A-C) at baseline was significantly
more frequently observed in the unfavorable response
group (p = 0.019). Furthermore, serum complement
levels were significantly lower in the unfavorable re-
sponse group than in the favorable response group (C3,
p = 0.020; C4, p = 0.030; CHs0, p = 0.013, respectively).
Also, high titer (> 20 IU/mL) of anti-dsDNA antibody was
shown in more patients in unfavorable response group
than in favorable response group. Neuromyelitis optica
(NMO)-IgG antibodies were tested in the serum of nine
patients, and were positive in two patients. Three pa-
tients, including two with NMO-IgG, had optic neuritis
during the course of ATM. During the follow-up, two
patients (12.5%) died, both of whom were in the unfavor-
able response group (p = 0.05).
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Of the 12 favorable response patients, five (41.7%) ex-
perienced at least one recurrence of ATM during the
follow-up (median follow-up duration until relapse, 10.4
months; IQR, 4.4 to 48.4; range, 2 to 68) (relapse group).
The remaining seven patients (58.3%) did not experience
relapse (non-relapse group). The patients (n = 5) who ex-
perienced relapse had a shorter duration of high-dose
corticosteroid treatment (13.2 days vs. 32.9 days, p = 0.01)
than the patients who did not relapse (Table 5). Relapse
was more frequent in the shorter duration (< 2 weeks)
of high-dose corticosteroid treatment group than in the
longer duration (= 2 weeks) of high-dose corticosteroid
treatment group (Fig. 1). The mean duration of taper-
ing-off the corticosteroid until 10 mg per day was sig-
nificantly longer in non-relapse group (151.3 + 60.8 days)
than in relapse group (63.6 +39.4 days, p = 0.013).

DISCUSSION

There have been few studies about the clinical char-
acteristics and prognostic factors of SLE patients with
ATM. Previous studies reported an incidence of ATM of’
134 to 4.6 per million per year [12,13]. Prevalence of ATM
in SLE patients is higher than general population [4,6].
Also, the incidence of ATM in our study was 0.64% (16
of 2,473 patients).

In our present study, patients presenting with severe
neurologic deficits at ATM onset demonstrated a higher
frequency of poor neurologic outcomes than those with
mild neurologic deficits at baseline. Significantly low-
er levels of complements (C3, C4, and CHs0) were de-
tected in ATM patients with an unfavorable response.
Furthermore, a high SLEDAI-2K scores were associated
with poor neurologic outcome. These findings suggest
that severe disease involvement including SLE activity
is associated with unfavorable neurologic outcomes in
ATM. Previous researches have shown that the factors
associated with poor neurologic outcomes include uri-
nary sphincter dysfunction [14], initial severe neurologi-
cal impairment [10,15], and extensive spinal cord lesions
[16]. Thus, it appears that disease severity at initial pre-
sentation can influence the outcome of SLE-associated
ATM [4,15)-

Results of the CSF examination in our patients were
quite diverse. Usually, SLE-associated ATM has an in-
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Table 4. Clinical characteristics at presentation according to the treatment responses of SLE-associated ATM

Unfavorable response Favorable response

Characteristic _—_— N pvalue
Female sex 4(100) 11 (91.7) 1.000
Age, yr 383 +15.8 37.0 £14.9 0.953
Concurrent diagnosis of ATM with SLE o (o) 8(66.7) 0.077
SLE duration, mon 82.8 £ 92.8 22.0 +46.6 0.058
SLEDAI-2K 27.0+2.4 16.6 £ 11.1 0.042
Initial severe myelitis® 4 (100) 3(25) 0.019
C3, mg/dL 433 £ 4.6 88.3+133.6 0.020
C4, mg/dL 09.2+1.1 16.1 £ 6.2 0.030
CHjz0, mg/dL 11.2 +£3.83 40.6+£19.6 0.013
High anti-ds DNA Ab® 4 (100) 3 (25) 0.019
NMO o 2 (16.7) 1.000
Anti-phospholipid Ab® 1(25) 6 (50) 1.000
ESR, mm/hr 63.8 £ 41.9 39.6 £383 0316
CRP, mg/dL 1.88+138 2.53 £5.25 0316
CSF-WBC, mm? 608.8 +7303 15.3+32.9 0.148
CSF-glucose, mg/dL 65.3 + 67.6 57.7 £19.5 0.710
CSF-protein, mg/dL 131.1 + 135.1 843+783 0.604
Longitudinal myelitis 3(75) 8(66.7) 1.000
Foley catheter 4(100) 6 (50) 0.234
Death? 2(50) o (o) 0.050
Treatment
HD steroid duration, day 21.8 £10.8 24.7 £13.6 0.770
HD steroid treatment delay, day 56.5 + 74.0 303 +36.6 0.116
The cumulative corticosteroid dosages for initial 1 month, mg 3,886.5 + 2,019.2 4,990.0 +1,884.9 0381
Initial 1 month’s mean corticosteroid daily dosage/kg, mg 2.57 £1.15 2.95+1.36 0.600
The mean duration of tapering off the corticosteroid until 10 mg per 633 +52.4 114.8 £ 68.0 0.161
day, day
Methylprednisolone pulse 3(75) 12 (100) 1.000
Cyclophosphamide 1(25) 7(58.3) 0.569
Rituximab 1(25) o 0.250

Values are presented as number (%) or mean + standard deviation.

SLE, systemic lupus erythematosus; ATM, acute transverse myelitis; SLEDAI-2K, Systemic Lupus Erythematosus Disease Ac-
tivity Index 2000, calculated at ATM diagnosis; Anti-dsDNA Ab, anti-double-stranded DNA antibody; NMO, neuromyelitis
optica; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CSF, cerebrospinal fluid; WBC, white blood cell; HD ste-
roid, high-dose steroid > 1 mg/kg prednisolone equivalent.

Initial the American Spinal Injury Association (ASIA) grade: A, B, C.

"High anti-ds DNA Ab: serum anti-dsDNA Ab > 20 TU/mL.

“Anti-phospholipid Ab: including Lupus anticoagulant, anti—-p2-glycoprotein I antibody, anticardiolipin antibody.

dCauses of death: infection (osteomyelitis and bacteremia) (n = 1), heart failure (n = 1).

flammatory CSF finding which shows pleocytosis and ing does not manifest any abnormalities [18,19], others
elevated protein levels [15,17]. According to some investi- show diversity like our study [20].
gators, however, analysis of the cerebrospinal fluid find- Patients in our current series who had a longer du-
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Table 5. Clinical characteristics and treatment of the favorable response group according to relapse

Characteristic Relapse group (n=5) Non-relapse group (n=7) pvalue
Female sex 5(100) 6(85.7) 1.000
Age, yr 41.8 £17.6 33.6 £13.0 0.268
Initial SLEDAI-2K 12.4+6.1 19.6 £13.2 0.202
Concurrent neuromyelitis optica 2. (40) o 0.464
Initial high dose steroid duration, day 13.2+10.3 32.9+8.9 0.010
The cumulative corticosteroid dosages for initial 1 month, mg 4,359 + 2,097 5,441 +1,736 0.373
Average daily corticosteroid dose per kg for initial 1 month, mg 2.65+1.68 3.17 £1.17 0.573
The mean duration of tapering-off the corticosteroid until 10 mg, day 63.6 £39.4 1513 + 60.8 0.013
Intravenous cyclophosphamide pulse 3(60.0) 6(85.7) 0.523
Any maintenance therapy 4(80.0) 7 (100) 0.417
Maintenance therapy (hydroxychloroquine) 3(60.0) 7 (100) 0.152
Maintenance therapy (azathioprine) 1(20.0) 2.(28.6) 1.000

Values are presented as number (%) or mean + standard deviation.

SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000, calculated at acute transverse myelitis diagnosis.
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Figure 1. Cumulative probability of relapse in favorable re-
sponse group according to duration of initial high-dose (HD)
corticosteroid treatment (log rank, p = 0.002).

ration of SLE before ATM onset demonstrated a high-
er frequency of unfavorable neurologic responses with
an OR that was approximately 3-fold higher than that
of patients who presented with ATM as the first man-
ifestation of SLE. There have been no previous studies
on neurologic outcome according to duration of SLE,

https://doi.org/10.3904/kjim.2016.383

although a Swedish study in patients with neuropsy-
chiatric SLE reported that those presenting with severe
neurologic manifestations had a longer SLE disease du-
ration [21].

It is reported that the presence of antiphospholipid
antibodies is highly associated with SLE-associated
ATM [22]. It is known that the prevalence of having
antiphospholipid antibodies is 18% to 60% of patients
with SLE-associated ATM [4,14,17]. There is still debate
about the relevance of status of antiphospholipid anti-
bodies and prognosis of SLE-associated ATM [14,15,17].
In the current study, seven of 15 patients (46.7%) had an-
tiphospholipid antibodies and there was no significant
association between positivity of antiphospholipid anti-
bodies and prognosis of ATM.

High-dose corticosteroid therapy is the main treat-
ment option for myelopathy in SLE. Although there is
no standard duration of treatment, high doses of cor-
ticosteroids followed by intravenous cyclophosphamide
are recommended for myelopathy in SLE [23]. Several
studies have reported that treatment delay (> 2 weeks)
is a predictor of poor outcome in SLE-associated ATM
[4,24]- In our present study, the time lag between neu-
rologic symptom onset and administration of high-
dose corticosteroid in the favorable group did not sig-
nificantly differ from that in the unfavorable response
group, possibly because the patients who had severe
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neurologic symptoms (identified as ASIA A-C) received
high-dose corticosteroid therapy earlier than those who
had mild neurologic symptoms (median lag time, 93
days vs. 19.6 days).

A recurrence of ATM was observed in five patients. In
patients with relapse, the interval between initial ATM
onset and relapse ranged from 2 to 68 months. It is
more likely for ATM to recur if patients are treated for
less than 2 weeks with high dose corticosteroid. Treat-
ment of high dose corticosteroid for over 2 weeks might
be helpful in preventing the relapse. In addition, it took
significantly longer to taper off the corticosteroid until
10 mg per day in non-relapse patients than in relapse
patients. Therefore, the present findings suggest that
corticosteroid slowly tapering-oft might is helpful in
preventing ATM relapse.

NMO, also termed Devic syndrome, is a clinicopatho-
logical entity characterized by optic neuritis, TM, and
positive NMO-IgG autoantibody [23]. In some patients,
it may be associated with SLE-associated ATM (~20%)
[10]. Ofthe 16 patients assessed in our present study, two
were thought to have concurrent NMO according to the
revised 2006 NMO classification with clinical findings
predictive of ATM relapse [25]. Given that relapses are
more frequent in patients with NMO [4,26], it is interest-
ing that in our current analysis, two patients with NMO
relapsed twice during the follow-up.

The main limitations of our present study include
its small sample size and retrospective design. Another
limitation is that our study population comprised Asian
patients only. Despite these shortcomings, our results
may help clinicians make treatment decisions about
SLE patients with ATM.

In conclusion, the majority of patients with SLE-asso-
ciated ATM experience favorable neurologic outcomes
after high-dose corticosteroid treatment, but some have
permanent neurologic deficits and recurrence. Our data
suggest that high SLE disease activity and initial severe
neurologic deficits might be associated with the poor
neurologic outcome of ATM. Corticosteroid slowly ta-
pering-off therapy and long-term treatment with high
doses of corticosteroids (> 2 weeks) might be helpful in
preventing the recurrence of ATM.
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1. Higher disease activity in systemic lupus ery-
thematosus and initial severe neurologic defi-
cits might be associated with the poor outcome
of acute transverse myelitis.

2. Corticosteroid slowly tapering-off therapy
might be helpful in preventing the recurrence
of acute transverse myelitis.
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