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Purpose: To evaluate the use of immunosuppressive treatment, clinical outcome and
diagnostic strategy in patients with systemic lupus erythematosus (SLE) presenting with
clinical features of transverse myelitis (TM), but normal MRI of the spinal cord (sMRI) and
normal cerebrospinal fluid (CSF) assessment, and to suggest a clinical guideline.

Patients and Methods: All patients with SLE and clinical features compatible with (sub)
acute TM visiting the NPSLE clinic of the LUMC between 2007 and 2020 were included.
Information on baseline characteristics, investigations, treatment and outcomes was collected
from electronic medical records. In addition, a systematic review of individual participant data
was performed up to April 2020 in PubMed, Embase and Web of Science, identifying all
patients with TM, SLE and sMRI assessment. Data regarding sMRI, CSF analysis, treatment
and outcome were extracted, and outcome was compared between patients with normal sMRI
and CSF (sMRI-/CSF-) and patients with abnormalities.

Results: Twelve SLE patients with a clinical diagnosis of TM were identified: four sMRI-/
CSF- and one sMRI- with CSF not available. All patients received immunosuppressive
treatment, but outcome in sMRI-/CSF- patients was worse: no recovery (n=1) or partial
recovery (n=3) compared to partial recovery (n=4) and (nearly) complete recovery (n=3) in
MRI+ patients. The systematic literature review yielded 146 articles eligible for inclusion,
90% case reports. A total of 427 SLE patients with TM were identified, of which only four
cases were sMRI-/CSF- (1%), showing no improvement (n=1), partial improvement (n=2)
and complete recovery (n=1) after immunosuppressive treatment.

Conclusion: Outcome in SLE patients presenting with clinically suspected TM with normal
sMRI and CSF is less favorable, despite treatment with immunosuppressive therapy. Taking
a functional neurological disorder into consideration may be helpful in order to start other
therapeutic strategies. We suggest prescribing immunosuppressive treatment for a restricted period
of time to evaluate its effect in cases where a functional disorder initially is considered unlikely.
Keywords: lupus, neuropsychiatric, transverse myelitis, MRI, CSF

Introduction

Myelopathy is a rare but severe manifestation of neurological involvement in
systemic lupus erythematosus (SLE), with an estimated prevalence of 1%." Tt is
one of the nineteen 1999 ACR case definitions of neuropsychiatric syndromes in
SLE.? In the literature, myelopathy, transverse myelopathy, and acute transverse
myelitis seem to be used interchangeably in SLE, but only (transverse) myelitis
(TM) specifically refers to an inflammatory process. In this study, we focus solely
on TM in patients with SLE.
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A general set of diagnostic criteria for (sub)acute TM
has been developed in 2002, including the following com-
ponents: sensory, motor, or autonomic dysfunction attribu-
table to the spinal cord should be present, a T2
hyperintense signal change on spinal magnetic resonance
imaging (sMRI) should be visible and there should be no
compressive cord lesion.** These three elements are con-
sidered the most critical for the diagnosis. Other elements
of the diagnostic criteria include the presence of bilateral
signs and/or symptoms, a defined sensory level and
inflammation defined by either specific cerebrospinal
fluid (CSF) abnormalities (pleocytosis, elevated immuno-
globulin G (IgG) index) or gadolinium enhancement on
sMRI. Not all patients presenting with clinical signs of TM
will fulfill all of the above criteria — especially the inflam-
matory features are not met by a significant percentage of
individuals.” The NPSLE case definition of myelopathy
sMRI or CSF
mandatory,” but the diagnosis of TM in patients with

does mnot consider abnormalities
SLE without any evidence on sMRI or with CSF exam-
ination is challenging in clinical practice. A differential
diagnosis in sSMRI and CSF negative cases (sSMRI-/CSF-)
is a functional neurological disorder (FND). This distinc-
tion is important as treating patients with immunosuppres-
sive medication can cause severe side-effects, and not
initiating psychological or rehabilitation guidance in case
of FND may delay clinical improvement.

In this article, we aim to gather available data on SLE
patients presenting with clinical features of TM without
MRI or CSF abnormalities (sMRI-/CSF-) compared to
patients with MRI and/or CSF abnormalities in order to
identify whether sMRI-/CSF- patients should receive
immunosuppressive treatment. We focus on comparing
treatment and outcome by sharing the experience from
our tertial referral center for SLE patients with neuropsy-
chiatric symptoms and performing a systematic literature

review.

Patients and Methods
Part |: Case Series TM NPSLE Clinic

Study Population

The NPSLE clinic of the Leiden University Medical
Center is a tertiary referral center for patients with (suspi-
cion of) SLE and neuropsychiatric symptoms. All patients
are evaluated in a multidisciplinary setting, as described in
detail previously.® All patients are evaluated in one day by
a rheumatologist, neurologist, clinical neuropsychologist,

psychiatrist, vascular internal medicine expert and an
advanced nurse practitioner and undergo brain MRI and
extensive laboratory investigation. CSF analysis and sMRI
with gadolinium are performed on indication. sSMRI met
the following standards: at least 1.5T, visualization of the
complete spine and spinal cord, a sagittal T1-weighted
(before and after gadolinium) and T2-weighted sequence
with a slice thickness of 2mm and a transverse T2-
weighted sequence at the site of the suspected abnormality.
After 2 weeks, a multidisciplinary team meeting takes
place to reach a consensus-based diagnosis regarding the
presence or absence of NPSLE. All patients who visited
the NPSLE clinic between 2007 and May 2020 that had
the diagnosis of SLE (based on clinical judgement), signed
informed consent and were suspected of having TM attrib-
uted to SLE were included in this study. This study was
conducted in accordance with the Declaration of Helsinki
and approved by the Leiden-the Hague-Delft medical
research ethical committee. Patients described in the case
series provided informed consent for the details to be
published.

Data Collection

Medical records were reviewed to collect data on demo-
graphics, clinical presentation, ACR 1997 SLE classifica-
tion criteria, laboratory serum and CSF findings, brain and
SMRI, treatment and clinical outcomes at the moment of
initial presentation of neurological symptoms. All sMRIs
were re-evaluated for signs of myelopathy or compression
of the spinal cord by an experienced neuroradiologist
(JdB). SLE activity was evaluated using the Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI-
2K, range: 0-105).” As some patients presented with acute
TM at a different hospital and were later referred to our
NPSLE clinic additional information about the initial pre-
sentation was extracted from referral letters.

Analysis

Baseline characteristics of patients with a clinical presen-
tation of TM without any abnormalities (SMRI-/CSF-) and
with abnormalities (sMRI+ and/or CSF+) on additional
investigation were compared. Patients with normal sMRI
lacking CSF were not included in the comparison.

Part Il: Systematic Review

Literature Search

Studies were identified in a literature search using
PubMed, EMBASE and Web of Science, Cochrane and
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Emcare databases, restricted to the English, Dutch and
German language. The search was developed and per-
formed until 29—04-2020 in collaboration with an experi-
enced librarian. The search strategies contained the
keywords for ‘lupus’, “SLE” or ‘systemic lupus erythema-
tosus’, combined with “myelopathy” or “transverse mye-
litis”. The full search strategy for PubMed is included in
Supplementary materials. The systematic review was per-
formed in line with the PRISMA guidelines for individual
participant data (IPD).®

Study Selection
Study selection was independently carried out by two
reviewers (RM and HB). Cases of disagreement were dis-
cussed until consensus was reached. First, all obtained titles
were screened, and subsequently abstracts were reviewed
after which full-text articles were screened for eligibility.
Articles were included if patients were >16 years or if
the majority of the study population was adult, if clinical
diagnosis of SLE or SLE according to the 1997 or 1982
revised classification criteria was present, if TM was
addressed and if patients lacking abnormalities on lumbar
puncture (LP) and/or sMRI were not excluded.”'® In addi-
tion, patients with anterior spinal artery syndrome on
sMRI assessment were excluded. Patients with SLE and
neuromyelitis optica were included.

Data Extraction

Information was extracted from two types of articles by
RM: case reports/case series and observational studies that
presented information on patients with SLE and TM
according to specific criteria for SLE and TM, over
a specific amount of time in a hospital or region.

The following information was extracted from case
reports/case series: age, sex, SLE duration and presence
of sMRI abnormalities compatible with TM. sMRI com-
patible with TM was defined according to the diagnostic
criteria.* Treatment was only extracted in MRI-/CSF-
cases. In addition, the presence and type of CSF abnorm-
alities (pleocytosis, increased protein, low glucose,
oligoclonal bands, increased IgG index) were assessed. If
no reference values were provided for CSF analyses, pleo-
cytosis was considered to be present in case of >5 white
blood cells per pulL or equivalent thereof, protein level
increased if >45 mg/dl or equivalent thereof and low
glucose if glucose <2.5 mmol/L or <45 mg/dL or a ratio
serum glucose/CSF glucose of <0.5. If CSF was described

as normal, pleocytosis, increased protein and low glucose

were considered absent. Clinical outcome was divided into
three time points: at hospital discharge or during hospital
stay, short term: between hospital discharge and 6 months
and long term: 6 months and longer. Clinical outcome
status was defined as 1) complete recovery if no neurolo-
gical symptoms remained, 2) near-complete recovery if
symptoms remained without impairment of mobility/in
daily life, 3) partial recovery if there were remaining
symptoms other than 2 and 4) no recovery if neurological
status was similar between presentation and at the end of
follow-up time. If “remission” or “recovery” was stated,
outcome was considered to be 1)/2). If “improved” with-
out further detail was stated, outcome is considered 3).
The final status was compared to the status at the first
presentation for assessing the overall outcome.

For the observational studies, the same variables were
extracted. In addition, information regarding the criteria used
for the diagnosis of TM was obtained from these articles and
divided in four categories: 1) TM based on clinical charac-
teristics, 2) TM based on a combination of clinical character-
istics and confirmation on additional assessment, 3) TM
based on the 2002 criteria for TM* and 4) TM based on the
NPSLE 1999 ACR case definitions.” Furthermore, the num-
ber of patients studied, age at diagnosis (range), number of
patients without MRI abnormalities, CSF findings in patients
without sMRI abnormalities and treatment and disease
course in patients with no abnormalities. If individual data
were not provided in the article, authors were contacted to
obtain this information.

The following aspects were assessed for risk of bias:
method of patient inclusion and clinical outcome defini-
tion. This is reported in Supplementary material.

Analysis

The primary outcome of this systematic review was the
comparison of clinical outcome between sMRI-/CSF-
patients and sMRI+ and/or CSF+ patients. If CSF was
not available for sMRI- patients, these patients were
excluded. If patients showed sMRI or CSF abnormalities
later in the course of the disease, these were analyzed in
the sSMRI+ or CSF+ group. All summary data were calcu-
lated using Stata Statistical Software: Release 16 (2019).

Results

Part |

TM Patients NPSLE Clinic 2007-2020

Between 2007 and 2020, 560 patients attended the NSPLE
clinic. Of these patients, 23 were suspected of having TM,
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of which eleven were excluded from this study because of
clear alternative diagnoses (n = 6), no clinical diagnosis of
SLE (n = 2), no clinical signs of TM (n = 2) and clinically
isolated syndrome most likely due to multiple sclerosis
(n=1).

Clinical characteristics of all patients are provided in
Table 1. sMRIs were made between 2 and 10 days after
symptom onset in all patients and five patients had normal
sMRI (sMRI-). Four sMRI- patients had CSF assessment
(all normal). Nearly all patients were female (83%). Median
age in sMRI- patients was 36 years (range: 23—47) and 55
years in sSMRI+ patients (range: 36-67). Median SLE dura-
tion was 1 year in SMRI- (range: 0-6) and 4 years in SsMRI+
patients (range: 0—17). Median SLEDAI score was 4 (range:
0-22) in sMRI- and 2 (range: 0—15) in sSMRI+ patients.

Laboratory investigations are presented in Table 2.
Increased ESR was only present in one sMRI- and one
MRI+ patient. Antinuclear antibodies (ANA) were present
in 2/5 sMRI- patients and 6/7 MRI+ patients. All patients
that did not have ANA during this clinical presentation,
had a positive ANA more than once in the past.
Antiphospholipid antibodies (APLAs) were positive in 3/
5 sMRI- patients and 2/7 MRI+ patients. Complement
consumption was present in 1/5 sMRI- and 4/7 sMRI+
patients. Aquaporin-4 antibodies were tested in five
patients, and positive in 1 sMRI+ patient.

Most patients were treated with methylprednisolone
(MP) and/or prednisone at high dosage in combination
with cyclophosphamide (5/5 sMRI-, 5/7 sMRI+), as shown
in Table 3. Two patients with different treatment regimens
received MP and IVIG in one case and rituximab and
belimumab in the other case (because of a high cumulative
dosage of cyclophosphamide due to previous TM). Outcome
in sSMRI-/CSF- patients was no recovery (n = 1) and partial
recovery (n = 3) compared to partial recovery (n = 4) and
(nearly) complete recovery (n = 3) in sSMRI+ patients.

Case Series sMRI-/CSF- Patients
Case |

A 42-year-old man was admitted to the Department of
Neurology because of decreased sensation and strength
in his lower limbs, which started 10 days previously. His
medical history showed hernia decompression surgery
(L4-L5) and an episode of paraparesis of the legs that
spontaneously disappeared 5 years previously. The diag-
nosis of SLE was established several months before pre-
sentation based on antinuclear antibodies (ANA+), lupus
(LAC+), oral ulcers,

anticoagulant photosensitivity,

arthralgia and fatigue. Neurological examination at admis-
sion showed a sensory level at T10, bilateral paresis of the
lower limbs (3/5) and hypotonia of the legs with normal
tendon reflexes, including plantar reflexes. Neurological
exam showed discrepancies of muscle strength of the
lower limbs over time. Several days after admission, urin-
ary retention requiring catheterization occurred. Elaborate
investigation, including sMRI, CSF assessment, motor
evoked potential (MEP) and somatosensory evoked poten-
tial (SSEP) did not reveal any abnormalities. SLEDAI at
presentation was 0. A FND was suspected and psycholo-
gical counseling and rehabilitation were initiated. After 2
months, the patient was referred to our NPSLE clinic. At
that time, no improvement of his neurological status had
occurred and all investigations remained normal. Because
it was considered that TM due to SLE could not be fully
ruled out, treatment with MP was initiated, after which
a subjective decrease of numbness of the legs occurred,
but no objective changes were found. Treatment with
cyclophosphamide was started and after 6 months, the
patient reported additional improvement of the strength
of the upper legs. Cyclophosphamide was continued for
another year and at 18 months, no further neurological
improvement had occurred. At his last follow-up six
years later he was able to walk with assistance (knee-
ankle-foot-orthosis, KAFQO), but anesthesia of the legs
remained.

Case 2

A 36-year-old woman presented at the Department of
Neurology because of bilateral progressive loss of sensa-
tion, starting at the fingers and toes. She had SLE based on
ANA++, arthritis, photosensitivity, oral ulcers, pleuritis,
Raynaud and secondary antiphospholipid syndrome. In
addition, she experienced multiple transient ischemic
attacks in the previous year and suffered from an anxiety
disorder. At neurological examination she initially showed
decreased sensibility of the feet to knees and hands up to
elbows, which increased to sensory level T6 during admis-
sion. Tendon reflexes were brisk bilaterally and plantar
reflexes were normal. Muscle strength was preserved.
Some discrepancies in the neurological exam were present
over the course of the hospital admission, with a varying
level of sensory deficit. LP and SSEP did not reveal any
abnormalities and sMRI revealed a mild bulging of the
disc at level C3/C4 and a discrete protrusion of the disc at
level T6-T7 with slight impression on the spinal cord, but
without myelopathy or signs of myelitis. SLEDAI at
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Table | Clinical Characteristics of SLE Patients Diagnosed and Treated for TM without (1-5) and with (6—12) sMRI Abnormalities in

the NPSLE Clinic Between 2007 and 2020

Age
(years)

Sex

Onset?
(years)

Med

Neurological

Presentation

SLEDAI

sMRI

Location

Abnormality

CSF

Other

Examinations

| 42

0

HCQ,
P 7.5mg

Sensory level T10, muscle
strength legs

3-4/5, normal reflexes,
UR+

MEP, SEP, CMCT,
EMG: -

HCQ, MMF

Sensory level T5, ataxic
gait, brisk reflexes, UR+

SEP: -

HCQ,
P 5mg

Sensory level T9,
muscle strength legs
max 3/5, normal
reflexes, UR+

NA

None

Sensory level T4,
muscle strength upper
and lower limbs: 4/5,

normal reflexes, UR-

22

MEP, VEP, SEP: -

HCQ,
P 40mg,
AZT

Sensory level T11,
walking disorder,

hyporeflexia achilles, UR-

NA

NA

AZT

Hypesthesia lower legs,
muscle strength legs 3—4/
5, reflexes NA, UR+

C5-C7

NA

NA

None

Sensory level L3, muscle
strength legs

2-3/5, brisk reflexes and
Babinski sign, UR+

TII-CM,
mesencephalon —

pons

Protein 1

NA

P 7.5mg

Sensory level L5, muscle
strength legs 3—4/5,
brisk reflexes and
Babinski sign, UR-

TIO-TII

1gG index 1

EMG, VEP: -

HCQ

No sensory level,
muscle strength legs 4/
5, low reflexes, Babinski
sign, UR+

T8 and diffuse
throughout T

WBC 1,
protein T,

glucose |

NA

MMF

Sensory level T5,
muscle strength legs 4/
5, brisk reflexes,
Babinski sign, UR+

T2-TI0

NA

NA

None

Paraparesis and
paresthesia legs,

areflexia, UR+

CM, T12-LI

NA

HCQ

Swallowing disorder,
hiccoughs, abducens

paresis, UR-

Pons-C2

WBCT,

proteint

FEES: unilateral
pharyngeal

paralysis

Notes: -, normal; +, abnormal; NA, not available; Findings on neurological examination including reflexes are symmetrical unless described differently; 2SLE duration in years.
Abbreviations: AZT, azathioprine; CM, conus medullaris; CMCT, central motor conduction time; CSF, cerebrospinal fluid; EMG, electromyography; FEES, flexible
endoscopic examinations of swallowing; HCQ, hydroxychloroquine; Med, immunosuppressive medication at time of clinical presentation; MEP, magnetic evoked potential;
MMF, mycophenolate mofetil; P, prednisone (dosage per day); SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; sMRI, spinal cord MRI; SEP, somatosensory
evoked potential; UR, urinary retention requiring catheterization >1x; VEP, visual evoked potential; WBC, white blood cell.
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Table 2 Laboratory Investigation of SLE Patients Diagnosed with TM without (I-5) and with (6—12) sMRI Abnormalities at the LUMC

NPSLE Clinic Between 2007 and 2020

ESR | CRP | ANA | dsDNA | ENA | SS-A | SS-B | RNP | Scl | Jo-1 | SM | aCL | B2 LAC | C3/C4 | AQP

| - - + - - - - - - - - - - - NA
2 - - - - + - - + - - - + - - NA
3 - - - - - - - - - - - - - - - NA
4 + - + + - - + - - + + + - + -

5 - - + - + - - - - - - - - - NA
6 - NA - - + - + - - - - NA | - - NA
7 NA NA + + - - - - - - - - R R R R

8 - - + - - - - - - - - - - + -

9 - - + - - - - - - - - - - - + NA
10 | + + + + - - - - - - - + - - + +

I - - + + - - - - - - - - - - - NA
12 | - - + + + - - + - - + - - + + -

Notes: -, normal/absent; +, abnormal/present; NA, not available.

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; ANA, antinuclear antibodies; dsDNA, anti-double-stranded DNA antibodies; ENA,
extractable nuclear antigen antibodies; SS-A/B, anti-Sjogren’s syndrome-related antigen A/B; RNP, anti-ribonucleoprotein antibodies; Scl, anti-topoisomerase | antibodies;
Jo-1, antihistidyl-tRNA synthetase antibodies; SM, anti-Smith antibodies; aCL, anticardiolipin antibodies IgG or IgM; B2, anti-B2-glycoprotein antibodies IgG or IgM; LAC,
lupus anticoagulants; C3/C4, low complement level C3/C4; AQP, anti-aquaporin-4 antibodies.

presentation was 8, based on the presence of oral ulcers,
alopecia and mild arthritis. Because it was considered that
TM due to SLE could not be fully ruled out, treatment
with MP was initiated, followed by high-dose oral ster-
oids. After 1 week she was assessed at the NPSLE clinic,
at which time the patient mentioned subjective improve-
ment of neurological symptoms. Neurological examination
showed a sensory level at T4 and cyclophosphamide was
started. After 6 months, subjective improvement of the
arms was reported, but a sensory level at T4 remained
and cyclophosphamide was continued. After 18 months,
no further changes were observed and the patient remained
dependent on the wheelchair for mobilization. After 4
years, a relapse occurred with a complete tetraparesis,
once again without any compatible abnormalities on
sMRI or in CSF. The patient was treated with rituximab
and after 6 months recovered to the state before the tetra-
paresis, with hypesthesia of the lower legs and arms and
wheelchair dependency.

Case 3

A 26-year-old woman presented at the emergency room
because of paresthesia of the feet and legs, reduced
strength of the legs and difficulty in urinating. The diag-
nosis SLE was established two years earlier based on
ANA+, anti-double-stranded DNA
dsDNA+), photosensitivity, malar rash and polyarthritis.

positive (anti-

In addition, she was recently analyzed for the presence of
epileptic seizures and suffered from an anxiety disorder.

Neurological examination showed reduced muscle
strength Dbilaterally (3/5) of the lower limbs and normal
tendon reflexes, including the plantar reflex. In addition,
a sensory level at T9 and urinary retention were present.
Additional investigation, including sMRI and CSF assess-
ment, did not show any abnormalities. SLEDAI was 4
based on mild arthritis of the hands. No treatment was
initiated initially, because of diagnostic uncertainty.
Several weeks later, paresis of the legs increased and
a Babinski sign was present bilaterally. In the course of
the disease, there was uncertainty regarding the presence
of a Babinski sign: it was described by some (but not all)
neurologists, both unilaterally and bilaterally. Because of
persistent uncertainty regarding the diagnosis, the patient
was treated with MP which led to some improvement of
muscle strength. Rehabilitation was started as well. After
10 months, a relapse occurred in which the left leg was
predominantly affected and patient was treated with MP
again. Twelve months after symptom onset, she was re-
evaluated at the NPSLE clinic. Neurological examination
showed a T10 sensory level, brisk reflexes but no evident
Babinski sign. Additional investigation (CSF, sMRI)
remained normal and auto-immune serology including
ANA was negative at this time. Patient was referred for
a third opinion because of remaining uncertainty regarding
the diagnosis. At the referral center, treatment with cyclo-
phosphamide was initiated, which led to clinical improve-
ment initially, but after 6 months neurological symptoms

recurred. Corticosteroid treatment was continued and years
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Table 3 Treatment and Outcome of SLE Patients Diagnosed with TM Without (1-5) and Without (6—12) sMRI Abnormalities at the
LUMC NPSLE Clinic Between 2007 and 2020

Onset® | Treatment FU® | Relapse® | Outcome Remaining Symptoms
| 12 MP 3 days + 63 - Partial recovery | Sensory level T10
P Img/kg + Cyc Walks with assistance (KAFO)
2 | MP 5 days + 54 48 No recovery Sensory level T2, paresis legs > arms (2—4 out of 5) Wheelchair
P 80mg + Cyc dependent, makes own transfers
3 5 MP 3 days, after 18 33 18, 30 Partial recovery | Muscle weakness legs
months: Cyc Walks with assistance (KAFO)
4 1.5 MP 3 days + 6 - Partial recovery | Hypesthesia, sensory level T5
P 40mg + Cyc Walks unassisted
5 <l MP 3 days + 48 9 No recovery Hypesthesia legs, muscle strength legs 3/5
P 40mg + Cyc Wheelchair dependent, makes own transfers
6 28 MP 3 days + 126 | 36 Partial recovery | Hypesthesia left leg, ataxic gait
P 60mg + Cyc Walks unassisted
7 <l MP 3 days + 42 - Partial recovery | Muscle strength legs: 4/5- out of 5
P Img/kg + Cyc Urinary catheterization
Walks with assistance (crutches), wheelchair dependent for long
distances
8 10 MP 3 days + 35 - Partial recovery | Paresthesia feet to knee
P 60mg + Cyc Walks unassisted
9 <l MP 3 days + 42 - Nearly complete | Mild weakness legs but able to walk unassisted
P 60mg + Cyc recovery
10 | <I MP 3 days + P 60mg | 46 11, 44 Complete -
+ RTX +B recovery
| <l MP 3 days + IVIG 10 - Partial recovery | Sensory level LI, muscle strength dorsiflexors feet: 0/5. Walks
| day with assistance (KAFO + walker)
12 |1 MP 3 days + 18 - Complete -
P 60mg + Cyc recovery

Notes: *Time between symptom onset and start of treatment in weeks; ®Follow-up time in months; “Time between transverse myelitis episode and relapse in months.
Abbreviations: B, belimumab; Cyc, cyclophosphamide IV; IVIG, intravenous immunoglobulin; KAFO, knee-ankle-foot orthosis; M, months; MP, methylprednisolone IV; P,
prednisone (oral); RTX, rituximab.

after symptom onset, improvement of walking ability
started to occur. Patient currently is able to walk
a maximum distance of 1 km with KAFO and still needs
catheterization.

Case 4

A 23-year-old woman was diagnosed with SLE based on
ANA+, anti-dsDNA+, anti-Smith antibodies (anti-Sm+),
antiphospholipid antibodies, complement consumption,
malar rash, oral ulcers, hair loss, arthralgia, fatigue and
lupus nephritis class II. A week after the diagnosis, she
visited the outpatient clinic of the Department of
Neurology because of reduced strength and paresthesia

of her legs since 1 week. Neurological examination
showed slightly reduced strength of the leg muscles (4/5)
and a sensory level at T6. Elaborate investigation, includ-
ing EMG, visual evoked potential (VEP), SSEP, MEP and
CSF assessment did not reveal any abnormalities. sSMRI
revealed slight impression of the left nerve root S1 due to
disc protrusion and showed a left paracentral disc protru-
sion at level T5/T6 and T7/T8 and a central disc protrusion
at level C5/C6, but these findings were not compatible
with the clinical symptoms. Normal tendon reflexes
(including plantar reflexes) were present. sMRI was
repeated after a week and remained normal. As there

were some discrepancies at the neurological examination,
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the differential diagnosis was TM or an FND. During
hospital admission, the patient developed mononuclear
diplopia and bilateral papilledema. SLEDAI at that time
was 22 based on visual disturbance, hematuria, rash, com-
plement consumption and anti-dsDNA positivity. Treatment
with MP and cyclophosphamide was initiated for NPSLE as
it was considered that TM could not be excluded comple-
tely. After 4 months, sSMRI remained normal and muscle
strength had recovered, but hypesthesia at sensory level T5
persisted. Uncertainty regarding the presence of TM
remained and therefore cyclophosphamide was stopped
after 4 months. This was the clinical status during the last
available follow-up visit, several months ago.

Part |l: Systematic Review

The systematic literature review yielded a total of 1391
citations. After removal of duplicates, title and abstract
evaluation identified 229 papers as suitable for full-text
review. After full-text review, 146 articles were included
(see Supplementary Figure 1), of which 131 case reports

and 15 observational studies.

Case Reports

The 131 case reports described a total of 168 patients with
SLE and TM, as shown in Supplementary Table 1. Of
these cases, 151 were female (90%) and median age was

32 years (range: 16-92). Of these patients, 119 patients
met ACR criteria for SLE (71%), 23 patients only had the
clinical diagnosis of SLE (14%) and for 25 patients details
on the diagnosis of SLE were not provided (15%). Median
SLE duration was available for 149 patients and was 3
years (range: 0-35).

sMRI-abnormalities were described in 154/168 patients
(92%). Information on CSF was available for 107 patients,
of which 91 had abnormalities (85%). Outcome informa-
tion was available for 151 patients (90%). Death was
reported in 9 patients (6%), no improvement in 31 patients
(21%), partial improvement in 58 patients (38%), partial or
complete improvement in 1 (1%) and (near) complete
recovery in 52 patients (34%). Time at which the outcome
was reported varied: during hospital stay or at hospital
discharge (n = 18), short term (n = 29), long term (n =
86) and unknown (n = 18).

Of the 14 patients with normal sMRI, CSF was avail-
able for 11 patients."" ** 9/11 showed abnormalities in
CSF: pleocytosis (4/10), increased protein (7/11), low
glucose (3/9), oligoclonal bands (2/6) and an increased
IgG index (3/3). Only two patients were MRI-/CSF-.'7?

One MRI-/CSF- patient was treated with MP 1000mg IV
for 3 days followed by prednisone 1mg/kg for 1 month.
This patient showed recovery from hypotonia grade 1-2/5
right and 4/5 left to 4/5 bilaterally at hospital discharge
(partial improvement).'” No information on MRI at fol-
low-up is available in this report. In the other MRI-/CSF-
patient, SMRI showed abnormalities at follow-up: spinal
atrophy was visible after 1 year. The patient received
treatment with hydrocortisone 100mg daily for 5 days
followed by prednisolone 30mg/day for 1 month and
showed complete and persistent recovery 5 days after
treatment initiation.”

Observational Studies

The characteristics of the observational studies, including
patient data, are summarized in Table 4. In these studies,
a total of 282 patients with TM were assessed, with ages
ranging from 9 to 77 years. For 268 patients, information
on sex was available and the majority of patients were
female (93%). Data on SLE according to the ACR defini-
tion were available for 267 patients, of which 263 ful-
filled these criteria. SMRI data were present for 259
patients (92%). Of these patients, 238 showed abnormal-
ities compatible with TM (92%). Data on CSF were
available for 111 patients, of which 81 showed abnorm-
alities (73%). Outcome data were available for 247
patients (88%). Death was reported in 4 patients (2%),
no improvement in 61 patients (25%), no or partial
improvement in 20 patients (8%), partial improvement
in 41 patients (17%), partial or complete improvement in
76 patients (31%) and (nearly) complete improvement in
45 patients (18%).

Of the 23 patients with normal sMRI, CSF analysis
was present for 17 patients, of which 14 patients showed
abnormalities (82%). The following CSF abnormalities
were present: pleocytosis in 4/13, increased protein in
10/17 and low glucose in 5/12. Information of two of the
three MRI-/CSF- patients was not available in the article
and later provided by the authors.*** Of the three
patients, one patient was treated with MP IV for 3 days
and cyclophosphamide IV 1x followed by treatment with
azathioprine and showed partial improvement at 15
months.>® Another patient was treated with MP IV fol-
lowed by cyclophosphamide and recovered completely
after 5 days.”* The last patient was treated with MP and
cyclophosphamide IV and showed no clinical improve-
ment after 10 years of follow-up.'
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Table 4 Overview of Observational Studies Included from Systematic Review Regarding Characteristics of SLE Patients with

Transverse Myelitis

Reference Time N | SLE TM® | Age Sex® | sMRI | CSF+ CSF? of sMRI- Outcome®
Period Criteria (years) (% + Patients
F)
Haridsangkul 19751990 | 7 | 6/7 B 16-52 100 | 4/4 6/6 - — 47
et al¥’ -7
+2/7
Chan et al.* 1985-1994 | 9 | 9/9 A 21-59 100 | 1/3 0/6 1: NA + or ++ 4/8
2: NA + 4/8f
Mok et al.*® 1983-1987 | 10 | 10/10 A 1648 80 5/9 6/8 I: + - 1/10
2+ +5/10
3+ +2/10
4: NA ++2/10
Kovacs et al.! 2 -2000 14 | 14/14 A 23-77 NA | 8/13 | 4/6 1: NA -9/14
2+ +2/14
3: ++3/14
4: NA
5: -
D’Cruz et al.* 1992-2002 | 12 | 12/12 B 21-48 100 | 810 | 9/10 I: + - 1/12
2: NA +3/12
+4/12
++ 4/12
Lu et al.*® 19982007 | 14 | 14/14 A 15-45 86 112 | 711 I: + -or+7/14
+or ++7/14
Birnbaum et al.*’ | 1994-2007 | 22 | 22/22 C 16-71 9l 22/22 | NA - NA
Schulz et al.*® 1994-2007 | 15 | NA B NA 93 I5/15 | NA - —11/15
M 50.4 + or + 4/15
Saison et al.*’ 1994-2010 | 20 | 20/20 C 3348 85 17/20 | 14/17 I: + -1/18
2+ +12/18
3+ ++5/18
Costallat et al*' | 72015 14 | 11/14 A 9-45 100 | 7/7 7/14 - -3/14
£ 11/14
Hryb et al.>° 2007-2014 | 5 | 5/5 C 19-39 100 | 5/5 5/5 - -3/5
+2/5
Quintanilla 19972013 | 19 | 19/19 D NA 95 17/19 | 14/15 l. £ 13/5
etal”! M 32.4 2.+ ++2/15
Ahn et al.>? 1995-2005 16 | 16/16 A 16-63 94 16/16 | 9/13 - —4/16
+2/16
++ 10/16
Chiganer et al® | 19962017 | 60 | 60/60 C 13-54 95 60/60 | Min. 36/47 | ® — 14/54
I: - + or + 40/54
2.+
Zhang et al.?* 1993-2018 | 45 | 45/45 D 13-70 98 42/44 | Min. 27/45 | I: - — 13/45
2: + + or + 32/45

Notes: *Transverse myelitis criteria: A: clinical characteristics; B: clinical characteristics + confirmation based on additional investigations; C: 2002 TM working group
criteria;® D: ACR case definitions;? *Two patients eventually excluded from this study but data personally provided by authors; < % Female; ¢ CSF: + = abnormal; - = normal;

NA = not available; © Outcome: ++ = full recovery; + = nearly complete recovery;

was defined as walking without assistance and +: walking with assistance or urinary incontinence remaining.

partial improvement; - = no improvement; — = death; fIn this article, outcome +/++
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Summary Outcome

Combined clinical outcomes in sMRI+ or CSF+ patients
from the case reports/case series, observational studies and
our own cohort (n = 401) showed 13 deaths (3%), 91
patients with no improvement (23%), 21 with no or partial
recovery (5%), 101 with partial improvement (26%), 76
with partial to complete recovery (19%) and 99 with
(nearly) complete recovery (25%). Clinical outcome in
all sMRI-/CSF- patients (n = 8) was no recovery in 3
(37.5%), partial recovery in 4 (50%) and complete recov-
ery in 1 patient (12.5%).

Discussion

In this study, we aimed to collect diagnostic and outcome
data to guide the clinical approach to patients with SLE
presenting with clinical features compatible with (sub)
acute TM, but with normal sMRI and CSF assessment by
studying cases from our tertiary referral center and cases
reported in the literature. Our data suggest that clinical
signs of TM in the absence of sMRI and CSF abnormal-
ities in SLE patients have a less favorable outcome,
despite similar immunosuppressive treatment as patients
with abnormalities. This leads to the question whether
immunosuppressive therapy is appropriate for sMRI-/
CSF- patients. However, as so few cases of sMRI-/CSF-
TM in SLE patients have been described in literature,
a clear clinical approach cannot be identified based on
the literature review.

The most important consideration in the -clinical
approach to patients with features of TM, but normal
sMRI and CSF, is whether the assumption that TM is
caused by an immune SLE-related origin is correct. This
uncertainty is emphasized by the difference in outcome
between sMRI-/CSF- and MRI+ patients in our cohort.
Inflammation without any sign on sMRI or CSF seems
unlikely, although a recent study also describes eleven
patients with a clinical presentation mimicking MS, with-
out any abnormalities on conventional brain MRI or
sMRI.*> The immunological pathophysiology is assumed
in these patients because of the increased frequency of
plasmablasts in peripheral blood and good response to
treatment with IV methylprednisolone and plasmapheresis.
In addition, these patients were shown to have abnormal-
ities in structural integrity of the white matter not visible
on conventional MRI, but characterized by decreased frac-
tional anisotropy (FA) values on diffusion tensor (DTI)
MRI analysis of the brain. Perhaps TM- patients have
abnormalities that cannot be detected with conventional

MRI modalities, in accordance with a substantial percen-
tage of CNS-NPSLE patients with normal conventional
MRI, that have abnormalities detectable with quantitative
MRI techniques.”>* However, the limited response to
immunosuppressive therapy in sMRI-/CSF- TM makes
this less likely.

A remaining differential diagnosis is a FND: when
retrospectively reviewing these cases in detail, several
uncertainties about the clinical presentation and neurolo-
gical evaluation were noted. Firstly, only 1/5 sMRI-
patients showed a Babinski sign, as opposed to 5/7 in the
sMRI+ group. Secondly, discrepancies were noticed such
as variation in muscle strength during different examina-
tions or extreme complaints such as complete lack of
gnostic sensibility from toes up to the jawline. Therefore,
in retrospect, an important differential diagnosis remains a
FND in these patients. FNDs are defined as the presence of
one or more symptoms that affect voluntary motor or
sensory function or cause transient loss of consciousness,
but are not found to be due to a general medical condition.
These symptoms are among the most common causes of
neurological disability and require specific diagnostic fea-
tures. Unfortunately, specific tests for FND such as
described by Stone et al.** were not documented in our
cases. Little is known about the prevalence of FND in
patients with SLE and the mechanism of FND is also
unknown. Only one case-report on this topic is available,
describing the presence of an FND at the time of diagnosis
of SLE in a young patient.’® Although this was suspected
immediately, immunosuppressive treatment was initiated
due to the progressive nature of her neurological symp-
toms, without leading to any clinical improvement.
Months later, psychotherapy was started, which led to
a complete clinical recovery. This case report underlines
the necessity of an adequate diagnosis: not only can immu-
nosuppressive therapy cause unnecessary harm through
side-effects but not treating for FND may also negatively
affect recovery.

There are, however, also uncertainties regarding the
possible diagnosis of FND in the SsMRI-/CSF- patients in
our cohort. Firstly, most patients presented with specific
neurological symptoms that contributed to the decision to
start immunosuppressive treatment for TM. Three out of
four sMRI-/CSF- patients presented with urinary retention
requiring catheterization for at least 6 months (case 1, 2
and 3). In theory, urinary retention can also be part of
a FND, although the prevalence of FND as cause of
urinary retention is unknown. Unfortunately, urodynamic
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studies cannot help clinicians distinguish FND from TM as
both can present with similar abnormalities.>' In general,
urinary retention is considered a supportive symptom for
myelopathy.>** Secondly, the absence of abdominal
reflexes were described in one patient (case 1). Although
this may be indicative of TM, abdominal reflexes are
absent in 20% of normal individuals, in particular in
those with lax abdominal tone, obesity, women who have
borne children and elderly. Unilateral absence of abdom-
inal reflex, on the other hand, is considered abnormal >*33
Lastly, apart from neurological features, there were other
reasons to start treatment for TM in these patients, such as
SLE disease activity. However, it is important to note that
TM in sMRI+/CSF+ cases does not necessarily present
with a high disease activity: approximately one-third of
SMRI+/CSF+ cases present at low disease activity
(SLEDAI <4)%¢

Delaying or omitting immunosuppressive treatment in
uncertain cases might have the drawback of leading to
untreated (irreversible) damage. Several small studies
have suggested a better outcome of TM in sMRI+ cases
when treatment was initiated early,’”*° but the amount of
cases studied is limited and primarily involves patients
with MRI abnormalities. The largest study uses a post-
hoc analysis to suggest a better outcome when treatment is
initiated <2 weeks, but only 3 of the 14 patients studied
were actually treated in that time frame (of which two had
a good outcome).* In a different study, poor outcomes are
described despite treatment initiated early.*' Therefore,
clear evidence is lacking and may indicate that it is advi-
sable to take full considerations of pros and cons before
starting treatment in suspected sMRI-/CSF- TM cases.

Considering the lack of convincing support for early
treatment, especially in SMRI- cases, we suggest the fol-
lowing steps in patients with the diagnosis or suspicion of
SLE presenting with neurologic signs consistent with TM
(Figure 1). Firstly, an extensive patient history and phy-
sical examination should be conducted, followed by an
sMRI with gadolinium of good quality (as described in
the Method section) and a LP to look for signs of inflam-
mation. If either sMRI or CSF shows signs of inflamma-
tion and no alternative diagnosis is more likely (such as
infection), treatment for TM should be initiated. If both
are normal, other diagnoses should be considered. At this
point, FND should also be considered. Furthermore, there
is no evidence that immunosuppressive treatment needs to
be initiated immediately.**** After 2—7 days, neurological
examination, sSMRI and CSF could be repeated if initial

investigations were in the first week of symptom presen-
tation. If all remain normal, additional tests can be con-
sidered such as EMG, MEP, SSEP, VEP. If strong
suspicion of TM remains, immunosuppressive treatment
might be started, but needs to be re-evaluated after 3
months. If SMRI and CSF analysis remain normal and
treatment has not led to any objective improvement, con-
sider to stop immunosuppressive treatment, as our cases
and cases of literature demonstrated that continuing treat-
ment in SMRI-/CSF- patients generally does not result in
complete recovery. Even before that point, attention
towards intensive rehabilitation including physical ther-
apy, patient education, psychosocial support and if indi-
cated psychotherapy seems of great importance. Thus, to
evaluate all patients multidisciplinary and start rehabilita-
tion early in the course of the disease, regardless of the
underlying cause of the symptoms, is advisable.

Future research should focus on bringing this approach
in practice and reporting more about sSMRI-/CSF- patients,
in order increase knowledge and improve clinical
approach to these patients. In addition, the value of addi-
tional sMRI investigation (such as DTI) should be studied
in these patients.

This is the first study that focuses on patients with SLE
and a clinical presentation of TM, but without any abnorm-
alities on additional investigation. Our literature study has
confirmed that there is a knowledge gap regarding this
topic, which might have led to incorrect treatment of these
patients. This specific clinical presentation leads to uncer-
tainty amongst physicians and we attempt to provide an
overview and approach on how to handle this situation in
clinical practice based on our clinical experience. As all our
patients were assessed in a multidisciplinary setting includ-
ing a psychiatrist, their clinical presentation and disease
course could be studied in detail, providing more insight
into this rare manifestation of SLE. There are, however,
some limitations to our study. Due to the retrospective
nature of our study not all patients underwent all additional
investigations as suggested in our flowchart; therefore,
absolute certainty about the diagnosis remains impossible.
For example, specific tests for FND, repeated sMRI and
elaborate psychiatric assessment focused on the presence of
FND have not been performed in all patients. However, this
is exactly the challenge we are addressing in this study and
has enabled us to create this flowchart after years of experi-
ence. The most important limitation remains the difficult
comparison between sMRI-/CSF- and other patients due to
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Presentation: neurologic dysfunction consistent with spinal cord injury
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exposure, trauma

Y

| sMRI with gadolinium

Rule out
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v

Treat as lupus myelopathy
- Methylprednisolone IV, _ +sMRlorLP
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Examples of alternative
diagnoses
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Y

+ Repeat sMRI and CSF
assessment after 2-7 days

diagnosis more
likely than TM

EMG, MEP, SSEP, VEP

Check for signs that indicate
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Perform brain MRI
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of myelopathy - Toxic
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No alternative o+ Perform additional tests - Other

- Hoover's sign

N . Evaluate and treat in
- Hip abductor sign va !

Tl

v

Other disorders excluded and
'red flags' for TM present

Red flags

- Urinary retention

- Clear sensory level

- Spinal tract specific sensory
findings

- Spinal tract specific crossed
findings

- Babinski sign

multidisciplinary team

- Other evidence of inconsistency No immunosuppressives

- Global pattern of weakness

Try out treatment
Methylprednisolone 1V,

\ 4

cyclophosphamide IV and
prednisone 1mg/kg/day

_) Follow-up after 3 months
Repeat sMRI and CSF

- Treat with physiotherapy

or rehabilitation - +
No immunosuppressives

\ 4

Improvement?

le/ ?
Stable/worse | Continue approach

Figure | Flow chart for patients diagnosed with or suspicion of SLE that present with neurologic dysfunction consistent with spinal cord injury.

Notes: +, present or abnormal; -, absent or normal.

Abbreviations: ALS, amyotrophic lateral sclerosis; EMG, electromyography; FND, functional neurological disorder; MEP, magnetic evoked potential; MS, multiple sclerosis;
NMO, neuromyelitis optica; SEP, somatosensory evoked potential; SMRI, MRI of the spinal cord; TM, transverse myelitis; VEP, visual evoked potential.

the probable publication bias. We hope that in the future
more information regarding these patients will be shared.
The clinical presentation of (sub) acute TM with nega-
tive sSMRI and CSF findings in SLE patients is barely
reported, but is a challenge in clinical practice. The most
important question is whether the clinical signs of TM in

this patient group are caused by an immune SLE-related
origin. Our data indicate that immunosuppressive therapy
in this patient group is of limited value. It is possible that
these patients suffer from other disorders, including a
FND, and elaborate investigations should be done in
order to avoid misdiagnosis and -management. Therefore,
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we suggest giving immunosuppressive treatment for
a maximum of 3 months in case of remaining uncertainty,
to stop if no clinical improvement occurs and start rehabi-
litation early in the course of the disease. Multidisciplinary
evaluation is extremely important in these patients and
patients should be followed-up closely.
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