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Abstract Multiple mononeuropathy (MM) occurs rarely
during systemic lupus erythematosus (SLE) but may lead
to major disability. The aim of this study was to investigate
the clinic-pathological presentations of MM during SLE, as
well as long-term outcomes. We conducted a multicentric
retrospective study that included patients receiving a
diagnosis of MM during SLE. Ten patients were included
(8 women and 2 men, median age at MM diagnosis:
40.4 years). SLE was diagnosed before MM in 9/10
patients (median time 8.2 years). When MM occurred, the
SLEDALI score was >6 for 6/9 patients. Presenting symp-
toms consisted of sensory deficits (n = 10), neuropathic
pain (n = 9), and/or motor deficits (n = 9), sometimes
symmetrical, affecting the lower limbs (10/10) and occa-
sionally the upper limbs (5/10). All patients presented with
uni- or bilateral damage of the common fibular nerve, with
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less frequent involvement of the tibial nerve. Serum
cryoglobulinemia was positive in 5/9 patients. Electro-
physiological studies confirmed the non-symmetrical
involvement of multiple nerve trunks in all patients. Neu-
romuscular biopsy (performed in five patients) showed
histological signs of vasculitis in two patients and
perivascular lymphocytic inflammatory infiltrates in two
others. All patients were treated with glucocorticosteroids
combined with cyclophosphamide (n = 6), rituximab
(n = 3), or mycophénolate-mofétil (n = 1). The median
follow-up was 5 years. Two patients relapsed during fol-
low-up. All patients had motor and/or sensory sequelae
upon follow-up. MM associated with SLE is frequently
caused by a vasculitis mechanism. Patients improve with
steroids and immunosuppressive drugs. Long-term out-
comes include frequent clinical sequelae and possible
relapses.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune multi-systemic disorder principally affecting young
women. It is characterized by skin and hematologic man-
ifestations, polyarthritis, renal involvement, and seritis with
a relapsing—remitting course. Peripheral (PNS) or central
(CNS) nervous system involvements may also occur. In
1999, the American College of Rheumatology (ACR)
subcommittee proposed a classification of neurolupus with
19 neuropsychiatric syndromes during SLE, seven of
which involved the PNS [1]. Peripheral neuropathy occurs
in 1.5-27.8% of SLE cases [5, 8, 11, 15, 16, 18, 19, 22, 24].
The most common type of diffuse peripheral neuropathy in
patients with SLE is symmetric distal axonal sensory or
sensorimotor neuropathy [15, 16, 24]. The association of
multiple mononeuropathy (MM) with SLE is rare [17].
MM is a peripheral neuropathy characterized by the non-
symmetrical degeneration of one or more nerve trunks [6].
The clinical presentation is painful sensorimotor deficits in
the upper and/or lower extremities usually, but not always,
with asymmetric distribution. Pain is common and the
onset is acute or subacute. The prevalence of MM in SLE
patients has been estimated to be up to 9% [§], but it may
be under-diagnosed, even though it requires a specific
treatment.

Because SLE-associated MM is rare, its management is
based on isolated cases or small series reports. These
reports have highlighted the heterogeneous presentation of
SLE-associated MM and the variability of treatment effi-
cacy. Data are lacking regarding to the long-term outcomes
and prognosis of this disorder. Therefore, we conducted a
retrospective multicenter study to describe the clinical,
biological, electrophysiological, and histopathological
features of MM during SLE, as well as treatment efficacy
and long-term neurological outcomes.

Patients and methods

We performed a retrospective multicenter nationwide
study in Rheumatology and Internal Medicine Depart-
ments. From September 2006 to February 2015, we
identified SLE patients who received a final diagnosis of
MM through the SNFMI (Société Nationale Francaise de
Médecine Interne) and the FLEUR (French Lupus Ery-
thematosus Network) networks. Patients were screened
using local databases.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was conducted in compliance with the Good
Clinical Practice protocol and the Declaration of Helsinki
principles.

Inclusion and exclusion criteria

Inclusion criteria were as follows:

1. A definite diagnosis of SLE according to the ACR
classification criteria (>4 criteria) updated in 1997
[14, 23].

2. A final diagnosis of MM documented by electrophys-
iological studies and the exclusion of other types of
neuropathies (radicular neuropathies, axonal symmet-
rical and painless neuropathies, plexopathies, sensory
or motor neuronopathies, and demyelinating neu-
ropathies) [6].

Patients were excluded in cases of an alternative cause
of MM (e.g., diabetes, nerve compression, or infection).

Data collection and outcomes

Data were collected retrospectively through medical
records by the practitioners in charge of the patients and
were centrally reviewed (ER and FCA). We collected
clinical and biological data (blood C-reactive protein
(CRP) level, complete blood cell count, antinuclear anti-
bodies titer, anti-double-stranded deoxyribonucleic acid
(dsDNA) antibodies, anti-extractable nuclear antigen
(ENA) antibodies, anti-neutrophil cytoplasmic antibodies
(ANCA), lupus anticoagulant (LA), anticardiolipin and
antibeta2GP1 antibodies, cryoglobulinemia, rheumatoid
factor (RF), C3, C4, and total complement) at the time of
SLE and MM diagnoses and during follow-up. Baseline
was considered to be the time of MM diagnosis. The results
of the electrophysiological studies were collected at base-
line and during follow-up. The results of neuromuscular
biopsy were noted when available.

Electrophysiological studies

Nerve conduction studies were performed using the stan-
dard techniques of surface stimulation and recording.
Motor nerve conduction studies were performed in both the
lower extremities on the common fibular and tibial nerves
and in the upper extremities on the median and ulnar
nerves. Sensory nerve conduction studies were performed
bilaterally on the fibular, sural, median, and ulnar nerves,
and sometimes the radial nerves.
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Follow-up

Patients were treated and followed according to the local
physician’s habits. Treatment dosages and durations were
noted. SLE activity was retrospectively evaluated with the
systemic lupus erythematosus disease activity index
(SLEDAI) [9]. The modified Rankin score was used to
assess neurological damage at baseline and during follow-
up. The follow-up period ended in July 2016.

Results
Patients’ characteristics

Ten patients (8 females and 2 males) with a median age at
SLE diagnosis of 28.5 years (range 17-53) were included
in this study. Patients’ characteristics are presented in
Table 1. Eight patients were European and two were Afro-
Caribbean. MM occurred several years after SLE diagnosis
in eight cases, with a median onset time of 8.2 years from
SLE diagnosis (range 3-22). In one patient, SLE diagnosis
was obtained 1 month after MM onset, and in another
patient, MM occurred 1 month after SLE diagnosis. Four
patients had antiphospholipid syndrome, and three had
Sjogren syndrome that was associated with SLE. Two
patients had the previous central nervous system (CNS)
involvement and five had the previous renal involvement of
SLE. Renal biopsy had been performed in four patients,
and the results revealed class IV (n = 2), class Il + V
(n=1), or class V (n = 1) lupus nephritis. Anti-SS-A
antibodies were positive in 7/9 patients (78%), and anti-SS-
B antibody was found in 4/9 cases (44%). Antiphospho-
lipid antibodies were detected in seven patients (70%). The
nine patients, in which SLE was previously diagnosed,
were being treated with hydroxychloroquine and corticos-
teroids at the time of MM onset. In addition, seven patients
(78%) were receiving an immunosuppressive drug [aza-
thioprine (AZA) n = 2, mycophenolate mofetil (MMF)
n = 2 and methotrexate n = 3] when MM occurred. Four
patients had previously received cyclophosphamide for
renal involvement before MM onset.

Clinical, biological, electrophysiological,
and histological presentation of MM

The symptoms that led to the MM diagnosis were sensory
deficit (n = 10, 100%), neuropathic pain (n =9, 90%),
and/or motor deficits (n = 9, 90%). MM always affected
the lower limbs (n = 10, 100%) and involved the upper
limbs in five cases (50%). The sensory and motor deficits
were non-symmetrical in seven cases. All patients pre-
sented uni- or bilateral damage of the fibular nerve and/or
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the tibial nerve. The distributions of sensory deficits are
shown in Fig. 1. The median-modified Rankin score at MM
diagnosis was four (range 2—4).

Three patients (#2, 7, and 9) had concomitant vascular
purpura, with the histological demonstration of vasculitis
via skin biopsy. One patient (#3) had necrotic skin lesions
of the toes, and a skin biopsy (which was performed
2 weeks after steroids and rituximab) showed thrombosis
of small vessels without vasculitis. No patients had con-
comitant CNS or renal involvement. At MM diagnosis, the
SLEDALI score was >6 for six patients (median 9, range
2-17).

An electromyogram was performed on all patients,
which confirmed the diagnosis of MM with non-symmet-
rical severe reduction in motor and sensory amplitudes.
The median amplitudes of the compound motor action
potential of the fibular (right: 0; left: 0) and tibial (right:
0.39, left: 0.85) nerves were reduced. The median sensory
nerve action potentials were also significantly reduced in
the fibular and tibial nerves (0 in all). The reductions in
motor and sensory potential amplitudes were more
heterogeneous in the upper limbs.

Neuromuscular biopsies were performed in five patients.
Perivascular lymphocytic infiltration around the nerve was
observed in four cases (Fig. 1), with fibrinoid necrosis of
the small vessel walls in two cases. One patient had a
normal nerve biopsy but perivascular lymphocytic infil-
tration in the muscular tissue.

Finally, eight patients demonstrated vasculitis in skin or
neuromuscular biopsies. Two patients did not have any
biopsy, one because of hemostasis disturbances, and the
other declined the procedure.

Laboratory tests at the time of MM onset are shown in
Table 1. A C4 level <0.08 g/LL was observed in 8/8
patients (the measurement was not performed in 2
patients), and a C3 level <0.75 g/ was found in 5/9
patients. A rheumatoid factor was present in 5/7 patients
(71%). dsDNA antibodies were present in nine patients
(90%) and were detected with the Farr test in 5/6 patients
(83%). Cryoglobulinemia was positive for 5/9 patients
(55%) and was a type II (n = 4) or Il (n = 1). C-reactive
protein was >5 mg/L in 6/8 patients (75%). Two patients
had positive ANCA, one without specificity (anti-pro-
teinase 3 and myeloperoxidase antibodies were negative)
and one with anti-myeloperoxidase reactivity.

Treatments and outcomes

All the patients were treated with oral corticosteroids
(0.5-1 mg/kg/day in 9 cases and 10 mg/day in 1 patient),
which were preceded by intravenous methylprednisolone
(5000-1000 mg/pulse for 1-3 days) in six patients. In
addition to steroids, an immunosuppressive drug was
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3 g4 E administered as a first-line . tre?tment in all patients:
é § % = cyclophosphamide (rn = 6), rituximab (n = 2), or MMF
g % E.;g (n = 2). One patient received intravenous immunoglobu-
= = 0 E g lins. No patient underwent plasma exchange. ’
£ = 2 5 E Partial neurological remission was obtained after
§ a é é ‘é remission—induction treatment in seven cases (70%), and
a ~ i%’)i stabilization occurred in three patients. No patient had
4B 8 complete neurological remission. Treatments received by
% E a patients with partial remission, in addition to steroids, were
é %%" ;Eﬁ as follows: cyclophosphamide (n = 4), rituximat? (n=2),
% g g E g and MMF (n = 1). Treatments received by I‘)a}twnts who
> = ! ? 3 g experienced neurological stabilization, in. addition to ster-
Py E .@% oids, were as follows: cyclophosphamide (n = 2) and
o) e 85 rituximab (n = 1).
L\) E g L:,) After the remission—induction period, all the patients
6 g _Z"'%S received a maintenance therapy that was MMF (n = 4),
Z SEZ AZA (n = 3) or rituximab (1 = 3).
i % g § At the end of the follow-up period (median 5.5 years;
i g %'E range 1-17), the modified Rankin score was improved
C]) ég% (median 2; range 0-3). Two patients (#3 and 9) relapsed
< ; é % during follow-up. Patient #3 experienced a flare of MM
jf_ ST E with new localizations (Fig. 1). This patient had been ini-
% g % & tially treated with cyclophosphamide, then azathioprine.
$ :33 5 § The patient stopped all the treatments after 8 years. Four
= %’)_ é‘ gg months later, a severe sensory-motor ﬂarle occgrr.ed an(i
< 8¢ rituximab was used leading to partial remission a
h% é’ % g § 6 months. Patient #9 had an increase in neuropathic pain
8 g ¥ i‘: and worsening of electrophysmloglc'al study results after
k2 E =) % 9 she spontaneously stopped the cort1cosFer01ds treatment.
g S E 5 E’ E ; The symptoms improved after the steroids tr.eatrn.ent was
=5 E Zalz5 s resumed and after maintenance rituximab infusion was
=5 2 § % £ o performed.
= 5 ggf é_ The electromyogram showed sensory-motor gequelae
2= g 2% 3 for nine patients and sensory sequelae for one patient.
5% s 588
A Sc 52
2% | g 72T o
25 ;% 3 T2 ::3; Discussion
s | = SE®D
=N q§> é %é '% Here, we have described ten cases of MM associated with
@2 E _‘? é 2 go SLE, most of which occurred several years after the
£ 2 g E“U S G diagnosis of SLE.
5 § gégs é SLE causes various neurological manifestations that
§ g o < é % g g may affect any part of the nervous system [10]. Involve-
E’E o] §§ 2 B ment of the PNS is less frequently observed t.han CNS
oo < w £ESEE ; involvement, occurring in less than 10% .Of patlegts with
AL S E :5, g E & SLE, although systematic electrophysiological studies may
%g 5 = E be abnormal in up to 23% of cases [8, 16, 18,. 19, 22, 24].
S| B . 2 x = 2 2 MM is rare and has, therefore, been QCscrlbed' in few
é §° é - 3 § f;oi E studies; some of these studies that contain sufficient data
ER A= 295% ¢ are detailed in the Table 2 [4, 8, 12, 13, 17,20].
- TEEE *gf% § é ‘é The causes of peripheral neur.opath.y dur.lng SL.,E include
= E - L: _Es 2 § 2 toxic effects of drugs (e.g., thalidomide), infections, com-
= :‘f bm 5= !El ? *O pression, and the direct effect of SLE. In the latter case, the
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Fig. 1 Clinico-pathological presentations of MM associated with patients. a and b Fibrinoid necrosis affecting small vessels. Nerve
SLE. Panel #1 Distribution of sensory deficits in the ten patients. biopsy of patient # 1, HES x 20—¢ and d. Lymphocytic infiltration
Panel #2 Histological patterns of the peripheral nerve biopsy of two of small vessels. Nerve biopsy of patient # 8, HES x 20
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physiopathology is poorly understood. In our study, MM
was found to be mainly due to vasculitis, although
thrombosis or other lymphocytic inflammations have also
been observed as a cause of MM. In particular, we high-
lighted the role of cryoglobulinemia in several cases, which
was not always associated with Sjogren syndrome. The
histological demonstration of vasculitis in the case of SLE-
associated MM has also been reported in the previous cases
(Table 2) [17, 20] and was highlighted in a study reporting
on a series of patients with vasculitis during SLE. In this
study, 19 cases of MM were observed among 194 patients
presenting with SLE and vasculitis [7], and MM was the
most frequent sign of the visceral involvement of vasculitis
(excluding the skin). Thus, we suggest that MM is fre-
quently an overlapping manifestation of SLE with cryo-
globulinemic vasculitis.

It was previously suggested that peripheral neuropathy
during SLE was associated with older age [16], active
forms of lupus [24], high levels of serum immunoglobulins
[24], and antiphospholipid [5, 21] and anti-SS-A antibodies
[5, 22]. In our series, we did not have a control group, and
we thus could not make conclusions about such associa-
tions. However, the most prominent feature of the patients
in the present study was a high SLEDALI score at the time
of MM occurrence. This difference is explained by the fact
that MM is distinct from other forms of peripheral
neuropathy.

The definitive diagnosis of neuropathy in patients with
SLE is important, because it prompts appropriate treat-
ments. Features such as acute or subacute onset, pain,
asymmetrical pattern, motor involvement, and the rapid
involvement of the upper limbs may act as “red flags” and
lead to biological screening for elevated CRP, cryoglobu-
linemia, and finally neuromuscular biopsy if necessary. As
demonstrated in our study, the clinical presentation of MM
is frequently non-symmetrical. However, in severe con-
fluent MM, the presentation may be pseudo-symmetrical.
Electrophysiological studies may help in determining a
non-symmetrical pattern.

MM usually presents with sensory-motor deficits,
although pure sensory neuropathy is possible. Urgent
treatment is required for MM and leads to variable out-
comes. In our series, cyclophosphamide was the most
frequently used immunosuppressive drug as it has been
demonstrated to be effective in severe forms of neuropsy-
chiatric SLE [2, 3, 10]. Rituximab also seemed to be
effective.

In conclusion, although the occurrence of MM is rare
during SLE, the early recognition and aggressive therapy of
systemic necrotizing vasculitis is essential for the suc-
cessful management of these patients. Electrophysiological
studies are essential for the diagnosis of MM. Cryoglobu-
linemia should be tested in the case of an MM pattern,

since cryoglobulinemia vasculitis frequently overlaps with
SLE in this case.
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