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ABSTRACT
Neurologic involvement is a common 
extraglandular manifestation of prima-
ry Sjögren’s syndrome (pSS), is varied 
and can be divided anatomically into 
3 categories: central nervous system, 
peripheral neuropathies and autono-
mous nervous system manifestations. 
According to different study cohorts, 
neurological manifestations can occur 
in 18-45% of pSS patients, with the pe-
ripheral nervous system being the most 
frequent site of involvement compared 
to the central nervous system and auto-
nomic system. Some neurologic compli-
cations share convergent pathophysiol-
ogy, although the pathological basis of 
other conditions, namely cognitive im-
pairment in pSS, is less clear. The het-
erogeneity of neurologic manifestations 
in pSS complicates the diagnosis and 
approach to treatment, which should be 
directed toward the underlying neuro-
pathologic mechanism. The diagnosis 
and treatment of these manifestations 
must be optimised in order to avoid 
severe disability. However, for the ma-
jority of the complications, evidence 
for treatment efficacy is limited and re-
quires further investigation.

Introduction
Primary Sjögren’s syndrome (pSS), is 
a systemic autoimmune disease charac-
terised by chronic inflammation of exo-
crine glands (1, 2). Despite the tropism 
for glandular tissue, leading to a clinical 
picture dominated by mucosal dryness, 
a consistent proportion of patients with 
pSS can also experience extra-glandular 
manifestations. Any organ and system 
can be affected with different features 
according to ethnicity, serological fea-
tures and age at disease onset. In par-
ticular, up to 75% of pSS patients expe-
rience any extraglandular manifestation 
ranging from mild arthralgia to life-

threatening vasculitis (3-5). Although 
pSS is not associated with an increase 
in all-cause mortality as compared with 
the general population, a subset of pa-
tients with extraglandular involvement, 
vasculitis, hypocomplementaemia and 
cryoglobulinaemia may be at increased 
risk of mortality (6). According to dif-
ferent study cohorts, neurological mani-
festations can occur in 18–45% of pSS 
patients with the peripheral nervous sys-
tem (PNS) being the most frequent site 
of involvement (4, 7) compared to the 
central nervous system (CNS) and auto-
nomic system. In the majority of cases, 
neurological manifestations occur in 
association with other extra-glandular 
manifestations; interestingly, cryoglo-
bulinaemia, low complement fractions, 
and male gender predict not only neu-
rological involvement, but also a more 
severe clinical picture (8, 9). Finally, a 
higher focus score in the minor salivary 
gland biopsy correlate with extraglan-
dular manifestation in pSS, including 
neurological involvement (10).
The purpose of this review article is to 
summarise the features on pSS-associ-
ated neurological clinical spectrum and 
their management based on the avail-
able literature (Table I). In particular, 
we designed a comprehensive search of 
literature on this topic, by a review of re-
ported published articles in indexed in-
ternational journals until April 30, 2019, 
following proposed guidelines for pre-
paring biomedical narrative review (11). 

Central nervous system 
involvement in pSS
Initially considered as associated 
conditions rather than extraglandular 
manifestations within the clinical spec-
trum of pSS, CNS manifestations have 
now been properly recognised (12). In 
1981 Alexander et al. described for the 
first time 8 cases of CNS involvement 
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in pSS patients, with no explanation 
for neurological symptoms other than 
anti-Ro/SSA-mediated small vessel 
vasculitis (13). Small vessel lympho-
cytic inflammatory and ischaemic vas-
culopathy of the brain could be subse-
quently demonstrated by angiography 
and histopathology and patients with 
CNS vasculitis often display concomi-
tant active vasculitis in other organs 
and systems, in particular the skin (14, 
15). A few years later, Bakchin et al. 
observed for the first time a large lym-
phocytic infiltrate in the brain at post-
mortem examination of a pSS patient 
with multiple CNS manifestations (16). 
In agreement with an immunological 
aetiology of CNS involvement, Sand-
ers et al. provided evidence of intrathe-
cal activation of the complement sys-
tem by detecting downstream fractions 
in the cerebrospinal fluid (CSF) from 
pSS patients with CNS manifestations 
(17). A recent study added that also a 
slightly elevated cell count, increased 
total CSF protein content and identical 
oligoclonal IgG bands in CSF and se-
rum can be observed in pSS CSF, but 
Authors ruled out intrathecal synthesis 
of IgM or IgA (18). 
The prevalence of CNS manifestations 
in pSS ranges from 2.5 to 60%, likely 
due to the lack of a unified definition, 
leading to major differences across 
studies and the variability of the clini-
cal picture, from clinically apparent 
conditions versus asymptomatic lesions 
identified with electrophysiologic stud-
ies or imaging methods (19). However, 
a 10-year follow-up study in a large co-
hort of pSS patients revealed that, after 
lymphoma, CNS involvement was the 

most frequent severe/life threatening 
extraglandular manifestation with a 
complete treatment response observed 
in only 29% of patients (20). To note, 
CNS symptoms may also precede the 
diagnosis of pSS by up to 2 years in 
80% of the patients, and have a worse 
prognosis leading to more severe dis-
ability compared to PNS manifestations 
(21-22). pSS-CNS manifestations can 
be classified into focal or multifocal in-
volvement of the brain and spinal cord 
and diffuse abnormalities.

Focal/multifocal involvement 
of the brain and spinal cord
Focal encephalic involvement is the 
most frequent CNS manifestation in 
pSS and can occur with an insidious 
onset (23). Focal symptoms mostly 
present with stroke-like features with 
motor or sensory deficits, including 
haemiparesis, aphasia, dysarthria, hae-
miplegia, movement disorders, and cer-
ebellar syndromes. The different symp-
toms reflect the site of the focal CNS 
vasculitis (cryoglobulinaemia-related 
or not). Several other focal neurologic 
manifestations have been described in 
pSS including seizures, chorea, dysto-
nia internuclear ophthalmoplegia, nys-
tagmus, intention tremor, L-dopa resist-
ant Parkinsonism, athetosis and spastic 
tetraparesis (22, 24-27). Neuromyelitis 
optica spectrum disorders (NMOSD) 
are inflammatory conditions of the 
CNS characterised by severe, immune-
mediated demyelination and axonal 
damage predominantly targeting optic 
nerves and spinal cord. Traditionally 
considered a variant of multiple scle-
rosis (MS), NMO is now recognised 

as a distinct clinical entity based on 
the discovery of disease-specific anti-
aquaporin-4 (AQP4) antibodies (28). 
A recent study assessed anti-AQP4 an-
tibodies in pSS patients reported that 
they could be detected only in patients 
with NMOSD, putting forward the hy-
pothesis that NMOSD may not be a 
direct central nervous system manifes-
tation of SS but rather an associated 
condition (29). NMO typically presents 
with acute attacks of bilateral or rapidly 
sequential optic neuritis (leading to se-
vere visual loss) or transverse myelitis 
(often causing limb weakness, sensory 
loss, and bladder dysfunction) with 
a typically relapsing course (30-32). 
Subacute transverse myelitis identified 
by magnetic resonance imaging (MRI) 
is rare but it was described in pSS (33). 
It has been postulated that in pSS op-
tic neuritis is the result of both demy-
elination and ischaemic vasculitis (22). 
Bilateral retrobulbar optic neuritis has 
been extensively described in pSS with 
blindness due to bilateral optic neuritis 
being the first symptom in some cases. 
However, NMO is asymptomatic/pau-
cisymptomatic in the majority of cases 
in pSS and is diagnosed through the 
visual evoked potentials (34). In ad-
dition to NMOSD, multiple sclerosis 
(MS)-like lesions have been also iden-
tified in the white matter of the brain 
and the spinal cord of pSS patients The 
clinical picture includes limb paresis, 
internuclear ophthalmoplegia, ataxia 
and aphasia with a chronic, relapsing-
remitting course as in MS (22, 34). 
CSF analysis reveals oligoclonal bands 
typical of MS (35). As for the NMOSD, 
the relationship between MS and pSS 

Table I. Most relevant manifestations of central, peripheral and autonomous nervous system involvement in primary Sjögren’s syndrome.

Central nervous system Peripheral nervous system Autonomous nervous system

Focal/multifocal involvement Distal axonal sensory polyneuropathy Adie’s pupils
–  Stroke Small fibre neuropathy Disorders of gastrointestinal motor activity
–  NMOSD Sensorimotor polyneuropathy Bladder dysfunction
–  MS-like syndromes Multiple mononeuropathy Orthostatic hypotension
–  ALS-like syndrome Sensory ganglionopathy Heart arrhythmia
Diffuse abnormalities Cranial nerve neuropathies Secretomotor dysfunction
–  Cognitive dysfunction CIDP Anhidrosis
–  Dementia Motor neuron diseases
–  Psychiatric abnormalities
–  Aseptic meningoencephalitis 

NMOSD: neuromyelitis optica spectrum disorders; MS: multiple sclerosis; ALS: amyotrophic lateral sclerosis; CIPD: chronic inflammatory demyelinating 
polyneuropathy.
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is a subject of ongoing debate and it 
has been therefore suggested to always 
verify if patients with MS-like features 
actually satisfy MS diagnostic criteria 
and can be diagnosed with both condi-
tions (36). 
Finally, a multifocal form including in-
volvement of the lower motor neuron 
imitating amyotrophic lateral sclerosis 
(ALS) and a form including involve-
ment of the upper motor neuron have 
also been described (37, 38).

Diffuse CNS abnormalities
Diffuse CNS involvement encompass-
es cognitive dysfunction, dementia, 
psychiatric abnormalities and aseptic 
meningoencephalitis (23). Cognitive 
dysfunction in pSS is rather frequent 
and characteristic of a fronto-subcorti-
cal alteration with memory, attention, 
and executive disorders (39, 40). Pa-
tients with mild cognitive impairment 
referred to as “brain fog” are often not 
classified as pSS with CNS manifesta-
tions, since cognitive deficits can arise 
from depression/anxiety. However, 
both cognitive and affective disorders 
could also be the result of immune me-
diated brain dysfunction, and therefore 
require prompt identification and treat-
ment. A recent study outlined that a cer-
tain degree of cognitive impairment can 
be observed in up to 80% of patients 
with pSS, with half of them being mod-
erate or severe (41). With regard to the 
pathological basis of cognitive impair-
ment in pSS, this has been ascribed to 
a combination of pain, depression and 
immune-mediated endothelitis (42-
45). Compared to the many studies 
exploring the effects of depression on 
cognition, those exploring the relation-
ship between pain and cognitive status 
are rather few. However, most of them 
agree that pain has a role in this pro-
cess and that the intensity of pain cor-
relates with the performance of execu-
tive functions (39, 42, 46, 47). To note, 
cognitive impairment is not associated 
with any variable related to the disease 
(e.g. disease activity/damage, serologi-
cal status, disease duration) but adjust-
ing for depression, verbal memory is a 
significant predictor of cognitive symp-
toms (43). Brain MRI is normal in 80% 
of pSS patients with cognitive impair-

ment, or it may show subcortical foci 
in the fronto-parietal region. Single-
photon emission computed tomography 
(SPECT) may show hypoperfusion are-
as in the frontal and temporal lobes (22, 
44, 48). Dementia is observed in a very 
small proportion of overall pSS patients 
since in the majority of cases cognitive 
impairment remains stable overtime 
and does not evolve in overt dementia 
The prevalence increases between 7.5 
and up to 33% when selecting elderly 
pSS patients (49, 50). Psychiatric dis-
eases such as depression, anxiety, and 
sleep disorders are rather prevalent in 
pSS. However, given that patients with 
chronic diseases are at higher risk for 
these conditions, it is unclear whether 
pSS confers an independent increased 
risk of psychiatric diseases (51, 52). 
Aseptic meningitis/meningoencepha-
litis are relatively common in pSS and 
have been linked to inflammation of 
meningeal vessels. The clinical features 
include headache, meningeal signs and 
flu-like symptoms at onset and could 
evolve with focal neurological symp-
toms such as seizures, cranial nerve 
palsy or cerebellar syndromes. Fever is 
not necessarily present. Brain MRI may 
be either normal or show hyperintense 
inflammatory lesions in the cerebral 
white matter and cortex or vasculitis 
(12, 53).

Peripheral nervous system 
involvement in pSS
PNS manifestations within the spec-
trum of pSS occur in 5.3 to 21% of 
patients and encompass different types 
of neuropathies and myopathies (4). 
Interestingly, peripheral neuropathies 
is the presenting symptom in 25% of 
pSS patients (54), and most (93%) of 
patients with Sjögren-associated neu-
ropathy had clinical manifestations of 
neuropathy that preceded either the 
development of sicca symptoms or 
laboratory findings consistent with pSS 
(55). Neuropathies include distal axon-
al sensory polyneuropathy, small fibre 
neuropathy, sensorimotor polyneuropa-
thy, multiple mononeuropathy, sensory 
ganglionopathy, cranial nerve neuropa-
thies chronic inflammatory demyelinat-
ing polyneuropathy (CIDP) and motor 
neuron diseases (56). All these periph-

eral neuropathies can be differentiated 
according to clinical presentation and 
results from electromyography and 
nerve-conduction studies, evoked po-
tentials, and nerve/muscle biopsy. Skin 
biopsy may provide useful information 
to diagnose small fibre neuropathies by 
assessing for the intraepidermal nerve 
fibre density of unmyelinated nerves. 
Different pathogenic mechanisms have 
been suggested based on the histologi-
cal and serological findings such as vas-
culitis of the vasa nervorum, lympho-
cytic infiltration of the dorsal ganglia, 
necrotising vasculitis and anti-neuronal 
antibodies and depend on the type of 
nerve involved (22, 57-61). The most 
common PNS manifestation is distal 
axonal sensory polyneuropathy fol-
lowed by sensimotor neuropathy (7). 
Sensory axonal neuropathy is charac-
terised by symmetric distal paresthesias 
and sensitive signs with prevalence on 
the lower limbs and may be accompa-
nied by burning feet pain. Sensory loss 
in a stocking distribution is typically as-
sociated with cryoglobulinaemia. Small 
fibre neuropathy occurs from dam-
age to the A-δ small myelinated fibres 
and/or unmyelinated C fibres which 
conduct nociceptive stimuli and tem-
peratures and is characterised by very 
painful, burning paraesthesias involv-
ing proximal parts of limbs, trunk or 
face. Typically, small fibre neuropathy 
has non–length-dependent features in 
the majority of cases which allows to 
differentiate it from other forms of neu-
ropathy such as diabetes where the ‘dis-
tal-to-proximal’ gradient is followed 
(62). Axonal dysfunction can be elic-
ited at physical examination and elec-
trodiagnostic study with non-necrotic 
axonal degeneration observed at nerve 
biopsy. Conversely, physical examina-
tion and electrodiagnostic studies are 
usually normal in patients with small 
fibre neuropathy and only a skin biopsy 
to assess the reduction of intra-epider-
mal nerve fibre density (IENFD) can 
aid the diagnosis. The denervation pat-
tern observed in the biopsy usually re-
flects the non-length dependent symp-
toms. Given the difficulty to perform 
the above mentioned biopsy in routine 
practice, a recent study explored and 
compared quantitative sensory tests 
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such as determination of warm and 
cold detection thresholds (WDT, CDT), 
recording of laser-evoked potentials 
(LEP), recording of sympathetic skin 
responses (SSRs), and measurement 
of electrochemical skin conductance 
(ESC) to diagnose small fibre neuropa-
thy. LEP, WDT, and ESC have a better 
diagnostic sensitivity compared to SSR 
and CDT and their combination further 
improves diagnostic accuracy (63). The 
question remains on how accurate and 
cost-effective these tests are compared 
to the gold standard. Sensorimotor pol-
yneuropathy occurs when in addition to 
axonal sensory polyneuropathy, motor 
nerve fibres are also involved. Clini-
cal features are those mentioned above 
and weakening of distal muscles of the 
limbs which is usually mild and limited 
to the toe or foot extensors, but in rare 
cases can be severe and impair ambula-
tion. Deep tendon reflexes may be di-
minished or absent. Electrodiagnostic 
studies reveal reduced sensory nerve 
action potential and features of acute 
or chronic denervation. Nerve biopsy 
is not recommended, unless the pres-
ence of vasculitis is suspected (64). Of  
interest, sensimotor polyneuropathy is 
associated with cryoglobulinaemia, low 
C4 and the development of lymphoma 
(54). Multiple mononeuropathy is de-
fined by the simultaneous or consecu-
tive asymmetric damage of at least two 
nerves which do not form a continuity 
with each other. It is the results of an 
underlying necrotising vasculitis of the 
vasa nervorum with concomitant T cell 
and macrophage infiltration leading to 
ischaemia-induced nerve damage (65) 
In these patients, vasculitis is not limit-
ed to the nerves but also present in other 
extraglandular sites therefore multiple 
mononeuropathy is often part of a more 
complex clinical picture.
Sensory and motor deficits involving 
the area of the ischaemic nerves, along 
with pain, deeply located in the proxi-
mal part of the affected limb and painful 
paraesthesias are the main clinical fea-
tures and may have acute or subacute 
onset. The longest nerves in the body 
are affected first, therefore foot drop 
is the most common manifestation of 
multiple mononeuropathy and in some 
cases, weakness of the affected limb 

may be more invalidating than pain 
(66). Axonal damage and pseudoblocks 
corresponding to the areas of nerve is-
chaemia are the hallmark that are de-
tected at electrophysiological studies. 
Sensory ganglioneuronopathy recog-
nises dorsal root ganglia as main tar-
get and is probably due to lymphocytic 
infiltrates with or without vasculitis 
of large and small fibres on posterior 
roots and spinal ganglions. According 
to some Authors, autoantibodies may 
also be involved in this process (55, 60, 
67). Unsteadiness of gait is the main 
clinical feature along with dysfunc-
tion of vibration sensation, areflexia 
and, in some cases, pseudoathetoid 
movements of limbs (68, 69). Elec-
trodiagnostic studies shows reduced/
absent sensory nerve action potentials 
and somatosensory evoked potential 
abnormalities while motor conduction 
studies are normal in most cases (55, 
67, 68). Dorsal root ganglionitis may 
also selectively affect small neurons 
and present with painful dysesthesias 
in an asymmetric, patchy, non-length 
dependent distribution (70). 
Cranial nerve neuropathies can occur 
in pSS with trigeminal neuropathy be-
ing the most frequent followed by the 
involvement of facial and oculomo-
tor nerves (71, 72). Trigeminal nerve 
dysfunction is caused by damage to 
the ganglion, and usually affects the 
middle (maxillary) branch (73). Gas-
ser ganglion damage can be at least in 
part explained by the observation that 
trigeminal neuropathy may be associ-
ated with dorsal roots ganglionitis (60, 
74). In the majority of patients it pre-
sents as a pure sensory neuritis, either 
uni- or bilateral, but in some cases it oc-
curs within multiple cranial neuropathy 
patterns. The facial nerve is the most 
frequently targeted motor cranial nerve 
and the first case of bilateral neuropa-
thy was described by Henrik Sjögren 
in 1935. Unilateral neuropathy is more 
frequent and is seldomly associated 
with other cranial nerve neuritis (75). 
Selective or combined neuropathy of 
the oculomoter nerves results in diplo-
pia (75). Involvement of the optic nerve 
has been already discussed with regard 
to NMOSD, and the involvement of 
other cranial nerves is anectodical.

Diseases affecting the anterior horn 
cells, namely, motor neuron diseases 
occur rarely in pSS and are character-
ised by paresis, atrophies and fascicu-
lations mainly in distal parts of limbs. 
Electrodiagnostic studies detect ab-
normalities of motor nerve conduction 
with signs of acute denervation. The 
pathogenic mechanism seems an in-
flammatory response characterised by 
mononuclear cell infiltration without 
signs of vasculitis (26, 76)
A condition that is rarely observed in 
pSS, but should be mentioned for the 
sake of completeness is chronic inflam-
matory demyelinating polyneuropathy 
(CIDP). From a clinical point of view, 
CIDP is characterised by symmetric 
weakening of proximal and/or distal 
muscles of upper and lower limbs with 
sensory dysfunctions and reduced/ab-
sent deep tendon reflexes. Electrodiag-
nostic studies demonstrate prolonged 
distal motor latency, slowed conduction 
velocity, abnormal temporal dispersion 
or partial conduction block, and absent 
F-wave or prolongation of its latency 
(77). 

Autonomous nervous system 
involvement in pSS
The prevalence of dysautonomias in 
pSS ranges between 2 and 50% but the 
exact burden of these conditions is not 
known due to different definitions and 
diagnostic workouts (55, 78). In this 
regard, some Authors did not observe 
any difference in the prevalence of au-
tonomic dysfunction in pSS compared 
to the general population (79). Auto-
nomic dysfunction has been ascribed to 
a combination of ganglioneuronopathy 
and vasculitis. In addition, antibodies 
against the type 3 muscarinic receptor, 
which are able to inhibit neuron-medi-
ated contraction throughout the gastro-
intestinal tract have been described in 
pSS and may explain at least in part 
some of the manifestations resulting 
from autonomic dysfunction in pSS 
(80). Antibodies against acetylcholine 
receptor have also been detected in pa-
tients with pSS and autonomic symp-
toms (81). Finally, yet importantly, pa-
tients with pSS display high levels of 
cholinesterase, allowing to speculate 
that interference with cholinergic neu-
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rotransmission may be an additional 
pathogenic mechanism (82) Adie’s pu-
pils disorders of gastrointestinal motor 
activity, bladder dysfunction, orthos-
tatic hypotension, heart arrhythmia, se-
cretomotor dysfunction and anhidrosis 
are the most commonly observed mani-
festations of autonomic neuropathy 
(55).  

Management of neurological 
manifestations in pSS
Solid evidence to support therapeutic 
decision in pSS patients with extra-
glandular manifestations is currently 
lacking. The European League Against 
Rheumatism (EULAR) recently formu-
lated guidelines for pSS management 
(83) which represent a milestone in 
rheumatology and will allow clinician 
to have for the first time in history such 
support in daily practice. Currently, the 
use of immunosuppressive and biologic 
agents in pSS is mainly based on their 
efficacy in other autoimmune disorders, 
such as systemic lupus erythematosus 
(SLE) and rheumatoid arthritis (RA), 
expert opinion, and uncontrolled stud-
ies (84). High-dose glucocorticoids and 
other immune suppressant drugs are 
used empirically for CNS manifesta-
tions involving the spinal cord. In se-
lected patients with NMO high doses 
of corticosteroids can be used to induce 
remission and then maintenance ther-
apy is performed with mycophenolate 
mofetil or azathioprine. Other drugs 
that can be used for CNS manifestations 
include rituximab, plasma exchange, 
azathioprine, methothrexate and my-
cophenolate mofetil and are used ac-
cording to the severity of the condition 
(85, 86). Peripheral neuropathies are 
usually treated with oral corticosteroids 
and immunosuppressive agents may 
be used to maintain remission, along 
with intravenous immunoglobulins 
(IVIG), rituximab or plasma exchange 
for refractory cases (87-89). Plasma 
exchange, IVIg, rituximab, glucocorti-
coids and cyclophosphamide should be 
used for sensory ganglioneuronopathy 
keeping in mind that pseudo-athetoid 
movements of the fingers and toes are 
often refractory to treatment (90-92). 
The treatment of autonomic dysfunc-
tions in only symptomatic and based 

on the empirical use of anti-cholinergic 
agents, antidepressants and gabapenti-
noids (93). 

Conclusions
Neurologic involvement in pSS is 
common and may be the presenting 
sign of pSS. There is a great need to de-
velop consensus criteria for classifying 
these varied neurologic manifestations. 
In fact, according to different study 
cohorts, neurological manifestations 
can occur in 18–45% of pSS patients; 
this wide range reported in the litera-
ture reflects the varying definition and 
method for detection of the neurologic 
manifestations, differing classification 
criteria for pSS, and selection bias of 
the patient cohorts used for study. The 
heterogeneity of neurologic manifesta-
tions in pSS complicates diagnosis and 
approach to treatment, which should be 
directed toward the underlying neuro-
pathologic mechanism. The diagnosis 
and treatment of these manifestations 
must be optimised in order to avoid se-
vere disability. However, for the major-
ity of complications, evidence for treat-
ment efficacy is limited and requires 
further investigation.

References 
  1. MARIETTE X, CRISWELL LA: Primary 

Sjögren’s Syndrome. N Engl J Med 2018; 
379: 97.

  2. ARGYROPOULOU OD, VALENTINI E, FERRO 
F et al.: One year in review 2018: Sjögren’s 
syndrome. Clin Exp Rheumatol 2018; 36 
(Suppl. 112): S14-26.

  3. BRITO-ZERÓN P, ACAR-DENIZLI N, ZEHER 
M et al.: Influence of geolocation and ethnic-
ity on the phenotypic expression of primary 
Sjögren’s syndrome at diagnosis in 8310 
patients: a cross-sectional study from the 
Big Data Sjögren Project Consortium. Ann 
Rheum Dis 2017; 76: 1042-50.

  4. BALDINI C, PEPE P, QUARTUCCIO L et al.: 
Primary Sjögren’s syndrome as a multi-organ 
disease: impact of the serological profile on 
the clinical presentation of the disease in a 
large cohort of Italian patients. Rheumatol-
ogy (Oxford) 2014; 53: 839-44.

  5. BRITO-ZERÓN P, ACAR-DENIZLI N, NG WF 
et al., Sjögren Big Data ConSortium: How 
immunological profile drives clinical pheno-
type of primary Sjögren’s syndrome at diag-
nosis: analysis of 10,500 patients (Sjögren 
Big Data Project). Clin Exp Rheumatol 2018; 
36 (Suppl. 112): S102-12.

  6. SINGH AG, SINGH S, MATTESON EL: Rate, 
risk factors and causes of mortality in pa-
tients with Sjögren’s syndrome: a systematic 
review and meta-analysis of cohort studies. 
Rheumatology (Oxford) 2016; 55: 450-60.

  7. CARVAJAL ALEGRIA G, GUELLEC D, MA-
RIETTE X et al.: Epidemiology of neurologi-
cal manifestations in Sjögren’s syndrome: 
data from the French ASSESS Cohort. RMD 
Open 2016; 2: e000179.

  8. YE W, CHEN S, HUANG X et al.: Clinical fea-
tures and risk factors of neurological involve-
ment in Sjögren’s syndrome. BMC Neurosci 
2018; 19: 26.

  9. JAMILLOUX Y, MAGY L, HURTEVENT JF et 
al.: Immunological profiles determine neuro-
logical involvement in Sjögren’s syndrome. 
Eur J Intern Med 2014; 25: 177-81.

10. CARUBBI F, ALUNNO A, CIPRIANI P et al.:     
A retrospective, multicenter study evaluating 
the prognostic value of minor salivary gland 
histology in a large cohort of patients with 
primary Sjögren’s syndrome. Lupus 2015; 
24: 315-20.

11. GASPARYAN AY, AYVAZYAN L, BLACKMORE 
H, KITAS GD: Writing a narrative biomedical 
review: considerations for authors, peer re-
viewers, and editors. Rheumatol Int 2011; 31: 
1409-17.

12. FAUCHAIS AL, MAGY L, VIDAL E: Central 
and peripheral neurological complications 
of primary Sjögren’s syndrome. Presse Med 
2012; 41: e485-e493.

13. ALEXANDER EL, PROVOST TT, STEVENS MB 
et al.: Sjögren’s syndrome: central nervous 
system manifestations. Neurology 1981; 31: 
1391-6.

14. MOLINA R, PROVOST TT, ALEXANDER EL: 
Peripheral inflammatory vascular disease in 
Sjögren’s syndrome. Association with nerv-
ous system complications. Arthritis Rheum 
1985; 28: 1341-7.

15. SAKAKIBARA R, HIRANO S, ASAHINA M et 
al.: Primary Sjögren’s syndrome presenting 
with generalized autonomic failure. Eur J 
Neurol 2004; 11: 635-8.

16. BAKCHINE S, DUYCKAERTS C, HASSINE L et 
al.: Central and preipheral neurologic lesions 
in primary Gougerot-Sjögren’s syndrome. 
Clinicopathological study of a case. Rev Neu-
rol (Paris) 1991; 147: 368-75.

17. SANDERS ME, ALEXANDER EL, KOSKI CL 
et al.: Detection of activated terminal com-
plement (C5b-9) in cerebrospinal fluid from 
patients with central nervous system involve-
ment of primary Sjögren’s syndrome or sys-
temic lupus erythematosus. J Immunol 1987; 
138: 2095-9.

18. PARS K, PUL R, SCHWENKENBECHER P et 
al.: Cerebrospinal Fluid Findings in Neuro-
logical Diseases Associated with Sjögren’s 
Syndrome. Eur Neurol 2017; 77: 91-102.

19. MARGARETTEN M: Neurologic Manifesta-
tions of Primary Sjögren’s Syndrome. Rheum 
Dis Clin North Am 2017; 43: 519-29.

20. FLORES-CHÁVEZ A, KOSTOV B, SOLANS R 
et al.: Severe, life-threatening phenotype of 
primary Sjögren’s syndrome: clinical char-
acterisation and outcomes in 1580 patients 
(GEAS-SS Registry). Clin Exp Rheumatol 
2018; 36 (Suppl. 112): S121-9.

21. LAFITTE C, AMOURA Z, CACOUB P et al.: 
Neurologic complications of primary Sjög-
ren’s syndrome. J Neurol 2001; 248: 577-84.

22. DELALANDE S, DE SEZE J, FAUCHAIS AL et 
al.: Neurologic manifestations in primary 
Sjögren’s syndrome: a study of 82 patients. 



S-197Clinical and Experimental Rheumatology 2019

Neurologic manifestations in Sjögren’s syndrome / A. Alunno et al.

Medicine (Baltimore) 2004; 83: 280-91.
23. TOBÓN GJ, PERS JO, DEVAUCHELLE-PENSEC 

V, YOUINOU P: Neurological Disorders in 
Primary Sjögren’s Syndrome. Autoimmune 
Dis 2012; 2012: 645967.

24. HIETAHARJU A, KORPELA M, ILONEN J, 
FREY H: Nervous system disease, immuno-
logical features, and HLA phenotype in 
Sjögren’s syndrome. Ann Rheum Dis 1992; 
51: 506-9.

25. ANAYA JM, VILLA LA, RESTREPO L, MOLINA 
JF, MANTILLA RD, VARGAS S: Central nerv-
ous system compromise in primary Sjögren’s 
syndrome. J Clin Rheumatol 2002; 8: 189-96.

26. RAFAI MA, BOULAAJAJ FZ, MOUTAWAKIL F 
et al.: Neurological manifestations revealing 
primitive Gougerot-Sjögren’s syndrome: 9 
cases. Joint Bone Spine 2009; 76: 139-45.

27. WALKER RH, SPIERA H, BRIN MF, OLANOW 
CW: Parkinsonism associated with Sjögren’s 
syndrome: three cases and a review of the lit-
erature. Mov Disord 1999; 14: 262-8.

28. BORISOW N, MORI M, KUWABARA S, 
SCHEEL M, PAUL F: Diagnosis and Treatment 
of NMO Spectrum Disorder and MOG-En-
cephalomyelitis. Front Neurol 2018; 9: 888.

29. BIRNBAUM J, ATRI NM, BAER AN, CIMBRO 
R, MONTAGNE J, CASCIOLA-ROSEN L: Re-
lationship between neuromyelitis optica 
spectrum disorder and Sjögren’s syndrome: 
central nervous system extraglandular dis-
ease or unrelated, co-occurring autoimmun-
ity? Arthritis Care Res (Hoboken) 2017; 69: 
1069-75.

30. KONTTINEN YT, KINNUNEN E, VON BONS-
DORFF M et al.: Acute transverse myelopa-
thy successfully treated with plasmapheresis 
and prednisone in a patient with primary 
Sjögren’s syndrome. Arthritis Rheum 1987; 
30: 339-44.

31. WILLIAMS CS, BUTLER E, ROMÁN GC:  
Treatment of myelopathy in Sjögren’s syn-
drome with a combination of prednisone and 
cyclophosphamide. Arch Neurol 2001; 58: 
815-9

32. MANABE Y, SASAKI C, WARITA H et al.: 
Sjögren’s syndrome with acute transverse 
myelopathy as the initial manifestation.          
J Neurol Sci 2000; 176: 158-61.

33. LYU RK, CHEN ST, TANG LM, CHEN TC: 
Acute transverse myelopathy and cutane-
ous vasculopathy in primary Sjögren’s syn-
drome. Eur Neurol 1995; 35: 359-62.

34. ALEXANDER EL, MALINOW K, LEJEWSKI 
JE, JERDAN MS, PROVOST TT, ALEXANDER 
GE: Primary Sjögren’s syndrome with central 
nervous system disease mimicking multiple 
sclerosis. Ann Intern Med 1986; 104: 323-30.

35. THONG BY, VENKETASUBRAMANIAN N:     
A case of Sjögren’s syndrome or multiple 
sclerosis? A diagnostic and therapeutic di-
lemma. Rheumatol Int 2002; 22: 256-8.

36. MASI G, ANNUNZIATA P: Sjögren’s syndrome 
and multiple sclerosis: Two sides of the same 
coin? Autoimmun Rev 2016; 15: 457-61.

37. ZAHLANE S, LOUHAB N, El MELLAKH M et 
al.: Anterior horn syndrome: A rare manifes-
tation of primary Sjögren’s syndrome. Joint 
Bone Spine 2016; 83: 448-50.

38. HAGIWARA K, MURAI H, OCHI H et al.:      
Upper motor neuron syndrome associated 
with subclinical Sjögren’s syndrome. Intern 

Med 2008; 47: 1047-51.
39. SEGAL BM, POGATCHNIK B, HOLKER E et 

al.: Primary Sjögren’s syndrome: cognitive 
symptoms, mood, and cognitive perfor-
mance. Acta Neurol Scand 2012; 125: 272-8.

40. MCCOY SS, BAER AN: Neurological Compli-
cations of Sjögren’s Syndrome: Diagnosis 
and Management. Curr Treatm Opt Rheuma-
tol 2017; 3: 275-88.

41. TEZCAN ME, KOCER EB, HAZNEDAROGLU S 
et al.: Primary Sjögren’s syndrome is associ-
ated with significant cognitive dysfunction. 
Int J Rheum Dis 2016; 19: 981-8.

42. INDART S, HUGON J, GUILLAUSSEAU PJ et 
al.: Impact of pain on cognitive functions in 
primary Sjögren’s syndrome with small fiber 
neuropathy: 10 cases and a literature review. 
Medicine (Baltimore) 2017; 96: e6384.

43. KOÇER B, TEZCAN ME, BATUR HZ et al.: 
Cognition, depression, fatigue, and quality 
of life in primary Sjögren’s syndrome: cor-
relations. Brain Behav 2016; 6: e00586.

44. LE GUERN V, BELIN C, HENEGAR C et al.: 
Cognitive function and 99mTc-ECD brain 
SPECT are significantly correlated in patients 
with primary Sjögren syndrome: a case-con-
trol study. Ann Rheum Dis 2010; 69: 132-7 .

45. MORREALE M, MARCHIONE P, GIACOMINI P 
et al.: Neurological involvement in primary 
Sjögren’s syndrome: a focus on central nerv-
ous system. PLoS One 2014; 9: e84605

46. SEGAL BM, MUELLER BA, ZHU X et al.:     
Disruption of brain white matter microstruc-
ture in primary Sjögren’s syndrome: evidence 
from diffusion tensor imaging. Rheumatology 
(Oxford) 2010; 49: 1530-9.

47. SEGAL BM, RHODUS N, MOSER SIVILS KL et 
al.: Validation of the brief cognitive symp-
toms index in Sjögren’s syndrome. J Rheu-
matol 2014; 41: 2027-33.

48. MATARÓ M, ESCUDERO D, ARIZA M et al.: 
Magnetic resonance abnormalities associated 
with cognitive dysfunction in primary Sjög-
ren’s syndrome. J Neurol 2003; 250: 1070-6.

49. MOREIRA I, TEIXEIRA F, MARTINS SILVA A, 
VASCONCELOS C, FARINHA F, SANTOS E: 
Frequent involvement of central nervous sys-
tem in primary Sjögren’s syndrome. Rheuma-
tol Int 2015; 35: 289-94

50. MARTINEZ S, CACERES C, MATARO M, ES-
CUDERO D, LATORRE P, DAVALOS A: Is 
there progressive cognitive dysfunction in 
Sjögren’s Syndrome? A preliminary study. 
Acta Neurol Scand 2010; 122: 182-8.

51. PRIORI R, MINNITI A, ANTONAZZO B et al.: 
Sleep quality in patients with primary Sjög-
ren’s syndrome. Clin Exp Rheumatol 2016; 
34: 373-9.

52. WONG JK, NORTLEY R, ANDREWS T et 
al.: Psychiatric manifestations of primary 
Sjögren’s syndrome: a case report and litera-
ture review. BMJ Case Rep 2014; 2014.

53. ANAYA JM, VILLA LA, RESTREPO L, MOLINA 
JF, MANTILLA RD, VARGAS S: Central nerv-
ous system compromise in primary Sjögren’s 
syndrome. J Clin Rheumatol 2002; 8: 189-96.

54. SÈNE D, JALLOULI M, LEFAUCHEUR JP et 
al.: Peripheral neuropathies associated with 
primary Sjögren’s syndrome: immunologic 
profiles of nonataxic sensory neuropathy and 
sensorimotor neuropathy.  Medicine (Balti-
more) 2011; 90: 133-8.

55. MORI K, IIJIMA M, KOIKE H et al.: The 
wide spectrum of clinical manifestations in 
Sjögren’s syndrome-associated neuropathy. 
Brain 2005; 128: 2518-34.

56. PERZYŃSKA-MAZAN J MAŚLIŃSKA M, 
GASIK R: Neurological manifestations of 
primary Sjögren’s syndrome. Reumatologia 
2018; 56: 99-105.

57. MELLGREN SI, CONN DL, STEVENS JC, 
DYCK PJ: Peripheral neuropathy in primary 
Sjögren’s syndrome. Neurology 1989; 39: 
390-4.

58. KALTREIDER HB, TALAL N: The neuropathy 
of Sjögren’s syndrome: trigeminal nerve in-
volvement. Ann Intern Med 1969; 70: 751-
62.

59. WINDEBANK AJ, BLEXRUD MD, DYCK PJ, 
DAUBE JR, KARNES JL: The syndrome of 
acute sensory neuropathy: clinical features 
and electrophysiologic and pathologic chang-
es. Neurology 1990; 40: 584-91.

60. MALINOW K, YANNAKAKIS GD, GLUSMAN 
SM et al.: Subacute sensory neuronopathy 
secondary to dorsal root ganglionitis in pri-
mary Sjögren’s syndrome. Ann Neurol 1986; 
20: 535-7.

61. MURATA Y, MAEDA K, KAWAI H et al.:        
Antiganglion neuron antibodies correlate 
with neuropathy in Sjögren’s syndrome. 
Neuroreport 2005; 16: 677-81.

62. BIRNBAUM J: Peripheral nervous system 
manifestations of Sjögren’s syndrome: 
clinical patterns, diagnostic paradigms, eti-
opathogenesis, and therapeutic strategies. 
Neurologist 2010; 16: 287-97.

63. LEFAUCHEUR JP, WAHAB A, PLANTÉ-BOR-
DENEUVE V et al.: Diagnosis of small fiber 
neuropathy: A comparative study of five 
neurophysiological tests. Neurophysiol Clin 
2015; 45: 445-55.

64. MAUCH E, VOLK C, KRATZSCH G et al.:   
Neurological and neuropsychiatric dysfunc-
tion in primary Sjögren’s syndrome. Acta 
Neurol Scand 1994; 89: 31-5.

65. TERRIER B, LACROIX C, GUILLEVIN L et al.: 
Diagnostic and prognostic relevance of neu-
romuscular biopsy in primary Sjögren’s syn-
drome-related neuropathy. Arthritis Rheum 
2007; 57: 1520-9.

66. ENGLAND JD, GRONSETH GS, FRANKLIN G 
et al.: Evaluation of distal symmetric poly-
neuropathy: the role of autonomic testing, 
nerve biopsy, and skin biopsy (an evidence-
based review). Muscle Nerve 2009; 39: 106-
15.

67. GRIFFIN JW, CORNBLATH DR, ALEXANDER E 
et al.: Ataxic sensory neuropathy and dorsal 
root ganglionitis associated with Sjögren’s 
syndrome. Ann Neurol 1990; 27: 304-15.

68. DALAKAS MC: Chronic idiopathic ataxic 
neuropathy. Ann Neurol 1986; 19: 545-54.

69. PEREIRA PR, VIALA K, MAISONOBE T et al.: 
Sjögren Sensory Neuronopathy (Sjögren 
Ganglionopathy): Long-Term Outcome and 
Treatment Response in a Series of 13 Cases. 
Medicine (Baltimore) 2016; 95: e3632.

70. KAWAGASHIRA Y, KOIKE H, FUJIOKA Y et 
al.: Differential, size-dependent sensory 
neuron involvement in the painful and ataxic 
forms of primary Sjögren’s syndrome-asso-
ciated neuropathy. J Neurol Sci 2012; 319: 
139-46.



S-198 Clinical and Experimental Rheumatology 2019

Neurologic manifestations in Sjögren’s syndrome / A. Alunno et al.

71. VINCENT D, LORON P, AWADA A, GAUTIER 
JC: Recurrent multiple cranial nerve palsies. 
Gougerot- Sjögren’s syndrome. Rev Neurol 
(Paris) 1985; 141: 318-21.

72. BAKOUCHE P, FERROIR JP, GUILLARD A: 
Multiple and recurrent paralysis of cranial 
nerves: primary Gougerot-Sjögren’s syn-
drome. Rev Neurol (Paris) 1994; 150: 728-
31.

73. NASCIMENTO IS, BONFA E, DE CARVALHO 
JF et al.: Clues for previously undiagnosed 
connective tissue disease in patients with 
trigeminal neuralgia. J Clin Rheumatol 2010; 
16: 205-8.

74. LALOUX P, BRUCHER JM, GUERIT JM, SIN-
DIC CJ, LATERRE EC: Subacute sensory neu-
ronopathy associated with Sjögren’s sicca 
syndrome. J Neurol 1988; 235: 352-4.

75. COLACI M, CASSONE G, MANFREDI A, 
SEBASTIANI M, GIUGGIOLI D, FERRI C: 
Neurologic complications associated with 
Sjögren’s disease: case reports and modern 
pathogenic dilemma. Case Rep Neurol Med 
2014; 2014: 590292.

76. KATZ JS, HOUROUPIAN D, ROSS MA:       
Multisystem neuronal involvement and sicca 
complex: broadening the spectrum of com-
plications. Muscle Nerve 1999; 22: 404-7.

77. DWORKIN RH, O’CONNOR AB, BACKONJA 
M et al.: Pharmacologic management of neu-
ropathic pain: evidence-based recommenda-
tions. Pain 2007; 132: 237-51.

78. ANDONOPOULOS AP, CHRISTODOULOU J, 
BALLAS C et al.: Autonomic cardiovascular 
neuropathy in Sjögren’s syndrome. A con-
trolled study. J Rheumatol 1998; 25: 2385-8.

79. NIEMELÄ RK, HAKALA M, HUIKURI HV, 
AIRAKSINEN KE: Comprehensive study of 
autonomic function in a population with pri-
mary Sjögren’s syndrome. No evidence of 
autonomic involvement. J Rheumatol 2003; 
30: 74-9.

80. PARK K, HABERBERGER RV, GORDON TP, 
JACKSON MW: Antibodies interfering with 
the type 3 muscarinic receptor pathway in-
hibit gastrointestinal motility and cholinergic 
neurotransmission in Sjögren’s syndrome. 
Arthritis Rheum 2011; 63: 1426-34.

81. KLEIN CM, VERNINO S, LENNON VA et al.: 
The spectrum of autoimmune autonomic 
neuropathies. Ann Neurol 2003; 53: 752-8.

82. DAWSON LJ, CAULFIELD VL, STANBURY 
JB et al.: Hydroxychloroquine therapy in 
patients with primary Sjögren’s syndrome 
may improve salivary gland hypofunction by 
inhibition of glandular cholinesterase. Rheu-
matology 2005; 44: 449-55.

83. RETAMOZO S: SP0159 Eular recommenda-
tions for the management of Sjögren’s syn-
drome. Ann Rheum Dis 2018; 77: 42.

84. SARAUX A, PERS JO, DEVAUCHELLE-PENSEC 
V: Treatment of primary Sjögren’s syndrome. 
Nat Rev Rheumatol 2016; 12: 456-71.

85. RADAELLI M, MOIOLA L, SANGALLI F et al.: 
Neuromyelitis optica spectrum disorders: 
long-term safety and efficacy of rituximab in 
Caucasian patients. Mult Scler 2016; 22: 511-
19.

86. MEALY MA, WINGERCHUK DM, PALACE J, 
GREENBERG BM, LEVY M: Comparison of 
relapse and treatment failure rates among pa-
tients with neuromyelitis optica: multicenter 

study of treatment efficacy. JAMA Neurol 
2014; 71: 324-30.

87. van SCHAIK IN, EFTIMOV F, van DOORN 
PA et al.: Pulsed high-dose dexamethasone 
versus standard prednisolone treatment for 
chronic inflammatory demyelinating poly-
radiculoneuropathy (PREDICT study): a 
double blind, randomised, controlled trial. 
Lancet Neurol 2010; 9: 245-53.

88. YAMASHITA H1, ERI T, UEDA Y et al.:             
Diagnosis and treatment of primary Sjögren’s 
syndrome-associated peripheral neuropathy: 
a six-case series. Mod Rheumatol 2013; 23: 
925-33.

89. RIST S, SELLAM J, HACHULLA E et al.: Ex-
perience of intravenous immunoglobulin 
therapy in neuropathy associated with pri-
mary Sjögren’s syndrome: a national mul-
ticentric retrospective study. Arthritis Care 
Res (Hoboken) 2011; 63: 1339-44.

90. MARTINEZ AR, NUNES MB, NUCCI A, FRAN-
ÇA MC Jr: Sensory neuronopathy and auto-
immune diseases. Autoimmune Dis 2012; 
2012: 873587.

91. CHEN WH, YEH JH, CHIU HC: Plasmapheresis 
in the treatment of ataxic sensory neuropa-
thy associated with Sjögren’s syndrome. Eur 
Neurol 2001; 45: 270-4.

92. MEKINIAN A, RAVAUD P, HATRON PY et al.: 
Efficacy of rituximab in primary Sjögren’s 
syndrome with peripheral nervous system 
involvement: results from the AIR registry. 
Ann Rheum Dis 2012; 71: 84-7.

93. VITALI C, DEL PAPA N: Pain in primary 
Sjögren’s syndrome. Best Pract Res Clin 
Rheumatol 2015; 29: 63-70.


