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Abstract:

Introduction:

Scleroderma is a rare heterogeneous multisystem autoimmune disease. The disease is characterized by structural abnormalities of the small blood
vessels. Scleroderma affects all organs of the body. Skin manifestations are commonly reported, but peripheral nervous system (PNS) and central
nervous system (CNS) involvement has been less frequently reported. Neurological manifestations are broad, and it is challenging for clinicians to
confirm a diagnosis of scleroderma.

Case Presentation:

In our case, a 53-year-old white woman had extensive clinical presentations: skin rashes and symptoms from internal organs, CNS, and PNS during
the previous 11 years. She had not undergone any specific treatment because diagnosis has not been made in the early stages.

Conclusion:

It is important to make the diagnosis as early as possible and start treatment with immunomodulatory and immunosuppressant medication, as it
affects  the  patient's  disease  progression,  quality  of  life,  and mortality.  A detailed  medical  history,  physical  examination,  and laboratory  and
radiology findings help us to identify and diagnose scleroderma. But unfortunately, it was late, and the patient died. This case guides us to be more
careful and make the diagnosis of scleroderma earlier in the future.
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1. INTRODUCTION

Scleroderma  is  a  rare,  progressive,  heterogeneous
multisystem autoimmune connective tissue disease of unknown
etiology, the pathogenesis of which is still not fully understood
[1, 2]. The exact prevalence of systemic sclerosis is unknown
because it  is  frequently misdiagnosed,  and the data collected
have been poor over the past years. Approximately 1 in 6500
adults are affected by it, predominantly women (4:1), and the
age  of  onset  is  around  45  years  [3,  4].  Scleroderma  is
characterized by small blood vessel vasculopathy, autoantibody
production,  and  fibroblast  dysfunction,  leading  to  increased
deposition of extracellular matrix [5]. Scleroderma is generally
divided  into  two  main  forms:  localized  scleroderma  and
systemic sclerosis (or systemic scleroderma) [1], with visceral
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organs being affected. Systemic sclerosis can be subtyped into
limited  cutaneous,  diffuse  cutaneous,  and  systemic  sclerosis
without  skin  involvement  [5].  Frequently,  skin,  lungs,
gastrointestinal tract, kidneys, and heart are affected [2, 6]. It
can manifest as thickening of the skin, telangiectasia, fingertip
ulceration,  Raynaud's  phenomenon,  interstitial  lung  disease,
pulmonary  arterial  hypertension,  gastroesophageal  reflux,
constipation,  bacterial  overgrowth  of  the  small  intestine,
bloating,  renal  crisis,  diastolic  or  systolic  heart  failure,
arrhythmia,  or  conduction  disturbances  [5,  7].  Neurological
symptoms  are  rare.  Although  the  autonomic,  peripheral,  and
central  nervous  systems  are  involved,  the  more  common
symptom expression comes from the peripheral nervous system
[1, 6, 8]. There is no laboratory test or gold standard method
for  diagnosing  scleroderma  [9].  However,  there  are  some
criteria that should be used for diagnosis in clinical practice.
Systemic sclerosis has a high mortality rate, which is why rapid
recognition  of  the  disease  and  early  treatment  are  crucial  to
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ensure the quality of life and improve survival for patients [4,
7].  Early  initiation  of  therapy  with  an  immunosuppressive
agent,  such  as  methotrexate,  mycophenolate  mofetil,
cyclophosphamide  rituximab,  is  highly  recommended  for
diffuse  cutaneous  systemic  scleroderma.  In  addition,  oral
steroids  and  azathioprine  can  be  considered  [7].

Central nervous system involvement is very rare. In some
studies,  white  matter  hyperintensities  have  been  detected  on
magnetic resonance imaging (MRI) of asymptomatic patients.
MRI changes do not depend on the duration or severity of the
disease [1, 4, 10]. There are only a few cases reporting central
nervous system involvement. We describe a case of systemic
sclerosis  in  a  53-year-old  woman  with  manifestations  in  the
internal  organs  and  nervous  system.  Scleroderma  is  a  rare
disease  that  is  more  associated  with  rheumatology  and  not
neurology.  This  case  was  the  first  in  our  practice  where
neurologic symptoms were one of the first expressions, and the
diagnosis was challenging.

2. CASE PRESENTATION

A  53-year-old  woman  with  progressive  asymmetric
tetraparesis  was  hospitalized  in  the  neurology  department.
Weakness in both arms and legs had been progressing over the
previous  year,  and  for  this  reason,  the  patient  was  using  a
wheelchair.  She  had  ischemic  neuropathy  of  the  right  optic
nerve for  3 years.  She had a  separate  pallid  rash and thinner
skin  on  her  body  for  the  past  11  years.  From the  beginning,
there  was  a  rash  on  her  hands  and  the  front  wall  of  the
abdomen,  which  gradually  grew  and  appeared  all  over  her
body. Moreover, for 7 years, the patient had low blood pressure
with  orthostatic  hypotension,  and the  previous  year,  she  was
diagnosed  with  sick  sinus  syndrome,  for  which  a  pacemaker
was  implanted.  The  patient  had  diffuse  abdominal  pain,
gastroesophageal reflux, and constipation for a few years. She
also had pain in the joints, which got worse in the mornings.
The patient did not have any other chronic diseases.

Neurological  examination  at  the  time  of  admission
revealed  severely  decreased  vision  in  the  right  eye,  but  she
could  still  distinguish  light  from darkness.  In  both  eyes,  she
had impairment of horizontal eye movement and convergence.
She had asymmetric tetraparesis with arm strength of grade 3
proximally and grade 3 distally; strength in the right leg was
grade 0, and in the left leg was grade 4 proximally and grade 5
distally  (scored  according  to  the  Medical  Research  Council
scale).  She  was  using  a  wheelchair,  but  she  was  still  able  to
move from the wheelchair to the bed and back by herself and
sit  without  assistance  for  a  short  time.  Deep  tendon  reflexes
were 2+ right > left. Babinski's sign was present on the right
side. She had tenderness at the Th1-Th2 and Th11-Th12 levels.
Vibration sense was 5/10 in both legs and 10/10 in the arms.
She had urinary retention as well.

During skin inspection, a diffuse hypopigmented rash on
her  body  was  discovered,  more  over  the  anterior  chest  and
abdominal  wall,  neck,  hands,  forearms,  and  legs,  and
telangiectasia  on  the  anterior  chest  wall.  Raynaud's
phenomenon  and  puffy  fingers  were  present.  During  the
conversation,  she  had  shortness  of  breath.

Extensive  laboratory  evaluation  findings  were  normal,

including full blood screening; erythrocyte sedimentation rate;
C-reactive protein; coagulogram panel;  thyroid function; and
levels of creatine kinase, aminotransferases, electrolytes such
as potassium, sodium, and chloride, glucose, vitamin B12, and
creatinine. HIV antigen and antibody, anti-HB, anti-HCV, and
rapid  plasma  reagin  tests  were  all  negative.  Onconeural
antibody panel, aquaporin 4 antibodies, and Fabry disease were
also  negative.  Serum  protein  electrophoresis  was  normal.
Immunological  tests  were  normal,  i.e.,  anti-C1Q  antibodies,
CD3,  CD4,  CD8,  CD4/CD8,  serum  amyloid  A,  extractable
nuclear  antigen,  anti-neutrophil  cytoplasmic  antibodies,  anti-
double-stranded  DNA  antibody,  antiphospholipid  antibodies
IgM and IgG, and anti-cardiolipin antibodies C3, C4 and IgG4.
However,  beta-2  microglobulin  was  elevated  (2.75  mg/L;
normal range 1.01–1.73 mg/L), and antinuclear antibody was
positive. Positive IgG Western blot for B. burgdorferi was also
found. Urinalysis was normal. Blood and urine cultures were
without pathological changes. Cerebrospinal fluid examination
showed  a  slightly  elevated  protein  level  (0.57  g/L),  and  cell
count was normal. IgG and IgM antibodies for B. burgdoreferi
(by ELISA), Enterovirus (by RNA PCR), Varicella zoster (by
DNA  PCR),  and  Cytomegalovirus  (by  DNA  PCR)  were  not
present  in  cerebrospinal  fluid.  Oligoclonal  bands  were
negative.

Fig.  (1).  Brain  involvement  in  scleroderma.  (A,B)  Axial  T2  FLAIR
magnetic resonance (MR, 1.5 TESLA) images show deep white matter
hyperintensity  (arrows)  and  subcortical/cortical  hyperintensity
(arrowheads)  [1].  (C,D)  Axial  T1  postcontrast  MR  (1.5  TESLA)
images.  (C)  Contrast  nonenhanced  deep  white  matter  hypointense
lesions  as  a  sign  of  demyelination  (arrows).  (D)  Contrast-enhanced
cortical/subcortical  lesions as  a  sign of  active microangiopathy with
increased blood-brain barrier permeability (arrowheads).

Radiology findings: Magnetic resonance (MR, 1.5 TESLA)
images  of  the  brain,  spinal  cord,  and  optic  nerves  showed
multiple hyperintense lesions (Figs. 1 and 2), four in the brain
and  two  in  the  spinal  cord;  Th4  and  Th5  were  contrast-
enhanced (Fig. 3).  New lesions were found in comparison to
2015,  while  some  had  decreased  in  size.  Computed
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tomography (CT) of the abdomen showed hepatosplenomegaly
and fibrotic changes in the renal parenchyma. Echocardiogram
was found normal. The nerve conduction study showed sensory
polyneuropathy  in  the  legs.  Electromyography  showed  no
neurogenic  or  myogenic  pathological  changes.

On  the  fifth  hospital  day,  a  skin  biopsy  was  performed,
which confirmed the diagnosis of scleroderma (Figs. 4 and 5).

Fig. (2). Optic nerve involvement in scleroderma. Right optic nerve has
a high signal on coronal STIR MR (1.5 TESLA) images.

Fig. (3). Spinal involvement in scleroderma. Contrast-enhanced sagittal
T1  MR  (1.5  TESLA)  image  reveals  small  enhancing  lesions
(arrowheads) in the thoracic spine as a sign of active microangiopathy
with increased blood-brain barrier permeability.

Fig. (4). Van Gieson's stain of skin biopsy. Atrophy of epidermis and
adnexal structures. Atrophic skin derivatives.

Fig. (5). Skin biopsy. Atrophic epidermal and skin derivatives. Focal
interstitial lymphocytic and plasma cell infiltrate.

The  patient  had  received  pulse  therapy  with
methylprednisolone  a  few months  before  the  hospitalization,
which provided slight improvement; she felt stronger and her
muscle  strength  improved.  However,  the  improvement  was
temporary,  and  she  started  to  suffer  from  diffuse  abdominal
pain. At the time of hospitalization, the patient was started on
plasma  exchange,  but  after  the  second  plasma  exchange
procedure,  her  condition  rapidly  deteriorated.  She  developed
colitis  with  bloody  diarrhea,  febrile  temperature,  abdominal
pain, fatigue, and right-sided hydrothorax that was punctured.
The  patient  developed  pulmonary  edema,  followed  by
endotracheal  intubation.  The  patient's  overall  condition
stabilized, but she was unable to breathe without artificial lung
ventilation  via  tracheostoma  and  could  not  change  body
position without assistance. The patient received symptomatic
and  antibacterial  therapy,  but  due  to  her  severe  condition,
specific  immunosuppressive  treatment  was  not  initiated.  The
patient  consulted  a  therapist,  intensive  care  physician,
cardiologist,  infectologist,  rheumatologist,  surgeon,
pulmonologist,  gastroenterologist,  and  ophthalmologist.
Despite intensive multidisciplinary treatment, the condition of
the patient deteriorated, and one month later, she died.
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3. DISCUSSION

Systemic sclerosis is a multisystem autoimmune collagen
disease  that  manifests  in  the  skin,  lungs,  heart,  kidneys,
gastrointestinal tract, musculoskeletal system, and peripheral,
central, and autonomic nervous systems. It is characterized by
small  blood vessel  vasculopathy and fibrosis  of  the  skin  and
internal organs. Fibrosis is caused by the increased production
of collagen, fibronectin, and glycosaminoglycans. Endothelial
cell  hyperplasia  and  hypersensitivity  of  blood  vessels  to
vasoconstrictor stimuli contribute to vasculopathy. This form
of  vasculopathy  mainly  affects  small  arteries,  arterioles,  and
capillaries, causing tissue ischemia with recurrent episodes of
reperfusion [9, 11]. In limited systemic sclerosis, the face and
limbs  distal  to  the  knees  and  elbows  are  affected.  In  diffuse
systemic sclerosis,  the trunk and proximal  parts  of  the limbs
are affected, as in our patient’s case [5, 11].

Systemic sclerosis is expressed in various symptoms of the
internal organs, joints, and nervous system [7]. In our presented
case,  the disease started with changes in  the skin;  symptoms
from the gastrointestinal, cardiovascular, and central nervous
systems  followed  over  time.  Neurological  involvement  in
systemic sclerosis is rare; it more often involves the peripheral
nervous  system  [1].  Amaral  et  al.,  in  a  systematic  review,
described  442  cases  with  peripheral  nervous  system
involvement,  including  peripheral  sensorimotor
polyneuropathy, sensory neuropathy, carpal tunnel syndrome,
multiple  mononeuropathy,  brachial  and  lumbar  plexopathy,
cranial nerve involvement, and myopathy. In much fewer cases
(177  cases),  central  nervous  system  involvement  was
described,  including  headaches,  seizures,  cognitive
impairment,  stroke,  transverse  myelitis,  hemiparesis,  spinal
cord compression, and other CNS expressions [1].

As  can  be  seen,  systemic  sclerosis  is  a  heterogeneous
disease  with  various  symptoms,  and  it  is  challenging  for
clinicians to diagnose it early. There are criteria to help make
the diagnosis earlier, designed by the EU Scleroderma Trials
and  Research  group  (EUSTAR)  [4].  Diagnostic  criteria  for
diffuse  cutaneous  systemic  scleroderma  include  Raynaud's
phenomenon  (objective  documentation)  plus  either  nailfold
capillary  pattern  or  selective  autoantibodies,  or  Raynaud's
phenomenon  (subjective  only)  plus  both  nailfold  capillary
pattern  and  selective  autoantibodies  as  well  as  proximal
cutaneous changes in the arms and legs proximal to the elbows
and knees,  chest,  abdomen,  and/or  back [4].  Our  patient  had
proximal  cutaneous  changes,  Raynaud's  phenomenon
(subjective  only),  and  positive  antinuclear  antibodies.
Unfortunately, we did not perform a capillaroscopy, which is
included in the diagnostic criteria, although a skin biopsy was
done,  which  confirmed  the  scleroderma.  Skin  biopsy  is  not
required  for  the  diagnosis  of  systemic  scleroderma;  it  is
recommended  in  cases  of  diagnostic  doubt  of  other
scleroderma-like disorders and used for prognostic value and
research purposes [12]. Van Praet et al. noted skin biopsy to be
a useful diagnostic marker for systemic sclerosis, but it having
low sensitivity [13].

As  mentioned  above,  neurological  symptoms  are  rare  in
systemic  sclerosis.  Nevertheless,  recent  studies  have  shown
hyperintense  lesions  on  magnetic  resonance  imaging  of

asymptomatic patients [1, 2,  4,  10, 14 - 16].  Mohamed et al.
showed that  lesions in  the brain are  not  rare  in  patients  with
systemic sclerosis irrespective of disease duration, patient age,
neurological  symptoms,  or  disease  severity.  The  use  of
magnetic resonance imaging is advised for every patient with
systemic sclerosis to detect brain and spinal cord involvement
earlier  [9,  15].  Rania  et  al.  also  confirmed that  patients  with
systemic  sclerosis  without  neurological  symptoms  may  have
central nervous system involvement [16].

The  pathogenesis  of  white  matter  hyperintensity  has
different mechanisms, which can act separately or supplement
each  other.  The  first  mechanism  involves  non-immune
reactions,  with  cell-mediated  activity  and  autoantibody
production, likely accounting for isolated cases of vasospasm
and associated autonomic dysfunction. The second reaction is
vascular,  with  changes  in  endothelial  cells  and  basement
membrane, causing non-inflammatory microangiopathy of the
vasa  nervorum,  with  a  tendency  for  platelet  aggregation,
resulting  in  ischemic  CNS  injury.  The  third  mechanism  is
related  to  collagen  metabolism,  the  proliferation  of  specific
fibroblast subpopulations, and invasion into tissue and fibrosis
[2, 9, 15, 16]. To better understand white matter hyperintensity,
more  studies  are  needed  in  the  future.  Our  patient  had
hyperintense lesions in the white matter in 2015, when she had
her first MRI of the brain and showed neurologic symptoms of
progressive  weakness  in  the  right  leg  and  ischemic  optic
neuropathy in the right eye. However, the diagnosis was still
unclear, and thus, no specific treatment was prescribed.

Management of systemic sclerosis includes early diagnosis
of the disease, early recognition of internal organ involvement,
and  early  identification  of  patients  who  are  at  risk  of
developing new organ complications [17]. Treatment depends
on the severity of the disease, system involvement, and clinical
manifestations.  Treatment  includes  immunomodulatory  and
immunosuppressant  therapies  [7].  The  updated  treatment
recommendations  of  2016  do  not  mention  treatment  for
nervous  system  involvement;  the  use  of  methotrexate  or
cyclophosphamide for systemic sclerosis skin manifestations is
recommended [17]. Amaral et al., in their systematic review,
reported cyclophosphamide, corticosteroids, azathioprine, and
methotrexate as the most used drugs for systemic sclerosis with
neurological manifestations [1]. There is conflicting data on the
use  of  immunosuppressive  therapy  for  the  treatment  of
neurological  symptoms  in  systemic  sclerosis,  but
corticosteroids have demonstrated positive effects, as reported
in  Amaral  et  al.’s  systematic  review  [1].  Our  patient  had
received corticosteroid therapy and had shown improvement,
but  unfortunately,  she  did  not  continue  tapering  the  oral
corticosteroids.

There are publications regarding plasma exchange therapy
for  systemic  sclerosis.  Harris  et  al.  found  positive  treatment
effects  with  therapeutic  plasma  exchange,  such  as  improved
symptoms and laboratory markers. They described both long-
term  and  short-term  treatments.  Long-term  treatment  was
characterized  as  safe  and  well-tolerated  and  exhibiting
improved  symptoms,  with  the  disease  being  stabilized.
Furthermore,  they  did  not  find  serious  complications  with
plasma exchange treatment; most complications were related to
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the venous catheter [18]. The guidelines for plasma exchange
therapy  in  systemic  sclerosis  cover  mild  and  short-term
complications [19].  Shemin et  al.  reported that,  in some rare
cases,  abdominal  pain  was  present  and  fever  was  a  frequent
complication  during  plasma  exchange  therapy  [20].  Basic-
Jukic et al. considered plasma exchange as a safe therapy [21].
Our patient, after the second plasma exchange procedure, had
colitis  with  fever  and  hydrothorax,  and  the  treatment  was
discontinued. We did not find any publication that mentioned
colitis  or  hydrothorax as  a  complication  of  plasma exchange
therapy,  nor  did  we  find  any  other  reason  for  the  patient's
health to rapidly deteriorate during this therapy.

The prognosis for systemic sclerosis depends mainly on the
severity of internal organ involvement, as noted by Sobolewski
et al.; they observed that in the first three years of the disease,
the  involvement  of  internal  organs  was  faster,  indicating  the
importance of early recognition and treatment, which is critical
for  a  good  prognosis  [22].  Nikpour  et  al.  described  frequent
causes of death in systemic sclerosis and found that the primary
cause of death was pulmonary and interstitial lung disease. One
defining  predictor  of  mortality  was  cardiopulmonary
involvement,  and  their  study  reported  78%  10-year  survival
[23].  However,  Pokeerbux  et  al.  reported  71.7%  10-year
survival  [24].  Elhai  et  al.  reported  that  in  30%  of  deaths  of
systemic  sclerosis  patients,  the  cause  was  heart  disease,  and
high  mortality  rates  were  associated  with  respiratory  failure
and lung infections [25]. As mentioned above, our patient had
heart failure and respiratory insufficiency, which increased the
risk  of  mortality;  furthermore,  she  had  not  received  specific
therapy over the years. According to Rubio-Rivas et al., among
systemic sclerosis patients, 57% of deaths were lung-related, as
the case with our patient [26]. We could not find any study that
mentioned neurologic symptoms as a mortality risk factor, nor
could we find neurological symptoms associated with a higher
mortality  rate.  However,  Poudel  et  al.’s  study  noted  that
patients  with systemic sclerosis  were two to five times more
likely to die compared to the general population [27].

We should always keep in mind this heterogeneous disease
if the patient has more than one system involved, especially the
nervous system, skin and internal organs.

CONCLUSION

This clinical case shows the complexity and heterogeneity
of systemic sclerosis and the importance of multidisciplinary
teamwork.  Systemic  sclerosis  is  a  challenging  diagnosis  for
any  clinician,  but  early  detection  of  organ  involvement  and
early  treatment  are  critical  for  patients.  But  it  is  not  always
easy to detect scleroderma in the early stage of the disease and
start treatment, as we saw in our case. It is important to follow
up a patient  and perform magnetic  resonance imaging of  the
brain and spinal cord for each patient at the onset of the disease
to detect early CNS involvement. In the future, we need more
studies  regarding  systemic  sclerosis,  its  treatment  and
associated  neurological  involvement.

AUTHORS’ CONTRIBUTIONS

EP, DP, LJ and GK wrote the first draft of the manuscript.
All  authors  reviewed  and  edited  the  manuscript,  made

substantial  contributions  to  the  design  of  the  work,  and
approved  the  final  version  of  the  manuscript.

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

Ethical approval for this study protocol was obtained from
the  regional  ethics  review board  of  the  Riga  East  University
Hospital  Support  Fund  Medical  and  Biomedical  Research
Ethical  Committee  Nr.6-A/21;  05.08.2021.

HUMAN AND ANIMAL RIGHTS

No animals were used for studies that are the basis of this
research. All  the human procedures used were in accordance
with  the  ethical  standards  of  the  committee  responsible  for
human experimentation (institutional  and national),  and with
the Helsinki Declaration of 1975, as revised in 2013.

CONSENT FOR PUBLICATION

Informed  consent  was  obtained  from  the  patient  for
educational use of the below-mentioned data, and no personal
patient information has been disclosed.

STANDARDS OF REPORTING

CARE guidelines and methodologies were followed in this
study.

AVAILABILITY OF DATA AND MATERIALS

The  data  that  support  the  findings  of  this  study  are
available  from  the  corresponding  author,  [E.P],  on  special
request.

FUNDING

None.

CONFLICT OF INTEREST

The  authors  declare  no  conflict  of  interest,  financial  or
otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

Amaral  TN,  Peres  FA,  Lapa  AT,  Marques-Neto  JF,  Appenzeller  S.[1]
Neurologic involvement in scleroderma: A systematic review. Semin
Arthritis Rheum 2013; 43(3): 335-47.
[http://dx.doi.org/10.1016/j.semarthrit.2013.05.002]  [PMID:
23827688]
Sardanelli  F,  Iozzelli  A,  Cotticelli  B,  et  al.  White  matter[2]
hyperintensities  on  brain  magnetic  resonance  in  systemic  sclerosis.
Ann Rheum Dis 2005; 64(5): 777-9.
[http://dx.doi.org/10.1136/ard.2003.018283] [PMID: 15834058]
Orpha.net.  Available  from:  https://www.orpha.net/consor/cgi-bin/[3]
OC_Exp.php?lng=en&Expert=801
Hudson  M,  Fritzler  MJ.  Diagnostic  criteria  of  systemic  sclerosis.  J[4]
Autoimmun 2014; 48-49: 38-41.
[http://dx.doi.org/10.1016/j.jaut.2013.11.004] [PMID: 24461384]
Hoogen  F,  Khanna  D,  Fransen  J,  et  al.  Classification  criteria  for[5]
systemic sclerosis: An ACR-EULAR collaborative initiative. Arthritis
Rheum 2013; 65(1): 2737-47.
[http://dx.doi.org/10.1002/art.38098] [PMID: 24122180]
Cikes N, Bosnic D, Sentic M. Non-MS autoimmune demyelination.[6]

http://dx.doi.org/10.1016/j.semarthrit.2013.05.002
http://www.ncbi.nlm.nih.gov/pubmed/23827688
http://dx.doi.org/10.1136/ard.2003.018283
http://www.ncbi.nlm.nih.gov/pubmed/15834058
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?lng=en&Expert=801
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?lng=en&Expert=801
http://dx.doi.org/10.1016/j.jaut.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24461384
http://dx.doi.org/10.1002/art.38098
http://www.ncbi.nlm.nih.gov/pubmed/24122180


6   The Open Neurology Journal, 2022, Volume 16 Polunosika et al.

Clin Neurol Neurosurg 2008; 110(9): 905-12.
[http://dx.doi.org/10.1016/j.clineuro.2008.06.011] [PMID: 18928881]
Denton CP, Hughes M, Gak N, et al. BSR and BHPR guideline for the[7]
treatment of systemic sclerosis. Rheumatology (Oxford) 2016; 55(10):
1906-10.
[http://dx.doi.org/10.1093/rheumatology/kew224] [PMID: 27284161]
Torabi  AM,  Patel  RK,  Wolfe  GI,  Hughes  CS,  Mendelsohn  DB,[8]
Trivedi  JR.  Transverse  myelitis  in  systemic  sclerosis.  Arch  Neurol
2004; 61(1): 126-8.
[http://dx.doi.org/10.1001/archneur.61.1.126] [PMID: 14732630]
Mohammed RH, Sabry YY, Nasef AA. Brain MRI screening showing[9]
evidences of early central nervous system involvement in patients with
systemic sclerosis. Rheumatol Int 2011; 31(5): 667-71.
[http://dx.doi.org/10.1007/s00296-009-1325-5] [PMID: 20069332]
Pope JE, Johnson SR. New classification criteria for systemic sclerosis[10]
(scleroderma). Rheum Dis Clin North Am 2015; 41(3): 383-98.
[http://dx.doi.org/10.1016/j.rdc.2015.04.003] [PMID: 26210125]
Bhattacharyya S, Wei J, Varga J. Understanding fibrosis in systemic[11]
sclerosis:  Shifting  paradigms,  emerging  opportunities.  Nat  Rev
Rheumatol  2011;  8(1):  42-54.
[http://dx.doi.org/10.1038/nrrheum.2011.149] [PMID: 22025123]
Avouac J. SP0126 histopathology of systemic sclerosis: The skin and[12]
beyond. Ann Rheum Dis 2015; 74(Suppl 2): 31.2-31.
[http://dx.doi.org/10.1136/annrheumdis-2015-eular.6642]
Van  Praet  JT,  Smith  V,  Haspeslagh  M,  Degryse  N,  Elewaut  D,  De[13]
Keyser  F.  Histopathological  cutaneous  alterations  in  systemic
sclerosis: A clinicopathological study. Arthritis Res Ther 2011; 13(1):
R35.
[http://dx.doi.org/10.1186/ar3267] [PMID: 21356083]
Argyropoulou MI, Tsifetaki N, Zikou AK, et al. Systemic sclerosis:[14]
Brain  abnormalities  revealed  by  conventional  magnetic  resonance
imaging and magnetization transfer imaging. Arthritis Rheum 2006;
54(4): 1350-2.
[http://dx.doi.org/10.1002/art.21738] [PMID: 16575862]
Mohamed  RHA,  Nassef  AA.  Brain  magnetic  resonance  imaging[15]
findings in  patients  with  systemic sclerosis.  Int  J  Rheum Dis  2010;
13(1): 61-7.
[http://dx.doi.org/10.1111/j.1756-185X.2009.01453.x]  [PMID:
20374386]
Gamal  RM,  Abozaid  HSM,  Zidan  M,  et  al.  Study  of  MRI  brain[16]
findings  and  carotid  US  features  in  systemic  sclerosis  patients,
relationship with disease parameters. Arthritis Res Ther 2019; 21(1):
95.
[http://dx.doi.org/10.1186/s13075-019-1877-z] [PMID: 30987675]
Kowal-Bielecka  O,  Fransen  J,  Avouac  J,  et  al.  Update  of  EULAR[17]
recommendations for the treatment of systemic sclerosis. Ann Rheum

Dis 2017; 76(8): 1327-39.
[http://dx.doi.org/10.1136/annrheumdis-2016-209909]  [PMID:
27941129]
Harris ES, Meiselman HJ, Moriarty PM, Metzger A, Malkovsky M.[18]
Therapeutic plasma exchange for the treatment of systemic sclerosis:
A  comprehensive  review  and  analysis.  J  Scleroderma  Relat  Disord
2018; 3(2): 132-52.
[http://dx.doi.org/10.1177/2397198318758606]
Scleroderma  Education  Project.  Available  from:[19]
https://sclerodermainfo.org/pdf/TPE-Guide lines-A4.pdf
Shemin D, Briggs D, Greenan M. Complications of therapeutic plasma[20]
exchange:  A  prospective  study  of  1,727  procedures.  J  Clin  Apher
2007; 22(5): 270-6.
[http://dx.doi.org/10.1002/jca.20143] [PMID: 17722046]
Basic-Jukic  N,  Kes  P,  Glavas-Boras  S,  Brunetta  B,  Bubic-Filipi  L,[21]
Puretic Z. Complications of therapeutic plasma exchange: Experience
with 4857 treatments. Ther Apher Dial 2005; 9(5): 391-5.
[http://dx.doi.org/10.1111/j.1744-9987.2005.00319.x]  [PMID:
16202013]
Sobolewski P, Maślińska M, Wieczorek M, et al. Systemic sclerosis -[22]
multidisciplinary  disease:  Clinical  features  and  treatment.
Reumatologia  2019;  57(4):  221-33.
[http://dx.doi.org/10.5114/reum.2019.87619] [PMID: 31548749]
Nikpour M, Baron M. Mortality in systemic sclerosis: lessons learned[23]
from population-based  and  observational  cohort  studies.  Curr  Opin
Rheumatol 2014; 26(2): 131-7.
[http://dx.doi.org/10.1097/BOR.0000000000000027]  [PMID:
24441644]
Pokeerbux  MR,  Giovannelli  J,  Dauchet  L,  et  al.  Survival  and[24]
prognosis factors in systemic sclerosis: Data of a French multicenter
cohort, systematic review, and meta-analysis of the literature. Arthritis
Res Ther 2019; 21(1): 86.
[http://dx.doi.org/10.1186/s13075-019-1867-1] [PMID: 30944015]
Elhai  M,  Meune  C,  Boubaya  M,  et  al.  Mapping  and  predicting[25]
mortality  from  systemic  sclerosis.  Ann  Rheum  Dis  2017;  76(11):
1897-905.
[http://dx.doi.org/10.1136/annrheumdis-2017-211448]  [PMID:
28835464]
Rubio-Rivas M. Survival, mortality, causes of death and risk factors of[26]
poor outcome. Systemic Sclerosis 2017; 61
[http://dx.doi.org/10.5772/intechopen.68549]
Poudel DR, Derk CT. Mortality and survival in systemic sclerosis: A[27]
review of recent literature. Curr Opin Rheumatol 2018; 30(6): 588-93.
[http://dx.doi.org/10.1097/BOR.0000000000000551]  [PMID:
30148801]

© 2022 Polunosika et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.1016/j.clineuro.2008.06.011
http://www.ncbi.nlm.nih.gov/pubmed/18928881
http://dx.doi.org/10.1093/rheumatology/kew224
http://www.ncbi.nlm.nih.gov/pubmed/27284161
http://dx.doi.org/10.1001/archneur.61.1.126
http://www.ncbi.nlm.nih.gov/pubmed/14732630
http://dx.doi.org/10.1007/s00296-009-1325-5
http://www.ncbi.nlm.nih.gov/pubmed/20069332
http://dx.doi.org/10.1016/j.rdc.2015.04.003
http://www.ncbi.nlm.nih.gov/pubmed/26210125
http://dx.doi.org/10.1038/nrrheum.2011.149
http://www.ncbi.nlm.nih.gov/pubmed/22025123
http://dx.doi.org/10.1136/annrheumdis-2015-eular.6642
http://dx.doi.org/10.1186/ar3267
http://www.ncbi.nlm.nih.gov/pubmed/21356083
http://dx.doi.org/10.1002/art.21738
http://www.ncbi.nlm.nih.gov/pubmed/16575862
http://dx.doi.org/10.1111/j.1756-185X.2009.01453.x
http://www.ncbi.nlm.nih.gov/pubmed/20374386
http://dx.doi.org/10.1186/s13075-019-1877-z
http://www.ncbi.nlm.nih.gov/pubmed/30987675
http://dx.doi.org/10.1136/annrheumdis-2016-209909
http://www.ncbi.nlm.nih.gov/pubmed/27941129
http://dx.doi.org/10.1177/2397198318758606
https://sclerodermainfo.org/pdf/TPE-Guidelines-A4.pdf
http://dx.doi.org/10.1002/jca.20143
http://www.ncbi.nlm.nih.gov/pubmed/17722046
http://dx.doi.org/10.1111/j.1744-9987.2005.00319.x
http://www.ncbi.nlm.nih.gov/pubmed/16202013
http://dx.doi.org/10.5114/reum.2019.87619
http://www.ncbi.nlm.nih.gov/pubmed/31548749
http://dx.doi.org/10.1097/BOR.0000000000000027
http://www.ncbi.nlm.nih.gov/pubmed/24441644
http://dx.doi.org/10.1186/s13075-019-1867-1
http://www.ncbi.nlm.nih.gov/pubmed/30944015
http://dx.doi.org/10.1136/annrheumdis-2017-211448
http://www.ncbi.nlm.nih.gov/pubmed/28835464
http://dx.doi.org/10.5772/intechopen.68549
http://dx.doi.org/10.1097/BOR.0000000000000551
http://www.ncbi.nlm.nih.gov/pubmed/30148801
https://creativecommons.org/licenses/by/4.0/legalcode

	Involvement of the Nervous System in Systemic Sclerosis 
	[Introduction:]
	Introduction:
	Case Presentation:
	Conclusion:

	1. INTRODUCTION
	2. CASE PRESENTATION
	3. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS 
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




