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Abstract

Susac syndrome (SuS) is an autoimmune-mediated microvessel occlusion disease 
of the central nervous system, retina and inner ear. Treatment consists in the use of 
corticosteroids, intravenous immunoglobulin, mycophenolate mofetil, tacrolimus, 
rituximab and cyclophosphamide. Immunocompromised patients may be at higher 
risk of severe COVID-19 and, simultaneously, infections could exacerbate SuS disease 
activity. A 32 years-old female with extremely severe SuS, treated with a combination 
of mycophenolate mofetil, rituximab, cyclophosphamide and oral prednisone, devel-
oped a life-threatening COVID-19 infection. Immunosuppressants were stopped and 
anticoagulant therapy was instituted. Forty-one days after COVID-19 infection diagno-
sis, she was discharged with her neurological status unchanged. Even considering the 
life-threatening COVID-19 infection risk, maintaining combined immunosuppression 
is advised in an extremely severe SuS. Confirmation of COVID-19 infection would be 
the only reason to stop immunosuppressants. COVID-19 hypercoagulable state may 
increase thrombosis risk. Anticoagulant treatment is associated with COVID-19 lower 
mortality and, arguably, with a better prognosis of SuS.

Resumo

A síndrome de Susac (SuS) de mecanismo auto-imune, provoca oclusões microan-
giopáticas no encéfalo, retina e ouvido interno. Consoante a sua gravidade, o trata-
mento é uma combinação de corticóides, imunoglobulina intravenosa, micofenolato 
de mofetil, tacrolimus, rituximab e ciclofosfamida. A imunossupressão pode aumentar 
o risco de infecção grave por COVID-19. Concomitantemente, as infecções podem 
reactivar a SuS. Uma doente com uma SuS extremamente grave, tratada com micofe-
nolato de mofetil, rituximab, ciclofosfamida e prednisona, desenvolveu uma infecção 
COVID-19 de risco vital. Os imunossupressores foram retirados e iniciaram-se anti-
coagulantes. A doente teve alta sem mudanças no seu estado neurológico, 41 dias 
depois. Mesmo perante o risco duma infecção COVID-19 com risco vital, é recomen-
dado manter os imunossupressores numa SuS extremamente grave. A confirmação do 
diagnóstico da infecção COVID-19 deveria ser o único motivo para retirar os imunos-
supressores. Os anticoagulantes melhoram o prognóstico da COVID-19 e deveriam 
ser especialmente ponderados se coincide com uma SuS.
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Introduction
Susac syndrome (SuS) is a rare and disabling disorder 

caused by autoimmune-mediated microvessel occlu-
sions in the central nervous system (CNS), retina and 
inner ear.1 The treatment is based on the sequential 
use and/or combination of corticosteroids, intravenous 
immunoglobulin, mycophenolate mofetil, tacrolimus, 
rituximab and cyclophosphamide.2

Mortality from COVID-19 appears to be, principally, 
driven by age, gender and comorbidities such as obesity 
and smoking.3 It is also assumed that immunocompro-
mised patients may be at higher risk of severe clinical 
presentations of infections such as COVID-19, through 
greater viral replication.4 Simultaneously, infections 
could exacerbate SuS disease activity, as infections do in 
other autoimmune diseases.5

Case Report
In January 2020, a 32 years-old female (smoker, 130 

kg of body weight, body mass index 38) was admitted 
because of subacute behavioral changes, unexplained 
headache and gait impairment. Neuroimaging was key 
for diagnosis, showing rounded FLAIR and T2 hyperin-
tense “snowball lesions” in the corpus callosum (Fig. 1). 

The classic triad of SuS, encephalopathy, peripheral reti-
nal arterial branch occlusions and sensorineural hearing 
loss, confirmed the diagnosis. Initially, intravenous 1 g/
day/5days methylprednisolone was administered. With 
no clinical improvement after the first pulse, she re-
ceived 5 more days of methylprednisolone in addition to 
intravenous immunoglobulins (0.4 g/kg/day/5days). With 

only very mild recovery, treatment was escalated to my-
cophenolate mofetil (1000 mg bid), two 1000 mg doses 
of rituximab (11th and 25th January) and oral prednisone 
(1 mg/kg/day, in this case not exceeding 80 mg/day, as 
recommended by Rennebohm et al2). Significant recov-
ery was finally achieved, with independent walking, no 
headache and normal behavior. She was discharged on 
February 12. Treatment after discharge was mycophe-
nolate mofetil (1000 mg bid), prednisone (80 mg/day), 
omeprazole (20 mg/day) and calcium carbonate/colecal-
ciferol 1 pill/day.

Seventeen days after the last rituximab dose, and 
maintaining the same doses of mycophenolate mofetil 
and prednisone, she was readmitted. She had had devel-
oped right hemiparesis/hypoesthesia and double incon-
tinence. She was unable to walk. A significant worsening 
of executive functions was evident. Due to the extreme 
severity of this SuS, mycophenolate mofetil was discon-
tinued and cyclophosphamide treatment (1300 mg, 10 
mg/kg) was administered on March 5. Cyclophospha-
mide protocol was, following Rennebohm et al guide-
lines,2 two initial doses of 10-15 mg/kg, two weeks 
apart. After these “per protocol” doses, treatment with 
cyclophosphamide was to be stopped and mycopheno-
late mofetil was to be reinitiated if improvement was 
considered satisfactory. If improvement was unsatisfac-
tory, cyclophosphamide was to be continued with an-
other 10-15 mg/kg dose in 2 weeks and then 10-15 mg/
kg every 3weeks for 3 doses. Thereafter, 10-15 mg/kg 
doses were to be administered every 4 weeks for 1 to 
3 more times. With a considerable improvement after 
the first cyclophosphamide administration, being able to 
walk unaided, controlling bladder and bowel functions, 
and with an almost normal cognitive testing examina-
tion, the patient was discharged on March 14. Treatment 
at discharge was prednisone 80 mg/day, omeprazole 20 
mg/day, calcium carbonate/colecalciferol 1 pill/day, cal-
cifediol 0,266 mg per month (vitamin D 15.960 UI) and 
trimethoprim-sulfamethoxazole 160/800 mg 1 pill/day.

The second dose of cyclophosphamide was scheduled 
on March 19. Vital signs were tested before administra-
tion. She had fever (38ºC). No symptoms of COVID-19 
were reported by the patient. Her neurological status 
was stable. Initial laboratory investigations showed an 
absolute lymphocyte count of 600 cells/μl, C-reactive 
protein of 5.21 mg/dL (normal range: 0.1 to 0.5), and 
D-dimer of 1016 ng/mL (normal range: 0.1 to 500). 

Figure 1. Brain magnetic resonance imaging scan

A.  Axial FLAIR-weighted images showing Susac´s characteristic corpus 
callosum snowball lesions (arrows).

B.  Coronal T2-weighted images displaying corpus callosum body and 
splenium snowball lesions (arrows).

C.  Diffusion-weighted image: hyperintense lesion in the splenium of the 
corpus callosum (arrow).

D.  Coronal T1-weighted image: body of corpus callosum Gadolinium-
enhancing lesion (arrow).
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Chest X-ray showed a bilateral ground glass opacity 
with associated linear atelectasis (Fig. 2A). Additional 

tests (electrocardiogram, arterial gasometry, computed 
tomography pulmonary angiogram) ruled out a pulmo-
nary thrombotic event. SARS-CoV-2 PCR was positive. 
At that time, the patient was taking prednisone 80 mg 
per day and was maintained unchanged. The second 
dose of cyclophosphamide was then postponed. She 
was started on hydroxychloroquine (400 mg bid for the 
first 24 hours, 200 mg bid afterwards) and lopinavir/rito-
navir 200/50 mg (2 pills every 12 hours). On March 23, 
azithromycin (500 mg/day) was added on the suspicion 
of bacterial lung superinfection, as per our hospital pro-
tocol regarding COVID-19 management. Pneumocystis 
jiroveci pneumonia was not suspected as the patient 
had been on trimethoprim-sulfamethoxazole since the 
previous hospitalization. On March 23, peripheral blood 
lymphocyte number was 500 cells/μl. Neurologically un-
changed, the patient’s respiratory condition worsened 
steadily. A progressive decrease in oxygen saturation 
(89% with FiO2 100% on March 26, up to a nadir of 
70% on March 28) and absolute lymphocyte counts 
(nadir 200 cells/μl) occurred. Azithromycin was substi-
tuted by meropenem (1000 mg tid) due to the clinical 
deterioration and the suspected nosocomial lung su-
perinfection in an immunocompromised patient. High 
dose intravenous (iv) methylprednisolone (1000 mg/day 
for three days) was started and a Boussignac continu-
ous positive airway pressure was needed. Neverthe-
less, the patient was admitted to Intensive Care Unit 
on April 2 and intubated due to continued deterioration 
of her respiratory function. Her chest X-ray showed a 
marked deterioration of the lung infiltrates (Fig. 2B). 
A subcutaneous cervical emphysema and a 12 mm api-
cal pneumothorax were seen due to a traumatic central 
venous catheter insertion. She was on mechanic ventila-

tion for five days. Because of high D-dimer levels (2459 
ng/mL) and even in the absence of clinical or paraclini-
cal evidence of pulmonary thrombosis, enoxaparin 60 
mg bid (1mg/kg/day) was prescribed for the prevention 
of thrombotic events in a high-risk ICU patient with a 
5-fold increase of D-dimer levels and a body weight > 
120 kg. She returned to the Pneumology ward, without 
new neurological symptoms, one week later. Finally, on 
April 28, after 41 days, the patient was discharged home 
with a marked improvement of the previously extensive 
bilateral infiltrates (Fig. 2C), no oxygen therapy, and 
no deterioration on her CNS neurological status com-
pared to March 14. Enoxaparin 60 mg bid was stopped 
one month after discharge. She did not get a new MRI 
because SARS-CoV-2 PCR was still positive on June 2. 
As per September 8, the patient received a new dose 
of rituximab (1000 mg), and her neurological condition 
was stable.

Discussion
COVID-19 infection in SuS patients, particularly in 

those with combined immunosuppressive therapy, rais-
es a two-direction therapeutic dilemma.

First, the effect of immunsuppressants on COVID-19 
severity. Both combined immunosuppression and COV-
ID-19 can lead to very low lymphocyte counts, result-
ing in bacterial superinfections and more severe COV-
ID-19,6 as in our patient. However, recent reviews have 
presented, with limited data, that patients with multiple 
sclerosis (MS) treated with disease modifying drugs do 
not obviously have an increased risk of acquiring symp-
tomatic SARS-CoV-2 infection.7 Similarly, mortality from 
COVID-19 in cancer patients seems to be principally re-
lated to age, gender and comorbidities and not to cyto-
toxic chemotherapy.8 Not all immunosuppressive drugs 
have the same impact on COVID-19 severity. Mycophe-
nolate mofetil is likely to cause more harm than benefit.9 
On the contrary, recent reviews have presented, with 
small series of patients, that individuals with MS treated 
with fingolimod10 or anti-CD20 monoclonal antibo- 
dies11-13 could have milder forms of COVID-19 infection 
because of a dampened “cytokine storm syndrome”.7 
Nevertheless, a recently presented study by Sormani 
et al14 reveals the opposite, that the use of anti-CD20 
agents (ocrelizumab or rituximab) was significantly as-
sociated with an increased risk of severe COVID-19 
course. Data for cyclophosphamide are scant.

Figure 2. Chest X-ray evolution of our patient

A.  Bilateral peripheral chest opacities with basal atelectasis.
B.  Radiological worsening with extensive bilateral infiltrates. Subcutane-

ous cervical emphysema and 12 mm apical pneumothorax.
C.  Overall improvement, with predominance of bilateral interstitial 

infiltrates.
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Second, the effect of COVID-19 infection on SuS 
evolution. The cytokine storm syndrome could hypo-
thetically reactivate SuS and, therefore, the use of immu-
nosuppressants may be needed for preventing a severe 
relapse of the autoimmune disease. Moreover, SARS-
CoV-2 induced complement hyperactivation, endotheli-
al dysfunction and cytokine storm have a prothrombotic 
effect. COVID-19 patients develop a pro-coagulative 
state directly related to disease severity.15 The COVID-
19-related hypercoagulable state may increase the risk 
of ischaemic lesions, both micro- and macrovascular 
thrombosis.16 Strokes have been reported to be preva-
lent among patients with COVID-19. The cause is not 
clear but the COVID-19 associated “sepsis-induced 
coagulopathy” (SIC) may contribute to endothelial dys-
function, microthrombosis, and stroke. There is some 
evidence that low molecular weight heparins may be 
useful in the SIC hypercoagulable state associated with 
COVID-1917 and that anticoagulant treatment is asso-
ciated with lower mortality.15 In this line of thought, a 
recent review by the Mayo Clinic Evidence-based Prac-
tice Center recommends the use of 40 mg subcutane-
ous enoxaparin twice daily for COVID-19 patients with 
more than 120 kg of weight residing in the clinical ward 
for the prevention of thrombosis. For Intensive Care 
Unit high-risk patients with D-dimer values exceeding 
3.0 mg/mL the same approach to prophylaxis should be 
considered with enoxaparin, 40 mg twice daily for pa-
tients >120 kg of body weight.18

Even with a severe COVID-19 infection, our pa-
tient’s SuS clinical condition did not get worse. Probably, 
even if therapeutic decision-making is more challenging 
during the COVID-19 pandemic, maintaining combined 
immunosuppression is clinically justified in an extremely 
severe SuS to control disease evolution, assuming the 
risk of getting infected by SARS-CoV-2. Confirmation 
of COVID-19 infection would be the only reason to 
stop immunosuppressants, in order to avoid a more se-
vere infection. More information on the precise effect 
of the different immunosuppressants on COVID-19 is 
needed to make evidence-based decisions. Regarding 
anticoagulants, not only for the general prognosis of a 
severe COVID-19 disease, but also taking into consid-
eration the underlying SuS, which causes occlusions in 
microvessels in the CNS, retina and inner ear, the early 
use of anticoagulation should be weighed.

The very low prevalence of SuS will not allow to have 

large registries of patients with SuS and COVID-19 in-
fection. Therefore, therapeutic decisions will have to be 
made on the basis of SuS isolated clinical reports and on 
the data of more prevalent immunosuppressant-treated 
conditions such as MS or cancer. 
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