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Abstract
We present a rare case of cerebral venous sinus thrombosis in a COVID-19-positive, 2-month-old infant, to this day the 
youngest described patient with this rare combination of findings. He was hospitalized with focal seizures. The first brain 
imaging showed subdural hematoma and focal ischemic changes. The subdural hematoma was successfully evacuated. The 
control imaging, done due to lethargy, showed an extensive cerebral venous sinus thrombosis. The thrombosis was managed 
with low molecular weight heparin leading to clinical and radiological improvement. With this case report, we would like 
to add to the information pool of COVID-19 neurological manifestations in children, particularly those younger than 1 year.
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Abbreviations
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2
COVID-19	� Coronavirus disease 19
MRI	� Magnetic resonance imaging
SDH	� Subdural hematoma
LMWH	� Low molecular weight heparin
CVT	� Venous sinus thrombosis
ACE2	� Angiotensin-converting enzyme 2

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is known to be a dangerous virus affecting not 
only the respiratory tract but also other organs by several 
mechanisms. There are increasing reports of cerebrovascular 
complications, both ischemic and hemorrhagic. While the 
coronavirus disease 2019 (COVID-19)-induced neurological 

symptomatology in the adult population is well described 
and documented [10–13, 16, 17], the same information 
about neurological manifestation in the youngest patients 
— newborns and infants — is almost nonexistent.

We present a case of an 8-week-old infant admitted 
for several epilepsy-like seizures and magnetic resonance 
imaging (MRI) findings of subdural hematoma (SDH) and 
focal ischemic changes of brain parenchyma. With this case 
report, we would like to shed more light and attention on the 
COVID-19 neurological complications in pediatric patients. 
These may be overlooked as children with COVID-19 are 
often asymptomatic or present with unusual respiratory 
symptomatology. Thus neurological symptoms are not 
always thought to be caused by the SARS-CoV-2 which may 
lead to a delay in diagnosis and treatment.

Case presentation

The boy was born full-term, spontaneously. His parents and 
attending pediatrician had not observed any developmental 
or behavioral abnormalities until the COVID-19 infection.

In the 7th week of life, he presented with a fever as the 
first sign of COVID-19 infection. After 4 days, fever sub-
sided, and he and his whole family were tested positive in 
nasopharyngeal swabs examined by polymerase chain reac-
tion method. On the same day as tested, he manifested first 
neurological symptoms, consisting of right-sided facial 
muscle spasms and left upper limb spasm. He was hospi-
talized at a Pediatrics Department of his regional hospital. 
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The next day, the frequency of seizures — uniform with 
those presented the day before — increased to ten in 1 day. 
In response, the valproate therapy was commenced and an 
electroencephalography was performed showing abnormal-
ity of the right temporal lobe. MRI (Fig. 1) discovered early 
development of SDH (maximal diameter 5 mm) along the 
right cerebral hemisphere, as well as a slight compression 
of the right lateral ventricle and midline shift of 3 mm, early 
development of ischemia in the temporo-parieto-occipital 
parenchyma of the right hemisphere with uncertain etiology.

The following day, he was transferred to our clinic for 
evacuation of the SDH; external subdural drainage was 
placed without complications. After 2 weeks of improve-
ment of the overall status, the patient became lethargic and 
required longer sleep than usual. Thus, an MRI (Fig. 2) was 
performed and showed regression of subdural collection, 
usual development of postischemic changes, unexpected 
development of bilateral thrombosis of transverse sinuses 
reaching to sigmoid sinuses, confluens sinuum, and sagittal 
superior sinus. Anticoagulation therapy was started immedi-
ately, the dosage of low molecular weight heparin (LMWH) 
was adjusted according to antiXa therapeutic levels.

Family history was unremarkable for autoimmune dis-
eases or genetic prothrombotic conditions. No prothrom-
botic abnormalities were found in blood tests, with normal 
levels of protein C and S, antithrombin III, and anti-Xa. 
In genetic testing, a homozygous mutation of MTHFR 
677C > T was confirmed, and mutations for factor V Lei-
den and factor II Prothrombin 20210A were negative.

After 2 weeks of anticoagulation therapy, a control MRI 
(Fig. 3) was performed, showing significant improvement 
of the venous sinus thrombosis (CVT) with remaining 
thrombotic residues, however with renewed flows in all 
sinuses. The postischemic changes of the right temporo-
parieto-occipital parenchyma showed usual development 
with the regression of perifocal edema. The LMWH 
therapy was continued for a total of 52 days, when MRI 
showed minimal residual thrombosis. On the neurological 
examination performed at the age of 3 months, light cen-
tral hypotonia was present; he fixated well, smiled, moved 
his head freely, and when lying on his stomach, pushed 
up to elbows.

Fig. 1   MRI from the day of 
admission showing SDH and 
ischemia. A MRI axial diffusion 
shows the ischemia of temporo-
parieto-occipital parenchyma 
of the right hemisphere; B MRI 
axial flair shows the subdural 
hematoma surrounding the 
right hemisphere; C MRI T2W 
enhancement of the walls of the 
sagittal sinus, showing a prob-
able inflammation; D MRI axial 
diffusion without any signs of 
thrombosis yet
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Discussion

The youngest patient with COVID-19-induced CVT, 
described to this date — to the best of our knowledge — is 
a 2-year 7-month-old girl. However, this girl suffered from 
both COVID-19 and tuberculous meningitis coinfection 
[8]. Her findings slightly differed, as her computer tomog-
raphy scan showed pan-hydrocephalus and basal meningeal 
enhancement, not present in our patient.

SARS-CoV-2 causes various neurological complications 
by several mechanisms; it enters cells through the angio-
tensin-converting enzyme 2 (ACE2) receptor. Various cells 
express these receptors, such as those of the respiratory tract, 
endothelial cells, arterial smooth muscle cells, glial cells, 
and neurons, which renders them potential targets for the 
virus [10, 11, 20]. Due to the involvement of neurons and 
cerebral vasculature, cerebrovascular complications are not 
uncommon [10, 11, 13, 17, 20]. When ACE2 receptors are 
occupied by the virus, they get inactive, causing dysregula-
tion of blood pressure, as they hold an important role in 
cerebrovascular autoregulation and blood flow [14]. The 
dysregulation of the system causes hypertensive peaks and 
endothelial pathology, which adds to the pathogenesis of 
both ischemic and hemorrhagic stroke. Additionally, the 

inactive receptors lead naturally to the accumulation of 
angiotensin 2, which results in a postischemic inflamma-
tion cascade. As a consequence, the borderline parts of the 
ischemic zone lose the remaining perfusion and the infarct 
volume develops further [12, 16].

Another pathophysiologic pathway of COVID-19 is its 
ability to induce a cytokine storm in the host organism, lead-
ing to a cascade of inflammatory reactions, causing coagula-
tion system failure [5, 12, 16]. All of the mentioned mecha-
nisms add to the pathophysiology of COVID-19-induced 
ischemic strokes and CVT [12, 16].

Children constitute less than 2% of COVID-19-positive 
patients and less than 20% of them are children under 1 year 
of age [7, 15]. However, this age group manifests more 
severe clinical presentation in contrast to the rest of the pedi-
atric population with the usually mild course of the disease. 
The most common symptoms seen in COVID-19-positive 
infants are fever, cough, shortness of breath, cyanosis, feed-
ing intolerance, vomiting, and diarrhea [7, 15]. The main 
symptomatology being nonspecific collides with the pres-
entation of even rarer cerebral venous sinus thrombosis in 
infants which affects less than 1/100,000 children annually. 
Etiology commonly includes dehydration, infection, sepsis, 
severe anemia, head trauma, and coagulopathies. Clinical 

Fig. 2   MRI done in 2 weeks 
of the evacuation of the SDH 
showing CVT. A MRI T1 sag 
shows the thrombosis of the 
sagittal sinus and confluens 
sinuum; B MR diffusion shows 
the thrombosis invading further 
into both transverse sinuses; C 
MRI T2 axial demonstrates the 
progression of left hemisphere 
ischemia; D MRI T1W shows 
the thrombosis of the transverse 
sinuses
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presentation is also nonspecific, with fever, irritability, sei-
zures, vomiting, and altered consciousness as predominant 
symptoms in infants [2, 3, 9, 18].

Our patient suffered from cerebrovascular patholo-
gies of hemorrhagic and ischemic etiologies. The first to 
appear, SDH, was captured in an early state on the first 
MRI imaging, which was done 6 days after the onset of 
COVID-related symptomatology. The second cerebrovas-
cular pathology was the parenchymal ischemia which also 
showed a recent appearance on the first MRI, as both of 
those pathologies showed restriction of diffusion. The CVT 
was discovered 3 weeks after the disease onset, and among 
described patients, it is a rather late appearance. However, 
the first radiologic marks were present on the initial MRI, 
even though described only retrospectively. After a closer 
inspection, an inflammation of the sinus walls can be rec-
ognized as well as a deceleration of the blood flow velocity.

One of the possible etiologies of the SDH in infants could 
be external hydrocephalus, which causes the bleeding by the 
expansion of the subarachnoid space — stretching the bridg-
ing veins. This could lead to spontaneous bleedings or bleed-
ings following minor trauma [1]. The increased sinocortical 

width, craniocortical width, and interhemispheric distance 
present at the MRI controls (Figs. 2C and 3C) could also 
point out to this diagnosis. Nevertheless, our patient did not 
show any signs of this condition prior to the COVID-19 
onset, notably his head circumference followed the median 
for his age (Fig. 4), rendering this possible etiology rather 
improbable [1, 19].

There were several abnormalities in the coagulation tests. 
Some coagulation factors, even though in an acceptable 
range, were of marginal values, most likely as the result of 
prolonged vascular pathologies. The mutation of MTHFR 
677C > T, although present, should not be solely responsible 
for such a dramatic course either [4, 6]. It is likely that the 
combination of this predisposition, triggered by the infec-
tion, led to the unusual picture observed.

The anticoagulation therapy was adjusted repeatedly in 
order to reach desired therapeutic levels and was ultimately 
successful. Despite conflicting pathology (SDH), no new 
hemorrhage occurred due to sufficient time between drain-
age and start of CVT treatment; in this respect, the delay in 
CVT diagnosis proved fortuitous since it allowed sufficient 
treatment of the SDH in the meantime.

Fig. 3   The control MRI, done 
within the 2 weeks of the previ-
ous imaging showing regression 
of the CVT. A MRI T1 sag 
demonstrates the reduction of 
the thrombosis of the sagittal 
sinus; B MRangio shows the 
renewed flow in the cerebral 
venous sinuses system; C 
MRI T2 axial shows the usual 
development of left hemi-
sphere ischemia; D MRI T1W 
demonstrates the diminution of 
the thrombosis of the transverse 
sinuses
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Conclusion

Cerebrovascular complications in COVID-19-positive 
infants can occur, however rarely. The delay in diagnosis 
and treatment can be caused by nonspecific symptomatol-
ogy and possible misinterpretation of radiologic images. 
As in our case, the possible warnings of the forthcoming 
CVT could have been recognized at the first MRI, despite 
their discreet appearance. COVID-19-positive infants with 
nonspecific symptomatology should always raise suspicion 
for possible cerebrovascular complications and the imag-
ing methods should be indicated and read carefully.
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