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Abstract

Cerebral venous sinus thrombosis (CVST) in childhood is a rare disorder, occurring
most often in the neonatal period, with mortality approaching 10%. This condition has
multifactorial etiology including common childhood illnesses such as fever, infection,
dehydration, and anemia, as well as acute and chronic medical conditions such as congenital
heart disease, nephrotic syndrome, and malignancy. Thrombosis can also develop and
propagate in response to local venous stasis. A large number of children have coincident local
head or neck pathology, including head trauma, brain tumors, or recent intracranial surgery.
Clinical symptoms are frequently nonspecific and include seizures, depressed level of
consciousness, coma, lethargy, nausea, vomiting, headache, visual impairment, papilledema,
and hemiparesis, which may often obscure the diagnosis and delay treatment. In the case of
patients with neurological symptoms, imaging studies such as computed tomography (CT)
and magnetic resonance imaging (MRI) are invaluable in diagnostics of various pathologies
of the nervous system, because of their non-invasiveness, high sensitivity, and specificity.
Early diagnosis with management along with a plan for secondary prevention can save from

catastrophic consequences.
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Introduction

Cerebral venous sinus thrombosis (CVST) is a blood flow disruption of local or
diffuse character, secondary to obstruction of the venous vessels in the brain [1]. In adults,
the incidence of CVST is estimated between 2-5 cases per million individuals per year. The
annual incidence in children is higher and amounts to up to 7 cases per million per year, with
mortality approaching 10% [2, 3, 4, 5]. More than 40% of pediatric CSVT involve neonates
with an incidence of about 26 per million per year. The actual prevalence is probably higher,
despite increasingly sensitive diagnostic methods [3.4]. In adults, cerebral venous sinus
thrombosis the proportion of females is 75% and this predominance is restricted only to the
fertile age, as it is not seen in the pediatric population, because of the absence of sex-specific
risk factors [5, 6]. Same as in adults, the most frequently involved sinuses are superior
sagittal and the transverse sinuses. It is also observed that transverse sinuses’ involvement

relates more often to children older than 2 years of age [5].
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Thrombosis in the cerebral venous system leads to outflow obstruction and in
consequence to an increase in the hydrostatic pressure in the veins and capillaries, which in
absence of compensation from the anastomotic circuit of the cerebral venous system, results
in driving fluid into the interstitium and producing edema. Furthermore, if the venous
pressure exceeds the arterial pressure, a reduction of arterial flow and consequent arterial

ischemia can occur [1, 3,5].

The etiology is often multifactorial and is similar in neonates and older children. A
predisposing comorbid condition or disability is found in up to 95% of affected patients.
Local or systemic infections, dehydration, fever, vascular trauma, cancer, acute
lymphoblastic leukemia (ALL), asphyxia and maternal problems during the pregnancy and
metabolic disorders have been reported as risk factors. Also, CVST can arise and extend in
response to local venous stasis as a complication of brain injury or recent intracranial surgery
[3]. Inherited thrombophilia such as protein C, S, anti-thrombin III deficiencies, factor V
Leiden mutation, and other acquired prothrombotic states have been identified in children,

who have suffered from CVST [2].

The symptoms are variable and nonspecific, because of that the diagnosis is
frequently delayed to the median period of a week from the onset of clinical manifestation [5].
The most common presenting signs are the following: headache, seizures, depressed level of
consciousness, lethargy, nausea, and vomiting, visual impairment, papilledema, hemiparesis,
ataxia, cranial nerve palsies (VI), and acute psychiatric symptoms. Moreover, neonates may

develop respiratory failure and jittery movements [3, 5].

A high index of suspicion in the acute phase of the disease is necessary for early
confirmation of the CVST diagnosis. Unenhanced computed tomography (CT) is usually the
first imaging investigation performed given the nonspecific clinical presentation, with a
hyperdense thrombus in the occluded sinus being a typical, yet sometimes subtle imaging
finding. Accompanying signs of venous infarction, hemorrhage or cerebral edema are not
uncommon. CT venography (CTV) may confirm the diagnosis by revealing a filling defect in
the place of occlusion. It is not recommended to perform routine contrast-enhanced CT as it

can miss the diagnosis in up to 40% of patients with CVST.
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Magnetic resonance imaging (MRI) and magnetic resonance venography (MRV) can
be a suitable alternative for CTV, especially concerning the children population, in which

reducing radiation exposure is of particular significance [7].

In the treatment of cerebral venous sinus thrombosis, the most important is supportive
care, rehydration, and in the case of infection, causal therapy. The most commonly used
drugs are low molecular weight heparins (LMWH) and vitamin K antagonists (VKA) under
INR control. Thrombolysis, thrombectomy, and surgical decompression are used in seriously

ill patients, usually in a coma and with extensive thrombosis [3].
Case report

A 7-year-old boy was referred from a local hospital and admitted to the Department
of Pediatric Endocrinology and Diabetology due to newly diagnosed diabetes mellitus. In
medical history for 4 days, the child has been presenting the symptoms such as polydipsia,
polyuria, nocturia, and weakness. For 2 days he has been vomiting 3-4 times per day and
therefore the boy was initially admitted to the local hospital. On the basis of the laboratory
tests (Table 1), diabetes mellitus was diagnosed and it was decided to transfer the child to the
Department of Pediatric Endocrinology and Diabetology. Additionally, a week before the

hospitalization, the patient had been treated for otitis media.

Tab. 1. Laboratory results of the patient in local hospital

Parameters Diagnosis
Glycemia [mg/dl] 1650,5 (1)
pH 7,212 (1)
Base excess (BE) [mEq/1] -17,4 ())
Na* [mmol/1] 149,70 (1)
K* [mmol/1] 5,97 (1)
C- reactive protein (CRP) [mg/1] 6,06 (1)
Urea [mg/dl] 56,50 (1)
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On admission, the boy was in average general condition, sleepy with Kussmaul
breathing. Physically he had tachypnoea 32/min, tachycardia 140/min, dry oral mucosa, and
balanitis. Laboratory tests were performed repeatedly (Table 2) and based on the results,
immediate intensive intravenous fluid and insulin therapy was implemented. Meanwhile,
PCR for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by oropharyngeal

swab was done with a negative result.

Tab. 2. Laboratory results of the patient on admission to the Department of Pediatric

Diabetology and Endocrinology

Parameters Diagnosis
pH 7,168 (1)
Base excess (BE) [mEq/1] -21,70 ()
Na' [mmol/1] 159 (1)
K* [mmol/1] 4,69 (N)
Glycated hemoglobin (HbA1c) [%] 12,84 (1)
Urea [mg/dl] 56,50 (1)
Creatinine [mg/dl] 1,02 (1)
Fructosamine [pumol/1] 908,0 (1)

On the first day of treatment the boy was sleepy, apathetic, vomited twice.
Neurological examination revealed decreased muscle tone in the upper and lower limbs,
positive Kernig's sign, and Brudzinski's neck sign. In the follow-up examination, a tendency
for hypernatremia was observed (Na+ - 163 mmol/l). Because of suspected cerebral edema, a
non-contrast head CT was performed, which showed a hyperdensity in the posterior part of
the superior sagittal sinus, in the vein of Galen, left transverse sinus and in the distal parietal

veins (Figure 1). The lesions raised suspicion of cerebral venous thrombosis.
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Fig. 1. Non-contrast computed tomography on the first day of treatment showing hyperdense

great cerebral vein, superior sagittal sinus and left transverse sinus.

In the coagulation system, there were decreased activated partial thromboplastin time
(APTT) — 18,3 s and elevated d-dimers level — 26 612 ng/l. After consultation with the
transfusiologist 0,4 ml fraxiparin twice a day was ordered. During the next 3 days of
hospitalization, the boy required intravenous hydration due to lack of appetite, had headaches,
subfebrile condition, and vomited several times. On an urgent procedure, a contrast-enhanced
MRI (Figure 2) and MRV in time-of-flight technique (Figure 3) were performed, which
demonstrated a massive venous thrombosis of the superior sagittal sinus and left transverse
sinus. There were also thrombotic lesions in the parietal veins and the cerebellar veins

between the vein of Gallen and straight sinus.

Fig. 2. Contrast-enhanced magnetic resonance imaging revealing filling defects at the sites of

occlusion — left transverse sinus and superior sagittal sinus.
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Fig. 3. Time-of-flight magnetic resonance venography showing a lack of flow in the occluded

venous sinuses.

Based on neurological and neurosurgical consultation, the boy's condition did not
qualify for endovascular or surgical treatment. The treatment was changed to neoparin 0.3 ml
twice a day. Periodic headaches continued, but of lesser severity. The boy's condition
improved and the results of coagulation tests were within the reference ranges. During
hospitalization, hemostasis was repeatedly monitored, and low molecular weight heparin
therapy was continued under the control of anti-Xa level. A follow-up MR scan of the head
was scheduled. The parents along with the patient were trained to follow a diabetic diet based
on a carbohydrate exchanges diet, taking blood glucose measurements, and administering
insulin subcutaneously. Because of the difficulty in adaptation to the diagnosis,
hospitalization, and treatment process, the patient remained under the care of a psychologist.

After two weeks of hospitalization, the boy was discharged home in a good condition.

One month later a follow-up contrast-enhanced MRI and MRV scans were performed

(Figure 4) proving regression of thrombotic lesions.
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Fig.4. Follow-up MRI and MRV time-of-flight scans showing recanalization of venous

sinuses.

Discussion

Although cerebral venous sinus thrombosis is uncommon, it is considered a severe
problem because of the potential for associated fatality in children. Wasay et al in 2008
reported that the mortality rate among 70 patients amounted to 13% - 6 neonates and 3
children to 12 years. Factors that increase the risk of death include coma at presentation,
presence of intracranial hemorrhage and age less than 12 months [8]. Lower mortality was
found by Monagle and Newall (2018) of ~3%, with ~16% of children with CVST dying from
their underlying illness [9]. Of that group, 28% have parenchymal hemorrhage [10]. The
prevalence of CVST in children at the population level is very low, ranging from 7 to 14 per
1 million per year [9]. This incidence is an underestimate for several reasons: many clinicians
are unaware of the condition, some factors make the radiological diagnosis more difficult in
the neonate than in the adult, and above all, the clinical presentation is not specific [1]. A
pediatric multicenter study in the US showed that CVST affects predominantly children < 6
months old [11].

The disease occurs when at least one component of Virchow’s triad is activated: stasis
of blood flow, injury to the endothelial lining, and hypercoagulability of blood components.
More than 90% of pediatric CVST patients have > 1 risk factor [9]. Based on Philip Connor
et. al. (2020) study, commonly reported risk factors for CVST in childhood include birth
complications, infection of the head or neck, cancer, traumatic head injury and acquired or
inherited thrombophilia [12]. The frequency of discovered prothrombotic disorders, acquired
and congenital, can reach 50% of the population, often with presence of Factor V Leiden and

G20210A prothtrombin gene mutation as the most common hereditary disorders, and the
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antiphospholipid syndrome as the most common acquired disorder [1]. Recently SARS-CoV-
2 infection has been associated with a hypercoagulable state and potential thrombogenic risk.
It is believed that the viral infection triggers an inflammatory response from the endothelium,
resulting in its dysfunction and tissue factor expression, leading to massive coagulation
activation [13, 14]. Historically, CVST ranked second to meningitis in the preantibiotic areas
the most common fatal complication of acute otitis media (AOM) [15]. AOM is a popular
infection in children, its incidence is estimated at 256 cases per 1000. However, intracranial
complications can be seen in up to 3%, with an incidence rate of 0-2,7% of CVST observed
in some of the case series [16]. Acute emergencies can be also a cause of thrombosis in the
cerebral venous system. Sasiadek et al (2010) and Keyzer et al reported CVST as the first
clinical presentation of diabetic ketoacidosis, this condition in the course of diabetic
hyperglycemia seems to be extremely rare, because of the small number of reports of such
cases. In diabetic hyperglycemia/ketoacidosis, the diagnosis of cerebral venous thrombosis is
even more difficult, because neurologic symptoms are almost always referred as cerebral

edema, the most common neurologic complication in diabetic children [17, 18].

In neonates and older children with CVST, the use of anticoagulant therapy, with the
potential for intracranial hemorrhage, is more controversial because of the absence of clinical
trials and the infectious nature of CVST in many children [12]. According to Monagle et al
(2018) there are no anticoagulant drugs approved for use in children, with very little specific
research on children. Methods of treatment in children were applied from the practice and
recommendations of adults, despite the major differences between adults and children in the
epidemiology and pathophysiology of thrombosis, the physiology of the coagulation system,
and the impact of this on the pharmacology of antithrombotic agents [9]. Although, Dlamini
et al (2010) reported that in the case of cerebral venous sinus thrombosis with infectious
etiology many children receive parenteral antibiotic therapy, including second- or third-
generation of cephalosporins. The anticoagulation treatment in neonates and older children in
the acute setting includes parenteral unfractionated heparin, subcutaneous low molecular
weight heparin (LMWH), or oral warfarin. Anticoagulation should be carefully monitored,
with APTT for unfractionated heparin, anti-Xa for LMWH, or INR for warfarin, to achieve
adequate levels for efficacy while preventing overdosage, which may be a cause of

intracranial hemorrhage [3].
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Conclusions

In conclusion, cerebral venous thrombosis is a rare condition. It can be a complication
of both acute otitis media and severe uncompensated hyperglycemia. In the case of children
with non-specific neurological symptoms and with the risk factors for thrombosis such as
those presented by the patient, it is necessary to keep a special vigilance. Imaging studies
such as CT and MRI are invaluable in diagnostics of various pathologies of the nervous
system, because of their non-invasiveness, high sensitivity, and specificity. Early diagnosis
with management along with a plan for secondary prevention can save from catastrophic

consequences.
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