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ABSTRACT

Objective: Cerebral sinovenous thrombosis (CSVT) is increasingly recognized in children with advanced use of
neuroimaging techniques. In this study, we aimed to present clinical and radiologic features of CSVT in children.

Material and Methods: Children aged 1 month to 18 years old diagnosed with CSVT were retrospectively analyzed.
Demographic and clinical data of patients including age at diagnosis, sex, presenting symptoms and signs, risk factors
for thrombosis, treatment and prognosis were collected.

Results: Twelve children were included in the study, 8 of them were male. Headache (n=7), seizures (n=5) and visual
impairment (n=4) were the most common presenting symptoms. The superficial venous system was involved in all
patients, in five patients deep venous system was also involved. Parenchymal involvement was present in three patients.
Two children had isolated cortical vein thrombosis. All patients had underlying risk factors. Five children had recent
infections, six children were diagnosed with Behget’s disease, three with mastoiditis. High lipoprotein (a) level was found
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in two patients. One patient had a diagnosis of acute lymphoblastic leukemia and received I-asparaginase treatment. All patients were
treated with anticoagulants. One patient received tissue plasminogen activator, complicated with intracranial bleeding. Three patients with
parenchymal involvement had moderate to severe motor impairment. All patients presenting with seizure had parenchymal involvement
and followed up with epilepsy.

Conclusion: CSVT causes significant morbidity. Especially in older children presenting with CSVT, symptoms and signs of Behget'’s disease
should be questioned. Mastoiditis is still an important reason for CSVT in children.

Key Words: Intracranial, Magnetic resonance imaging, Sinus thrombosis, Risk factors, Treatment, Prognosis

0z
Amag: Serebral sinovendz tromboz (CSVT), ileri nérogdrintlleme yontemlerinin yaygin olarak kullaniimasi ile, ¢ocuklarda giderek daha
fazla taninmaktadir. Bu ¢alismada CSVT tanisi alan ¢cocuklarin klinik ve radyolojik bulgularini sunmayr amagladik.

Gerec ve Yontemler: Bir ay — 18 yas arasinda CSVT tanisi alan gocuklar retrospektif olarak analiz edildi. Demografik ¢zellikler ve tani
anindaki yas, cinsiyet, bagvuru semptom ve bulgulari, tromboz risk faktérleri, tedavi ve prognoza dair klinik veriler degerlendirildi.
Bulgular: Calismaya 12 ¢ocuk dahil edildi, 8'i erkekti. Bas agnsi (n=7), nébet (n=5) ve gérme bozuklugu (n=4) en sik gdrilen basvuru
semptomlarydi. TUm c¢ocuklarda ylzeyel vendz sistem tutulmustu, 5 hastada derin venoz sistem tutulumu vardi. Parenkimal tutulum
3 hastada izlendi. iki cocukta izole kortikal ven trombozu mevcuttu. Tim cocuklarda altta yatan risk faktérleri vardi. Bes hastada yakin
zamanda enfeksiyon 6ykUsU mevcuttu, 6 hastada Behget hastaligl, 3 hastada mastoidit, 2 hastada lipoprotein (a) ytksekligi mevcuttu.
Bir hastada akut lenfoblastik lenfoma tanisi vardl, I-asparajinaz ve steroid tedavileri aliyordu. Tum hastalar antikoagulan tedavi aldi. Doku
plazminojen aktivatort verilen bir hastada intrakraniyal kanama gelisti. Parenkimal tutulum olan 3 hastada orta-ileri motor bozukluk gelisti.
Nobetle basvuran tUm hastalarda parenkimal tutulum vardi ve hepsi epilepsi tanisi ile izieme alindi.

Sonug: CSVT énemli bir morbidite nedenidir. Ozellikle CSVT tanisi alan blylk cocuklarda Behget hastaligi semptom ve bulgular

sorgulanmalidir. Mastoidit gocuklarda CSVT’nin halen énemli nedenlerinden biridir.

Anahtar Sézciikler: intrakraniyal, Manyetik rezonans gériintiileme, Sinovendz tromboz, Risk faktéril, Tedavi, Prognoz

INTRODUCTION

Cerebral sinovenous thrombosis (CSVT) is rare relative to
arterial stroke in children, but with the widespread use of
radiologic facilities, it is increasingly recognized. The incidence
of pediatric CSVT is reported as 0.67 per 100.000 children per
year, with a higher incidence in neonates in Canada (1). In a
German cohort, the incidence of CSVT is reported as 2.6 per
100.000 in neonates compared with 0.35 per 100.000 in older
children (2). Symptoms and signs are diverse and non-specific;
late diagnosis may be associated with significant morbidity
and mortality (3). Neurologic presentations may be different
according to age, location and extent of thrombosis, and
accompanying parenchymal involvement (4). Local or systemic
infections, dehydration, malignancy, nephrotic syndrome,
drug toxicity, prothrombotic disorders, inflammatory diseases,
metabolic disorders have been described as risk factors for
CSVT (1,2,4,5). In this study, we aimed to analyze children
diagnosed with CSVT in our clinic, and emphasize different
clinical and radiologic presentations and risk factors of CSVT.

MATERIALS and METHODS

Twelve children aged 1 month to 18 years old diagnosed with
CSVT hospitalized in Umraniye Training and Research Hospital
during January 2017- December 2020 were retrospectively
analyzed. Neonates were not included. Diagnosis of CSVT was
confirmed by magnetic resonance imaging (MRI), and magnetic
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resonance venography (MRV). Demographic and clinical data of
patients including age at diagnosis, sex, presenting symptoms
and signs, risk factors for thrombosis, treatment and prognosis
were collected. The radiologic evaluation included thrombosis
site, parenchymal involvement. The location of thrombosis
was classified as superficial (including sagittal, transverse,
sigmoid, confluence sinuses and cortical veins) and deep
(straight sinus, internal cerebral vein, jugular vein, medullary
veins). All MRI studies were obtained with a 1.5 Tesla MRI
(Siemens Magnetom Aera Healthcare); and included T1 and
T2-weighted, fluid-attenuated inversion recovery, T2 gradient
echo imaging, diffusion-weighted imaging, apparent diffusion
coefficient maps, T2-hemogradient and 2D time-of-flight MR
venography. We added contrast-enhanced T1-weighted
imaging, contrast-enhanced MR venography and susceptibility-
weighted images when necessary. All patients underwent the
following investigations: Complete blood count, C-reactive
protein, sedimentation, protein C, protein S, fibrinogen level,
anti-thrombin Il level, factor VIII, factor IX, activated protein
C resistance, prothrombin time, activated thromboplastin
time, anti-cardiolipin factors, homocysteine levels; and for
genetic investigations, factor V Leiden, factor I G20210A,
and methyltetrahydrofolate reductase (MTHFR) were studied.
Additional rheumatologic tests including antinuclear antibody,
extractable nuclear antigen panel, and pathergy tests were
performed when necessary. Cerebrospinal fluid pressure (CSF)
was measured in patients with clinical findings of increased
intracranial pressure if there are no contraindications for lumbar
puncture. University of Health Sciences Umraniye Training and



Research Hospital Clinical Researches Ethical Board approved
the study (17/04/2019-8336).

RESULTS

Twelve children [4 girls (33%), 8 boys (67%], median age
10 years, age range 2 months to 17 years) with CSVT were
included in the study. The clinical and radiologic findings of
patients are summarized in table I.

Three patients (25%) had hyper-acute onset presenting in hours,
six patients (50%) had acute onset, presenting in days. Two
patients (17%) had subacute onset presenting in 1-2 months.
One of them (patient-5) had paroxysmal dysesthesia and
dysphasia; which were evaluated as focal non-motor seizures
with sensorial and cognitive elements. The seizure semiology
was compatible with the cortical lesion secondary to cortical
vein thrombosis. Another patient (patient-7) had a history of
headache for two months, diplopia for two days. After diplopia,
he was evaluated by an ophthalmologist and papilledema
was detected. One patient (patient-8) was asymptomatic for
CSVT, her cranial MRI was performed after a prolonged seizure
and sigmoid vein thrombosis was found incidentally. She had
mild cognitive impairment and copy number variation. Three
patients with hyper-acute onset (patient-1, patient-4, and
patient-11) had brain edema, parenchymal hemorrhage with
mass effect and midline shift, and presented with a decreased
level of consciousness. Eight patients (67%) presented with
increased intracranial pressure symptoms; headache and
papilledema were present in six, abducens palsy was present
in two of them. The headache pattern was progressive in all
patients. CSF opening pressure was measured in four patients
with increased intracranial pressure symptoms and/or signs
and was found to be 22-68 cm-H,0 (Table I). In three patients,
lumbar puncture was not performed because of the mass
effect due to intracranial hemorrhage. One patient (patient-10)
was receiving antibiotics for mastoiditis and LMWH. When he
presented to our clinic, there was no papilledema and visual
field testing was normal; for this reason, lumbar puncture was
not performed. Seizures were present in five patients (42%),
two of them with cortical vein thrombosis presented with focal
aware seizures, all had parenchymal involvement. Two patients
(17%) were febrile at presentation.

Both superficial and deep venous system were involved in 5
patients (42%); only superficial venous system was involved in
7 (68%) patients. Sinuses involved were transverse sinus (N=7,
58%) sigmoid sinus (n=7, 58%), superior sagittal sinus (N=6,
50%). Isolated cortical vein thrombosis (ICVT) was present in
two patients (17%) (Figure 1). Parenchymal involvement and
accompanying hemorrhagic lesions were present in five (42%)
patients (figure 2 and 3). Figure 4 shows patient 7 and patient
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12 with BD and diffuse CSVT. Extracranial venous thrombosis
was present in one patient (patient-4): thrombosis was present
in the right brachial, right subclavian and left femoral veins.

Risk factors for CSVT were dehydration and diarrhea in one
patient (patient 1, 54-day-old infant); mastoiditis in three patients,
Behcet'’s disease (BD) in six patients (three of them diagnosed
with BD after diagnosis of CSVT), elevated ‘lipoprotein @’ in two
patients, head&neck surgery (adenotonsillectomy) history in
one patient, acute lymphoblastic leukemia and |-asparaginase
treatment in one patient. MTHFR A1298C, MTHFR C677T
heterozygous mutations were found in patient 1, 4 and 6; F V
Leiden G1691 heterozygous mutation was also found in patient
1 and 6.

Patient-1 and patient-11, received intravenous unfractionated
heparin infusion, because of the existing hemorrhagic lesion
and for close monitoring of anticoagulation in case for quick
reversal. Patient-4 received tissue plasminogen activator (tPA)
in another hospital pediatric intensive care unit, because of
rapid clinical deterioration, but after intracranial hemorrhage
developed, tPA was stopped. Transition to LMWH occurred after
the acute stage in patient 1, 4 and 11. Patient 1 and patient 4
needed surgical intervention for increased intracranial pressure.
A ventriculo-peritoneal shunt was inserted in patient-1, and
decompressive craniectomy was performed in patient-4. Al
other patients used LMWH at diagnosis. All patients received
a treatment dose of LMWH till recanalization, and then a
prophylactic dose for 6 months. Three patients with CSVT
secondary to mastoiditis had increased CSF pressure, and
received antibiotics and acetazolamide and/or topiramate. Five
patients (42%) presenting with seizures received antiepileptic
treatment. They allhad parenchymal involvement, and continued
antiepileptic treatment with a diagnosis of epilepsy. Patient 7, 9,
10, 12 with a diagnosis of BS before CSVT diagnosis, received
pulse steroids and cyclophosphamide for acute exacerbation
of the disease. Patient 4 and 5 were diagnosed as BD after
CSVT, and colchicine therapy was started.

Follow-up ranged from 12 months to 24 months (median 18.5
months). Two patients (patient 1 and 4) with acute presentation
had a severe motor and cognitive impairment. Patient-1 was
two-years-old at the last follow-up. He had left hemiplegia, was
unable to stand without support, he had no meaningful word.
He was on phenobarbital and levetiracetam therapy. Patient-4
was 12 years old at the last-follow-up, she was hemiplegic and
non-ambulatory. Two patients with ICVT who presented with
recurrent seizures are followed with symptomatic epilepsy, but
seizures were controlled within one to three weeks. In three
patients presenting with headache, diplopia, papilledema;
symptoms and signs resolved after medical treatment. There
was no relapse in CSVT during the follow-up.
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Figure 1: Patient 1 (A-C), 4 (d-f) and 11 (G-lI) with hyperacute presentation due to
)| intraparenchymal hemorrhage with mass effect. Patient 1, axial T1 weighted image (A)

at presentation shows edema and hemorrhagic signals at the basal ganglion level and
periventricular white matter secondary to sinovenous thrombosis; MR venography image
(B) shows vascular filling defect in inferior sagittal sinus, internal cerebral veins, Galen vein,
straight sinus and torcular herophili. Axial T1 weighted image (C) shows one year after initial
presentation chronic atrophic sequel changes. Patient 4, axial fluid attenuated image (D) shows
brain edema and hemorrhagic signals secondary to venous thrombosis. MR venography
shows filling defect in superior sagittal sinus and right transverse sinus, number and calibration
cortical veins are increased at the right side with respect to left side. Three months after initial
presentation axial fluid attenuated image shows sequel encephalomalacic changes. Patient
11, axial susceptibility weighted image (G) at initial presentation shows hemorrhagic hypo-
intense signals bilaterally more prominent in the right frontal lobe. MR venography shows
decreased signal in the superior sagittal sinus due to thrombosis, and increase in number and
calibration cortical veins. Four month after presentation, axial fluid attenuated image shows
encephalomacic changes.

Figure 2: Patient 5 (A-C) and 6 (D-F) with cortical vein thrombosis. Axial hemogradient (A) and
T2-weightes sequences show hemorrhagic focus in the centre of the lesion at the left parietal
cortical and subcortical area. MR venography (C) shows trolard vein thrombosis; blue arrow
indicates normal trolard vein in the right hemisphere, in the left side trolard vein is not seen
due to thrombosis. Patient 6, diffusion weighted sequence (D) shows diffusion restriction in
the subcortical area of left parietal lobe, 3 days after presentation T2 weighted axial sequence
(E) shows edema and cortical-subcotical blurring at the same location. MR venography (F)
3-D image shows filling defect on the distal part of the left trolard vein due to thrombosis
(arrowhead), normal vascular filling of trolard vein is seen on the right side (arrow).

Figure 3: MR venography of patient 2 and 3 with sinus vein thrombosis
secondary to mastoiditis. Patient 2, left sigmoid sinus thrombosis at
initial presentation (A), and recanalisation after 5 months (B). Patient
3, left transverse sinus thrombosis at initial presentation (C), and
recanalisation after 4 months (D).

DISCUSSION

In this study, we analyzed clinical and radiologic findings of
children with a diagnosis of CSVT in a single center. Male
predominance was seen in our study, similar to previous studies
(1,5,6). The clinical manifestations of CSVT are non-specific,
it may be underdiagnosed, or diagnosis may be delayed
especially in patients with chronic symptoms. In our cohort;
headache, seizures and visual impairment were the most
common findings. One patient with mild cognitive impairment
was asymptomatic. She had a history of adenotonsillectomy

Figure 4: MR venography of patient 7 (A) and 12 (B) with Behget’s
disease. Absence of flow due to diffuse cerebral sinovenous
thrombosis, and compensatory increase in number and calibration of
superficial cortical veins are seen in this figure.

procedure, which may be the reason for CSVT. Her symptoms
may overlap with postoperative symptoms, or she may not
be expressing her symptoms well. Two patients with ICVT
had focal seizures related to parenchymal involvement; one
of them with a focal non-motor seizure had a late diagnosis
since paroxysmal sensorial and cognitive symptoms were not
perceived as an urgent neurologic complaint by the parents.
Most patients had symptoms and signs of increased intracranial
pressure; headache was present in more then half of patients.
In three large pediatric series, headache was present in 32.6-
68%, seizures were present in 37.9-48%, cranial nerve palsies
9.5-33% of children with CSVT (1,2,5).
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MRI and contrast-enhanced MR venography are choices
of imaging for diagnosis and follow-up of CSVT patients (7).
Computerized tomography (CT) can be used in acute care
management, though it has a lower sensitivity for CSVT (1).
Findings in CSVT include; lack of blood flow in cerebral veins
with or without parenchymal infarcts, thrombosis can be seen
in on MRI in the subacute phase. T2-weighted gradient-echo
sequences are very sensitive to paramagnetic products of
hemoglobin. Diffusion-weighted imaging, apparent diffusion
coefficient maps and,T2-weighted gradient-echo sequences
are useful for thrombus imaging (1,5,8).

In our study, multiple sinus involvement was present in most of
the children, and 41.7% had associated parenchymal infarct.
Our findings were similar to previous studies; around half of
infants and children had multiple sinuses and/or veins involved
and 38.5-41% had associated parenchymal infarcts (1,7).

ICVT is rare and usually reported as case reports or small
series. Diagnosis may be even difficult with neuroimaging, due
to variation in cortical veins, and difficulty to identify occluded
small cortical veins (8). T2-weighted gradient-echo sequence,
magnetic susceptibility effect of hemoglobin products within
the thrombus is an important diagnostic marker (8). In a
pediatric study, by Ritchey et al. (9), seizures, altered mental
status, parenchymal hemorrhage and restricted diffusion
were more commonly seen then in CSVT other than cortical
vein thrombosis. Similarly, in our study, two patients with ICVT
presented with seizures; they had a parenchymal hemorrhage,
and diffusion restriction and magnetic susceptibility effect was
detected on T2-weighted gradient-echo images.

In our cohort, risk factors were present in all children.
Mastoiditis is a rare complication of otitis media in children with
declining incidence due to widespread use of antibiotic drugs.
However, it still an important cause of CSVT in children (1,10).
In a study of 42 children with CSVT by Sebire et al. (5), 47%
had mastoiditis. Two of three of our patients with mastoiditis
presented with increased intracranial hypertension findings;
abducens palsy and grade 4 papilledema were present in
both of them. Although papilledema resolved in months; no
neurologic or visual sequels occurred.

BD is a chronic inflammatory disease that can affect any type
and size of the vessel, particularly the veins, and manifests
with recurrent oral and/or genital ulcers, accompanied by
the involvement of skin, eyes, and joints, as well as the
gastrointestinal and central nervous systems. It has a higher
prevalence along the Silkk Route (highest in Turkey, then Iran,
Japan and Korea). Neurological involvement is seen in 3.6%—
36% of pediatric patients (11-13)

Parenchymal lesions are distributed in the brain stem, spinal
cord, basal ganglia, and cerebral white matter, and they
lead to the clinical picture of the Neuro-BD (14). CSVT and
pseudotumor cerebri are related to the non-parenchymal
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vascular form. Parenchymal lesions are more common in
adults, whereas nonparenchymal lesions are more common in
children and have a better prognosis (11).

In a retrospective study by Unver et al. (15); 3 out of 11 CSVT
patients were diagnosed with BD. Demir et al. (16), evaluated
12 children with CSVT and BD; half of them presented with
CSVT and diagnosed with BD after neurologic involvement.
Subacute presentation is common in BD, with severe headache
progressing in weeks (11). Treatment of CSVT in BD consists
of high dose steroids since the pathogenesis is thought to be
due to endothelial inflammation (17). The use of anti-coagulant
agents is controversial, because patients with BD may also
have pulmonary or other aneurysms, associated with an
increased risk of bleeding (18). However, in recent studies,
no increased risk of bleeding was reported in patients who
received anticoagulation (16,19). Although our study presents
a small series, six patients were diagnosed with BD; three of
them had diagnosis after presentation with CSVT. Four of them
were referred to our hospital for rheumatologic evaluation. Al
received immunosuppressive treatment and anticoagulation.
One patient received t-PA, in another center, for the mass
effect of CSVT and parenchymal edema, and it was stopped
after intracranial hemorrhage. There were no complications
in the other five patients. BD symptoms and signs should be
evaluated in adolescents presenting with CSVT.

All patients were screened for prothrombotic disorders. Two
of them had increased lipoprotein a level, and one received
prothrombotic agent; |-asparaginase. In a large cohort with a
control group by Heller et al. (2), increased lipoprotein (a) was
found to be the most important independent prothrombotic risk
factor in pediatric patients with CSVT, followed by protein C
deficiency.

In our cohort, mortality was not observed, but moderate to
severe neurologic impairment was seen in three patients. None
of the patients without parenchymal involvement had neurologic
deficit secondary to CSVT. Instead of location or number of
sinuses involved; parenchymal involvement was more related
neurologic outcome; including epilepsy and motor impairment
in our cohort. In the study by deVeber et al. (1), the adverse
neurologic outcome was related with seizures at presentation
and the presence of hemorrhagic or non-hemorrhagic infarcts.
Sebire et al. (5), reported that good cognitive outcome was
related with older age, lack of parenchymal abnormality and
anticoagulation.

CONCLUSION

CSVT is a rare disorder, diagnosis may be missed or delayed
due to non-specific presentation. In this small cohort we
presented children with different clinic and radiologic features.
Mastoiditis and BD are important causes of CSVT in children.
BD symptoms and signs should be questioned in children
with CSVT and CSVT should be suspected in children with



headache and a diagnosis of BD. Motor deficits and epilepsy
were more common in patients with parenchymal involvement.
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