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Abstract

Cerebral Venous Sinus Thrombosis (CVST/CSVT) is occlusion of cerebral
veins and venous sinuses of brain secondary to blood clot formation resulting
in hindrance in the blood drainage system in brain, leading to disturbances
the internal homeostasis of brain, raised intracranial pressure, cerebral ede-
ma, and 50% of cases will have venous infarction or venous hemorrhage
(stroke). CVST although being a Rare disorder but may be more common in
children than adults with greater risk in neonatal period Ze. first 28 days of
life. Here we are discussing a case of Pediatric CVST in a 7-month-old baby
boy who presented to Emergency Room (ER) with recurrent discrete episodes
of vomiting, fever, seizures, drowsiness and respiratory distress. The fatal
outcome in our child was attributed to delayed presentation in a tertiary care
center, hence missed early diagnosis and treatment. In this child the CVST
could be result of amalgamation of complex underlying ongoing multiple pa-
thological processes: an acute systemic illness like sepsis, severe dehydration,
undiagnosed and untreated complex congenital heart disease, tetralogy of fallot
with osteum secondum atrial septal defect, worsening the coagulopathy. It
takes this case even more unique. This discussion is to bring focus on the
importance of knowledge about CVST amongst emergency physicians and
primary care physicians, specially managing this rare disorder with flummox
presentation mimicking other more common disorders, especially in pedia-
tric and neonatal population where definitive history and chief complaints
are often vague and difficult to obtain, making it more difficult to diagnose.
We the authors hence reporting this case with intent to spread awareness of
CVST, how to doubt it, detect it and then manage it, especially in places like
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Chbhattisgarh, India, where CVST is not so uncommon. We believe early di-
agnosis, early presentation to tertiary care center with aggressive early treat-
ment can significantly reduce the mortality. Should the parents brought the
baby early to any tertiary care center owing to his complex deteriorating symp-
toms like high grade fever progressed to drowsiness and seizure episodes, could
there be a different outcome for this child as well as his parents.

Keywords

Cerebral Venous Sinus Thrombosis (CVST), Pediatric CVST, Tetralogy of
Fallot (TOF), Osteum Secondum Atrial Septal Defect (OS ASD)

1. Introduction

Cerebral Venus Sinus Thrombosis (CVST) is a presence of blood clot in the dur-
al venous sinuses which drains blood from the brain, the cerebral veins or both.
The clot keeps the blood from draining out of the brain and as a result of which
pressure builds up inside the blood vessels and this can lead to disruption of in-
ternal homeostasis of brain, resulting in raised intracranial pressure, cerebral
edema, and in almost 50% of cases it ultimately advances to venous infarction or
venous hemorrhage (stroke). A stroke is characterized as a disruption of cerebral
vessels, and classified into two major categories: 1) hemorrhage, and 2) ischemic.
Ischemic strokes are far more common, and caused by an obstruction within the
blood vessels preventing blood flow to the brain. What differentiates a perinatal
stroke from other types of stoke is timing. Perinatal strokes can occur while the
baby is in the uterus, during delivery, or within weeks after birth. Cerebral ven-
ous thrombosis is a rare stroke presentation in general population affecting all
individuals including pediatrics and neonates [1]. Cerebral venous sinus throm-
bosis is more common in pediatric age group than in adults and neonates are at
highest risk [2].

One can often wonder can babies have stroke? General assumption is stroke
can only happened in adults. Unfortunately, stroke is quite common among ba-
bies, occurring in 1 in every 4000 babies. This rate is similar to one seen for large
artery stroke in adults even though the symptoms and causes are markedly dif-
ferent.

The incidence of CVST in neonates is 0.6 - 15 per 100,000 newborns per year,
which is higher than the incidence in the childhood period (0.67 per 10,000 child-
ren per year) [3]. Although data are limited the incidence is considerably higher in
preterm than term infants, highest during neonatal period accounting to 30% -
50% of cases, more common in males accounting for 60% of cases [4] [5].

Causes are diverse and are highly age dependent so as the presenting features.
Acute systemic illness is the dominant risk factor among newborns. In child-
hood CVST, acute infections of the head and neck such as mastoiditis are most

common, followed by chronic underlying diseases like nephrotic syndrome, can-
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cer, and inflammatory bowel disease. Presentation of CVST in a child is has a
vary variable. Signs/symptoms of depressed mental status: drowsiness/lethargy/
irritability, raised intracranial pressure ie. headache, recurrent/projectile vomit-
ing, seizures etc. can be present. Seizures and altered mental status are the com-
monest manifestations in newborns. Headache, vomiting, and lethargy, some-
times with 6th nerve palsy, are the most common symptoms in children and ado-
lescents [6].

There is no large scale research for the treatment of CVST, its risk and benefits,
in pediatric population. The guideline to treat CVST in children is based on adult
studies. Treatment with anticoagulation, unfractionated heparin or low molecular
weight heparin (LMWH) is safe and may be beneficial for reducing mortality and

long-term morbidity, even in the presence of intracranial hemorrhage (ICH).

2. Case Presentation

2.1. Presentation in Emergency Department

Seven month old baby boy presentation to Emergency Room (ER) with com-
plaints of multiple episode of vomiting since last 7 days on his presentation to
ER along with high grade fever intermittent nature with abnormal body move-
ments and up rolling of his eyeballs suggestive of seizures and progressive drow-
siness since last 4 day and severe respiratory distress since 2 last days. The child
had an uncomplicated prenatal, antenatal and birth history followed by normal
growth and development.

He has been taken to community primary care physicians and then to various
other local hospitals over past 1 week, since he noticed to be not doing well, by
his parents. He has been treated with antipyretic, multiple antibiotics, antiepi-
leptic and oxygen therapy. Unfortunately none of the primary care physicians
treated the child in his initial presentation could thought about CVST. It leads to

further delay in diagnosing the conditions until he presented to our hospital.

2.2. Clinical Examination & Initial Management

On presentation his vital signs were: Blood pressure (Bp): 80/40mmHg, Heart
Rate (HR) 103/min, Respiratory Rate (RR): 36/min, Oxygen saturation (spo2)
70% on high concentration mask Temperature: 97.6 degree F, capillary Blood
Glucose: 70 mg/dl, delayed capillary refill time with central and peripheral cya-
nosis noted.

Central Nervous System: He was irritable and lethargic, pupils were bilaterally
(B/L) reactive to light.

Cardiovascular System: S1 and S2 audible with a murmur noted.

Respiratory system: B/L air entry in chest was diminished with significant in-
tercostal, subcostal in drawing of chest, nasal flaring noted.

Per abdomen: Soft, non-tender, bowel sound present and no organomegaly
noted.

12 lead ECG showed heart rate of 116 /min with ventricular bigeminy and ar-

DOI: 10.4236/0jem.2022.102010

113 Open Journal of Emergency Medicine


https://doi.org/10.4236/ojem.2022.102010

S. Banerjee et al.

terial blood gas suggested type one respiratory failure, metabolic acidosis.

In view of poor respiratory effort, patients was intubated and ventilated im-
mediately with a target to maintain SpO, > 94%, oxygen/FiO, was titrated accor-
dingly. He required inotropic support after invasive positive pressure ventila-
tion. Even after all supportive measures he failed to maintain saturation above
70% and remained haemodynamically unstable.

2.3. Further Investigation and Clinical Course

Blood investigations showed: hemoglobin (Hb): 10.45 gm/dl, total leukocyte count:
16,130/cumm, platelet count: 3.15 lakh/cumm, peripheral smear showing anisocy-
tosis, poikilocytosis, macrocytes, microcytes and presence of sickled red cells.

Ferritin 76.9 micrograms/L, serum iron 26.1 mcg/dl, serum total iron binding
capacity 246.2 mcg/dl. Sodium: 142 mEq/L, potassium: 5.6 mEq/L, renal func-
tion test was within normal limits. Prothrombin time: 108 seconds, INR: 8, APTT:
120 seconds.

One unit of fresh frozen plasma transfusion was done in view of deranged
coagulation profile. He was treated with other supportive measures: broad spec-
trum antibiotic, antiepileptic, throughout the stay in PICU our child remained
unstable, hypoxic, hypotensive and drowsy.

Being a tertiary care center we were privileged to do a MRI Brain with Veno-
gram which concluded: Severe dural venous with deep venous system thrombo-
sis with intracerebral hemorrhage. Extensive dural venous sinus thrombosis in-
volving entire superior sagittal sinus, straight sinus, vein of Galen, internal cere-
bral veins, possibly inferior sagittal sinus and left transverse sinus and cortical
veins, with resultant multiple large hemorrhagic venous infarct in bilateral basal
ganglia and thalami and bilateral cerebral hemisphere. In Figure 1 (from pa-
tient’s MR Venogram Brain) showing abset flow in B/L veins of Trolard, entire
sagittal sinus, left transverse sinus s/o venous sinus thrombosis. As shown in
Figure 2, gross hemorrhagic extension, intraventricular breakthrough in entire
ventricular system with mild hydrocephalas. Restricted diffusion involving bila-
teral basal ganglia and thalami, bilateral cerebral parenchyma (grey and white
matter, both), with edematous gyri and multifocal small areas of restricted diffu-
sion in brain stem and bilateral cerebral hemispheres s/o hypoxic brain injury.
Absence flow signal in entire cervical and intracranial portion of left internal
carotid artery s/o thrombosis, as shown in Figure 3.

2D ECHO was performed to evaluate persistent hypoxia in spite of invasive
ventilation which diagnosed Tetralogy of Fallot (TOF)/osteum secondum atrial
septal defect (ASD).

His high performance liquid chromatography (HPLC) result came back which
was s/o hemolytic anemia, reduced platelet with sickled RBCs.

Urgent Neurosurgery opinion was taken who suggested grave prognosis and
no surgical intervention. He was eventually developed cardiac arrest on 4th day
of his hospitalization. Despite of all resuscitative measures our baby could not be

revived and died.
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SUPERIOR SAGITTAL SINUS : ENTIRE

LEFT VEIN OF TROLARD

RIGHT VEIN

OF TROLARD

Figure 1. Mr venogram showing absent flow in B/L
veins of trolard, entire sagittal sinus, left transverse
sinus S/O venous sinus thrombosis.

MULTIPLE HEMORRHAGIC AREA B/L BASAL GANGLIA,
B/L THALAMI, BOTH CEREBRAL HEMISPHERES:
SECONDARY TO VENOUS INFARCTION
IN SUSCEPTIBILITY WEIGHTED IMAGING MRI

Figure 2. Multiple large hemorrhagic venous infarct in
B/L basal ganglia, B/L thalami, B/L cerebral hemisphere.

ABSENCE OF
FLOW IN LEFT

—— INTERNAL
CAROTID
ARTERY SIO
THROMBOSIST

Figure 3. Absent flow signal in left internal carotid artery
S/0O thrombosis.
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3. Discussion

A cerebral venous sinus thrombosis is the presence of blood clot in cerebral
venous system or in small cortical vein, causing cortical vein thrombosis. It leads
to complete or partial occlusion of the drainage of blood from brain and cerebral
veins to jugular veins in neck. Cerebral Venus sinus thrombosis is a rare disord-
er of childhood, often under diagnosed owing to its indistinct etiologies and
nonspecific presentations, widely diversified over different age groups. Neuro-
logical squeal reaching up to 40% of survivors and mortality approaching 10%.
DeVeber G et al in his study concluded that CVST in children affects primarily
neonates and results in neurological impairment or death in approximately half
the cases [5].

3.1. Anatomy and Pathophysiology

Cerebral venous system is composed of a network of cortical, medullary, and
deep veins which drain into dural venous sinuses. These comprise the superficial
dural sinuses (sagittal, transverse, and sigmoid) and the deep venous system
(straight sinus, vein of Galen) (see Figure 4).

The drainage systems of cerebral venous sinuses is depicted in Figure 5: In-
tracranial veins, unlike systemic veins do not follow their arterial counterparts,
thus differ in their drainage territory from the arteries. The intracranial venous
system has two major components, the dural venous sinuses and the cerebral

veins.
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Figure 4. Anatomy of cerebral venous sinus drainage system © sayani banerjee 2022.
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Figure 5. Flowchart depicting the venous drainage in the cerebral venous sinuses [7].

Dural Venous Sinuses: Endothelium-lined channels, contained between the
outer (periosteal) and inner (meningeal) dural layers. It is subdivided into an
antero-inferior group and a postero-superior group. The postero-superior group
is the more prominent, consisting of the superior sagittal sinus (SSS), inferior
sagittal sinus (ISS), straight sinus (SS), sinus confluence (torcula herophili), trans-
verse sinuses (TSs), sigmoid sinuses, and jugular bulbs. The antero-inferior group
consists of the cavernous sinus (CS), superior and inferior petrosal sinuses (SPSs,
IPSs), clival venous plexus (CVP), and sphenoparietal sinus (SphPS). Bilateral
cerebral hemispheres are drained via multiple cortical veins, few of them being
prominent and named. The vein of Trolard, vein of Labbé, and superficial mid-
dle cerebral veins vary in size, maintaining a reciprocal relationship with each
other. If one or two are dominant, the third anastomotic vein is usually hypop-
lastic or absent.

A venous clot leads to occlusion and impairment of drainage of cerebral veins.
The result is, increased venous pressure, diminished capillary blood flow, vaso-
genic edema, and infarction, usually hemorrhagic in nature. Thrombosis can be

diagnosed by imaging with or without parenchymal involvement.

3.2. Risk Factors

1) Maternal/Child factors: Primiparity, Multiple births, Gestational diabetes,
Pre-eclampsia, Preterm birth, Chorioamnionitis, Complicated delivery (vacuums,
forceps), meconium aspiration, intubation at birth, hypoxia, acidosis, and as-
phyxia, Acute systemic illness: sepsis and dehydration, acute respiratory failure,
hypoxia, Acute head and neck infections like meningitis, mastoiditis, sinusitis,
Congenital heart disease, ECMO: infants who require ECMO are at risk of CSVT
due to retrograde thrombosis following and occlusion of right jugular flow.

2) Prothrombotic factors: Abnormal levels of prothrombotic factors are found
in 10% - 20% of infants with CSVT but the abnormalities are usually minor and
occur in the context of other risk factors, recent studies investigating thrombo-
philia in neonatal CSVT do not predict recurrence [8] [9].

3) Other Factors: Male sex [10].

Risk factors vary in different age groups, they are multifactorial and high re-
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currence rate of CSVT noted in children than adults [3]. We, the authors, called
attention to our case, a 7 month of infant presented to us with life threatening,
complicated CVST, which could have be a rare squeal of complex congenital
cyanotic heart disease along with systemic serious illness, pneumonia, sepsis and
severe dehydration. Though exact cause could not be found as the child remained

critically ill and died before a detailed work up could be performed.

3.3. Diagnosis of CVST

Diagnosing CVST/secondary stroke in pediatric population remains challenging
like any other illness, as children usually unable to articulate, presentations are
mostly nonspecific, conspicuous, masked with the symptoms/signs of underly-
ing causative etiologies. Signs/symptoms of depressed mental status: drowsiness/
lethargy/irritability, raised intracranial pressure Ze headache, recurrent/projectile
vomiting, seizures etc. can be present. Additional features are of underlying on-
going pathologies, like meningism in meningitis, reduced urine output, delayed
capillary refill time, shrunken eyes, lost skin turgor in case of severe dehydra-
tion/shocked child etc.

In our case report, the child was brought to us at a very late stage of the dis-
ease. Parents wasted golden hours wondering in multiple primary care centers
and primary care physicians lacking expertise to suspect CVST in this child ow-
ing to its rarity and atypical presentations, shortage of tertiary care hospitals in
peripheries of state like one in this case. Only after development of grave com-
plications and when child’s advanced to impending respiratory arrest, was ulti-
mately referred to a tertiary care hospital, ie. to us, after 7 days. It is hence ap-
propriately said that time is brain, which we lost in this child. Hence this case
report is of great significance, to make primary & emergency care physicians
aware of CVST and pediatric stroke.

In this child multiple risk factors could lead to CVST as we the authors con-
cluded in the background of our findings including his underdiagnosed TOF
with os ASD. Tetralogy of Fallot (TOF) is a cardiac anomaly that refers to a
combination of four related heart defects that commonly occur together. The
four defects are:

1) Ventricular septal defect (VSD)—a hole between the right and left pumping
chambers of the heart.

2) Overriding aorta—the aortic valve is enlarged and appears to arise from
both the left and right ventricles instead of the left ventricle as in normal hearts.

3) Pulmonary stenosis—narrowing of the pulmonary valve and outflow tract
or area below the valve that creates an obstruction (blockage) of blood flow from
the right ventricle to the pulmonary artery.

4) Right ventricular hypertrophy—thickening of the muscular walls of the
right ventricle, which occurs because the right ventricle is pumping at high pres-
sure.

A small percentage of children with tetralogy of Fallot may also have addi-
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tional ventricular septal defects, an atrial septal defect (ASD) or abnormalities in
the branching pattern of their coronary arteries. Some patients with tetralogy of
Fallot have complete obstruction to flow from the right ventricle, or pulmonary
atresia. Tetralogy of Fallot may be associated with chromosomal abnormalities,
such as 22q11 deletion syndrome. An ostium secundum atrial septal defect is a
type of congenital heart defect called an atrial septal defect (ASD). An ASD is a
hole in the wall (septum) between the two upper chambers of the heart (the
atria). ASDs can be classified by location. An ostium secundum ASD is a hole in
the center of the atrial septum. Normally, the right side of the heart pumps oxy-
gen-poor blood to the lungs, while the left side pumps oxygen-rich blood to the
body. An ASD allows blood from both sides to mix, causing the heart to work
less efficiently. A patient with tetralogy of fallout (TOF) is susceptible to serious
complications and for this reason most children undergoes complete repair in
1st few months of life making it rare to present with complications, like CVST
and others rare ones. Cerebral thrombosis in TOF occurs due to extreme poly-
cythemia and dehydration. Our patients may had iron deficiency anemia with
hemoglobin and hematocrit level in normal range but too low in the presence of
a cyanotic heart disease. Congenital cardiac disease can lead to the formation of
a thrombus inside the heart, which can later throw clots as emboli into the peri-
pheral circulation; one study even suggested that congenital heart disease has a
role in increasing thrombogenicity [11] which we also suspected in this patient.
Ammash et al reported two cases of cerebrovascular embolism among eight pa-
tients diagnosed with TOF over a seven-year period. There are several factors
that increase risk of pathogenesis of thrombosis in patients with congenital heart
disease (CHD). For example, chronic acidosis increases fibrin deposition, sec-
ondary erythrocytosis, and hypoxia/hypoxemia-induced activation of the pro-
coagulant pathways, increasing tissue factor expression and impaired fibrinolysis
[12]. Adults with cyanotic CHD also have an increased red blood cell (RBC)
mass. This secondary erythrocytosis may increase blood viscosity, and it may
thereby reduce cerebral blood flow, which can predispose the patient to chronic
hypoxia, clot formations. Chronic hypoxemia will also activate neutrophils and
mononuclear cells that release vasoactive and chemotactic factors, resulting in
endothelial injury. Platelets and endothelial cells interact and activate platelets
and enhance intravascular thrombus formation by thrombin, which activates the
coagulation cascade. In addition, an impaired fibrinolytic system due to in-
creased plasminogen activator-1 levels can contribute to thrombogenicity and
not just blood turbulence; thus, all these factors should also be taken under con-
sideration for CVST and stroke in TOF patients [12].

Other reasons could be hot and humid climate, genetic predisposition to
hypercoagulable congenital disorders of the state, Chhattisgarh which makes
CVST more common than any other part of the country or globally. Here, in
Chhattisgarh CVST is not so rare after all.

He had h/o seizure which was an alarming sign in our patient with h/o mul-
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tiple visits to smaller clinic where early recognition and aggressive treatment
could have improved the outcome. Recognition of CVST would need high index
of suspicion as its symptom is easily confused with underlying disease. An early
visit to a tertiary care setup could have changed the outcome.

Identifying or suspecting the potentiality of CVST is the utmost important
step in diagnosis. It requires very high index of suspicion and awareness regard-
ing CVST among emergency physicians and primary care clinicians, and it can
only come with good knowledge regarding the diverse presentation, early signs
and symptoms of CVST. Time is brain. Delay in diagnosis is often fatal to the
child or causing lifelong debilitation. Primary/emergency physicians in a state
like Chhattisgarh should suspect CVST if neonates or children present triad of
with altered or depressed mental status, headache and vomiting, or seizures,
mainly in neonates with underlying chronic illness carrying risk for CVST, like:
nephrotic syndrome, hereditary hypercoagulable state, immunological disorders,
anemia, leukemia and congenital heart disease, like TOF as in our case of our
child. Primary care physician, would have suspect CVST in the first visit for this
child, it could have led to a favorable outcome for this child. Non contrast en-
hanced CT scan of brain (cord sign) is not very insensitive in identifying CVST,
contrast enhanced CT brain (empty delta sign) with CT and MR venography is
necessary in demonstrating filling defects in cerebral venous system and lastly
CT/MR brain angiography (corscrew appearance of veins) are mainstay diag-
nostics. Magnetic resonance imaging (MRI) and MR venography offer the most
detailed and sensitive means to assess the clot burden and extent of parenchymal
injury. CT offers the advantage of greater accessibility and speed of imaging.
Roland et al found that non-enhanced CT has a 73% sensitivity for correctly
identifying CSVT, with a very low rate of false positives, but involves exposure to
ionizing radiation and contrast, which is of particular concern in the pediatric
population. Once CVST diagnosis is established, or even in cases of high index
of suspicion clinically/radiological appearance, neurologist must be consulted at
the earliest possible and pediatrician or primary care physician needs to investi-
gate for underlying risk factors. In neonates with an open anterior fontanelle
Doppler imaging is also an alternative mode to diagnose and monitor of the
neonatal Sino Venus thrombosis. When the above studies do not clarify the di-

agnosis to, the gold standard would be intravenous Digital subtraction angio-
graphy [3] [13] [14].

3.4. Treatment of CVST

There is no large scale research for the treatment of CVST, its risk and benefits,
in pediatric population. The guideline to treat CVST in children is based on
adult studies. Treatment with anticoagulation, unfractionated heparin or low
molecular weight heparin (LMWH) is safe and may be beneficial for reducing
mortality and long-term morbidity, even in the presence of intracranial he-

morrhage (ICH). Duration of anticoagulation 3 - 6 months is a reasonable dura-
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tion of treatment for patients with provoked CSVT; 6 - 12 months for patients
with spontaneous unprovoked CSVT in the absence of a strong permanent
thrombophilia; lifelong for patients with a severe thrombophilia (severe genetic
deficiency of protein C or S or antithrombin III, homozygous prothrombin or
factor V Leiden mutation, antiphospholipid antibody syndrome).The use of fi-
brinolytic therapy or endovascular therapy may be life-saving in critically ill pa-
tients experiencing clinical deterioration despite treatment with anticoagulation
therapy. Addition of aspirin or steroids is not recommended due to an associa-
tion with higher rates of mortality and poor outcome [15]-[21]. Supportive treat-
ment with neuroprotection strategy: Control seizures, normalization of blood
sugar, BP, optimize ventilation and oxygenation, correct and prevent dehydra-
tion, treat sepsis and meningitis, avoid hypo and hyperthermia, early rehabilita-

tion.

4. Conclusion

This discussion is to bring focus on the importance of knowledge about CVST
amongst emergency physicians and primary care physicians, specially managing
this rare disorder with flummox presentation mimicking other more common
disorders, especially in pediatric and neonatal population where definitive history
and chief complaints are often vague and difficult to obtain, making it more dif-
ficult to diagnose. We the authors hence reporting this case with intent to spread
awareness of CSVT, how to doubt it, detect it and then manage it, especially in
places like Chhattisgarh, India, where CSVT is not so uncommon. We believe
early diagnosis, early presentation to tertiary care center with aggressive early

treatment can significantly reduce the mortality.
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