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a b s t r a c t 

A dural arteriovenous fistula (AVF) is a rare condition in a child and is not evident clini- 

cally. It is a type of an acquired cerebral vascular malformation that usually occurs after a 

thrombotic event of the cerebral venous sinuses. Dural AVF is not suspected clinically and is 

revealed through imaging done for evaluation of cranial symptoms. Therefore, it is essential 

to revisit the pathophysiology and the clinical situations leading to intracranial dural AVF. 

Equally crucial is identifying the imaging findings on computed tomography, or magnetic 

resonance imaging brain scans done as a preliminary work-up in these patients. However, 

for optimal management decision and prognostication of dural AVF, a digital subtraction 

angiography is essential. As the entire burden of establishing the diagnosis rests on the ra- 

diologists, we would like to present this rare case report highlighting both the clinical and 

imaging aspects and the management options available for dural AVFs. 

© 2021 Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Intracranial dural arteriovenous fistula (dAVF) is a type of cere-
bral vascular malformation with shunt formation between
meningeal arteries and venules in the wall of dural venous
sinus formed as a result of venous sinus thrombosis. Accord-
ing to the literature, dural AVFs usually present in adulthood.
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Presentation in childhood is rare. We report a case of a 7-year-
old boy who presented with a seizure, a history of occipital
pain, and a history of an asymmetrical increase in head size.
Magnetic resonance imaging (MRI) brain and selective digi-
tal subtraction angiography (DSA) of bilateral Internal Carotid
Artery (ICA), External Carotid Artery (ECA), and vertebral arter-
ies were suggestive of left transverse sinus/sigmoid sinus du-
ral AVF. The current computed tomography (CT) angiography
showed worsening of Cognard staging. We discuss the imag-
ashington. This is an open access article under the CC 
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Fig. 1 – Contrast-enhanced CT scan head of the patient at 7 years of age. (a) Axial NCCT head images show a lobulated 

hyperdense (68 HU) extra-axial lesion along the left occipital convexity (white arrow) with few calcific densities within 

(black arrow) and scalloping of the inner table of overlying calvarium. Intraventricular hemorrhage was noted. (b) Axial, 
coronal, and sagittal CT angiography images show intense contrast enhancement of the lesion which measured 

2.5 × 4.2 × 6.5 cm. A thin curvilinear area with calcifications on NCCT did not show enhancement s/o chronic partial 
venous sinus thrombosis. The left internal jugular vein was dilated (thin arrow). Feeders were seen along the left tentorium 

cerebelli (thick arrow). There was atrophy of the left occipital and left cerebellar hemisphere. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ing features of intracranial dural AVF in detail through this
case report with a review of the literature to revisit its patho-
physiology, clinical features, and management. 

Case report 

A 7-year-old boy presented to the emergency with complaints
of seizure and loss of consciousness. His vitals were stable.
On systemic examination, cardiomegaly was noted. Given the
seizure, the NCCT head was done, which showed a hyper-
dense extra-axial lesion in the posterior fossa in the trans-
verse sinus/sigmoid sinus region. Few calcific densities were
also noted within ( Fig. 1 a). 

CT angiography brain was performed subsequently. CT
scan showed that the lesion was vascular and showing contin-
uation with sagittal sinus at the confluence of sinuses ( Fig. 1 b).
Multiple enlarged tortuous vessels arising from left ECA, ICA,
and vertebral arteries were noted draining into the enlarged
vascular structure. Left ECA was diffusely enlarged. Multiple
enlarged cortical veins and subependymal veins were noted
in both cerebral hemispheres. Venous dilatations were noted
at various sites in these veins. 

On inquiry, the patient’s mother revealed a history consis-
tent with perinatal hypoxia. It was a full-term normal vagi-
nal delivery at home, and the baby did not cry for 5-7 minutes
after delivery. However, the postnatal period and early devel-
opment were normal according to the parents. The patient
had a history of left-sided occipital and neck pain and asym-
metrical enlargement of head circumference 4 years back, for
which CE-MRI brain was done at the time ( Fig. 2 a, b). Findings
were suggestive of dural AVF of the left transverse/sigmoid
sinus. 

Selective angiography of bilateral ICA, ECA, and vertebral
arteries was performed under general anesthesia post-MRI
brain. Enlarged dural arteries were seen supplying the mal-
formation ( Fig. 3 ). The patient withstood the procedure well.
Endovascular embolization therapy was advised but refused
by the parents due to personal reasons. 

In the present emergency admission, the patient was man-
aged with IV fluids, phenytoin, and other supportive care. In-
travenous phenytoin was administered slowly at a loading
dose of 20 mg/kg body weight over 20 minutes, followed by a 5
mg/kg/day maintenance dose. The hospital stay remained un-
eventful. The patient was shifted to the ward the next day and
discharged after 3 days in stable condition. The patient was
advised Tab Acetazolamide (Diamox) 1 tab orally once daily
for 7 days and to follow up in OPD after 1 week to review fur-
ther management. 

Discussion 

Intracranial dAVF is a type of cerebral vascular malforma-
tion with shunt formation between meningeal arteries and
venules in the dural venous sinus wall commonly formed as a
result of venous sinus thrombosis. They account for 10%-15%
of all intracranial vascular malformations [1] . Most dAVFs are
found in the posterior fossa, with transverse/sigmoid sinus
junction as the most common site. Caroticocavernous fistula
is also a type of dural AVF in which fistulous communication is
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Fig. 2 – Contrast-enhanced MRI brain of the patient at 3 years of age. (a) Axial FLAIR images show areas of abnormal signal 
intensities (white arrow) within dilated left transverse sinus, sigmoid sinus, and superior sagittal sinus. (b) On postcontrast 
images, partial patency of left transverse and sigmoid sinus is seen (black arrow). 

Fig. 3 – Selective DSA of bilateral ECA, ICA, and vertebral arteries of the patient performed at 3 years of age. Images show 

feeder vessels to the dural AVF from left ECA, vertebral artery, and ICA. The feeders were posterior meningeal, ascending 
pharyngeal, middle meningeal, left meningohypophyseal, and recurrent meningeal artery, and left Anterior Inferior 
Cerebellar Artery (AICA) branch of the basilar artery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

noted between ICA (commonly) or ECA or their branches and
cavernous sinus. 

Most dAVFs are found in adults with a peak age being 40-
60 years. They are rarely seen in the pediatric age group, ac-
counting for approximately 10% of all intracranial arteriove-
nous shunts in children, lower than the 10% to 20% estimated
for adults [2] . Only a few case reports of intracranial dAVF in
the pediatric population exist in the literature. The 2 largest
reported series in pediatric patients are 29 cases by Lasjau-
nias et al [3] and 11 cases by Garcia-Monaco et al [2] . Unlike
congenital intracranial arteriovenous malformations (AVMs),
dAVFs are usually acquired [1] . 

Two significant hypotheses explain the pathogenesis of
dAVFs. One is that the origin of dAVFs is from “dormant”
channels between the external carotid circulation and the ve-
nous pathways within the dura mater, which open in response
to venous hypertension. The second suggests that increased
intra-sinus and tissue hypoxia resulting from sinus thrombo-
sis causes stimulation of angiogenic factors and the develop-
ment of new vascular channels [4] . 

More than 40% of childhood cerebral venous sinus throm-
bosis occurs within the neonatal period, with an incidence
of 2.6 per 100,000 children per year reported in one series
[5] . The incidence of childhood cerebral venous thrombosis
varies between 0.4 and 0.7 per 100,000 children per year [ 6 ,7 ].
This is probably an underestimation of the true incidence
for several reasons. Often diagnosis may not be suspected
since children with cerebral venous sinus thrombosis, notably
neonates, commonly present with nonfocal neurologic signs,
and symptoms. The lack of evidence supporting anticoagula-
tion treatment may also be a contributing factor. 

There are several conditions associated with neonatal
cerebral venous thromboses such as meconium aspiration,
Apgar ≤ 7 at 5 minutes, intubation at birth, neonatal infec-
tions, chorioamnionitis, polycythemia, severe dehydration,
pneumonia, congenital heart disease, disseminated intravas-
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cular coagulation, congenital diaphragmatic hernia, and
maternal conditions like diabetes, hypertension [8] . In our
case, sinus thrombosis was the cause of dAVF. Perinatal
hypoxia (delayed onset of cry at 5-7 minutes) could have
been the cause of neonatal cerebral venous sinus thrombosis,
which was not detected. 

Clinical presentation and prognosis vary with location and
venous drainage. Uncomplicated dAVFs may present with
bruit, tinnitus, or headache, whereas advanced disease with
cortical venous reflux may present with seizures, focal neu-
rological deficits, and intracranial hemorrhage due to venous
hypertension. Among the pediatric age group, the most com-
mon presentation in infants is congestive heart failure, while
that in children above 1 year of age is neurological deficits [9] .
In our case, the patient complained of headaches and enlarged
head size at the age of 3 years and seizure episodes later on.
Cardiomegaly was also noted. 

One of the most widely used classification systems
for prognostication of dural AVFs is Cognard classification
[10] based on the correlation of clinical findings with various
angiographic features. Dural AVF is divided into 5 types (type
I to type V) depending on the location of the fistula, presence
of cortical venous drainage, the direction of blood flow, and
presence of venous ectasia. 

The natural history of dural AVF is variable and poorly
understood. Progression of a dAVF from low to high grade
does occur as in our case but is relatively uncommon [1] . The
patient’s recent CT angiography report is suggestive of Cog-
nard Grade 4 ( Fig. 1 a, b). Intraventricular hemorrhage was also
noted. On initial imaging 4 years back, it was Cognard grade
2A ( Fig. 2 a, b). No intracranial hemorrhage was seen then. 

The natural course of untreated cerebral dural arteriove-
nous fistulas depends upon the grade of the fistula. The low-
risk dural AVFs (Type I), that is, those draining antegradely into
venous sinus with no drainage or reflux into the cortical veins,
have a benign course, and some may spontaneously throm-
bose [11] . On the contrary, high-risk dural AVFs (type III to type
V) with leptomeningeal/cortical venous drainage have a sig-
nificant risk of hemorrhage and nonhemorrhagic neurological
deficit [11] , as was seen in our case. 

Findings on both CT and MRI are variable from little or none
to striking. The most common finding is thrombosis of the du-
ral venous sinus with adjacent dilated tortuous vessels and no
intervening nidus in the brain parenchyma. 

On CT, these may present as iso- or hyperdense corti-
cal tubular structures in the region of the involved dural ve-
nous sinus with striking enhancement on contrast-enhanced
CT/CT angiography. Subcortical curvilinear calcifications may
be seen in cases of chronic cortical venous reflux. Areas of ad-
jacent hypodensity may be seen as a result of chronic venous
congestion or infarction [12] . 

The advantage of CT angiography is rapid acquisition and
diagnosis, which is of particular importance in uncooperative
or restless patients. Bone removal techniques are available,
which provide better image quality. However, these bone re-
moval algorithms have some drawbacks: complexity of use,
operator dependence, high dose of radiation, difficulties in
the differentiation of arterial loops or infundibula from the
aneurysm, and the obscuring of an aneurysm in the cavernous
internal carotid artery [12] . Also, since dural AVFs are located
adjacent to skull bones, it may be challenging to produce a
good quality image sufficient to provide detailed information
regarding dAVF lesions’ anatomy. 

MR imaging features depend on the disease stage and in-
clude dilated tortuous flow voids in the cortical region with
prominent vascular enhancement. Dural sinus thrombosis
may be seen as abnormal signal intensity within the sinuses
and lack of normal flow void. White matter T2/FLAIR hyper-
intensities may be seen in late stages and are suggestive of
chronic venous ischemia. MRI has the advantage of better soft
tissue resolution with no interference from an adjacent skull
bone. Phase-contrast MRA may detect the direction of flow.
However, it cannot be performed in uncooperative patients or
those with pacemakers [13] . 

DSA is the “gold standard” imaging modality for assess-
ing sources of blood supply and pattern of venous drainage
of dAVFs, particularly the presence of reflux into the corti-
cal veins. However, DSA has a neurologic complication rate
of 0.07%-1.3%. Super-selective catheterization of bilateral ECA,
ICA, and vertebral arteries is done to complete the assess-
ment. Early filling of venous sinuses is noted supplied by dural
branches of these vessels. 

The risk of intracranial hemorrhage rises significantly with
cortical venous reflux and tortuous and dilated pial veins. 

The goal of the treatment of dAVFs is to prevent the oc-
currence of intracranial hemorrhage or neurological deficits.
The aim is to occlude the fistulous communication and arte-
rial feeders. The diseased venous sinus may have to be sacri-
ficed if it does not contribute to the brain’s venous drainage.
The treatment strategies currently available are – endovascu-
lar embolization, surgery, stereotactic radiosurgery, or a com-
bination of these. Endovascular embolization therapy is the
mainstay of treatment. In contrast, surgical resection of in-
volved dural sinus wall or stereotactic radiosurgery is reserved
for particular cases [9] . Patients with minimal or no symptoms
and dAVFs with no cortical venous reflux (Cognard Grade 1
and 2A) on angiography can be followed up and managed con-
servatively, for example, compression therapy of ipsilateral
carotid and occipital artery from contralateral hand 3 times
a day [14] . 

A complete understanding of the fistula’s anatomy and its
arterial and venous components is essential before endovas-
cular therapy because inappropriate embolization may result
in abnormal flow dynamics and a further increase in cortical
venous reflux. 

The approach can either be transarterial or transvenous.
Previously used embolization materials like detachable bal-
loons, polyvinyl alcohol, silk sutures, and microspheres have
been widely replaced by current embolic agents, including
n-butyl-2-cyanoacrylate (glue), Onyx, Squid, precipitating hy-
drophobic injectable liquid, detachable microcoils, and flow
diverters, such as the pipeline embolization device to treat
AVFs and inhibit fistula recanalization [14] . 

A transarterial approach is a preferred treatment for high-
grade dAVFs with direct cortical venous drainage (Cognard
grade III-V) or cases where a transvenous approach is not
possible. Advantages of transarterial embolization include de-
creased chance of flow redirection into an alternate venous
pathway, ability to save functional venous system, avoid-
ance of post-treatment de novo dAVF formation from venous
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hypertension, and decreased complications associated with
transvenous approaches, for example, abducens nerve palsy
from catheterization of the superior petrosal sinus [14] The
microcatheter must be placed as close as possible to the fis-
tula. Onyx has shown higher cure rates and less operator de-
pendency as compared to glue [14] . A significant complica-
tion of the transarterial approach is the retrograde filling of
glue/Onyx with proximal vascular occlusion and infarction. 

A transvenous approach is preferred when transarterial
access is dangerous. This could be due to the following rea-
sons: small tortuous arterial feeders, arterial supply of dAVF
by branches directly from the ICA or vertebral artery, or when
the feeder arteries are also nutrient arteries of cranial nerves.
Therefore, the transvenous approach is the first line of treat-
ment of an indirect CCF and Type I and II dAVFs of the hy-
poglossal canal [14] . The major complication of transvenous
approach is venous rupture, hemorrhage, and cerebral infarc-
tion. Moreover, following transvenous embolization, cerebral
venous drainage may be altered and result in intracranial hy-
pertension [14] . 

Surgery is usually reserved for cases in which endovascular
approaches have failed to cure the lesion completely. However,
surgery is preferred in a few locations, such as the anterior
cranial fossa and ethmoidal dAVF. Infection, hydrocephalus,
hemorrhage, cerebrospinal fluid leak, stroke, and cranial nerve
palsy are major surgery complications. Preoperative emboliza-
tion can be helpful to reduce surgical blood loss [14] . 

Stereotactic radiosurgery is the last salvage option for
the treatment of dural AVF when endovascular therapy and
surgery have failed. Endothelial cell damage and thrombosis
are suggested as the main mechanisms of dAVF occlusion by
radiation. The mechanism of dural AVH occlusion by radia-
tion is proposed to be endothelial cell damage and thrombo-
sis. This technique’s disadvantage is a long latent period of
several months before an obliterative effect is noted. Compli-
cations include cranial nerve palsy, brain edema, hemorrhage
during the latency period, and radiation effect [14] . 

Though a rare clinical entity, clinical suspicion, correct
imaging diagnosis, and assessment help select the patient’s
appropriate treatment option. 

Patient consent 

Patient consent has been obtained. 

Learning points 

Childhood dural AVFs are uncommon; most of them are ac-
quired during the neonatal period due to varied perinatal con-
ditions. 

Perinatal hypoxia may result in neonatal cerebral venous
thrombosis. 
Drainage of dural AVF by cortical venous reflux is a bad
prognostic marker with an increased risk of intracranial hem-
orrhage. 

R E F E R E N C E S  

[1] Hetts SW, Tsai T, Cooke DL, Amans MR, Settecase F, 
Moftakhar P. Progressive versus nonprogressive intracranial 
dural arteriovenous fistulas: characteristics and outcomes. 
AJNR Am J Neuroradiol 2015;36:1912–19. 
doi: 10.3174/ajnr.A4391 .

[2] Garcia-Monaco R, Rodesch G, Terbrugge K, Burrows P, 
Lasjaunias P. Multifocal dural arteriovenous shunts in 

children. Childs Nerv Syst 1991;7:425–31. 
doi: 10.1007/bf00263183 .

[3] Lasjaunias P, Magufis A, Goulao R, Suthipongchai S, 
Rodesch R, Alvarez H. Anatomoclinical aspects of dural 
arteriovenous shunts in children. Interv Neuroradiol 
1996;2:179–91. doi: 10.1177/159101999600200303 .

[4] Hetts SW, Moftakhar P, Maluste N, Fullerton HJ, Cooke DL, 
Amans MR, et al. Pediatric intracranial dural arteriovenous 
fistulas: age-related differences in clinical features, 
angioarchitecture, and treatment outcomes. J Neurosurg 
Pediatr 2016;18(5):511–654. doi: 10.3171/2016.5.PEDS15740 .

[5] Heller C, Heinecke A, Junker R. Cerebral venous thrombosis 
in children: a multifactorial origin. Circulation 

2003;108:1362–7. doi: 10.1161/01.cir.0000087598.05977.45 .
[6] DeVeber G, Andrew M, Adams C. Cerebral sinovenous 

thrombosis in children. N Engl J Med 2001;345:417–23. 
doi: 10.1056/NEJM200108093450604 .

[7] Lynch JK, Nelson KB. Epidemiology of perinatal stroke. Curr 
Opin Pediatr 2001;13:499–505. 
doi: 10.1097/00008480- 200112000- 00002 .

[8] Dlamini N, Billinghurst L, Kirkham FJ. Cerebral venous sinus 
(sinovenous) thrombosis in children. Neurosurg Clin N Am 

2010;21(3-5):511–27. doi: 10.1016/j.nec.2010.03.006 .
[9] Kincaid PK , Duckwiler GR , Gobin YP , Viñuela F . Dural 

arteriovenous fistula in children: endovascular treatment 
and outcomes in seven cases. AJNR Am J Neuroradiol 
2001;22:1217–25 .

[10] Cognard C, Gobin YP, Pierot L, Bailly AL, Houdart E, 
Casasco A, et al. Cerebral dural arteriovenous fistulas: 
clinical and angiographic correlation with a revised 

classification of venous drainage. Radiology 
1995;194(3):671–80. doi: 10.1148/radiology.194.3.7862961 .

[11] Gross BA, Albuquerque FC, McDougall CG, Jankowitz BT, 
Jadhav AP, Jovin TG, et al. A multi-institutional analysis of 
the untreated course of cerebral dural arteriovenous fistulas. 
J Neurosurg 2018;129:1114–19. doi: 10.3171/2017.6.JNS171090 .

[12] Lee CW, Huang A, Wang YH, Yang CY, Chen YF, Liu HM. 
Intracranial dural arteriovenous fistulas: diagnosis and 

evaluation with 64–detector row CT angiography. Radiology 
2010;256(1):219–28. doi: 10.1148/radiol.10091835 .

[13] Kwon BJ , Han MH , Kang HS , Chang KH . MR imaging findings 
of intracranial dural arteriovenous fistulas: relations with 

venous drainage patterns. AJNR Am J Neuroradiol 
2005;26(10):2500–7 .

[14] Baharvahdat H, Ooi YC, Kim WJ, Mowla A, Coon AL, Colby GP.
Updates in the management of cranial dural arteriovenous 
fistula. Stroke Vasc Neurol 2020;5. 
doi: 10.1136/svn- 2019- 000269 .

https://doi.org/10.3174/ajnr.A4391
https://doi.org/10.1007/bf00263183
https://doi.org/10.1177/159101999600200303
https://doi.org/10.3171/2016.5.PEDS15740
https://doi.org/10.1161/01.cir.0000087598.05977.45
https://doi.org/10.1056/NEJM200108093450604
https://doi.org/10.1097/00008480-200112000-00002
https://doi.org/10.1016/j.nec.2010.03.006
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0009
https://doi.org/10.1148/radiology.194.3.7862961
https://doi.org/10.3171/2017.6.JNS171090
https://doi.org/10.1148/radiol.10091835
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00029-7/sbref0013
https://doi.org/10.1136/svn-2019-000269

	Rare occurrence of dural arteriovenous fistula in a child: Multi-modality imaging and literature review
	 Introduction
	 Case report
	 Discussion
	 Patient consent
	 Learning points
	 References


