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Dural arteriovenous fistula of the 
torcular herophili presenting with 
hydrocephalus and venous congestion 
in an 8‑month‑old child: A case report
Dimitri T. K. Ndandja1, Gerald Musa1, Rossi E. C. Barrientos1, Matvey I. Livshitz2, 
Suzy N. J. Manko3, Gennady E. Chmutin1,2, Hovrin V. Dmitri4, Bupe M. Mwela5, 
Slabov V. Mihail4

Abstract:
Dural arteriovenous fistulas (DAVFs) are direct communication between the dural arterial and venous 
systems. They are more common in adults. In children, they are relatively rare. Hydrocephalus is a 
common problem in pediatrics with a variety of causes. However, very few cases of hydrocephalus 
as a complication of DAVF have been reported in the literature. This case describes an 8‑month‑old 
male child with a large DAVF at the torcular herophili who presented with regression of milestones and 
hydrocephalus. Magnetic resonance imaging (MRI) on admission showed triventricular hydrocephalus 
and a massively dilated torcular with a compressed fourth ventricle. Angiography confirmed the 
presence of a DAVF at the torcula with arterial feeders from the posterior circulation. Endovascular 
embolization was performed with >80% embolization of the fistula with no complications. Control MRI 
immediately postoperative was acceptable. No cerebrospinal fluid (CSF) diversion was performed. 
At a 3‑month follow‑up, the child had attained all developmental milestones for age. MRI showed 
normal CSF dynamics and a further reduction in the size of the torcula. Despite being rare, DAVFs 
should be considered as a possible cause of pediatric hydrocephalus, and treating them can lead to 
a resolution of the mechanisms inducing hydrocephalus. CSF shunting should be reserved for those 
cases with persistent hydrocephalus and raised intracranial pressure despite endovascular treatment.
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Introduction

Dural arteriovenous fistulas  (DAVFs) 
are direct communication between 

the dural arterial and venous systems, 
the meningeal veins, or the cortical veins. 
DAVFs are more frequent in adults and can 
occur in any part of the dura mater. They 
occur more frequently in the transverse, 
sigmoid, and cavernous sinuses. Although 
the etiology in some cases is idiopathic, its 
appearance is related to trauma, surgery, 

venous stenosis, or thrombosis of the 
dural sinuses. They represent 10%–15% 
of intracranial vascular malformations.
[1‑3] The appearance of DAVF in childhood 
is rare. There are several classification 
systems for DAVF, the most used are the 
Borden classification and the Cognard 
classification, both based on the flow pattern 
in the sinus.[3] Depending on the location of 
the fistula and the interruption of normal 
venous drainage, there will be changes in 
the blood and cerebrospinal fluid  (CSF) 
flow dynamics, giving rise to the symptoms 
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presented by the patient. Among the symptoms that may 
occur include pulsatile tinnitus, murmurs, macrocrania, 
headache, vision changes, alterations in mental status, 
bleeding or ischemic disorders, cranial nerve injury, and 
motor or sensory defects. However, hydrocephalus is not 
common.[1,2,4] Endovascular treatment is currently the 
most accepted option, although it can be complemented 
with surgery or radiosurgery in some cases. In all 
cases, the objective is to alleviate the symptoms.[4‑6] This 
report describes a rare case of DAVF at the confluence 
of the sinuses associated with hydrocephalus due to 
compression of the fourth ventricle by the gigantic fistula, 
as well as alterations in CSF absorption in the venous 
sinus, present in an 8‑month‑old patient.

Case Report

An 8‑month‑old boy was admitted to the pediatric 
neurosurgery department due to abnormal and 
disproportional head enlargement and an inability to 
support his head and sit. According to his mother, they 
noticed the problem from birth but thought it would 
eventually normalize. When there was no improvement, 
she consulted a neurologist. The occipital frontal 
circumference (OFC) of the head was 47 cm (>97th percentile) 
with the chest measuring 44 cm (slightly below the average 
for the age). On neurosonography (NSG), hydrocephalus 
was suspected, and the patient was referred to the pediatric 
neurosurgeons the next day.

On admission, he was conscious, with increased 
motor activity, and a large, level, mildly tense fontanel 
measuring 2 cm × 1.5 cm, with diastasis of the metopic 
sutures. Head circumference was 47.4  cm, with the 
rigidity of occipital muscles and bilateral Babinski reflex. 
NSG on admission showed signs of ventriculomegaly.

The electrocardiogram showed sinus arrhythmia, and 
episodic bradycardia, with features of atrial overload 
and increased electrical activity in the myocardium of 
the left ventricle.

A brain magnetic resonance imaging  (MRI) done on 
day 3 of admission showed a Type 1 Chiari anomaly 
with minimal compression at the medulla oblongata, 
a compressed fourth ventricle, and triventricular 
ventriculomegaly. The superior sagittal sinus was 
massively dilated. There was a large cystic flow 
void involving the whole confluence of sinuses and 
proximal parts of both transverse sinuses measuring 
47 mm × 30 mm × 51 mm [Figure 1].

Computer tomography  (CT) angiography performed 
on day 6  showed a  pronounced expansion 
of the sagittal sinus lumen and the confluence of 
sinuses (60 mm × 30 mm × 45 mm) and transverse sinuses 
dilatation up to 26 mm [Figure 1].

On day 10, microcatheter‑aided super‑selective 
endovascular embolization of the arteriovenous fistula 
afferents using n‑Butyl cyanoacrylate  (an adhesive 
embolizing substance) was performed through the left 
vertebral artery and left external carotid artery in a 
standard fashion. Preembolization angiogram showed 
the multiple feeders of the DAVF and the dilated 
torcular [Figure 2].

Control angiography at the end of the procedure 
showed near‑total  (>80%) arteriovenous fistula 
embolization [Figure 3].

A series of MRI controls performed 2 days to 3 months 
after embolization showed significant regression in 
the size of the DAVF and torcular herophili. The CSF 
dynamics were greatly improved with a significant 
reduction in the size of the lateral and third ventricles 
and re‑expansion of the fourth ventricle  [Figure  4]. 
On examination at 3  months after discharge, head 
circumference was 49  cm  (>97th  percentile). No focal 
neurologic signs or signs of increased intracranial 
pressure  (ICP) were observed. The child had attained 
all developmental milestones for age.

Discussion

There are few reported cases of DAVF associated with 
hydrocephalus in the literature. Our literature review 
revealed nine patients with DAVF and hydrocephalus. It 
should be noted that in most cases, treatment of the DAVF 
led to the resolution of hydrocephalus, and shunting was 

Figure 1: The preoperative imaging. (a and b) Sagittal and axial MRI. A massively 
dilated torcular herophili (blue arrow) and transverse sinuses are visualized (white 

arrows). (c) A 3D reconstruction of the CTA with arterial feeders from the 
posterior circulation (green arrow). (d) A sagittal T1 MRI showing the thinned 
corpus callosum (orange arrow), the compressed aqueduct of Sylvius and 

fourth ventricle (white arrow) and herniation of the tonsils through the foramen 
magnum (blue arrow). MRI: Magnetic resonance imaging, 3D: Three‑dimensional, 

CTA: Computer tomography angiography,
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rarely required (only two patients) [Table 1]. Depending 
on the location of the DAVF the patients may present 
with different clinical features. Some of the described 
causes of hydrocephalus in DAVF include obstruction 
of the third ventricle and quadrigeminal cisterns by 
multiple tortuous vascular malformations, engorgement 

of the vein of Galen leading to obstruction of the 
cerebral aqueduct, engorgement of the straight sinus 
resulting in compression at the junction between the 
cerebral aqueduct and the fourth ventricle or associated 
hemorrhage in the adjacent ventricles.[2]

It is well established in children that vascular dysfunction 
in the form of increased venous pressure can cause 
communicating hydrocephalus.[1] This can be seen in 
cases of venous sinus thrombosis, outlet obstruction 
in craniosynostosis, etc.[7] When the pressure within 
the superior sagittal sinus approximates or exceeds the 
pressure in the subarachnoid space, there is a resultant 
failure of CSF resorption, thus producing an imbalance 
in brain water or volume and an increase in ventricular 
size.[1]

Our patient presented with factors favoring both 
etiological mechanisms of hydrocephalus. The patient 
had triventricular enlargement due to the direct 
mass effect of the DAVF on the aqueduct of Sylvius, 
causing an obstruction. Furthermore, evident in this 
patient were the massively dilated venous sinuses and 
torcular indicating an increased venous pressure. We 
concluded that our patient had mixed communicating 
and noncommunicating hydrocephalus.

DAVF is not usually suspected clinically and is only 
revealed through imaging done for the evaluation of 
cranial symptoms.[8] Usually, the CT or MRI is useful 
to exclude other possible intracranial pathologies. 
The gold standard investigation for prognostication 
and management planning is digital subtraction 
angiography.[9] It outlines the vascular anatomy, i.e., 
main arterial feeders and venous drainage of the DAVF, 
and allows for embolism where possible.[8,10]

If left untreated, these vascular abnormalities have 
an unfavorable natural history. The mainstay of 
management is endovascular treatment although open 
surgical treatment can be performed in highly selected 
cases.[8,10] Whether to use the transarterial or transvenous 

Figure 2: Angiography performed during embolization showing the fistula with multiple feeding arteries (black arrow) and the venous drainage into the torcular (blue arrow). 
It is noted that the major afferents of the DAVF came from the vertebral system (white arrows) with other minor feeders from the carotid system through the choroidal 

arteries (orange arrow) and the meningeal branches of the external carotid artery. DAVF: Dural arteriovenous fistulas

Figure 3: (a and b) Following microcatheters superselective catheterization and 
embolization with n‑Butyl cyanoacrylate (blue arrows). (c and d) The embolization 

was >80% with partial filling of the DAVF and sinuses (black arrows) from the 
branches of the choroidal arteries and small meningeal arteries (green arrows) 
seen on the postembolization angiogram. DAVF: Dural arteriovenous fistulas
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Figure 4: (a) Postoperative image at 3 months compared to the preoperative 
imaging, the tonsilar herniation has almost completely reversed on the sagittal view 
(blue arrow). The torcula diameter had significantly reduced (white arrow) and the 
fourth ventricle appears normal with no signs of compression (green arrow). (b) No 
features of increased ICP were seen on the axial scan. ICP: Intracranial pressure
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approaches depends on the angioarchitecture 
of the DAVF, the location, and the direction of 
venous flow.[5] Our patient underwent endovascular 
management of the fistula with no complications. The 
hydrocephalus resolved over time, and the patients had 
no features of increased ICP despite OFC remaining in 
the >97th percentile range. This emphasizes that these 
patients rarely require shunting procedures to manage 
the hydrocephalus as it resolves with normalization 
of venous pressure and relief of compression.[2] Some 
authors have performed CSF diversion procedures 
in cases of severely increased ICP or persisting 
hydrocephalus after embolization.[6,11]

Recanalization in embolized DAVF is uncommon 
and not often described in the literature. Adamczyk, 
et  al. in 2012 described an 18% risk of recanalization 
with Onyx,[12] significantly higher than the 1.3% 
recanalization rate with N‑butyl‑2‑cyanoacrylate 
described by Guillevin, et al.[13] N‑butyl‑2‑cyanoacrylate 
has been shown to have longer vascular occlusion and 
slow resorption properties. However, vessel remodeling 
can take place, leading to glue migration in the blood 
vessels and recanalization.[14]

Apart from endovascular embolization of DAVF, open 
surgery and stereotactic radiosurgery (SRS) remain useful 
alternatives.[5,9] Open surgery requires skeletonization 
and coagulation of the arterial feeders and arterialized 
cortical veins. In cases with nonfunctional DAVFs, they 
can be safely resected.[5,15] One of the most concerning 
complications is hemorrhage which can be reduced 

by preoperative selective embolization.[16] The main 
indication for open surgical management is failed or 
unfeasible endovascular embolization.[17] Anterior 
cranial fossa location is a relative indication for surgery 
when embolization is at high risk for ophthalmic artery 
involvement.[5,17,18]

Open surgery is associated with 13% long‑term morbidity 
and mortality. Complications include postoperative 
infection, CSF leaks, stroke, cranial nerve palsy, etc.[16,17]

SRS, on the other hand, is the method of last resort 
used when both endovascular and surgical methods 
both failed or are too dangerous.[19,20] Complete 
obliteration  (seen in 50%–93%) may take months, 
and during this period, the patient remains at risk 
of hemorrhage.[5,21] However, in low‑grade  DAVF, 
i.e., Cognard or Borden Grade  1, it has shown good 
outcomes with minimal hemorrhage risk.[16] The 
associated complications include cranial nerve palsies, 
brain edema, and radiation necrosis.[19,22]

Conclusion

Hydrocephalus is a common problem in pediatrics with 
a variety of causes. Despite being rare, DAVF should be 
suspected as a possible cause of pediatric hydrocephalus. 
In these patients, treating DAVF can lead to a resolution 
of the mechanisms inducing hydrocephalus and CSF 
shunting should be reserved for those cases with 
persistent hydrocephalus and raised ICP despite 
endovascular treatment.

Table 1: Summarizes the cases reviewed in the literature review
Authors and year Sex/age Fistula location Hydrocephalus Treatment Outcome
Sirakov et al. 
2022

Female/9 years Transverse sinus and the 
confluence of sinuses

Obstructive Staged embolization in multiple 
sessions, microsurgical 
extirpation, shunt implantation

Hydrocephalus 
resolved spontaneously

Agrawal et al. 
2021

Female/15 years Occipital sinus DAVF Obstructive Embolization with Onyx Hydrocephalus 
resolved spontaneously

Zhang et al. 2019 Female/55 years Vein of Galen DAVF Obstructive Onyx transarterial endovascular 
embolization

Hydrocephalus 
resolved spontaneously

Morales et al. 
2017

Male/4 years Pial AVF Communicating Embolization of the venous 
pouch with coils and 
glue (n‑BCA)

Hydrocephalus 
resolved spontaneously

Walcott et al. 
2013

Male/69 years Vertebro‑vertebral fistula Communicating Embolization with combined 
Onyx and coils followed by VPS

Hydrocephalus 
resolved with VPS

Nakahara et al. 
2011

Female/76 years DAVF in the 
transverse‑sigmoid sinuses

Normal‑pressure Transvenous embolization Hydrocephalus 
resolved spontaneously

Johnson et al. 
2009

Male/8 months The confluence of sinuses 
and the transverse sinuses

Communicating Surgical clipping of the middle 
meningeal artery near the 
fistula at birth, embolization at 
8 months

Resolution of 
hydrocephalus, global 
developmental delay

Ernst et al. 2006 Female/77 years Transverse sinus DAVF Obstructive Onyx transarterial embolization Hydrocephalus 
resolved spontaneously

Monges et al. 
2005

Female/50 days Torcular herophili DAVF Communicating Posterior fossa durotomy
VPS

A complete recovery 
Hydrocephalus 
resolved with VPS

VP: Ventriculoperitoneal, AVF: Arteriovenous fistulas, DAVF: Dural AVF, n‑BCA: N‑Butyl‑2‑cyanoacrylate, VPS: VP shunt
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