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Objective: Hydrocephalus is an uncommon presentation of unruptured brain arteriovenous malforma-
tions (AVMs). The goal of this case series and literature review is to present possible pathological mech-
anisms, management strategies and outcomes in patients with hydrocephalus due to unruptured AVMs.
Methods: Three consecutive patients with hydrocephalus caused by unruptured AVMs as well as all cases
previously reported in the literature were retrospectively reviewed to determine clinical symptoms, AVM
location, nidus size, venous drainage, mechanism of hydrocephalus, level/cause of obstruction, and
degree of hydrocephalus. Management of hydrocephalus, AVM treatment, and follow-up length were
evaluated.

Results: Of 350 patients unruptured AVMs, 3 presented with hydrocephalus (0.8%). In the literature
review we found an additional 22 patients for a total of 25 cases. Eighteen patients had mechanical
obstruction by the draining vein or the AVM nidus, usually at the level of the aqueduct (52%).
Impaired cerebrospinal fluid resorption secondary to venous congestion led to hydrocephalus in 7
patients. Ten patients were treated for both the AVM and hydrocephalus, 13 patients underwent treat-
ment of either hydrocephalus, or the AVM alone. Treatment of hydrocephalus, with or without associated
treatment of the brain AVM, resulted in improvement of symptoms in 92% of patients. No rupture of the
AVM was reported at follow-up.

Conclusions: The most common cause of hydrocephalus in unruptured brain AVMs is mechanical
obstruction by the draining vein if it is located in a strategic position. Treatment of hydrocephalus alone

or with associated treatment of the AVM is safe and effective.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Unruptured brain arteriovenous malformations (AVMs) gener-
ally present with seizures, headaches, or are discovered inciden-
tally. However, about 1% of AVMs present with hydrocephalus
(HC). The mechanisms of hydrocephalus development in patients
with unruptured brain AVMs are still debated. They can include
obstruction of the ventricular system at a point of narrowing due
to compression by a deep dilated draining vein or impaired cere-
brospinal fluid (CSF)-reabsorption due to venous hypertension
when a major sinus is involved by the AVM. Increased intracranial
pressure has been reported as a possible presentation in patients
with unruptured brain AVMs in few case series and case reports
[1-8]. In this study we present a systematic review of the literature
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and 3 consecutive cases of unruptured AVMs associated with
hydrocephalus evaluated at our institution over a 10 year period
in order to raise the awareness of the possible pathological mech-
anisms and respective management strategies.

2. Material and methods
2.1. Institutional case series

The study was approved by our Institutional Review Board. We
reviewed data of 350 consecutive patients with a diagnosis of
unruptured brain AVM evaluated at our institution over the past
10 years. Patients were included in our study if they (1) gave con-
sent to use of their information for research purposes; (2) had at
least one unruptured brain AVM and associated hydrocephalus.

Information collected included: baseline demographic and clin-
ical data (age at presentation and gender; symptoms and signs at
presentation, degree of hydrocephalus); location of unruptured
brain AVMs; nidus size based on maximal diameter of the lesions;
veins draining the AVMs; mechanism of hydrocephalus and
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level/cause of ventricular system compression if its nature was
obstructive; treatment of hydrocephalus and/or treatment of the
AVMs; outcome and follow-up period of time.

2.2. Literature review

The systematic review is reported according to the PRISMA
guidelines [9]. A comprehensive literature search of the databases
PubMed, Ovid MEDLINE, and Ovid EMBASE was designed and con-
ducted by an experienced librarian with input from the authors.
The key words “AVM,” “arteriovenous malformations,” “brain,”
and “hydrocephalus” were used in “AND” and “OR” combinations.
The search was limited to articles published from 2000 to 2018.
Inclusion criteria were the following: 1) English or Italian language,
2) case series or case reports, 3) studies reporting exclusively
unruptured brain arteriovenous malformations, and 3) studies
reporting hydrocephalus as clinical presentation. Exclusion criteria
were: 1) arteriovenous malformation of the spinal cord, 2) rup-
tured arteriovenous malformations, and 3) studies reporting any
symptom or sign as clinical presentation but hydrocephalus.

For each study, we extracted the following baseline information:
number of patients, age and gender, clinical presentation, degree of
hydrocephalus, location of the lesions, nidus size, draining veins,
mechanism of hydrocephalus and level/cause of obstruction if that
was its nature, hydrocephalus and/or AVM treatment, outcome and
length of follow-up in months. Outcomes of this study include clin-
ical or radiographic improvement of hydrocephalus, and lack of
benefit following hydrocephalus or AVM treatment.

Fig. 1. Patient 1. A. Non-contrast CT shows hydrocephalus with dilatation of the
lateral and third ventricles. There is a hyperdense lesion in the posterior wall of the
third ventricle. B. 3D TOF MRA shows a midline AVM of the midbrain and thalamus
with marked dilatation and ectasia of the bilateral internal cerebral veins. C. Axial
T2 MRI shows the AVM in the superior midbrain surrounding the aqueduct. D. Post
shunt revision there is marked improvement in hydrocephalus.

2.3. Statistical analysis

Descriptive statistics are reported including means and propor-
tions. All analyses were performed with JMP 13.0 (www.jmp.com,
Cary, NC). No formal statistical comparisons were performed due
to small samples sizes and insufficient power to detect differences
between groups.

3. Results
3.1. Institutional case series

Three patients out of 350 (0.8%) in our unruptured brain AVMs
database presented with hydrocephalus.

Case 1: A 67 years old man who had a ventriculo-pleural shunt
placed at an outside institution for management of hydrocephalus
secondary to a pineal region AVM presented to our institution with
seizure, behavioral changes and fever. At the time of presentation
to our institution the shunt was not working (Fig. 1a), due to shunt
infection. MRI showed a pineal AVM with nidus size of 3 cm,
dilated Internal Cerebral Vein (ICV) and Vein of Galen (VoG) as
draining veins (Fig. 1b). The engorged VoG was compressing the
posterior 3rd ventricle and the sylvian aqueduct causing a severe
obstructive hydrocephalus. The infection was treated successfully
and the shunt was replaced, thus the symptoms of hydrocephalus
rapidly relieved. The post-revision CT scan showed decompression

Fig. 2. Patient 2. A. Axial non-contrast CT shows marked dilatation of the lateral
ventricles with periventricular edema consistent with transependymal flow of CSF.
B. Axial T2 MRI shows a large AVM of the right cerebellar hemisphere draining into
a large cerebellar hemispheric vein. There is also a large venous varix with
surrounding edema in the left cerebellar hemisphere. C. Sagittal T1 MRI shows
dilatation of the lateral ventricles and a large venous varix representing the VoG
compressing the aqueduct. D. Axial T2 MRI shows the large VoG varix compressing
the aqueduct.
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of the ventricles (Fig. 1c). The patient remained stable over a
3 years follow-up period of time. The AVM was left untreated.
Case 2: A 58 year old woman presented to our institution with
gait disturbances. The MRI showed enlargement of the ventricles
and trans-ependymal edema (Fig. 2). There was a right cerebellar
hemispheric AVM with nidus size of 3 cm. The AVM was drained
by vermian veins and the ectatic VoG, thus causing compression
of the aqueduct. Obstruction of the ventricular system resulted in
moderate hydrocephalus. The patient did not undergo any treat-

Fig. 3. Patient 3. A. Axial non-contrast CT shows marked ventricular dilatation
involving the third and fourth ventricles. B and C. Axial T2 MRI shows a midbrain
AVM with drainage into a dilated posterior mesencephalic vein and associated
dilatation of the basal vein of Rosenthal (BVR). The posterior mesencephalic vein,
VoG and AVM nidus appear to be compressing the aqueduct. D. Sagittal T1 MRI
shows the AVM of the posterior midbrain. E. Post shunting non-contrast CT shows
resolution of the ventricular dilatation.

154 titles and abstracts
reviewed

ment and remained stable over a 9 month follow-up period. The
AVM was left untreated.

Case 3: A 40 year old woman presented with slurred speech and
gait disturbances. The MRI showed a brainstem AVM with nidus
size of 2.5 cm and a dilated VoG as draining vein (Fig. 3). The ecta-
tic VoG was compressing the sylvian aqueduct causing a severe
hydrocephalus. A ventriculo-peritoneal shunt was placed, resulting
in improvement of her symptoms. The AVM was left untreated. The
patient was doing well at 1 year.

Table 1
Demographic data and clinical presentation.

Case  Age Sex Clinical presentation

no.

1 70 F Cognitive impairment, gait disturbances, urinary
incontinence

2 21 F Headache, papilledema

3 33 F Visual loss

4 37 M Visual loss

5 54 M Gait disturbances

6 11 M Headache, nausea, vomiting, papilledema

7 61 M Gait disturbances

8 16 F Headache

9 17 F Headache, loss of consciousness

10 35 M Headache

11 39 F Headache, seizures

12 6 F Headache, papilledema, seizures

13 26 M Headache, chemosis/proptosis

14 55 M Headache

15 2 M Macrocrania

16 42 F Headache, seizures, cognitive impairment, gait
disturbances, urinary incontinence, nystagmus

17 55 M Headache

18 4 M Headache, seizures, cognitive disturbances, gait
disturbances

19 83 M Loss of consciousness

20 64 F Headache

21 63 M Loss of consciousness, gait disturbances, urinary
incontinence

22 16 F Headache, papilledema

23 67 M Seizure, cognitive impairment

24 58 F Gait disturbances

25 40 F Gait disturbances, slurred speech

98 studies excluded on
title and abstract review

56 full text articles reviewed

42 articles excluded on full text review:

10 > inclusion of spinal AVMs
21 > inclusion of ruptured AVMs
11 > did not report hydrocephalus as clinical presentation

14 articles included:

e 11 case reports
e 34 case series

Fig. 4. PRISMA flow diagram.



L. De Maria et al./Journal of Clinical Neuroscience 64 (2019) 116-121 119

4. Systematic review
4.1. Literature search

The initial literature search yielded 154 articles. On review of
the abstracts and titles, we excluded 98 articles. Fifty-six articles
were selected for full-text screening, of which 14 met inclusion cri-
teria [1-8,10-15]. The remaining 48 articles were excluded reasons
including 1) inclusion of spinal AVMs (10 articles), 2) inclusion of
ruptured AVMs (21 articles), 3) hydrocephalus was not part of
the clinical presentation. Fig. 4 shows the flow chart according to
the PRISMA statement [9]. Including the 3 cases presented here,
a total of 25 patients with hydrocephalus and unruptured brain
AVMs were studied in our systematic review.

4.2. Demographics and presentation

Baseline demographic data and clinical presentation of the
patient population is summarized in Table 1. There were 13 males
and 12 females, whose ages ranged from 2 to 83 years, giving a
mean age of 36.8 years. Headache was the most common symptom
of presentation (14 pts; 56%) followed by visual symptoms sec-
ondary to increased intracranial pressure, and gait disturbances
(Fig. 5).

4.3. Mechanisms of hydrocephalus

In this series of patients we identified two different mecha-
nisms of hydrocephalus: 1) 15 patients had an obstructive hydro-
cephalus related to compression of the ventricular system by an
engorged deep venous varix; 2) 7 patients had a hydrodynamic dis-
order resulting in venous hypertension and decreased CSF reab-
sorption; notably, these patients developed arterialization of the
venous system and particularly the Superior Sagittal Sinus. The
hydrocephalus was generally moderate to severe in the first group
(94.4%) and mild to moderate in the second group (100%). Lesions

16

14

12

10

cognitive
impairment

gait disturbance urinary headache

incontinence

visual problems

were mostly deeply located in the basal ganglia or midbrain in
those patients with obstructive hydrocephalus (55.5%) and super-
ficially located in the cerebellar or cerebral hemispheres in those
with a hyperdynamic disorder (85.7%).

The VoG was the most common dilated draining vein causing
compression of the ventricular system at the level of the sylvian
aqueduct. Less commonly the compressing vein was a dilated vein
obstructing the foramen of Monro. The superior sagittal sinus (SSS)
was the most common arterialized venous sinus in patients with
impaired CSF reabsorption. Mechanisms of hydrocephalus and
AVMs characteristics are summarized in Table 2.

4.4. Treatment characteristics and outcomes

Ten patients were treated for both the AVM and hydrocephalus
(40%), 13 patients underwent treatment of either hydrocephalus
(32%) or the AVM (20%) alone. Two patients (8%) did not receive
any treatment. Treatment of the hydrocephalus consisted in VP
shunting in 12 patients (66.6%) and 3rd ventriculostomy in 4
patients (22.2%). Among those patients who underwent a VP shunt
placement, case no. 5 and case no. 23 required revision of the sys-
tem following its dysfunction and recurrence of their symptoms;
both of them recovered after replacement of the system. Case no.
2 and case no. 16 underwent a lumboperitoneal (LP) shunt and a
ventriculoatrial (VA) shunt placement respectively. Overall, treat-
ment of hydrocephalus with or without associated treatment of
the brain AVM, resulted in improvement of symptoms in almost
every patient (92%). Treatment of the AVM consisted in surgical
excision of the lesion in 3 patients (20%), radiosurgery in 3 patients
(20%), embolization alone in 6 patients (40%), and embolization fol-
lowed by radiosurgery in 3 patients (20%). The follow-up period
ranged from 2 to 32 months, giving a mean of 9.55 months. Nota-
bly, in those patients who underwent treatment of the hydro-
cephalus alone without concurrent or subsequent treatment of
the AVM, no rupture of the AVM was reported at follow-up. Table 3
summarizes treatment, outcome and follow-up period of time for
the patient population.

nausea and loss of seizure
vomitng

macrocrania
consciousness

Fig. 5. Clinical presentation.
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Mechanisms of hydrocephalus and AVMs characteristics.

Case no. Mechanism of HC  Degree of HC  Lesion Location Nidus Size (cm)  Venous Drainage Level/Cause of Obstruction
1 Obstructive Moderate Perimesencephalic area nr BVR, VoG Aqueduct/VoG
2 Aresorptive Moderate Right frontal parasagittal area nr SSS -
3 Aresorptive Mild Left parietal lobe nr SSS -
4 Obstructive Severe Right frontal lobe nr VoG 3rd ventricle/VoG
5 Obstructive Severe Right thalamus, insula, capsula  nr VoG Aqueduct/VoG
6 Obstructive Severe Perimesencephalic area nr ICV, VoG Aqueduct/VoG
7 Aresorptive Mild Posterior third ventricle Transmedullary veins -
8 Obstructive Severe Thalamus 1.5 Perimesencephalic veins, VoG Aqueduct/VoG
9 Obstructive Severe Basal ganglia, thalamus 6 Thalamostriatal veins, ICV, VoG  Left foramen of Monro/ICV
10 Obstructive Severe Temporoparietal area 7 Thalamostriatal veins, ICV, VoG Aqueduct/VoG
11 Obstructive Mild Frontal lobe, corpus callosum 3 Thalamostriatal veins, ICV, VoG  Right foramen of Monro/ICV
12 Obstructive Moderate Midbrain 2.5 Perimesencephalic veins, VoG Aqueduct/VoG
13 Obstructive Severe Cerebellum 8 Cerebellar veins, VoG Aqueduct/VoG
14 Aresorptive Moderate Cerebellum 3 Cerebellar veins -
15 Aresorptive Mild Cerebellar vermis 3.5 Cerebellar veins -
16 Obstructive Severe Mesencephalon nr VoG Aqueduct/VoG
17 Obstructive Moderate Left parietooccipital area 3 VoG Aqueduct/VoG
18 Aresorptive Mild Sylvian fissure nr SSS -
19 Obstructive Severe Posterior fossa nr VoG Aqueduct/VoG
20 Obstructive Severe Posterior fossa nr VoG Aqueduct/VoG
21 Obstructive Moderate Pineal region nr VoG 3rd ventricle/VoG
22 Aresorptive Moderate Right temporal lobe 3 BVR, TS -
23 Obstructive Severe Pineal region 3 ICV, VoG Aqueduct/VG
24 Obstructive Moderate Cerebellum 3.7 Vermian veins, VoG Aqueduct/VoG
25 Obstructive Severe Brainstem 2.5 VoG Aqueduct/VoG
Table 3

Treatment, outcome and follow-up.

Case no.  HC Treatment Type HC Treatment result AVM Treatment Type AVM Treatment Result  Follow-up (months)
1 3rd ventriculostomy Improvement - - nr
2 LP shunt Improvement Surgical excision Improvement 2
3 - - Surgical excision Improvement 3
4 VP shunt Improvement Radiosurgery Improvement nr
5 VP shunt Shunt revision followed by improvement - - 8
6 VP shunt Improvement Embolization, radiosurgery ~ Improvement nr
7 - - Embolization Improvement nr
8 VP shunt Unchanged Embolization Improvement nr
9 VP shunt Improvement Embolization Unchanged nr
10 VP shunt Unchanged Embolization, radiosurgery =~ Improvement nr
11 - - Embolization, radiosurgery ~ Improvement nr
12 VP shunt Improvement Radiosurgery Unchanged nr
13 VP shunt Improvement - - nr
14 VP shunt Improvement Embolization Unchanged nr
15 - - - - nr
16 VA shunt Improvement Surgical excision Improvement 2
17 EVD followed by VP shunt  Improvement Radiosurgery Improvement nr
18 - - Embolization Improvement 3
19 3rd ventriculostomy Improvement - - nr
20 3rd ventriculostomy Improvement - - nr
21 3rd ventriculostomy Improvement - - 18
22 - - Embolization Improvement 2.5
23 VP shunt Shunt revision followed by improvement - - 36
24 - - - - 9
25 VP shunt Improvement - - 12

5. Discussion

We found that less than 1% of unruptured brain AVMs present
with hydrocephalus. There are a variety of mechanisms by which
unruptured brain AVMs can cause hydrocephalus including com-
pression of the ventricular system at a point of narrowing such
as the sylvian aqueduct, impaired CSF resorption from chronic
venous hypertension and overproduction of CSF from AVMs
located in the choroid plexus [1,2,5,8,10,11,13,16,17].

In our case series and literature review, we found that obstruc-
tive hydrocephalus at the level of the aqueduct was the most com-
mon cause of hydrocephalus in patients with unruptured AVMs.
This is generally caused by a deep dilated venous system including
the thalamostriate-ICV complex or more commonly the VoG. How-

ever, occasionally the AVM itself with its nidus can cause obstruc-
tion of the ventricular system. For this reason, obstructive
hydrocephalus is generally caused by AVMs deep located in the
brain or at least connected with deep draining veins.

Less often, hydrocephalus is provoked by decreased CSF reab-
sorption due to venous hypertension in major sinus. In this case,
the AVM can also be located superficially in the brain or in the
cerebellum because its drainage in the venous sinus would cause
an increase in the venous pressure thus leading to impaired CSF
reabsorption. Because CSF resorption is partly due to a pressure
gradient from the ventricles into the pial and transmedullary veins,
many authors have hypothesized that increased venous pressure
could result in increased CSF retention in the ventricular system
[1,2,5,8,13,16,18-20]. A similar mechanism has been postulated
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in patients with dural arteriovenous fistulas presenting with a clin-
ical picture resembling normal pressure hydrocephalus [21,22].

5.1. Management of hydrocephalus in patients with brain AVMs

Management strategy should always consider patient charac-
teristics and characteristics of the AVM itself. Brain AVMs are not
always easy to treat, especially those causing hydrocephalus,
because of their deep location and proximity to eloquent areas
[4,11,22]. Moreover, treatment of hydrocephalus alone without
treatment of the AVM is effective in relieving symptoms and does
not seem to trigger rupture of the AVM. Shunting is an effective
means of treating the hydrocephalus and results in high rates of
symptom improvement. However, this strategy is not without its
limitations due to high rates of shunt malfunction/obstruction
and complications related to shunt overdraining (i.e. subdural
hematomas or hygromas) [11,23-25].

The potential effect of shunting on the AVM itself is another
important consideration. There have been a few reported cases of
venous varix dilatation following shunt placement in patients with
shunting vascular lesions presenting with hydrocephalus. This is
particularly common in patients with VoG malformations but has
also been reported in patients with dural arteriovenous fistulas
[21,26-30]. This is thought to be secondary to venous engorgement
in the setting of decreased CSF pressure. However, this theoretical
concern may be less with parenchymal AVMs, as we could not
found any case associated with this type of AVM. Another potential
effect of shunting for treatment of hydrocephalus from unruptured
brain AVMs is the theoretical risk of AVM rupture due to increased
arterial pressure in the setting of decreased CSF pressure. We
encountered no cases of AVM rupture upon our review of the
literature.

6. Conclusions

Unruptured brain AVMs can present with hydrocephalus in less
than 1% of cases. The most common mechanism of hydrocephalus
development is the compression of the Sylvian aqueduct or the
foramen of Monro by a dilated deep draining vein. Less commonly
hydrocephalus can be related to a decreased CSF reabsorption in
the setting of venous hypertension secondary to the involvement
of a major venous sinus from the AVM. Treatment of hydro-
cephalus, with or without associated treatment of the brain AVM,
is effective in relieving symptoms. Treatment of hydrocephalus
alone does not appear to correlate with following rupture of the
brain AVM.

7. Declarations of interest

None.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Acknowledgements

The study was approved by the Mayo Clinic Institutional
Review Board.

References

[1] Geibprasert S et al. Hydrocephalus in unruptured brain arteriovenous
malformations: pathomechanical considerations, therapeutic implications,
and clinical course. ] Neurosurg 2009;110(3):500-7.

[2] Barrow DL. Unruptured cerebral arteriovenous malformations presenting with
intracranial hypertension. Neurosurgery 1988;23(4):484-90.

[3] Mindea SA, Yang BP, Batjer HH. Unruptured arteriovenous malformation in a
patient presenting with obstructive hydrocephalus. Case report and review of
the literature. Neurosurg Focus 2007;22(4):E11.

[4] Bayri Y et al. Drainage vein induced hydrocephalus caused by an unruptured
arteriovenous malformation in an adult presenting with visual loss. Turk
Neurosurg 2017;27(1):151-4.

[5] Morales-Gomez JA et al. Hydrocephalus in a patient with an unruptured pial
arteriovenous fistula: hydrodynamic considerations, endovascular treatment,
and clinical course. ] Neurosurg Pediatr 2017;19(3):307-11.

[6] Tucker A et al. Endoscopic third ventriculostomy for hydrocephalus due to
unruptured pineal AVM: case report and review of the literature. ] Neurol Surg
A Cent Eur Neurosurg 2013;74(Suppl 1):e45-9.

[7] Rodriguez Rodriguez R, Molet Teixido ]. Letter to the Editor of Acta
Neurochirurgica:  Obstructive hydrocephalus caused by unruptured
arteriovenous malformation treated with endoscopic third ventriculostomy.
Acta Neurochir (Wien) 2013;155(5):901-2.

[8] Yuthagovit S et al. Intracranial hypertension in unruptured arteriovenous
malformation: case report. ] Med Assoc Thai 2016;99(Suppl 3):5S130-6.

[9] Zheng JW, Yang X], Wang YA, He Y, Ye WM, Zhang ZY. Intralesional injection of
Pingyangmycin for vascular malformations in oral and maxillofacial regions:
an evaluation of 297 consecutive patients. ] Oraloncol 2009:872-6.

[10] Arantes M et al. Hydrocephalus caused by a venous varix. Rev Neurol (Paris)
2010;166(1):104-7.

[11] Champeaux C et al. Obstructive hydrocephalus caused by an unruptured
arteriovenous malformation successfully treated by endoscopic third
ventriculostomy after shunt dysfunction. Turk Neurosurg 2018;28(3):500-4.

[12] Diren F, Sencer S, Hakan T. Case report of an obstructive hydrocephalus caused
by an unruptured mesencephalic arteriovenous malformation in a boy and a
review of literature. Open Neuroimag ] 2018;12:10-5.

[13] Ebinu JO et al. Hydrocephalus secondary to hydrodynamic disequilibrium in
an adult patient with a choroidal-type arteriovenous malformation. Interv
Neuroradiol 2011;17(2):212-6.

[14] Lobato RD et al. Chronic adult hydrocephalus due to uncommon causes. Acta
Neurochir (Wien) 1980;55(1-2):85-97.

[15] Wilson MP et al. Communicating hydrocephalus caused by an unruptured
perimedullary arteriovenous fistula in the lumbar region of an infant. ]
Neurosurg Pediatr 2013;11(3):346-9.

[16] Kehler U. Hydrocephalus in unruptured brain arteriovenous malformations. ]
Neurosurg 2010;112(3):696. author reply 696.

[17] Rossitti S. Pathophysiology of increased cerebrospinal fluid pressure
associated to brain arteriovenous malformations: the hydraulic hypothesis.
Surg Neurol Int 2013;4:42.

[18] Chazal ], Klein O. Benign intracranial hypertension: history, definition, and
physiopathology. Neurochirurgie 2008;54(6):704-9.

[19] Biousse V, Bousser MG. Benign intracranial hypertension. Rev Neurol (Paris)
2001;157(1):21-34.

[20] Brazis PW, Lee AG. Elevated intracranial pressure and pseudotumor cerebri.
Curr Opin Ophthalmol 1998;9(6):27-32.

[21] Nakahara Y, Ogata A, Takase Y, Maeda K, Okamoto H, Matsushima T, et al.
Treatment of dural arteriovenous fistula presenting as typical symptoms of
hydrocephalus caused by venous congestion: case report. Neurol Med Chir
(Tokyo) 2011;51(3):229-32.

[22] Masuo O, Okuno T, Ozaki F, Terada T, Nakai K, Itakura T, et al. A case of spinal
dural arteriovenous fistula associated with normal pressure hydrocephalus.
No Shinkei Geka 1995;23(9):825-8.

[23] Feletti A, Avella D, Wikkelse C, Klinge P, Hellstrom P, European iNPH
Multicenter Study Group. Ventriculoperitoneal shunt complications in the
European idiopathic normal pressure hydrocephalus multicenter study. Oper
Neurosurg (Hagerstown) 2018.

[24] Guo L, Chen X, Yu B, Shen L, Zhang X. Delayed intracerebral hemorrhage
secondary to ventriculoperitoneal shunt: a retrospective study. World
Neurosurg 2017;107:160-7.

[25] Akhtar N, Khan AA, Yousaf M. ] Ayub Med Coll Abbottabad 2015;27(4):817-20.

[26] Gopalan V, Rennie A, Robertson F, Kanagarajah L, Toolis C, Bhate S, et al.
Presentation, course, and outcome of postneonatal presentations of vein of
Galen malformation: a large, single-institution case series. Dev Med Child
Neurol 2018;60(4):424-9.

[27] Agarwal H, Sebastian L], Gaikwad SB, Garg A, Mishra NK. Vein of Galen
aneurysmal malformation-clinical and angiographic spectrum with
management perspective: an institutional experience. ] Neurointerv Surg
2017;9(2):159-64.

[28] Lasjaunias PL, Chng SM, Sachet M, Alvarez H, Rodesch G, Garcia-Monaco R. The
management of vein of Galen aneurysmal malformations. Neurosurgery
2006;59(5):5184-94.

[29] Morihiro Y, Kato S, Imoto H, Nomura S, Harada K, Kajiwara K, et al. Cyst
formation after radiosurgery for brain arteriovenous malformation treated
with cystoperitoneal shunt. No Shinkei Geka 2010;38(8):751-6.

[30] Ernst GL, Carlson AP. Transverse sinus dural arteriovenous fistula presenting
with acute hydrocephalus from cerebellar venous engorgement resolving with
endovascular treatment. J Neurol Surg A Cent Eur Neurosurg 2016;77
(6):538-42.


http://refhub.elsevier.com/S0967-5868(19)30338-8/h0005
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0005
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0005
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0010
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0010
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0015
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0015
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0015
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0020
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0020
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0020
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0025
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0025
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0025
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0030
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0030
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0030
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0035
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0035
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0035
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0035
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0040
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0040
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0045
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0045
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0045
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0050
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0050
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0055
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0055
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0055
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0060
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0060
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0060
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0065
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0065
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0065
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0070
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0070
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0075
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0075
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0075
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0080
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0080
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0085
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0085
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0085
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0090
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0090
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0095
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0095
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0100
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0100
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0105
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0105
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0105
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0105
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0110
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0110
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0110
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0115
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0115
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0115
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0115
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0115
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0120
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0120
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0120
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0125
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0130
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0130
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0130
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0130
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0135
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0135
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0135
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0135
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0140
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0140
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0140
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0145
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0145
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0145
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0150
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0150
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0150
http://refhub.elsevier.com/S0967-5868(19)30338-8/h0150

	Unruptured brain arteriovenous malformations and hydrocephalus: Case series and review of the literature
	1 Introduction
	2 Material and methods
	2.1 Institutional case series
	2.2 Literature review
	2.3 Statistical analysis

	3 Results
	3.1 Institutional case series

	4 Systematic review
	4.1 Literature search
	4.2 Demographics and presentation
	4.3 Mechanisms of hydrocephalus
	4.4 Treatment characteristics and outcomes

	5 Discussion
	5.1 Management of hydrocephalus in patients with brain AVMs

	6 Conclusions
	7 Declarations of interest
	Funding
	Acknowledgements
	References


