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Hydrocephalus Related to CNS 
Malignancies in Adults

Emilie Le Rhun, Jörg-Christian Tonn, 
and Michael Weller

40.1	 �General Presentation 
and Pathogenesis 
of Hydrocephalus

Hydrocephalus is defined as a nonphysiological 
accumulation of cerebrospinal fluid (CSF) in the 
ventricles. It is usually divided into two catego-
ries: obstructive hydrocephalus and communica-
tive hydrocephalus. Obstructive hydrocephalus is 
related to a mechanical block of CSF drainage by 
a space-occupying lesion or congenital or 
acquired aqueductal stenosis. Communicative 
hydrocephalus is related to an increased produc-
tion or decreased resorption of CSF, e.g., after 

subarachnoid hemorrhage or acute or chronic 
meningitis [1] or after radiotherapy [2], or to a 
modification of CSF composition, e.g., increased 
protein level and presence of malignant cells, 
resulting in CSF malabsorption. Overall, central 
nervous system tumors represent the main cause 
of hydrocephalus [3], and approximately 5–10% 
of patients with glioblastoma develop hydro-
cephalus [4–7] as do 6–24% of patients with cen-
tral nervous system metastases [8–12]. The 
incidence may be higher, up to 23% at presenta-
tion, in the adult population of patients with pos-
terior fossa tumors [13].

Symptoms and signs of hydrocephalus include 
headache, nausea and vomiting, gait disorders, 
vertigo, dizziness, cognitive disorders, visual dis-
turbances, urinary incontinence, and decreased 
level of consciousness. However, these symp-
toms and signs may be also related to expansive 
posterior fossa lesions [4, 8, 11, 14]. A risk of 
acute obstructive hydrocephalus does exist for 
posterior fossa lesions, eventually leading to sud-
den coma and death. This risk requires to manage 
such lesions as neurosurgical emergencies as out-
lined below. Conversely, symptoms and signs of 
hydrocephalus depend on the kinetics of its evo-
lution, and hydrocephalus can also be largely 
asymptomatic when developing slowly and may 
be detected only by neuroimaging.

MRI with contrast enhancement is the gold 
standard for the diagnosis of brain tumors. In the 
context of hydrocephalus, it may show enlarged 
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ventricles proximal to a CSF blockade in case of 
obstruction or throughout the ventricular system 
in case of communicating hydrocephalus. The 
Evans’ index defined as the largest width between 
the lateral part of the frontal horns divided by the 
largest internal cranial diameter, measured on the 
same neuroimaging plane [15], has been pro-
posed to aid in the diagnosis of normal pressure 
hydrocephalus, and a ventricular enlargement 
was defined by an index of 0.3 or more. However, 
significant differences can be observed depend-
ing on the level of the plane used to obtain this 
measure. In addition, the patient’s age has to be 
considered—children and adolescents have nar-
row ventricles, and a size being enlarged in a 
young patient may be a normal width in the aged 
population. Volumetric assessment of the ventri-
cles can also be used for the follow-up of hydro-
cephalus [16].

In case of newly developed or progressive 
clinical symptoms of raised intracranial pressure, 
a computed tomography (CT) scan is a widely 
available and quick to perform imaging modality 
to diagnose or rule out an acute hydrocephalus 
which might need immediate treatment.

40.2	 �Therapeutic Options

Several options are available for the management 
of hydrocephalus: direct surgical removal of the 
responsible lesion or endoscopic third ventricu-
lostomy (ETV) for obstructive hydrocephalus, 
shunting either ventriculoperitoneal (VPS) or 
ventriculoatrial (VA) for both obstructive and 
communicative hydrocephalus, and external ven-
tricular drainage as a transient emergency mea-
sure. Symptomatic pharmacological treatments 
such as steroids or analgesics usually have lim-
ited efficacy [14].

40.2.1	 �ETV

ETV is an endoscopic minimal invasive tech-
nique which involves creation of a small hole at 
the floor of the third ventricle to obtain a diver-
sion of CSF into the interpeduncular cistern. 

ETV can help to control intracranial pressure, 
avoid a procedure inserting an implant and creat-
ing a potential entry for a CSF infection, both 
risks associated with an EVD, and help to per-
form definitive surgery in better general and neu-
rological condition [13, 17].

In a systematic literature review on 130 stud-
ies on ETV including 11,952 cases, brain tumors 
and cysts were the most frequent indications. The 
ETV failure rate was estimated at 34.7% and was 
higher in the first months. Complications were 
observed in approximately 8% and included 
meningitis, ventriculitis, CSF leaks, and second 
brain surgery [3].

Several cohorts of adult patients with poste-
rior fossa tumors have reported success rates of 
an ETV between 70 and 90% [13, 18–21]. In case 
of persisting hydrocephalus after surgery due to a 
partial resection or due to failure of initial ETV 
mostly related to hemorrhage, a second ETV or 
an EVD worked [17, 22].

However, with a history of central nervous 
system infection, ventricular hemorrhage, high 
CSF protein level, or leptomeningeal metastasis, 
VPS or VA shunt should be used rather than an 
ETV [11, 23–25]. In these situations, one factor 
for hydrocephalus might be a block of CSF 
absorption on the pial surface or arachnoid gran-
ulations outside the ventricles; thus the concept 
of “circumventing a CSF block distal to the third 
ventricle” does not work [25]. Also, unfavorable 
anatomy for ETV (e.g., too short distance 
between floor of the third ventricle and the 
basilar tip) or any obstruction at the level of the 
lateral ventricles (with block of Monroe’s 
foramen) or of the third ventricle demands a 
shunt procedure.

40.2.2	 �VPS

VPS consists in the implantation of a catheter 
connecting the cerebral ventricles and the perito-
neal cavity. Different types of valves, either pro-
grammable or not, can be used. Improvement 
occurs within the first days after surgery [14]. In 
a cohort of 417 patients with VPS implantation 
for hydrocephalus, 62 fixed shunts (15%) and 
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355 programmable shunts (85%) were implanted. 
Shunt revision rates were similar between groups: 
22% for programmable pressure valves and 21% 
for fixed pressure valves. Complications of VPS 
were observed in approximately 12% of the 
patients [26] and include infection, obstruction, 
bleeding, shunt malfunction, overdrainage, and 
formation of cystic fluid collection in the abdom-
inal cavity sometimes referred to as abdominal 
“pseudocysts” [14, 26, 27]. The latter usually 
indicates the malposition of the distal catheter 
outside the peritoneal cavity and requires 
revision.

40.2.3	 �Ventriculoatrial Shunt (VAS)

VA shunt consists in the implantation of a cath-
eter from the cerebral ventricles into the right 
cardiac atrium. VAS is usually considered as 
more challenging than VPS due to potential 
severe cardiopulmonary and renal complica-
tions. However, VPA represents an option for 
patients with contraindication to a VPS, such as 
multiple prior abdominal surgeries, cirrhosis 
with ascites, peritoneal infection, and prior 
severe abdominal complications of VPS.  In a 
retrospective analysis of 496 patients presenting 
with idiopathic normal pressure hydrocephalus 
(NPH), 150 received a VAS and 346 a VPS. Post-
surgery complications were observed in 36% of 
VAS and 42.5% of VPS. Overdrainage was the 
main complication observed (27.4% for VAS, 
19.8% for VPS) [28]. It remains uncertain in 
how far such data for NPH can be extrapolated 
to brain tumor patients. However, in the absence 
of severe contraindications, currently shunting 
into the peritoneum (VPS) is widely preferred 
over VAS.

40.2.4	 �External Ventricular Drainage 
(EVD)

An EVD is a temporary measure and usually 
indicated as an acute emergency procedure in 
patients with an acutely evolving clinical deterio-
ration due to increased intracranial pressure on 

the basis of a hydrocephalus. Besides the con-
trolled release of CSF, it allows to monitor the 
intracranial pressure. The main complication is 
infection. In a contemporary prospective cohort 
of 187 patients treated with an EVD and hospital-
ized in an intensive care unit, 31 related infec-
tions (16.6%) were observed [29]. Serum and 
CSF biomarkers have been shown useful to early 
detect infectious complications of EVD in 
patients with subarachnoid hemorrhage; whether 
this can be expanded on tumor patients is yet 
unclear [30].

40.2.5	 �Choice of Indications

The management of hydrocephalus depends on 
its cause and on the neurological condition. In a 
cohort of 243 adult patients with posterior fossa 
tumors, 52 patients (21.4%) had hydrocephalus 
at the time of admission: 39 of 52 patients had an 
early tumor resection, 11 of 52 patients had an 
ETV prior to resection, and 2 of 52 received an 
external ventricular drainage (EVD) initially 
[13]. The incidence of hydrocephalus prior to 
surgery was thus lower than for the pediatric pop-
ulation with posterior fossa tumors, where figures 
of 76% have been reported [31]. The risk of per-
sistent hydrocephalus after surgery was 5.7%. Of 
the 191 patients without hydrocephalus prior to 
surgery, 4 patients (2.1%) developed post-surgery 
hydrocephalus. A risk factor for the need of a per-
manent CSF shunting procedure could not be 
identified [13].

In other cohorts of 36 patients treated with 
VPS and 16 patients treated with ETV, the effi-
cacy was similar, 75% success rate for VPS and 
69% success rate for ETV. Efficacy was higher in 
patients with severe symptoms. Complication 
rates were 19.4% for VPS and 12.6% for ETV 
[24]. In another report of 159 patients with hydro-
cephalus (123 patients treated with VPS and 36 
patients treated with VTE), no revision was nec-
essary in 69% of patients in the VPS group and 
86% of patients in the ETV group. However, the 
complication rate was 42.7% in the VPS group 
versus only 9.4% in the ETV group [32]. In case 
of symptomatic hydrocephalus requiring CSF 
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diversion prior to surgery, ETV should be consid-
ered as procedure of first choice as it has the same 
efficacy with less morbidity and is only transient 
and less costly than VPS or VA shunt [21, 23, 24, 
33–35]. Even more, tissue detritus and blood 
being spilled into the CSF during surgery of 
intraventricular tumors leads with a high likeli-
hood to an obstruction of a permanent shunt sys-
tem with subsequent necessity of revision—another 
strong argument for EVD instead of shunting in 
this situation [13, 23]. ETV is associated with 
lower rates of perioperative complications and 
persistent hydrocephalus after tumor resection in 
children; however, in adult patients, this correla-
tion has been less well studied [17, 36].

40.3	 �Primary Brain Tumors

40.3.1	 �Glioblastoma

In a report about 841 glioblastoma patients, 64 
patients (8%) underwent a VPS for symptomatic 
hydrocephalus [4]. Fifteen patients presented 
with radiographic signs of hydrocephalus at diag-
nosis. Symptomatic hydrocephalus was observed 
during the course of the disease in 49 additional 
patients. VPS was performed after a median of 
0.4 months (range 0–25.6 months) after glioblas-
toma diagnosis in patients with obstructive 
hydrocephalus (34% of patients with symptom-
atic hydrocephalus) and after a median of 10.6 
(0.3–461) months after glioblastoma diagnosis in 
patients with communicative hydrocephalus 
(66%). In other smaller glioblastoma cohorts, 
communicative hydrocephalus was observed in 
5–10% during the course of disease [5–7]. Risk 
factors for communicative hydrocephalus include 
ventricular opening during surgical procedures 
and leptomeningeal tumor cell dissemination [6, 
7]. Radiotherapy may also contribute to the 
development of hydrocephalus in these patients, 
probably by inducing fibrosis of arachnoid gran-
ulations [2].

Out of 64 patients treated by shunt, a clinical 
improvement was noted after CSF diversion in 
61% of the patients, independent of the type of 
hydrocephalus: 62% of the patients with commu-

nicative hydrocephalus improved and 59% of the 
patients with obstructive hydrocephalus improved 
[4]. In another cohort of 41 patients with WHO 
grade III and IV glioma receiving a shunt, clini-
cal improvement was observed in 75% [37].

In patients with glioma-associated hydroceph-
alus, prognostic factors for longer survival were 
improvement of symptoms after shunt insertion, 
short time between initial tumor diagnosis and 
shunt, and, in case of communicative hydroceph-
alus, later onset of symptoms during the course 
of the disease [4]. Complications requiring a 
shunt revision have been reported in 17–29% of 
patients [4, 37]. The administration of bevaci-
zumab prior to the surgical procedure may be 
associated with a somewhat higher bleeding rate 
(p = 0.026) [37].

40.3.2	 �Other Primary Brain Tumors

A rate of 27–58% of hydrocephalus has been 
reported in adult patients with hemangioblasto-
mas prior to surgery [38, 39], and up to 14% of 
patients with preoperative hydrocephalus may 
require a VPS for persistent hydrocephalus after 
surgery [38]. The rate of hydrocephalus varies 
from 13.7 to 32.5% in vestibular schwannomas 
[13, 40–43]. In a cohort of 77 patients with 
small-to-medium vestibular schwannomas, the 
rate of hydrocephalus was 11.6% [42]. In this 
cohort no shunt was required after surgery, 
whereas 16 of 49 patients (32.5%) with large 
vestibular schwannomas underwent VPS for per-
sistent hydrocephalus [43]. Especially in vestib-
ular schwannomas, an increased CSF protein 
level might be found which is associated with a 
higher risk of shunt obstruction. Thus, and since 
in many cases enlargement of the ventricles 
resumes after surgical removal of the schwan-
noma, upfront shunting is seldom indicated. 
However, in elderly and frail patients with ves-
tibular schwannoma and concomitant hydro-
cephalus, it is highly recommendable to check 
whether the symptoms are more likely derived 
from the hydrocephalus. In these patients, a 
shunting procedure might resolve the symptoms 
and avoid a more risky surgical procedure since 
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surgical morbidity is closely linked to age in this 
entity [44].

In meningioma, age greater than 65 years, pos-
terior fossa tumor location, tumor size greater 
than 5 cm, and Simpson resection grade II to IV 
were identified as risk factors of requiring a CSF 
diversion. In a cohort of 48 patients with menin-
giomas requiring a CSF shunt, the shunt failure 
rate was 27%, with single revision in 16.7% and 
multiple revisions in 10.4% [45]. Medulloblastoma 
and ependymoma are commonly observed in the 
fossa posterior, especially in the fourth ventricle, 
and may require postsurgical shunting due to 
hydrocephalus also in adult patients [13].

40.4	 �Brain Metastases

40.4.1	 �Posterior Fossa Metastasis

The incidence of brain metastases is increasing 
due to an improvement of therapeutic strategies 
which lead to improved systemic tumor control 
and increased overall survival in several types of 
common cancer. Posterior fossa metastases rep-
resent 27% of brain metastases [46]. The main 
tumor histology for posterior fossa metastases 
includes lung, breast, gastrointestinal, gyneco-
logical, and renal tumors and melanoma [11, 12]. 
In a cohort of 92 consecutive patients with poste-
rior fossa metastases, 7.6% developed obstruc-
tive hydrocephalus requiring an emergency CSF 
shunt prior to surgical resection, and 7.1% 
required a CSF diversion after tumor surgery 
[11]. In another cohort of 50 patients, up to 24% 
of patients with posterior fossa metastasis pre-
senting with symptomatic hydrocephalus 
required a permanent CSF drainage after resec-
tion of the metastases [12]. The risk of leptomen-
ingeal tumor spread with potentially subsequent 
hydrocephalus is significantly higher with piece-
meal tumor resection than with other either en 
bloc resection or stereotactic radiosurgery [47].

In a cohort of patients presenting with hydro-
cephalus related to brain metastases, 16 ETV and 
36 VPS were performed [24]. In this cohort no 
ETV was performed in patients with prior history 
of CNS infection or bleeding or with leptomenin-

geal metastases. A comparable efficacy on symp-
toms was obtained after ETV (69%) and VPS 
(75%). While the precise prognosis of asymp-
tomatic or symptomatic obstructive hydrocepha-
lus is unknown [48], surgical resection or at least 
biopsy of identified lesions can be recommended 
with the aims to obtain a pathological diagnosis 
and to improve local control [48].

40.4.2	 �Leptomeningeal Metastases

Communicating hydrocephalus has been reported 
in 5–17% of patients with leptomeningeal metas-
tases [9, 10, 25]. Obstructive hydrocephalus 
related to a block of CSF flow by metastatic nod-
ules may also be observed. The goal of the treat-
ment of hydrocephalus in this situation is to 
improve symptoms and quality of life. Adequate 
treatment of hydrocephalus may also help to 
administer other therapies which may improve 
the prognosis of the patients [25]. Several retro-
spective studies have shown 77–88% of improve-
ment of neurological symptoms related to 
hydrocephalus and of the general condition after 
shunt placement in patients with leptomeningeal 
metastases [8, 33, 49]. The quality of life is usu-
ally improved [14, 24, 49]. The greatest improve-
ments are usually seen for headache and nausea 
but less so for cognitive disorders, urinary incon-
tinence, or gait disturbance [8, 24, 33, 49]. The 
main complications of VPS in patients with lep-
tomeningeal metastases include infection, bleed-
ing, obstruction or malfunction, and subdural 
hematoma, with an overall complication rate esti-
mated between 9 and 15% [8]. Peritoneal dis-
semination of tumor cells has been reported 
[50–52] but seems to be rare [8, 24, 33].

Repeated CSF depletion by lumbar puncture 
or through a ventricular device can be an option 
in patients with a-/pauci-symptomatic hydro-
cephalus treated with intra-CSF pharmacother-
apy. However, intra-CSF pharmacotherapy is 
usually not recommended in case of symptomatic 
hydrocephalus which requires a VPS, especially 
in the absence of a valve with an on/off option. 
Complications of ventricular devices include 
obstruction, malposition, leukoencephalopathy, 
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and infection, although the revision rates are 
below 8% [53–55].

ETV represents an option for patients with 
obstructive hydrocephalus, e.g., secondary to 
brain metastases [56], but should be avoided in 
patients with communicative hydrocephalus as 
efficacy cannot be expected in these situations.

40.5	 �Conclusions

CSF diversion may have a role in the early diag-
nostic setting, sometimes as an emergency mea-
sure, or during the course of the disease in 
patients with primary and secondary central ner-
vous system tumors. The method for CSF diver-
sion should be determined according to the type 
of hydrocephalus (obstructive vs. communica-
tive), the clinical presentation of the patient, and 
the overall medical history. CSF shunting may 
allow for rapid improvement of clinical symp-
toms and quality of life with an acceptable rate of 
complications and may provide the opportunity 
to apply further oncologic treatments. The option 
of CSF diversion appears to be undervalued in 
neuro-oncology and should be considered in 
patients with central nervous system tumors.

References

	 1.	Lam S, Harris DA, Lin Y, Rocque BG, Ham S, Pan 
I-W (2016) Outcomes of endoscopic third ventricu-
lostomy in adults. J Clin Neurosci 31:166–171

	 2.	Perrini P, Scollato A, Cioffi F, Mouchaty H, Conti R, 
Di Lorenzo N (2002) Radiation leukoencephalopathy 
associated with moderate hydrocephalus: intracranial 
pressure monitoring and results of ventriculoperito-
neal shunting. Neurol Sci 23(5):237–241

	 3.	Madsen PJ, Mallela AN, Hudgins ED, Storm PB, 
Heuer GG, Stein SC (2018) The effect and evolu-
tion of patient selection on outcomes in endoscopic 
third ventriculostomy for hydrocephalus: a large-scale 
review of the literature. J Neurol Sci 385:185–191

	 4.	Castro BA, Imber BS, Chen R, McDermott MW, 
Aghi MK (2017) Ventriculoperitoneal shunting for 
glioblastoma: risk factors, indications, and efficacy. 
Neurosurgery 80(3):421–430

	 5.	 Inamasu J, Nakamura Y, Saito R, Kuroshima Y, 
Mayanagi K, Orii M et al (2003) Postoperative com-
municating hydrocephalus in patients with supra-

tentorial malignant glioma. Clin Neurol Neurosurg 
106(1):9–15

	 6.	Montano N, D’Alessandris QG, Bianchi F, Lauretti L, 
Doglietto F, Fernandez E et al (2011) Communicating 
hydrocephalus following surgery and adjuvant 
radiochemotherapy for glioblastoma. J Neurosurg 
115(6):1126–1130

	 7.	Fischer CM, Neidert MC, Péus D, Ulrich NH, Regli 
L, Krayenbühl N et  al (2014) Hydrocephalus after 
resection and adjuvant radiochemotherapy in patients 
with glioblastoma. Clin Neurol Neurosurg 120:27–31

	 8.	Omuro AMP, Lallana EC, Bilsky MH, DeAngelis LM 
(2005) Ventriculoperitoneal shunt in patients with lep-
tomeningeal metastasis. Neurology 64(9):1625–1627

	 9.	Niwińska A, Rudnicka H, Murawska M (2013) 
Breast cancer leptomeningeal metastasis: propensity 
of breast cancer subtypes for leptomeninges and the 
analysis of factors influencing survival. Med Oncol 
30(1):408

	10.	Lee SJ, Lee J-I, Nam D-H, Ahn YC, Han JH, Sun J-M 
et  al (2013) Leptomeningeal carcinomatosis in non-
small-cell lung cancer patients: impact on survival 
and correlated prognostic factors. J Thorac Oncol 
8(2):185–191

	11.	Sunderland GJ, Jenkinson MD, Zakaria R (2016) 
Surgical management of posterior fossa metastases. J 
Neuro-Oncol 130(3):535–542

	12.	Ghods AJ, Munoz L, Byrne R (2011) Surgical treat-
ment of cerebellar metastases. Surg Neurol Int 2:159

	13.	Marx S, Reinfelder M, Matthes M, Schroeder 
HWS, Baldauf J (2018) Frequency and treatment 
of hydrocephalus prior to and after posterior fossa 
tumor surgery in adult patients. Acta Neurochir 
160(5):1063–1071

	14.	Nigim F, Critchlow JF, Kasper EM (2015) Role of 
ventriculoperitoneal shunting in patients with neo-
plasms of the central nervous system: an analysis of 
59 cases. Mol Clin Oncol 3(6):1381–1386

	15.	Relkin N, Marmarou A, Klinge P, Bergsneider M, 
Black PM (2005) Diagnosing idiopathic normal-
pressure hydrocephalus. Neurosurgery 57(Suppl 
3):S4–S16; discussion ii–v

	16.	Toma AK, Holl E, Kitchen ND, Watkins LD (2011) 
Evans’ index revisited: the need for an alternative 
in normal pressure hydrocephalus. Neurosurgery 
68(4):939–944

	17.	Di Rocco F, Jucá CE, Zerah M, Sainte-Rose C (2013) 
Endoscopic third ventriculostomy and posterior fossa 
tumors. World Neurosurg 79(Suppl 2):S18.e15–S18.
e19

	18.	Di Vincenzo J, Keiner D, Gaab MR, Schroeder HWS, 
Oertel JMK (2014) Endoscopic third ventriculos-
tomy: preoperative considerations and intraoperative 
strategy based on 300 procedures. J Neurol Surg A 
Cent Eur Neurosurg 75(1):20–30

	19.	Grand W, Leonardo J, Chamczuk AJ, Korus AJ (2016) 
Endoscopic third ventriculostomy in 250 adults with 
hydrocephalus: patient selection, outcomes, and com-
plications. Neurosurgery 78(1):109–119

E. Le Rhun et al.



735

	20.	 Isaacs AM, Bezchlibnyk YB, Yong H, Koshy D, 
Urbaneja G, Hader WJ et al (2016) Endoscopic third 
ventriculostomy for treatment of adult hydrocephalus: 
long-term follow-up of 163 patients. Neurosurg Focus 
41(3):E3

	21.	Nguyen TT, Smith MV, Rodziewicz GS, Lemke SM 
(1999) Hydrocephalus caused by metastatic brain 
lesions: treatment by third ventriculostomy. J Neurol 
Neurosurg Psychiatry 67(4):552–553

	22.	Marx S, El Damaty A, Manwaring J, El Refaee E, 
Fleck S, Fritsch M et al (2018) Endoscopic third ven-
triculostomy before posterior fossa tumor surgery in 
adult patients. J Neurol Surg A Cent Eur Neurosurg 
79(2):123–129

	23.	Chen CC, Kasper E, Warnke P (2011) Palliative 
stereotactic-endoscopic third ventriculostomy for the 
treatment of obstructive hydrocephalus from cerebral 
metastasis. Surg Neurol Int 2:76

	24.	Gonda DD, Kim TE, Warnke PC, Kasper EM, Carter 
BS, Chen CC (2012) Ventriculoperitoneal shunting 
versus endoscopic third ventriculostomy in the treat-
ment of patients with hydrocephalus related to metas-
tasis. Surg Neurol Int 3:97

	25.	Jung T-Y, Chung W-K, Oh I-J (2014) The prognos-
tic significance of surgically treated hydrocephalus in 
leptomeningeal metastases. Clin Neurol Neurosurg 
119:80–83

	26.	Agarwal N, Kashkoush A, McDowell MM, Lariviere 
WR, Ismail N, Friedlander RM (2018) Comparative 
durability and costs analysis of ventricular shunts. J 
Neurosurg 11:1–8

	27.	Anwar R, Sadek A-R, Vajramani G (2017) Abdominal 
pseudocyst: a rare complication of ventriculoperito-
neal shunting. Pract Neurol 17(3):212–213

	28.	Hung AL, Vivas-Buitrago T, Adam A, Lu J, Robison J, 
Elder BD et al (2017) Ventriculoatrial versus ventric-
uloperitoneal shunt complications in idiopathic nor-
mal pressure hydrocephalus. Clin Neurol Neurosurg 
157:1–6

	29.	Berger-Estilita J, Passer M, Giles M, Wiegand J, Merz 
TM (2018) Modalities and accuracy of diagnosis of 
external ventricular drainage-related infections: a pro-
spective multicentre observational cohort study. Acta 
Neurochir 160(10):2039–2047

	30.	Lenski M, Huge V, Schmutzer M, Ueberschaer M, 
Briegel J, Tonn J-C et al (2018) Inflammatory markers 
in serum and cerebrospinal fluid for early detection 
of external ventricular drain-associated ventriculitis in 
patients with subarachnoid hemorrhage. J Neurosurg 
Anesthesiol

	31.	Sainte-Rose C, Cinalli G, Roux FE, Maixner R, 
Chumas PD, Mansour M et  al (2001) Management 
of hydrocephalus in pediatric patients with posterior 
fossa tumors: the role of endoscopic third ventriculos-
tomy. J Neurosurg 95(5):791–797

	32.	Gliemroth J, Käsbeck E, Kehler U (2014) 
Ventriculocisternostomy versus ventriculoperitoneal 
shunt in the treatment of hydrocephalus: a retro-
spective, long-term observational study. Clin Neurol 
Neurosurg 122:92–96

	33.	Lee SH, Kong DS, Seol HJ, Nam D-H, Lee J-I (2011) 
Ventriculoperitoneal shunt for hydrocephalus caused 
by central nervous system metastasis. J Neuro-Oncol 
104(2):545–551

	34.	de Lima BO, Pratesi R (2014) Endoscopic third ven-
triculostomy has no higher costs than ventriculoperi-
toneal shunt. Arq Neuropsiquiatr 72(7):524–527

	35.	Reddy GK, Bollam P, Caldito G, Willis B, Guthikonda 
B, Nanda A (2011) Ventriculoperitoneal shunt com-
plications in hydrocephalus patients with intracranial 
tumors: an analysis of relevant risk factors. J Neuro-
Oncol 103(2):333–342

	36.	Lin C-T, Riva-Cambrin JK (2015) Management of 
posterior fossa tumors and hydrocephalus in children: 
a review. Childs Nerv Syst 31(10):1781–1789

	37.	Rinaldo L, Brown D, Lanzino G, Parney IF (2017) 
Outcomes following cerebrospinal fluid shunting in 
high-grade glioma patients. J Neurosurg 22:1–13

	38.	Fukuda M, Takao T, Hiraishi T, Yoshimura J, Yajima 
N, Saito A et al (2014) Clinical factors predicting out-
comes after surgical resection for sporadic cerebellar 
hemangioblastomas. World Neurosurg 82(5):815–821

	39.	Niu L, Zhang Y, Li Q, Dai J, Yin H, Duan L et  al 
(2016) The analysis of correlative factors affecting 
long-term outcomes in patients with Solid Cerebellar 
Hemangioblastomas. Clin Neurol Neurosurg 
150:59–66

	40.	Atlas MD, Perez de Tagle JR, Cook JA, Sheehy JP, 
Fagan PA (1996) Evolution of the management of 
hydrocephalus associated with acoustic neuroma. 
Laryngoscope 106(2 Pt 1):204–206

	41.	Pirouzmand F, Tator CH, Rutka J (2001) Management 
of hydrocephalus associated with vestibular schwan-
noma and other cerebellopontine angle tumors. 
Neurosurgery 48(6):1246–1253; discussion 
1253–1254

	42.	Taniguchi M, Nakai T, Kohta M, Kimura H, Kohmura 
E (2016) Communicating hydrocephalus associated 
with small- to medium-sized vestibular schwanno-
mas: clinical significance of the tumor apparent diffu-
sion coefficient map. World Neurosurg 94:261–267

	43.	Harati A, Scheufler K-M, Schultheiss R, Tonkal A, 
Harati K, Oni P et al (2017) Clinical features, micro-
surgical treatment, and outcome of vestibular schwan-
noma with brainstem compression. Surg Neurol Int 
8:45

	44.	McClelland S, Kim E, Murphy JD, Jaboin JJ (2017) 
Operative mortality rates of acoustic neuroma sur-
gery: a national cancer database analysis. Otol 
Neurotol 38(5):751–753

	45.	Bir SC, Sapkota S, Maiti TK, Konar S, Bollam P, 
Nanda A (2017) Evaluation of ventriculoperitoneal 
shunt-related complications in intracranial meningi-
oma with hydrocephalus. J Neurol Surg B Skull Base 
78(1):30–36

	46.	Ghia A, Tomé WA, Thomas S, Cannon G, Khuntia D, 
Kuo JS et al (2007) Distribution of brain metastases in 
relation to the hippocampus: implications for neuro-
cognitive functional preservation. Int J Radiat Oncol 
Biol Phys 68(4):971–977

40  Hydrocephalus Related to CNS Malignancies in Adults



736

	47.	Suki D, Hatiboglu MA, Patel AJ, Weinberg JS, Groves 
MD, Mahajan A et al (2009) Comparative risk of lep-
tomeningeal dissemination of cancer after surgery or 
stereotactic radiosurgery for a single supratentorial 
solid tumor metastasis. Neurosurgery 64(4):664–674; 
discussion 674–676

	48.	Roux A, Botella C, Still M, Zanello M, Dhermain F, 
Metellus P et  al (2018) Posterior fossa metastasis-
associated obstructive hydrocephalus in adult 
patients: literature review and practical considerations 
from the Neuro-Oncology Club of the French Society 
of Neurosurgery. World Neurosurg 117:271–279

	49.	Murakami Y, Ichikawa M, Bakhit M, Jinguji S, Sato 
T, Fujii M et  al (2018) Palliative shunt surgery for 
patients with leptomeningeal metastasis. Clin Neurol 
Neurosurg 168:175–178

	50.	Narayan A, Jallo G, Huisman TAGM (2015) 
Extracranial, peritoneal seeding of primary malignant 
brain tumors through ventriculo-peritoneal shunts 
in children: case report and review of the literature. 
Neuroradiol J 28(5):536–539

	51.	Rickert CH (1998) Abdominal metastases of pediatric 
brain tumors via ventriculo-peritoneal shunts. Childs 
Nerv Syst 14(1–2):10–14

	52.	Jamjoom ZA, Jamjoom AB, Sulaiman AH, Naim-Ur-
Rahman null, al Rabiaa A (1993) Systemic metasta-
sis of medulloblastoma through ventriculoperitoneal 
shunt: report of a case and critical analysis of the lit-
erature. Surg Neurol 40(5):403–410

	53.	Zairi F, Le Rhun E, Bertrand N, Boulanger T, Taillibert 
S, Aboukais R et al (2015) Complications related to 
the use of an intraventricular access device for the 
treatment of leptomeningeal metastases from solid 
tumor: a single centre experience in 112 patients. J 
Neuro-Oncol 124(2):317–323

	54.	Kennedy BC, Brown LT, Komotar RJ, McKhann GM 
(2016) Stereotactic catheter placement for Ommaya 
reservoirs. J Clin Neurosci 27:44–47

	55.	Morgenstern PF, Connors S, Reiner AS, Greenfield JP 
(2016) Image guidance for placement of ommaya res-
ervoirs: comparison of fluoroscopy and frameless ste-
reotactic navigation in 145 patients. World Neurosurg 
93:154–158

	56.	Volkov AA, Filis AK, Vrionis FD (2017) Surgical 
treatment for leptomeningeal disease. Cancer Control 
24(1):47–53

E. Le Rhun et al.


	40: Hydrocephalus Related to CNS Malignancies in Adults
	40.1	 General Presentation and Pathogenesis of Hydrocephalus
	40.2	 Therapeutic Options
	40.2.1	 ETV
	40.2.2	 VPS
	40.2.3	 Ventriculoatrial Shunt (VAS)
	40.2.4	 External Ventricular Drainage (EVD)
	40.2.5	 Choice of Indications

	40.3	 Primary Brain Tumors
	40.3.1	 Glioblastoma
	40.3.2	 Other Primary Brain Tumors

	40.4	 Brain Metastases
	40.4.1	 Posterior Fossa Metastasis
	40.4.2	 Leptomeningeal Metastases

	40.5	 Conclusions
	References




