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For decades, intracerebroventricular (ICV), or intraventricular, devices have been used in the treatment of a
broad range of pediatric and adult central nervous system (CNS) disorders. Due to the limited permeability of the
blood brain barrier, diseases with CNS involvement may require direct administration of drugs into the brain to
achieve full therapeutic effect. A recent comprehensive literature review on the clinical use and complications of
ICV drug delivery revealed that device-associated complication rates are variable, and may be as high as 33% for
non-infectious complications and 27% for infectious complications. The variability in reported safety outcomes
may be driven by a lack of consensus on best practices of device use. Numerous studies have demonstrated that

employing strict aseptic techniques and following stringent protocols can dramatically reduce complications.
Key practices to be considered in facilitating the safe, long-term use of these devices are presented.

1. Introduction

For patients with certain central nervous system (CNS) disorders,
such as brain infections and tumors, refractory pain, and neurodegen-
erative conditions [1-5], effective therapy requires the direct delivery
of drugs to the CNS in order to circumvent the blood-brain barrier
(BBB) [6]. This physiological barrier restricts the movement of large
molecules between the blood, cerebrospinal fluid (CSF), and interstitial
fluid of the brain [5,7,8]. The selectivity of the BBB prevents many
systemically administered drugs from reaching therapeutic levels in the
CNS [4,9,10]. Intrathecal delivery methods administer soluble ther-
apeutics directly into the CSF. Intrathecal delivery methods include
intracerebroventricular (ICV), intrathecal-lumbar and intracisternal
routes. The ICV route enables the administration of drugs into a lateral
cerebral ventricle via an implanted device (reservoir and catheter). This
delivery route, which may also be referred to as intraventricular ad-
ministration, has been used worldwide for decades to treat pediatric
and adult patients with a broad range of CNS disorders [1-5,11].

ICV devices allow administration of drugs either directly into the
CSF or by interstitial infusion (with convection) [2,12-18]. Whereas
interstitial infusion by convection reaches a perimeter from the im-
planted point source within the parenchyma, injection/infusion into the

CSF will distribute throughout the whole ventricular system and the
external CSF spaces like the basal cisterns and over the convexity. The
penetration of any given drug will be dependent on individual char-
acteristics such as size, lipid solubility and charge. Undoubtedly there is
cerebrovascular fluid transport and exchange between CSF and inter-
stitial fluid (ISF) leading to the proposed “glymphatics” concept, but as
methods including imaging are currently limited, the extent of dis-
tribution into the ISF of any given ICV-delivered substance is largely
unknown, and is expected to have enormous individual variability and
to be significantly impacted by disease [19,20]. This is in contrast to
convection-enhanced delivery where via surrogate imaging of gadoli-
nium into a direct interstitial infusate, the distribution can be measured
and large areas can be covered with flow rates of the microcatheters
limited to 1 to 2 pL per min as otherwise the fluid will not get into the
tissue and collect in a cavity around the delivery catheter tip [ 21,22].
Many technological innovations are to be expected in the coming years.
Currently, there is only short-term experience and use of implanted
delivery devices for repeated access is still uncommon and beyond the
scope of this review.

Through ICV devices, drugs are given by slow bolus push (with
butterfly needle and syringe). These bolus deliveries may be isovolu-
metric, i.e. an equal volume may be removed, if volumes are 10 mL or
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greater. A recently approved treatment for CLN2 disease (neuronal
ceroid lipofuscinosis type 2) utilizes the ICV route via a slow infusion
(2.5mL/ h) using a Huber non-coring needle and syringe pump, with
post-infusion flushing of the line to ensure complete dosing [23]. An
implanted ICV device facilitates chronic therapy and affords greater
convenience to healthcare professionals and patients [13,16,24]. Once
the device is no longer therapeutically needed, it can remain in place
indefinitely in the absence of complications [3,17,25]. In addition to
their more traditional use in oncology and pain management, ICV de-
vices are being increasingly used to administer therapies to patients
with neurodegenerative diseases.

Experience on the use of ICV devices based on institutional practices
have been reported in the literature [3,24-27]. Reported ICV device
access protocols and rates of device-associated complications are highly
variable. A recent systematic literature review found that non-in-
fectious complication rates per patient were as high as 33%, while in-
fectious complication rates reached 27% [24]. The most common non-
infectious complications related to ICV device access in adult and pe-
diatric patients included intracerebral hemorrhage, catheter malposi-
tion and/or obstruction, and subcutaneous CSF leaks. The most
common infections were caused by Staphylococcus epidermidis and Sta-
phylococcus aureus. Numerous studies have demonstrated that em-
ploying strict aseptic techniques when accessing ICV devices can dra-
matically reduce infection rates, and following stringent standard
practices for device use can help reduce complications [3,27-30].
Overall, safety and complication rates associated with ventricular ac-
cess devices can demonstrate a remarkable long-term safety profile for
permanent indwelling devices when following proper techniques [25].
Nevertheless, the wide variation in complication rates reported in the
literature suggests the need for standardization of procedures. An in-
ternational multidisciplinary group of healthcare professionals with
expertise in ICV devices met to discuss current practices at their in-
stitutions. Specialties represented were neurosurgery, neuro-oncology,
pediatric hematology oncology, pediatric neuro-oncology nursing and
pediatric neurology. The goal was to establish a consensus on best
practices for the management of ICV devices and for mitigating device-
associated complications to facilitate their long-term use.

2. ICV device implantation

ICV device implantation is a procedure that is routinely performed
by neurosurgeons in adults and in children including newborns [23].
The reservoir is placed under the scalp in the subgaleal space, and the
catheter is commonly inserted into the lateral ventricle of the non-
dominant hemisphere. Relative contraindications for ICV device im-
plantation could include infection and coagulopathy.

ICV devices are implanted and managed in patients from all age
groups (newborn to adult), and ICV devices have been implanted in
patients as young as premature newborns. In a retrospective analysis
that evaluated the rate of ICV shunt infections and related risk factors,
the infection rate for preterm infants (33.3%) was slightly higher than
that for full-term babies (25.8%) [31]. This may be due to lower im-
mune function, lower birth weight, higher number of skin commensals,
and the often prolonged hospitalization that causes more colonization
with specific nosocomial microorganisms [31]. Considerations to
minimize the risk of complications are listed in Table 1. All personnel
involved in implanting the device must be appropriately educated, pay
meticulous attention to establishing and maintaining aseptic conditions
throughout the procedure, and follow all institutional policies. To aid in
ensuring sterility, the implantation surgery could be scheduled as the
day's first procedure. Another helpful strategy is to create a flap (half
moon incision) and to place the dome of the reservoir at a safe distance
from the skin incision. The use of prophylactic antibiotics periopera-
tively and optimal infection control measures during ICV device im-
plantation surgery are necessary to keep infection rates low. The use of
chlorhexidine skin preparation, antibiotic impregnated catheters, and
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Table 1
Recommended best practices for ICV device implantation.

1. Patient's coagulation parameters and platelet counts should always be checked
preoperatively.

2. Use of prophylactic intravenous antibiotics prior to skin incision. Prophylaxis for
3-5days thereafter may be considered.

3. Within a facility that can handle complications, the procedure should be
performed by an experienced neurosurgeon; the core team performing the
procedure should be minimal.

4. Standard sterile procedures should be used. The operator should ensure thorough
disinfection by scrubbing hands and wearing sterile gloves.

5. Ommaya reservoir should be implanted away from the burr hole and the “C-
incision” site; use of a neuronavigation system may be useful in the precise
placement of the catheter tip in smaller-size ventricles.

6. To confirm if the device and catheter are in the correct location, CSF flow is the
hallmark test; postoperative imaging, either CT or MR, is recommended
immediately after ICV device implantation to confirm appropriate placement in
ipsilateral ventricle.

7. To reduce the risk of backflow of the administered drug through the catheter
tract, a wait time of =5 days is recommended after device implantation before
first use, to allow for proper wound healing.

8. Provide postoperative instructions to patients and caregivers regarding home care
of the ICV device.

9. The institution should be equipped with an on-call neurosurgeon, pediatric ED,
pediatric ICU, and 24-h imaging center.

CSF = cerebrospinal fluid; ED = emergency department; ICU = intensive care
unit; ICV = intracerebroventricular; MRI = magnetic resonance imaging.

prophylactic antibiotic regimen administered intravenously and/or in-
trathecally, may additionally be considered for minimizing incidence of
infection associated with device implantation procedures [31].

ICV catheters can be inserted in ventricles of all sizes. Stereotactic
guidance may be especially helpful in patients with slit-like ventricles
[32,33]. Confirming placement of the catheter is critical. CSF “back-
flow” is the hallmark indicator to confirm placement; however this may
not be sufficient to confirm location of the tip of the catheter (as ca-
theter tip may be in third ventricle and not in lateral ventricle). In-
traoperative or post-operative imaging is recommended as routine
practice. This may be performed any time prior to first use of the de-
vice. Catheter tip malposition has been reported to occur in up to 6% of
reservoir placement procedures (total of 840 procedures in 5 studies);
however, this rate has declined since the introduction of navigation-
guided reservoir placement [3]. In addition, endoscopy may be useful
to assist ventricular catheter placement, particularly when the ventricle
is small and/or has abnormal anatomy [34].

Although theoretically the device may be used immediately, a
waiting period between implantation and first use of the device is re-
commended to allow for wound healing and to reduce the risk of
backflow through the tract created by the catheter. It is also helpful to
monitor for post-operative complications before starting a new medi-
cation and distinguish the complications from the procedure versus the
drug instilled into the ventricles. This is especially important for che-
motherapy agents as cases of focal leukoencephalopathy have been
described and may be related to such backflow. The minimum re-
commended waiting period is 5 days, but often 7 days is preferred to
allow swelling to decrease in order to ensure reservoir margins are
clearly palpable on the surface of the scalp and ensure a successful
access with minimal pain. For pediatric cases where chronic therapies
are needed, a successful first experience is especially important.

Once implanted, ICV devices can remain in place for life. However,
the length of usage of devices is not well established and devices should
be monitored for leakage/failure. Infection, device failures, catheter
malpositioning or occlusion may require removal and/or surgical re-
vision. Device replacement may be necessary.

3. ICV device access

Infections can be minimized with strict adherence to aseptic tech-
niques by creating and following institutional protocols and by limiting
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Accessing the Reservoir
= Palpate scalp to identify the reservoir
= Use a 24-25G non-coring needle
= May use a butterfly or smaller gauge
needle for bolus administrations
= Port-a-cath needles (non-coring
Huber needles) are recommended for

Patient Positioning

= Position the patient in a 45-degree “sitting
up” or reclining posture

Hair Removal

= If preferred, remove hair carefully around

the reservoir longer infusions

Materials
= Use new pair of sterile gloves, gown, cap
and mask for each instance of ICV access

= All personnel/caregivers must wear gloves
and masks

(1-10 mL) for:

Disinfection of Skin

= Perform rigorous cleaning of puncture site
and surrounding area with iodine-based or
alcohol-based solution (betadine, Isozid)
+ chlorhexidine

= Use multiple separate swabs 3-5x

Fig. 1. Recommended best practices for the use of ICV drug delivery devices.
CSF = cerebrospinal fluid; ICV = intracerebroventricular.

access to a small group of well-trained, highly knowledgeable personnel
[2,35,36]. Various providers including oncologists, neurologists, neu-
rosurgeons, pediatricians, nurse practitioners, and fellows may be able
to perform access procedures; the major consideration is the level of
skill of the select group of providers rather than their specialty. ICV
device access can be performed in various settings, commonly in out-
patient settings, private rooms or low-traffic areas preferably with a
closed door/curtain. Practices will vary by country and institution.
Post-treatment observation of patients is usually not required, but may
be preferred in certain cases (e.g. research protocols) [3]. Sedation of
patients while accessing the device is not routine; however if per-
formed, monitoring post-procedure is often preferred. The average
number of punctures per device is commonly reported in the literature
as 30-50; in a cohort of 98 patients, > 100 punctures were reported in
12 patients and > 200 punctures in 4 patients [3].

A summary guidance on the ICV device access procedure is shown
in Fig. 1 and described in detail below.

3.1. Preparation of the access site

After allowing proper surgical wound healing, access should be
performed by personnel with specialized knowledge of the ICV access
procedure. Patients and caregivers should be counseled on preparation
of the access site per institution's protocol, for example hair removal
and use of chlorhexidine shampoo the night before or morning of the
treatment may be recommended. Hair removal is optional; when hair is
removed prior to access, personnel should be careful not to cause skin
abrasions. Recommended methods of hair removal include depilatory
cream and electric clippers. A razor may be used by experienced per-
sonnel, but may increase the possibility of minor nicks and the risk of
subsequent infection. Pediatric protocols may include the use of topical
anesthetic creams prior to puncturing the device. This may not always
be implemented as pain perception in the scalp may be lower and the
area may become numb as a result of skin incisions related to the device
implantation surgery.

Rigorous cleaning of the access site and the surrounding area with
an iodine- or alcohol-based solution is a crucial aspect of aseptic tech-
nique. Although 3 swabs are commonly used for cleaning, experts re-
commend using 5 swabs, beginning the disinfection process by wearing

Aspiration of Fluid
= Aspirate needed volume of CSF

1. Ensuring patency
2. CSF analysis as needed
3. Isovolumetric drug delivery as needed
(with larger volumes >5-10 mL)
= |f there is no smooth flow of CSF, stop the
procedure and consult with neurosurgeon
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Post-administration Procedure

=Remove needle, and cover injection
site with sterile gauze while applying
gentle pressure

= Cover with sterile patch
= Avoid pumping of reservoir

Patient Counseling

=| eave the dressing in place for 24-48
hours, and wash daily thereafter with
pH-neutral shampoo

= Watch for signs of infection (i.e. swelling,
pain, discharge, fever)

= Avoid direct trauma to the reservoir

=Regularly wash the hair before
intrathecal therapy

= Avoid touching or scratching the
device location

Administer Medication

Flush Line with Flushing Solution

2 pairs of gloves and using 3 swabs, then removing the top pair of
gloves to complete disinfection with the remaining 2 swabs [3]. For any
iodine-based solution, it is crucial to allow the solution to dry between
each new swab. Importantly, hand disinfection and use of sterile gloves
are mandatory for all personnel involved; face masks, hair covers and
sterile gowns may be considered.

3.2. Device access

Depending on the patient needs, local anesthetic cream can be used
at the site of the puncture [3]. Butterfly needles (25 gauge) should be
used for short bolus infusions (approximately 10-15 min). Port-a-cath
needles (25 gauge, non-coring Huber type needles) are recommended
for longer infusions (hours) as they are stable with lower risk of needle
detachment during treatment; the base of the needle should be flush
against the skin (this happens when needle is inserted perpendicular to
the dome center and lies in the deepest part of the reservoir). Care must
be taken not to perforate the bottom of the reservoir, though this is less
of an issue with steel-based Rickham reservoirs. Ensuring that device
materials do not interfere with brain imaging is important. Antibiotic
impregnated catheters may be considered [37].

The potential for increased intracranial pressure remains a theore-
tical concern during ICV drug administration, especially when large
volumes are to be administered over a short period of time [16]. To
address this concern, isovolumetric injection has been used, in which
withdrawal of CSF prior to administration of the drug can help to avoid
volume overload [38-41]. It is recommended that 1-10 mL of CSF be
withdrawn immediately after puncture to: 1) check the patency of ca-
theter; 2) permit CSF analysis as needed; and 3) (optional) allow for
isovolumetric drug delivery, especially with larger volumes
(> 5-10mL). A smaller syringe should be used for aspiration to de-
crease the intensity of suction generated. If there is no CSF return,
consultation with the neurosurgical team is recommended prior to any
drug delivery. Following drug delivery, flushing the device (and infu-
sion components) is recommended; artificial CSF or preservative-free
saline may be used. CSF analysis might be considered when infection is
suspected, after every drug administration, or whenever the ICV device
is accessed.
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4. Drug administration and post administration

ICV infusion through a device pump is used to deliver drugs over an
extended time period and at a constant rate to mitigate gradient and
loss of therapy to the periphery and to minimize risk of increased in-
tracranial pressure [16,40]. Administration over 10-15min is also
adequate to achieve enough flow and pressure resulting in sufficient
distribution throughout CSF spaces [42]. For injections given over
longer periods of time, fixation of the port needle will help stabilize the
infusion system over the administration. Flushing of the tubing, port
needle, reservoir, and internal cannula with CSF, artificial CSF, or
preservative-free saline helps ensure complete drug delivery. Following
the procedure, remove the needle and cover the injection site with a
sterile gauze while applying gentle pressure, followed by a sterile patch.
Pumping of the reservoir should be avoided.

5. Patient counseling

Instructions should be provided to patients and caregivers regarding
home care and monitoring of the ICV device. If signs of infection or
increased cranial pressure are observed (i.e. swelling, pain, discharge,
fever, changes in mental status), the patient should seek immediate
medical care. Patients and caregivers should also be counseled about
avoiding direct trauma to the reservoir and avoiding touching or
scratching the skin over the device location. Patients should keep scalp/
hair clean and the use of pH-neutral shampoos is recommended. Prior
to ICV access, bacteriostatic shampoo can be used (chlorhexidine- or
iodine-based).

6. Management of complications

Infection is the most common complication associated with ICV
access devices [3]. Device-related infections are almost exclusively
caused by skin bacteria, including Staphylococcus epidermis and aureus,
and Streptococcus. Although historically reported as non-pathogenic
contaminants, severe Propionibacterium acnes infections have been re-
ported as complications of neurosurgical procedures and implanted
devices [43]. These infections may be subclinical and may be challen-
ging to identify both clinically and by laboratory testing (P. acnes is
slow to grow in laboratory cultures and may take up to 10 days).
Aseptic techniques and implantation away from the incision line are
key practices in decreasing the risk of ICV device infections. However,
upon a confirmed infection, the device is usually removed, and the
waiting period for re-implantation of a new device is dependent on the
length of treatment with antibiotics (typically 10-14 days) or until after
at least 3 consecutive negative CSF cultures.

Non-infectious complications such as an obstruction, ventricular
catheter disconnection, malposition of the catheter tip, and CSF leaks
may also require device revisions or removal and replacement. It is
recommended for a neurosurgeon to be present during the first ICV
drug administration, or have on-call availability within 2-3h, to ad-
dress complications such as CSF leaks or infection. In the absence of
complications, ICV access devices may remain in place indefinitely
[25].

7. Future directions

As the use of ICV devices for chronic CNS drug delivery increases to
treat a range of conditions, including neurodegenerative and genetic
disorders [23,44], the need for best practice guidelines for managing
these devices and preventing related complications becomes critical.
Advances in ICV device technology may not only improve the precision
of CNS drug delivery but also minimize complications. For example, an
ICV device may be integrated with implanted pumps with drug re-
servoirs that could enable longer-term and more continuous dosing.
These pumps could incorporate biometric feedback and CSF sampling at
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defined intervals to measure defined treatment-related biomarkers. As
ICV device use expands to include other treatment modalities like im-
munotherapy [41], such biometric feedback features could allow real-
time monitoring of immune response markers during treatment.

8. Conclusions

ICV drug delivery is an established route of drug administration into
the CNS and can be performed safely when stringent measures are taken
to minimize complications. By strictly following aseptic techniques,
creating and consistently following institution protocols, and limiting
device access to a select group of knowledgeable personnel, the rate of
infection and complications can be kept at a minimum. Standardizing
practices and developing consensus-based guidelines are expected to
facilitate the safe, long-term use of ICV drug delivery devices.

Declaration of conflicting interests

1.S., S.G., J.K., D.A.L. M.M.,, C.S., and M.W. received honoraria from
BioMarin Pharmaceutical, Inc. for participation as a member of the
expert panel.

J.L.C-P. and A.J.S. are employees of BioMarin Pharmaceutical, Inc.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was funded by BioMarin Pharmaceutical Inc. This research recieved no
specific grant from any funding agency in the public, commercial, or
not-for-profit sectors.

Acknowledgements

We acknowledge MedAccess Inc. for their assistance in the devel-
opment of the manuscript.

References

[1] R. Gabathuler, Approaches to transport therapeutic drugs across the blood-brain
barrier to treat brain diseases, Neurobiol. Dis. 37 (1) (2010) 48-57.

P.A. Mead, J.E. Safdieh, P. Nizza, S. Tuma, K.A. Sepkowitz, Ommaya reservoir in-
fections: a 16-year retrospective analysis, J. Inf. Secur. 68 (3) (2014) 225-230.

A. Peyrl, M. Chocholous, A.A. Azizi, et al., Safety of Ommaya reservoirs in children
with brain tumors: a 20-year experience with 5472 intraventricular drug adminis-
trations in 98 patients, J. Neuro-Oncol. 120 (1) (2014) 139-145.

A. Ruggiero, V. Conter, M. Milani, et al., Intrathecal chemotherapy with anti-
neoplastic agents in children, Paediatr. Drugs 3 (4) (2001) 237-246.

X. Yi, D.S. Manickam, A. Brynskikh, A.V. Kabanov, Agile delivery of protein ther-
apeutics to CNS, J. Control. Release 190 (2014) 637-663.

W.M. Pardridge, The blood-brain barrier: bottleneck in brain drug development,
NeuroRx 2 (1) (2005) 3-14.

M.B. Kosier, P. Minkler, Nursing management of patients with an implanted
Ommaya reservoir, Clin. J. Oncol. Nurs. 3 (2) (1999) 63-67.

E.A. Neuwelt, B. Bauer, C. Fahlke, et al., Engaging neuroscience to advance trans-
lational research in brain barrier biology, Nat. Rev. Neurosci. 12 (3) (2011)
169-182.

E. LePage, Using a ventricular reservoir to instill amphotericin B, J. Neurosci. Nurs.
25 (4) (1993) 212-217.

H. Xie, J.K. Chung, M.A. Mascelli, T.G. McCauley, Pharmacokinetics and bioavail-
ability of a therapeutic enzyme (idursulfase) in cynomolgus monkeys after in-
trathecal and intravenous administration, PLoS One 10 (4) (2015) e0122453.
A.M. Cook, K.D. Mieure, R.D. Owen, A.B. Pesaturo, J. Hatton,
Intracerebroventricular administration of drugs, Pharmacotherapy 29 (7) (2009)
832-845.

M.L Alam, S. Beg, A. Samad, et al., Strategy for effective brain drug delivery, Eur. J.
Pharm. Sci. 40 (5) (2010) 385-403.

J.P. Greenfield, M.H. Bilsky, Neurosurgical interventions for leptomeningeal tumor,
Cancer Treat. Res. 125 (2005) 107-119.

R. Imberti, G.A. Iotti, M. Regazzi, Intraventricular or intrathecal colistin for the
treatment of central nervous system infections caused by multidrug-resistant gram-
negative bacteria, Expert Rev. Anti-Infect. Ther. 12 (4) (2014) 471-478.

Y.R. Lazorthes, B.A. Sallerin, J.C. Verdie, Intracerebroventricular administration of
morphine for control of irreducible cancer pain, Neurosurgery 37 (3) (1995)
422-428 (discussion 428-429).

[2]

[3]

[4]
[5]
[6]
[7]

[8]

[91

[10]

[11]

[12]
[13]

[14]

[15]



L Slavc et al.

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

M.M. Patel, B.R. Goyal, S.V. Bhadada, J.S. Bhatt, A.F. Amin, Getting into the brain:
approaches to enhance brain drug delivery, CNS Drugs 23 (1) (2009) 35-58.

1. Slavc, E. Schuller, J. Falger, et al., Feasibility of long-term intraventricular
therapy with mafosfamide (n = 26) and etoposide (n = 11): experience in 26
children with disseminated malignant brain tumors, J. Neuro-Oncol. 64 (3) (2003)
239-247.

R.J. Tamargo, H. Brem, Drug delivery to the central nervous system: a review,
Neurosurg. Q. 2 (1992) 243-323.

N.J. Abbott, M.E. Pizzo, J.E. Preston, et al., The role of brain barriers in fluid
movement in the CNS: is there a ‘glymphatic’ system? Acta Neuropathol. 135 (3)
(2018) 387-407.

M.E. Pizzo, D.J. Wolak, N.N. Kumar, et al., Intrathecal antibody distribution in the
rat brain: surface diffusion, perivascular transport and osmotic enhancement of
delivery, J. Physiol. 596 (3) (2018) 445-475.

M.A. Vogelbaum, M.K. Aghi, Convection-enhanced delivery for the treatment of
glioblastoma, Neuro-Oncology 17 (S2) (2015) ii3—ii8.

R.R. Lonser, M. Sarntinoranont, P.F. Morrison, E.H. Oldfield, Convection-enhanced
delivery to the central nervous system, J. Neurosurg. 122 (3) (2015) 697-706.
Brineura® (cerliponase alfa) US Prescribing Information, BioMarine
Pharm.aceutical Inc., Novato, CA, 2017 Available at www.brineura.com.

J.L. Cohen-Pfeffer, S. Gururangan, T. Lester, et al., Intracerebroventricular delivery
as a safe, long-term route of administration, Pediatr. Neurol. 67 (2017) 23-35.

K. Kramer, M. Smith, M.M. Souweidane, Safety profile of long-term intraventricular
access devices in pediatric patients receiving radioimmunotherapy for central
nervous system malignancies, Pediatr. Blood Cancer 61 (9) (2014) 1590-1592.

L. Aiello-Laws, D.N. Rutledge, Management of adult patients receiving in-
traventricular chemotherapy for the treatment of leptomeningeal metastasis, Clin.
J. Oncol. Nurs. 12 (3) (2008) 429-435.

A.J. Brouwer, F. Groenendaal, A. van den Hoogen, J.E. de Vos, L.S. de Vries,
Ventricular reservoir punctures performed by nurses: an improvement in quality of
care, Neonat. Netw. 29 (4) (2010) 243-248.

A.J. Brouwer, F. Groenendaal, A. van den Hoogen, et al., Incidence of infections of
ventricular reservoirs in the treatment of post-haemorrhagic ventricular dilatation:
a retrospective study (1992-2003), Arch. Dis. Child. Fetal Neonatal Ed. 92 (1)
(2007) F41-F43.

A. Karavelis, G. Foroglou, P. Selviaridis, G. Fountzilas, Intraventricular adminis-
tration of morphine for control of intractable cancer pain in 90 patients,
Neurosurgery 39 (1) (1996) 57-61 (discussion 61-52).

E. Richard, G. Cinalli, D. Assis, A. Pierre-Kahn, T. Lacaze-Masmonteil, Treatment of
post-haemorrhage ventricular dilatation with an Ommaya's reservoir: management
and outcome of 64 preterm infants, Childs Nerv. Syst. 17 (6) (2001) 334-340.

188

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Molecular Genetics and Metabolism 124 (2018) 184-188

N. Bruinsma, E.E. Stobberingh, M.J. Herpers, J.S. Vles, B.J. Weber, D.A. Gavilanes,
Subcutaneous ventricular catheter reservoir and ventriculoperitoneal drain-related
infections in preterm infants and young children, Clin. Microbiol. Infect. 6 (4)
(2000) 202-206.

J.C. Lau, S.E. Kosteniuk, D.R. Macdonald, J.F. Megyesi, Image-guided Ommaya
reservoir insertion for intraventricular chemotherapy: a retrospective series, Acta
Neurochir. 160 (3) (2018) 539-544.

L.W. Xu, E.S. Sussman, G. Li, Frameless, electromagnetic image-guided ven-
triculostomy for ventriculoperitoneal shunt and Ommaya reservoir placement, Clin.
Neurol. Neurosurg. 147 (2016) 46-52.

J. Roth, S. Constantini, Selective use of intra-catheter endoscopic-assisted ven-
tricular catheter placement: indications and outcome, Childs Nerv. Syst. 28 (8)
(2012) 1163-1169.

M. Lishner, R.G. Perrin, R. Feld, et al., Complications associated with Ommaya
reservoirs in patients with cancer. The Princess Margaret Hospital experience and a
review of the literature, Arch. Intern. Med. 150 (1) (1990) 173-176.

T. Siegal, Toxicity of treatment for neoplastic meningitis, Curr. Oncol. Rep. 5 (1)
(2003) 41-49.

M.D. Jenkinson, C. Gamble, J.C. Hartley, et al., The British antibiotic and silver-
impregnated catheters for ventriculoperitoneal shunts multi-Centre randomised
controlled trial (the BASICS trial): study protocol, Trials 15 (2014) 4, http://dx.doi.
org/10.1186/1745-6215-15-4.

S.M. Blaney, F.M. Balis, S. Berg, et al., Intrathecal mafosfamide: a preclinical
pharmacology and phase I trial, J. Clin. Oncol. 23 (7) (2005) 1555-1563.

S.M. Blaney, R. Heideman, S. Berg, et al., Phase I clinical trial of intrathecal to-
potecan in patients with neoplastic meningitis, J. Clin. Oncol. 21 (1) (2003)
143-147.

M. Iacoangeli, R. Roselli, L. Pagano, et al., Intrathecal chemotherapy for treatment
of overt meningeal leukemia: comparison between intraventricular and traditional
intralumbar route, Ann. Oncol. 6 (4) (1995) 377-382.

J.L. Rubenstein, J. Li, L. Chen, et al., Multicenter phase 1 trial of intraventricular
immunochemotherapy in recurrent CNS lymphoma, Blood 121 (5) (2013) 745-751.
B.R. Vuillemenot, D. Kennedy, R.P. Reed, et al., Recombinant human tripeptidyl
peptidase-1 infusion to the monkey CNS: safety, pharmacokinetics, and distribution,
Toxicol. Appl. Pharmacol. 277 (1) (2014) 49-57.

A. Yakhkind, H.A. Yacoub, J. Grove, J.D. Varrato, J.E. Castaldo, Pathogenesis,
clinical course and neuro-radiological signs of Proprionibacterium acnes cerebritis:
case report and literature review, Hosp. Pract. 43 (2) (2015) 128-136.

BioMarin Pharmaceutical Inc, A Treatment Study of Mucopolysaccharidosis Type
[IB (MPS IIIB), Available at https://clinicaltrials.gov/ct2/show/NCT02754076 ,
Accessed date: 9 January 2018(NLM Identifier NCT02754076).



