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(57) Abstract: A percutaneous fluid access apparatus includes a per-
cutaneous fluid access device. The percutaneous fluid access device
has a base portion including a subcutaneous portion and at least one
port for connection to one or more fluid conduits within a body of a
patient. A housing has at least one fluid channel and at least one seal
for sealing the at least one fluid channel, and the housing is remov-
ably attachable to the base portion. The at least one fluid channel is
in fluid communication with the at least one port when the housing
is attached to the base portion.
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PERCUTANEOUS ACCESS APPARATUS
FIELD OF THE INVENTION

[0001] The present invention relates to medical apparatus and in particular
percutaneous access apparatus for delivering fluids, such as drugs, to different parts of

the human or animal body, such as the brain.
BACKGROUND OF THE INVENTION

[0002] The drug treatment of a number of neuro-degenerative disorders, hereditary
neurological disorders, brain tumours and other diseases of the nervous system are
compromised by the presence of the blood brain barrier which prevents the transfer of
drugs from the vascular system or cerebrospinal fluid into the brain substance.
Examples of drugs which do not adequately cross the blood brain barrier include
protein molecules such as neurotrophins, monoclonal antibodies, viral particles for
delivery of gene therapy, as well as a number of cytotoxic drugs for the treatment of
tumours. It has been described previously how such drugs can be delivered to the
brain by direct infusion into the parenchyma via one or more indwelling catheter. For
example, a guide tube and catheter system is described in US6609020. A catheter with
a small external diameter that can be precisely positioned in the brain is described in

WO02003/077785.

[0003] Percutaneous access apparatus is described in W0O2013/117659, including a
percutaneous fluid access device, which is anchored directly to the skull of the patient
and provides a fluidic link to subcutaneously implanted catheters. Fluid is transferred
via needles inserted through a septum into fluid channels in the percutaneous fluid
access device. The fluid channels connect the fluid pathway to the catheter system,
and the septum provides a seal to the fluid channels. Repeated insertion of the needles

though the septum leads to degradation of the septum.

[0004] More generally, filters, septa, etc. of percutaneous access apparatus can require

periodic replacement.
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[0005] Replacement of the septum and any associated filters occurs under surgical
conditions in an aseptic environment. This can require repeated surgery, and is
undesirable since the patient is then exposed to the additional risk associated with

surgery, such as infection, complications etc.
SUMMARY OF THE INVENTION

[0006] A first aspect of the invention provides a percutaneous fluid access apparatus
including: a percutaneous fluid access device comprising a base portion including a
subcutaneous portion and at least one port for connection to one or more fluid
conduits within a body of a patient, and a housing comprising at least one fluid
channel and at least one seal for sealing the at least one fluid channel, wherein the
housing is removably attachable to the base portion, and the at least one fluid channel
is in fluid communication with the at least one port when the housing is attached to the

base portion.

[0007] A further aspect of the invention provides a method of using a percutaneous
fluid access apparatus comprising a percutaneous fluid access device including a base
portion including a subcutaneous portion and at least one port for connection to one or
more fluid conduits within a body of a patient, and a housing comprising at least one
fluid channel and at least one seal for sealing the at least one fluid channel, wherein
the housing is removably attachable to the base portion, and the at least one fluid
channel is in fluid communication with the at least one port when the housing is
attached to the base portion, the method including the step of: removing the housing

from the percutaneous fluid access device.

[0008] The invention is advantageous in that the housing containing the seal can be
easily replaced from the external side of the port (ideally without disturbing the skin
interface). The housing would normally be secured in place to the base portion to stop
it separating inadvertently. Since the skin interface is not disturbed (or only
minimally) the housing and associated seal can preferably be replaced in a healthcare

environment but outside of a surgical environment.
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[0009] The seal may be a septum or other seal for sealing the one or more fluid

channels.

[0010] The base portion may have an extracorporeal surface, wherein the housing is
removably attachable to the extracorporeal surface. The housing may be entirely
extracorporeal and located entirely above the extracorporeal surface when attached to

the base portion.

[0011] Alternatively, the base portion may have a subcutaneous surface, wherein the
housing is removably attachable to the subcutaneous surface. The subcutaneous
surface would sit below the upper layer of surrounding tissue but the base portion may
have one or more side walls around the subcutaneous attachment surface that extend
up to or beyond the upper layer of surrounding tissue. The subcutaneous surface in
this arrangement is not itself directly beneath tissue but is below the level of the
locally surrounding tissue. The housing may be located partially above and partially
below the surrounding tissue. In this arrangement it may sometimes be necessary to

break the surrounding tissue to remove the housing.

[0012] In a further alternative arrangement the base portion may have an
extracorporeal surface and a recess, wherein the housing is adapted to be inserted into
the recess through the extracorporeal surface. The recess (and therefore the housing,
when installed in the recess) may extend subcutaneously, or may be percutaneous, or

may be entirely extracorporeal.

[0013] The housing may further comprise at least one filter in the least one fluid
channel. The filter may be a particle, bacterial and/or air filter. The filter may be
arranged to catches small pieces of the seal or septum, e.g. released when the septum
is penetrated by a needle. Removal of the housing from the base portion may remove

the one or more seals and the one or more filters contained within.

[0014] The housing, including the seal(s), filter(s) etc. contained therein may be
disposable after removal from the base portion. Alternatively it may be desirable that
one or more parts of the housing are replaceable. For example, the seal/septum and/or

the filter may be separable from the housing after removal from the base portion.
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[0015] When the housing is installed on the base portion, the filter is preferably

located between the seal and the port.

[0016] The housing may include a plurality of fluid channels. Each fluid channel may
be sealed by a respective seal (or septum), or multiple or all of the fluid channels may
be sealed by one or more septa. Each fluid channel may include a respective filter, or

multiple or all of the fluid channels may be associated with one or more filters.

[0017] The percutaneous fluid access apparatus may further comprise a cap, wherein
the housing is between the base and the cap. The cap may retain the housing in the
recess. The housing may alternatively be press fit in the recess. The cap may include
one or more apertures through which the one or more seals of the housing are

accessible extracorporeally.

[0018] The percutaneous fluid access apparatus may further comprise a connector
device having at least one fluid duct, wherein the connector device is adapted for
connection to the percutaneous fluid access device to establish fluid communication

between the at least one fluid duct and the at least one fluid channel.

[0019] The connector device may have a plurality of fluid ducts, and the percutaneous

fluid access device may have a corresponding plurality of fluid channels.

[0020] The connector device may include one or more hollow needles, which define
wholly or in part the one or more fluid ducts. The one or more hollow needles may be
configured to be inserted through the at least one septum/seal of the housing to
establish fluid communication between the one or more fluid ducts and the one or

more ports of the base portion.

[0021] Alternatively, the connector device may be needleless. In a needleless
arrangement the one or more ducts of the connector device may be configured to
fluidically connect with the one or more fluid channels in the housing upon

connection of the connector device to the percutaneous fluid access device.

[0022] The connector device may include one or more seals for fluidically sealing the

one or more ducts.
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[0023] The connector device may be required to be removed from the percutaneous
fluid access device before the housing can be separated from the base portion of the
percutaneous fluid access device. Prior to removal of the connector device it may be
required to remove the one or more hollow needles of the connector device through
the seal/septum to dis-establish fluid communication between the one or more hollow
needles and the one or more fluid channels. A connector device may also be attached
to the housing during removal of the housing from the base portion. A connector
device may be attached to the housing during connection of the housing to the base
portion. The connector device may allow air to be vented to atmosphere during

removal and/or attachment.

[0024] The at least one port may be connected to one or more fluid conduits in the
form of one or more catheters. The catheters may be neurosurgical (e.g.
intraparenchymal) catheters. The percutaneous fluid access apparatus may comprise

one or more fluid conduits (such as one or more catheters).

[0025] The percutaneous fluid access apparatus may further comprise a cover adapted
to fit over the base portion when the housing is removed from the base portion. The

cover may be arranged to seal the one or more ports of the base portion.

[0026] The percutaneous fluid access apparatus may further comprise a tool adapted
to engage the base portion and the housing during removal and/or assembly of the
housing to/from the base portion. The tool may be arranged to bear against the base
portion and the housing caused to exert a force between the base portion and the

housing without significant force being imparted from the base portion to the patient.

[0027] At least one second seal may be provided between the housing and the base

portion. The second seal may provide a debris and/or fluid seal.

[0028] The base portion may have at least one third seal for sealing the at least one
port upon removal of the housing from the base portion. Alternatively or additionally,

the base portion may include at least one membrane that prevents the ingress of air.

[0029] The base portion may include at least two ports. The housing may include at

least two fluid channels. The base portion may include more than two ports. The



WO 2017/194933 PCT/GB2017/051293

housing may include more than two fluid channels. The base portion may include four
or more ports. The housing may include four or more fluid channels. Each port may
be connected to a fluid conduit (e.g. in the form of a catheter). A plurality of catheters
(e.g. at least two catheters, more than two catheters or four or more catheters) may

thus be provided.

[0030] After removal of the housing from the percutaneous fluid access device, the
method may include attachment of a replacement or refurbished housing to the
percutaneous fluid access device. In refurbishment of the housing, the one or more
seals and/or the one or more filters may be removed from the housing and one or more

new seals and/or one or more new filters may be inserted in the housing.
[0031] The method may take place in an aseptic environment.

[0032] The method may not be a step in a surgical procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Embodiments of the invention will now be described with reference to the

accompanying drawings, in which:

[0034] Figure 1 shows a drug delivery system including a percutaneous fluid access

device for delivery of a drug to the brain of a patient,

[0035] Figure 2a is a perspective view of an embodiment of a percutaneous fluid

access device for a percutaneous fluid access apparatus,

[0036] Figure 2b is an exploded perspective view of the percutaneous fluid access

device of Figure 2a,

[0037] Figure 2c is a cross sectional view of the embodiment of the percutaneous fluid

access device of Figures 2a and 2b,

[0038] Figure 3a is a perspective view of a further embodiment of the percutaneous

fluid access device,
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[0039] Figure 3b shows the perspective view of the percutaneous fluid access device

of Figure 3a, with a housing separated from the base portion,

[0040] Figure 3c is a perspective view of the base portion of Figures 3a and 3b
showing an embodiment of an attachment mechanism by which the housing attaches

to the base portion,

[0041] Figure 4a is a perspective view of the connector device, with the supply tubes

attached
[0042] Figure 4b is an exploded perspective view of the connector device,

[0043] Figure 5 shows an embodiment of the tool used to remove a housing inserted
into the base portion according to the embodiment of the percutaneous fluid access
device shown in Figures 2a to 2¢., and the sequence of coupling the tool to the

housing and removing the housing from a recess in the base portion,

[0044] Figure 6 shows a further embodiment of the tool used to remove a housing
according to another embodiment of the percutaneous fluid access device shown in

Figures 3a and 3b,

[0045] Figure 7 is the perspective view of Figure 3¢ showing a cover attached to the

base portion and separated from the base portion.
DETAILED DESCRIPTION OF EMBODIMENT(S)

[0046] Referring to Figure 1, an overview of the apparatus for delivering fluid to the

brain is illustrated when implanted in a subject.

[0047] The apparatus comprises four fine catheters 2, each catheter being inserted into
the brain via a previously implanted guide tube 4 (although it should be noted that
only two of these are shown in Figure 1). Suitable stereotactic insertion apparatus and
methods have been described elsewhere previously, for example see US7329262 for
details of a stereoguide based catheter insertion procedure. Supply tubing 6 runs from
each catheter 2 to a hub 8. The hub 8 is connected by a length of multi-lumen tubing
10 to percutaneous access apparatus 12. The catheters 2, guide tubes 4, supply tubing
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6, hub 8 and multi-lumen tubing 10 are all subcutaneously implantable (i.e. buried

beneath the skin of the patient).

[0048] The percutaneous access apparatus 12 comprises a percutaneous fluid access
device that is anchored directly to the skull of the patient. The percutaneous fluid
access device comprises an extracorporeal portion to which an associated connector
device is releasably attached. The percutaneous access apparatus 12 thus enables a
fluidic link to the implanted catheters 2 to be established when required. In particular,
the arrangement provides a separate, isolated, fluidic pathway to each catheter 2. More

details about the percutaneous access apparatus 12 are provided below.

[0049] Outside of the body, the connector device of the percutaneous access apparatus
12 is linked to four external supply tubes 14. Each supply tube 14 includes an in-line
bacterial and/or air filter 16. A four channel syringe pump 18 (which may comprise
four separate single channel syringe pumps) is also provided. An outlet tube 20 from
each channel of the syringe pump 18 is linked to one of the external supply tubes 14
via a drug storage tube 22. As will be explained in more detail below, each drug
storage tube 22 is preloaded with a desired volume of therapeutic agent allowing the
syringe pump 18 to be loaded with an inert solution (e.g. saline or artificial CSF).
Fluidic connections between the drug storage tube 22 and the outlet tubes 20 and

supply tubes 14 are made using low dead volume Luer lock connectors 24.

[0050] In use, the catheters 2, guide tubes 4, supply tubing 6, hub 8 and multi-lumen
tubing 10 are all subcutaneously implanted in the subject (i.e. the skin flap 23 showed
in a raised position in Figure 1 is folded down and sutured in place). The percutaneous
fluid access device of the percutaneous access apparatus 12 is also secured in place
(e.g. attached to the skull and left protruding through the scalp) thereby providing the
required fluid connection as and when required. These components are preferably
suitable for long term implantation within a subject. For example, they may be

designed to remain implanted for months or years.

[0051] When delivery of therapeutic agent is required, a connector device is attached
to the percutaneous fluid access device. The supply tubes 14 (pre-primed with inert

fluid) are then connected to the syringe pump via drug storage tubes 22 that contain
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the required dosage of therapeutic agent that is to be delivered. Each channel of the
syringe pump is arranged to expel inert fluid (saline, artificial CSF etc) thereby
pushing the therapeutic agent through the apparatus and expelling it from the tips of
each catheter 2. The rate of fluid flow can be precisely controlled using the syringe
pump 18 and the amount of therapeutic agent can be precisely set by defining the
volume of the drug storage tubes 22. It is possible for fluid delivery to be continuous
or intermittent. Fluid may also be delivered through all, or just some, of the catheters
in parallel and/or it may be delivered sequentially through a sub-set of one or more

catheters in turn. The precise delivery protocol can be set by a clinician.

[0052] Figures 2 and 3 describe two embodiments of the percutaneous fluid access

device 100 that forms part of the percutaneous access apparatus 12 of Figure 1.

[0053] In the embodiment shown in Figures 2a, 2b and 2c¢, the percutaneous fluid
access device 100 comprises a subcutaneous portion 102, a percutaneous portion 104

and an extracorporeal portion 106.

[0054] The subcutaneous portion 102 is substantially cylindrical with protruding ribs
108 that enable secure attachment of the device to a hole formed in the skull via an
interference or press fit. Alternatively, the subcutaneous portion 102 can be secured to
the skull via plates that may be fixed via screws (or by any other suitable fixing
method) into the skull. The external surface of the subcutaneous portion 102 is also
roughened to promote osseointegration after implantation. The ribs 108 have an
inclined surface that is at an angle of between around 15 and 35 degrees to the

longitudinal axis; this helps retain the device securely in place after implantation.

[0055] The percutaneous portion 104 (which can also be termed a transcutaneous
portion) is the part of the device that passes through the skin. The surface of the
percutaneous portion 104 is also roughened to promote skin in-growth after
implantation thereby reducing the risk of infection. The percutaneous portion 104 is
conical (i.e. it decreases in diameter as it extends subcutaneously away from skin

surface) with an angle from the vertical of between around 5 and 40 degrees.
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[0056] The extracorporeal portion 106 is the part of the device that protrudes above
the outer surface of the dermis. In this embodiment, the extracorporeal portion 106 has
substantially cylindrical outer surface, and an inner surface forming a recess 111. A

retaining cap 110 locates over the recess 111.

[0057] Figure 2b shows the component parts of the percutaneous fluid access device
100, comprising a base portion 113 including the subcutaneous portion 102 and the
percutaneous portion 104, as well as a housing 114, compression and alignment plate

112 and a retaining cap 110.

[0058] The base portion 113 includes a base and four fluid channels 115 shown most
clearly in Figure 2¢. In alternative embodiments, the number of ports may vary
including a single port. Each fluid channel 115 is in fluid communication with a
lumen of the multi-lumen supply tube 6 shown in Figure 2b. The supply tube 6 exits
the subcutaneous portion 102 of the base portion 113 from its side and, when
implanted, runs a short distance in a channel formed in the bone of the patient. At its
upper end (being the end protruding from the patients head), the base portion has a
recess 111 accessing the four fluid channels 115. The recess 111 is designed to
accommodate the housing 114. The base portion 113 has a seal (not shown), which
seals each fluid channel upon removal of the housing 114 from the base portion 113.
Location features (not shown) for the associated connector device (shown in Figures
4a and 4b) are also provided, and a macro-alignment feature ensures the connector
device is in the approximately correctly orientation prior to attachment. The location
features and macro alignment feature are described in more detail below, with

reference to an alternative embodiment - these features also apply to this embodiment.

[0059] The housing 114 includes internal fluid channels 115 in the base portion 113
and respective septa 116 sealing the end of each channel 115. Four individual septa
116 may be arranged with each septum 116 sealing one fluid channel 115 as shown in
Figure 2b, alternatively a single septum 115 may cover multiple or all fluid channels

115.

[0060] The retaining cap 110 has an open upper end with a lateral upper flange 123. A

lower end opposing the upper end has a hole generally through the centre and
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cylindrical side walls depending downwardly from the open end. A compression and
alignment plate 112 is located between the housing 114 and the cap, as shown in
Figure 2b. The compression and alignment plate 112 has four holes located in
alignment with the fluid channels 115 through the housing 114, with which the septa
116 sealingly engage. During assembly of the percutaneous fluid access device 100,
the compression and alignment plate 112 enables compression so as to ensure a seal is

effectively formed between the cap 110, housing 114 and base portion 113.

[0061] Figures 4a and 4b provide respectively an assembled and an exploded view of
the connector device 130. The connector base 131 is configured to be releaseably

attachable to the percutaneous fluid access device 100.

[0062] The connector base 131 is arranged to receive a needle holder 134. The needle
holder 134 comprises a substantially flat, keyhole shaped, supporting member 180.
Four hollow needles 182 project perpendicularly from the flat surface of the
supporting member. The four hollow needles 182 are spaced apart in a configuration
that matches the arrangement of the fluid channels 115 of the percutaneous fluid
access device 100. The needle holder 134 is also shaped to fit within, and slide along,
a guide channel 154 of the connector base 131. The needle holder 134 also includes
four internal channels that provide separate fluidic channels between the lumens of the
four hollow needles 182 and the four supply tubes 14. The screw threaded shaft 136
attached to the needle holder 134 is held by the threaded inner surface of the knurled
portion 138. A lip 183 protruding from the connector base 131 secures the knurled
portion 138 to the base 131.

[0063] In order to lock the connector device 130 to the percutaneous fluid access
device 100, the connector base 131 is first located on the percutaneous fluid access
device 100. A screw 190 is inserted into an elongate aperture in the connector base
and tightened so that an attachment mechanism in the connector base firmly engages a
recess and grooves in the percutaneous fluid access device 100. The attachment
mechanism comprises two fixed balls and a floating ball member comprising a third
ball carried by a hinge (not shown in Figure 4a). The connector device is thus locked
to the percutaneous fluid access device 100 (although no fluid linkage has yet been

established).
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[0064] The procedure for establishing a fluid connection is then as follows:

[0065] The hollow needles 182 of the needle holder 134 are positioned above the
septa 116 in alignment with the respective fluid channels 115. The connector base 131
is held in one hand whilst the other hand rotates the knurled portion 138 of the
connector device 130 in an anticlockwise direction thereby driving the shaft 136 and
needle holder 134 along the guide channel inside the connector base 131. This
translational motion of the needle holder along the guide channel causes the four
hollow needles 182 to pierce the septum or septa 116 and enter the four fluid channels
115. Holding the connector base 131 ensures no torque is applied to the device-bone
connection. In this manner, the four separate fluid pathways through the percutaneous

access apparatus 12 are established.

[0066] Once the required fluid delivery has occurred, the knurled portion 138 can be
rotated in a clockwise direction to withdraw the four hollow needles 182 back through
the septum 122. The connector device 130 can then be unlocked from the
percutaneous fluid access device 100 by removing the screw 190. If required, the

various components of the fluid delivery system can be MRI compatible.

[0067] During fluid delivery, hollow needles of the connector device (shown as dotted
lines 120 in Figure 2c) pierce the septa 116, enter the fluid channels 115 and thereby
provide the required fluid communication with each fluid channel 115. In the absence
of an attached connector device, the septa 116 provide a fluid seal for all fluid
channels that prevents leakage of fluid, or ingress of unwanted material (e.g. bacteria)
from the environment external to the patient's body. Air is also prevented from either

entering or venting from the base portion 113,

[0068] The housing 114 also contains elongate filters 117 arranged in the fluid
channels 115. In use, each needle 120 pierces through each septum 116 but stops
above the filter 117. This ensures that fluid passes through the filter 117 on entering
the fluid channel 115. The filter 117 may also remove loose particles of the septum
116 that may result from the needle piercing the septum 116. The filter 117 also
removes any other foreign bodies that might be present, and/or any bacterial

contaminant. The filter 117 traps any air present in the system and ensures that it does
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not pass into the fluid channel115 and hence the fluid communication path. The filter
117 comprises a mesh containing filter material capable entrapping loose particles as

well as air, bacteria etc.

[0069] The septum 116 is constructed of a resilient material, such that as the needle is
removed from the septum 116, the seal to the fluid channell15 is re-established. The

septum 116 may be made of silicon or similar material.

[0070] In this embodiment, the housing 114 also comprises a profiled casing 118
arranged to contain the septa 116 and the filters 117 according to their shape. The
housing 114 inserts into a recess 111 in the base portion 113 as shown in Figure 2b.
The compression and alignment plate 112 and the cap 110 assemble on to an
extracorporeal surface 121 of the base portion 113. The assembly is aligned such that
holes 119 in the compression and alignment plate 112, through which the needles
pass, always line up with the fluid channels 115 in the base portion 113 in order to
ensure the correct needle is inserted into the corresponding fluid channel and channel
identification is maintained. This ensures that the correct drug is administered through
the correct channel to the correct part of the brain. One or more recesses or protrusions
or other alignment features in or on the base portion 113 correspond with one or more
protrusions or recesses or other alignment features in or on the compression and
alignment plate 112 (not shown). Alternatively, alignment may be integrated into the
fixture mechanism of the cap 110 to the base portion 113, which may for example be

press fitted or threaded together.

[0071] O-ring seals are provided between the housing 114 and the base portion 113.
Each channel 115 into which a filter 117 is inserted has an O-ring 122. The O-ring
122 is located on the outer surface of each filter 117, between the filter and the casing

118, in order to seat at the upper part of each channel 115.

[0072] Figures 3a and 3b show an alternative embodiment of the percutaneous fluid
access device 200. Figures 3a and 3b show a percutaneous fluid access device 200
comprising a subcutaneous portion 202, a percutaneous portion 204 and an
extracorporeal portion 206. These portions have the same meaning as for the previous

embodiment, and so are not redefined here. The subcutaneous portion 202 and the
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percutaneous portion 204 together form a base portion 213, the base portion 213 being
the portion that locates to the patient's skull.

[0073] The base portion 213 includes four fluid channels 215. In alternative
embodiments, there may be a plurality of fluid channels or a single fluid channel 215.
Each fluid channel 215 is in fluid communication with a lumen of the multi-lumen
supply tube 6. The supply tube 6 exits the subcutaneous portion 202 of the base
portion 213 from a side of the base portion 213 and, when implanted, runs a short
distance in a channel formed in the bone of the patient. In this embodiment the fluid

channels 215 extend to an extracorporeal surface 220 of the base portion 213.

[0074] In this embodiment the housing 214 is extracorporeal. A septum and a filter or
filters aligned with each fluid channel are located within the housing 214. The housing
214 has fluid channels 215corresponding to the fluid channels in the base portion 213.
Figures 3a and 3b show the upper surface (the surface connecting to the connector
device) of the housing 214 comprising a cap 222. The cap 222 has a single through
hole providing access to a single septum 216 to the fluid channels 215 in the housing
214. The housing 214 has a substantially cylindrical outer surface with a conical
portion narrowing towards a connection surface with the corresponding extracorporeal

connection surface 220 of the base portion 213.

[0075] The housing 214 and the base portion 213 are aligned during assembly to
ensure the correct needle is inserted into the corresponding channel and channel
identification is maintained. This ensures that the correct drug is administered through
the correct fluid channel 215 to the correct part of the brain. One or more recesses,
protrusions or other alignment features (not shown) in either the base portion 213 or
the housing 214 may correspond with one or more protrusions, recesses or other
alignment features. Alignment may be integrated into the fixture mechanism of the
housing 214 to the base portion 213, which may for example be press fitted or
threaded together. Figure 3¢ shows a single turn thread fixture arrangement 225
located on the extracorporeal surface 220 of the base portion 213. A second septum or
seal is provided between the housing 214 and the base portion 213 to obviate ingress

or egress of air or contaminants.
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[0076] A conical recess 209 and two v-shaped grooves 210 are spaced apart around
the circumference of the housing 214. A macro-alignment feature 212 is also
provided. The conical recess 209 and grooves 210 act as very precise (kinematic)
location features for the associated connector device (shown in Figures 4a and 4b),
whilst the macro-alignment feature 212 ensures the connector device is in the

approximately correctly orientation prior to attachment.

[0077] In a variant of the embodiment of the percutaneous fluid access device of
Figure 3, the base portion is entirely subcutaneous, so that the attachment surface is

also subcutaneous.

[0078] Figure 5 shows an embodiment of the tool used to remove and reassemble the
housing 114 from the base portion 113 of Figures 2a, 2b and 2c. Figure 6 shows an
embodiment of the tool used to remove and reassemble the housing 214 from the base

portion 213 of Figures 3a and 3b.

[0079] Once the drug has been administered to the patient via the connector device
130, the needles are withdrawn from the fluid ports in the housing 114, 214 to remove
fluidic connection to the base portion. The connector device 130 is then disconnected
from the housing 114, 214, removal being a reversal of the connection procedure
described above. Should it be determined that the septum has degraded beyond the
acceptable limits of sealing, it is then required to remove the housing and replace the
septum or septa, as well as any filters that be present. This procedure is carried out in
an aseptic environment and does not require the patient to undergo surgery, thereby
reducing risk of infection or complications as a result of surgery. For some patients,
surgery may have hitherto been a repeated requirement, as successive septa degrade

over the duration of the treatment.

[0080] In the embodiment of the tool 300 of Figure 5, the cap 110 of the housing 114
is press fitted in a recess in the base portion 113 (see Figure 5¢). In this embodiment,
the cap 110 is required to be removed. The removal tool 300 comprises a body 301,
within which a hollow threaded tube 303 is inserted. The body 301 is placed against
the rim of the base portion 113, without contacting or obstructing removal of the cap

110. The body 301 serves to brace the tool 300 so that a controlled force can be
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applied to remove the cap 110. The end of the tube 303 entering the cap 110 has
protruding tabs 305 shown in Figure 5c. The tabs 303 are sufficiently flexible to be
able to be pushed into the cap 110 and lock underneath a corresponding lip 123 in the
cap 110. Figure 5d then shows an internal rod 309 being inserted inside the tube 303
to prevent the connection between the tabs 303 and the lip 123 from breaking during
the removal process. The threaded tube 303 is then rotated to remove the tube 303

together with the cap 110 from the base portion 113, see Figure Se.

[0081] In the embodiment of the tool 350 of Figure 6, the housing 214 of the
percutaneous fluid access device 200 is attached to the base portion 213 via the
subcutaneous surface. Note that the base portion 213 in this embodiment has plates
225, which attach to the skull of the patient. The removal or attachment tool 350 has a
set of jaws 352 which clamp around the housing 214. The housing 214 is removed in
this embodiment by rotating the jaws 352 within the tool 350 so as to remove the

housing 214 from the base portion 213.

[0082] Once the housing 214 is removed from the base portion 213, the housing 214
is disposed of. A replacement housing can be fitted to the base portion using the tool
300, 350 according to the above embodiments. Alternative tool designs are possible,
and may be necessary according to the fixture mechanism of the housing to the base

portion.

[0083] Alternatively, the housing may be re-used. The degraded septum or septa may
be removed from the housing and replaced. Filters that may also be present can also
be replaced in the same manner. All re-used components are cleaned and sterilised

before re-use.

[0084] Once the particular dosage has been administered, and with the housing
removed from the base portion, a cover may be fitted to the surface of the base portion
to provide protection to the fluid communication channel. Figure 7 shows an

exemplary cover 230.

[0085] Although the invention has been described above with reference to one or

more preferred embodiments, it will be appreciated that various changes or
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modifications may be made without departing from the scope of the invention as
defined in the appended claims. For example, one or more electrical pathways may

also be provided through the housing and base portion.
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CLAIMS

A percutaneous fluid access apparatus including a percutaneous fluid access

device comprising:

a base portion including a subcutaneous portion and at least one port for

connection to one or more fluid conduits within a body of a patient, and

a housing comprising at least one fluid channel and at least one seal for sealing

the at least one fluid channel,

wherein the housing is removably attachable to the base portion, and the at
least one fluid channel is in fluid communication with the at least one port

when the housing is attached to the base portion.

An apparatus according to claim 1, wherein the base portion has an
extracorporeal surface, wherein the housing is removably attachable to the

extracorporeal surface.

An apparatus according to claim 1, wherein the base portion has a
subcutaneous surface, wherein the housing is removably attachable to the

subcutaneous surface.

An apparatus according to claim 1, wherein the base portion has an
extracorporeal surface and a recess, wherein the housing is adapted to be

inserted into the recess through the extracorporeal surface.

An apparatus according to any preceding claim, wherein the housing further

comprises at least one filter in the least one fluid channel.

An apparatus according to any preceding claim, further comprising a
connector device having at least one fluid duct, wherein the connector device

is adapted for connection to the percutaneous fluid access device to establish
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fluid communication between the at least one fluid duct and the at least one

fluid channel.

An apparatus according to claim 6, wherein the connector device has a
plurality of fluid ducts, and the percutaneous fluid access device has a

corresponding plurality of fluid channels.

An apparatus according to claim 6 or claim 7, wherein the connector device

comprises at least one hollow needle.

An apparatus according to claim 8, wherein the at least one hollow needle is
configured to be inserted through the at least one seal to establish fluid

communication between the hollow needle and the at least one fluid channel.

An apparatus according to any preceding claim, further comprising a cover
adapted to fit over the base portion when the housing is removed from the base

portion.

An apparatus according to any preceding claim, further comprising a tool
adapted to engage the base portion and the housing during removal and/or

assembly of the housing to/from the base portion.

An apparatus according to any preceding claim, wherein at least one second

seal is provided between the housing and the base portion.

An apparatus according to any preceding claim, wherein the base portion has
at least one third seal which seals the at least one port upon removal of the

housing from the base portion.

A method of using a percutaneous fluid access apparatus comprising a
percutaneous fluid access device including a base portion including a
subcutaneous portion and at least one port for connection to one or more fluid
conduits within a body of a patient, and a housing comprising at least one fluid
channel and at least one seal for sealing the at least one fluid channel, wherein

the housing is removably attachable to the base portion, and the at least one
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fluid channel is in fluid communication with the at least one port when the

housing is attached to the base portion, the method including the step of:
removing the housing from the percutaneous fluid access device.

A method according to claim 14, further comprising the step of disposal of the
housing after removal of the housing from the percutaneous fluid access
device, and/or attachment of a replacement housing to the percutaneous fluid

access device.
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