w ©2214/16041 A1 |01 T OO A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization
International Bureau

2 October 2014 (02.10.2014)

Wipo I PCT

(10) International Publication Number

WO 2014/160481 Al

(51)

21

(22)

(29
(26)
(30)

(71)

(72)

International Patent Classification:

A61M 1/00 (2006.01) ABIM 25/02 (2006.01)
A61IM 1/12 (2006.01) AB1IM 27/00 (2006.01)
A61IM 1/20 (2006.01) A61IM 37/00 (2006.01)

International Application Number:
PCT/US20 14/026785

International Filing Date:
13 March 2014 (13.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/779,75 1 13 March 2013 (13.03.2013) us
Applicant: BECKERSMITH MEDICAL, INC.
[US/IUS]; 8033 Sunset Blvd.,, #908, Los Angeles, CA
90046 (US).

Inventor: ECKERMANN, Jan, M.; 8033 Sunset Blvd,,
#908, Los Angles, CA 90046 (US).

(74)

(81)

(84)

Agents: SWAIN, Brennan, C. e a; Jeffer Mangels But-
ler & Mitchell LLP, 1900 Avenue Of The Stars, 7th Floor,
Los Angeles, CA 90067-4308 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, 8L, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: PORTABLE AUTOMATED BODY FLUID DRAIN CONTROL APPARATUS

(57) Abstract: A portable body fluid collection device that includes an apparatus for
controlling the collection of body fluids and at least one strap associated with the appar -

atus for controlling the collection of body fluids. The strap can be worn by a patient to
support the weight of the automated body fluid drain control apparatus. The apparatus for
controlling the collection of body fluids includes a drainage tube and a fluid collection
chamber in fluid communication with the drainage tube. The fluid collection chamber in-
cludes afirst valve, and the fluid collection chamber is configured such that when apre-
determined amount of fluid is collected in the collection chamber before a first predeter -
mined period of time elapses, the collection chamber ceases collecting fluid.



w o 2014/160481 Ai [l bl Aol LAMRTOR ol WAool

EE ES F, PR GB, GR HR HU IE IS T, LT, LU, before the expiration d the time limitfor amending the
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, K,

claims and to be republished in the event d receipt d
SM, TR), OAPl (BF, BJ CF, CG, Cl, CM, GA, GN, GQ amendments (Rule 48.2(h)
GW, KM, ML, MR, NE, SN, TD, TG). '

Published:

—  with international search report (Art. 21(3))



[0001]

[0002]

[0003]

[0004]

WO 2014/160481 PCT/US2014/026785

PORTABLE AUTOMATED BODY FLUID DRAIN
CONTROL APPARATUS

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 61/779,75 1
filed March 13, 2013, which isincorporated herein by reference in its entirety. This
application isaso acontinuation-in-part of U.S. Application No. 13/931,648 filed June 28,
2013, which isadivisona application of U.S. Patent Application No. 12/197,201, filed
August 22, 2008, now U.S. Patent No. 8,475,419, which claims the benefit of U.S.
Provisional Application No. 60/966,132 filed August 25, 2007, the entireties of which are

all incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to a portable body fluid drain control apparatus.

BACKGROUND OF THE INVENTION

Body fluid drains and containers are well known in the art. For example, there are
collection devices for urine and others that drain and collect spinal fluid. None of these
devices are able to easily control the drainage rate of the fluid as afunction of time.

In connection with the drainage of cerebrospinal fluid ("CSF"), for most people, the
body produces 450 ccs of CSF over a24 hour period which fills the subarachnoid space in
the body. There are many instances where it may be advisable and/or necessary for some
of the CSF to be drained. For example, during certain medical procedures such asbrain
surgery, the surgeon may wish to drain some of the CSF in order to retract the brain. In
addition, in some brain and spina surgeries where the dura mater ispenetrated, the CSF
would need to be partially drained to keep pressure off the wound site in order to alow it

to heal. Also, in certain head trauma cases where CSF is collecting in the cranial cavity, it
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may be preferable to drain some of the CSF from the subarachnoid space in the lumbar
spinal region to relieve the pressure on the brain.

Conventional methods of draining CSF involve tapping into the crania or
subarachnoid space in the spinal column and draining the excess CSF through a catheter
tube into a collection bag. The amount of drainage must be regulated, asif there istoo
much drainage, apatient can beirreversibly injured or can be fatally injured.

Unfortunately, the rate at which the CSF drains isnot linear in fashion. For example,
the CSF can drain a 1 cc per hour and then suddenly drain 5 ccsin 10 minutes. Since
there are irreversible and potentialy fatal consequences if too much CSF is drained, the
volume of the drainage has to be constantly monitored by anurse. Due to the demand on a
nurse's time and the non-linearity of the drainage, there isapotentialy fatal margin of
error. Thus, an apparatus that continuously monitors and controls the drainage of the CSF
would be of great benefit to the art.

Moreover, patients having CSF fluid or other fluids drained are often bed ridden due
to the size of the monitoring machines. Accordingly, the ability for apatient to be able to

get up out of bed and move around while the fluid is still being drained is advantageous.

SUMMARY OF THE PREFERRED EMBODIMENTS

In accordance with afirst aspect of the present invention there isprovided aportable
body fluid collection device that includes an apparatus for controlling the collection of
body fluids and &t least one strap associated with the apparatus for controlling the
collection of body fluids. The strap can beworn by a patient to support the weight of the
automated body fluid drain control apparatus. The apparatus for controlling the collection
of body fluids includes a drainage tube and a fluid collection chamber in fluid
communication with the drainage tube. The fluid collection chamber includes afirst valve,

and the fluid collection chamber isconfigured such that when apredetermined amount of
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fluid is collected in the collection chamber before afirst predetermined period of time
elapses, the collection chamber ceases collecting fluid. In apreferred embodiment, the
apparatus for controlling the collection of body fluids further includes ameasuring device
that measures the amount of fluid entering the collection chamber through the first valve
during the predetermined first period of time. The first valve has an open and a closed
state. The first valve isnormally open and allows body fluids to flow into the collection
chamber. During the first period of time, if apredetermined volume of body fluid enters
the chamber, the first valve is closed.

In apreferred embodiment, the apparatus for controlling the collection of body fluids
further includes a second valve having an open and aclosed state. The second valve is
normally closed so that body fluids collect in the chamber, and the second valve can be
opened to empty the collection chamber. Preferably, after the first period of time has
elapsed, the first valve is opened and the second valve isclosed and a second period of
time starts. In this embodiment, the first period of time isequal to the second period of
time. In apreferred embodiment, the portable body fluid collection device further includes
acontainer. The apparatus for controlling the collection of body fluids is disposed in the
container, and the strap is connected to the container.

In apreferred embodiment, the drainage tube is configured to be inserted into a
patient's subarachnoid region at an insertion point. The container and strap are configured
such that when the container isworn by a patient, the first valve ispositioned below the
insertion point. Preferably, the container isverticaly adjustable between at least afirst and
a second position. Preferably, the container isa backpack.

In accordance with another aspect of the present invention there isprovided amethod
of collecting body fluid that includes providing an apparatus for controlling the collection

of body fluids, inserting an end of the drainage tube into apatient's subarachnoid region at
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an insertion point, and securing the apparatus for controlling the collection of body fluids
to the patient's body at afirst position, wherein in the first position, the first valve is
located vertically below the insertion point. The apparatus for controlling the collection of
body fluids includes a drainage tube, and a fluid collection chamber in fluid
communication with the drainage tube. The fluid collection chamber includes afirst valve,
and the fluid collection chamber is configured such that when apredetermined amount of
fluid is collected in the collection chamber before afirst predetermined period of time
elapses the collection chamber ceases collecting fluid. Preferably, the apparatus for
controlling the collection of body fluids is secured to the patient's body via astrap. In a
preferred embodiment, the strap is connected to a container, and a least a portion of the
apparatus for controlling the collection of body fluids is disposed in the container.

In apreferred embodiment of the present invention, an automated fluid collection
apparatus comprises afirst tube having afirst end connected to adrain that has been
inserted into apatient's subarachnoid region and a second end connected to an opening at
the proximal end of afirst collection chamber. The first collection chamber also has an
opening a the distal end thereof. In one embodiment the chamber has afirst valve or first
controllable closing mechanism proximate the opening at the proximal end and a second
valve or controllable closing mechanism at the distal opening thereof. In another
embodiment, there is a second tube having afirst end and a second end, whereby the first
end is connected to the opening a the distal end of the collection chamber. In the preferred
embodiments of the present invention, the first and second valves may be located on the
first and second tubes respectively or on the proximal and distal ends of the first chamber.
In one preferred embodiment, the distal end is connected directly to a collection bag; in
another embodiment the second tube is connected a the second end to a second collection

chamber or bag.
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In the preferred embodiment, the apparatus also comprises ameasuring device which
determines the amount of fluid that isbeing collected in the first chamber over a
preselected period of time. In one preferred embodiment, the measuring device isan
optical sensor connected to a spectrophotometer which is able to detect specific
wavelengths inside the chamber so asto determine the amount of fluid collected herein. In
other alternate embodiments, adifferent type of fluid measuring device may be used. In an
alternate embodiment, the measuring device may aso be able to sense the type of fluid
collected in the chamber to detect any anomalies therein.

The apparatus also comprises atimer, microprocessor and power supply which are
connected to the measuring device and to the controllable closing mechanisms so that the
amount of fluid collected in the first collection chamber is constantly being measured,
monitored and controlled. The microprocessor processes the various measurements
received from the measuring device to determine the volume contained within the first
chamber. The timer controls the period of time over which the fluid ismeasured and
collected within the first chamber and isreset for each new period of time asinstructed by
the processor. Once the microprocessor determines that the first chamber isfilled to a
preselected level at any time prior to the expiration of the selected time period, it will cause
the first valve to close and the second valve to open such that the first chamber will be
emptied and so that the drainage will discontinue for the remainder of the preselected time
period. In this manner, the drainage rate of the fluid will never be more than the
preselected level during the preselected period of time.

In the preferred method of the present invention, the first end of the first tube is
attached to adrain that has been inserted into the appropriate subarachnoid region of the

body. The first valve is opened and the second valve isclosed. The timer isalso set for
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either adefault or an aternate timer period asisthe maximum volume for the first
chamber.

Thereafter, the CSF fluid drains through the proximal valve into the first
collection chamber through the use of gravity. Asthe fluid drains into the first chamber,
the volume of the first chamber is constantly measured by the measuring device. Once the
microprocessor determines that the first chamber isfilled to apreselected level at any time
prior tothe expiration of the then applicable preselected time period, it will cause the first
valve to close and the second valve to open such that the first chamber will be emptied and
so that the drainage will discontinue for the remainder of the preselected time period. In
this manner, the drainage rate of the fluid will never be more than the preselected level
during the preselected period of time. At the end of each preselected time period the timer
will reset.

If the first chamber has not attained the maximum preselected volume in the
preselected time period, the first valve will remain open and the second valve will remain
closed and the drainage will continue until the maximum volume is attained.

If a any time there isany problem with the system or if the first collection chamber
fails to fully empty at each predetermined interval, an alarm will notify the appropriate
personnel that their attention isrequired.

The invention, together with additional features and advantages thereof, may be best

understood by reference to the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. lisaperspective view of apreferred embodiment of the apparatus of the

present invention in aclosed position;
FIG. 2 isapartial view of an alternate e embodiment of the apparatus of the

invention in a closed position;
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FIG. 3isan exploded view of the preferred embodiment of FIG. 1in an open

position;

FIG. 4 isaperspective view of aportable version of the apparatus of the present
invention that can berolled;

FIG. 5isaperspective view of aportable body fluid collection device in accordance
with apreferred embodiment of the present invention;

FIG. 6 isaperspective view of the portable body fluid collection device of FIG. 5
adjusted to alower position;

FIG. 7 isaperspective view of another portable body fluid collection device in
accordance with apreferred embodiment of the present invention; and

FIG. 8 isaperspective view of another portable body fluid collection device in
accordance with apreferred embodiment of the present invention.

Like numerals refer to like parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description and drawings are illustrative and are not to be construed
as limiting. Numerous specific details are described to provide athorough understanding
of the disclosure. However, in certain instances, well-known or conventional details are
not described in order to avoid obscuring the description. References to one or an other
embodiment in the present disclosure can be, but not necessarily are, references to the
same embodiment; and, such references mean at least one of the embodiments.

Reference in this specification to "one embodiment” or "an embodiment” means
that aparticular feature, structure, or characteristic described in connection with the
embodiment isincluded in at least one embodiment of the disclosure. Appearances of the
phrase "in one embodiment” in various places in the specification do not necessarily refer

to the same embodiment, nor are separate or aternative embodiments mutually exclusive
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of other embodiments. Moreover, various features are described which may be exhibited
by some embodiments and not by others. Similarly, various requirements are described
which may be requirements for some embodiments but not other embodiments.

The terms used in this specification generally have their ordinary meanings in the
art, within the context of the disclosure, and in the specific context where each term is
used. Certain terms that are used to describe the disclosure are discussed below, or
elsewhere in the specification, to provide additional guidance to the practitioner regarding
the description of the disclosure. For convenience, certain terms may be highlighted, for
example using italics and/or quotation marks: The use of highlighting has no influence on
the scope and meaning of aterm; the scope and meaning of aterm isthe same, in the same
context, whether or not it ishighlighted. It will be appreciated that the same thing can be
said in more than one way.

Consequently, alternative language and synonyms may be used for any one or more
of the terms discussed herein. Nor isany special significance to be placed upon whether or
not aterm iselaborated or discussed herein. Synonyms for certain terms are provided. A
recital of one or more synonyms does not exclude the use of other synonyms. The use of
examples anywhere in this specification including examples of any terms discussed herein
isillustrative only, and isnot intended to further limit the scope and meaning of the
disclosure or of any exemplified term. Likewise, the disclosure isnot limited to various
embodiments given in this specification.

Without intent to further limit the scope of the disclosure, examples of instruments,
apparatus, methods and their related results according to the embodiments of the present
disclosure are given below. Note that titles or subtitles may be used in the examples for
convenience of areader, which in noway should limit the scope of the disclosure. Unless

otherwise defined, all technical and scientific terms used herein have the same meaning as
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commonly understood by one of ordinary skill in the art to which this disclosure pertains.
In the case of conflict, the present document, including definitions, will control.

It will be appreciated that terms such as "front," "back,” "top,” "bottom," "side"
"short,” "long," "up,” "down," and "below" used herein are merely for ease of description
and refer to the orientation of the components as shown in the figures. It should be
understood that any orientation of the components described herein iswithin the scope of
the present invention.

Generally, the present invention may be briefly described asfollows. Referring first
to FIGS. 1and 2, apreferred embodiment of an automated fluid drain control apparatus
100 of the present invention is shown.

The automated fluid drain control apparatus 100 comprises a comprises afirst tube
102 having afirst end (not shown) connected to adrain (not shown) that has been inserted
into apatient's subarachnoid region and a second end 104 connected to an opening 106 at
the proximal end of afirst collection chamber 108. In apreferred embodiment, the first
collection chamber 108 has afirst valve 110 or other suitable first controllable closing
mechanism known in the art that is capable of opening and closing the flow of fluid
between first tube 102 and the first collection chamber 108. In the preferred embodiments
shown in FIGS. 1, 2 and 3, valve 110 islocated on tube 102. However, in an aternate
embodiment, not shown, there isno valve 110. In the embodiment shown, valve 110 isa
manual valve that can be opened and closed by the user of the apparatus. However, in
alternate embodiments, the valve 110 can be controlled electronically.

The first collection chamber 108 also has an opening 112 at the distal end 114
thereof. In FIG. 2, an alternate embodiment is shown in which the first collection chamber
108 has a second valve 116 or other suitable second controllable closing mechanism

known in the art that is capable of opening and closing the flow of fluid out of the distal
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end 114 of the first collection chamber 108. In the embodiments shown in FIG. 1 and 3,
there isa second collection chamber 118 with aneck 120 which is connected to the
opening 112 at the distal end 114 of the first collection chamber 108. In yet another
embodiment (not shown) a second tube having afirst end and a second end is connected at
the first end to the opening 112 at the distal end 114 of the collection chamber 108. In that
embodiment, the second tube isalso connected at the second end to a second collection
chamber or bag such asthe one shown in FIGS. 1and 3.

In apreferred embodiment, the apparatus 100 also includes ahousing 120 which
houses the first chamber 108 and the electronics (not shown) which include a
microprocessor (not shown), atimer (not shown), apower supply (not shown) and relays
(not shown) which control third and fourth valves 140 and 142. The third 140 and fourth
142 valves are either pinch valves or any other mechanism known in the art that are
controllable and which can easily and quickly impede the flow of fluid. In addition, in a
preferred embodiment shown in FIG. 3, the third and fourth valves 140 and 142 are located
in the housing proximate the beginning of the first and second tubes so that they can
impede the flow of fluid into and out of the first collection chamber 108. However, in
aternate embodiments there isonly one set of valves such that either valves 102 and 116
are controlled electronically such that there isno need for third and fourth valves or valves
102 and 116 are unnecessary. However, in order to provide afail safe mechanism, in the
preferred embodiment, all four valves are used.

In addition, the housing 120 also contains afirst measuring device connected to the
microprocessor which together determine the amount of fluid that isbeing collected in the
first chamber 108 over apreselected period of time. In one preferred embodiment, shown
in FIG. 3the measuring device isan optical sensor 124 connected to a spectrophotometer

126 which is able to detect specific wavelengths by shining alight through the first

10
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collection chamber 108 so asto determine the amount of fluid collected therein. In other
alternate embodiments, adifferent type of fluid measuring device may be used with
suitable modifications to the electronics and microprocessor. By way of example, and not
limitation, such measuring devices may include, aweight measuring device that measures
the amount of fluid collected within the first collection chamber 108 based upon weight; an
acoustic sensor coupled with a sound generator which sends sound waves through the
chamber 108 in order to detect the amount of fluid based upon the change in the sound
waves asthey traverse the fluid; a capacitive sensor either located within the first
collection chamber to measure avariable such, as, but not limited to, the pressure inside
the chamber created by the changes in the volume of fluid to determine the volume or
depending on the material of the chamber, detect and measure deformations of the chamber
again to determine volume; aflowmeter; athermo sensor; aph sensor; adevice that uses
the technology of microfluidics; or any other fluid measuring device known in the art.

In various embodiments of the present invention with suitable additional software
added to the microprocessor, the measuring device aso is able to detect any anomalies
such as, but not limited to, the presence of blood, white cells, pus, dye, etc..

The microprocessor is connected to the measuring device, the timer and the relays.

In the embodiment shown in FIGS. 1-3, the relays are connected to the third and fourth
valves 140 and 142. However, in an alternate embodiment in which there are no third and
fourth valves, the relays are connected to the first and second valves 110 and 116.

The microprocessor ensures that the fluid inside the first collection chamber
constantly isbeing measured, monitored and controlled. The microprocessor also processes
the various measurements received from the measuring device to determine the volume

contained within the first chamber.

11
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In one embodiment, the user can select the maximum volume that can be collected in
the first collection chamber 108 during a selected period of time. In the embodiment
shown in FIGS. 1and 2, that isaccomplished by pressing the volume control button 130
located on the front of housing 120 and thereafter pressing up and down indicator buttons
132 and 134 which sends a signal to the microprocessor which then stores the amount of
maximum volume selected in its memory. Alternate selections means well known in the art
can beused in lieu of the buttons shown in FIGS. 1and 2. In addition, in embodiments
such asis shown in FIGS. 1and 2, an visual display 134 is shown on the front of the
housing 120 which shows the volume amount selected.

In another embodiment, the microprocessor selects the default value for the amount
of volume that can be selected during a selected period of time. Regardless of how the
volume is selected, the volume value regulates how many times the chamber will empty
per preselected time period.

In another embodiment, the user can select the period of time over which the fluid is
measured and collected within the first chamber. In the embodiment shown in FIGS. 1and
2, that isaccomplished by pressing the timer control button 138 located on the front of
housing 120 and then up and down indicator buttons 132 and 134 which sends a signa to
the microprocessor which then stores the amount of time selected in its memory. In
addition, in an embodiment such asisshown in FIG. 1, the visual display 136 is shown on
the front of the housing 120 which shows the timer amount selected. This also will
regulate how many times the chamber will empty per preselected time period. If the timer
isnot manually set by the user, then the timer will set a default for the preselected time
period. In another embodiment, which does not have amanual controller, the timer may be
preselected by the microprocessor. In yet afurther embodiment, the apparatus provides

either means of selecting the period of time.

12
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Regardless of the embodiment used, once the microprocessor determines that the first
chamber isfilled to apreselected level at any time prior to the expiration of the then
applicable preselected time period, it will cause the appropriate valve to close which in the
preferred embodiment shown in FIG. 3isthird valve 140 and the appropriate other valve to
open which in the preferred embodiment shown in FIG. 3 isthe fourth valve 142. In
alternative embodiments in which only valves 110 and 116 are being used, then the
microprocessor will cause first valve 110 to close and second valve 116 to open. Inthis
manner, the first collection chamber 108 will be emptied and drainage will discontinue for
the remainder of the preselected time period. Asaresult, the drainage rate of the fluid will
never be more than the preselected level during the preselected period of time.

In addition, in various embodiments, the microprocessor also can determine and
display the total volume drained over alarger time period on display 136 by holding down
the volume button for a preselected period of time, although other embodiments may use
other techniques well known in the art for obtaining the information with suitable
modifications of the electronics.

In addition, to the foregoing, the apparatus may also contain an additional
spectrophotometer 150 and related sensor 152 to assure the complete emptying of the first
collection chamber at the end of each appropriate cycle. In addition, the apparatus may
also contain an aarm producing mechanism (not shown) whereby if the information sent
by the measuring device asprocessed by the microprocessor detects that blood or other
types of fluid or cells are present in the fluid, the nursing staff will be alerted. Likewise,
with suitable additional electronics, other aerts may be present such aswhen there isa
kink in the tubing, the power fails, or one of the components of the system isnot operating

properly, or if the first chamber fails to completely empty asrequired.

13
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In the preferred method of the present invention, the first end of the first tube 102 is
attached to adrain (not shown) that has been inserted into the appropriate subarachnoid
region of the body. The appropriate valves associated with the proximal opening 106 of the
first collection chamber 108 are opened and the appropriate valves associated with the
distal end 112 of the collection chamber 108 are closed. In embodiments using four valves
such asthose shown in FIG. 3, the first and third valves 110 and 140 are opened and the
second and fourth valves 116 and 142 are closed. The timer isalso set for either a default
or an aternate timer period and the maximum volume for the first chamber isalso selected.

Thereafter, the fluid drains through the proxima valve(s) into the first collection
chamber 108 through the use of gravity. Asthe fluid drains into the first chamber 108, the
volume of the first chamber is constantly measured by the measuring device. Once the
microprocessor determines that the first chamber 108 isfilled to apreselected volume at
any time prior to the expiration of the then applicable preselected time period, it will cause
the proximal valve(s) to close and the distal valve(s) to open such that the first chamber
will be emptied and the drainage will discontinue for the remainder of the preselected time
period. In this manner, the drainage rate of the fluid will never be more than the
preselected level during the preselected period of time. At the end of each preselected time
period the timer will reset.

If the first chamber has not attained the maximum preselected volume in the
preselected time period, the proxima valve(s) will remain open and the distal valve(s) will
remain closed and the drainage will continue until the maximum volume is attained.

If a any time there isany problem with the system or if the first collection chamber
fails to fully empty at each predetermined interval, an alarm will notify the appropriate

personnel that their attention isrequired.

14
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In addition, in the embodiments shown in FIGS. 1 and 2, the housing has an on/off
button 160. Further, inthe preferred embodiments, the tubing, bags, collection chamber
and first and second valves are all disposable and replaceable. Those skilled in the art will
understand that this type of apparatus is designed for use with CSF but it can be used in
any other application in which the drainage amount of fluids over time is critical.

In another embodiment, the automated fluid drain control apparatus 100 includes a
redundant fluid measuring system.

A s shown in FIGS. 4-8, in other embodiments, the automated fluid drain control
apparatus 100 isportable. Asdescribed above, in the prior art, close monitoring of patients
having CSF drained isnecessary. This confined apatient to bed. However, with the
present automated system, apatient does not have to be as closely monitored by hospital
personnel. Accordingly, the automated fluid drain control apparatus can be portable. For
example, asshown in FIG. 4, in an embodiment of the invention, the automated fluid drain
control apparatus 100 can be part of atower assembly 200 that includes wheels 202. The
apparatus 100 can be mounted on atower 204 via a strap or permanently affixed thereto.

FIGS. 5-6 show apreferred embodiment of aportable body fluid collection device
300, that includes an apparatus for controlling the collection of body fluids 100, smilar to
that described above, drainage tube 102 and acontainer 302 for supporting or carrying the
apparatus 100. Asshown in FIGS. 5-6, in apreferred embodiment, the container 302
includes afirst set of straps 304 that can be worn over the patient's shoulders, similar to a
backpack. Preferably, the straps 304 are adjustable. In apreferred embodiment, the device
also includes a second set of straps 310 that are worn around the front of the patient and
clipped, clasped, tied or otherwise secured together. Preferably, straps 310 are also
adjustable. It will be appreciated that the container 302 can be any device for carrying or

supporting the apparatus 100. For example, the container 302 can be abag, sack, box,
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shelf, purse, etc. In another preferred embodiment, the container 302 isajacket into which
the apparatus 100 isincorporated. Any type of wearable garment or container that can
support the weight of the apparatus 100 and allow the tube 102 to extend into the
subarachnoid space iswithin the scope of the present invention. For example, seethe
backpack taught in U.S. Publication No. 2012/0085804, published April 12, 2012, the
entirety of which isincorporated by reference.

Asshown in FIG. 7, in another embodiment, one or more straps 304 can be
connected directly to the apparatus 100 and the container 302 can be omitted. In this
embodiment, the strap(s) 304 can be worn by apatient to support the weight of the
apparatus 100. For example, asshown in FIG. 7, the strap 304 can beworn like apurse
strap so that the device 100 hangs near the patient's side.

In use, the drainage tube 102 (which may extend through an opening in the
container) isinserted into the patient's subarachnoid region at an insertion point. The
container 302, straps 304 and apparatus 100 are configured and positioned such that the
first valve 110 ispositioned below the insertion point, thereby allowing fluid to drain into
the collection chamber via gravity. In apreferred embodiment, one or both of the
container 302 or the straps 304 are adjustable in at least avertical direction so that the first
valve 110 can always be positioned below achosen insertion point. FIG. 5 shows the
positioning of the adjustable height container 302 when the tube 302 isinserted into an
insertion point in the patient's skull. FIG. 6 shows the positioning of the adjustable height
container 302 when the tube 302 isinserted into an insertion point in the patient's lower
spine.

Asshown in FIG. 8, in another embodiment, the container 302 and strap 304 can be
formed asafanny or hip pack. Inthis embodiment, the container 302 can be positioned on

the patient's side making the device 100 and the first 108 or second collection chamber 118
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more accessible. In the embodiment shown in FIG. 8, the second collection chamber 118
or collection bag islocated outside the container 302 so that fluid can be drained more
easlly. Therefore, the container 302 can have an opening (e.g., with a zipper, buttons,
Velcro, etc.) that the container (and any associated tubing) extends through. However, in
another embodiment, the collection bag can be located in the container 302. Similarly, the
back pack embodiment above can include an opening therein that allows the collection bag
to hang outside the container.

Asshown in FIG. 5, in another embodiment, the portable body fluid collection
device 300 can be combined with a device 320 that signals to auser when the tube 102 is
being pulled. Co-pending and simultaneously filed patent application no. 14/209,983, filed
March 13, 2014 and titled Fluid Drain Tube with Connector (attorney docket no. 69638-
5010), the entirety of which isincorporated by reference herein, describes a device 320 that
pulls on auser's hair or skin when the tube 102 ispulled in. Device 320 can be combined
with portable body fluid collection device 300 and sold as akit. In this manner, with a
person wearing portable body fluid collection device 300, when they are moving around,
device 320 will signa to the person that the tube 102 ismoving and may help prevent
withdrawal of the tube.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words "comprise,” "comprising,” and the like are to be construed in an
inclusive sense, as opposed to an exclusive or exhaustive sense; that isto say, in the sense
of "including, but not limited to." Asused herein, the terms "connected,” "coupled,” or any
variant thereof, means any connection or coupling, either direct or indirect, between two or
more elements; the coupling of connection between the elements can be physical, logical,
or acombination thereof. Additionally, the words "herein,” "above," "below," and words of

similar import, when used in this application, shall refer to this application asawhole and
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not to any particular portions of this application. Where the context permits, words in the
above Detailed Description of the Preferred Embodiments using the singular or plural
number may also include the plural or singular number respectively. The word "or" in
reference to alist of two or more items, covers all of the following interpretations of the
word: any of the items in the list, all of the items in the list, and any combination of the
items in the list.

The above-detailed description of embodiments of the disclosure isnot intended to
be exhaustive or to limit the teachings to the precise form disclosed above. While specific
embodiments of and examples for the disclosure are described above for illustrative
purposes, various equivalent modifications are possible within the scope of the disclosure,
asthose skilled in the relevant art will recognize. For example, while processes or blocks
are presented in agiven order, aternative embodiments may perform routines having steps,
or employ systems having blocks, in adifferent order, and some processes or blocks may
be deleted, moved, added, subdivided, combined, and/or modified to provide alternative or
subcombinations. Each of these processes or blocks may be implemented in avariety of
different ways. Also, while processes or blocks are at times shown asbeing performed in
series, these processes or blocks may instead be performed in parallel, or may be
performed, at different times. Further any specific numbers noted herein are only
examples: alternative implementations may employ differing values or ranges.

The teachings of the disclosure provided herein can be applied to other systems, not
necessarily the system described above. The elements and acts of the various embodiments
described above can be combined to provide further embodiments.

Any patents and applications and other references noted above, including any that
may be listed in accompanying filing papers, are incorporated herein by reference in their

entirety. Aspects of the disclosure can be modified, if necessary, to employ the systems,
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functions, and concepts of the various references described above to provide yet further
embodiments of the disclosure.

These and other changes can be made to the disclosure in light of the above
Detailed Description of the Preferred Embodiments. While the above description describes
certain embodiments of the disclosure, and describes the best mode contemplated, no
matter how detailed the above appears in text, the teachings can be practiced in many
ways. Details of the system may vary considerably in its implementation details, while
still being encompassed by the subject matter disclosed herein. Asnoted above, particular
terminology used when describing certain features or aspects of the disclosure should not
be taken to imply that the terminology isbeing redefined herein to berestricted to any
specific characteristics, features or aspects of the disclosure with which that terminology is
associated. In general, the terms used in the following claims should not be construed to
limit the disclosures to the specific embodiments disclosed in the specification unless the
above Detailed Description of the Preferred Embodiments section explicitly defines such
terms. Accordingly, the actual scope of the disclosure encompasses not only the disclosed
embodiments, but also all equivalent ways of practicing or implementing the disclosure
under the claims.

Accordingly, although exemplary embodiments of the invention have been shown
and described, it isto be understood that all the terms used herein are descriptive rather
than limiting, and that many changes, modifications, and substitutions may be made by one

having ordinary skill in the art without departing from the spirit and scope of the invention.
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CLAIMS

What isclaimed is:
1. A portable body fluid collection device comprising:
an apparatus for controlling the collection of body fluids that includes
adrainage tube, and
afluid collection chamber in fluid communication with the drainage tube,
wherein the fluid collection chamber includes afirst valve, and wherein the fluid collection
chamber is configured such that when apredetermined amount of fluid is collected in the
collection chamber before afirst predetermined period of time elapses, the collection
chamber ceases collecting fluid, and
a least one strap associated with the apparatus for controlling the collection of body
fluids, wherein the strap can beworn by apatient to support the weight of the automated

body fluid drain control apparatus.

2. The portable body fluid collection device of claim 1wherein the apparatus for
controlling the collection of body fluids further includes a measuring device that measures
the amount of fluid entering the collection chamber through the first valve during the
predetermined first period of time, wherein the first valve has an open and a closed state,
wherein the first valve isnormally open and allows body fluidsto flow into the collection
chamber, wherein if during the first period of time apredetermined volume of body fluid

enters the chamber, the first valve is closed.

3. The portable body fluid collection device of claim 2 wherein the apparatus for

controlling the collection of body fluids further includes a second valve having an open
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and aclosed state, wherein the second valve isnormally closed so that body fluids collect
in the chamber, and wherein the second valve can be opened to empty the collection

chamber.

4. The portable body fluid collection device of claim 3 wherein after the first period of
time has elapsed, the first valve is opened and the second valve is closed and a second

period of time starts, wherein the first period of time is equal to the second period of time.

5. The portable body fluid collection device of claim 1 further comprising a container,
wherein the apparatus for controlling the collection of body fluids is disposed in the

container, and the strap is connected to the container.

6. The portable body fluid collection device of claim 5wherein the drainage tube is
configured to be inserted into a patient's subarachnoid region at an insertion point, and
wherein the container and strap are configured such that when the container isworn by a

patient, the first valve is positioned below the insertion point.

7. The portable body fluid collection device of claim 6 wherein the container isvertically

adjustable between at least afirst and a second position.

8. The portable body fluid collection device of claim 7 wherein the container isa

backpack.

9. A method of collecting body fluid, the method comprising the steps of:

providing an apparatus for controlling the collection of body fluids that includes
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adrainage tube, and afluid collection chamber in fluid communication with

the drainage tube, wherein the fluid collection chamber includes afirst valve, and wherein
the fluid collection chamber is configured such that when a predetermined amount of fluid
is collected in the collection chamber before afirst predetermined period of time elapses,
the collection chamber ceases collecting fluid,

inserting an end of the drainage tube into a patient's subarachnoid region at an
insertion point,

securing the apparatus for controlling the collection of body fluids to the patient's
body at afirst position, wherein in the first position, the first valve islocated vertically

below the insertion point.

10. The method of claim 9 wherein the apparatus for controlling the collection of body

fluids is secured to the patient's body via a strap.
11. The method of claim 10 wherein the strap is connected to a container, and wherein a
least a portion of the apparatus for controlling the collection of body fluids is disposed in

the container.

12. The method of claim 11wherein the container is a backpack.
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