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A BODY FLUID DRAINAGE DEVICE 

5 TECHNICAL FIELD 

The present invention relates broadly to a body fiuid drainage device for draining a 

fluid from a body cavity. 

BACKGROUND 

Body cavities accumulate fluid in diseased states of a mammalian body. Fluid 

accumulation may occur, for example, in the thoracic cavity or abdomen of a mammalian 

15 body. Common causes of fluid accumulation include heart failure, kidney failure, liver 

failure or cancers etc. 

A pleural cavity is a space between a parietal and a visceral pleural within a human 

thorax. The space is disposed between the lungs and the chest wall. The pleural cavity 

20 typically contains a small amount of fluid for, for example, lubrication for chest expansion 

during normal respiration. Due to diseased states of a body, an abnormal amount of fluid 

e.g. air and/or liquid may accumulate in the pleural cavity. Air in the pleural cavity is known 

as pneumothorax. Abnormal fluid collection in the pleural cavity is known as pleural 

effusion (PE). 

For another disorder, accumulation of fluid within a peritoneal cavity typically 

results in ascites. Occurrence of ascites is typically due to portal hypertension resulting 

from cirrhosis. Other common causes of ascites include malignancy and heart failure etc. 

30 A current practice of fluid drainage from a body cavity uses a catheter that is 

inserted into the body cavity. The catheter is then connected to a drainage box. A medical 

caregiver or practitioner is typically required to begin the fluid drainage. Constant 

monitoring by a caregiver such as a physician or a nurse is typically required throughout 

the entire process of fluid drainage. Once a desired volume of fluid drainage is observed 

35 by the caregiver, the catheter is manually clamped using a mechanical tool by the 
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caregiver to stop drainage. As such, the current fluid drainage process is heavily 

dependent on human intervention and the efficiency of the current fluid drainage process 

may vary between caregivers. There is therefore a high degree of subjectivity and a 

potential occurrence of human error. 

Currently, constant monitoring of fluid drainage is typically needed because the 

pressure in a body cavity is typically unknown. In practice, when the pressure in the body 

cavity is substantially lower than atmospheric pressure, accumulated fluid in the body 

cavity is prevented from draining. On the other hand, when the pressure in the body cavity 

10 is substantially higher than atmospheric pressure, accumulated fluid may flow in 

significant volumes out of the body cavity. 

Mismanagement of fluid drainage from the body cavity may pose a number of 

dangers to a mammalian body. One such danger is the risk of having a condition known 

15 as re-expansion pulmonary edema (RPE) when draining fluid from the pleural cavity. This 

condition occurs when there is rapid expansion of a collapsed lung and may lead to fatal 

consequences. 

Another danger arising from mismanaged fluid drainage may occur during removal 

20 of ascitic fluid. For example, during abdominal paracentesis to remove ascitic fluid, low 

blood pressures may occur when large volumes of fluid are removed without adequate 

management. 

In view of the above, it has been recognized by the inventors that current practices 

25 of fluid drainage from a body cavity may be inconsistent and may typically be highly 

dependent on the monitoring and skills of different caregivers. Sn addition, during fluid 

drainage, a patient is also typically confined to a bed/couch in a medical facility as the 

current drainage equipment are non-portable and because monitoring is required by a 

caregiver. 

Therefore, there exists a need for a body fluid drainage device for draining a fluid 

from a body cavity that seek to address one or more of the problems above. 

35 
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SUMMARY 

in accordance with an aspect, there is provided a body fluid drainage device for 

draining a fluid from a body cavity, the device comprising, a channel switching module for 

5 coupling to a fluid containment device, the channel switching module for controlling a 

direction of flow of the fluid with respect to the fluid containment device; a flow rate actuator 

for coupling to the fluid containment device, the flow rate actuator for controlling a rate of 

fluid flow into the fluid containment device; a processing module coupled to the channel 

switching module, the processing module being configured to control a fluid flow between 

10 the body cavity and the fluid containment device and to control a fluid flow from the fluid 

containment device using the channel switching module; and wherein the processing 

module is capable of controlling the fluid flow between the body cavity and the fluid 

containment device based on a pre-determined fluid volume in the fluid containment 

device. 

The body fluid drainage device may further comprise the fluid containment device, 

the fluid containment device being removably coupled to the flow rate actuator 

The fluid containment device may be removably coupled to the channel switching 

20 module. 

The channel switching module, the flow rate actuator or both may be adapted to 

be removably coupled to the processing module. 

25 The processing module may be configured to determine whether a fluid volume in 

the fluid containment device matches the pre-determined fluid volume, and if the fluid 

volume in the fluid containment device matches the pre-determined fluid volume, the 

processing module is configured to stop fluid flow between the body cavity and the fluid 

containment device. 

30 
The processing module may be configured to stop fluid flow between the body 

cavity and the fluid containment device using the flow rate actuator, or using channel 

switching module or both. 

35 The determination of whether a fluid volume in the fluid containment device 

matches the pre-determined fluid volume may be based on a maximum volume of the 

fluid containment device. 
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The determination of whether a fluid volume in the fluid containment device 

matches the pre-determined fluid volume may be based on the rate of fluid flow controlled 

by the flow rate actuator. 

The rate of fluid flow controlled by the flow rate actuator may be correlated to an 

advancement distance of the fluid flow in the fluid containment device. 

The channel switching module may be capable of switching between at least two 

10 channels; further wherein in a first operation state, the processing module is configured 

to instruct the channel switching module to switch to a first channel to allow fluid 

communication from the body cavity to the fluid containment device through the first 

channel; and in a second operation state, the processing module is configured to instruct 

the channel switching module to switch to a second channel to allow fluid communication 

15 from the fluid containment device through the second channel. 

In the second operation state, the processing module may be configured to actuate 

expelling of fluid from the fluid containment device. 

20 The processing module may be configured to determine whether a pre-determined 

total volume of fluid drainage has been achieved, said determination based on 

determining a number of times the pre-determined fluid volume in the fluid containment 

device is obtained. 

25 The said determination may be further based on a number of switches of the 

channel switching module to allow fluid flow from the fluid containment device. 

The body fluid drainage device may further comprise an input module, the input 

module being configured to allow input to the processing module of the pre-determined 

30 total volume of fluid drainage and input to the processing module of the rate of fluid flow 

into the fluid containment device. 

The fluid containment device may comprise a syringe. 

35 The body fluid drainage device may further comprise a storage component, the 

storage component being coupled to the channel switching module for receiving fluid flow 

from the fluid containment device. 



5 

The body fluid drainage device may further comprise a pressure sensor coupled 

to the channel switching module for measuring a pressure in the body cavity. 

5 The body fluid drainage device may further comprise one or more force sensors 

coupled to the fluid containment device for measuring a pressure in the body cavity. 

The processing module may be further configured to control the fluid flow between 

the body cavity and the fluid containment device based on the measured pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the invention will be better understood and readily 

15 apparent to one of ordinary skill in the art from the following written description, by way of 

example only, and in conjunction with the drawings, in which: 

FIG. 1 is a schematic block drawing of a body fluid drainage device for draining a 

fluid from a body cavity in an exemplary embodiment. 

FIG. 2 is a perspective exploded view of a body fluid drainage device in an 

exemplary embodiment. 

FIGS. 3A to 3D are schematic drawings for illustrating an operation of a body fluid 

25 drainage device in an exemplary embodiment. 

FIG. 4A is a perspective view of a channel switching module of a body fluid 

drainage device in an exemplary embodiment. 

30 FIG. 4B is an exploded view of the channel switching module of FIG. 4A 

FIG. 5A is a perspective view of a fluid drainage module of a body fluid drainage 

device in an exemplary embodiment. 

35 FIG. 5B is a top view of the fluid drainage module of FIG. 5A with a fluid 

containment device coupled thereto. 
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FIG. 5C is a perspective view of the fluid drainage module of FIG. 5B with a plunger 

member in an extended state 

5 FIG. 5D is a top view of the fluid drainage module of FIG. 5C with the plunger 

member in a fully extended state. 

FIG. 5E is an exploded view of the fluid drainage module of FIG. 5A to 5D 

10 FIG. 5F is a schematic drawing illustrating positions of two contact switches in a 

fluid drainage module in an exemplary embodiment. 

FIG. 5G is a schematic drawing illustrating positions of the two contact switches in 

the fluid drainage module corresponding to a covering member being in a fully extended 

15 state. 

FIG. 6A is a perspective view of a docking module of a body fluid drainage device 

in an exemplary embodiment. 

20 FIG. 6B is an exploded view of the docking module of FIG. 6A 

FIG. 7A is a schematic drawing illustrating a body fluid drainage device in use in 

an exemplary embodiment. 

25 FIG. 7B is a schematic drawing of the body fluid drainage device 

FIG. 8 is a top view of a body fluid drainage system for draining a fluid from a body 

cavity in an exemplary embodiment. 

30 FIG. 9 is a schematic diagram for illustrating a gear train assembly. 

FIG. 10 is a schematic flowchart for illustrating an operation of a body fluid 

drainage device in an exemplary embodiment. 

35 FIG. 11 is a schematic flowchart for illustrating a method of forming a body fluid 

drainage device for draining a fluid from a body cavity in an exemplary embodiment. 
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DETAILED DESCRIPTION 

5 Exemplary embodiments described herein may provide a body fluid drainage device 

for draining a fiuid from a body cavity. 

The term "body cavity" as used in this description refers to a body cavity or part of an 

animal body. 

The term "coupling" of different modules or components as used in this description 

may refer to removable coupling or integral coupling 

The term "fluid" as used in this description may comprise a liquid, a gas or a mixture 

15 of both liquid and gas. 

The term "coupling" of different modules or components as used in this description 

may refer to removable coupling or integral coupling. 

20 FIG. 1 is a schematic block drawing of a body fluid drainage device for draining a fluid 

from a body cavity in an exemplary embodiment. In the exemplary embodiment, the body fluid 

drainage device 100 comprises a channel switching module 102, a flow rate actuator 106 and 

a processing module 108. A fluid containment device 104 may be separately provided to 

removably couple to the channel switching module 102 and to removably couple to the flow 

25 rate actuator 106. 

The channel switching module 102 controls a direction of flow of the fluid 120 with 

respect to the fluid containment device 104. The flow rate actuator 106 controls or calibrates 

a rate of fluid flow into the fluid containment device 104. 

in the exemplary embodiment, the fluid containment device 104 and the flow rate 

actuator 106 form a fluid drainage module 110. The processing module 108 is coupled to the 

channel switching module 102 and the fluid drainage module 110. For the body fluid drainage 

device 100, at least the fluid drainage module 110 is configured to be removably coupled to 

35 the processing module 108. 
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The channel switching module 102 is adapted to be removably coupled to a body cavity 

112, e.g. via a catheter providing fluid communication from the body cavity 112. The channel 

switching module 102 is also removably coupled to a storage component 114. 

5 The processing module 108 is configured to control a fluid flow between the body cavity 

112 and the fluid containment device 104. The processing module 108 is also configured to 

control a fluid flow from the fluid containment device 104. The processing module 108 is also 

configured to control the operation of the flow rate actuator 106. Thus, the processing module 

108 is capable of instructing/using the channel switching module 102 to allow fluid flow 

10 between the body cavity 112 and the fluid containment device 104. The processing module 

108 is also capable of instructing/using the channel switching module 102 to allow fluid flow 

from the fluid containment device 104, e.g. to expel fluid from the fluid containment device 

104. The processing module 108 is capable of controlling the fluid flow between the body 

cavity 112 and the fluid containment device 104 based on or depending on whether a pre-

15 determined or known fluid volume has been obtained in the fluid containment device 104. 

In the exemplary embodiment, in use, fluid communication of the fluid 120 is controlled 

to the fluid containment device 104 from the body cavity 112 by an operation state of the 

channel switching module 102. Fluid communication of the fluid 120 is also controlled from or 

20 out of the fluid containment device 104 to the storage component 114 by another operation 

state of the channel switching module 102. The channel switching module 102 switches fluid 

communication of the fluid containment device 104 between the body cavity 112 and the 

storage component 114. 

25 In the exemplary embodiment, the channel switching module 102, on instruction by the 

processing module 108, controls the switching of the fluid communication based on whether 

a desired or pre-determined or known fluid volume has been obtained in the fluid containment 

device 104. In the exemplary embodiment, the fluid 120 is allowed to be drained from the 

body cavity 112 into the fluid containment device 104 with a desired flow rate monitored or 

30 implemented by the flow rate actuator 106 on instruction by the processing module 108. Once 

a pre-determined fluid volume is determined to be obtained in the fluid containment device 

104 on instruction by the processing module 108, the channel switching module 102, on 

instruction by the processing module 108, switches to allow the fluid 120 to be drained or 

expelled from the fluid containment device 104, for example, to the storage component 114. 

35 The channel switching module 102, on instruction by the processing module 108, controls the 

switching until a desired total volume of the fluid 120 is drained into the storage component 
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114 from the body cavity 112. The total volume may be calculated from a number of times the 

pre-determined fluid volume is obtained in the fluid containment device 104. 

In some exemplary embodiments, the number of times the pre-determined fluid volume 

5 is obtained in the fluid containment device 104 corresponds to the number of switches of the 

channel switching module 102 to drain the fluid 120 into the storage component 114. 

FIG. 2 is a perspective exploded view of a body fluid drainage device in another 

exemplary embodiment. In the exemplary embodiment, the body fluid drainage device 200 

10 functions substantially identically to the body fluid drainage device 100 described with 

reference to FIG. 1. 

The body fluid drainage device 200 comprises a channel switching module 202 that is 

able to be removably coupled to a fluid drainage module 210. The body fluid drainage device 

15 200 further comprises a docking module 220. The docking module 220 comprises a 

processing module (not shown), a display component 222 and connectors e.g. 224. The 

channel switching module 202 and the fluid drainage module 210 are able to be removably 

coupled to the docking module 220 via the connectors 224 

20 The fluid containment device 204 is shown coupled thereto within the fluid drainage 

module 210 but it will be appreciated that the fluid containment device 204 may be provided 

separately from the body fluid drainage device 200 and may not form part of the body fluid 

drainage device 200. It will also be appreciated that a storage component to contain expelled 

fluid from the fluid containment device 204 and that is suitable to be coupled to the channel 

25 switching module 202 may be provided separately from the body fluid drainage device 200 

and may not form part of the body fluid drainage device 200. 

In the exemplary embodiment, the fluid containment device 204 is in the form of a 

syringe, but it will be appreciated that the fluid containment device 204 is not limited as such. 

30 For example, the fluid containment device 204 may be a bag or container calibrated for 

measuring a volume of a fluid collected in the fluid containment device 204. The display 

component 222 may be, but is not limited to, a liquid crystal display (LCD) to visually display 

parameters or settings inputted by a user and/or the current operating status of the body fluid 

drainage device 200. 

35 
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FIGS. 3A to 3D are schematic drawings for illustrating an operation of a body fluid 

drainage device in an exemplary embodiment. In the exemplary embodiment, a body cavity 

312 in the form of a pleural cavity is shown. A storage component 310 in the form of a drainage 

box/bag is also shown. For ease of understanding, only a channel switching module 302 of 

5 the body fluid drainage device 300 and a fluid containment device 304 coupled thereto the 

body fluid drainage device 300 are shown. 

in the exemplary embodiment, the channel switching module 302 comprises at least 

two channels 332, 334. The channel switching module 302 may be in the form of, but not 

10 limited to, a three-way tap/valve. The sterile parts may be the fiuid containment device (e.g. a 

syringe 304) and the at least two channels 332, 334 of the channel switching module 302 (e.g. 

a three-way valve). The channel switching module 302 is coupled to the body cavity 312 using 

a catheter (not shown) to allow fluid communication from the body cavity 312 to the fluid 

containment device 304. The volume of the fluid containment device 304 may range from 

15 about 5ml to about 50ml and therefore, the body fluid drainage device 300 for housing or 

coupling to the fiuid containment device 304 is portable and pocket-sizecL 

During use of the body fluid drainage device 300, a user inputs a desired 

maximum/total volume of fluid drainage and a desired flow rate (e.g. in milliliters per second) 

20 to a processing module (not shown). After the desired maximum/total volume of fluid drainage 

and the desired flow rate are inputted into the processing module, no human intervention is 

needed for monitoring of the body fluid drainage device or the aforementioned desired 

parameters. 

25 in FIG. 3A, the processing module is capable of determining whether a pre-determined 

volume of fluid in the fluid containment device 304 has been obtained. For example, the pre­

determined volume may be the maximum volume of the fluid containment device 304. As 

another example, the determination of whether the pre-determined volume is obtained may 

be from a calculation using the rate of fluid flow and the time elapsed of operation of the body 

30 fluid drainage device 300. In another example, the determination of whether the pre­

determined volume is obtained may be correlated to an advancement distance of the fluid 

flow in the fluid containment device. For example, the fluid volume may be a correlation of 

the linear distance moved by the plunger of a syringe. 

35 in FIG. 3B, the channel switching module 302 is shown to be in a first operation state 

during operation of the body fluid drainage device. In the first operation state, the processing 
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module uses the channel switching module 302 to control fluid flow between the body cavity 

312 and the fluid containment device 304. Thus, body fluid 340 is allowed to flow from the 

body cavity 312 through a first channel 332 into the fluid containment device 304. The 

processing module controls the flow rate of the fluid into the fluid containment device 304 

5 using the flow rate actuator (not shown) and based on the inputted pre-determined flow rate. 

For example, the processing module may control, via voltage control, a motor coupled to the 

flow rate actuator to allow or control a rate of fluid flow into the fluid containment device 304. 

Next, when a fluid volume in the fiuid containment device 304 is matched to a pre-

10 determined volume by the processing module, for example the fluid containment device 304 

is filled fully with the fluid, the channel switching module 302 switches from the first operation 

state to a second operation state, as shown in FIG. 3C. That is, a pre-determined volume of 

fluid in the fluid containment device 304 has been obtained. 

15 It will be appreciated that the transition to the second operation state comprises the 

processing module instructing the fiuid drainage module (not shown) comprising the flow rate 

actuator (not shown) to stop further drainage of fluid from the body cavity. In addition or as an 

alternative, further drainage of fluid from the body cavity may be stopped by the processing 

module instructing the channel switching module to switch from the first operation state to the 

20 second operation state. 

The processing module is also configured to count or record the number of instances 

of the pre-determined volume of fiuid in the fluid containment device 304 being obtained. In 

some exemplary embodiments, the processing module is also configured to count or record 

25 the number of switches from the first operation state to the second operation state. 

In the second operation state, the processing module uses the channel switching 

module 302 to control fluid flow from the fluid containment device 304. Thus, body fluid 340 is 

allowed to flow out of, or be expelled from, the fluid containment device 304 through a second 

30 channel 334. 

In FIG. 3D, the channel switching module 302 is shown to be in the second operation 

state during operation of the body fiuid drainage device. Body fluid 340 is shown to flow from 

the fluid containment device 304 through the second channel 334 of the channel switching 

35 module 302, for example, into the storage component 310. In the exemplary embodiment, the 

storage component 310 is shown coupled to the channel switching module 302. 
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In the exemplary embodiment, the channel switching module 302 is capable of 

switching interchangeably between the first operation state and the second operation state. 

The processing module is configured to instruct the switching between the operation states to 

5 control a fiuid flow between the body cavity 312 and the fluid containment device 304 based 

on whether the pre-determined fluid volume in the fluid containment device 304 is obtained. 

The processing module is also configured to stop fluid communication from the body cavity 

312 through the first channel 332 when the processing module detects that a pre-determined 

total volume of fluid drainage is obtained. The total volume of fluid drainage may be derived 

10 by a number of times the pre-determined fluid volume is obtained in the fluid containment 

device 304. In some exemplary embodiments, the number of times the pre-determined fluid 

volume is obtained in the fluid containment device 304 corresponds to the number of switches 

of the channel switching module 302 to allow the pre-determined fiuid volume in the fiuid 

containment device 304 to flow or expel from or out of the fluid containment device 304. 

FIG. 4A is a perspective view of a channel switching module 400 of a body fluid 

drainage device in an exemplary embodiment. FIG. 4B is an exploded view of the channel 

switching module 400. In the exemplary embodiment, the channel switching module 400 

functions substantially identically to the channel switching module 202 described with 

20 reference to Fig. 2. The channel switching module 400 comprises a valve 404, a first motor 

assembly 406, a first gear 408, a second gear 410, a rotable disc 412 and a first housing 420. 

The valve 404 may be, but is not limited to, a three-way tap. 

The first housing 420 comprises a first intermediate portion 424, a first bottom portion 

25 426 and a second bottom portion 428. The first housing 420 may further comprise a first top 

portion 422. The first bottom portion 426 is provided with an opening 430 to receive the first 

motor assembly 406. The second bottom portion 428 is adapted to receive and accommodate 

the valve 404 within the first housing 420. 

30 The first motor assembly 406 comprises a gearbox (not shown) and an encoder (not 

shown). The first motor assembly 406 also comprises a drive shaft 414. 

The first gear 408 and the second gear 410 are in rotational contact with each other to 

form a gear train. The first gear 408 is coupled to the drive shaft 414 of the first motor assembly 

35 406. The second gear 410 is fixedly coupled to the rotable disc 412. The rotable disc 412 is 

coupled to a trigger member 416 of the valve 404. 
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During use, energy from the first motor assembly 406 is transferred through the drive 

shaft 414 to the first gear 408 which in turn causes the second gear 410 to rotate. The rotable 

disc 412 rotates together with the second gear 410 and causes the trigger member 416 to turn 

5 and switch the channel switching module 400 interchangeably between a first operation state 

and a second operation state. 

The first bottom portion 426 is coupied to the first intermediate portion 424 by, for 

example, connecting pins. The first top portion 422 may be coupled to the first intermediate 

portion 424 by connecting pins (not shown). The first bottom portion 426 and the second 

bottom portion 428 are removably coupled to each other, for example, by a magnet assembly 

418. The first bottom portion 426 and the second bottom portion 428 are therefore easily 

separated from each other for a user/caregiver to access or, for example, to replace the valve 

404. 

In the exemplary embodiment, the gear module value of the first gear 408 is 0.5 and 

the number of teeth of the first gear 408 is 18 (Ni). The gear module value of the second gear 

410 is 0.5 and the number of teeth of the second gear 410 is 48 (N2). The gear ratio of the first 

motor assembly 406 is 297.92:1. 

For every quarter turn of the valve 404, the first gear 408 turns: 
48 2 0.25 X — = - turns 
18 3 

In association, the motor in the first motor assembly 406 turns 
2 

25 297.92 x - = 198.61revolutions 

In association, the encoder in the first motor assembly 406 records: 

198.61 x 3 = 595.84 counts 

30 Therefore, it may be provided for a processing module to instruct the first motor 

assembly 406 to be able to switch and turn the valve 404. 

In the exemplary embodiment, the length, breadth and height of an exterior of the first 

housing 420 of the channel switching module 400 are about 35mm, 35mm and 42mm 

10 

15 

20 
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respectively. Therefore, the channel switching module 400 is suitably portable and smaller 

than a typical palm size and/or pocket-size. 

FIG. 5A is a perspective view of a fluid drainage module of a body fluid drainage 

5 device in an exemplary embodiment. The fluid drainage module 500 is shown without a fiuid 

containment device being coupled thereto. FIG. 5B is a top view of the fluid drainage module 

in the exemplary embodiment with a fluid containment device coupled thereto. In the 

exemplary embodiment, the fiuid drainage module 500 functions substantially identically to 

the fluid drainage module 210 described with reference to Fig. 2. The fluid containment device 

10 520 may be provided separately from the fluid drainage module 500 and may not form part of 

the resultant body fluid drainage device (compare body fluid drainage device 200 of FIG.2). 

In the exemplary embodiment, the fluid containment device 520 is in the form of a 

syringe. 

The fluid drainage module 500 comprises a second housing 502, a covering 

member 504 and a force transmittal member 506. The force transmittal member 506 

functions as a flow rate actuator. The second housing 502 is adapted to removably receive 

the fluid containment device 520. The second housing 502 is coupled to the covering 

20 member 504 by the force transmittal member 506. The force transmittal member 506 may 

be, but is not limited to, an aluminum tube. The covering member 504 is configured to 

receive a plunger member 522 of the syringe. In FIG. 5B, the plunger member 522 is in a 

non-extended or unextended state, for example, when there is no fluid in the syringe. 

25 The use of the force transmittal member 506 to actuate movement of the covering 

member 504 controls a rate of flow of fluid into the syringe. 

FIG. 5C is a perspective view of the fluid drainage module 500 with the plunger 

member 522 in an extended state. For example, the plunger member 522 is in an 

30 extended state when there is fluid contained in the syringe. FIG. 5D is a top view of the 

fluid drainage module 500 with the plunger member 522 is in a fully extended state. For 

example, the plunger member 522 is in a fully extended state when fluid contained in the 

syringe fills the maximum volume of the syringe 

35 FIG. 5E is an exploded view of the fluid drainage module 500, as described with 

reference to FIG. 5A to 5D. The second housing 502 of the fluid drainage module 500 
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comprises a second top portion 508 and a third bottom portion 510, The second top 

portion 508 and the third bottom portion 510 may be coupled to each other after assembly 

of the components of the fluid drainage module 500. The covering member 504 comprises 

a first panel 532, a second panel 534, a first force distribution member 536 and a second 

5 force distribution member 538. The first force distribution member 536 and the second 

force distribution member 538 are used to distribute force onto force sensors (not shown) 

in an even manner. 

The fluid drainage module 500 further comprises a second motor assembly 512 

10 and a gear rack 514. The gear rack 514 is fixedly coupled to the force transmittal member 

506. 

During use, the force transmittal member 506 transmits a force exerted from a 

movement of the gears of the second motor assembly 512 to the plunger member 522. 

15 Extended states of the plunger member 522 are as shown in FIGS. 5C and 5D. In more 

detail, rotational force of the gears of the second motor assembly 512 is translated via the 

gear rack 514 to cause displacement of the force transmittal member 506. Due to the 

movement of the force transmittal member 506, the covering member 504 displaces in 

the same direction as the displacement of the force transmittal member 506. When the 

20 covering member 504 moves, the plunger member 522 displaces in the same direction 

as the covering member 504. As a consequence, fluid flows into the fluid containment 

device 520 with an advancement distance corresponding to the displacement distance of 

the plunger member 522. In this way, the fluid volume may be a correlation of the linear 

distance moved by the plunger of a syringe as controlled or calibrated by the force transmittal 

25 member 506 functioning as the flow rate actuator. 

The fluid containment device 520 is capable of discharging fiuid when it is 

determined by a processing module that the fluid in the fluid containment device 520 

reaches or matches a pre-determined volume. For example, the pre-determined volume 

30 may be, but is not limited to, a maximum volume of the fluid containment device 520. The 

total volume of fluid drained from the body cavity (i.e. the pre-determined total volume) is 

achieved based on the number of times the fluid containment device 520 is determined 

to contain a pre-determined volume of the fluid. For example, if the pre-determined total 

volume is to be 1.5 liters, the fluid containment device 520 with a volume of a 5ml can 

35 discharge the fluid 300 times, for example, into a collection box, with each discharge 
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based on a maximum volume of the fluid containment device 520 being achieved (as the 

pre-determined volume). 

In the exemplary embodiment, the flow rate actuator controls a flow of fluid into the 

5 fluid containment device 520. When the pressure in the body cavity is at a significantly higher 

level than atmospheric pressure, the body fluid typically flows out from the body cavity at an 

unknown rate which may not be medically acceptable. In this scenario, the flow rate actuator 

functions to regulate the flow rate of the fluid from the body cavity into the fluid containment 

device 520. 

In the description below, it will be described exemplarily how the processing 

module may determine that a pre-determined volume of fluid is within the fluid 

containment device 520. The determination may be by, for example but not limited to, a 

sensor, such as a contact sensor or switch, or by a linear distance moved by e.g. a plunger 

15 of a syringe. 

FIG. 5F is a schematic drawing illustrating positions of two contact switches in a 

fluid drainage module in an exemplary embodiment. The covering member 504 is shown 

being in a non-extended/unextended state. FIG. 5G is a schematic drawing illustrating 

20 positions of the two contact switches in the fluid drainage module corresponding to the 

covering member 504 being in a fully extended state. For the ease of illustration, the fluid 

containment device is not shown in FIGS. 5F and 5G. 

As shown in FIGS. 5F and 5G, a first contact switch 542 and a second contact 

25 switch 544 are used in the fluid drainage module 500 to inform a processing module that 

the body fluid in the fluid containment device (e.g. 520 in FIGS. 5B, 5D and 5E) reaches 

a pre-determined volume in the fluid containment device (e.g. 520 in FIGS. 5B, 5D and 

5E). The pre-determined volume may be a maximum volume of the fluid containment 

device (e.g. 520 in FIGS. 5B, 5D and 5E). The force transmittal member 506 comprises 

30 a protruding part 546 at a first end 548. The protruding part 546 is adapted to mechanically 

contact the first contact switch 542 to cause or bias the first contact switch 542 into a 

closed position, for example when the fluid containment device (e.g. 520 in FIGS. 5B, 5D 

and 5E) is empty or is in a non-extended or unextended state. 

35 When the fluid containment device (e.g. 520 in FIGS. 5B, 5D and 5E) is in a non-

extended or unextended state, the force transmittal member and the covering member 
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504 are at an initial reference position. The protruding part 546 comes into mechanical 

contact with the first contact switch 542 to cause or bias the first contact switch 542 into 

a close position. The second contact switch 544 is in an open position. The force 

transmittal member 506 functioning as the flow rate actuator may be instructed by the 

5 processing module to control or calibrate the flow of body fluid into the fluid containment 

device. 

When body fluid flows into the fluid containment device, the force transmittal 

member 506 displaces and causes the covering member 504 to displace in the same 

10 direction. The plunger member (e.g. 522 in FIGS. 5B to 5E) is extended. The protruding 

part 546 releases contact with the first contact switch 542 and the first contact switch 542 

changes to an open position. When the plunger member (e.g. 522 in FIGS. 5B to 5E) 

reaches its fully extended state, the protruding part 546 is in mechanical contact with the 

second contact switch 544 and causes the second contact switch 544 into a closed 

15 position. This causes the processing module to stop further drainage of fluid from the body 

cavity and to instruct a channel switching module to switch and allow fluid flow from the 

fluid containment device 520 instead of allowing fluid flow between the body cavity and 

the fluid containment device 520. 

20 In the exemplary embodiment, the processing module also transmits information 

to the second motor assembly 512 to cause the force transmittal member 506 to move or 

displace the plunger member 522 towards its initial reference position (i.e. non-extended 

state). The movement of the plunger member 522 causes fluid to be expelled from the 

fluid containment device 520. When the plunger member 522 reaches its initial reference 

25 position (i.e. non-extended state), the first contact switch 542 closes to inform the 

processing module that the pre-determined volume of fluid has been expelled. The 

processing module may instruct the channel switching module to switch to allow fluid flow 

between the body cavity and the fluid containment device 520 to allow a next cycle of fluid 

drainage. Alternatively, the processing module may also instruct the fluid drainage module 

30 to stop drainage if it is determined that a pre-determined total volume of fluid has been 

drained. 

The contact switches 542, 544 may also act as a safety feature to stop the body 

fluid drainage device from continuing to drain body fluid from the body cavity. For 

35 example, when the plunger is over-extended from the syringe, the second contact switch 

544 closes and prevents the body fluid from continuing to be drained from the body cavity. 
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In another exemplary embodiment, when the number of turns made by a motor in a 

second motor assembly and the linear distance moved by a syringe are detected to have 

reached a predetermined value, and the pre-determined value/distance corresponds or 

5 correlates to a volume, the syringe is switched to discharge the body fluid. In this example, 

the syringe does not have to reach its maximum volume before the body fiuid is discharged 

out of the syringe. That is, the determination of whether a fluid volume in the fluid containment 

device matches the pre-determined fluid volume is based on the rate of fluid flow controlled 

by the flow rate actuator. The determination is also correlated to an advancement distance of 

10 the fluid flow in the fluid containment device, as allowed by the displacement or linear distance 

moved by a plunger of a syringe. 

In the exemplary embodiment, the length, breadth and height of an exterior of the 

second housing 502 of the fluid drainage module 500 are about 68mm, 35mm and 42mm 

15 respectively. The length, breadth and height of an exterior of the covering member 504 are 

about 15mm, 35mm and 42mm respectively. 

Therefore, the fluid drainage module 500 is suitably portable and smaller than a typical 

palm size and/or pocket-size. 

20 

In the description below, it is described exemplarily how a motor assembly may actuate 

a pre-determined distance of movement of a syringe plunger which in turn correlates to a pre­

determined volume for the syringe based on the displacement or linear distance. 

25 FIG. 9 is a schematic diagram for illustrating a gear train assembly 900. The first motor 

assembly 406 of FIG. 4B and the second motor assembly 512 of FIG. 5E utilize gear train 

assemblies substantially identical to the gear train assembly 900. In the gear train assembly 

900, each of the gears 902, 904, 906, 908, 910, 912, 914 may be, but is not limited to, a nylon 

gear. The gear module of each of the gears 902, 904, 906, 908, 910, 912, 914 is 0.5. The gear 

30 ratio of the motor to the drive shaft is 297.92:1. For every revolution made by the motor, 3 

counts are recorded. 

The number of teeth on each of the gears 902, 904, 906, 908, 910, 912, 914 are 

denoted by N902, N904, Ngoe, Ngos, N910, N912 and N914 respectively as follows: 

35 Number of ieeth: Ngo2=20; Ngo4=22; Ngo6=10; Ngo8=28; N9io=8; Ngi2=38; Ngi4=8 
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0)gi4 

Therefore, the mechanical advantage from gear 902 to gear 914 is 14.63. 

For gear 914: 

diameter,d = Nx module = 8 x 0.5 = 4mm 

1 rev = n x d = 12.566mm (Linear displacement) 

For a syringe, in order to allow about 5ml of body fluid to flow into the syringe, the 

10 plunger member may be linearly displaced by about 40mm. For a linear displacement of 

40mm, gear 914 therefore makes: 

40 H- 12.566mm - 3.1832 revolutions 

It is calculated that 3.1832 revolutions on gear 914 yields: 

15 3.1832 x 14.63 X 297.92 x 3 = 41622.59625counts on the second motor assembly 

The correlationship between the second motor assembly and linear displacement of 

the syringe is as follows: 
41622.59625 1040.6 counts = 1040.5649 « 

40 mm 

Therefore, with the above correlation, it may be provided to allow a pre-determined 

volume of fluid into a syringe based on linear distance moved of the plunger of the syringe 

caused by the corresponding motor. 

20 

25 FIG. 6A is a perspective view of a docking module of a body fluid drainage device in 

an exemplary embodiment. FIG. 6B is an exploded view of the docking module. In the 

exemplary embodiment, the docking module 600 functions substantially identically to the 

docking module 220 described with reference to Fig. 2. In the exemplary embodiment, the 

docking module 600 comprises a processing module 602, a third housing 604, a display 

30 component 606, an input component 608 and pin connectors e.g. 610. The processing module 

602 comprises a microcontroller. The third housing 604 comprises a top cover 612, a middle 

cover 614 and a bottom cover 616. The display component 606 and the input component 608 

are disposed on the top cover 612. The display component 606 may be, but is not limited to, 

a liquid crystal display (LCD) to visually display parameters or settings inputted by a user/giver 

35 and/or the current operating status of a body fluid drainage device. The display component 
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606 may also display fluid volume drained in real-time. The input component 608 may be, but 

is not limited to, a joystick for a user/caregiver to input to the processing module 602 a desired 

body fluid drainage rate and/or a pre-determined total volume of fluid to be drained from a 

body cavity. For example, one movement of the joystick indicates a desired body fluid drainage 

5 rate increment of 5 milliliters per second. The middle cover 614 is configured with openings to 

receive three pin connectors e.g. 610. A channel switching module and a fluid drainage 

module may be removably coupled to the processing module 602 via the pin connectors e.g. 

610. For example, two pin connectors are used to couple a fluid drainage module to the 

processing module 602 and one pin connector is used to couple a channel switching module 

10 to the processing module 602. 

in addition, a power source (not shown) is also housed in the docking module 600. The 

power source may be, but is not limited to, one or more lithium-ion polymer batteries. The 

power source may also power the channel switching module and the fluid drainage module. 

15 Furthermore, the docking module 600 may also comprise a termination actuator (not shown), 

such as a button, to allow a user to manually terminate/stop fluid drainage. 

In the exemplary embodiment, the length, breadth and height of an exterior of the third 

housing 604 of the docking module 600 are about 110 mm, 80 mm and 47 mm respectively. 

20 

Therefore, the docking module 600 is suitably portable and smaller than a typical palm 

size and/or pocket-size when a channel switching module (such as the channel switching 

module 400) and a fluid drainage module (such as the fluid drainage module 500) are coupled 

to the docking module 600. 

In an example implementation, the processing module comprises a motor controller. 

The processing module is capable of using voltage and/or the pulse-width modulation 

variations to control a motor housed in a fluid drainage module. For example, the motor 

controller is capable of converting a signal from a processor to a Pulse-width Modulated 

30 (PWM) voltage to cause the motor (e.g. motor assembly 512 of FIG. 5E) in the fluid drainage 

module to rotate at a pre-determined speed/rate and direction determined by the processing 

module. The motor is coupled to a series of gears (e.g. gear rack 514 of FIG. 5E) which 

causes movement of the force transmittal member. 

35 In medical literature, the maximum/total volume of fluid drainage from the pleural cavity 

that is acceptable medically is 1.5 liters/day. To prevent occurrences of complications such as 



21 

RPE, the current British Thoracic Society guidelines suggest that less than 1.5 liters of pleural 

fluid are to be drained in a day. In practical settings, the drainage of 1.5 liter of pleural fluid 

from the pleural cavity is carried out in one hour. Fluid drainage rate that is higher than 1.5 

liters per hour is thus considered too fast medically. Furthermore, the normal pleural pressure 

5 in a mammalian body is about -ScmbbO. The negative limit of pleural pressure wherein 

medical practitioners widely believe that risks and complications may more likely occur for a 

mammalian body is -20cmH20. Certain medical studies also show that the risk of encountering 

re-expansion pulmonary edema (RPE) may be reduced by maintaining a pleural pressure of 

higher than -20cmH20. In another exemplary embodiment, a body fluid drainage device may 

10 be provided such that not only is the flow rate controllable, the body fluid drainage device may 

also stop draining body fluid from a body cavity upon detection of a pre-determined threshold 

cavity pressure. 

FIG. 7 A is a schematic drawing illustrating a body fluid drainage device in use in an 

15 exemplary embodiment. FIG. 7B is a schematic drawing of the body fluid drainage device. In 

the exemplary embodiment, the body fluid drainage device 700 comprises a first channel 

switching module 702 that is coupled to a fluid containment device 704. The fluid containment 

device 704 may be separately provided to the body fluid drainage device 700. The fluid 

containment device 704 may be, for example, a syringe. The first channel switching module 

20 702 comprises a first valve 706. The body fluid drainage device 700 further comprises a 

second valve 708 which is coupled along the same channel as the first valve 706. The body 

fluid drainage device 700 is removably coupled via a catheter 720, for example a chest drain 

tube, to a body cavity 722 such as a pleural cavity. The body fluid drainage device 700 is 

further removably coupled to a collection component 724, for example a chest drain box or 

25 bag. 

In the exemplary embodiment, a barometer or pressure sensor 710 is coupled to the 

second valve 708 to measure the pressure of the body cavity 722 through a fluid flow along 

the channel towards the first valve 706. 

In another exemplary embodiment, in addition or as an alternative, force sensors may 

be removably attached to a plunger member of a syringe to measure the force exerted by 

body fluid on the plunger member and therefore, the pressure of the body cavity is measured. 

For example, the body fluid within the syringe exerts a force on the plunger member if there is 

35 a pressure difference between the pressure in the body cavity and atmospheric pressure. 

Force sensors may be attached on two ends of the plunger member (for example, at one end 
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of the plunger member which is located internally within the fluid containment device and at 

another end of the plunger member which is located external of the fluid containment device) 

to take into account both the translational (pushing or pulling) actions of the syringe (i.e. the 

body fluid being discharged from the syringe into the collection component and the body fluid 

5 flowing from the body cavity into the syringe). 

When the force exerted on the plunger is determined, the pressure of the body cavity 

is calculated by using the following formula 
Force 

Pressure = 
Surface area of plunger that is in contact with the fluid 

10 
in the exemplary embodiments utilizing a pressure or force sensor, the body fluid 

drainage device may additionally be configured to stop the flow rate actuator and to stop the 

fluid drainage based on a pre-determined threshold pressure. For example, when a catheter 

is obstructed by residues or blockages, the pressure measured may be significantly high and 

15 exceeds the pre-determined threshold pressure. The pressure or force sensor may signal the 

processing module to prevent the motor assembly from being overloaded. The force sensor 

thus acts as a safety feature to stop the flow rate actuator from draining the body fluid from 

the body cavity. 

20 For another example, when the pressure sensor 710 of FIG. 7B detects that the pleural 

pressure reaches -20 cmhhO that is designated as a threshold pressure of the body cavity, 

the body fluid drainage device 700 is instructed by the processing module to cease or stop 

drainage of body fluid from the pleural cavity. 

25 FIG. 8 is a top view of a body fluid drainage system for draining a fluid from a body 

cavity in an exemplary embodiment. In the exemplary embodiment, the body fluid drainage 

system 800 comprises a plurality of channel switching modules 802, 804, 806 and a plurality 

of fluid drainage modules 812, 814, 816. The fluid drainage modules 812, 814, 816 are 

respectively coupled to the channel switching modules 802, 804, 806. The plurality of channel 

30 switching modules 802, 804, 806 and the plurality of fluid drainage modules 812, 814, 816 are 

respectively coupled to a processing module (not shown). The body fluid drainage system 

may be customized according to the requirements of a user/caregiver. For example, each of 

the channel switching modules 802, 804, 806 may function separately from each other upon 

instruction by the processing module. Each of the fluid drainage modules 812, 814, 816 may 

35 function separately from each other upon instruction by the processing module 
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FIG. 10 is a schematic flowchart 1000 for illustrating an operation of a body fluid 

drainage device in an exemplary embodiment. 

5 At step 1002, a body fluid drainage device is coupled to a body cavity using e.g. a 

catheter. 

At step 1004, a user inputs a desired maximum/total volume of fluid drainage and 

a desired flow rate (e.g. in milliliters per second or ml/s) to a processing module. The flow 

10 rate and total volume may be prescriptions from a medical practitioner. A fluid containment 

device is coupled to the body fluid drainage device. 

At step 1006, the processing module instructs a channel switching module to 

switch to a first operation state. In the first operation state, the channel switching module 

15 is used to control fluid flow between a body cavity and the fluid containment device. Body 

fluid is allowed to flow from the body cavity through a first channel into the fluid 

containment device. The processing module controls the flow rate of the fluid into the fluid 

containment device using a flow rate actuator and based on the inputted pre-determined 

flow rate. 

At step 1008, the processing module polls to determine whether the volume in the 

fluid containment device matches a pre-determined volume. When a fluid volume in the 

fluid containment device is matched to a pre-determined volume by the processing 

module, the processing module records the instance and instructs the flow rate actuator 

25 to stop further drainage. The processing module instructs the channel switching module 

to switch from the first operation state to a second operation state. In the second operation 

state, the processing module uses the channel switching module to allow fluid flow from 

the fluid containment device. Thus, body fluid is allowed to flow out of or be expelled from 

the fluid containment device through a second channel. The flow of fluid out of the fluid 

30 containment device is instructed by the processing module using the flow rate actuator in 

reverse motion. 

At step 1010, the processing module determines whether the body fluid in the fluid 

containment device has substantially completely flowed out of the fluid containment 

35 device. 
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If the processing module determines that the body fluid in the fluid containment 

device has substantially completely flowed out of the fluid containment device, at step 

1012, the processing module checks to determine if a pre-determined total volume of fluid 

is drained from the body cavity based on a number of times the pre-determined volume 

5 of fluid has been obtained in the fluid containment device. 

For example, in a scenario where a total volume of 25ml of fluid is desired to be drained 

from a body cavity and the pre-determined volume of fluid in the fluid containment device 

is 5ml, the processing module is capable of determining that the total volume of 25ml of fluid 

10 has been drained if the processing module records that the pre-determined volume of fluid 

in the fluid containment device has been obtained 5 times. 

If the result is affirmative at step 1012, i.e. the pre-determined total volume of fluid 

is drained from the body cavity, the processing module instructs the fluid drainage module 

15 at step 1014 to stop fluid drainage from the body cavity to the fluid containment device. 

If the result is negative at step 1012, i.e. the pre-determined total volume of fluid 

drained from the body cavity is not yet achieved, the process loops back to step 1006. 

That is, the processing module instructs the channel switching module to switch to allow 

20 fluid flow between the body cavity and the fluid containment device to allow a next cycle 

of fluid drainage e.g. to switch between the first operation state and the second operation 

state. 

In an alternative implementation, the check of the processing module at step 1012 

25 may be performed instead after the step 1006 i.e. after a match to a pre-determined 

volume in the fluid containment device. Thus, in the alternative implementation, if it is 

determined that the pre-determined total volume of fluid is drained from the body cavity, 

fluid in the fluid containment device may remain in the fluid containment device, and the 

fluid drainage process may stop. 

FIG. 11 is a schematic flow chart for illustrating a method of forming a body fluid 

drainage device for draining a fluid from a body cavity in an exemplary embodiment. At 

step 1102, a channel switching module is provided, the channel switching module for 

controlling a direction of flow of the fluid with respect to a fluid containment device. At step 

35 1106, a flow rate actuator is provided, the flow rate actuator for controlling a rate of fluid 

flow into the fluid containment device. At step 1108, a processing module is coupled to 
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the channel switching module, the processing module is configured to control a fluid flow 

between the body cavity and the fluid containment device and to control a fluid flow from 

the fluid containment device using the channel switching module. The processing module 

is capable of controlling a fluid flow between the body cavity and the fluid containment 

5 device based on a pre-determined fluid volume in the fluid containment device. 

The fluid containment device may be separately provided and coupled to the channel 

switching module and the flow rate actuator. 

10 The processing module may be further configured to determine whether a total 

volume of fluid has been drained from the body cavity. The determination is based on a 

number of times the pre-determined fiuid volume in the fluid containment device has been 

obtained. The number of times the pre-determined fluid volume is obtained in the fluid 

containment device may correspond to the number of switches of the channel switching 

15 module to control fluid flow from the fluid containment device 

In the described exemplary embodiments, the body fluid drainage device may allow 

fluid flow/communication from a body cavity to be controlled at a pre-determined flow rate. 

The desired maximum/total volume of fluid drainage may also be monitored automatically 

20 without human intervention. Therefore, the body fluid drainage device may allow the fluid 

drainage process to be performed or carried out without constant monitoring by a caregiver. 

The body fluid drainage device may even be self-used e.g. by a patient, together with a 

prescription from a medical practitioner. 

25 In the described exemplary embodiments, the body fluid drainage device may be 

portable. The size of the various components of the body fluid drainage device are 

substantially smaller than palm-size and/or pocket-size. Therefore, portability of the body fiuid 

drainage device may be improved. For example, a user may carry the body fluid drainage 

device around in a clothing pocket and therefore, may no longer be confined to a bed or couch 

30 for fluid drainage. 

Furthermore, the components of the body fluid drainage device, for example the fluid 

containment device, may be interchangeable. Therefore, costs may be effectively reduced 

since it may be decided that only sterile parts (and not the entire drainage device) is to be 

35 changed. In addition, the fluid containment device may be interchangeable for different 

volumes. 
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In the described exemplary embodiments, the components of the body fluid drainage 

device, for example the channel switching module, the fluid containment device and the 

processing module, may be individually coupled to each other. This may allow a caregiver to 

5 set up the body fluid drainage device according to a patient's individual 

requirements/conditions without incurring a high cost of modification. 

It has also been recognized by the inventors that the body fluid drainage device of 

described exemplary embodiments may also be used as a data logger to collect pressure data 

10 points that may be used for research purposes. 

In the described exemplary embodiments, it is appreciated that the channel switching 

module is capable of switching between at least two channels to allow fluid to flow into or out 

of a fiuid containment device. Even though a channel switching module with a valve or a 3-

15 way tap has been described in some exemplary embodiments, it will be appreciated that the 

exemplary embodiments are not limited as such. For example, the channel switching module 

may be capable of parallel switching between a channel coupled to a body cavity and a 

channel coupled to a storage component, to couple the fluid containment device to the 

respective channel. 

In the described exemplary embodiments, the pre-determined volume of fluid in the 

fluid containment device is a known, expected or projected volume. The actual drained fluid 

may contain bubbles but is appreciated to be substantially close to the expected volume of 

drained fluid. 

n some exemplary embodiments, the processing module may stop fluid drainage by 

instructing a flow rate actuator to stop operation. In addition or as an alternative, the 

processing module may instruct the channel switching module to switch out of two channels 

into a third channel that is not being used. For example, if the channel switching module uses 

30 a three way tap, the processing module may instruct the tap to be switched to a third channel 

that is not being used. 

In some exemplary embodiments, the processing module is capable of changing the 

pre-determined volume for a fiuid containment device such that the pre-determined total 

35 volume of fiuid drainage is achieved. For example, in a scenario where a total volume of 23ml 

of fluid is desired to be drained from a body cavity and a fluid containment device has a 
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maximum volume of 5ml, the processing module is capable of instructing the pre-determined 

volume for four cycles of fluid drainage to be 5ml (the maximum volume of the fluid 

containment device) and instructing the pre-determined volume for one cycle to be 3ml. Thus, 

over the five cycles of drainage, the desired total volume of 23ml of fluid is drained from a 

5 body cavity. 

In some exemplary embodiments, a maximum volume of a fluid containment device 

may be the volume as indicated on the fluid containment device. However, it is appreciated 

that the exemplary embodiments are not limited as such. For example, if a fluid containment 

10 device is in the form of a syringe that indicates a calibrated scale up to 5ml, the maximum 

volume of the syringe may be determined to be about 10% more than the indicated scale. In 

some exemplary embodiments, the indications of a maximum volume on the fluid containment 

device may substantially be the actual maximum volume of the fluid containment device. 

15 The terms "coupled" or "connected" as used in this description are intended to cover 

both directly connected or connected through one or more intermediate means, unless 

otherwise stated. 

The description herein may be, in certain portions, explicitly or implicitly described as 

20 algorithms and/or functional operations that operate on data within a computer memory or an 

electronic circuit. These algorithmic descriptions and/or functional operations are usually used 

by those skilled in the information/data processing arts for efficient description. An algorithm 

is generally relating to a self-consistent sequence of steps leading to a desired result. The 

algorithmic steps can include physical manipulations of physical quantities, such as electrical, 

25 magnetic or optical signals capable of being stored, transmitted, transferred, combined, 

compared, and otherwise manipulated. 

Further, unless specifically stated otherwise, and would ordinarily be apparent from 

the following, a person skilled in the art will appreciate that throughout the present 

30 specification, discussions utilizing terms such as "scanning", "calculating", "determining", 

"replacing", "generating", "initializing", "outputting", and the like, refer to action and processes 

of an instructing processor/computer system, or similar electronic circuit/device/component, 

that manipulates/processes and transforms data represented as physical quantities within the 

described system into other data similarly represented as physical quantities within the system 

35 or other information storage, transmission or display devices etc. 
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The description also discloses relevant device/apparatus for performing the steps of 

the described methods. Such apparatus may be specifically constructed for the purposes of 

the methods, or may comprise a general purpose computer/processor or other device 

selectively activated or reconfigured by a computer program stored in a storage member. The 

5 algorithms and displays described herein are not inherently related to any particular computer 

or other apparatus. It is understood that general purpose devices/machines may be used in 

accordance with the teachings herein. Alternatively, the construction of a specialized 

device/apparatus to perform the method steps may be desired. 

10 In addition, it is submitted that the description also implicitly covers a computer 

program, in that it would be clear that the steps of the methods described herein may be put 

into effect by computer code. It will be appreciated that a large variety of programming 

languages and coding can be used to implement the teachings of the description herein. 

Moreover, the computer program if applicable is not limited to any particular control flow and 

15 can use different control flows without departing from the scope of the invention. 

Furthermore, one or more of the steps of the computer program if applicable may be 

performed in parallel and/or sequentially. Such a computer program if applicable may be 

stored on any computer readable medium. The computer readable medium may include 

20 storage devices such as magnetic or optical disks, memory chips, or other storage devices 

suitable for interfacing with a suitable reader/general purpose computer. In such instances, 

the computer readable storage medium is non-transitory. Such storage medium also covers 

all computer-readable media e.g. medium that stores data only for short periods of time and/or 

only in the presence of power, such as register memory, processor cache and Random Access 

25 Memory (RAM) and the like. The computer readable medium may even include a wired 

medium such as exemplified in the Internet system, or wireless medium such as exemplified 

in bluetooth technology. The computer program when loaded and executed on a suitable 

reader effectively results in an apparatus that can implement the steps of the described 

methods. 

The exemplary embodiments may also be implemented as hardware modules. A 

module is a functional hardware unit designed for use with other components or modules. For 

example, a module may be implemented using digital or discrete electronic components, or it 

can form a portion of an entire electronic circuit such as an Application Specific Integrated 

35 Circuit (ASIC). A person skilled in the art will understand that the exemplary embodiments can 

also be implemented as a combination of hardware and software modules 



29 

Additionally, when describing some embodiments, the disclosure may have disclosed 

a method and/or process as a particular sequence of steps. However, unless otherwise 

required, it will be appreciated the method or process should not be limited to the particular 

5 sequence of steps disclosed. Other sequences of steps may be possible. The particular order 

of the steps disclosed herein should not be construed as undue limitations. Unless otherwise 

required, a method and/or process disclosed herein should not be limited to the steps being 

carried out in the order written. The sequence of steps may be varied and still remain within 

the scope of the disclosure. 

Further, in the description herein, the word "substantially" whenever used is 

understood to include, but not restricted to, "entirely" or "completely" and the like. In addition, 

terms such as "comprising", "comprise", and the like whenever used, are intended to be non-

restricting descriptive language in that they broadly include elements/components recited after 

15 such terms, in addition to other components not explicitly recited. Further, terms such as 

"about", "approximately" and the like whenever used, typically means a reasonable variation, 

for example a variation of +/- 5% of the disclosed value, or a variance of 4% of the disclosed 

value, or a variance of 3% of the disclosed value, a variance of 2% of the disclosed value or 

a variance of 1% of the disclosed value. 

Furthermore, in the description herein, certain values may be disclosed in a range. The 

values showing the end points of a range are intended to illustrate a preferred range. 

Whenever a range has been described, it is intended that the range covers and teaches all 

possible sub-ranges as well as individual numerical values within that range. That is, the end 

25 points of a range should not be interpreted as inflexible limitations. For example, a description 

of a range of 1% to 5% is intended to have specifically disclosed sub-ranges 1% to 2%, 1% to 

3%, 1% to 4%, 2% to 3% etc., as well as individually, values within that range such as 1%, 

2%, 3%, 4% and 5%. The intention of the above specific disclosure is applicable to any 

depth/breadth of a range. 

It will be appreciated by a person skilled in the art that other variations and/or 

modifications may be made to the specific embodiments without departing from the scope of 

the invention as broadly described. The present embodiments are, therefore, to be considered 

in all respects to be illustrative and not restrictive. 

35 
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CLAIMS 

1 A body fluid drainage device for draining a fluid from a body cavity, the 

device comprising, 

5 a channel switching module for coupling to a fluid containment 

device, the channel switching module for controlling a direction of flow of 

the fluid with respect to the fluid containment device; 

a flow rate actuator for coupling to the fluid containment device, the 

flow rate actuator for controlling a rate of fluid flow into the fluid containment 

10 device; 

a processing module coupled to the channel switching module, the 

processing module being configured to control a fluid flow between the 

body cavity and the fluid containment device and to control a fluid flow from 

the fluid containment device using the channel switching module; and 

15 wherein the processing module is capable of controlling the fluid flow 

between the body cavity and the fluid containment device based on a pre­

determined fluid volume in the fluid containment device. 

2 The body fluid drainage device of claim 1, further comprising the fluid 

20 containment device, the fluid containment device being removably coupled 

to the flow rate actuator. 

3. The body fluid drainage device of claim 2, wherein the fluid containment 

device is removably coupled to the channel switching module, 

4. The body fluid drainage device of any one of the preceding claims, wherein 

the channel switching module, the flow rate actuator or both are adapted to 

be removably coupled to the processing module. 

30 5 The body fluid drainage device of any one of the preceding claims, wherein 

the processing module is configured to determine whether a fluid volume in 

the fluid containment device matches the pre-determined fluid volume, and 

if the fluid volume in the fluid containment device matches the pre­

determined fluid volume, the processing module is configured to stop fluid 

35 flow between the body cavity and the fluid containment device. 








