
5 

10 

15 

20 

25 

30 

35 

40 

45 

WO 2016/049654 PCT/US2015/052716 

PCT PATENT APPLICATION 

SYSTEMS, DEVICES AND METHODS FOR SENSING PHYSIOLOGIC DATA AND 

DRAINING AND ANALYZING BODILY FLUIDS 

Inventors: 
Daniel Burnett 

Francisco, CA 
United States of America 

Evan l.oxon 
San Francisco, CA 
United States of America 

Rich Keenan 
Livermore, California 
United States of America 

Marcie Hamilton 
San Francisco, CA 94107 
United States of America 

Salted Sutaria 
San Mateo, CA 94401 
United States of America 

Mark Ziegler 
Palo Alto, CA 
United States of America 

Alex Yee 
San Francisco, CA Ml 10 
United States of America 

Griffetli Tally 
Menlo Park 
United States of America 

Christina SMeiier 
San Francisco, CA 94110 
United States of America 

Stephen Boyd 
San Francisco, CA 94110 
United States of America 

1 



WO 2016/049654 PCT/US2015/052716 

SYSTEMS, DEVICES AND METHODS FOR SENSING PHYSIOLOGIC DATA AND 
DRAINING AND ANALYZING BODILY FLUIDS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
10001I This application claims the benefit of priority to U.S. Provisional Application No, 

5 62/056,563 filed September 28, 2014 and U.S. Provisional Application- No, 62/056,564 filed 
September 28, 2014 and U.S. Provisional Application No. 62/062,924 filed October 12, 2014 
arid U.S. Provisional Application No, 62/076,725 filed November 7, 2014 and U.S. 
Provisional Application No, 62/085,463 filed November 28, 2014 and U.S. Provisional 
Application No. 62/129,899 filed March 8, 2015 and U.S. Provisional Application No. 

10 62/145,241 filed April 9, 2015 and U.S. Provisional Application No. 62/175,237 filed June 
13, 2015 and is related to PCX Application No. PCT/US2014/44565 filed June 27, 2014 and 
PCT Application No, PCT/US2015/010530 filed January, ? 2015, each of which is 
incorporated herein by reference in its entirety, 

TECHNICAL FIELD OF THE INVENTION 
15 100021 "The present invention relates to the field of medical devices, in particular devices 

that aid emptying of the bladder, measure urine output and various urine parameters such as 
oxygen tension, urine conductance and urine specific gravity, monitor renal function, analyze 
urine parameters, including urine content, including the presence of infection, and track 
and/or control fluid administration. The present invention further relates to medical devices 

20 capable of sensing physiologic data based on sensors incorporated into a catheter adapted to 
reside in any of a urinary tract, gastrointestinal tract, rectal location, prc-peritoneal, pleural 
space or other body cavity. 

INCORPORATION BY REFERENCE 
{00Q3| All publications and patent applications mentioned in this specification are herein 

25 incorporated by reference to the same extent as if each such individual publication or patent 
application were specifically and individually indicated to be so incorporated by reference. 

BACKGROUND OF THE INVENTION 

10004} It is estimated that 10% of all hospitalized and long-term care patients receive an 
30 in-dwelling urethral catheter. Almost all critically ill patients receive one, and in the ICU it is 

•routine procedure to monitor urine output every hour. The amount of urine produced is an 
indicator of fluid status and renal function. However, numerous sources of error can cause 
erroneous measurements of this important indicator. 
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|O0O5J The most common device used, to drain the bladder is the Foley catheter. Since its 

introduction, the design of a flexible tube with an anchoring balloon and eyelets that allow 

urine to drain through a central lumen has remained largely unchanged. However, it has been 

found that the current design of Foley catheters can result, in a large residua!, volume 

5 remaining in the bladder, for example greater than 50mL in supine patients. See Pallis, 

Wendy M Indwelling Foley Catheters Is the Current Design a Source of Erroneous 

Measurement of Urine Output? Critical Care Nurse 25.2 (2005): 44-51. In one study, mean 

residual volume was 96 mL in the 1CU and 136 mL in the general ward. See, Garcia et at, 

Traditional Foley Drainage Systems—Do They Drain the Bladder?, J Urol. 2007 Jan; 

10 177(i);203-7; discussion 207, A large residual volume of urine is also often found in the drain 

tube that connects the Foley catheter to the drainage bag, or elsewhere in the drainage system, 

[0006] The residual urine in the bladder and drain tube is a result of large air bubbles (air 

locks) that are formed in the tube and prevent the flow of urine from the bladder to the 

drainage bag. As a result, it has become routine procedure for nurses to manipulate the 

15 drainage tube prior to measuring urinary output, which helps empty the tubing. In the 1CU, 

where measurements are made as often as every hour, this is a very repetitive and imprecise 

process. A need exists for more accurate and automatic urine output measurement. 

{0007} In addition, an opportunity exists, within the urine collection system, to measure 

and analyze urine parameters. 

20 |0008| In addition to improving urine output measurement and urine parameter analysis, 

the urine drainage catheter itself offers an untapped opportunity to detect, collect and analyze 

additional patient parameters. 

{0009} In addition, many types of medical dev ices ate designed to control treatment and/or 

•maintenance of a patient. For example, a respirator can control patient respiration rate, 

25 volume, and/or gas mixture, among other things. An IV (intravenous delivery) can deliver 

fluid and/or other substances, such as drugs, to a patient. Other devices include those that can 

deliver drugs or perform other actions. These types of medical devices can be tightly 

controlled via various settings etc. A nurse or other practitioner may check various patient 

parameters and adjust the medical treatment device settings accordingly. A controller which 

30 automatically or semi-automatically uses patient parameters to control the settings of medical 

treatment devices is needed. 

SUMMARY OF THE INVENTION 

{0010} A Foley type catheter, widespread in use, having a low cost, and easily put in place 

by health care professionals may be used as a vehicle for deriving critical diagnostic 

35 information, by modifying a Foley type catheter, and/or by adding functionality to a Foley 
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type catheter. The technology disclosed herein provides for the delivery of highly resolved 

and previously unavailable diagnostic information, as may be derived from a Foley type 

catheter with intra-abdominal pressure (and other) sensing capability, 

{Mill In addition, the development of air locks has been found to significantly skew intra-

5 abdominal pressure readings. In addition, a bladder which is not empty can also adversely 

affect pressure readings within the bladder. The technology disclosed herein also provides for 

the detection and removal of air locks in the setting of intra-abdominal pressure 

measurements or otherwise, as well as more complete bladder drainage. 

[0012] The technology disclosed herein seeks to more effectively drain the bladder, 

10 prevent airlocks from, forming in the drainage tube and clearing them when they do, and 

increase the accuracy with which urine output is measured in an automated way. The 

disclosed technology also seeks to incorporate additional measurements of the urine, 

including oxygen tension, conductance, and specific gravity, gas pressures, turbidity, 

infection, sediment and others to improve the monitoring of fluid status, renal function, and 

15 other important patient parameters. 

{0013! The disclosed technology also relates to a Foley type catheter for sensing 

physiologic data from the bladder and/or urinary tract of a patient, the physiologic data 

particularly including those gathered by high fidelity pressure sensing and transduction into 

signals suitable for processing. In some embodiments, the pressure-sensing Foley type 

20 catheter may further be enabled to sense temperature and analytes of clinical significance. 

Examples of physiological parameters that the sensing Foley catheter system may measure 

(time specific measurements and trends of values over time) include: urine output, respiration 

rate, heart rate, heart rate variability, stroke volume, stroke volume variability, intra­

abdominal pressure (lAP), tissue oxygenation, tissue gas content, pulse transit time, 

25 pulmonary blood volume variability, temperature, blood content and other patient parameters 

|0014J Certain patient parameters which may be measured and/or determined by the 

disclosed technology are impacted by, and/or impact, a patient's treatment by medical 

treatment devices. For example, a patient's urine output, respiration rate, heart rate, stroke 

volume, stroke volume variability, intra-abdominal pressure (IAP), tissue oxygenation, tissue 

30 gas content, temperature, blood content and other patient parameters may be impacted by, 

and/or impact, medical treatment. Some examples of medical treatments, which may be 

controlled by medical devices include respiration rate and content, controlled by respirators, 

IV rate and content controlled by an IV drip controller, drug delivery controlled by a drug 

delivery device or IV controller, urine output controlled by a urine output pump, abdominal 

35 fluid volume controlled by drain pumps, and other treatments controlled by other medical 

treatment de vices. 
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{0015} One embodiment of a system for analyzing bodily fluids may generally comprise an 

elongate catheter having an expandable balloon positioned near or at a distal end of the 

catheter and further defining one or more openings in proximity to the balloon, a venting 

mechanism coupled to a proximal end of the catheter, the venting mechanism configured to 

5 pass air therethrough when negative pressure is applied to the venting mechanism, a first 

lumen coupled to the venting mechanism and in fluid communication with the one or .more 

openings, a second lumen in fluid communication with the balloon, a reservoir coupled to a 

proximal end of the first lumen and in fluid, communication with the one or more openings, 

and a controller which is configured to connect to the reservoir and is programmed to control 

10 a pressure within the first lumen, wherein the controller is further programmed to monitor a 

urine output received in the reservoir from a patient and determine an intra-abdominal 

pressure of the patient based in part upon changes in pressure within the balloon, and wherein 

the controller is further configured to store patient data. 

{0016! In one exemplary method for analyzing one or more body parameters from a 

15 patient, the method may generally comprise positioning an elongate catheter having an 

expandable balloon positioned near or at a distal end of the catheter within a body lumen 

filled at least partially with a. body fluid, receiving the urine through one or more openings 

defined along the catheter in proximity to the balloon, further receiving the body fluid within 

a reservoir located external to the body lumen and which is in fluid communication with the 

20 one or more openings via a fluid lumen, venting air through a venting mechanism which is in 

communication with the fluid lumen when, negative pressure is applied to the fluid lumen, 

analyzing a volume of the urine received within the reservoir via a controller which is 

programmed to control the negative pressure to the venting mechanism, determining an intra­

abdominal pressure of the patient based in part upon the changes in pressure within the 

25 balloon, and storing one or more parameters of patient data via the controller, 

{0017} Some embodiments of the sensing Foley catheter system include a loop controller 

which receives one or more pieces of data relating to patient parameters, and uses this 

information to control one or more medical treatment device or devices. The loop controller 

•may be integrated with either the device measuring the patient parameter, or the medical 

30 treatment device, or both. 

{0018} A pressure measuring 'balloon on a catheter, such as that disclosed in. international 

patent application number PCT/US14/44565, titled Sensing Foley Catheter (which is herein 

incorporated by reference in its entirety) is an example of a device which measures patient 

•parameters. Additional, embodiments are disclosed herein, A sensing Foley catheter system, 

35 may include a pressure measuring balloon and/or other sensors, as well as the ability to 

measure urine output and content to determine patient parameters such as urine output rate, 
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IAP, respiratory rate, heart rate, stroke volume, tissue oxygenation, urine composition, 

temperature and other patient parameters. 

{0019} Other parameters that may be measured and/or determined via a Sensing Foley type 

Catheter include urine specific gravity and pulse pressure variability. These parameters may 

5 be used to help control a medical treatment device such as a ventilator and/or infusion and/or 

hydrating device. 

{0020} Urine specific gravity is a measure of the number and weight, of solute particles in 

urine. Normal ranges are around 1,010 to 1.030. Measurements that arc higher than this may 

indicate dehydration or other conditions. Measurements that are lower than this may indicate 

10 fluid overload or other conditions. Measurements may be done by sensors on a Sensing Foley 

Catheter. Measurement results may indicate increasing (in the case of dehydration) or 

decreasing (in the case of fluid overload) the infusion rate for a patient. Measurement results 

may also indicate a change in ventilation parameters or drug infusions etc. 

{0021} Pulse pressure variability can be a predictor of fluid responsiveness to a medical 

15 treatment device such as a ventilator and/or fluid infusion device, A Sensing Foley Catheter 

can record a pressure waveform and the controller can identify the maximum and minimum, 

pressure pulses, which coincide with the respiration cycle. The controller can calculate pulse 

pressure variability. Pulse pressure variability can help determine whether a given patient will 

or will not respond to fluid therapy. Pulse pressure variability can also be used, by the 

20 controller to control therapy in a feedback loop. If pulse pressure variability is high, more 

fluid may he required by the patient. If pulse pressure variability is low, less fluid may be 

required, 

A Sensing Foley catheter system can measure cardiac activity via pressure sensing in the 

bladder. Because a Sensing Foley Catheter is capable of measuring respiratory activity as well 

25 as cardiac activity, and the frequency of the respiratory rate and the cardiac rate of a patient 

can be similar to each other, a patient's respiratory measurements can distort the cardiac 

measurements. To overcome this issue, some embodiments of a controller may pause the 

respirator at the end of one or more inspiration points, and/or pause the respirator a t the end of 

one or more expiration points {for just a few seconds each time, for example 1 to 3 seconds, 

30 or for example, 1 to 4 seconds) so that the cardiac waveform can be captured without 

respiratory distortion. Capturing detailed cardiac waveforms in this manner allows the 

controller to determine stroke volume variability (SW) which is useful in the detection of 

sepsis and the prevention of fluid overload. As an alternative embodiment, the patient may be 

asked to hold his/her breath at an inspiration point and/or an expiration point. 

35 
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BR IEF DESCRIPTION OF THE DRAWINGS 

{0022} The novel features of the invention are set forth. A better understanding of the 

features and advantages of the present invention will be obtained by reference to the 

following detailed description that sets forth illustrative embodiments, in which the principles 

5 of the invention are utilized, and the accompanying drawings of which: 

{0023} Fig. 1 shows an embodiment of a sensing Foley type catheter. 

|0024| Fig, 2 shows an example of respiratory rate sensing data. 

|0025} Fig. 3 shows a detailed portion of a respiratory profile. 

{0026} Fig. 4 shows an example of cardiac rate and relative cardiac output sensing data. 

10 {0027} Fig. 5 shows data related to relative cardiac output sensing in a human leg raising 

exercise, 

{0028 } Fig, 6 shows an example of peritoneal sensing data. 

{0029} Fig. ? shows an example of peritoneal sensi ng data, 

{0030} Fig, 8 shows the relationship among intraabdominal pressure, respiratory wave 

15 pressure, and cardiac pressure. 

{0031} Fig. 9 provides a flow diagram of an embodiment of the method, 

{0032} Fig. I OA shows an embodiment of the sensi ng Foley catheter system. 

{0033} Fig, 10B shows a detail view of airlock clearing mechanism and fluid collection & 

analysis system of Fig. I OA. 

20 {0034} Fig. 10C shows the disposable components of an embodiment of the sensing Foley 

catheter system. 

{0035} Fig, 15 sho ws another embodiment of the sensing Fol ey catheter sy stem. 

{0036} Fig. 12 shows another embodiment of the sensing Foley catheter system, 

{0037} Fig, 13 shows another embodiment of the sensing Foley catheter system. 

25 {0038} Fig, 15 shows an example of a clearing mechanism of the sensing Foley catheter 

system. 

{0039} Fig. 16 shows an example of a clearing mechanism of the sensing Foley catheter 

system. 

{0040} Fig. 17 shows an embodiment of the sensing Foley catheter system with a drainage 

30 tube with a gas-sampling lumen. 
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10041} Fig. .19 illustrates an embodiment of tibe sensing Foley catheter system with 

additional vents for pressure relief and sterility. 

{0042} Fig. 20 illustrates an embodiment of the sensing Foley catheter system with a 

pressure relief vent and relief valve. 

10043} Fig. 21 shows an. embodiment of a collection vessel, chamber or cassette which 

may be included in the sensing Foley catheter system to detect bacteria, blood and/other 

substances in the urine using UV/light spectroscopy. 

{0044} Fig, 2.2 shows the various absorption wavelengths of E, coli, red blood ceils, and 

plasma in urine to light. 

{0045} Fig. 23 shows an embodiment of the cassette which includes baffle or flap, 

{0046} Figs. 24 and 25 show graphs representing pressure balloon priming methods in 

some embodiments. 

{0047} Fig. 26-28 show flow charts of possible logic in various embodiments of the 

invention. 

{0048} Fig. 29 shows an embodiment of the sensing Foley catheter system with a loop 

controller in a patient environment 

{0049} Fig, 30 shows an embodiment of the sensing Foley catheter system with a loop 

controller in a patient en v ironment, 

{0050} Fig. 31. shows an embodiment of the sensing Foley catheter system with a loop 

controller in a patient environment, 

{0051} Fig. 32 shows an embodiment, of the sensing Foley catheter system with a loop 

controller in a patient environment. 

{0052} Fig. 33 shows details of a loop controller with possible input parameters and output 

actions. 

{0053} Fig. 34 is a plot of ultrason ic and pressure measiirements of volume divergence. 

{0054} Fig. 35 shows the distal end of an embodiment of the sensing Foley catheter, 

{0055} Fig. 36 shows an embodiment of a filter within a balloon, 

{0056} Fig, 37 shows an embodiment of a filter within a balloon with the balloon inflated. 

{0057} Fig. 38 shows an embodiment of a filter within a balloon with the balloon deflated. 

{0058} Fig, 39 shows an embodiment of a filter within a balloon, 

{0059} Fig. 40 shows an embodiment of a filter within a balloon, 

{0060} Fig, 41 shows an embodiment of a filter within a balloon. 
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|O061j Fig. 42 shows an embodiment of a filter within a balloon. 

{0062} Fig. 43 shows an embodiment of a filter within a balloon. 

(0063{ Fig, 44 shows an embodiment of a filter within a balloon. 

{0064} Fig. 45 shows an embodiment of a filter within a balloon. 

5 (O065{ Fig, 46 shows an embodiment of a filter within a balloon. 

{0066} Fig. 47 shows an embodiment of a balloon with multiple access lumens. 

(0067j Figs, 48 and 49 show embodiments of a balloon. 

10068} Figs. 50-53 show various embodiments of a balloon catheter with an gas permeable 
membrane. 

10 (O069J Fig. 54 shows a controller for measuring gas content via a balloon catheter. 

f«070} Figs, 55 and 56 are schematic diagram of gas measuring catheter/controller 
systems, 

10071} Figs. 57A and 57B show embodiments of a gas measuring add-on component. 

{0072} Fig. 58A shows a table that lists combinations of parameters that allow for possible 
15 signatures for identifying Acute Kidney Injury and UT1 based on patient parameters. 

{0073} Fig. 58B shows a table that lists combinations of parameters that allow for possible 
signatures for identifying Acute Kidney Injury, sepsis, and acute respiratory distress 
syndrome, based on patient parameters, 

{0074} Fig, 59 shows a pressure signature curve within the collection chamber during 
20 clearance of an airlock. 

{0075} Fig. 60 is a block diagram of a data processing system, which may be used with any 
embodiments of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

25 {0076} The preferred embodiments of the present invention are described in detail herein. 
However, alternative embodiments of various features of the device are also possible. 
Examples of these embodiments are provided below, but the scope of the invention is not 
limited to these specific configurations, 

{0077} Sensing Foley catheter 

30 {0078} Fig, 1 shows an embodiment of a sensing Foley catheter and several of its features, 
A catheter may be understood to have various sections according to its disposition when the 
catheter has been Inserted into a human subject, such as a proximal portion that remains 



WO 2016/049654 PCT/US2015/052716 

external to the subject, a central, or urethra-residing portion, and a distal or urinary bladder-
residing portion. 

[0079] V arious internal lumens traverse the length of the catheter, such as an air or fluid 
lumen that communicates with a bladder retention balloon 1.04 and a retention balloon port 

5 118. A urine drainage lumen lias a distal opening or openings 106 that resides in the bladder 
portion of the catheter, and has an opening at the proximal end 114 of the catheter. The urine 
drainage lumen may be connected to a urine drainage tube that conveys the urine to a 
collecting receptacle. The urine drainage tube may be separate from, or integral with, the 
sensing Foley catheter. In some embodiments, the drainage lumen and distal opening in the 

10 bladder may also serve as an infusion conduit by which medicinal agents may be infused, or 
through which heating or cooling fluid may be infused, Anaiyte sensor(s) (not shown) or 
temperature sensor(s) (not shown) may be disposed on the catheter, either on the urethral 
portion or the bladder-residing portion of the catheter. Electrical or optical fiber leads may be 
disposed in a lumen that allows communication of sensing signals between distally disposed 

15 sensors and the proximal portion of the catheter, and then further communication to a data 
processing apparatus or controller. 

|0080J An inflatable pressure-sensing balloon 108 (or a pressure sensing membrane 
arranged across an opening.) may be positioned at or near the distal end of the catheter. 
Embodiments of a pressure-sensing balloon or pressure sensing membrane 

20 [0081} may be understood as comprising a pressure interlace having a distal-feeing surface 
exposed to pressure from within the bladder, and a proximal-facing surface exposed to a 
proximal fluid column. The pressure-sensing balloon or membrane is in fluid communication 
with a fluid column or lumen which JS in fluid communication with a pressure port 1.16 at or 
near the proximal end of the catheter. Embodiments of the fluid column (filled with a fluid, 

25 either liquid or gas) may comprise a dedicated lumen, or a shared lumen. 

{0082} In some embodiments, a temperature sensor may exist at or near the distal end of 
the catheter. Temperature port 110 may include temperature communication wire 112 which 
connects the temperature sensor to a display, connector and/or controller. 

|0083} Note that although Fig, 1 shows the proximal end of the catheter comprising 
30 multiple separate ports, some or all of the ports may be integrated into a single port, or 

integrated into a urine drainage line which travels to a urine drainage system and/or 
controller. Other lumens and/or ports may also exist, 

|0084} Pressure-based physiologic parameters that the sensing Foley catheter system may 
sense, and/or determine via a controller based on the sensed parameters, may include, by way 

35 of example, peritoneal pressure, respiratory rate, and cardiac rate, relative pulmonary tidal 

10 
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volume profile, cardiac output, relative cardiac output, and absolute cardiac stroke volume. 
Some embodiments of the Foley type catheter may be further equipped with any of a 
temperature sensor, one or more analyte sensors, electrodes, and paired light sources and 
sensors. Embodiments thus further equipped are capable of delivering other forms of 

5 physiologic data, as for example, blood pressure, oxygen saturation, pulse oximetry, EKG, 
and capillary fill pressure. 

[0085 j Embodiments of the sensing Foley catheter may be able to sense any one or more 
of a plurality of clinically relevant parameters, such as included in the following examples: 
urine pH, urine oxygen content, urine nitrate content, respiratory rate, heart rate, perfusion 

10 pressure of the bladder wail or the urethral wall, temperature inside the bladder or the urethra, 
electro-cardiograph y via sensors on the bladder wall or the urethra, respiratory volume, 
respiratory pressure, peritonea! pressure, urine glucose, blood glucose via urethral mucosa, 
and/or bladder mucosa, urine proteins, urine hemoglobin, blood pressure, in some 
embodiments, the catheter can sense multiple parameters, but some embodiments may be 

15 limited to as few as a single parameter for focused applications (for example, respiratory rate 
in a patient in respiratory distress). 

{0086} The disclosed technology captures a high-resolution chronological profile (pressure 
as a function of time) of peritoneal pressure from within the bladder that can be transduced 
and processed into distinct pressure profiles assignable to particular physiologic sources, 

20 including peritoneal pressure, respiratory rate, and cardiac rate. By tracking the pressure 
profile at a sufficiently rapid sampling rate, as provided by the technology, the pressure 
profile can be further resolved, and/or analyzed, into relative pulmonary tidal volume, cardiac 
output, relative cardiac output, and absolute cardiac stroke volume. 

{0087} Accordingly, aspects of the disclosed technology relate to fidelity and resolution of 
25 a pressure signal generated in response to changes in pressure within the bladder, such 

changes being reflective of a pressure profile within the peritoneal cavity, such pressure 
profile including cumulative input from the aforementioned physiologic sources. Aspects of 
the technology further relate to fidelity and resolution of the transduction of the pressure 
signal into a highly resolvable electrical signal. Aspects of the technology relate still further to 

30 processing the totality of the electrical signal profile, a surrogate for the pressure profile 
within the peritonea! cavity, into component profiles that can be assigned to the physiologic 
sources. 

|(M>88} The sensitivity of an inflated balloon as a pressure sensor is a function, in part, of 
the pressure differential across the balloon membrane as a baseline condition. The balloon has 

35 the greatest sensitivity to pressure when the baseline pressure differential is near zero. As the 
baseline pressure differential increases, the sensitivity of the pressure-sensing balloon 
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degrades. Accordingly, the disclosed technology provides an automatic priming method that 

maintains the balloon in an inflated state, but with a minima! pressure differential. 

{0089} To effectively capture physiologic pressure profiles, the profiles need to be sampled 

at a rate that is sufficient to resolve the inherent frequency of changes in the profile. This 

consideration is informed by the Nyquist-Shannon sampling theorem, which states that a. 

sampling frequency of at least 28 samples/second is required to resolve an event that runs at a 

frequency of 8 cycles/second. As applied to a physiologic pressure cycle, for example, a 

cardiac rate of 70 beats/minute requires a sampling rate of at least 140 samples/minute to 

effectively capture the cycle. This relationship underlies aspects of the disclosed technology 

that specify the sampling rate particularly required to capture physiologic pressure cycles such 

as relative pulmonary tidal volume, cardiac output, relative cardiac output, and absolute 

cardiac stroke volume. 

(0090} Embodiments of the technology include a pressure interface as may be represented 

by a balloon having either a compliant membrane or a non-compliant membrane. 

(0091} Expandable pressure sensing balloons, per embodiments of the technology, may 

assume one or more of at least two basic forms, compliant or non-compliant. In compliant 

balloon types, which may be generally likened to a conventional party balloon, the pressure-

sensing balloon is formed from or includes a compliant membrane. Accordingly, the surface 

area of the membrane expands or contracts as a function of the expansion of the balloon. The 

compliance of the membrane determines various features of the balloon, as a whole, at 

different levels of expansion. Upon expansion, the balloon, if unconstrained, maintains a 

substantially constant or preferred form or shape, as determined by the mandrel upon, which 

the balloon is formed. Upon, expansion, of the balloon, from a minimal volume to its maximal 

volume, the membrane of the balloon maintains a level of tautness. Within the limits of 

compliance of the compliant membrane, an increase in pressure during inflation results in a 

consequent expansion of volume. The balloon, on the whole may be considered partially 

compliant in that its shape responds to spatial constraints that it may encounter upon 

expansion or inflation, however the balloon docs have a preferred or native shape, and such 

shape preference prevents a level of shape compliance or conformability such as that 

exhibited by a non-compliant balloon. 

(0092} In a non-compliant balloon, the expandable pressure-sensing balloon is formed 

from or includes a non-compliant membrane, or a membrane that, is substantially non-

compliant. Accordingly, the surface area of the membrane does not expand or contract in 

accordance with the level of balloon expauskm/pressurizaiion. Non-compliant pressure-

sensing balloons may be generally likened to a conventional Mylar* balloon. The lack of 

compliance of the membrane determines various features of the balloon, as a whole, at 

12 
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different levels of expansion. Upon expansion of the balloon from a minimal volume to a 

level near its maximal volume, the membrane of the balloon is supple, and has a level of 

slackness. Expansion of a non-compliant balloon occurs by way of outwardly directed 

smoothing of wrinkles and folds in the membrane. Deflation or compression of a non-

5 compliant balloon occurs by way of generally inwardly directed wrinkling and .infolding. 

When a non-compliant balloon is fully inflated (or substantially inflated) without being in a 

confining space, it assumes a preferred or nati ve shape as determined by the geometry of the 

membrane or fabric of the balloon. However, in a state of partial inflation, the balloon, as a 

whole, is highly supple and conformable, broadly taking the shape as may be dictated by a 

10 confining space, 

{6093} Expandable pressure sensing balloons, per embodiments of the technology, may 

also include features of both of the two basic forms, compliant and non-compliant, hi. these 

embodiments, the membrane may include regions that are compliant and regions that are non-

compliant. A balloon of this hybrid type would, as a whole, behave in a manner drawing from 

15 behavioral aspects of both compliant and non-compliant balloons, as described above. 

Further, compliant balloons may be formed with a membrane that is not of a homogeneous 

composition or thickness. In such embodiments, regions of different thickness or composition 

could have varying degrees of compliance, thus affecting the behavior of these regions during 

expansion of the balloon, in still other embodiments, compliance of the membrane may have 

20 a bias or polarity that tends to permit compliance in one or more directions, and tends to 

disallow compliance in one or more other directions. 

[0094j Embodiments of the sensing Foley catheter include a device utilizing a very small 

pressure lumen for air transmission. Pressure readings using inner lumen diameters of 3 mm, 

1 mm, and 0.5 mm have been measured. Little degradation of the signal was seen when the air 

25 lumen diameter was decreased from 3mm to 1 mm and 0.5mm, 

(O095J These data indicate the appropriateness of using the embodiment of the pressure 

transduction system in a small diameter pediatric catheter down to a size as small as 4f. In 

this embodiment, as well, the tip of the catheter can be lower profile than the rest of the 

catheter to allow for a consistently small diameter even with addition of the pressure sensing 

30 balloon. Thus, the catheter of the present invention is uniquely suited to the pediatric 

indication where there is a dire need for more appropriate, less invasive monitoring methods, 

in another embodiment, the retention balloon itself can be used as the pressure balloon, in 

order to minimize the number of required lumens. In one embodiment, the retention balloon is 

used in its fully inflated state, and is only used to track macro trends in IAP. In another 

35 embodiment, the retention balloon is only slightly inflated in order to increase balloon 

sensitivity to small changes in pressure. This embodiment allows for finer measurements of 
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micro parameters, such as heart rate, relative stroke volume, relative cardiac output, 

respiratory rate, and relative tidal volume. A smaller pressure lumen also allows for more 

space in a larger catheter for other technologies, such as sensors etc. 

{0096} In embodiments of the sensing Foley catheter where the retention balloon is used as 

5 the pressure balloon, the pressure measured within the retention balloon is offset by the 

pressure required to just inflate the balloon large enough for it to serve as a retention balloon. 

As a result, the inflation pressure, and possibly the pressure resulting from the retention 

balloon being in contact with the inner surface of the bladder, needs to be subtracted from the 

pressure reading. In this way, smaller pressure changes may be tracked similarly to those 

10 measured by the separate pressure balloon. The inflation pressure offset may be determined 

by measuring the pressure within the retention balloon when it is first inserted into the patient, 

or by measuring the retention balloon inflation pressure outside the patient, or by other means. 

The retention balloon maybe filled with fluid, air or any other appropriate gas, 

[0097j Embodiments of the disclosed technology may include embodiments in which the 

15 pressure sensor is a mechanical pressure sensor, such as those using fiberoptic, strain gage, 

magnetic, resonant, and/or other suitable technologies. 

|00981 Fig. 2 shows an example of respiratory rate sensing data from a human subject, as 

provided by an embodiment of the sensing Foley catheter system. During this test period, the 

subject performs a respiratory sequence as follows: (I.) breath being held at the end of an 

20 expiration, (2) valsalva, (3) hyperventilation, (4) valsalva, and (5) breath being held at the end 

of an expiration. 

|0099J Fig. 3 shows a detailed portion of the normal respiration period in a respiratory 

profile similar to that shown in Fig, 2. Note that the pressure curve clearly shows the 

•respiratory peaks, and therefore respiratory rate can be determined, and heart rate peaks, and 

25 therefore heart rate can be determined. 

|0100} Fig. 4 shows an example of cardiac rate and relative cardiac output sensing data 

from a human subject, as provided by an embodiment of the sensing Foley catheter system, 

and an EKG trace as measured simultaneously and independently. This graph clearly shows 

that the heart rate peaks as measured by the sensing Foley catheter are aligned with the heart 

30 rate. 

(6:101) Fig, 5 shows data related to relative cardiac output sensing in a human leg raising 

exercise in which cardiac output increases, as demonstrated by an increased amplitude of the 

cardiac pulse, 

|0102} The data shown in Figs. 6 and 7 were derived from studies done with Yorkshire 

35 pigs under lACUC-approved protocols. Fig. 6 shows an example of peritoneal sensing data, 
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with a focus on respiratory rate from a pig, as provided by an embodiment of the sensing 

Foley catheter system. Fig. 7 shows an example of pig study that demonstrates the capability 

of a» embodiment of the sensing Foley catheter system, to detect intra-abdominal 

hypertension. In this study, the peritonea! cavity was accessed with a 5mm Tcnamian trocar, 

5 The trocar was then attached to a 51, bag of Laefated Ringers solution via a peristaltic pump, 

and the solution was infused at a rate of abouriL per minute. Fluid flow was discontinued 

once a pressure of about 20 ramHg was obtained after which there was no net fluid Bow in or 

out. of the cavity. 

|0l©3{ Fig. 8 shows intraabdominal pressure, respiratory wave pressure, and cardiac 

10 pressure schematically arrayed as a two dimensional plot of pressure (mm Hg on a 

logarithmic scale) vs. frequency (Hz), It can be seen that there is an inverse relationship 

between pressure and frequency, and the various physiologic pressure-related parameters 

occupy distinct sectors when arrayed in this manner. It is by the distinctness of both these 

pressure and/or frequency profiles that embodiments of the method, as disclosed herein, can 

15 resolve a single overall chronological pressure profile into the distinct subprofiles, in 

accordance with their physiologic origin. Intra-abdominal pressure measurements may be 

resolved in the frequency range of about 0 Hz to about 0.5 Hz. Respiratory pressure 

measurements may be resolved in the frequency range of about 0.25 Hz to about 0.75 Hz. 

Cardiac pressure measurements may be resolved in the frequency range of about 0.75 Hz to 

20 about 3.0 Hz. Intra-abdominal pressure measurements may be resolved, in the amplitude range 

of about 5 turn Hg to about 30 mm Hg. Respiratory pressure measurements may be resolved, 

iii the amplitude range of about 0,5 mm Hg to about 5 nun Hg. Cardiac pressure 

measurements may be resolved in the amplitude range of about 0 mm Hg to about 0,5 mm 

Hg, Sampling frequencies - the frequency with which pressure measurements are taken - are 

25 preferably about twice that of the resolution frequency. For example, sampling frequency may 

be about. 0 Hz ~ 1 Hz for intra-abdominal pressure measurements, 0.5 Hz ~ .1.5 Hz for 

respiratory pressure measurements, and 5.5 Hz - 6 Hz for cardiac pressure measurements. 

f6:104} Fig. 9 provides a .flow diagram of an embodiment of the method of monitoring 

pressure as it occurs dynamically as waves of varied frequency and amplitude in the 

30 intraabdominal cavity, as detected from within the urinary bladder. Through the agency of a 

pressure interface, a high fidelity pressure profile is generated and transmitted, proximally 

through a fluid column. More proximally, a pressure transducer converts the high fidelity 

pressure wave into a high fidelity electrical signal that is informative of pressure frequency 

and amplitude. The generated, high fidelity electrical signal is then processed by a controller 

35 to yield data subsets that are reflective of components within the overall pressure profile, such 
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subsets being attributable to particular physiologic sources, such as peritoneal pressure, 
respiratory rate, cardiac rate, relative cardiac output, and patient motion or activity. 

|0105| Sensing Foley catheter system 

10106} Fig. IDA shows an embodiment of the sensing Foley catheter used in conjunction 
5 with an embodiment of an airlock clearing mechanism and fluid collection & analysis system. 

Both urine drainage and pressure readings benefit from the elimination or reduction of 
airlocks in the urine drainage line, 

|0107} Sensing Foley catheter 1000 is similar to the sensing Foley catheter shown in Fig. 
1, The sensing Foley catheter is shown in use in bladder 1014. Mote that several of the ports at 

10 the proximal end of the catheter shown in Fig. 1 are combined in the embodiment shown in 
Fig. I OA. Urine drainage tube 1001 is also shown here. The urine drainage tube may be 
combined with the sensing Foley catheter or may be a separate component. Urine drainage 
tube 1001 and/or sensing Foley catheter may also include vent barb .1016, or the vent barb 
may be a separate component. Airlock clearing mechanism and fluid collection & analysis 

15 system 1002 is also shown here, and is in fluid communication with urine drainage tube 1001. 
which is in fluid communication with sensing Foley catheter 1000. Airlock clearing 
•mechanism and fluid collection & analysis system includes base/controller 101S, fluid 
collection bag 1020 and reservoir or cassette 1022. The combination of the sensing Foley 
catheter 1000. the urine drainage tube 1001, and the airlock clearing mechanism and fluid 

20 collection & analysis system 1002 are also referred to herein as the sensing Foley catheter 
system. The sensing Foley catheter, urine drainage line, and reservoir/cassette may be 
disposable and may be sold as a unit. This disposable assembly is shown in Fig, 10C, which 
includes sensing Foley catheter 1000, urine drainage tube 1001 (including vent barb) and 
reservoir/cassette 1022. 

25 {0108} Vent barb .1016 may include vent, or vents, 1006 as well as urine sampling port 
1004, In this embodiment, vent 1006 is preferably made from a membrane that permits the 
transmission of gases, but not liquids, such as hydrophobic membranes. An example of one 

such exemplary vent is a iPTFE (Polytetrafluoroethylene), ePTFE (Expanded FTPE), or 

Versaporii1 (from Pall Corporation of Port Washington, NY), membrane, although other 
30 materials may he used. The vent allows air to enter the system when negative pressure is 

applied to the drainage tube, and may allow air to exit the system when positive pressure is 
created due to airlocks in the drainage line. Such a mechanism prevents suction trauma, for 
example at the bladder wall. Vents 1006 may incorporate a one-way valve which prevents air 
from exiting the drainage line, or entering the drainage line. In a preferred embodiment, a 

35 one-way valve is used to prevent air from, exiting the drainage line, but allows air to enter the 
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drainage .line, via vents .1006. In this manner, the valves also prevent urine from coming into 

contact witts vests 1006. 

|0109| Urine drainage tube 1001 may include several lumens, including pressure lumen 

1010, temperature lumen 1008, and urine lumen 1.012, Pressure lumen 1010 is in fluid 

5 communication with pressure sensing balloon 108 as well as pressure transduce!" interface 

1026 in controller 1018. Temperature lumen 1008 communicates with the temperature sensor 

(not shown) in the sensing Foley catheter and also temperature connecter 1024 in the 

controller. Urine lumen 1012 is in fluid communication with opening or openings 106 and 

urine reservoir or cassette 1022, 

10 fOUOJ Disposable measurement vessel collection vessel, chamber or cassette component 

1022 is designed to fit into cassette mount, base or controller 1018 and to interface with the 

components of the controller. Controller pump interface {behind cassette pump interface 

1148) connects to pump 1134 and to cassette pump interlace 1148 on the disposable cassette 

component. The pump is designed to create a vacuum inside the cassette component, which is 

15 then transferred to the urine drainage lumen in the drainage fine. Preferably, the collection 

vessel is rigid in order to maintain a constant volume when the pump applies negative 

pressure. The level of negative pressure applied may be monitored by a pressure sensor. 

During clearance of an airlock, the pressure follows a signature curve as shown in Fig. 59. 

The pressure decreases as suction is applied, eventually reaching an inflection point when the 

20 meniscus of the urine passes the lowest point in the drainage tubing. At. this point, less suction 

is required to continue clearing the airlock, so the pump power can be reduced in order to 

minimize the amount of suction transmitted to the bladder once the airlock is completely 

cleared. A larger vessel without this pressure-sensing feature for example, would transmit 

substantial negative pressure to the bladder once the airlock is cleared and the before the 

25 vessel has time to equilibrate with atmosphere. Controller pressure interface (behind cassette 

pressure interface i 150) connects to a pressure measurement device, such as a pressure 

transducer, and to cassette pressure interface 1.150. The pressure measurement device is 

designed to measure volume of the urine, or other fluid, based on the pressure exerted on the 

pressure measurement device, which may be a pressure transducer. Ultrasound, transducer 

30 interface 11.30 is also to provide urine volume measurements. The ultrasonic measurements 

can be used in conjunction with the pressure measurements, or either can be used to determine 

urine, or other fluid, volume output. Active pinch valve 1132 is designed to connect to the 

outflow tubing of the cassette. The pinch valve is to control the emptying of the cassette 

vessel and the pinch valve is controlled by the controller so that it releases urine/fluid when 

35 the urine output reaches a certain volume in the cassette, as determined by the pressure and/or 

ultrasonic measurements. The volume of urine in the cassette is measured, and when the urine 
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gets to a certain volume, the urine is emptied via the pinch valve into urine drainage bag 
1020. In this way the urine output volume can be accurately measured over time. 
Alternatively, the controller may utilize a set. time between cassette emptyings and measure 
the volume of urine in the cassette just prior to emptying. Alternatively, the controller may 

5 empty the cassette upon an event, such as air-lock removal triggered by pump activation. For 
example, the controller may control the pinch valve to empty the reservoir/cassette when the 
urine volume reaches about 50ml. Alternatively the controller may control the pinch valve to 
empty the reservoir/cassette every hour after measuring the urine volume within the cassette. 
Alternatively the controller may control the pinch valve to empty the reservoir/cassette 

10 during, or after, a urine drainage event, such as a running of the pump. Or the controller may 
control the pinch valve to empty the reservoir/cassette using a combination of these triggers. 

pnj Other technologies may be used to measure urine volume in addition to, or instead 
of, pressure and/or ultrasound, including pressure-based, resistance-based, capacitance-based, 
ultrasonically-based, or optically-based technologies. More than one technology may be used 

15 so that the measurements can be compared to each other to improve the accuracy of the 
volume measurements. More than one volume measurement made by one or more 
technologies may be used for redundancy, or backup, or in conjunction with each other to 
obtain more accurate urine volume measurements. 

{0112} Bed hooks 1116 are for hooking the controller to the bed, or other device, as 
20 needed. They can also be used to hook the controller to a portable device for patient transport. 

Collection bag hooks/holes 1102 are to mount a drainage bag where the urine/fluid is 
ultimately collected, after the urine/fluid passes through the pinch valve. Collection bag hooks 
1102 may be designed to provide strain measurements such that the weight of fluid in the bag 
can be determined and therefore provide another method for determining the volume of fluid 

25 in the bag. For example, piezo-electric transducers may be used. Specific gravity 
determinations may also be used by the controller to determine use fill volume measuremen ts 
based on weight and specific gravity. 

{011.3} Screen 1110 is for displaying information including current urine/fluid volume 
status, system status, etc. Screen 1110 may also be a touch screen and receive inputs, 

30 including settings, screen display changes, menu, changes, etc. Pressure port 1026 connects to 
the bladder pressure line!010, which measures bladder pressures using a sensing Foley 
catheter, if used. Alternatively, pressure port may be located within the cassette mount 
underneath cassette 1022 or elsewhere in the controller/base. Temperature in port 1024 
connects to a thermistor/temperature sensor which, measures body temperature, either via a 

35 sensing Foley catheter via lumen 1008, or by other means. Temperature out port 1.122 is for 
transmitting any temperature measurements to an external device and/or monitor. Adapter 
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port 1124 is for adapting the controller to other devices, such as in the case of a RFID adapter. 
This could be used to activate any additional/advanced features, such as measurements of 
IAP, respiratory rate, heart rate, cardiac output, or any other parameters that may be measured 
by the sensing Foley catheter. "This allows the additional parameters to be activated and paid 

5 for by the hospital only when that information is desired. The activation of advanced features 
may aiso be controlled by use of different disposable components for example. Alternatively, 
ad vanced features may be activated by software upgrades which are purchased, either as part 
of the disposable, or separately. Software upgrades may be delivered wirelessiy, by USB 
dongfe, by micro-SD card, by EPROM card, or by other suitable technology. Data for each 

10 patient and/or aggregated patients may also be saved by the controller. The patient data may 
be saved to memory, USB, micro-SD card, EPROM card, hard drive, or otherwise. The 
patient data may be transferred, wirelessiy or by wired connection to another storage device, 
such as a server on the internet or an intranet. Patient data may be anonymized. 

{0114} Power LED/indicator 1114 is an indication that the power is on or off. Error 
15 LED/indicator 1112 is an indicator if any error has occurred within the system. Error details 

can be displayed on screen 1110, but indicator 1112 alerts users that an error exists. Indicators 
may also incorporate sounds or other alerts. 

{0115} Port 11 OS is for downloads, uploads, software upgrades, connecting to other 
devices etc., such as integration with an EMR (Electronic Medical Record.) system. Port 1108 

20 may be a USB port or other appropriate port, SD port 1.106 is for data downloads. Power port 
1104 is for connecting the controller to the wall or other power source to power the controller. 

|0116J Urine/fluid drainage bag 1.020 includes one way valves 1136 connected to overflow 
tubing 1138 and outflow tubing 11.40 to prevent urine/fluid from exiting the drainage bag 
once collected. These valves also prevent, air from entering the collection vessel 1022 when 

25 pump 1134 is pulling vacuum so that the vacuum acts on the drainage tubing and not the bag. 
In a preferred embodiment, a single valve is used for both the overflow and outflow tubings. 
Mounting hooks/holes 1102 allow drainage bag 1020 to be removably attached to controller 
101.8. Vent 1142, which may be a hydrophobic or other vent, allows air or gas to exit the 
drainage bag, but does not allow fluid to exit the bag. This prevents excessive air, and 

30 potentially pressure, buildup in the bag, and thus allows for efficient filling of the drainage 
bag. Graduated markings 1144 show a somewhat crude measurement of the fluid volume in 
the bag as it is collected. Outflow valve 1146 may be used to empty the bag of fluid/urine. 
Preferably, the valve is operable easily by one person. Collection bag hooks 1102 when 
designed as strain measurement elements may also force an alarm to sound if the bag is 

35 reaching full capacity and needs to be emptied. An alarm may also sound if there is 
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unnecessarily excessive force on the bag, for example if the bag is being pulled or is caught 
on an obstacle as a patient is being moved. 

|01i7| The drainage bag may be made out of dear vinyl or other suitable material. The 
one-way valves may be made out of vinyl or other suitable material. The hydrophobic vent 

5 may be made out of eFTFE, Versapor, or other suitable material. The outflow valve may be 
made out of PVC, PC, or other suitable material 

{0118} Pressure readings from die sensing Foley catheter may be used to trigger the pump 
and therefore the emptying of the drainage tubing. For example, when pressure sensed in the 
bladder exceeds a preset number, the pump may engage to move urine more quickly through 

! 0 the drainage tubing. 

{1)119} The controller/base and/or the .reservoir/cassette may include an accelerometer, or 
other sensor, to determine when the controller/cassette is level and when it is not. An alarm 
may sound when the controller/cassette is not level Alternatively; urine volume 
measurements may be adjusted to account for the different angle in the system. 

15 {0120} The bottom of the urine reservoir in the cassette may have rounded edges, or be 
configured in such a way that urine is completely emptied from the cassette when the pinch 
valve is opened. 

{0:121} Fig, 10B is a detail view of airlock clearing mechanism and fluid collection & 
analysis system. 1002. Screen 1110 displays the user interface including patient parameters as 

20 well as touch, screen, or other, control functions. Heart rate area 1.152 shows the patient's 
heart .rate which is determined by the controller based on intra-bl adder pressure measurements 
sensed by the sensing Foley catheter. Respiratory rate area 1154 shows the patient's 
respiratory rate which is determined by the controller based, on mtra-bladder pressure 
measurements sensed by the sensing Foley catheter. Core body temperature area 1156 shows 

25 the patient's core body temperature as sensed by the temperature sensor in the sensing Foley 
catheter or otherwise. Uriiie output area 1158 shows the patient's current and/or average urine 
output which is determined by the controller based on urine volume measurements as 
measured by pressure measurement device connected to pressure interface 1150 and/or 
ultrasound transducer interface 1130. Sepsis Index area 1160 shows the patient's likelihood of 

30 sepsis which is determined by the controller based on one or more patient parameters 
collected and/or calculated. For example, temperature, heart rate abnormalities, -respiratory 
rate abnormalities and/or urine output or other factors may be considered in determining 
sepsis risk. Trending in these parameters may also be used in assessing risk. For example, 
reduced urine output, increased heart rate, increased or decreased core temperature may be 

35 indicators of sepsis. 
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(0122} Other risk assessments may be determined by the controller and displayed in 
addition to, or as an alternative to, the Sepsis Index. These include risk assessments of acute 
kidney injury, urinary tract infection, intra-abdominal hypertension, abdominal compartment 
syndrome, infection risk, sepsis and others. For example, a sample risk algorithm, of acute 

5 kidney injury and urinary tract infection is shown in fig. 58A. A sample risk algorithm for 
acute kidney injury, sepsis and acute -respiratory distress syndrome is shown in Fig, 58B. 
Measured urine parameters may include conductance, specific gravity, urine output, presence 
of infection, bacteria, white blood cells, oxygen tension and others. 

(0123| Graphical indicator 1162 shows historical data of any of these areas. For example, a 
10 user may be able to toggle the graphical display by touching the screen and show the patient's 

history of urine output, temperature, heart rate, respiratory rate, Sepsis Index, risk of acute 
kidney injury, urinary tract infection, intra-abdominal hypertension, abdominal compartment 
syndrome, infection risk and others, or any other pertinent parameter. The time frame for the 
history may be all time, daily, hourly, or any period set by the user. Any risk factor that is out. 

15 of range, so at an elevated risk, maybe shown automatically here or elsewhere on the display. 
Alerts and/or ranges may be set by the user, and may include absolute values, as well as 
trends over time. For example, an increase in core body temperature of more than 2 degrees 
over a specific time frame may display a visual or sound an audible alert. 

{0124} Fig. II. shows an embodiment of the sensing Foley catheter system (including 
20 airlock clearing mechanism, fluid drainage, collection & analysts system/ccmfroller) similar to 

that shown in Fig. IDA where vent 1180 is located on controller 1018 or reservoir/ cassette 
1022, instead of on vent barb 1182. In this embodiment, vent 1180 is in fluid communication 
with urine drainage lumen 10.12 via vent lumen 1184 which fluidly connects to urine lumen 
1012 at barb .1182. In this embodiment the barb design is simplified and the drainage tubing 

25 simply has an additional lumen compared to the embodiment shown in Fig, iOA. The vent 
may be located anywhere in the system and the fluid interface with, the urine lumen may be 
anywhere in the system as well. 

{0125} Fig. 12 shows an embodiment of the sensing Foley catheter system similar to that 
shown in Fig. 10.A where, as opposed to the system shown in Fig. 10A, no pressure balloon is 

30 utilized. Instead, pressure is measured inside the bladder via the urine lumen (or other lumen) 
in. the sensing Foley catheter. In this embodiment, the pressure lumen 1202 is connected to the 
vent 1204, or elsewhere in the system outside the patient, and is, at lease periodically, in fluid 
communication with the drainage/urine lumen of the catheter. In this embodiment, the sensing 
Foley catheter system may be used with any standard Foley catheter. Mote that any 

35 embodiments of the sensing Foley catheter system may be used with a standard Foley 
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catheter. The system shown in Fig. 12 may also be used without pressure lumen 1202, and 

with a standard Foley catheter, if pressure measurements in the bladder are not desired 

}0126} Fig. 13 shows an embodiment of the sensing Foley catheter system similar to that 

shown in Fig. 12, In this embodiment, valve 1302 may be utilized to -periodically close 

5 pressure lumen .1202 to the urine drainage lumen. The valve can be opened, by the controller 

or manually, when a pressure measurement is taken, and closed, again by the controller or 

manually, when a bladder pressure reading is not needed, 

}0127| Figs, I OA, 108,11 and 12 show embodiments of the sensing Foley catheter system 

which include a vent near the patient end of the drainage tube that allows air to enter the 

10 drainage tube if negative pressure is created either due to a siphon in the drainage tube or due 

to the pumping mechanism or both. Such negative pressure can lead to suction trauma, such 

as trauma caused to the mucosal lining of the bladder. Note that these embodiments are 

different than devices where the veot(s) allow air to escape, but not enter, the drainage tube. 

Urine drainage lumens preferably have an inner diameter less than about 0.25 inches such that 

15 liquid in the lumen maintains circumferential contact with the lumen, which forms a seal and 

allows the liquid to advance when a pumping mechanism is activated. There may be multiple 

drainage lumens to prevent blockage of flow if the pumping mechanism fails. In these 

embodiments, the drainage lumens are preferentially generally empty, which may require 

continuous activation of the pumping mechanism. Alternatively, the pumping mechanism 

20 may be activated prior to making a measurement of volume to ensure that all the liquid has 

been drained, which reduces the power requirements of the device. 

|0128| Some embodiments of the sensing Foley catheter system include detecting a 

pressure spike in the drainage litre while a pressure within the bodily organ remains constant; 

and using a pump to create negative pressure through the drainage line until the pressure in 

25 the drainage line equals the pressure in the bodily organ, 

|0129} In one embodiment, the vent has a resistance to airflow that is greater than the 

resistance to liquid flow from the patient, such that any buildup of liquid in the patient is 

purged into the drainage line before air enters through the vent. For example, in the ease of 

urine drainage, a full bladder will be emptied into the drainage line before air enters through 

30 the vent as long as the resistance of airflow through the vent is greater than the resistance of 

urine Rowing through the patient's catheter. However, the vent preferably has the smallest 

possible resistance to airflow while meeting this requirement in order to minimize suction 

trauma. 

|0130| In another embodiment, the vent has very little resistance to airflow so that the 

35 bladder is further protected from suction, and the controller pump is activated at more 
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frequent intervals, for example every 1 minute, every 5 minutes, or every 10 minutes, to keep 

the drainage line clear of urine. When the pump is activated, it may continue to run until it 

detects that no more urine is draining, indicating that the bladder has completely emptied, 

10131} The pumping mechanism used can be any suitable mechanism, including, but not 

5 turn ted to peristaltic pumps, diaphragm pumps, vane pumps, impeller pumps, centrifugal 

pumps or any other suitable pump. The pomp may be powered by a wall outlet, battery, 

human power, or any other suitable source. In some embodiments, the vacuum is in the range 

of about 0 to -50 mmHg. The negative pressure may alternatively be supplied by wall 

vacuum, often present in hospital rooms. Pumping mechanisms may include a peristaltic-like 

10 pump or suction applied directly to the collection vessel. The pump may be located on the 

patient side of the drainage reservoir, or the pump preferably may be located on the non-

patient side of the drainage reservoir/cassette, so that the reservoir ts between the patient and 

the pump. In order to function properly, the pump should preferably be capable of generating 

negative pressures equal to the maximum liquid column .height in the drainage tube. This may 

15 be half the length of the drainage tube. With urine drainage tubes having a maximum length 

of 60 in, the maximum negative pressure required would be around 30 i»H20, or 56 mmHg. 

|0132} Other technologies may be used to urge urine through the tubing and/or system 

including pulsatile mechanical, vibratory acoustic, thermal, vibratory, pinching, rolling or 

electromagnetic stimulus to cause at least one of a movement of the drainage line and the 

20 bodily fluids within. In some embodiments, the rolling stimulus comprises compressing 

•multiple lumens sequentially such that the lumens are never all compressed at the same time, 

[0133] In another embodiment, air locks are removed by means of a collapsible drainage 

tube that resides in a stiffer kink-resistant tube (not shown). Periodically, the drainage tube is 

collapsed, such as by applying a positive pressure to the space between the collapsible tube 

25 and the kink-proof tube or by applying negative pressure to the inside of the collapsible tube. 

Collapsing of the drainage tube then urges urine away from the patient and toward the 

collection vessel. 

[0134j In another embodiment, the drainage lumen clearing mechanism comprises a tube 

with an inner diameter less than about 0.25 inches, such that no air pockets are able to move 

30 up the length of the tube. This is possible due to the surface tension within the smaller tubes, 

which, prevent movement of fluid when one end of the tube is closed to atmosphere (as in the 

case of the bladder). Thus, the drainage tube always remains foil of urine, and for each 

volume of urine produced the same volume of urine must exit the drainage tube, as urine is 

incompressible. In another embodiment, the inner diameter is less than 0.125 inches. In 

35 another aspect, said drainage tube acts as a siphon and provides a small, safe amount of 

vacuum to the bladder. Alternatively, with a small lumen drainage tube, air is allowed to 
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periodically enter the tube lumen via the vent/valve. The negative pressure caused by the 

pump may encourage this. Urine is encouraged to continue flowing into the collection 

reservoir due to the negative pressure caused by the pump, thus preventing airlocks, 

|0135J The use of small-diameter tubing also results in a smaller volume of residual urine 

5 in. the drainage tube compared with the prior art. Having a smaller residual volume is 

preferential, as it allows urine to move more quickly from the patient's bladder to the 

collection vessel The speed of this transport is important in order to take measurements of the 

urine that has been produced more recently, "This is particularly important for patients with 

low rates of urine production, as it takes their urine even longer to be transported from the 

10 bladder to the collection vessel, for example, for a patient producing only 10 inL/hr of urine 

with a standard drainage tube (around 40 mL residual volume), measurements of their urine in 

the collection vessel will lag true urine production by 4 hours. By contrast, with smaller 

tubing (such as tubing having around 5 mL residual volume), measurements will only lag true 

production by 30 minutes. In some embodiments utilizing a small diameter lumen, with or 

15 without a vent/valve, a pump, to supply negati ve pressure to the drainage line, is not required. 

[0136} Fig. 1.5 shows an embodiment of the device that is well-suited for draining chest 

tubes or other drainage tubes that apply constant negati ve pressure to the patient. Although 

these embodiments may also be suitable for draining urine from the bladder or fluid from 

other cavities. Any of the features disclosed in relation to chest tube drainage may also be 

20 applied to bladder drainage or other body cavity drainage. Liquid is drained from the patient 

through drainage lumens 1585, which connect to collection vessel 1582. Drainage is assisted 

by pulling negative pressure on the collection vessel 1582, for example by attaching a suction 

tube 1583 to the hospital wall suction. Suction may also be applied with other methods, such 

as with a pump as disclosed elsewhere herein. Air enters the drainage lumens 1585 through a 

25 valve 1584, which has a crack pressure equal to the desired negative pressure. By choosing 

the correct crack pressure (for example, -15 to 0 mmHg, or -10 mmHg), the pressure applied 

to the patient will remain at this pressure as long as the hospital wall suction/pump can 

generate sufficient suction at die collection vessel 1582. Preferably, the drainage luraen(s) 

used for draining chest tubes arc as large as possible while maintaining a siphon. Suitable 

30 inner diameters include, but are not limited to, about 1/4", about 5/16", or about 3/8". 

|0137} Fig. 16 shows another embodiment of the device that is well-suited for draining 

chest tubes or other drainage tubes that apply constant negative pressure to the patient Liquid 

is drained from the patient through drainage lumens 1688, and negative pressure is applied 

using a pumping mechanism 1686, A pressure sensor 1687 resides within drainage tube at the 

35 patient end, and thereby measures the pressure applied to the patient. The measurement value 

obtained by the sensor 16S7 is sent back to the controller controlling the pumping mechanism 
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1686, and the pressure generated by the pumping mechanism 1686 is adjusted in order to keep 

the pressure at the sensor .168? (and patient) at the desired level. Pressure sensor 1687 may 

also be located elsewhere in the system. The sensor may also be used for passive monitoring 

of pressure at the patient end of the tube to provide clinicians with information about the level 

5 of suction being applied. Although Fig. 16 shows the pump on the patient side of the drainage 

reservoir, the pump may alternatively be on the other side of the drainage reservoir, so that the 

reservoir is between the patient and the pump. 

{0L38| In another embodiment of the invention used for draining chest tubes, the volume 

of the fluid drained is measured in order to provide information to clinicians about the 

10 drainage status of the chest tube. This measurement can be accomplished by any suitable 

means, particularly those described within for measuring urine volume. 

{0139} In addition to eliminating air locks, several of the air lock clearance designs 

detailed above have been found to effectively clear deposits and blood clots from urine 

drainage lines. These problems plague current urine drainage tubes, particularly those with 

15 smaller lumen drain tubes and monitoring technologies at the drainage bag, and this invention 

provides an advance in the state of the art by automating the clearing of these drainage 

blocking debris and clots. This feature is particularly useful when used in conjunction with 

pressure sensing either in a balloon at the tip of the Foley or in fluid communication with the 

bladder. This allows for the monitoring of pressure and vacuum in the bladder and allows for 

20 more aggressive pumping based on actual bladder pressure until the clot/obstruction is 

cleared. Without: this pressure/vacuum sensing, the pumping of fluid in the drain tube may 

generate clinical sequelae in the bladder, such as suction trauma, due to the exposure of the 

bladder mucosa to excessive vacuum. 

{0140} In another embodiment, shown in Fig. 17, a gas-sampling lumen 1790 runs the 

25 length of the drainage tube and terminates with a gas-permeable but liquid-impermeable filter 

179S that remains in contact with urine, the meniscus 1792 of which is further from the 

patient than the filter. When a measurement of oxygen, carbon dioxide, or any other gas is 

needed, the air within gas-sampling lumen 1790 is pulled into base 1789 of the drainage 

device for analysis. This configuration allows for accurate gas analysis even with 

30 embodiments of the device that allow air into the drainage tine such as those illustrated in 

Figs. 10 through 16. 

{0141} As shown in. Fig, 19, an active vented system for draining bodily fluids may have 

additional vents. One such vent, vent 1962, may be located on the collection vessel and allows 

air to escape the collection vessel. This prevents the buildup of pressure as new fluid enters 

35 the vessel, by allowing each volume of fluid entering the system to be offset by the same 

volume of air exiting the system. Another such vent, vent 1964, may be located between, the 
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collection vessel and the pump. This vent allows the transmission of gas {preferably air), but 

prevents the transmission of liquid, in order to prevent bacteria or viruses from entering or 

exiting the collection vessel and drainage tube. Preferably, this vent is sterility-grade, 

meaning air that passes through is considered to be sterile, A vent (not shown here) may or 

.may not be present at the patient end of the drainage line. 

[01421 As shown in Fig. 20, pressure offsetting may he accomplished with a single vent on 

die collection vessel. In this ease, the vent, vent 2072, may be between the collection vessel 

and pump as before, but an additional valve 2074 allows air to escape the collection vessel in 

the presence of positi ve pressure. This valve is preferably a one-way valve that allows air to 

exit, but not enter, die system. When the pump activates, the one-way valve closes, and air 

must be pulled from die collection vessel thereby generating negative pressure in the 

collection and facilitating flow of fluid through, the drainage line. A vent may or may not be 

present, at the patient end of the drainage line (not shown here), 

{0143J Detecting infection 

{0144} fig. 21 shows an embodiment of a collection vessel, chamber or cassette which 

may be included in the sensing Foley catheter system to detect bacteria, blood and/other 

substances in the urine using UV/light spectroscopy. Cassette 2100 includes container wall 

2102, which is preferably rigid. Urine 2106 is collected in the cassette. If-urine is collected 

too quickly, or there is some impediment to the cassette's emptying, overflow area 2104 will 

allow any excess urine to drain from the cassette. Cassette 2100 may include an optically 

clear section 2110 which is preferably incorporated into an outside wall of the cassette, and 

reflector section 2112, which is preferably on, or incorporated into, an inner wall of the 

cassette. "Optically clear" here means able to transmit light at the needed analysts 

wavelength(s) through the optically clear section. Preferably the optically clear section made 

of a material which is able to transmit UV light, such as polymethylmethacrylate, polystyrene, 

acrylic, quartz, etc. The wall thickness may need to be thin enough to allow the appropriate 

UV wavelength(s) to be transmitted through the optically clear section. For example, the 

thickness of the optically clear section may be from around 0.5mm to around 0.7mm thick. 

Alternatively the thickness of the optically clear section may be from around 0.5mm to 

around 0.6mm thick. Alternatively the thickness of the optically dear section may be from 

around 0,6mm to around 0.7mm thick. Alternatively the thickness of the optically clear 

section may be less than around 0.7mm thick. 

{014SJ UV/light transmitter/receiver 2108 transmits UV or other wavelength light in the 

appropriate wavelength through optically clear section 2110, through the urine in the cassette, 

to reflector 2112 in the cassette. The UV/light transmitter/receiver may be incorporated into, 

or connected to, the controller component of the sensing Foley catheter system. The light is 
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reflected back to the UV/light receiver which then transmits the collected data to the 

controller for signal analysis. More than one UV/light wavelength may be analyzed either 

simultaneously or serially. Light outside of the UV range may be used in addition to light 

within the UV range. The volume of urine physically between the transmission and receiving 

5 of the light is preferably maximized for a stronger signal reflecting the concentration of one or 

more substances in the urine. The transmitter/receiver may be located as shown in Fig. 21, or 

in other areas of the cassette. The receiver may be in a different location than the transmitter 

and the reflector may or may not be necessary nor present. Because the urine in the cassette is 

frequently emptied, the UV/light absorption measurements can be collected over time and 

10 increases and/or decreases in the level of one or more substances in the urine can be tracked 

over time, in essentially, or nearly, real time. This is particularly important in identifying 

infection quickly, including urinary tract infection and Catheter-associated Urinary Tract 

Infection (CAUTI). The UV/lighi detection may also be performed elsewhere in the sensing 

Foley catheter system, including in the drainage tubing, a separate sampling area etc. 

15 {0146} Infection may be identified by analyzing the urine for bacteria, red blood cells, and 

plasma and/or white blood cells using UV/light spectroscopy. Fig. 22 shows the various 

absorption wavelengths of E. eoli, red blood cells, and plasma in urine to light. The presence 

of plasma/white blood cells and/or bacteria in urine are both indicators of infection. The 

presence of red blood cells may not be indicative of infection. Therefore it is desirable to 

20 distinguish between red blood cells and bacteria/plasma/white blood cells in the urine. Since 

the spectroscopic signature for red blood cells differs significantly from those of either 

bacteria or plasma/white blood cells, at a wavelength of about 414 nm, the signal for red 

blood cells can be separated from those of bacteria and/or plasraaVhite blood cells, and an 

infection can be identified by analyzing the absorption of light at this wa velength. Because 

25 the signature for plasma and bacteria differ from each other af the wavelengths of 260 nm and 

280 am, these wavelengths can be used to distinguish between plasma and bacteria. However, 

it is likely that both plasma and bacteria may be present during an infection. 

{0:147} Other wavelengths and other technologies may also be used to detect various 

substances in urine or any collected/drained bodily fluid. UV/light absorption may also be 

30 used to detect turbidity, A dye or drug or reactive substance may also be introduced into the 

system, or be coated on the inside of the system, cassette, etc, to react with a substance in the 

urine to aid in analysis. 

{0:148} CAUTI or infection may be identified and/or reduced by several methods 

including: analyzing the urine using spectroscopy, light wavelength analysis etc. to identify 

35 contaminates early, reducing trauma caused to the bladder by suction, reducing urinary 

retention in the bladder, reducing bacterial or microbial presence by the use of an 
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antimicrobial coating or embedded, material such as silver or other material, increasing the 
accuracy of pressure measurements within die bladder by reducing suction within the bladder, 
increasing accuracy of urine output measurement by reducing airlocks in the system and 
suction within the bladder. Pressure spikes caused by suction in the bladder may be defined as 

5 pressure readings below about. -20 mmHg. Alternatively, pressure spikes caused by suction in 
the bladder may be defined as pressure readings below about -10 mmHg to about -20 mmHg. 
Alternatively, pressure spikes caused by suction in the bladder may be defined as pressure 
readings below about-10 mmHg. 

{01.49} Fig. 23 shows an embodiment of the cassette which includes baffle or flap 2302, 
10 This baffle/flap is meant to prevent urine from wiefcing along the inside walls of the cassette 

as shown by the dotted arrow. The baffle will prevent the urine from wicking beyond the 
point of the baffle so the urine will fell back into the measurement reservoir below. 

{0150} Pruning 

{0151} An aspect of the disclosed technology that is particularly advantageous in achieving 
15 a high resolution signal from which pressure profiles from particular physiologic sources 

(such as peritonea! pressure, respirator}' rate, and cardiac rate, relative pulmonary tidal 
volume, cardiac output, -relative cardiac output, and absolute cardiac stoke volume) may be 
monitored relates to adjusting and maintaining a balance of pressure on either side of the 
pressure interface represented by the membrane of the pressure sensing balloon. This balance 

20 of pressure may be referred to as a pressure differential. In some embodiments the preferred 
pressure differential is at or around zero. In some embodiments the preferred pressure 
differential may be a different value. Pressure impinging on the external face of balloon 
(facing the internal aspect of the bladder) is subject to change according to the -physiology of 
the patient. Pressure on the internal face of the balloon (which is in fluid communication with 

25 the fluid column) is subject to degradation because of fluid leakage and imperfect seals. 

|0152} Upon first insertion of the sensing Foley catheter, external pressure is typically 
applied to the fluid column and against the pressure interface to a first approximation of 
pressure being exerted on the pressure interface from within the bladder. Pressure signals, as 
measured across a pressure interface, have a maximal amplitude when the pressure 

30 differential is about zero. Accordingly, the amplitude of a pressure signal can be used to tune 
the pressure being applied from the fluid column against the pressure interface. This process 
of applying an appropriate amount of pressure against the interface may be referred to as 
priming the fluid column or priming the balloon, inasmuch as pressures on either side of the 
pressure interface may change, as described above, the fluid column may need to he re-

35 primed or re-tuned, from time to time. The necessity of re-priming can be monitored by 
testing small changes in pressure so as to achieve maximal amplitude of a pressure signal 
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profile. Alternatively, the priming can automatically occur via the controller on a periodic-

basis. 

{0153} Embodiments of the disclosed system and method include automatic pressure 

tuning by a controller. Accordingly, the tuning system can detect the optimum target pressure 

5 and volume to inflate the balloon by monitoring sensed pressure signals and adding or 

removing air or fluid volume as needed. For example, upon insertion of the catheter, a 

pressure tuning circuit that regulates the balloon volume and pressure may inflate the balloon 

until it detects a physiologic-sourced pressure rate. Upon sensing that rate, the pressure tuning 

controller may add or subtract minute amounts of air in a routinized sequence until the 

10 amplitude of the sensed wave is greatest. The control feedback loop between the optimally 

tuned pressure (manifesting as balloon pressure and volume) and the sensed physiologic 

pressure profile iterates continuously and or as needed to ensure high fidelity measurement of 

the physiologic data. In sonic embodiments, automatic pressure tuning may be performed in 

the apparent background while the physiologic data is being transmitted and displayed: in 

15 other embodiments the system may suspend transmission of physiologic data during a 

pressure tuning sequence. 

|0154J Embodiments of the disclosed technology include a gas delivery system that can 

deliver gas in a priming operation, whereby pressure can be applied to a fluid column 

proximal to the proximal-facing aspect of the pressure interface. A source of gas, such as 

20 compressed air or liquid is held in a storage tank. Using CO? as an example, CO? is 

controllably released from the storage tank through a pressure regulator that can step pressure 

in the tank (for example, pressure of about 850 psi) down to the range of about 1 psi to about 

2 psi. Released gas passes through a filter and a pressure relief valve set at about 2.5 psi. The 

pressure relief valve is a safety feature that prevents How through of gas at a level greater than 

25 2.5 psi in the event of failure of the upstream regulator, CO:> exiting the pressure relief valve 

next passes through a first solenoid-controlled fill valve to enter the catheter line, ultimately 

filling the balloon that comprises the pressure-sensing interlace. Pressure within the balloon is 

allowed to rise to a level as high as 30mm Hg„ whereupon the first solenoid-controlled valve 

closes. A second solenoid-controlled valve, distal to the first val ve operates as a drain valve, 

30 which can release pressure from the catheter to a target pressure. Alternatively, the drain 

valve may be activated until a respiratory waveform is detected after which the balloon will 

be optimally primed and the valve will be closed. The drain valve may be subject to 

proportional control, operably based on voltage or pulse-width modulation (PWM), which 

allows a drain rate sufficiently slow that the target pressure is reached and the valve can be 

35 closed prior to overshoot. Alternatively, a peristaltic or other air pump may be utilized to fill 

the balloon with room air. 
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f®155| Fig. 24 shows a graph representing a pressure balloon priming method in some 
embodiments. Here, small volume bursts (roughly about 0.3 cc) of fluid volume are added to 
the pressure sensing balloon and the pressure within the balloon is measured. Small volume 
bursts of fluid are introduced until the measured pressure within the balloon settles to a stable 

5 pressure 2401. This transition is shown at inflection point 2402. Volume bursts are introduced 
past this point until the measured pressure starts to rapidly increase (for example if slope 2404 
of the curve is greater than about 2mmHg/10ms). This inflection point is shown at 2406. At: 
this point the pressure within the balloon is reduced to a pressure around or slightly above 
stable pressure 2401. This pressure represents the prime pressure measuring pressure in some 

10 embodiments. This process is also represented in the flowchart in Fig. 27, 

{6156} The small volume bursts of fluid may be from around 0.2cc to around 0,4ec. The 
small volume bursts of fluid may be from, around 0,1 cc to around 0.5ee, The small volume 
bursts of fluid may be up to around 0.5ec. The small volume bursts of fluid may be up to 
around i.Oec. 

15 |0157J Fig. 25 shows a graph representing a pressure balloon priming method in some 
embodiments. This method is similar to that shown in Fig. 24. except that the pressure is 
increased within the pressure sensing balloon more smoothly, without the bursts shown, in 
Fig. 24. Fluid volume is added to the pressure sensing balloon, and the pressure within the 
balloon is measured. Balloon pressure is increased until the measured pressure within the 

20 balloon settles to stable pressure 2505, This transition is shown at inflection point. 2506, 
Balloon pressure is increased past this point until the measured pressure starts to rapidly 
increase (for example if slope 2.510 of the curve is greater than about 2mmHg/.l 0ms). This 
inflection point is shown at 2508. At this point the pressure within the balloon is reduced to a 
pressure around or slightly above stable pressure 2505, This pressure represents the prime 

25 pressure measuring pressure in some embodiments. This process is also represented in the 
flowchart in Fig. 28, 

|0158) Fig. 26 shows a flowchart of the balloon priming process of certain embodiments of 
the invention. Embodiments of the disclosed system and. method include automatic pressure 
tuning by a controller. Accordingly, the tuning system can detect the optimum target pressure 

30 and volume to inflate the balloon by monitoring sensed pressure signals and adding or 
removing air volume as needed. For example, upon insertion of the catheter, a pressure tuning 
circuit that regulates the balloon volume and pressure will inflate the balloon until it detects a 
physiologie-sourced pressure rate. Upon sensing that rate, the pressure tuning controller will 
add or subtract minute amounts of air or fluid (roughly about 0,3 cc) in a routinized sequence 

35 until the amplitude of the sensed wave is greatest. The control feedback loop between, the 
optimally tuned pressure (manifesting as balloon pressure and volume) and the sensed 
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physiologic pressure profile iterates continuously and or as needed to ensure high fidelity 
measurement of the physiologic data. In some embodiments, automatic pressure tuning may 
be performed in the apparent background while the physiologic data is being transmitted and 
displayed; in other embodiments the system may suspend transmission of physiologic data 

5 during a pressure toning sequence. 

|0159} The minute amounts of air or fluid may be from around 0.2ee to around 0.4ec. The 
minute amounts of air or fluid may be from around (Lice to around O.Scc. The minute 
amounts of air or fluid may be up to around O.Sce. The minute amounts of air or fluid may be 
up to around 1.0 cc. 

10 fOlfiflj Loop controller 

Certain patient parameters measured by the sensing Foley catheter system, and by 
other means, are impacted by, and/or Impact, a patient's treatment through medical treatment 
devices. 

f0162j "fhe loop controller can be integrated with the controller of the sensing Foley 
15 catheter system (either in the same device or in separate devices) to interpret the patient 

parameters to control medical treatment of the patient., 

|0163} For example, IAP may be used to control IV infusion rate. If IAP becomes too high, 
infusion rate may be reduced or stopped until the IAP returns to an acceptable range. IAP in 
combination with relative stroke volume and/or stroke volume variability (variability in the 

20 size of the cardiac pulses seen. in. the bladder, etc. during the respiratory cycle) may allow for 
superior control of IV fluid or blood product Infusion using IAP as indicator of excess fluid 
and relative stroke volume increase and reduction hi stroke volume variability as indicators 
that additional fluid is required. Urine output may be further added to the control loop 
providing an indicator that, fluid status has been restored with return of urine output. Heart 

25 rate in combination with respiratory rate may be used to control drug infusion (drug type, 
infusion rate, frequency, dosage etc.). In this way, drugs may be used to bring the patient to a 
more stable condition which is determined by the heart and respiratory rate. IAP and 
respiratory rate may also be used to control a mechanical ventilator or respirator. As IAP 
rises, the positive end-expiratory pressure (PEEP) delivered by the mechanical ventilator 

30 should also rise to overcome this pressure. An indicator that the ventilation is not adequate 
can be seen in the tissue oxygenation and/or the natural respiratory rate which may be seen as 
a signal underlying the mechanical ventilation. This signal may either be extracted during 
mechanical ventilation or, preferably, the loop controller may pause the mechanical ventilator 
to allow more precise and accurate detection of the underlying respirators' rate/respiratory 

35 drive. This IAP, tissue oxygenation and/or respiratory rate may be used to alert the provider 
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to a worsening of the patient's condition and/or may be used to provide automated adjustment 

of ventilator settings including respiratory rate, PEEP, %02 inspired and other settings. In the 

ideal scenario these parameters may be used by the loop controller to monitor and control 

therapies in a manner that is informed by machine learning and algorithmic tuning. These are 

5 just a few examples, but many combinations exist. One or more parameters can be used to 

control one or more treatment: devices. 

f6164} Fig. 29 shows an embodiment of a loop controller in a patient environment, hi 

this example, the loop controller is receiving patient parameter input from sensing Foley 

catheter 2902. The sensing Foley catheter resides in patient bladder 2904 and includes 

10 retention balloon 2908 and pressure sensing balloon 2910. The sensing Foley catheter may 

include other sensors as disclosed herein. 

£01.65 J Sensing Foley catheter 2902 includes a retention balloon inflation lumen, a 

pressure balloon sensing lumen, and a urine lumen. Pressure sensing balloon 2910 is 

connected to the pressure sensing lumen which is connected to pressure transducer 2920 

15 which may be incorporated into controller 2928, The urine lumen is connected to urine output 

tube 2912. The urine output tube empties into urine reservoir 2914 which may be connected 

to urine volume measurement device 2916 or may be incorporated into the controller as 

disclosed herein. In addition, urine output may be controlled by urine pump 2918, which may 

be located on the urine drainage tubing, or may be incorporated into the controller, or may be 

20 located on the non-patient side of the controller as disclosed elsewhere herein. 

|0166} This patient is shown with respirator mask 2922, which is fed by respirator tube 

2924. The flow and makeup of the respiration gas is controlled by respirator 2926. 

£01.67} Loop controller 2928 is connected to urine volume measurement device 2916, 

urine pump 2918, pressure transducer 2920. and respirator 2926 via connectors 2930, 2932, 

25 2934, and 2936 respectively. The connectors may be wired or wireless. Alternatively, in tins 

and other embodiments, some or ail of urine -volume measurement device 2916, urine pump 

2918, and/or pressure transducer 2920 may be incorporated into controller 2928. 

[0168j In this example, loop controller 2928 receives patient parameter inputs from urine 

volume measurement device 2916 and pressure transducer 2920 and using the information 

30 provided by these parameters, can control urine pump 2918 and respirator 2926, Some 

parameters which the loop controller may receive from, the sensing Foley catheter include 

IAP, respiratory rate, heart rate, stroke volume, tissue oxygenation, tissue perfusion pressure, 

temperature, urine analytes, urine output rate, and other parameters, including those disclosed 

herein. 

35 |0169} For example, if the loop controller receives parameter information indicating that 

the patient's 3A.P is elevated, the loop controller may control the respirator perfusion rate, 
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pressure or other parameters. The loop controller may incorporate data from one or more 

input parameters and control one or more treating medical devices. For example, based on 

elevated IAP and abnormal tissue oxygenation parameters received, the loop controller may 

control the output of respirator 2926 and also the urine output rate by controlling urine pump 

5 2918. 

[0170j TSie loop controller continues to monitor the patient pararaeter(s) and adjust the 

treating medical deviee(s) accordingly. As the patient parameters normalize, the control of the 

treating medical devices is adjusted accordingly so that the feedback loop controlled by the 

loop controller may be a closed loop. The loop may also be adjusted manually when 

10 necessary in which case the loop may be an open loop or semi-closed loop, 

{0171} Fig. 30 shows another example of the loop controller in a patient en vironment. In 

this example* the patient has intravenous (IV) line 3002 in a blood vessel in an arm. IV fluid 

bag 3004 is elevated to allow the IV fluid to drip and/or flow into the patient via IV line 3002. 

Valve 3006 controls the flow rate of the IV fluid into the patient by allowing the fluid to flow 

15 freely, restricting the flow, or stopping the flow. Here valve 3006 is controlled by loop 

controller 2928 via connection 3008. IV fluid bag 3004 may contain hydrating fluid and/or 

medications. One or more than one IV bag may be involved and one or more than one valve 

may control the IV faag(s). The loop controller may control the flow and content of IV fluid(s) 

to the patient based on patient parameters received by the loop controller. 

20 |0172| Fig. 31 shows another example of the loop controller in a patient environment. In 

this example, the patient has fluid drainage line 3102 inserted into the abdomen. Fluid from 

the abdomen may flow from the patient to receptacle 3104. The flow of fluid may be 

controlled by pump 3106 which is controlled by loop controller 2928 via connection 3108. 

The loop controller may control the flow of fluid from the patient to receptacle 3104 via pump 

25 3106 based on patient, parameters received. For example, if IAP is abnormally high, loop 

controller may increase the rate of. or initiate, fluid removal from, the patient by controlling 

pump 3106. 

|0173j Fig. 32 shows another example of the loop controller in a patient environment. In 

this example, the patient has intravenous (IV) line 3202 in a blood vessel in an arm.. Drug 

30 infusion device 3204 controls the flow rate of a drug into the patient via IV line 3202, More 

than one drug infusion device may be used. Here drag infusion device 3204 is controlled by 

loop controller 2928 via connection 3206. Drug infusion device 3204 may contain any 

appropriate fluid and/or medications. The loop controller may control the flow and content of 

a drug or drugs to the patient based on patient parameters received by the loop controller. 

35 10174} These examples show some of the medical treatment devices which can be 

controlled by the loop controller, but any medical treatment device can be used. 
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|0175j Fig. 33 is a detailed diagram of the loop controller. Loop controller 2928 can. 

receive one or more patient parameter inputs from a sensing Foley catheter or other device. 

These inputs include, but are not limited to, urine output volume and rate, pressure profile 

from the bladder, and sensor info from a sensing Foley catheter or other device. Pressure 

5 profile info from the bladder can be further analyzed to determine LAP, respiratory rate, heart 

rate, stroke volume and other patient parameters. This analysis may be performed in loop 

controller 2928 or in a separate controller which is connected to loop controller either by a 

wired or wireless connection. The connection may be via an internet, intranet, WAN, LAM or 

other network, or it may be local via. Bluetooth, Wi-Fi, etc. 

10 {6176} The loop controller receives the input or inputs and analyzes the data to determine 

whether a medical treatment device controls needs to be changed. One or more medical 

treatment devices may be controlled to bring patient parameters into target ranges. Once 

patient target ranges are achieved, the loop controller may place the controlled medical 

treatment device(s) back into a standard state. A standard state will be different for each 

15 medical treatment device and likely also different for each patient. Patient parameter target 

ranges will likewise also be different for each patient, and also for patient status. For example, 

the respirator rate target range may be different depending on whether the patient is sedated. 

|0177i Embodiments of the technology may also automatically adjust intravenous fluid or 

drug infusion rates based on feedback from: the cardiac output or respiratory rate sensed. In 

20 one such embodiment, a patient-controlled analgesia pump may be deactivated if a respiratory 

rate drops too low. Respiratory depression can be fatal in this group and this safeguard would 

prevent overdose. An automated feedback system may also be advantageous in a large 

volume resuscitation procedure, wherein fluid infusion can be tailored based on 

intraabdominal pressure to prevent abdominal compartment syndrome by sounding an alert 

25 and slowing infusion rates as the intraabdominal pressure rises. Yet another automated 

feedback feature may provide direct feedback to a ventilator system to provide the optimal 

pressure of ventilated gas. In the setting of increased abdominal pressure, typical ventilator 

settings do not provide sufficient respiration for the patient. An automated adjustment of the 

ventilator settings based on intraabdominal pressure feedback from this embodiment may 

30 advantageously provide for optimal patient ventilation. Embodiments of the technology may 

also be applied as a correction in the application or understanding of other diagnostic 

measurements. For example, central venous pressure may be dramatically distorted in the 

setting of elevated intraabdominal, pressure. Providing direct access to these data by the 

central venous pressure reporting system allows for the automatic correction and accurate 

35 reporting of this critical physiologic parameter. Embodiments of the technology may also be 

used in a variety of other ways to automate therapy including infusion of fluids that may 
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further include active agents, such as pressors or diuretics in response to increased or 

decreased cardiac output or other parameters. 

{0178J In addition to directly controlling medical treatment devlce(s), loop controller 

2928 may also sound alarms, including audible alarms, emailed alarms, texted alarms, pager 

5 alarms, etc. Loop controller 2928 may also provide output to other systems for system 

integration, such as outputting information to an Electronic Health Record or other data 

archiving system, or other systems. Loop controller 2928 may also receive inputs from 

various EHR, EMR, or other systems. 

|0179| Medical treatment may be administered to the patient as a result of data collected 

10 by and/or analyzed by, the sensing Foley catheter system. This treatment may be a medication 

administered automatically, via a loop controller, or it may be administered manually, via 

traditional drug methods, i.e. orally, injection etc. 

|0180J Further medical diagnoses may also be performed based on the results of the 

sensing Foley catheter system. 

15 {01811 Specific gravity 

{01821 Urine specific gravity may be measured using pressure and ultrasound 

measurements using a Sensing Foley Catheter. Fig. 34 shows a plot illustrating how ultrasonic 

and pressure measurements of volume diverge with liquid density. The liquid being measured 

is synthetic urine concentrate, with a specific gravity of around 1.100. 

20 {0183} for a liquid with specific gravity of 1.000, the two measurement techniques are 

calibrated to provide the same volume measurements. However, as density increases, they 

begin to diverge. With pressure, an increase in density results in an increased volume reading, 

since V-A*h and P=:::p*g*h, or V:::A*p*g/P. With ultrasound, an increase in density results in 

a decreased volume reading, since V-A*h, v=h*2/t, and v~(E/p)A( 1/2), so 

25 V—A*(E/p)A(l/2)*t/2. 

V: volume 

A: cross-sectional area 

h: height of liquid 

P: pressure 

30 p: liquid density 

g: gravity 

v: speed of sound 

t: time for sound to reflect 

E: bulk modulus elasticity of liquid 
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|0:1S41 In simpler terms, as the liquid increases in density, the pressure increases ami 
skews that measurement high. At the same time, the sound travels taster and skews the 
ultrasound measurement low. By measuring how much they have diverged, the density of the 
liquid can be determined. This assumes the temperature is not changing, however, 

5 temperature can also be monitored to correct for temperature variability. Volume 
measurements via ultrasound and pressure can be performed with a Sensing Foley Catheter, 
as can temperature measurements. In this way, a Sensing Foley Catheter in combination with 
a controller can determine urine specific gravity. 

[0185 j Reducing condensation 

10 {0186} Balloon catheters, especially balloon catheters that are designed to reside in a 
hitman or animal body for relatively long periods of time, may leak over time. For example, a 
balloon inflated with air or another gas, may leak air out of the balloon over time. 
Alternatively, a balloon filled with a liquid may leak liquid out over time. The opposite is also 
true. A balloon filled with gas or air which resides in fluid, such as urine, blood etc., may 

15 experience leakage of the fluid into the balloon over time. This is particularly true if the 
balloon is inflated at a relatively low pressure. 

|® 187} A sensing Foley catheter is an example of a balloon which is designed to be 
inflated for relatively long periods of time arid at relatively low pressures. In this example, 
where a balloon is designed to .measure pressure, the balloon may be inflated at a relatively 

20 low pressure and as a result may be manufactured out of a relatively soft: and thin material. 
Because of the low inflation pressure and soft thin balloon material, it is possible that liquid 
may leak into the balloon over time. Liquid in a pressure measuring balloon can adversely 
affect very sensitive pressure measurements, particularly if the liquid migrates into the 
catheter lumen through which the pressure measurements are taken, 

25 {0188} One embodiment to solve this problem is to place a very small pore filter, or 
hydrophobic filter, between the pressure measuring balloon, and the pressure -measuring 
lumen of a catheter. This allows the balloon to be inflated, and continually primed to maintain 
its pressure, as well as pressure measurements to be taken via the catheter lumen. Air or gas 
can pass through the filter, but fluid cannot. 

30 {0189} Another embodiment comprises making a balloon out of a low moisture 
permeability material. 

{0190} Another embodiment comprises refreshing the gas within the balloon by 
alternatively applying vacuum and pressure to the balloon, either through one lumen, or more 
than one lumen. 
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|0191| Another embodiment comprises circulating the gas within the balloon by having 

more than one lumen access the balloon. One lumen may be used to introduce gas into the 

balloon and another lumen may be used to pull gas from the balloon. 

[0192] Another embodiment includes using a desiccaiit within the balloon, the balloon 

5 lumen, the gas supply to the balloon, or any combination of these. 

}0193| Fig. 35 shows the distal end of a Foley type balloon catheter which may benefi t 

from condensation reduction. In this example, the balloon catheter is designed to be placed in 

the bladder of a patient to aid in draining urine from, the bladder. The catheter has a retention 

balloon 3506 which anchors the catheter within the bladder. Catheter shaft 3502 contains the 

10 lumens of the catheter. Opening 3504 allows urine from within the bladder to drain through 

the catheter and exit the proximal end of the catheter (not shown). Opening 3508 is for 

inflating and deflating the retention balloon. Pressure sensing balloon 3510 is inflated and 

deflated via opening 3512, Pressure sensing balloon 3510 transmits pressure signals from 

within the bladder through a pressure lumen within the catheter shaft and to a pressure 

15 transducer proximal to the proximal end of the catheter. 

|0194j Under certain circumstances, over time, fluid may leak into pressure balloon 

3510. In addition, fluid may migrate from within pressure balloon 3510, through opening 

3512 and into catheter shaft 3502. Fluid inside the pressure lumen may adversely impact 

pressure readings from the pressure balloon. As a result, it is desirable to prevent fluid from 

20 migrating from within the pressure balloon through opening 3512, or, if possible, to reduce 

the amount of fluid from entering into the pressure balloon, 

{01951 Fig, 36 shows an embodiment of a filter within a balloon. Filter 3602 resides 

between the interior of balloon 3510 and the pressure lumen inside of the catheter at opening 

3512. Filter 3602 is preferably made of a material which allows gas to pass through it, but not 

25 fluid. For example, a filter may be made from a hydrophobic membrane such as Versapor, 

PTFE. ePTFE. The filter may be made out of a polymer, such as Nylon, or any other suitable 

material. The pore size may be around 5 microns or may range from around 0.2 microns to 

around 5 microns, or may range from around 5 microns to around 10 microns. The thickness 

of the filter may range from around 6 mils to around 12. mils. Alternatively the thickness of 

30 the filter may range from around 1 rail to around 6 mils. The pore size is related to the balloon 

sensitivity. For example, a 5 micron pore size filter may be appropriate for a balloon inflated 

to around 5mm: Hg to around 20 mm Hg, with the ability to sense pressure differences down 

to the 0.01 mm Hg resolution range. A smaller pore filter may be used if pressures measured 

via a pressure balloon may be less sensitive. A larger pore filter may be used if pressures 

35 measured via a pressure balloon need to be more sensitive. 

3? 
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[0.196j Fig. 36 shows a filter in the form of a tubing which encircles the catheter shaft at 

opening 3512, completely covering the opening. The filter may be adhered at its ends to the 

catheter shaft using any suitable adhesive or other means, such as heat shrinking. The seal 

between the filter and the catheter is ideally gas impermeable so that gas entering and exiting 

5 balloon 3510 via opening 3512 must pass through filter 3602, 

101971 Fig. 37 is another embodiment of the present invention which comprises a smaller 

catheter shaft where the filter is attached within the balloon. Catheter shaft 3704 within the 

balloon is a smaller diameter than catheter shaft 3706 which is not under the balloon. This 

prevents the added bulk of filter 3702 from increasing the diameter of the deflated balloon. 

10 {0198} Fig. 38 shows the embodiment shown in Fig. 37 with the balloon deflated and it 

can be seen that the reduced diameter of fee catheter shaft under the balloon area prevents a 

significant bulge in the balloon catheter, 

|0199} Fig. 39 shows another embodiment of a filter under a balloon. Filter 3902 in this 

embodiment does not go all the way around the shaft of the catheter, but is instead a flat or 

15 curved piece of filter which is adhered to the catheter shaft via adhesive or other suitable 

means. The adhesive preferably seals the filter all the way around its edges without infringing 

on the balloon infiation/defiation/pressure measuring opening 3512. 

10200} Fig. 40 shows another embodiment of a filter 4002 where the filter is shorter in 

length, 

20 |0201| Fig. 41 shows another embodiment of a balloon catheter with filter. In this 

embodiment, the balloon catheter has 2 lumens in fluid communication with the balloon. 

Filter 4102 is covering opening 4104 while opening 4106 is uncovered. In this embodiment, 

openings 4104 and 4106 may each access separate lumens of the catheter, or the same lumen. 

In the embodiment where they access separate lumens, balloon inflation, deflation, and 

25 pressure measurements may be performed via either lumen. For example, pressure 

measurements may be taken via the lumen in fluid communication with opening 4106 until 

liquid buildup in the lumen adversely affects the pressure measurements. At this point, the 

pressure transducer may be switched to the lumen in fluid communication with opening 4104 

so that pressure measurements may be taken through a lumen clear of liquid. 

30 |02021 Alternatively, pressure measurements may be taken via the lumen in fluid 

communication with opening 4106 until liquid buildup in the lumen adversely affects the 

pressure measurements. At this point, gas may be introduced into the lumen in fluid 

communication with opening 4106 to clear the lumen of fluid. Simultaneously, the gas may 

he pulled from the balloon via the lumen in communication with opening 4104, In this way, 

35 liquid can be cleared from the lumen in communication with opening 4106 and pressure 
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measurements may be resumed through thai lumen. This line clearing procedure can be 

programmed to take place on a periodic basis. 

}0203| Fig. 41 shows the two balloon openings 4102 and 4106 on different sides of the 

catheter with filter 4104 only covering one of the openings. Alternatively, Fig. 42 shows an 

5 em bodiment similar to that of Fig. 41, except that the 2 openings, 4204 and 4206, may be side 

by side, where filter 4202 oolv covers one of the openings. 

|0204| Fig. 43 shows an embodiment of the present invention where filter 4302 covers 

larger opening 4304. A larger opening may be desirable to obtain more accurate pressure 

measurements from the balloon. In addition, a larger opening may be possible with the 

10 addition of filter 4304 because of the extra integrity that the filter, and possibly its adhesive 

means, provides to the area of the catheter around opening 4304. 

}0205J Fig. 44 shows an embodiment of the present invention where filter 4402 is 

attached to the catheter shaft via heal shrink tubing segments 4404. This allows a gas-tight 

seal between the filter and the catheter while ensuring that the catheter opening 4406 remains 

15 clear. 

}0206} Fig. 45 shows an embodiment similar to that of Fig. 44 where the catheter shaft is 

reduced under the balloon area. This allows the balloon to deflate without causing a bulge on 

the catheter where the filter is attached. Filter 4502 is attached to the catheter shaft via heat 

shrink tubing segments 4504. This allows a gas-tight seal between the filter and the catheter 

20 while ensuring that the catheter opening remains clear, 

{0207} Fig. 46 shows an embodiment of the present invention where filter 4602 is 

attached to the inside of the catheter at the opening. 

{0208} Fig, 47 shows an embodiment of the present invention where the balloon has two 

access lumens, 4702 and 4704. In this embodiment, the balloon catheter has two lumens in 

25 fluid communication with the balloon, In this embodiment, openings 4702 and 4704 may each 

access separate lumens of the catheter, or the same lumen, in the embodiment where (hey 

access separate lumens, balloon inflation, deflation, and pressure measurements may be 

performed via either lumen. For example, pressure measurements may be taken via the lumen 

in fluid comraumcation with opening 4702 until liquid buildup in the lumen adversely affects 

30 the pressure measurements, or up until a set period of time. At this point, gas may be 

introduced into the lumen in fluid communication with opening 4702 to clear the lumen of 

fluid, Simultaneously, the gas may be pulled from the balloon via the lumen in 

communication with opening 4704. The inverse can also be done - fluid may be introduced 

into the lumen in fluid communication with opening 4704 and removed from the lumen in 

35 fluid communication with opening 4702. in this way, liquid can be cleared fiom the lumen in 
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communication with opening 4702 and pressure measurements may be resumed through that 

lumen. This line clearing procedure can be programmed to take place on a periodic basis. 

|0'209| Figs. 48 and 49 show two different pressure 'balloon designs, although any 

suitable design and/or shape may be used. Depending on the balloon material, a balloon may 

5 be manufactured in different ways. Some materials are better suited to blow molding while 

some are better suited to dip molding. Other manufacturing techniques may be used as well. 

Fig. 48 shows an example of a blow molded balloon. Fig. 49 shows an example of a dip 

molded balloon. 

10210} Some examples of materials from which a balloon may be manufactured include 

10 urethane, polyurcthane, Nylon, polyvinylidene fluoride, or any other suitable polymer or other 

material or any combination of materials. 

10211} Balloon coatings may also be utilized to reduce fluid permeability of the balloon. 

An example of such a coating is poly(p-xylylene) polymer, or Parylene. 

{021.2} In some embodiments, it is desirable to prevent any moisture vapor from entering 

15 the pressure balloon. In these embodiments a water, or fluid, impermeable material may be 

used for the balloon. Some of the materials mentioned herewithin are suitable. In addition, 

Biaxially-oriented polyethylene terephthalate (BoPET), often going by the brand name, 

Mylar, may be used. Also a metaJized polymer or any other suitable material may be used. 

{0213} In some embodiments, the sensing Foley type catheter is configured to report the 

20 presence of a water droplet or other obstruction in an air-filled lumen (such as the pressure 

lumen), and then handle or resolve the droplet. In a hypothermic setting, in particular, 

moisture in an air lumen can condense and form obstructive water droplets. Water droplets in 

an air-filled lumen (or air bubbles in a water-filled lumen) can disturb or complicate pressure 

signals due to the surface tension of the water. Accordingly, a pressure-transmission lumen in 

25 some embodiments of the disclosed technology may include a hydrophiiic feature (such as a 

coating on the wall of the lumen itself, or a hydrophiiic fiber running the length of the lumen) 

to wiek moisture away from the lumen in order to maintain a continuous, uninterrupted air 

channel. In some embodiments, a hygroscopic composition (silica gel, for example) may be 

used in line with the air infusion line or within the air infusion lumen itself to capture water or 

30 humidity. In some embodiments, a hygroscopic composition may be included within the 

catheter so that the air infusion circuit need not be sen-iced to replace this material. 

{0214} In some embodiments, desiccated air or gas may be used in the pressure lumen and 

pressure balloon to prevent moisture accumulation. 

{0215} In some embodiments a hydrophobic or hydrophiiic coating may be used in the 

35 pressure lumen and/or pressure balloon. 
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|02I6 J Gas con teat 

{©217} Another embodiment includes using a hydrophobic filter or membrane as an 

interface with the -urine in the bladder, or the mucosal lining of the urethra, to measure relative 

oxygen, or other gas, content of the -urine or tissue. 

5 {0218} In some embodiments of the sensing Foley catheter, it is desirable to measure the 

gas content tissue and/or urine or changes in gas content over time. Potential gasses of interest 

include oxygen, carbon dioxide, nitrogen, gases associated with anesthesia or other gasses. in 

some embodiments the membrane is permeable to gas, but not to liquid, for example, a 

hydrophobic membrane, or other suitable membrane, may be used. The pore size of the 

10 hydrophobic membrane may be around 5 microns. Alternatively, the pore size of the 

hydrophobic membrane is about 3 microns to about 7 microns. 

{0219} Fig. 50 shows a sensing Foley catheter with an oxygen permeable membrane. 

Retention balloon 5002 is in fluid communication with inflation/deflation port 5010. Urine 

flows through opening 5004 through the catheter and out of port 5012 which is in. fluid 

15 communication with opening 5004, Pressure sensing balloon 5006 is in fluid communication 

with lumen 5014, Gas permeable membrane 5008 is covering an opening at the distal end of 

the catheter which is in fluid communication with lumens 5016, 

{0220} Fig, 51 shows a sensing Foley catheter with, an oxygen permeable membrane 

which is similar to that shown in Fig, 50 except that membrane 5108 is between pressure 

20 sensing balloon 5106 and retention balloon 5102, Opening 5104 for urine may be placed 

anywhere distal to retention balloon 5102, 

{0221} Fig, 52 shows an embodiment of a sensing Foley catheter where membrane 5204 

is incorporated into gas sensing balloon 5202. In this figure, gas sensing balloon 5202 is distal 

to pressure sensing balloon 5206, however another embodiment is shown in Fig. 53 where 

25 this is not the ease, Gas sensing balloon 5202 may be made out of silicone, polymer, or any 

other suitable .material, 

{0222} The membrane material may be similar to hydrophobic membrane materials 

described in other embodiments herein. The membrane is permeable to gasses, or to particular 

gas or gasses, but not to liquids, such as urine. In this way, gasses can pass through the 

30 membrane and into the catheter for measurement of gas content of the tissue and/or urine, 

and/or changes in gas content over time. Gasses measured include oxygen, nitrogen, carbon 

dioxide, or other gasses. 

{0223} The catheter may be placed in the patient such that the membrane is in either the 

bladder or in the urethra. The membrane is shown here on a sensing Foley catheter with a 

35 pressure sensing balloon, but the gas permeable membrane may be placed on any body 
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dwelling catheter, including catheters that reside .in blood vessels or other body cavities. The 

membrane may be in direct or indirect contact with fluid, gas, or body tissue. 

10224} Fig. 54 shows a controller which controls the measurements of oxygen or other 

gas(es). The controller will generally be externa! to the pattest and connect to the catheter via 

5 ports, for example, ports 5016. The controller may also control the pressure sensing function 

or other functions of a sensing Foley catheter, or it may be a separa te controller. 

|0225| Gas measuring controller 5402 is shown here along with a representation of a 

catheter 5404 and gas transfer membrane 5406, Gas measuring controller 5402 includes air, 

or gas, inlet 5408, air, or gas, exhaust 5410, pump 5412, oxygen, or other type of sensor 5414 

10 and check valves 541.6. 

{0226} In this embodiment, pump 5412 periodically pushes small amounts of air, or 

other gas, through tubing into the catheter. Air passes membrane "window" 5406 and the 

oxygen content of the air changes based on the oxygen content of mucosal lining (if gas 

transfer membrane is in the urethra) or urine (if gas transfer membrane is in the bladder). 

15 Further downstream (back in gas measuring controller box 5402) the oxygen percentage of 

the air is measured using a fiber optic, or other type of, oxygen sensor. The pump may only 

operate for short periods of time to allow air in the system time to equilibrate with the 

tissue/fluid. 

{0227} Check valves 5416 help limit mixing of air that has passed through the system 

20 with outside air or air from an earlier measurement interval. 

{0228} Measured oxygen, or other gas, content may be very small. Measurements may 

indicate either absolute gas levels or relative gas levels. For example, gas measuring 

controller measurements may show relative oxygen content in the patient over time to 

indicate a change in die status of the patient. 

25 {0229} Fig. 55 shows a schematic of how the gas measuring controller interacts with the 

catheter to measure gas content of the urine or patient tissue. Catheter 5502 includes urine 

draining lumen 5504 as well as gas measurement lumens 5506 and 5508, which are in fluid 

communication with gas transfer membrane 55.10. Lumen 5506 contains air, or other gas, 

entering the catheter and lumen 5508 contains air, or other gas, exiting the catheter after the 

30 carrier gas has passed the gas transfer membrane. The oxygen, or other gas, level in the 

exiting gas is measured to determine oxygen levels or oxygen level changes in the urine 

and/or tissue of the patient. The incoming gas measurement lumen 5506 may be open to 

atmospheric air, or other source, or it may be a closed system, so that the gas within lumens 

5506 and 5508 is continuously circulated so that the gas content changes can be readily 

35 determined over time. In other words, air, or gas, inlet 5408, and air, or gas, exhaust 5410 in 

Fig. 54 may be Ouidly connected to each, other. 
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{0230j Where file incoming gas measurement lumen 55(16 is open to atmosphere, the 
pump may be run intermittently so that the gas within the gas measuring lumens has more 
time to equilibrate across the membrane surface. This results in a higher intermittent 
concentration of the measured gas and therefore a more sensitive measurement, 

5 {0231} The pump may he run continuously or intermittently regardless of whether the 
system is closed or open, hut may result in more sensitive measurements if it is run 
intermittently in the open system mode. In the dosed system mode, trends may be more 
apparent as the measured gas within the system equilibrates with the gas level of the urine, 
fluid, or tissue being measured. 

10 {0232} In this embodiment the urine lumen and the gas measurement .lumens are 
separate. However, the gas transfer membrane may also be situated between the urine lumen 
and a gas measurement lumen as shown in Fig, 56, where gas transfer membrane 5602 is in 
fluid communication with the urine lumen, 

{0233} Figs. 57A and 57B show embodiments of a gas measuring add-on component. 
15 Gas measuring component 5702 may be inserted between the sensing Foley catheter 1000, or 

any Foley catheter, and the urine drainage tube 1001, or any urine drainage tube. Gas 
measuring component 5702 includes hydrophobic filter 5704, which may be made of 
materials disclosed elsewhere herein. Gas inlet lumen 5706 and gas outlet lumen 5708 allow 
gas to pass over filter 5704 which is in gas communication with the urine within the drainage 

20 system. The air, or gas, near filter 5704 very quickly becomes equilibrated with the gases 
within the urine within the drainage system. Fig, 57B shows the path of air flow across filter 
5704. Gas outlet lumen 5708 is in fluid communication with a controller (not shown here) 
which analyzes the gas within the lumen for the relevant gas or gasses. Gas inlet lumen 5706 
may be open to atmosphere, another gas, or may be in a closed loop with gas outlet lumen 

25 5708 within the controller. The controller may be the same controller which measures urine 
output, mentioned elsewhere herein, or may be a separate controller. Lumens 5706 and 5708 
may be incorporated into drainage tube 1001 or may he separate. Gas measuring component 
5702 may be a separate component, as shown here, or may be incorporated into vent barb 
1016, Gas measuring component 5702 may alternatively be located anywhere in the system. 

30 {0234} Detecting/determining certain conditions 
{0235} Fig, 58A shows a table that lists combinations of parameters that allow for a 
fingerprint or signature (combination of parameters) for the different indicators of AKI (pre­
renal, intrinsic and obstructive). In addition, there may be a fingerprint or signature with 
respect to the timing of changes of the parameters, which may also determine the causes of 

35 AKI (e.g. it is plausible that some parameters change faster for intrinsic AKI caused by 
glomerulonephritis versus intrinsic AKI caused by acute tubular necrosis). This multi-
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parametric approach may also facilitate the choice of effective therapies to treat AKI. since 

different causes of AKI have different effective therapies (e.g. recombinant alkaline 

phosphatase is effective at treating intrinsic (septic) AKI but ineffective at treating non-septic 

AKI). 

5 {0236J Fig. 58B shows a table that lists combinations of parameters that allow for a 

fingerprint or signature (combination of parameters) for the different indicators of sepsis, 

AKI, and acute respiratory distress syndrome (ARDS). These signatures involve fee increase, 

decrease, or both of various patient parameters including urine output, heart rate, respiratory 

rate, temperature, stroke volume, cardiac output, and abdominal perfusion pressure, 

10 Abdominal perfusion pressure is the mean arterial pressure (MAP) minus intra-abdominal 

pressure (IAP). Mean arterial pressure is equal to the diastolic pressure (DP) plus 1/3 of the 

pulse pressure (PP). (The pulse pressure equals systolic pressure minus diastolic pressure.) In 

short, MAP =::: DP + I/3PP 

{0237} Other patient, parameters may also be used. One, some, or ail relevant parameters 

15 may be used by the controller to communicate a diagnosis and/or risk to the user or to another 

device. Patient parameters captured by the sensing Foley catheter system may be used on their 

own, or in. conjunction with parameters obtained elsewhere, such as an. EKG, a blood pressure 

measuring device, or info from an EMR. 

p)238) The sensing Foley catheter system provides real-time, automatic, precise 

20 physiological parameter monitoring for the early detection of various medical conditions. By 

utilizing real time multivariate (point value) and times series (trending) analyses of these high 

frequency data streams to inform our machine learning-powered model., a highly sensitive 

physiologic signature for early sepsis onset (or other medical condition determination) may be 

developed. This will improve clinical outcomes by enabling earlier diagnosis and. 

25 intervention. The signatures relating to the data relating to the physiologic changes that occur 

prior to and/or during the onset of certain medical conditions can be continuously unproved 

using machine learning via artificial neural networks to strengthen the relevant parameters, 

weaken the less relevant parameters and build or destroy connections. This will enable the 

controller to utilize algorithm to distinguish medical conditions from one another and from 

30 normal and other pathologies. 

|0239| Some embodiments of the present invention may measure urine output immediately 

after the patient has been given a diuretic. This type of test can be a strong indicator of 

whether a patient with AKI will progress to a more severe stage and/or die. If a patient's urine 

output increases after administration of the diuretic, this indicates that the patient is less likely 

35 to progress to a more sever stage of AKI. If a patient's urine output: does not significantly 

increase after administration of the diuretic, this indicates that the patient is more likely to 

44 



WO 2016/049654 PCT/US2015/052716 

progress to a more severe stage of AKI. The present .invention is able to quickly ami 

accurately measure twine output in real time. Therefor the response to the diuretic can be 

detected more quickly (minutes rather than hours) than with traditional urine measurement 

techniques. 

|0240| This test can be automated with the controller which provides a controlled dose of a 

diuretic, and then monitors the urine output over minutes, or hours, preferably only minutes. 

The diuretic given may he furosemide, or any other suitable loop diuretic or other diuretic. 

The diuretic may be given, and data collected, as disclosed in Chawta IS, Davison DL, 

Brasha-MUcheH E, Koyner JL Arthur JM, Tumlm JA, Shaw AD, Trevino S, Kimmei PL, 

Seneff MG. Development and standardisation of a furosemide stress test fo predict the 

severity of acute kidney injury. C'fit Care. 2013 Sep 20;17(5):R207, herein incorporated by 

reference, 

|0241| In addition to detecting AKI, the present invention is capable of detecting urinary 

tract infections (UTls), as indicated, by decreasing oxygen tension, carbon dioxide levels, 

increasing specific gravity, and relatively stable urine output and conductance. The detection 

of UTf can be achieved in the absence of AKI, and possibly in the presence of AKI, by 

combining urinary markers for a unique fingerprint of UTI. The unique UTi fingerprint can 

alert clinicians to the presence of UTI. 

{0242j In addition to detecting AKI and UTi using the described parameters, these 

parameters may be used in combination with intra-abdominal pressure (IAP). respiratory rate 

(RR), heart rate (HR), cardiac output (CO), relative stroke volume (RSV), temperature 

(Temp), pulse pressure (PP), urine conductance (UC), urine output (UO) and/or stroke 

volume (SV) readings, which are already used for detecting conditions such, as intra-

abdominal hypertension (IAH), abdominal compartment syndrome (ACS) and sepsis. Adding 

IAP, RR, HR, CO, RSV, Temp, PP, UC, UO and/or SV measurements to the algorithm 

described herein may increase the sensitivity and specificity of detecting AKI or UTI. On the 

other hand, adding the measurements obtained by the present invention to an IAP, RR, HR, 

CO, RSV, Temp, PP, UC, UO and/or SV measurement algorithm may increase the sensitivity 

and specificity of detecting IAH, ACS or sepsis. Other clinical applications include the 

treatment of tra uma and burns, 

|0243J In addition to absolute measurements of IAP, RR, HR, CO, RSV, Temp, PP, UC, 

UO, gas concentrations and/or SV, trending data of these parameters may also be used to 

detect IAH, ACS, sepsis or other conditions, for example, the slope of values of these 

parameters over time, and/or the variability of values of these parameters over time may also 

be used. Another example of using data trends is the use ofpuJ.se pressure waveform analysts 

and pulse wave velocity (or pulse transit time). Pulse transit time can be determined by 
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capturing a cardiac signal, such as the ERG, from leads on the sensing Foley catheter, and/or 
elsewhere, and determining the time that a pulse wave pressure signal to travel to the bladder. 
Multiple parameters and/or parameter trends may be used to determine the presence of l'AH, 
ACS, sepsis or other conditions. 

5 10244| Some examples of using trendi ng data include: 

{0245} - A decreasing UO in the setting of stable vitals (otherwise) may indicate acute 
kidney injury. If stroke volume is decreasing, then the kidney may be ischemic. If urine 
volume surges in the setting of stable vitals, it may indicate toxic acute kidney injury. 

|0246J - An increasing respiratory rate along with decreasing stroke volume may indicate a 
10 pulmonary embolism, hemorrhage or other volume depletion. 

{024*7J An increasing respiratory rate in the setting of stable vitals may indicate an 
impending airway obstruction. 

{0248} - A decreasing respiratory rate in the setting of stability in other parameters may 
indicate narcotic overdose. This is a big problem with patient: controlled analgesia, 

15 {0249} - Increasing intraabdominal pressure (IAP) in the setting of stable stroke volume 
and increasing urine output may be an indicator of impending fluid overload. 

|0250} - Increasing IAP with decreasing UO and decreasing cardiac output may be an 
indicator of cardiorespiratory insufficiency. This may be dite to fluid overload, sepsis, etc, 

{0251} The present invention can be used in a variety of hospital, settings (e.g. emergency 
20 room, operating room, intensive care unit, ward). At any time, the device may be used to 

monitor the progression of AKI, and whether it is improving or declining. Its algorithms work 
to alert clinicians to a newly developed ease of AKI or to a change in the status of AKI. The 
device may be placed, before insult, to the kidney occurs (e.g. patients undergoing cardiac 
surgery to detect if insult to the kidneys begins intm-operatively) in order to detect initiation 

25 of AKI. It may be placed when insult to the kidney injury is already present in order to detect 
the degree of insult at that time. The device may also be used to monitor the response the 
therapy/therapeutic intervention (e.g. renal replacement therapy, fluid resuscitation). 

{0252} Alternative embodiments 

{0253} Embodiments of the technology may also report patient movement in the detection 
30 or diagnosis of seizure disorder. In this embodiment, the pressure variations may trigger an 

EEG or recording equipment to allow for intense period of monitoring during an episode 
suspected of being a seizure. In addition, or alternatively, a pressure sensor, acoustic sensor or 
other sensors may be used to detect bowel, activity, including peristalsis, patient movement, 
seizure activity, patient shivering, frequency of coughing, severity of coughing, sleep 
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duration, sleep quality, speech detection, patient compliance (movement or lack thereof), and. 

may alert Che healthcare provider that the patient has not moved and must be turned or rolled. 

This movement-related information, may also be relayed to a hypothermia device, a drug 

delivery device or other device to control or mitigate seizure activity, shivering and/or 

5 coughing. 

[0254! In some embodiments, the sensing Foley type catheter is configured to report the 

presence of a water droplet or other obstruction in an air-filled lumen (sock as the pressure 

lumen), and then handle or resolve the droplet. In a hypothermic setting, in. particular, 

moisture in an air lumen can condense and. form obstructive water droplets. Water droplets in 

10 an air-filled lumen (or air bubbles in a water-filled .lumen) can disturb or complicate pressure 

signals due to the surface tension of the water. Accordingly, a pressure-transmission lumen in 

some embodiments of the disclosed technology may iti.ciu.de a hydrophiiic feature (such as a 

coating on the wall of the lumen itself, or a hydrophiiic fiber running the length of the lumen) 

to wick moisture away from the lumen in order to maintain a continuous, uninterrupted air 

15 channel. In some embodiments, a hygroscopic composition (silica gel, for example) may be 

used in line with the air infusion line or within the air infusion lumen itself to capture water or 

humidity. In some embodiments, a hygroscopic composition may be included within the 

catheter so that the air infusion circuit need not be serviced to replace this material. 

{0255} In some embodiments of the disclosed technology, air may also be intermittently 

20 (and automatically) infused and extracted into the pressure-sensing balloon so that the balloon 

is in a constant state of being optimally primed, as described in .further detail above. In the 

case of the wicking fiber or hydrophiiic coating in the lumen, the air extraction may also 

contribute to removing and trapping any water from the air line. In the instance of a liquid-

filled lumen, a hydrophiiic fiber or a hydrophiiic coating on the inside of the pressure lumen 

25 will provide similar benefit in allowing this lumen to handle an air bubble, in this instance, an 

air bubble may distort the signal, but. the air water interface surface tension is defused by a 

hydrophiiic coating in the lumen of the catheter. 

{0256} Additionally, a custom extrusion and lumen shape may also be used to prevent 

obstruction in the case of liquid and/or air-filled lumens. In some embodiments of the 

30 technology, for example, a Foley type catheter may have a lumen that is stellate in cross 

sectional profile. Such a lumen is generally immune from obstruction by a water droplet, as 

the droplet tends to cohere to itself and push away from the hydrophobic walls. This behavior 

tends to disallow filling of a cross-sectional space, and allows for an air channel to remain 

patent around the water droplet and communicate to the sensor. The same logic applies to an 

35 air bubble in water in a hydrophiiic, stellate water lumen. In this instance the hydrophiiic 

liquid will cling to the walls and allow for a continuous water column that excludes the air 
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bubble to the center of the lumen. The same applies for a hydrophobic liquid in a hydrophobic 
lumen. In some embodiments, the catheter may include an air channel, and a sensor 
incorporated within, the catheter itself or a fluid lumen that is capable of transmitting the 
pressure back to a sensor. 

5 [0257] The drainage tube may be a multi-lumen tube to contain the urine drainage line, the 
pressure lumen, and the wires of the thermocouple and is connected to the barb on one end. 
and the controller on the other end. 

{0258} The Foley catheter may be extruded with BaS04 or have attached radiopaque 
markers to provide fluoroscopic observation. 

10 {0259} The thermistor located at the tip of the catheter may be fixed in place using a 
number of extrusion profiles and assembly techniques . 

|0260} In some embodiments, the sensing Foley catheter may include a blood pressure 
sensing element that may take any of several forms. I.n one embodiment, a blood pressure 
sensing element includes a pressure delivery balloon (either a separate, dedicated balloon or a 

15 balloon in fluid communication with a device retention, balloon or a pressure sensing balloon) 
that can. be optically analyzed as it is inflated to determine at which pressure the vessels 
within the bladder or urethra are blanched and blood flow is stopped. This approach provides 
a reading of the perfusion pressure of the tissue abutting the pressure delivery balloon, such 
reading reflective of both the systemic blood pressure and vascular resistance. This 

20 embodiment of a perfusion pressure device may be used to provide early detection or 
monitoring of a variety of acute or emergent medical conditions such as sepsis, shock, 
hemorrhage, and can be particularly advantageous hi detecting these conditions at an early 
stage. In predicting sepsis, embodiments of the invention may be capable of receiving white 
blood ceil count information to better predict sepsis. 

25 |0261| Other modalities may be used to detect, that the tissue has been blanched or 
ischemic, as well, with the common methodological aspect being that of the intermittent 
inflation within the lumen, body cavity or bodily tissues to provide the compression of the 
•vasculature. Embodiments of this device and associated methods may also be used to detect 
perfusion pressure in other areas of the body with an intermittently inflatable member and 

30 optical detection of blood flow or the presence of blood. 

{0262! Tissue perfusion information may also be provided by way of sensors disposed on 
the shaft of the catheter such that they contact the urethral wall when the catheter is in place. 
These sensing technologies may include mic-rodialysis, pyruvate, lactate, pG>, pCO?, pH, 
perfusion index, near-infrared spectroscopy, laser Doppler flowmefry, urethral capnography, 
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and. orthogonal polarization spectroscopy. Any of these tests may also be performed on the 

urine or the bladder wall itself to generate measurements of tissue perfusion. 

{0263} Another embodiment of the sensing Foley catheter system includes an embodiment 

of the clearing mechanism including a device and/or port for posi tive airflow near the start of 

5 the drainage line. The positive airflow facilitates drainage by forcing urine to flow through the 

drainage line. The positive airflow device may include a one-way valve at the end of the urine 

catheter that allows urine to only flow toward the urine collection device, and prevents air 

from entering the catheter. 

{0264J hi some embodiments, a urine clearing mechanism comprises a coating on the 

10 inside of the urine drainage tube to reduce surface tension and facilitate drainage. In one 

aspect, said coating is a hydrophobic polymer, including but not limited to PTFE or FEF. 

{02651 In yet another embodiment, the clearing mechanism comprises a tubular 

hydrophobic vent filter that can be inserted into the drainage lumen of the device such that air 

will be evacuated throughout its length., A segmental, hydrophobic vent can also be 

15 incorporated at set intervals to ensure that air is evacuated from the tube as it passes these 

regions, hi this embodiment, the hydrophobic vent will be interspaced at minimum of 1-2 foot 

intervals to prevent submersion of the vents in urine. By providing redundancy the multiple 

vent/filters prevent the failure of any one filter/vent due to its submersion.. In the ideal 

configuration the vent will be a FI FE or ePTFE material and will be affixed with a barb and 

20 or grommetted into the tube at intervals to allow for easy manufacturability. In an alternative 

embodiment, the vent takes the form of a slit or spiral that runs the length of the drainage 

tube, thereby allowing air to escape the tube at any point. This prevents the drainage tube 

from being positionally dependent when preventing and/or eliminating airlocks. 

{0266j In an alternative embodiment, air locks are prevented by means of an extendable 

25 drainage tube, which prevents pockets of air from forming in die high portions of the tube and 

urine from gathering hi the low portions. An extendable tube prevents this from occurring by 

keeping the tube as straight as possible between the urinary catheter and the collection bag. In 

one aspect, the extendable drainage tube is composed of multiple telescopic sections that can 

be extended or collapsed to match the distance from the patient to the collection bag. In 

30 another aspect, the drainage tube is pleated to form an accordion, which can be extended or 

collapsed as necessary. In yet another aspect, the tube is coiled. In yet another aspect, the 

drainage tube is retractable by means of a spring coil that, wraps the tubing around a wheel to 

achieve the appropriate length. 

{0267} Relative cardiac output and relative tidal volume may also be calculated, based on. 

35 the deflection, of the pressure sensor and/or other force gauge. If sampled with sufficient 
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frequency (eg., 1 Hz or greater), respiratory excursions can be quantified .in a relative maimer 

to Che amplitude of the excursions at the time of catheter placement Larger excursions 

generally relate to heavier breathing, or in the setting of an upward drift in the baseline, a 

higher peritoneal, pressure. The small peaks on the oscillating respiratory wave, caused by the 

5 pumping heart, may be tracked as well by using fester sampling rates (e.g., 5 Hz or greater), 

and the amplitude of this wave may be used, in the setting of a relatively constant peritoneal 

pressure, to determine the relati ve cardiac output, in the setting of a known, stable peritoneal 

pressure, absolute stroke volume and/or cardiac output. 

[0268j Intrabdomina! pressure or bladder pressure, as sensed by an embodiment of the 

10 disclosed technology, may also be used to detect the level of patient movement (as may vary, 

for example, between substantially no movement to a high level of movement) and to report 

the movement level to a healthcare provider. A short burst of peaks and valleys in bladder 

pressure activity can serve as a proxy for body movement in that such, a bladder pressure 

profile is a strong indicator that the patient is using their abdominal muscles, as, for example, 

15 to sit up or get out of bed. This embodiment may be of particular benefit for patients that are 

at risk of falling. In a patient that is a tali-risk, a healthcare provider may be notified that the 

patient is sitting up and respond accordingly. Alternatively, the device may be used to report 

inactivity of a. patient a.nd/or lack of patient movement. 

{6269} Pulse oximetry elements allow for a determination of blood oxygen concentration 

20 or saturation, and may be disposed anywhere along the urethral length of the catheter. In some 

embodiments, the sensor or sensors are disposed within the tubing of the device to ensure 

approximation to the urethral mucosa. With this technology, a healthcare provider can 

decompress the bladder with a urinary catheter and obtain pulse oximetry data in a repeatable 

and accurate manner. The power source for pulse oximetry may be incorporated within the 

25 urinary collecting receptacle or within the catheter itself. In some embodiments, tbe pulse 

oximeter is reusable and. the catheter interface is disposable; in this arrangement the pulse 

oximeter is reversibly attached to the disposable catheter and removed when oxygen 

measurements are no longer desired. Embodiments of the sensing Foley catheter may include 

an optically transparent, or sufficiently transparent, channel for the oximetry signal, such as a 

30 fiber-optic cable, transparent window, and an interface for the reusable oximeter. This method 

and device for urethral pulse oximetry may be used in conjunction with any of the other 

embodiments detailed herein or may be a stand-alone device. 

|02?0} An antibacterial coating, or a material impregnated with an anti-bacterial 

compound, may be used on the sensing Foley catheter to prevent infection. Examples of 

35 antibacterial coatings/materials include silver, silver citrate, Parylene, or any other suitable 

material 
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f027l} Pulmonary Blood Volume Variability may also be determined by the sensing Foley 
catheter system to aid in assessing existence or risk of heart failure. Reduced left ventricular 
function can. lead to an increase in the pulmonary blood volume (PBV) or a decrease in the 
pulmonary blood volume variation. PBV variation is defined as the change in PBV over time 

5 during the cardiac cycle. PB V can be determined as a product of the cardiac output and the 
pulmonary transit time (PTT). Cardiac output can be dete.raii.aed as the product of stroke 
volume and heart rate where stroke volume is the area under the flow-time curve for one 
cardiac cycle. Pulse transit time may be obtained by looking at the delay between the QRS 
complex in an EKG vs. the appearance of the signal in the bladder. The EKG signal may be 

10 obtained from a separate EKG lead, a lead incorporated into the sensing Foley catheter, a lead 
incorporated into the catheter insertion kit, or elsewhere. An EKG lead may also be able to 
read the EKG signal from within the urine, anywhere in the system. 2 leads may be used to 
more accurately determine the pulse transit time. 

{0272} It has been found that stroke volume, ejection fraction, and PBV variation decrease 
15 after myocardial infarction, and that the greatest change is seen in PBV variation. Therefor 

determining PBV variation and identifying a decrease in PBV variation may be a strong 
indication of heart fa il ure, or heart fail ure risk. 

{0273} Data collected by the sensing Foley catheter system may be stored in a database and 
analyzed for trending or other uses. For example, data may be collected from several patients 

20 and aggregated anonymously to be used to better treat, monitor, or predict the behavior of 
future patients. For example, data collected over time relating to heart rate, respiratory rate, 
temperature infection etc, may be aggregated and analyzed by the controller fo find trends, 
such as the relationship between or among the various parameters and results. For example, 
certain trends in temperature alone, or in combination with other parameters, may be a 

25 predictor of infection. Fig, 58 shows some known examples, but other and currently unknown 
trends may emerge from the aggregated patient data. 

|0274} Data collected fay the sensing Foley catheter system may be integrated with 
Electronic Health Records (EHRs) or Electronic Medical Records (EMRs) and/or other 
systems. Data collected by the sensing Foley catheter system controller may directly or 

30 indirectly interface with an EMR/EHR system. Data, such as patient demographic, or medical 
'history data, from an EMR/EHR may also integrate with the sensing Foley catheter system. 

|0275} Example of Da ta 'Processing System 

{0276} Fig. 60 is a block diagram of a data processing system, which may be used with 
any embodiment of the invention. For example, the system 6000 may be used as part of a 

35 controller as shown in several embodiments herein. Note that while Fig. 60 illustrates various 
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components of a computer system, it is not intended to represent any particular architecture or 
mariner of interconnecting the components; as such details are not germane to the present 
invention. It will also be appreciated that network computers, handheld computers- mobile 
devices, tablets, cell phones and other data processing systems which, have fewer components 

5 or perhaps more components may also he used with the present invention. 

{0277} As shown in Fig. 60, the computer system 6000, which is a .form of a data 
processing system, includes a bus or interconnect 6002 which is coupled to one or more 
microprocessors 6003 and a ROM 6007, a. volatile RAM 6005, and a non-volatile memory 
6006. The microprocessor 6003 is coupled to cache memory 6004. The bus 6002 

10 interconnects these various components together and also interconnects these components 
6003, 6007, 6005, and 6006 to a display controller and display device 6008, as well as to 
input/output (I/O) devices 6010, which may be mice, keyboards, moderns, network interfaces, 
printers, and other devices which are well-known in the art. 

{0278} Typically, die input/output devices 6010 are coupled to the system through 
15 input/output controllers 6009, The "volatile RAM 6005 is typically implemented as dynamic 

RAM (DRAM) which requires power continuously in order to refresh or maintain the data in 
the memory. The non-volatile memory 6006 is typically a magnetic hard drive, a magnetic 
optical drive, an optical drive, or a DVD RAM or other type of memory system which 
maintains data even after power is removed from the system. Typically, the no.n-volaiile 

20 memory will also be a random access memory, although this is not required, 

{0279} While Fig, 60 shows that the non-volatile memory is a local device coupled 
directly to the rest of the componen ts in the data processing system, the present invention may 
utilize a non-volatile memory which is remote from the system; such as, a network storage 
device which is coupled to the data processing system through a network interface such as a 

25 modem or Ethernet interface. The bus 6002 may include one or more buses connected to each 
other through various bridges, controllers, and/or adapters, as is well-known in the art. In one 
embodiment, the I/O controller 6009 includes a USB (Universal Serial Bus) adapter for 
controlling USB peripherals. Alternatively, I/O controller 6009 may include an IEEE-1394 
adapter, also known as Fire Wire adapter, for controlling Fire Wire devices, 

30 {0280} Some portions of the preceding detailed descriptions have been presented in 
terms of algorithms and symbolic representations of operations on data bits within a computer 
memory. These algorithmic descriptions and representations are the ways used by those 
skilled in the data processing arts to most effectively convey the substance of their work to 
others skilled in the art An algorithm is here, and generally, conceived to he a self-consistent 

35 sequence of operations leading to a desired result. The operations are those requiring physical 
manipula tions of physical quantities. 
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[0281 j It should be borne in mind, however, that ail of these ami similar terms are to be 
associated with the appropriate physical quantities and are merely convenient labels applied to 
these quantities. Unless specific-ally stated otherwise as apparent from the above discussion, it 
is appreciated that throughout the description, discussions utilizing terms such as those set 

5 forth in the claims below, refer to the action and processes of a computer system, or similar 
electronic computing device, that manipulates and transforms data represented as physical 
(electronic) quantities within the computer system's registers and memories into other data 
similarly represented as physical quantities within the computer system memories or registers 
or other such information storage, transmission or display devices. 

10 {6282} The techniques shown in the figures can be implemented using code and data 
stored and executed on one or more electronic devices. Such electronic devices store and 
communicate (internally and/or with other electronic devices over a network) code and data 
using computer-readable media, such, as non-transitory computer-readable storage media 
(e.g., magnetic disks; optical disks; random access memory; read only memory; flash memory 

15 devices; phase-change memory) and transitory conaputer-readable transmission media (e.g., 
electrical, optical, acoustical or other form of propagated signals such as carrier waves, 
infrared signals, digital signals). 

|0283} The processes or methods depicted in the preceding figures may be performed by 
processing logic that comprises hardware (e.g. circuitry, dedicated logic, etc.), firmware, 

20 software (e.g., embodied on a non-transitory computer readable medium), or a combination of 
both. Although the processes or methods are described above in terms of some sequential 
operations, it should be appreciated that some of the operations described may be performed 
in a different order. Moreover, some operations may be performed in parallel rather than 
sequentially. 

25 |0284| Unless defined otherwise, all technical terms used herein have the same meanings 
as commonly understood by one of ordinary skill in the medical arts. Specific methods, 
devices, and materials are described in this application, but any methods and materials similar 
or equivalent to those described herein can be used in the practice of the present invention. 
While embodiments of the invention have been described in some detail and by way of 

30 illustrations, such illustrations are for purposes of clarity- of understanding only, and are not 
intended to be limiting. Various terms have been used in the description to convey an 
understanding of the invention; i t will be understood that the meaning of these various terms 
extends to common linguistic or grammatical variations thereof. Further, while some 
theoretical considerations may have been advanced in furtherance of providing an 

35 understanding of the technology, the appended claims to the invention are not bound by such 
theory. Moreover, any one or more features of any embodiment of the invention can be 
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combined with any one or more other features of any other embodiment of the invention, 
without departing from the scope of the invention. Still further, it should be understood that 
the invention is not limited to the embodiments thai have been set forth for purposes of 
exemplification, but is to be defined only by a fair reading of claims appended to the patent 

5 application, including the fill! range of equivalency to which each element thereof is entitled. 
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CLAIMS 

What is claimed is: 

.1. A system for analyzing one or more body parameters* comprising: 

an elongate catheter having a n expandable balloon positioned near or at a distal end 
5 of the catheter and further defining one or more openings in proximity to the balloon; 

a venting mechanism coupled to a proximal end of the catheter, the venting 
mechanism configured to pass air therethrough when negative pressure is applied to the 
venting mechanism; 

a first lumen coupled to the venting mechanism and in fluid communication with the 
10 one or more openings; 

a second lumen in fluid communication with the balloon; 

a reservoir coupled to a proximal end of the first lumen and in fluid communication 
with the one or more openings; 

a controller which is configured to connect to the reservoir and is programmed to 
! 5 control a pressure within the first lumen, 

wherein the controller is further programmed to monitor a urine output received in the 
reservoir from a patient, 

wherein the controller is further programmed to determine an intra-abdominal 
pressure of the patient based in part upon changes in pressure within the balloon, and 

20 wherein the controller is further configured to store patient data, 

2, The system of claim i wherein the catheter comprises a Foley-typc catheter. 

3, The system of claim I wherein the balloon comprises a pressure sensing balloon. 

25 

4. The system of claim I wherein the reservoir comprises a cassette component 
having a rigid housing. 

5. The system of claim 4 wherein the controller is configured, to receive and interface 
30 with the cassette component. 
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6. The system of claim 1 wherein the patient data from more than one patient is 
stored in a memory component. 

7. The system of claim 6 wherein the patient data are transferable. to a remote 
database. 

8. The system of claim I wherein the controller is further programmed to analyze the 
patient data and determine one or more trends or relationships between one or more 
parameters of the patient data as a predictor of infection or patient behavior. 

9. The system of claim I wherein the venting mechanism comprises a vest which is 
configured to pass air into the venting mechanism upon application of a negative pressure 
within the first lumen. 

10. The system of claim 9 wherein, the venting mechanism comprises a one-way 
valve which is configured to prevent air from exiting the first lumen, 

11. The system of claim I wherein the venting mechanism comprises a vent having a 
hydrophobic membrane which is configured to transmit gas but not liquid therethrough, 

12. The system of claim 11 wherein the membrane comprises a PTFE or ePTFE 
membrane. 

13. The system of claim I further comprising a pump fluidly coupled to the reservoir 
via a controller pump interface. 

14. The system of claim 13 wherein the controller is programmed to actuate the 
pump for airlock clearance where a pressure is reduced within the reservoir and first lumen 
until a meniscus of urine within the first lumen passes a minimum point in the first lumen, 
wherein the controller is further programmed to actuate the pump to reduce the pressure 
within the reservoir and first lumen thereafter. 
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15. The system of claim 1 wherein the first lumen defines an inner diameter of less 

that! or equal to about 0.25 inehes. 

16. The system of claim 13 wherein the first lumen defines an inner diameter of less 

that) or equal to about 0.25 inches. 

17. The system of claim 1 wherein the controller is further programmed to determine 

one or more physiological parameters of a patient comprising a respiratory rate or a heart rate. 

18. The system of claim 1 wherein the controller is further programmed to determine 

a presence of an infection. 

19. The system of claim 1 wherein the controller is further programmed to determine 

a presence of acute kidney injury in a patient based in part: on a measurement of urine output. 

20. The system of claim 1 further comprising a light transmitter and receiver it), 

proximity to the reservoir, wherein the reservoir defines an optically clear section. 

21. The system of claim 20 wherein the receiver is in communication with the 

controller which is further programmed to detect one or more wa velengths transmitted 

through the reservoir and through a volume of urine contained within. 

22. The system of claim 21 wherein the controller is further programmed to analyze 

the one or more wavelengths for a presence of bacteria, red blood cells, plasma, or white 

blood cells as indicative of an infection. 

23. The system of claim 1 further comprising a collection bag hook configured, to 

measure strain exerted by a collection bag in fluid communication with the reservoir. 

24. A method of analyzing one or more body parameters from a patient, comprising: 

positioning an elongate catheter having an expandable balloon positioned near or at a 

distal end of the catheter within a bladder filled at least partially with urine; 
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receiving the urine through one or more openings defined along the catheter in 
proximity to the balloon; 

further receiving the urine within a reservoir located external to the bladder and 
which is in fluid communication with the one or more openings via a fluid lumen; 

venting air through a venting mechanism which is in communication with the fluid 
lumen when negative pressure is applied to the fluid lumen; 

analyzing a volume of the urine received within the reservoir via a controller which is 
•programmed to control the negative pressure to the venting mechanism: 

determining an intra-abdominal pressure of the patien t based in part upon the changes 
in pressure within the balloon; and 

storing one or more parameters of patient data via the controller. 

25, The method of claim 24 wherein positioning an elongate catheter comprises 
positioning a Poley-type catheter within the bladder of a patient, 

26, The method of claim 24 wherein the reservoir comprises a cassette component 
having a rigid housing. 

27, The method of claim 24 further comprising storing one or more parameters of 
patient data within a memory component in communication with the controller. 

28, The method of claim 27 wherein the patient data are transferable to a remote 
database. 

29, The method of claim 24 further comprising determining one or more trends or 
relationships between the one or more parameters of the patient data as a predictor of 
infection or patient behavior. 

30, The method of claim 24 wherein venting air comprises applying a negative 
pressure to the fluid lumen to pass air into the venting mechanism. 
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31. The method, of claim 24 wherein venting air comprises transmitting the air 

through che vesting mechanism while preventing transmission of urine therethrough. 

32. The method of claim 24 wherein venting air comprises actuating a pump fluidly 

coupled to the reservoir via a controller pump interface. 

33. The method of claim 32 wherein actuating a pump comprises actuating the pump 

via the controller until a meniscus of urine within the fluid lumen passes a minimum point in 

the fluid lumen, wherein the controller is further programmed to actuate the pump to reduce 

the pressure within the reservoir and fluid lumen thereafter. 

34, The method of claim 24 wherein analyzing a volume of the urine comprises 

determining one or more physiological parameters of a patient comprising a respiratory rate 

or a heart rate. 

35, The method of claim 24 wherein analyzing a volume of the urine comprises 

determining a presence of an infection, 

36, The method of claim 24 wherein analyzing a volume of the urine comprises 

determining a presence of acute kidney injury in a. patient based in part on a measurement of 

urine output. 

3 7. The method of claim 24 wherein analyzing a volume of the urine comprises 

transmitting a light through an optically clear section of the reservoir and through the volume 

of urine and receivi ng a reflection of the transmitted light, 

38, The method of claim 37 further comprising detecting one or more wavelengths 

from the transmitted light indicative of a presence of bacteria, red blood cells, plasma, or 

white blood cells as indicative of an infection. 


