US 20190069831A1

a9y United States

12 Patent Application Publication (o) Pub. No.: US 2019/0069831 A1

Kuck et al. (43) Pub, Date: Mar, 7, 2019
(54) CATHETER ASSEMBLIES, A61B 5/145 (2006.01)
OXYGEN-SENSING ASSEMBLIES, AND A6IB 5/1459 (2006.01)
RELATED METHODS AG6IB 5/1473 (2006.01)
(71)  Applicants:SWSA Medical Ventures, LLC, A6IB 5/00 (2006.01)
Pleasant Grove, UT (US); University of (52) US. CL
Utah Research Foundation, Salt Lake CPC ocooooe. AGIB 5/208 (2013.01); A61B 5/201
City, UT (US) (2013.01); A6IB 501 (2013.01); A61B 5/6853
(72) Inventors: Kai Kuck, Park City, UT (US); Natalie (2013.0L); A6IB. 3/1459 (2013.01); A6IB.
. . 5/1473 (2013.01); A61B 5/6852 (2013.01);
A. Silverton, Salt Lake City, UT (US); A61B 5/14507 (2013 01
Spencer B. Shumway, South Jordan, ( 01)
UT (US); Bradley J. Stringer,
Kaysville, UT (US)
(57) ABSTRACT
(21) Appl. No.: 16/121,372
(22) Filed: Sep. 4, 2018 An oxygen-sensing assembly for attachment to a urinary
. catheter may include a housing having a flow pathway
Related U.S. Application Data extending between an inlet end and an outlet end thereof, an
(60) Provisional application No. 62/555.161, filed on Sep. oxygen sensor in operable communication with the flow
7,2017. pathway of the housing, the oxygen sensor configured to
L. . detect oxygen levels of a fluid flowing through the flow
Publication Classification pathway, a flowrate sensor configured to detect a flowrate of
(51) Int. CL the fluid flowing through the flow pathway, and a tempera-
A61B 5/20 (2006.01) ture sensor configured to detect a temperature of the fluid
A61B 5/01 (2006.01) flowing through the flow pathway.

148—~1 PROCESSOR

150—— MEMORY
152—1{ STORAGE
USER INTERFACE

COMMUNICATION

154 —

156 —

CONTROL SYSTEM

i

t—~—106

-~—158

/1 00

{

INTERFACE
DATA AQUISITION

146—

\

SYSTEM ~

136—{ OPTICAL MODULE




US 2019/0069831 A1

Mar. 7,2019 Sheet 1 of 5

Patent Application Publication

L "OId

(1]

8zl
b4 oL 9zZL vEL ﬁ

vvh ) 5 ) J ) yanmiNoD
NU\ ~>NOILOITIOO

f \ (o7}

8kt veL

7

8L 5y ory ¢+ oLt 22

9L

- » TINAOW TVIILHO [ [~—9EL

« o wALSAS Ll
NOLLISINOV V.ivd

RN 2 =TTV I e
NOLLYOINNWINOD

| JOVHYILNI ¥3SN [ T~—PS)

[
y

f 3
4

85—
00} - > Fowyols |—zst

< > AMOWIN 1~——06L

90—

oy > HOSSIO0¥d [-~——8¥rL
WILSAS TOHNLNOD




Patent Application Publication = Mar. 7,2019 Sheet 2 of 5 US 2019/0069831 A1

220

232

EXCITATION
g LIGHT

RETURN
LIGHT

OXYGEN
./ MOLECULES




Patent Application Publication = Mar. 7,2019 Sheet 3 of 5 US 2019/0069831 A1

300

GENERATE EXCITATION LIGHT |—~-302 /

\

CAUSE EXCITATION LIGHT TO BE TRANSMITTED TO SENSING
PORTION OF OXYGEN SENSOR

_________________________________ L

CAUSE EXCITATION LIGHT TO BE TRANSMITTED TO ADDITIONAL L\/306
SENSING PORTION OF ADDITIONAL OXYGEN SENSOR !

RECEIVE RETURN LIGHT FROM SENSING PORTION ——308

________________________________ T

| RECEIVE RETURN LIGHT FROM ADDITIONAL SENSING PORTION 4:’\/31 0

; RECEIVE TEMPERATURE AND FLOW RATE DATA ~—312
COMPARE RETURN LIGHT TO EXCITATION LIGHT ——314
Y
DETERMINE OXYGEN LEVEL WITHIN FLUID ——316
Y
DETERMINE OXYGEN TENSION WITHIN FLUID ——318
A
DETERMINE RISK OF ACUTE KIDNEY INJURY ——320

FIG. 3



US 2019/0069831 A1

Mar. 7,2019 Sheet 4 of 5

Patent Application Publication

44 4

v "OId

iy

oLy 8y  VEF

80V pip OVP

‘444

9l

:I4 4

—+»NOILOITIOO

HHW\ﬁ\ \ JINIVINOD

oLy

\ oL



US 2019/0069831 A1

Mar. 7,2019 Sheet 5 of 5

Patent Application Publication

447

¢0s

0ils

(444

80S pic

447

91

8

G

0es FES

2

\

‘OId

)

9¢s

(4

N

.

8es

HINIVINOD
—»NOILOTFTIOO
ol



US 2019/0069831 A1

CATHETER ASSEMBLIES,
OXYGEN-SENSING ASSEMBLIES, AND
RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of U.S. Provisional Patent Application Ser. No.
62/555,161, filed Sep. 7. 2017, the disclosure of which is
hereby incorporated herein in its entirety by this reference.

FIELD

[0002] Embodiments of the present disclosure relate gen-
erally to urinary catheter assemblies and oxygen-sensing
assemblies. Additionally, embodiments of the present dis-
closure relate generally to measuring oxygen tension within
fluids and determining risk of acute kidney injury (e.g.,
urinary hypoxia) in patients.

BACKGROUND

[0003] Acute kidney injury (hereinafter “AKI”) is an
unfortunately common complication of cardiac surgery that
occurs in up to 40% of patients and results in increased
mortality, prolonged intensive care unit stays, and prolonged
hospital stays. Patients with AKI after cardiac surgery have
been shown to have 39 times the mortality rate as patients
without AKI. AKI has also been associated with increased
morbidity and a larger number of patients requiring dis-
charge to an extended care facility.

[0004] Conventionally, diagnosing AKI has been based on
either a sustained decrease in urine output or a rise in serum
creatinine. A major limitation of utilizing serum creatinine
levels and urine output as markers of kidney function and
renal injury is that there is a significant time lag between an
actual injury and diagnosis. For instance, it often takes 24 to
36 hours after renal injury for serum creatinine levels to
increase. As a result, diagnosis of AKI via the foregoing
method is delayed by at least 24 to 36 hours. Additionally,
perioperative urine output is affected by volume status,
anesthetic drugs, and the use of diuretics, and AKI is
typically not diagnosed until oliguria has occurred for at
least 6 to 12 hrs. Accordingly, the inherent time lags in
measuring serum creatinine and an uncertainties in measur-
ing urinary output render the measurements insensitive to
acute changes in renal function and relatively useless in the
prevention of AKI during and after cardiac surgery.

[0005] More recently, several early biomarkers have been
developed to identify patients whom are at risk for devel-
oping AKI. Several of these biomarkers have been used for
the early prediction of AKI in cardiac surgery patients.
However, even these biomarkers still do not indicate AKI
until at least 3 to 4 hours (and in some cases, 24 hours) after
renal injury.

[0006] Accordingly, one of the major limitations in the
efforts to reduce the incidence of AKI in cardiac surgery is
the lack of a real-time monitor of renal perfusion. As
mentioned above, urine output is well known to be a poor
indicator of renal perfusion. While urinary flowrate may be
linearly related to blood pressure while on a cardiopulmo-
nary bypass (“CPB”), this is likely related to a phenomenon
called “pressure diuresis” and is unlikely to be a reflection
of improved renal perfusion. Renal blood flow can be
measured by cannulating the renal vein through a central
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venous catheter placed in the femoral vein. This, however,
is a highly invasive technique and is not utilized routinely.
[0007] As a result of the lack of real-time monitoring of
the kidneys during cardiac surgery, anesthesiologists are
often left to make educated guesses as to which blood
pressures and cardiac outputs are adequate for renal perfu-
sion based on the patient’s baseline blood pressure and
kidney function. In a patient with a long history of hyper-
tension and/or chronic kidney disease the anesthesiologist’s
goal is often to try to maintain a higher mean arterial
pressure (MAP) both on and off CPB than normal in order
to improve renal perfusion.

[0008] Medullary hypoxia may be a consequence of
decreased oxygen delivery or increased oxygen consump-
tion and is a major determinant of AKI and chronic kidney
disease. The relatively hypoxic environment of the renal
medulla and its role in renal injury suggests that global
measures of systemic venous oxygenation through a central
venous catheter or even renal venous oxygenation through
an invasive renal vein catheter may be poor monitors of
adequate renal perfusion. Due to the physical proximity of
the vasa recta in the renal medulla with the urinary collect-
ing ducts, medullary oxygen tension is more closely related
to urinary oxygen tension than renal venous oxygenation.
[0009] Accordingly, these and other disadvantages exist
with respect to conventional methods and systems for diag-
nosing AKI in cardiac surgery patients.

BRIEF SUMMARY

[0010] Some embodiments of the present disclosure
include a catheter assembly, including a urinary catheter, an
oxygen-sensing assembly, and a control system. The urinary
catheter may include a lumen extending between an inlet
end and an outlet end thereof. The oxygen-sensing assembly
may be in fluid communication with the urinary catheter.
The oxygen-sensing assembly may include a housing having
a flow pathway extending between an inlet end and an outlet
end thereof, wherein the inlet end of the housing is attach-
able to the outlet end of the urinary catheter, an oxygen
sensor in operable communication with the flow pathway of
the housing, the oxygen sensor configured to detect oxygen
levels of a fluid flowing through the flow pathway, a flowrate
sensor disposed between the oxygen sensor and the inlet end
of the housing and configured to detect a flowrate ofthe fluid
flowing through the flow pathway, and a temperature sensor
disposed downstream of the oxygen sensor and configured
to detect a temperature of the fluid flowing through the flow
pathway. The control system may be operably coupled to the
oxygen sensor, the flowrate sensor, and the temperature
sensor. The control system may include at least one proces-
sor and at least one non-transitory computer-readable stor-
age medium storing instructions thereon that, when executed
by the at least one processor, cause the control system to:
receive a detected and/or calculated oxygen levels, a
detected and/or calculated flowrate, and a detected tempera-
ture of the fluid flowing through the flow pathway and based
at least partially on one or more of the detected oxygen
levels and the detected temperature, determine a measure-
ment of an oxygen tension of the fluid flowing through the
flow pathway of the housing.

[0011] One or more embodiments of the present disclosure
includes an oxygen-sensing assembly for attachment to a
urinary catheter. The oxygen-sensing assembly may include
a housing having a flow pathway extending between an inlet
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end and an outlet end thereof and an oxygen sensor in
operable communication with the flow pathway of the
housing, the oxygen sensor configured to detect oxygen
levels of a fluid in or flowing through the flow pathway.
[0012] Some embodiments of the present disclosure
include a method that includes attaching an oxygen-sensing
assembly to a urinary catheter; disposing the urinary catheter
within a bladder of a subject; detecting oxygen levels of a
fluid flowing through the urinary catheter and through a flow
pathway of a housing of the oxygen-sensing assembly with
an oxygen sensor; detecting a flowrate of the fluid flowing
through the flow pathway with a flowrate sensor; detecting
a temperature of the fluid flowing through the flow pathway
with a temperature sensor; and based at least partially on one
or more of the detected and/or calculated oxygen levels and
the detected and/or calculated temperature of the fluid,
determining a measurement of an oxygen tension of the fluid
flowing through the flow pathway.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic representation of a catheter
assembly having an oxygen-sensing assembly according to
one or more embodiments of the present disclosure;
[0014] FIG. 2 is a schematic representation of an oxygen
sensor according to one or more embodiments of the present
disclosure;

[0015] FIG. 3 is a flow diagram illustrating a method flow
that a catheter assembly may utilize to determine oxygen
tension within urine of a patient;

[0016] FIG. 4 is a schematic representation of a catheter
assembly having an oxygen-sensing assembly having a
check valve configuration according to additional embodi-
ments of the present disclosure; and

[0017] FIG. 5 is a schematic representation of a catheter
assembly having an oxygen-sensing assembly having an
additional check valve configuration according to additional
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0018] The illustrations presented herein are not actual
views of any particular catheter assembly, but are merely
idealized representations employed to describe example
embodiments of the present disclosure. The following
description provides specific details of embodiments of the
present disclosure in order to provide a thorough description
thereof. However, a person of ordinary skill in the art will
understand that the embodiments of the disclosure may be
practiced without employing many such specific details.
Indeed, the embodiments of the disclosure may be practiced
in conjunction with conventional techniques employed in
the industry. In addition, the description provided below
does not include all elements to form a complete structure or
assembly. Only those process acts and structures necessary
to understand the embodiments of the disclosure are
described in detail below. Additional conventional acts and
structures may be used. Also note, any drawings accompa-
nying the application are for illustrative purposes only, and
are thus not drawn to scale. Additionally, elements common
between figures may have corresponding numerical desig-
nations.

[0019] As used herein, the terms “comprising,” “includ-
ing,” and grammatical equivalents thereof are inclusive or
open-ended terms that do not exclude additional, un-recited
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elements or method steps, but also include the more restric-
tive terms “consisting of,” “consisting essentially of.” and
grammatical equivalents thereof.

[0020] As used herein, the term “may” with respect to a
material, structure, feature, or method act indicates that such
1s contemplated for use in implementation of an embodiment
of the disclosure, and such term is used in preference to the
more restrictive term “is” so as to avoid any implication that
other compatible materials, structures, features, and methods
usable in combination therewith should or must be excluded.
[0021] As used herein, the term “configured” refers to a
size, shape, material composition, and arrangement of one or
more of at least one structure and at least one apparatus
facilitating operation of one or more of the structure and the
apparatus in a predetermined way.

[0022] As used herein, the singular forms following “a,”
“an,” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

[0023] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed

items.

[0024] As used herein, spatially relative terms, such as
“below,” “lower,” “bottom,” “above,” “upper,” “top,” and
the like, may be used for ease of description to describe one
element’s or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. Unless otherwise
specified, the spatially relative terms are intended to encom-
pass different orientations of the materials in addition to the
orientation depicted in the figures. For example, the spatially
relative terms may refer to a catheter assembly when the
catheter is placed in a patient.

[0025] As used herein, the term “substantially” in refer-
ence to a given parameter, property, or condition means and
includes to a degree that one of ordinary skill in the art
would understand that the given parameter, property, or
condition is met with a degree of variance, such as within
acceptable manufacturing tolerances. By way of example,
depending on the particular parameter, property, or condi-
tion that is substantially met, the parameter, property, or
condition may be at least 90.0% met, at least 95.0% met, at
least 99.0% met, or even at least 99.9% met.

[0026] FIG. 1 shows a catheter assembly 100 according to
one or more embodiments of the present disclosure. The
catheter assembly 100 may include a urinary catheter 102,
an oxygen-sensing assembly 104 in fluid communication
with the urinary catheter 102, and a control system 106
operably coupled to the oxygen-sensing assembly 104.
[0027] The urinary catheter 102 may include an inlet end
108, an outlet end 110, and a lumen 112 extending between
the inlet end 108 and the outlet end 110. In some embodi-
ments, the urinary catheter 102 may include a Foley catheter.
For instance, the urinary catheter 102 may include a flexible
tube that may be passed (e.g., inserted) through the urethra
of a patient and into the bladder of the patient in order to
drain urine. Furthermore, in some embodiments, the urinary
catheter 102 and the oxygen sensing assembly 104 may form
a single integral unit. As will be appreciated by one of
ordinary skill in the art, the urinary catheter 102 may further
include a balloon 114 proximate the inlet end 108 that can
be inflated with sterile water once the urinary catheter 102
has been placed and when the balloon 114 lies within the
bladder of the patient. The balloon 114 may prevent the
urinary catheter 102 from slipping out of the bladder of the
patient. Additionally, the urinary catheter 102 may include a
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balloon port 116 for inflating the balloon 114. As will be
described in greater detail below, in some embodiments of
the present disclosure, the urinary catheter 102 may include
one or more additional lumens that may provide an access
port for one or more oxygen sensors of the present disclo-
sure.

[0028] As noted above, the oxygen-sensing assembly 104
may be in fluid communication with the urinary catheter 102
and may include a housing 118, an oxygen sensor 120, a
flowrate sensor 122, and a temperature sensor 124. The
housing 118 may include an inlet end 126 and an outlet end
128 and may define a flow pathway 130 between the inlet
end 126 and the outlet end 128. The inlet end 126 of the
housing 118 may be attachable to the outlet end 110 of the
urinary catheter 102 via any connection methods known in
the art. The oxygen sensor 120, the flowrate sensor 122, and
the temperature sensor 124 may be disposed along the flow
pathway 130 in series. Furthermore, although a specific
component order is illustrated in FIG. 1, the disclosure is not
so limited, and the oxygen sensor 120, the flowrate sensor
122, and the temperature sensor 124 may be positioned in
any order. Moreover, in one or more embodiments, one or
more of the oxygen sensor 120, the flowrate sensor 122, and
the temperature sensor 124 may be positioned in parallel
with another of the oxygen sensor 120, the flowrate sensor
122, and the temperature sensor 124. Additionally, in some
embodiments, one or more of the oxygen sensor 120, the
flowrate sensor 122, and the temperature sensor 124 may be
combined into a single sensor.

[0029] Insome embodiments, the flowrate sensor 122 may
include a liquid flow meter. For instance, the flowrate sensor
122 may detect and determine a flowrate of a fluid (e.g.,
urine) through the flow pathway 130 of the oxygen sensing
assembly 104. Many such flowrate sensors are known in the
art, and the flowrate sensor 122 may comprise any of the
flow sensors known in the art. Furthermore, the flowrate
sensor 122 may be operably coupled to the control system
106 and may provide data related to a flowrate of the fluid
through the flow pathway 130 to the control system 106. For
instance, as is described in greater detail below, the control
system 106 may utilize data from the flowrate sensor 122 to
assist in qualifying an oxygen tension (PuO2) measurement
within urine through the flow pathway 130 (i.e., determine
whether the oxygen tension (PuO2) measurement is relevant
to bladder and/or kidney oxygen tensions), to determine a
risk of acute kidney injury (e.g., urinary hypoxia) of a
patient. Additionally, the control system 106 may utilize data
from the flowrate sensor 122 to determine (e.g., back cal-
culate) an oxygen tension (PuO2) measurement of the
bladder and/or kidney of the patient. For instance, the
control system 106 utilizes the flowrate sensor 122 to
determine how long the urine has been out of the bladder
and/or kidneys of the patient prior to being measured with
the oxygen sensor 120 and/or temperature sensor 124. In one
or more embodiments, the flowrate sensor 122 may be
positioned downstream of the oxygen sensor 120 along the
flow pathway 130 of the oxygen-sensing assembly 104.
Furthermore, in some instance, the flowrate sensor 122 may
heat urine passing through flowrate sensor 122. As a result,
disposing the flowrate sensor 122 downstream of the oxygen
sensor 120 may be advantageous in order to avoid having the
oxygen sensor 120 measuring heated urine. Furthermore,
having oxygen sensing upstream, or closer to an outlet end
110 of the urinary catheter 102 may be advantageous
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because oxygen sensing upstream shortens a path that the
urine must travel from a kidney to a sensor (e.g., the oxygen
sensor 120). As a result, the oxygen sensing methods
described herein shorten a lag between the sensor’s readings
and what is actually occurring within the kidney. In other
embodiments, the flowrate sensor 122 may be positioned
upstream of the oxygen sensor 120 along the flow pathway
130 of the oxygen-sensing assembly 104

[0030] In one or more embodiments, the oxygen sensor
120 may be at least partially disposed within the flow
pathway 130 of the oxygen-sensing assembly 104. Further-
more, the oxygen sensor 120 may detect oxygen levels
within urine passing through (i.e., flowing through) the flow
pathway 130 of the oxygen-sensing assembly 104. In some
embodiments, the oxygen sensor 120 may include a fiber
optic sensor. For instance, the oxygen sensor 120 may
include an optical fiber 132 and a sensing portion 134. As a
non-limiting example, the oxygen sensor 120 may include a
Fiber Bragg grating sensor. The optical fiber 132 may be
operably coupled to an optical module 136 of the control
system 106 and may extend at least partially into the housing
118 of the oxygen-sensing assembly 104. The sensing por-
tion 134 may be disposed at least partially within the flow
pathway 130 of the oxygen-sensing assembly 104 and may
be exposed to the fluid (e.g., urine) flowing through the flow
pathway 130 of the oxygen-sensing assembly 104.

[0031] In some embodiments, the sensing portion 134 of
the oxygen sensor 120 may be secured to a distal end of the
optical fiber 132. In other embodiments, the sensing portion
134 of the oxygen sensor 120 may be separated from the
optical fiber 132 (e.g., may be separate and distinct from the
optical fiber 132). In embodiments where the sensing por-
tion 134 of the oxygen sensor 120 is separate and distinct
from the optical fiber 132, the oxygen sensor 120 may
include a barrier member 138 (e.g., a polymer wall) between
the sensing portion 134 and the optical fiber 132. The barrier
member 138 may prevent the optical fiber 132 from coming
into contact with (e.g., being contaminated by) the fluid
(e.g., urine) flowing through the flow pathway 130 of the
housing 118 of the oxygen-sensing assembly 104. As a
result, use of the barrier member 138 enables the optical
fiber 132 to be reusable with other oxygen-sensing assem-
blies. In further embodiments, the oxygen sensor 120 may
not include an optical fiber 132 and the oxygen-sensing
assembly 104 may emit light from and may detect light at
the sensing portion 134. The structure of the oxygen sensor
120 is described in greater detail in below in regard to FIG.
2.

[0032] As will be appreciated by one of ordinary skill in
the art, in operation, the optical fiber 132 of the oxygen
sensor 120 may transmit light (e.g., excitation light) from the
optical module 136 of the control system 106 (e.g., emitted
and/or generated by the optical module 136) through a distal
end of the optical fiber 132 and at (i.e., toward) the sensing
portion 134 of the oxygen sensor 120. Additionally, the
optical fiber 132 may transmit light (e.g., return light)
emitted and/or reflected by (e.g., light originated at) the
sensing portion 134 of the oxygen sensor 1210 through the
distal end of the optical fiber 132 and may transmit the return
light back to the optical module 136 and control system 106
for analysis.

[0033] In some embodiments, the optical fiber 132 may
include a core and a cladding, which is known in the art. For
example, the optical fiber 132 may include a single mode
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fiber, a multi-mode fiber, or special-purpose fiber (e.g., an
optical fiber constructed with a non-cylindrical core and/or
cladding layer). Furthermore, the optical fiber 132 may
include one or more of a step-index multi-mode fiber, a
graded-index multimode fiber, a loose-tube cable, or a
tight-buffered cable. In one or more embodiments, the core
of the optical fiber 132 may include one or more of silica,
fluorozirconate glass, fluoroaluminate glass, chalcogenide
glass, fluoride glass, phosphate glass, poly(methyl meth-
acrylate), or polystyrene. Additionally, the cladding of the
optical fiber 132 may include fluorinated polymers. For
example, the optical fiber 132 may include any optical fiber
known in the art.

[0034] Insome embodiments, the sensing portion 134 may
include a dye-impregnated polymer or silica impregnated
with fluorescent dyes, which dyes are excitable at selected
wavelengths of light. In one or more embodiments, the dyes
may be oxygen sensitive and may be immobilized (e.g.,
impregnated) within a polymer matrix. For example, the
dyes may be sensitive to oxygen such that the oxygen
quenches a fluorescence response of the dyes. Additionally,
in some embodiments, the polymer or silica may be applied
to a carrier material such as a foil and may be separate from
the optical fiber 132. Moreover, as noted above, in some
embodiments, the polymer may be coated directly onto the
optical fiber 132. As a non-limiting example, the sensing
portion 134 may include any fluorescence quenching oxygen
sensor known in the art.

[0035] In some embodiments, the dye of the sensing
portion 134 may include one or more of a platinum(1l) based
dye, a palladium(II) based dye, a ruthenium(Il) based dye, or
a hemoglobin based dye. For exaniple, the dye may include
platinum octaethylporphyrin. Furthermore, the sensing por-
tion 134 may include any other dyes known in the art.
[0036] In operation, the optical fiber 132 may transmit
excitation light from the optical module 136 of the control
system 106 to the sensing portion 134 of the oxygen sensor
120, which is exposed to urine and any oxygen molecules
within the urine. Additionally, simultaneously, the optical
fiber 132 may transmit a fluorescence response (i.e., emis-
sion of light by a substance not resulting from heat and a
form of cold-body radiation) of the sensing portion 134 (e.g.,
return light) to the optical module 136 of the control system
106 for analysis. Furthermore, depending on the amount of
oxygen molecules that are (e.g., an oxygen concentration)
present in the urine flowing through the flow pathway 130 of
the oxygen-sensing assembly 104, the luminescence
response (e.g., the return light) of the sensing portion 134
may vary. For instance, the fluorescence response may be
quenched by the presence of the oxygen molecules. In other
words, the fluorescence response of the sensing portion 134
may decrease as a concentration of oxygen increases within
the fluid. In additional embodiments, the luminescence
response may include amplitudes of the fluorescent
response.

[0037] As a non-limiting example, in some embodiments,
the optical module 136 of the control system 106 may
provide (e.g., generate) a sinusoidally modulated excitation
light (e.g., an excitation beam having a wavelength of about
432 nm). Furthermore, shining the foregoing excitation light
on the sensing portion 134 of the oxygen sensor 120 may
result in a phase-shifted sinusoidally modulated return light
(e.g., a return beam having a wavelength of about 760 nm).
As is discussed in greater detail in regard to FIG. 3, upon
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receiving the return light through the optical module 136, the
control system 106 may measure a phase shift of the
phase-shifted sinusoidally modulated return light relative to
the sinusoidally modulated excitation light. Furthermore, the
control system 106 may determine oxygen levels of the fluid
(e.g., concentrations of oxygen within the fluid) based on the
phase shift and based on the Stern-Vollmer-Theory. For
instance, control system 106 may determine oxygen levels
of the fluid based on the phase shift of the return light
utilizing the following Stern-Vollmer Equation:

Btk
i sv[0]

where F, and F represent the fluorescence intensities
observed in the absence (e.g., sinusoidally modulated exci-
tation light) and in the presence (e.g., phase-shifted sinu-
soidally modulated return light) of a quencher. [Q] repre-
sents a quencher concentration (e.g., oxygen concentration)
and Ksv represents the Stern-Vollmer quenching constant.
The operation of the oxygen sensor 120 is described in
greater detail in regard to FIGS. 2 and 3.

[0038] Referring still to FIG. 1, in some embodiments, the
oxygen sensor 120 may include an electrochemical oxygen
sensor. For instance, the oxygen sensor 120 may include a
polarographic sensor. As a non-limiting example, the oxygen
sensor 120 may include a Clark electrode, which measures
ambient oxygen concentration within a liquid using a cata-
Iytic platinum surface according to the following net reac-
tion:

0, +de+4H* 21,0

In additional embodiments, the oxygen sensor 120 may
include a pulsed polarographic sensor. In further embodi-
ments, the oxygen sensor 120 may include a galvanic sensor
(e.g., an electro-galvanic fuel cell), as is known in the art.
[0039] In additional embodiments, the oxygen sensor 120
may include a colorimetric oxygen sensor. For example, the
oxygen sensor 120 may utilize the Indigo Carmine Method
(as known in the art) to determine oxygen levels within the
fluid flowing through the flow pathway 130 of the housing
118 of the oxygen-sensing assembly 104. In further embodi-
ments, the oxygen sensor 120 may utilize the Rhodazine
Method (as known in the art) to determine oxygen levels
within the fluid.

[0040] Regardless of the type of oxygen sensor utilized,
the oxygen sensor 120, in conjunction with the control
system 106, may be used to detect and determine a concen-
tration of oxygen (e.g.. an amount of oxygen per volume of
fluid) within the fluid (e.g., urine) flowing through the flow
pathway 130 of the oxygen-sensing assembly 104. For
instance, utilizing the oxygen sensor 120, the control system
106 may determine a partial pressure of oxygen, a dissolved
oxygen concentration, a head space oxygen gas concentra-
tion, a dissolved oxygen reading, etc. of the fluid. Further-
more, the control system 106 may determine oxygen levels
within the fluid in real-time.

[0041] Referring still to FIG. 1, in some embodiments, the
temperature sensor 124 may be downstream of the oxygen
sensor 120 along the flow pathway 130 of the oxygen-
sensing assembly 104. In other embodiments, the tempera-
ture sensor 124 may be positioned upstream of the oxygen
sensor 120. In some embodiments, having the temperature
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sensor 124 downstream of the oxygen sensor 120 may be
advantageous as it may enable determining that a tempera-
ture of the urine passing by the oxygen sensor 120 is within
a range of a body temperature of the patient and a tempera-
ture of the urine measured with the temperature sensor 124.
Furthermore, in one or more embodiments, the temperature
sensor 124 may be directly adjacent to the oxygen sensor
120. The foregoing configuration may increase accuracy of
measurements. In one or more embodiments, the tempera-
ture sensor 124 may include a thermistor. For example, the
temperature sensor 124 may include a negative temperature
coeflicient (“NTC”) thermistor. For instance, the tempera-
ture sensor 124 may include a temperature-sensing element
including a semiconductor material that is sintered to display
large changes in resistance in proportion to small changes in
temperature. In further embodiments, the temperature sensor
124 may be integrated with the flowrate sensor 122.

[0042] In some embodiments, the temperature sensor 124
may not be in contact with the fluid (e.g., urine) flowing
through the flow pathway 130 of the oxygen-sensing assem-
bly 104. For example, the temperature sensor 124 may
include a non-contact sensor that compensates for material
(e.g., a wall) between the temperature sensor 124 and the
fluid of which the temperature sensor 124 is detecting
temperature. For instance, the control system 106 may adjust
any detected temperature value to compensate for a tem-
perature loss across the material separating the temperature
sensor 124 and the fluid. Furthermore, the control system
106 may utilize a temperature difference between what is
measured with the temperature sensor 124 and a temperature
measured at a tip of the urinary catheter 102 to determine
and compensate for temperature losses or gains while flow-
ing through the catheter assembly 100. In other embodi-
ments, the temperature sensor 124 may be positioned to
come in contact with the fluid (e.g., urine) flowing through
the flow pathway 130 of the oxygen-sensing assembly 104.
For instance, the temperature sensor 124 may access the
flow pathway 130 of the oxygen-sensing assembly 104 via
a Tuohy-Borst clamp.

[0043] In further embodiments, the catheter assembly 100
may include a heating element and/or a cooling element for
actively heat and/or cool urine passing through flow path-
way 130 of the oxygen-sensing assembly 104 and for
maintaining a temperature of the urine throughout at least a
portion of the catheter assembly 100. In some embodiments,
the catheter assembly 100 may include at least one heating
wire within the catheter assembly 100 (e.g., within the flow
pathway of the oxygen-sensing assembly 104) for heating
the urine. In additional embodiments, the catheter assembly
100 may include one or more thermoelectric coolers dis-
posed within or around portions of the catheter assembly for
cooling the urine. For instance, the catheter assembly 100
may include one or more conventional thermoelectric cool-
ers. Maintaining a temperature of the urine with at least a
portion of the catheter assembly 100 may provide more
consistent and accurate oxygen measurements, as described
below.

[0044] Furthermore, the temperature sensor 124 may be
operably coupled to the control system 106 and may provide
data related to a detected temperature of the fluid flowing
through the flow pathway 130 of the oxygen-sensing assem-
bly 104 to the control system 106. As is described in greater
detail in regard to FIG. 3, the control system 106 may utilize
the data related to the detected temperature of the fluid to

Mar. 7, 2019

adjust determined oxygen levels determined via the oxygen
sensor 120. For instance, the control system 106 may adjust
determined oxygen levels based on the detected temperature
utilizing Henry’s Law combined with Van’t Hoff’s equation,
as follows:

1 1
Concpissotved Oxygen = PoyGas X ky(298.15K) % eCOZ X‘Tizggm)

[0045] Referring still to FIG. 1, the outlet end 128 of the
oxygen-sensing assembly 104 may be attachable to a fluid
collection container (e.g., a urine collection bag).

[0046] Additionally, in one or more embodiments, the
oxygen-sensing assembly 104 may include an additional
oxygen sensor 140 (i.e, a second oxygen sensor). The
additional oxygen sensor 140 may extend through the bal-
loon port 116 of the urinary catheter 102 and into the lumen
112 of the urinary catheter 102. Moreover, the additional
oxygen sensor 140 may include any of the oxygen sensor
types described above in regard to oxygen sensor 120 (i.e.,
the first oxygen sensor). For instance, the additional oxygen
sensor 140 may include an optical fiber 142 and a sensing
portion 144. The sensing portion 144 of the additional
oxygen sensor 140 may be disposed within the lumen 112 of
the urinary catheter 102 in order to detect oxygen levels of
a fluid (e.g., urine) in the bladder of the patient without
extending out of the lumen 112 (e.g., the inlet end 108) of
the urinary catheter 102. As a non-limiting example, the
sensing portion 144 of the additional oxygen sensor 140 may
be secured to the optical fiber 142 of the additional oxygen
sensor 140, as described above in regard to oxygen sensor
120. Furthermore, the additional oxygen sensor 140 may
operate and function via any of the manners described above
in regard to oxygen sensor 120. Additionally, the additional
oxygen sensor 140 may be operably coupled to the optical
module 136 of the control system 106. Because the oxygen-
sensing assembly 104 includes two separate oxygen sensors,
the control system 106 may acquire two separate oxygen
readings. As a result, the oxygen-sensing assembly 104 may
provide more accurate oxygen readings in comparison to a
single oxygen sensor.

[0047] One will appreciate that one or more computing
device components may be employed to implement the
control system 106. The control system 106 may include the
optical module 136, a data acquisition system 146, a pro-
cessor 148, a memory 150, a storage device 152, a user
interface 154, and a communication interface 156, which
may be communicatively coupled by way of a communica-
tion infrastructure 158. While one example of a computing
device is shown in FIG. 1, the components illustrated in FIG.
1 are not intended to be limiting. Additional or alternative
components may be used in other embodiments. Further-
more, in certain embodiments, the control system 106 may
include fewer components than those shown in FIG. 1.
Components of the control system 106 shown in FIG. 1 are
described in additional detail below.

[0048] In one or more embodiments, the optical module
136 may provide (e.g., generate) light (e.g., excitation
beams) for the oxygen sensor 120 and additional oxygen
sensor 140. Furthermore, the optical module 136 may
receive return light from the sensing portions 134, 144 of the
oxygen sensor 120 and the additional oxygen sensor 140.
Moreover, the optical module 136 may convert any received
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light into data and may provide the data to the data acqui-
sition system 146 of the control system 106. As noted above,
in some embodiments, the optical module 136 may be
disposed at and/or within the sensing portions 134, 144 of
the oxygen sensor 120 and the additional oxygen sensor 140
removing any need for an optical fiber. As a non-limiting
example, the optical module 136 may comprise any suitable
optical module known in the art.

[0049] The data acquisition system 146 may receive sig-
nals from one or more of the optical module 136, tempera-
ture sensor 124, flowrate sensor 122, oxygen sensor 120,
and/or additional oxygen sensor 140 and may include, or
have associated therewith, analog to digital conversion cir-
cuitry to convert the analog signals from the optical module
and the various sensors into digital numeric values that can
be manipulated and/or analyzed by the control system 106
(e.g., the processor 148 and/or the data acquisition system
146 of the control system 106). The data acquisition system
146 may further include one or more software programs
developed using various general purpose programming lan-
guages such as Assembly, BASIC, C, C++, C#, Fortran,
Java, LabVIEW, Lisp, Pascal, etc. As a non-limiting
example, the control system 106 may include any data
acquisition system known in the art.

[0050] In one or more embodiments, the processor 148
includes hardware for executing instructions, such as those
making up a computer program. As an example and not by
way of limitation, to execute instructions, the processor 148
may retrieve (or fetch) the instructions from an internal
register, an internal cache, the memory 150, or the storage
device 152 and decode and execute them. [n one or more
embodiments, the processor 148 may include one or more
internal caches for data, instructions, or addresses. As an
example and not by way of limitation, the processor 148
may include one or more instruction caches, one or more
data caches, and one or more translation lookaside buffers
(TLBs). Instructions in the instruction caches may be copies
of instructions in the memory 150 or the storage 406.
[0051] As is described in greater detail in regard to FIGS.
2 and 3, the control system 106 may utilize the optical
module 136, data acquisition system 146, and the processor
148 to determine urine oxygen tension within the urine
flowing through the flow pathway 130 of the oxygen-sensing
assembly 104 based at least partially on one or more of the
detected oxygen levels of the urine, the detected temperature
of the urine, or the detected flowrate of the urine. Further-
more, based on the determined urine oxygen tension, the
control system 106 may determine a risk of developing acute
kidney injury (e.g., urinary hypoxia) in a patient. For
instance, the control system 106 may diagnose kidney
hypoxia.

[0052] The memory 150 may be used for storing data,
metadata, and programs for execution by the processor(s).
The memory 150 may include one or more of volatile and
non-volatile memories, such as Random Access Memory
(“RAM”), Read Only Memory (“ROM”), a solid state disk
(“SSD”), Flash, Phase Change Memory (“PCM”), or other
types of data storage. The memory 150 may be internal or
distributed memory.

[0053] The storage device 152 includes storage for storing
data or instructions. As an example and not by way of
limitation, storage device 152 can comprise a non-transitory
storage medium described above. The storage device 152
may include a hard disk drive (HDD), a floppy disk drive,
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flash memory, an optical disc, a magneto-optical disc, mag-
netic tape, a Universal Serial Bus (USB) drive or a combi-
nation of two or more of these. The storage device 152 may
include removable or non-removable (or fixed) media,
where appropriate. The storage device 152 may be internal
or external to the control system 106. In one or more
embodiments, the storage device 152 is non-volatile, solid-
state memory. In other embodiments, the storage device 152
includes read-only memory (ROM). Where appropriate, this
ROM may be mask programmed ROM, programmable
ROM (PROM), erasable PROM (EPROM), electrically
erasable PROM (EEPROM), electrically alterable ROM
(EAROM), or flash memory or a combination of two or
more of these.

[0054] The user interface 154 allows a user to provide
input to, receive output from, and otherwise transfer data to
and receive data from control system 106. The user interface
154 may include a mouse, a keypad or a keyboard, a touch
screen, a camera, an optical scanner, network interface,
modem, other known user devices or a combination of such
user interfaces. The user interface 154 may include one or
more devices for presenting output to a user, including, but
not limited to, a graphics engine, a display (e.g., a display
screen), one or more output drivers (e.g., display drivers),
one or more audio speakers, and one or more audio drivers.
In certain embodiments, the user interface 154 is configured
to provide graphical data to a display for presentation to a
user. The graphical data may be representative of one or
more graphical user interfaces and/or any other graphical
content as may serve a particular implementation.

[0055] The communication interface 156 may include
hardware, software, or both. In any event, the communica-
tion interface 156 is configured to provide one or more
interfaces for communication (such as, for example, packet-
based communication) between the control system 106 and
one or more other computing devices or networks. As an
example and not by way of limitation, the communication
interface 156 may include a network interface controller
(NIC) or network adapter for communicating with an Eth-
ernet or other wire-based network or a wireless NIC (WNIC)
or wireless adapter for communicating with a wireless
network, such as a WI-FI.

[0056] Additionally or alternatively, the communication
interface 156 may facilitate communications with an ad hoc
network, a personal area network (PAN), a local area net-
work (LAN). a wide area network (WAN), a metropolitan
area network (MAN), or one or more portions of the Internet
or a combination of two or more of these. One or more
portions of one or more of these networks may be wired or
wireless. As an example, the communication interface 156
may facilitate communications with a wireless PAN
(WPAN) (such as, for example, a BLUETOOTH WPAN), a
WI-FI network, a WI-MAX network, a cellular telephone
network (such as, for example, a Global System for Mobile
Communications (GSM) network), or other suitable wireless
network or a combination thereof.

[0057] Additionally, the communication interface 156
may facilitate communications various communication pro-
tocols. Examples of communication protocols that may be
used include, but are not limited to, data transmission media,
communications devices, Transmission Control Protocol
(“TCP”), Internet Protocol (“IP”), File Transfer Protocol
(“FTP”), Telnet, Hypertext Transfer Protocol (“HTTP”),
Hypertext Transfer Protocol Secure (“HTTPS”), Session
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Initiation Protocol (“SIP”), Simple Object Access Protocol
(“SOAP”), Extensible Mark-up Language (“XML”) and
variations thereof, Simple Mail Transfer Protocol
(“SMTP”), Real-Time Transport Protocol (“RTP”). user
Datagram Protocol (“UDP”), Global System for Mobile
Communications (“GSM”) technologies, Code Division
Multiple Access (“CDMA”) technologies, Time Division
Multiple Access (“TDMA”) technologies, Short Message
Service (“SMS”), Multimedia Message Service (“MMS”),
radio frequency (“RF”) signaling technologies, Long Term
Evolution (“LTE”) technologies, wireless communication
technologies, in-band and out-of-band signaling technolo-
gies, and other suitable communications networks and tech-
nologies.

[0058] The communication infrastructure 158 may include
hardware, software, or both that couples components of the
control system 106 to each other. As an example and not by
way of limitation, the communication infrastructure 158
may include an Accelerated Graphics Port (AGP) or other
graphics bus, an Enhanced Industry Standard Architecture
(EISA) bus, a front-side bus (FSB), a HYPERTRANSPORT
(HT) interconnect, an Industry Standard Architecture (ISA)
bus, an INFINIBAND interconnect, a low-pin-count (LPC)
bus, a memory bus, a Micro Channel Architecture (MCA)
bus, a Peripheral Component Interconnect (PCI) bus, a
PCl-Express (PCle) bus, a serial advanced technology
attachment (SATA) bus, a Video Electronics Standards
Association local (VLB) bus, or another suitable bus or a
combination thereof.

[0059] Referring still to FIG. 1, in one or more embodi-
ments, the oxygen-sensing assembly 104 may further
include one or more valves (e.g., check valves) for directing
fluid flow through the flow pathway 130 of the oxygen-
sensing assembly 104. As will be appreciated by one of
ordinary skill in the art, including one or more valves for
directing fluid flow through the flow pathway 130 of the
oxygen-sensing assembly 104 may prevent backflow and
may reduce infection risks, and as a result, may decrease
sickness and disease that may be caused by contamination
and infection attributable to use of the disclosed embodi-
ments. For instance, in embodiments where the of the
oxygen-sensing assembly 104 includes a relatively larger
lumen, a check valve may be useful to prevent pockets of air
from moving up tubing extending to the fluid collection
container and contaminating the oxygen sensor 120 with
oxygen. In embodiments utilizing a relatively small lumen,
the foregoing problem is eliminated as the lumen allows a
surface tension of the urine to prevent encroachment of
bubbles.

[0060] FIG. 2 is a partial schematic representation of an
oxygen sensor 220 according to one or more embodiments
of the present disclosure. The oxygen sensor 220 of FIG. 2
may be utilized as either the oxygen sensor 120 or the
additional oxygen sensor 140 described in regard to FIG. 1.
In some embodiments, the oxygen sensor 220 may include
an optical fiber 232 and a sensing portion 234. As described
above, the optical fiber 232 may include a core 260 and a
cladding 262 and may be operable coupled to the optical
module 136 (FIG. 1) of the control system (FIG. 1). Addi-
tionally, the optical fiber 232 may transmit excitation light in
a first direction (e.g., toward a distal end of the optical fiber
232 and the sensing portion 234) and return light in a second
opposite direction (e.g., toward the optical module 136 of
the control system 106 and from the sensing portion 234).
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[0061] The sensing portion 234 may include a dye-im-
pregnated polymer that includes and/or releases fluorescent
dyes, which are excitable at selected wavelengths of light.
For instance, the dye 264 may include one or more of a
platinum(IT) based dye, a palladium(IT) based dye, a ruthe-
nium(II) based dye, or a hemoglobin based dye. For
example, the dye 264 may include platinum octaethylpor-
phyrin. Depending upon a partial pressure of oxygen mol-
ecules 266 (e.g., an amount of a quencher) within the urine
flowing through flow pathway 130 of the oxygen-sensing
assembly 104, a fluorescence (e.g., an amplitude and/or
duration of a fluorescence) of the dye 264 may vary.
Furthermore, as described above, based on the fluorescence
response (e.g., an amplitude and/or duration of the fluores-
cence response) of the dye 264, the control system 106 may
determine oxygen levels within the urine.

[0062] Insomeembodiments, the sensing portion 234 may
be disposed directly on the distal end of the optical fiber 232.
In alternative embodiments, the sensing portion 234 may be
separate and distinct from the optical fiber 232 (e.g., dis-
posed away from the distal end of the optical fiber 232).
Additionally, the sensing portion 234 may be sized, shaped,
and configured to be disposed within the fluid flowing
through the flow pathway 130 of the oxygen-sensing assem-
bly 104. Furthermore, the oxygen sensor 220 may operate
via any of the manners described above in regard to FIG. 1.
[0063] FIG. 3 shows a method 300 that the control system
106 may utilize to determine a risk of acute kidney injury
(e.g., urinary hypoxia) in a patient. Referring to FIGS. 1-3
together, in some embodiments, the method 300 may include
generating an excitation light, as shown in act 302 of FIG.
3. For example, the optical module 136 of the control system
106 may generate the excitation light. In some embodi-
ments, the optical module 136 of the control system 106 may
generate the excitation light to have a selected wavelength of
about 432 nm.

[0064] Additionally, the method 300 may include causing
the excitation light to be transmitted to a sensing portion 134
of an oxygen sensor 120, as shown in act 304 of FIG. 3. For
example, the optical module 136 may transmit the excitation
light to the sensing portion 134 of the oxygen sensor 120
through an optical fiber 132 of the oxygen sensor 120. As
discussed above, the sensing portion 134 of the oxygen
sensor 120 may be disposed within a fluid flowing through
a flow pathway 130 of an oxygen-sensing assembly 104 of
a catheter assembly 100.

[0065] In some embodiments, the method 300 may option-
ally include causing the excitation light to be transmitted to
an additional sensing portion 144 of an additional oxygen
sensor 140, as show in act 306 of FIG. 3. As discussed
above, the additional sensing portion 144 of the additional
oxygen sensor 140 may be disposed within a lumen 112 of
a urinary catheter 102 of the catheter assembly 100. The
optical module 136 of the control system 106 may transmit
the excitation light to the additional sensing portion 144 of
the additional oxygen sensor 140 via any of the manners
described above.

[0066] The method 300 may further include receiving
return light from the sensing portion 134 of the oxygen
sensor 120, as shown in act 308 of FIG. 3. For example, as
described above, the sensing portion 134 of the oxygen
sensor 120 may include a dye-impregnated polymer that
releases fluorescent dyes 264, which are excitable at selected
wavelengths of light and may have a fluorescence response
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to the excitation light. In some embodiments, the optical
module 136 of the control system 106 may receive the return
light from the sensing portion 134 via the optical fiber 132.
[0067] Furthermore, the method 300 may optionally
include receiving return light from the additional sensing
portion 144 of the additional oxygen sensor 140 of the
oxygen-sensing assembly 104, as shown in act 310 of FIG.
3. The optical module 136 of the control system 106 may
receive the return light from the additional sensing portion
144 of the additional oxygen sensor 140 via any of the
manners described above in regard to the sensing portion
134 of the oxygen sensor 120.

[0068] The method 300 may optionally include receiving
temperature data and flowrate data from the temperature
sensor 124 and the flowrate sensor 122, as shown in act 312
of FIG. 3. For example, as discussed above, the temperature
sensor 124 and the flowrate sensor 122 may be operably
coupled to the control system 106 (e.g., the data acquisition
system 146 of the control system 106) and may provide data
related to the temperature and flowrate of a fluid (e.g., urine)
flowing through the flow pathway 130 of the oxygen-sensing
assembly 104.

[0069] Also, the method 300 may include comparing the
return light received from the sensing portion 134 of the
oxygen sensor 120 and/or the additional sensing portion 144
of the additional oxygen sensor 140 to the excitation light
provided by the optical module 136, as shown in act 314 of
FIG. 3. For example, in some embodiments, the optical
module 136 of the control system 106 may provide a
sinusoidally modulated excitation light, and the sensing
portion 134 of the oxygen sensor 120 and/or additional
sensing portion 144 of the additional oxygen sensor 140 may
return a phase-shifted, sinusoidally modulated return light.
Furthermore, the control system 106 may measure a phase
shift of the phase-shifted, sinusoidally modulated return
light relative to the sinusoidally modulated excitation light.
[0070] The method 300 may also include determining
oxygen levels within the fluid flowing through the flow
pathway 130 of the oxygen-sensing assembly 104 and/or the
fluid flowing through the lumen 112 of the urinary catheter
102 of the catheter assembly 100, as shown in act 316 of
FIG. 3. For example, the control system 106 may determine
oxygen levels within the fluid based on the measured phase
shift of the phase-shifted sinusoidally modulated return light
relative to the sinusoidally modulated excitation light based
on the Stern-Vollmer-Theory described above in regard to
FIG. 1. In some embodiments, determining oxygen levels
may include determining dissolved oxygen concentrations
(mg/L), head space oxygen gas concentrations (%), dis-
solved oxygen readings, etc. In some embodiments, the
control system 106 may determine oxygen level within the
fluid flowing through the flow pathway 130 of the oxygen-
sensing assembly 104 and/or the fluid flowing through the
lumen 112 of the urinary catheter 102 of the catheter
assembly 100 in real-time based on measurements taken
with the oxygen sensor 120 and/or the additional oxygen
sensor 140. In additional embodiments, the control system
106 may further determine additional markers such as, for
example, pH, CO,, bladder pressure, abdominal pressure,
etc. utilizing the oxygen sensor 120, the additional oxygen
sensor 140, the temperature sensor 124, and/or the flowrate
sensor 122.

[0071] In some embodiments, determining oxygen levels
within the fluid flowing through the flow pathway 130 of the
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oxygen-sensing assembly 104 and/or the fluid flowing
through the Iumen 112 of the urinary catheter 102 of the
catheter assembly 100 may include adjusting the oxygen
levels based on a detected temperature and flowrate of the
fluid. For instance, the control system 106 may adjust
determined oxygen levels based on the detected temperature
of the fluid utilizing Henry’s Law combined with Van’t
Hoff’s equation, as described above in regard to FIG. 1.
Additionally, the control system 106 may adjust determined
oxygen levels based on the detected flowrate of the fluid. For
instance, the detected flowrate may indicate how long the
fluid has been out of the bladder of the patient. Accordingly,
the control system 106 can adjust the determined oxygen
levels based on how long the fluid has been out of the
bladder and/or kidney of the patient and the fluid tempera-
ture, so that the determined oxygen levels reflect oxygen
levels of the fluid within the bladder of the patient. For
instance, the control system 106 may utilize one or more
algorithms having inputs of a volume of a urine column
between the renal medulla and the oxygen sensor 120, a
diffusion of oxygen across kidney, ureter, bladder, urinary
catheter, and/or oxygen-sensing assembly walls and mem-
branes, flow rates of the urine, correlations between kidney
PO2 and urine PO2, and body temperature to adjust the
determined oxygen levels (e.g., output renal medulla PO2).
Additionally, the control system 106 may plot determined
oxygen levels (e.g., output renal medulla PO2) over time for
a given patient.

[0072] Additionally, the method 300 may include deter-
mining oxygen tension of the fluid flowing through the flow
pathway 130 of the oxygen-sensing assembly 104 and/or the
fluid flowing through the lumen 112 of the urinary catheter
102 of the catheter assembly 100, as shown in act 318 of
FIG. 3. In some embodiments, the method 300 may include
measuring the oxygen tension (pO2) (mmHg) (e.g., partial
pressure) directly with the oxygen sensor 120. Additionally,
the method 300 may include determining urinary oxygen
tension (pO2) (mmHg) and/or mean medullary oxygen
tension (mmHg) based on the oxygen levels determined in
act 316 of FIG. 3.

[0073] The method 300 may further include determining a
risk of acute kidney injury (e.g., urinary hypoxia) of a
patient based on the oxygen tension(s) determined in act 318
of FIG. 3, as shown in act 320 of FIG. 3. For example, the
control system 106 may determine the risk of developing
future acute kidney injury in the patient (e.g., kidney
hypoxia). Additionally, the control system 106 may cause an
indication of the risk of developing future acute kidney
injury to be displayed on the user interface 154 of the control
system 106. Moreover, the method 300 may include con-
tinuously repeating acts 302 through 320 to continuously
monitor oxygen tension within the urine of the patient and
to continuously monitor for risk of acute kidney injury in the
patient. Furthermore, the control system 106 may cause an
indication of an instantaneous/real-time urine flow through
the catheter assembly 100 to be displayed on the user
interface 154 of the control system 106.

[0074] In view of the foregoing, the catheter assembly 100
of the present disclosure may provide a continuous and
real-time monitor of kidney hypoxia for patients. Further-
more, because the catheter assembly 100 monitors the urine
of the patient in real-time, the catheter assembly 100 may
remove the inherent lag time present in conventional meth-
ods of diagnosing patients at risk of for a subsequent acute
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kidney injury (e.g., methods of measuring serum creatinine
levels). As will be appreciated by one of ordinary skill in the
art, by detecting kidney hypoxia as indicated by urinary
hypoxia, the catheter assembly 100 may allow for detection
of patients at risk for subsequent acute kidney injury. By
identifying these patients at risk, before permanent kidney
injury occurs, the catheter assembly 100 may prevent AKI,
and thus reduce hospital stay durations, medical costs,
improve recovery times, and may ultimately save lives.

[0075] Additionally, the catheter assembly 100 of the
present disclosure may provide a relatively non-invasive
method for continuously monitoring for kidney hypoxia and
risk for acute kidney injury in patients. For instance, peri-
operative patients typically have a urinary catheter placed
before surgery, and use of the catheter assembly 100 of the
present disclosure with catheter 102 placed pre-operatively
does not increase the invasiveness of the already placed
catheter. Critically ill non-operative patients also frequently
have urinary catheters and are at significant risk for acute
kidney injury. One advantage of the catheter assembly 100
of the present disclosure is that the catheter assembly 100
may be introduced into any urinary catheter, even urinary
catheters that are already in place in the patient. As discussed
above, all of the measurements (e.g., oxygen, temperature,
and flowrate measurements) take place within the catheter
assembly 100. For instance, the oxygen-sensing assembly
104 may be placed after the urinary catheter 102 is placed
without requiring any more invasive procedures. Further-
more, the oxygen-sensing assembly 104 may give healthcare
providers more flexibility, as any decision regarding whether
or not to include the oxygen-sensing assembly 104 need not
be made prior to surgery or hospital admission but can be
made anytime throughout a patient’s care without requiring
additional invasive procedures. Accordingly, the catheter
assembly 100 of the present disclosure may reduce the risk
of infection and disease by not increasing invasive proce-
dures. Additionally, the catheter assembly 100 may be able
usable with a wide variety of different urinary catheters, and
accordingly, may provide a more versatile catheter assembly
to health care providers. Moreover, in comparison to con-
ventional catheter assemblies, the catheter assembly 100 of
the present disclosure provides for simpler installation and
less risk of infection, fiber breakage, and leaching of fluo-
rescent dyes into the body of the patient. Also, the catheter
assembly 100 is connected to the control system 106 via
reusable cables, making the oxygen-sensing assembly dis-
posable and less expensive than conventional fiber-up-
catheter systems. Furthermore, the catheter assembly 100
may provide real-time urinary flowrates that may allow
assessment of clinical interventions, such as vasoactive
medications and administration of fluids.

[0076] FIG. 4 shows a catheter assembly 400 according to
one or more embodiments of the present disclosure. As
shown in FIG. 4, similar to the catheter assembly 100 of
FIG. 1, the catheter assembly 400 may include a urinary
catheter 402 and an oxygen-sensing assembly 404 in fluid
communication with the urinary catheter 402. Additionally,
the catheter assembly 400 may be operably coupled to a
control system 106 as shown and described above in regard
to FIGS. 1-3. Additionally, the oxygen-sensing assembly
404 may include a housing 418, an oxygen sensor 420, a
flowrate sensor 422, and a temperature sensor 424. The
oxygen sensor 420, the flowrate sensor 422, and the tem-
perature sensor 424 may include any of the oxygen sensors,
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flowrate sensors, and temperature sensors described above
in regard to FIG. 1. The housing 418 may include an inlet
end 426 and an outlet end 428 and may define a flow
pathway 430 between the inlet end 426 and the outlet end
428. The inlet end 426 of the housing 418 may be attachable
to the outlet end 410 of the urinary catheter 402 via any
connection methods known in the art. The oxygen sensor
420, the temperature sensor 424, and the flowrate sensor
422, may be disposed along the flow pathway 430 in series.

[0077] The catheter assembly 400 may further include a
check valve 470 downstream of the oxygen sensor 420, the
temperature sensor 424, and the flowrate sensor 422 along
the flow pathway 430 of the oxygen-sensing assembly 404.
Furthermore, in some embodiments, the catheter assembly
400 may include a relief valve and pathway 472 that has a
higher cracking pressure (i.e., opening pressure) than the
check valve such that flow of the fluid is biased through the
check valve. In some embodiments, the relief valve and
pathway 472 may extend from a location along the flow
pathway 430 of the oxygen-sensing assembly 404 proximate
to the temperature sensor 424 and may bypass the flowrate
sensor 422. As a result, the temperature sensor 424 and the
oxygen sensor 420 cannot be bypassed via the relief valve
and pathway 472. Additionally, the relief valve and pathway
472 provides a pathway for fluid flow in the event the flow
pathway 430 of the oxygen-sensing assembly 404 becomes
clogged or fails (e.g., a check valve within the flow pathway
430 of the oxygen-sensing assembly 404 becomes clogged
or fails).

[0078] FIG. 5 shows a catheter assembly 500 according to
one or more embodiments of the present disclosure. As
shown in FIG. 5, similar to the catheter assembly 100 of
FIG. 1, the catheter assembly 500 may include a urinary
catheter 502 and an oxygen-sensing assembly 504 in fluid
communication with the urinary catheter 502. Additionally,
the catheter assembly 500 may be operably coupled to a
control system 106 as shown and described above in regard
to FIGS. 1-3. Additionally, the oxygen-sensing assembly
504 may include a housing 518, an oxygen sensor 520, a
flowrate sensor 522, and a temperature sensor 524. The
oxygen sensor 520, the flowrate sensor 522, and the tem-
perature sensor 524 may include any of the oxygen sensors,
flowrate sensors, and temperature sensors described above
in regard to FIG. 1. The housing 518 may include an inlet
end 526 and an outlet end 528 and may define a flow
pathway 530 between the inlet end 526 and the outlet end
528. The inlet end 526 of the housing 518 may be attachable
to the outlet end 510 of the urinary catheter 502 via any
connection methods known in the art. The flowrate sensor
522, the temperature sensor 524, and the oxygen sensor 520
may be disposed along the flow pathway 530 in series.

[0079] The catheter assembly 500 may include three fluid
pathways 560, 562, 564 in parallel, each have a check valve,
and each having a same cracking pressure (i.e., opening
pressure). In additional embodiments, one or more the check
valves of the three fluid pathways 560, 562, 564 may have
a higher cracking pressure. In some embodiments, the three
fluid pathways 560, 562, 564 may be disposed after the
flowrate sensor 522, the temperature sensor 524, and the
oxygen sensor 520 along the flow pathway 530 of the
oxygen-sensing assembly 504. Additionally, the three fluid
pathways 560, 562, 564 provide pathways for fluid flow in
the event the flow pathway 530 of the oxygen-sensing
assembly 504 becomes clogged or fails (e.g., a check valve
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within the flow pathway 530 of the oxygen-sensing assem-
bly 504 becomes clogged or fails). Moreover, the three fluid
pathways 560, 562, 564 provide multiple safeguards in the
event one of the three fluid pathways 560, 562, 564 also
fails.

[0080] Additional non limiting example embodiments of
the disclosure are described below.

[0081] Embodiment 1: A catheter assembly, comprising: a
urinary catheter comprising at least one lumen extending
between an inlet end and an outlet end; an oxygen-sensing
assembly in fluid communication with the urinary catheter,
the oxygen-sensing assembly comprising: a housing having
flow pathway extending between an inlet end and an outlet
end thereof, wherein the inlet end of the housing is attach-
able to the outlet end of the urinary catheter; an oxygen
sensor in operable communication with the flow pathway of
the housing, the oxygen sensor configured to detect oxygen
levels of a fluid flowing through the flow pathway; a flowrate
sensor disposed between the oxygen sensor and the inlet end
of the housing and configured to detect a flowrate of the fluid
flowing through the flow pathway; and a temperature sensor
disposed downstream of the oxygen sensor and configured
to detect a temperature of the fluid flowing through the flow
pathway; and a control system operably coupled to the
oxygen sensor, the flowrate sensor, and the temperature
sensor, the control system comprising: at least one proces-
sor; and at least one non-transitory computer-readable stor-
age medium storing instructions thereon that, when executed
by the at least one processor, cause the control system to:
receive a detected oxygen levels, a detected flowrate, and a
detected temperature of the fluid flowing through the flow
pathway; and based at least partially on one or more of the
detected oxygen levels and the detected temperature, deter-
mine a measurement of an oxygen tension of the fluid
flowing through the flow pathway of the housing.

[0082] Embodiment 2: The catheter assembly of embodi-
ment 1, wherein the oxygen sensor comprises a fiber-optic
Sensor.

[0083] Embodiment 3: The oxygen-sensing assembly of
embodiment 1, wherein the oxygen sensor comprises a Fiber
Bragg grating sensor.

[0084] Embodiment 4: The oxygen-sensing assembly of
embodiment 1, wherein the oxygen sensor comprises an
electrochemical sensor.

[0085] Embodiment 5: The catheter assembly of embodi-
ment 1, wherein the oxygen sensor comprises: an optical
fiber extending at least partially into the housing of the
oxygen-sensing assembly; and a sensing portion disposed at
least partially within the flow pathway of the housing and
exposed to the fluid flowing through the flow pathway of the
housing, wherein the optical fiber is configured to transmit
light through a distal end of the optical fiber and toward the
sensing portion and to receive light from the sensing portion
through the distal end of the optical fiber.

[0086] Embodiment 6: The catheter assembly of embodi-
ment 5, wherein the control system further comprises
instructions that, when executed by the at least one proces-
sor, cause the control system to: receive light through the
optical fiber originating from the sensing portion of the
fiber-optic sensor; analyze the light to determine a correlat-
ing fluorescence; and based on the determined fluorescence,
determine the measurement of an oxygen tension of the fluid
flowing through the flow pathway of the housing.
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[0087] Embodiment 7: The catheter assembly of embodi-
ments 2-6, wherein the oxygen sensor further comprises a
barrier disposed between the optical fiber and the sensing
portion and configured to prevent the optical fiber from
coming into contact with the fluid flowing through the flow
pathway of the housing.

[0088] Embodiment 8: The catheter assembly of embodi-
ments 3-7, wherein the sensing portion comprises a dye-
impregnated polymer that is excitable at a selected wave-
length.

[0089] Embodiment 9: The catheter assembly of embodi-
ments 1-8, wherein the oxygen-sensing assembly further
comprises an additional oxygen sensor disposed within the
at least one lumen of the urinary catheter and at a tip of the
at least one lumen.

[0090] Embodiment 10: The catheter assembly of embodi-
ment 9, wherein the additional oxygen sensor comprises: an
additional optical fiber extending into the at least one lumen
of the catheter; and an additional sensing portion disposed
on a distal end of the optical fiber within the lumen of the
catheter, wherein the additional optical fiber is configured to
transmit light through a distal end of the additional optical
fiber and toward the additional sensing portion and to
receive light from the additional sensing portion through the
distal end of the additional optical fiber.

[0091] Embodiment 11: An oxygen-sensing assembly for
attachment to a urinary catheter, the oxygen-sensing assem-
bly comprising: a housing having a flow pathway extending
between an inlet end and an outlet end thereof; and an
oxygen sensor in operable communication with the flow
pathway of the housing, the oxygen sensor configured to
detect oxygen levels of a fluid flowing through the flow
pathway.

[0092] Embodiment 12: The oxygen-sensing assembly of
embodiment 11, wherein the oxygen sensor comprises a
fiber-optic sensor.

[0093] Embodiment 13: The oxygen-sensing assembly of
embodiments 11 and 12, wherein the oxygen sensor com-
prises a Fiber Bragg grating sensor.

[0094] Embodiment 14: The oxygen-sensing assembly of
embodiment 11, further comprising: a flowrate sensor dis-
posed between the oxygen sensor and the inlet end of the
housing and configured to detect a flowrate of the fluid
flowing through the flow pathway; and a temperature sensor
disposed downstream of the oxygen sensor and configured
to detect a temperature of the fluid flowing through the flow
pathway.

[0095] Embodiment 15: The oxygen-sensing assembly of
embodiment 11, wherein the oxygen sensor comprises: an
optical fiber extending at least partially into the housing of
the oxygen-sensing assembly; and a sensing portion dis-
posed at least partially within the flow pathway of the
housing and exposed to the fluid flowing through the flow
pathway of the housing, wherein the optical fiber is config-
ured to transmit light through a distal end of the optical fiber
and at the sensing portion and to receive light from the
sensing portion through the distal end of the optical fiber.
[0096] Embodiment 16: The catheter assembly of embodi-
ment 15, wherein the sensing portion comprises a dye-
impregnated polymer that is excitable at a selected wave-
length.

[0097] Embodiment 17: The oxygen-sensing assembly of
embodiments 11-16, further comprising a one-way valve
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disposed within the housing downstream from the oxygen
sensor along the flow pathway.

[0098] Embodiment 18: The catheter assembly of embodi-
ments 11-17, wherein the oxygen-sensing assembly further
comprises additional oxygen sensor disposable within a
lumen of the urinary catheter.

[0099] Embodiment 19: The oxygen-sensing assembly of
embodiment 11, further comprising at least one relief valve
oriented parallel to at least a portion of the flow pathway.

[0100] Embodiment 20: A method, comprising: attaching
an oxygen-sensing assembly to a urinary catheter; disposing
the urinary catheter within a bladder of a subject; detecting
oxygen levels of a fluid flowing through the urinary catheter
and through a flow pathway of a housing of the oxygen-
sensing assembly with an oxygen sensor; detecting a flow-
rate of the fluid flowing through the flow pathway with a
flowrate sensor; detecting a temperature of the fluid flowing
through the flow pathway with a temperature sensor; and
based at least partially on one or more of the detected
oxygen levels and the detected temperature of the fluid,
determining a measurement of an oxygen tension of the fluid
flowing through the flow pathway.

[0101] Embodiment 21: The method of embodiment 20,
further comprising positioning an additional oxygen sensor
within a lumen of the urinary catheter.

[0102] Embodiment 22: The method of embodiments 20
and 21, wherein detecting a level of oxygen tension of a fluid
further comprises: transmitting light at a selected wave-
length through an optical fiber of the oxygen sensor and
toward a sensing portion of the oxygen sensor disposed
within the flow pathway; receiving light through the optical
fiber of the oxygen sensor emitted from the sensing portion
of the oxygen sensor; analyzing the received light to deter-
mine a correlating fluorescence; and determining a urinary
oxygen tension based on the determine fluorescence.

[0103] Embodiment 23: The method of embodiments
20-22, further comprising determining from the determined
measurement of the oxygen tension of the fluid flowing
through the flow pathway if urinary hypoxia is indicated.

[0104] Embodiment 24: The method of embodiment 20,
further comprising calculating via one or more algorithms a
medullary pO2.

[0105] Embodiment 25: The method of embodiment 20,
further comprising displaying a real-time urine flowrate on
a user interface of a control system.

[0106] While the present invention has been described
herein with respect to certain illustrated embodiments, those
of ordinary skill in the art will recognize and appreciate that
it is not so limited. Rather, many additions, deletions, and
modifications to the illustrated embodiments may be made
without departing from the scope of the invention as
claimed, including legal equivalents thereof. In addition,
features from one embodiment may be combined with
features of another embodiment while still being encom-
passed within the scope of the invention as contemplated by
the inventors. Further, embodiments of the disclosure have
utility with different and various tool types and configura-
tions.

What is claimed is:
1. A catheter assembly, comprising:

a urinary catheter comprising at least one lumen extend-
ing between an inlet end and an outlet end;
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an oxygen-sensing assembly in fluid communication with

the urinary catheter, the oxygen-sensing assembly com-

prising:

a housing having a flow pathway extending between an
inlet end and an outlet end thereof, wherein the inlet
end of the housing is attachable to the outlet end of
the urinary catheter;

an oxygen sensor in operable communication with the
flow pathway of the housing, the oxygen sensor
configured to detect oxygen levels of a fluid flowing
through the flow pathway;

a flowrate sensor disposed between the oxygen sensor
and the inlet end of the housing and configured to
detect a flowrate of the fluid flowing through the flow
pathway; and

a temperature sensor disposed downstream of the oxy-
gen sensor and configured to detect a temperature of
the fluid flowing through the flow pathway; and

a control system operably coupled to the oxygen sensor,

the flowrate sensor, and the temperature sensor, the

control system comprising:
at least one processor; and
at least one non-transitory computer-readable storage
medium storing instructions thereon that, when
executed by the at least one processor, cause the
control system to:
receive a detected oxygen levels, a detected flowrate,
and a detected temperature of the fluid flowing
through the flow pathway; and

based at least partially on one or more of the detected
oxygen levels and the detected temperature, deter-
mine a measurement of an oxygen tension of the
fluid flowing through the flow pathway.

2. The catheter assembly of claim 1, wherein the oxygen
sensor comprises a fiber-optic sensor.

3. The oxygen-sensing assembly of claim 1, wherein the
oxygen sensor comprises a Fiber Bragg grating sensor.

4. The oxygen-sensing assembly of claim 1, wherein the
oxygen sensor comprises an electrochemical sensor.

5. The catheter assembly of claim 2, wherein the oxygen
Sensor comprises:

an optical fiber extending at least partially into the hous-

ing of the oxygen-sensing assembly; and

a sensing portion disposed at least partially within the

flow pathway of the housing and exposed to the fluid

flowing through the flow pathway,

wherein the optical fiber is configured to transmit light

through a distal end of the optical fiber and toward the

sensing portion and to receive light from the sensing
portion through the distal end of the optical fiber.

6. The catheter assembly of claim 5, wherein the control
system further comprises instructions that, when executed
by the at least one processor, cause the control system to:

receive light through the optical fiber originating from the

sensing portion of the fiber-optic sensor;

analyze the light to determine a correlating fluorescence;

and

based on the determined fluorescence, determine the

measurement of an oxygen tension of the fluid flowing

through the flow pathway.

7. The catheter assembly of claim 5, wherein the oxygen
sensor further comprises a barrier disposed between the
optical fiber and the sensing portion and configured to
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prevent the optical fiber from coming into contact with the
fluid flowing through the flow pathway.

8. The catheter assembly of claim 5, wherein the sensing
portion comprises a dye-impregnated polymer that is excit-
able at a selected wavelength.

9. The catheter assembly of claim 1, wherein the oxygen-
sensing assembly further comprises an additional oxygen
sensor disposed within the at least one lumen of the urinary
catheter and at a tip of the lumen.

10. The catheter assembly of claim 9, wherein the addi-
tional oxygen sensor comprises:

an additional optical fiber extending into the at least one
lumen of the catheter; and

an additional sensing portion disposed on a distal end of
the optical fiber within the lumen of the catheter,

wherein the additional optical fiber is configured to trans-
mit light through a distal end of the additional optical
fiber and toward the additional sensing portion and to
receive light from the additional sensing portion
through the distal end of the additional optical fiber.

11. An oxygen-sensing assembly for attachment to a
urinary catheter, the oxygen-sensing assembly comprising:

a housing having a flow pathway extending between an
inlet end and an outlet end thereof; and

an oxygen sensor in operable communication with the
flow pathway of the housing, the oxygen sensor con-
figured to detect oxygen levels of a fluid flowing
through the flow pathway.

12. The oxygen-sensing assembly of claim 11, wherein

the oxygen sensor comprises a fiber-optic sensor.

13. The oxygen-sensing assembly of claim 11, wherein
the oxygen sensor comprises a Fiber Bragg grating sensor.

14. The oxygen-sensing assembly of claim 11, further
comprising:

a flowrate sensor disposed between the oxygen sensor and
the inlet end of the housing and configured to detect a
flowrate of the fluid flowing through the flow pathway;
and

a temperature sensor disposed downstream of the oxygen
sensor and configured to detect a temperature of the
fluid flowing through the flow pathway.

15. The oxygen-sensing assembly of claim 12, wherein

the oxygen sensor comprises:

an optical fiber extending at least partially into the hous-
ing of the oxygen-sensing assembly; and

a sensing portion disposed at least partially within the
flow pathway and exposed to the fluid flowing through
the flow pathway,

wherein the optical fiber is configured to transmit light
through a distal end of the optical fiber and at the
sensing portion and to receive light from the sensing
portion through the distal end of the optical fiber.
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16. The catheter assembly of claim 15, wherein the
sensing portion comprises a dye-impregnated polymer that
is excitable at a selected wavelength.

17. The oxygen-sensing assembly of claim 11, further
comprising a one-way valve disposed within the housing
downstream from the oxygen sensor along the flow pathway.

18. The catheter assembly of claim 11, wherein the
oxygen-sensing assembly further comprises additional oxy-
gen sensor disposable within a lumen of the urinary catheter.

19. The oxygen-sensing assembly of claim 11, further
comprising at least one relief valve oriented parallel to at
least a portion of the flow pathway.

20. A method, comprising:

attaching an oxygen-sensing assembly to a urinary cath-

eter,

disposing the urinary catheter within a bladder of a

subject;
detecting oxygen levels of a fluid flowing through the
urinary catheter and through a pathway of a housing of
the oxygen-sensing assembly with an oxygen sensor;

detecting a flowrate of the fluid flowing through the
pathway with a flowrate sensor;

detecting a temperature of the fluid flowing through the

pathway with a temperature sensor; and

based at least partially on one or more of the detected

oxygen levels and the detected temperature of the fluid,
determining a measurement of an oxygen tension of the
fluid flowing through the flow pathway.

21. The method of claim 20, further comprising position-
ing an additional oxygen sensor within a lumen of the
urinary catheter.

22. The method of claim 20, wherein detecting a level of
oxygen tension of a fluid further comprises:

transmitting light at a selected wavelength through an

optical fiber of the oxygen sensor and toward a sensing
portion of the oxygen sensor disposed within the path-
way;

receiving light through the optical fiber of the oxygen

sensor emitted from the sensing portion of the oxygen
sensor;

analyzing the received light to determine a correlating

fluorescence; and

determining a urinary oxygen tension based on the deter-

mine fluorescence.

23. The method of claim 20, further comprising deter-
mining from the determined measurement of the oxygen
tension of the fluid flowing through the flow pathway if
urinary hypoxia is indicated.

24. The method of claim 20, further comprising calculat-
ing via one or more algorithms a medullary pO2.

25. The method of claim 20, further comprising display-
ing a real-time urine flowrate on a user interface of a control
system.
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