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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
17 April 2014 (17.04.2014)

WO 2014/059399 Al
P O P C T

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61B 5/145 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

PCT/US2013/064737 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

12 October 2013 (12.10.201 3) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(26) Publication Language: English ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

61/713,291 12 October 2012 (12. 10.2012) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant: UNIVERSITY OF VIRGINIA PATENT UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
FOUNDATION [US/US]; 250 West Main Street, Suite TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
300, Charlottesville, Virginia 22902 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
(72) Inventor; and

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(71) Applicant : THIELE, Robert [US/US]; 715 Nelson

KM, ML, MR, NE, SN, TD, TG).
Drive, Charlottesville, Virginia 22902 (US).

Published:(74) Agent: DECKER, Robert J.; 250 West Main Street, Suite
300, Charlottesville, Virginia 22902 (US). — with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: OXIDATION MEASUREMENT SYSTEM AND RELATED METHOD THEREOF

©
(57) Abstract: A catheter system and related method for measuring the oxidation state of biological molecules in a region of a meas -
urement site of a subject. The system may include a catheter device having one or more emitters in mechanical commumcation with

o the catheter and configured to make contact with a tissue wall of the subject. The catheter device also includes one or more detectors
in mechanical commumcation with the catheter and configured to make contact with the tissue wall of the subject. The emitters and

o the detector are in electromagnetic radiation communication with one another, whereby the electromagnetic radiation communica -
tion allows visible radiation or near infrared radiation emitted by emitters to be detected by the detector to determine tissue oxidation
state of the region of the measurement site of the subject.



OXIDATION MEASUREMENT SYSTEM AND RELATED METHOD

THEREOF

RELATED APPLICATIONS

The present application claims priority under 35 U.S.C.§ 119(e) from U.S.

Provisional Application Serial No. 61/713,291, filed October 12, 2012, entitled

"Oximetric Coronary Sinus Catheter and Related Method thereof," the disclosure of

which is hereby incorporated by reference herein in its entirety.

TECHNICAL FIELD

The present invention relates generally to the field of oximetric catheters and

other medical devices. More specifically, the present invention also relates to

improving the measurement of the oxidation state of biological molecules (such as

determining the oxidation status of hemoglobin) in the myocardium or other region of

the measurement site.

BACKGROUND

The vast majority of modern cardiac surgical operations require

cardiopulmonary bypass, which was developed in the 1950s, in order to be performed

safely. During cardiopulmonary bypass, large cannulas are inserted into the arterial

and venous systems (usually via the aorta and the vena cevae). The cardiopulmonary

bypass machine removes deoxygenated blood from the body via the vena cevae, adds

oxygen to the blood, and returns it to the circulation by pumping it into the aorta. An

aortic "cross clamp" is placed in between the heart and the brachiocephalic artery,

which assures that no blood from the aortic cannula enters into the heart, thereby

providing the surgeon with a "bloodless field."

Under normal circumstances this series of events would lead to rapid

deoxygenation and death of myocardial tissue. However, cardiac surgeons, with the

help of clinical perfusionists, inject cardioplegia solution into the coronary arteries.

Cardioplegia solution is a mixture of cold blood and a variety of other substances (e.g.



potassium), which perform three critical functions - 1) cool the myocardium [which

decreases its consumption of oxygen] 2) stop the myocardium from contracting

[which also decreases its consumption of oxygen] 3) deliver oxygen to the heart.

Cardioplegia is injected approximately every twenty minutes and requires cessation of

the operation (because during cardioplegia injection, the heart fills with cardioplegia).

While the purpose of cardioplegia is to provide myocardial protection, there is no way

to reliably assess its adequacy. Currently, surgeons rely on 1) visualizing mechanical

myocardial contraction and 2) visualizing electrical activity on the electrocardiogram

(ECG), both of which suggest that the heart is beginning to contract despite its

deoxygenated state.

If perfusion is inadequate, patients may suffer irreversible myocardial damage

which can lead to either a need for heart transplantation or death. While this occurs

rarely, it is a known complication of cardiac surgery.

In patients with significant coronary artery disease, left ventricular

hypertrophy, or aortic valve insufficiency, it may be difficult to adequately protect the

myocardium by injecting cardioplegia solution through the coronary arteries (the

"anterograde" approach). In these cases, surgeons will often place a catheter in the

coronary sinus (a large vein which drains the heart) and inject cardioplegia solution

into the myocardium in a "retrograde" fashion. This is referred to as "retrograde

cardioplegia."

OVERVIEW

The coronary sinus is a unique anatomical structure as it wraps around the left

ventricle. An aspect of an embodiment of the present invention provides for the

placement of a tissue oxygen monitor on the coronary sinus that would allow the

surgeon to monitor the oxygenation status of the left ventricle.

A purpose of an embodiment of the present invention oximetric coronary sinus

catheter device and related method is to, but not limited thereto, provide cardiac

surgeons, cardiac anesthesiologists, and clinical perfusionists with a means of

assessing the oxygenation status of the myocardium during cardiopulmonary bypass

for cardiac surgery. Alternatively, a purpose of an embodiment of the present

invention pulmonary artery catheter device and related method is to, but not limited



thereto, provide cardiac surgeons, cardiac anesthesiologists, and clinical perfusionists

with a means of assessing the oxygenation status of the myocardium of the right

ventricle during cardiopulmonary bypass for cardiac surgery. Currently there are no

clinically available means for assessing myocardial oxygenation during cardiac

surgery.

An aspect of an embodiment of the present invention relies on visible

spectroscopy (covering a spectrum of approximately 380 to approximately 750 nm)

and/or near infrared spectroscopy (NIRS, in which absorbance of electromagnetic

radiation in the near infrared [approximately 700 to approximately 1,100 nm] range is

utilized to measure non-pulsatile tissue oxygenation status) to estimate the oxygen

content of the myocardium. It should be appreciated that the spectroscopy range may

also be at a level lower than 380 nm and/or a level greater than 1100 nm as desired,

needed or required for operation and effectiveness.

Coronary sinus catheters are generally used by cardiac surgeons to deliver

cardioplegia to the heart during surgery.

An aspect of an embodiment of the present invent device provides, among

other things, a significant feature/approach that will allow cardiac surgeons, cardiac

anesthesiologists, and clinical perfusionists to assess the adequacy of cardioplegia /

myocardial protection.

An aspect of an embodiment of the present invention device and method is,

but not limited thereto, that it will allow cardiac surgeons, cardiac anesthesiologists,

and clinical perfusionists to implement "retrograde cardioplegia" while reducing the

risk to the patient and with no additional procedural time.

While some dimensions may be provided or illustrated on the figures or within

the description, it should be appreciated that the device may constitute various sizes,

dimensions, contours, rigidity, shapes, flexibility and materials as it pertains to the

components or portions of components of the device, and therefore may be varied and

utilized as desired or required to meet the anatomical and structural demands,

operational requirements, and surgical and clinical needs.

It should be appreciated that the related components or portions of the related

components as discussed herein may take on all shapes along the entire continual

geometric spectrum of manipulation of x, y and z planes to provide and meet the



anatomical and structural demands, operational requirements, and surgical and

clinical needs.

An aspect of an embodiment of the present invention provides, but not limited

thereto, a system for measuring the oxidation state of biological molecules in a region

of a measurement site of a subject. The system may comprise: at least one emitter

configured to be in optical communication with the region of the measurement site of

the subject; at least one detector configured to be in optical communication with the

region of the measurement site of the subject; wherein the at least one emitter or the

at least one detector is configured to be disposed inside the subject; and the at least

one emitter and the at least one detector are in electromagnetic radiation

communication with one another, wherein the electromagnetic radiation

communication allows visible radiation or near infrared radiation emitted by the at

least one emitters to be detected by the at least one detector to determine tissue

oxidation state of the region of the measurement site of the subject. Moreover, the

system may be configured wherein both the at least one emitter and the at least one

detector are configured to be disposed inside the subject. It should be appreciated that

the at least one emitter may be an array of emitters or a plurality of emitters or the

like. Similarly, it should be appreciated the at least one detector may be an array of

detectors or a plurality of detectors or the like.

An aspect of an embodiment of the present invention provides, but not limited

thereto, a catheter system for measuring the oxidation state of biological molecules in

a region of a measurement site of a subject. The system may comprise: a catheter

device having a lumen, the catheter device includes proximal region, a distal regional,

and a longitudinal region there between; at least one emitter in mechanical

communication with the catheter distal region and configured to make contact with a

tissue wall of the subject; at least one detector in mechanical communication with the

catheter distal region and configured to make contact with the tissue wall of the

subject; and the at least one emitter and the at least one detector are in

electromagnetic radiation communication with one another, wherein the

electromagnetic radiation communication allows visible radiation or near infrared

radiation emitted by the at least one emitters to be detected by the at least one detector

to determine tissue oxidation state of the region of the measurement site of the

subject. Moreover, the system may comprise an expandable component in



mechanical communication with the catheter distal region, and located between the at

least one emitter and the at least one detector and the catheter distal region.

An aspect of an embodiment of the present invention provides, but not limited

thereto, a method for measuring the oxidation state of biological molecules in a region

of a measurement site of a subject. The method may comprise: providing at least one

emitter in optical communication with the region of the measurement site of the

subject; providing at least one detector in optical communication with the region of

the measurement site of the subject; disposing the at least one emitter or the at least

one detector inside the subject; and communicating electromagnetic radiation between

the at least one emitter and the at least one detector, wherein the electromagnetic

radiation communication allows visible radiation or near infrared radiation emitted by

the at least one emitters to be detected by the at least one detector to determine tissue

oxidation state of the region of the measurement site of the subject. Moreover, the

method may comprise disposing both the at least one emitter and the at least one

detector inside the subject.

An aspect of an embodiment of the present invention provides, but not limited

thereto, a method for measuring the oxidation state of biological molecules in a region

of a measurement site of a subject. The method may comprise: providing a catheter

device having a lumen, the catheter device includes proximal region, a distal regional,

and a longitudinal region there between; providing at least one emitter configured to

make contact with a tissue wall of the subject; providing at least one detector

configured to make contact with the tissue wall of the subject; and communicating

electromagnetic radiation between the at least one emitter and the at least one

detector, wherein the electromagnetic radiation communication allows visible

radiation or near infrared radiation emitted by the at least one emitters to be detected

by the at least one detector to determine tissue oxidation state of the region of the

measurement site of the subject. Moreover, the method may comprise providing an

expandable component in mechanical communication with the catheter distal region,

and located between the at least one emitter and the at least one detector and the

catheter distal region.

A catheter system and related method for measuring the oxidation state of

biological molecules in a region of a measurement site of a subject. The system may

include a catheter device having one or more emitters in mechanical communication



with the catheter and configured to make contact with a tissue wall of the subject.

The catheter device also includes one or more detectors in mechanical communication

with the catheter and configured to make contact with the tissue wall of the subject.

The emitters and the detector are in electromagnetic radiation communication with

one another, whereby the electromagnetic radiation communication allows visible

radiation or near infrared radiation emitted by emitters to be detected by the detector

to determine tissue oxidation state of the region of the measurement site of the

subject. Moreover, the system may include an expandable component in

communication with the catheter device configured to assure that the at least one

emitter and the at least one detector makes contact with the tissue wall.

These and other objects, along with advantages and features of various aspects

of embodiments of the invention disclosed herein, will be made more apparent from

the description, drawings and claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated into and form a part of

the instant specification, illustrate several aspects and embodiments of the present

invention and, together with the description herein, serve to explain the principles of

the invention. The drawings are provided only for the purpose of illustrating select

embodiments of the invention and are not to be construed as limiting the invention.

Figure 1 provides a schematic diagram of a system for measuring the

oxidation state of biological molecules in a region of a measurement site whereby the

interface member exists as a single component (Figure 1A) or multiple components

(Figure IB).

Figure 2 provides a schematic diagram showing a patient (or any subject) for

examination and/or intervention with a catheter, such as an oximetric coronary sinus

catheter whereby a catheter device is disposed within the patient. It should be

appreciated that (although not specifically shown) the catheter device may be a

pulmonary artery catheter or other type. It may be a catheter, lumen, channel,

conduit, drain, sheath, stent, probe, or guidewire. Similarly, other than being a

generally elongated member it may be any shape, such as, but not limited thereto



membrane, patch, substrate, casing, board, circuit board, electronics, module or any

type of implant or insert.

Figure 3A provides a schematic elevation view of a catheter device, such as

oximetric coronary sinus catheter maneuvered into the coronary sinus.

Figure 3B provides the same view as Figure 3A but for the expandable

component is in an expanded, deployed or actuated position; and the cardioplegia

solution is being dispensed from (delivered from) the catheter device.

Figure 4A provides a schematic cross-sectional view of a catheter device,

such as oximetric coronary sinus catheter, having expandable component and emitters

and detectors that are within a vasculature such as the coronary sinus surrounded by

the myocardium.

Figure 4B provides a schematic longitudinal elevation view of a catheter

device, such as oximetric coronary sinus catheter, having expandable component (in

expanded, deployed, or actuated position) and emitters and detectors that are within a

vasculature such as the coronary sinus surrounded by the myocardium whereby

cardioplegia solution is being dispensed .

Figure 4C provides an enlarged partial view of the catheter provided in

Figure 4B.

Figure 5 provides a schematic exemplary cross-sectional view of various

embodiments of the catheter device.

Figure 6 graphically provides 840 nm NIRS waveforms for 30 seconds before

and after initiation of the ITD for all subjects (scaled for visibility).

Figure 7 graphically provides a frequency domain representation of 840 nm

NIRS waveforms before and after initiation of the ITD, demonstrating an increase in

the spectral peak associated with spontaneous ventilation.

Figure 8 graphically provides pulsatile estimates of St0 2 relative to non

pulsatile St0 2 for all subjects.

Figure 9 graphically provides change in spectral power ratio in the pulse

oximetry waveform as compared to change in spectral power ratio in the NIRS

waveforms after initiation of the ITD.



DETAILED DESCRIPTION OF THE INVENTION

Figure 1 provides a schematic diagram of a system 218 for measuring the

oxidation state of biological molecules in a region of a measurement site 200 of a

subject 210. The oxidation measurement system 218 may comprise at least one

emitter 220 that may be configured to be in optical communication with the region of

the measurement site 200 of the subject 210. Additionally, at least one detector 222

may be configured to be in optical communication with the region of the

measurement site 200 of the subject 210. Additionally, the at least one emitter 220

and the at least one detector 222 are in electromagnetic radiation communication 350

(e.g., optically coupled) with one another, wherein the electromagnetic radiation

communication allows visible radiation or near infrared radiation emitted by said at

least one emitters 220 to be detected by said at least one detector 222 to determine

tissue oxidation state of the biological molecules of the region of the measurement

site 200 of the subject 222. Moreover, the at least one emitter 220 and said at least

one detector 222 is in communication with a processor 217. As shown in Figure 1A,

an interface member 208 may be provided whereby the at least one emitter 220 and at

least one detector 222 are in mechanical communication (directly or indirectly) with

the common interface member 208. An example of an interface member 208 is a

catheter, substrate, probe, patch, drain, guidewire, tube, drainage tube, conduit,

elongated member, lumen, circuit board, encapsulant, casing, housing, packaging,

ultrasound device, or membrane. For example, but not limited thereto, if the interface

member is an ultrasound device then it may be in the form of an esophageal Doppler

or transesophageal echocardiogram (TEE) probe. It should be appreciated that the

processor 217 may be in mechanical communication (directly or indirectly) with the

interface member 208 or in non-mechanical communication with the interface

member 208. Alternatively, the processor may exist in multiple modules (housings,

packaging, or encasings) and therefore may be in both mechanical and non-

mechanical communication with the interface member 208. Moreover, the interface

member may be implemented with or as a part of the subject's attire, such as but not

limited thereto, glasses, watch, jewelry, head bands, waistbands, other bands or straps,

hat, clothing, undergarments, belts, hats, helmets, etc.

Turning to Figure IB, the measurement system 218 is similar to that

illustrated in Figure 1 except for the interface member 208 exists in two or more



separate components or modules. Again, an interface member may be a catheter,

substrate, probe, patch, drain, guidewire, lumen, or membrane. It should be

appreciated that a processor 217 may be in mechanical communication (directly or

indirectly) with an interface member 208 and/or a processor 317 may be in

mechanical communication with the other interface member 308. Alternatively or in

addition thereto a processor 417 may be in non-mechanical communication with the

interface members.

An aspect of an embodiment of the measurement system 218 may be used for,

but not limited thereto, measuring the oxidation state of a variety of anatomy locations

of the subject. For instance, the an aspect of an embodiment of the measurement

system 218 may be used for, but not limited thereto, measuring the oxidation state a

variety of intended targets, such as the heart, other organs, tissues, muscles, and

blood. Still yet, an aspect of an embodiment of the measurement system 218 may be

used for, but not limited thereto, measuring the oxidation state of a variety of regions

such as, but not limited thereto, thoracic region, abdominal region, and pelvic region,

as well as limbs, skull region and brain.

Moreover, an embodiment of the measurement system 218 (or any portions

thereof) may be disposed internally (in vivo) in the subject or disposed externally (ex

vivo) to the subject. Similarly, for an embodiment of the measurement system 218 (or

any portions thereof) it may be a mixed combination whereby some portions are

internally (in vivo) disposed in the subject and some portions are externally (ex vivo)

disposed to the subject.

Moreover, an embodiment of the measurement system 218 (or any portions

thereof) may be inserted or disposed through a percutaneous venous entry or other

incision, or maybe inserted or disposed through the mouth, eye, or ear. For example,

the measurement system 218 (or any portions thereof) may be inserted into the

esophagus of the subject.

Still yet, an aspect of an embodiment of the measurement system 218 may be

used for, for measuring the oxidation state of biological molecules in a region of a

measurement site of a subject 210. The biological molecules may be at least one of

the following types: Hemoglobin, myoglobin, or cytochrome. The biological

molecules may be in at least one of the following: muscle, organs, or tissue (which

would include blood).



Figure 2 provides an exemplary embodiment of the present invention

oxidation measurement system that includes an interface member. For instance,

Figure 2 provides a schematic diagram showing a patient 110, or any subject for

examination and/or intervention with an interface member that in the instant

illustration is a catheter 108, such as an oximetric coronary sinus catheter as part of a

catheter system 118, whereby the catheter device is disposed within the patient.

Still referring to Figure 2, a manifold 114 may couple several therapeutic or

diagnostic devices or systems typified by device 116 to the catheter system 118. An

electromagnetic radiation source (e.g., visible or infrared radiation) 115 is provided,

such as in a near infrared spectroscopy (NIRS) system/device. For example, an

optical fiber or the like may be provided for transmission. Additionally, a syringe,

flow-driver and/or pumping device 124 may also be in communication with the

manifold 114. The catheter device 108 in turn may be delivered through a guide

sheath 120 that may be positioned in a navigation guide 122. Also, a computer or

processor 117 (as well as displays, output devices, input devices, printers, and

computer storage) may be in communication with the catheter device or catheter

system. Any computer or processor may be located locally or remotely, or a

combination thereof. It should be appreciated that aspects of the spectroscopy

system/device may be at the manifold end (e.g., the proximal location or other desired

location) and span to the catheter distal end (or other desired location). Alternatively,

the aspects may be self- contained at the distal end, whereby various emitters and

detectors, etc. are located at the distal end of the catheter or the like.

For example, in operation the physician or user inserts the catheter device 108

into the heart (or other anatomy part or subject region) under fluoroscopic guidance or

other applicable examination or intervention. The same or similar visualization may

be used to follow the progress of the implant both acutely and chronically. This

specific version of the catheter within the concepts disclosed herein may have a main

catheter, or may have an outer catheter/tube with an inner catheter/tube as well. This

main catheter device may also have various interior and peripheral lumens, chambers,

conduits, and channels that will also be discussed in greater detail herein, within the

context of the disclosure provided. Such interior and peripheral lumens, chambers,

conduits, and channels may be used to deliver other devices and perform various

diagnostic functions. For example, each lumen, chamber, conduits, and channel may



communicate with a separate port of the manifold 114. A lumen, chamber, conduit,

or channel may contain a pressure transducer 128. Other lumens, chambers, conduits

and channels may be devoted to an optical cell counter device, for example, as shown

generically as device 119 in Figure. 1. Such a cell counter device (for example a

cytometry or similar) may operate with two fibers located in two separate lumens

and/or ports to measure the number of and viability of cells delivered by the catheter.

An example of fiber optics related application/technology is discussed in U.S. Patent

Nos. 8,096,984 B2 to Kucharczyk et al, of which is hereby incorporated by reference

herein in its entirety.

Optionally, the subject 118 or object may undergo an examination and/or an

intervention procedure inside the bore of an MRI system 112 (or other imaging

modality); and while the catheter system 118 or catheter device 108 is disposed within

the patient 110. For instance, in operation the physician or user inserts the catheter

device 108 into the heart (or other anatomy part or subject region) under MRI

guidance or other applicable examination or intervention. Alternatively, the imaging

may occur subsequently or prior to catheter guidance. Therefore, the imaging may

take place before, during or after (or any combination) to a relevant

procedure/operation —or omitted altogether. It should be appreciated that while an

MRI related system is depicted, a variety of systems and methods may implemented

within the spirit of the present invention including, but not limited thereto, the

following: computed tomography (CT), fluoroscopy, ultrasound, PET scanning,

nuclear medicine camera, other radiological systems, or other biomedical imaging

techniques and methods.

It should be appreciated, that as discussed herein a subject may be a human or

any animal. It should be appreciated that an animal may be a variety of any

applicable type, including, but not limited thereto, mammal, veterinarian animal,

livestock animal or pet type animal, etc. As an example, the animal may be a

laboratory animal specifically selected to have certain characteristics similar to human

(e.g. rat, dog), etc. It should be appreciated that the subject may be any applicable

patient, for example.

It should be appreciated that an aspect of an embodiment of the present

invention provides, but not limited thereto, a computer planning workstation (and any

related computer system, processor, PDA, laptop, computer notebook, method and



computer readable medium as required, needed or desired) that may be used to, but

not limited thereto, calculate the coordinates necessary for catheter insertion (e.g.,

stereotactic coordinates) and maneuvering, or for displaying information or data

derived from the catheter device and system in general.

It should be appreciated that various computer systems, methods and computer

readable media as required, needed or desired may be implemented and practiced

according to any of the demands, techniques, or objectives of the various

embodiments of the present invention disclosed herein.

It should be appreciated that any of the components or modules referred to with

regards to any of the present invention embodiments disclosed in Figures 1 and 2 (for

example) and discussed herein and other figures, may be integrally or separately

formed with one another. Further, redundant functions or structures of the

components or modules may be implemented. Moreover, the various components

may be communicated locally and/or remotely with any user/clinician/patient or

machine/system/computer/processor. Moreover, the various components may be in

communication via wireless and/or hardwire or other desirable and available

communication means, systems and hardware. Moreover, various components and

modules may be substituted with other modules or components that provide similar

functions.

The term "processor" may include any integrated circuit or other electronic

device (or collection of devices) capable of performing an operation on at least one

instruction including, without limitation, Reduced Instruction Set Core (RISC)

processors, CISC microprocessors, Microcontroller Units (MCUs), CISC-based

Central Processing Units (CPUs), and Digital Signal Processors (DSPs). The

hardware of such devices may be integrated onto a single substrate (e.g., silicon

"die"), or distributed among two or more substrates. Furthermore, various functional

aspects of the processor may be implemented solely as software or firmware

associated with the processor. The functional aspects may include performing an

operation or instruction or providing controls for the various systems and devices (or

portions thereof) disclosed herein—or other functions as desired, needed or required.

The term "processor" may include any analog, mechanical, or electro-mechanical

device, equipment or component for performing an operation or instruction or



providing controls (such as a controller) for the various systems and devices (or

portions thereof) disclosed herein —or other functions as desired, needed or required.

Figure 3A provides an exemplary embodiment of the present invention

oxidation measurement system that includes an interface member. For instance,

Figure 3A provides a schematic elevation view of an interface member that in the

instant illustration is a catheter device 108, such as oximetric coronary sinus catheter,

of a catheter system 118 positioned with the patient's heart 87. The catheter device

108 may be used for, but not limited thereto, measuring the oxygenation status of a

region of subject. In an approach, the region may be the myocardium 89 that is

located, for example, in the left ventricle of the heart. The catheter 108 may be

inserted through a percutaneous venous entry, such as though the jugular vein, and the

distal tip 13 is guided through the superior vena cava 82 optionally using a sheath 120

or the like, and then is further guided through the right atrium 80 maneuvered into the

coronary sinus 86. It should be appreciated that a percutaneous venous entry may

also include, for example, the femoral vein or subclavian vein. It should be

appreciated that in other techniques, the catheter device 108 may be inserted through

the other regions or vasculature, such as inferior vena cava 84, left atrium 81 or the

aorta 85. Also provided in the representative illustration of the heart are: left ventricle

83, inferior vena cava 84, aorta 85, coronary sinus ostium 88, myocardium 89, large

coronary vein 90, and small coronary vein 92. The catheter device 108 includes a

lumen 12 (not shown) whereby the catheter device includes proximal region 14, a

distal regional 18, and a longitudinal region 16 there between. At least one emitter 20

(not shown in instant figure due to limitations of the size of the illustration) is

provided by any available means to achieve mechanical communication with the

catheter distal region and configured to make contact with a tissue wall, such as of the

coronary sinus 86. Further, at least one detector 22 (not shown in instant figure due to

limitations of the size of the illustration) is provided by any available means to

achieve mechanical communication with the catheter distal region and configured to

make contact with the tissue wall, such as of the coronary sinus 86.

It should be appreciated that the one or more emitters or one or more detectors

may include a plurality of emitters and detectors, respectively. Further, the emitters

may be in contact with the expandable components or the walls of the catheter device,

or both.



Alternatively, the catheter device 108, such as pulmonary artery catheter

embodiment the catheter system 118, may be positioned with the patient's heart 87

and configured to make contact with the tissue wall, such as of the right ventricle.

Alternatively, the catheter device 108, may be used for procedure other than

with the heart, such that it may be utilized as an abdominal drain.

Figure 3B provides the same view as Figure 3A but for the expandable

component that is in an expanded, deployed or actuated position and the cardioplegia

solution is being dispensed from (or delivered from) the catheter device. Also, at least

one emitter 20 and the at least one detector 22 are within view according the instant

figure. Further yet, the at least one emitter 20 and the at least one detector 22 are in

electromagnetic radiation communication with one another, wherein the

electromagnetic radiation communication allows near infrared radiation emitted by

said at least one emitters to be detected by said at least one detector to determine

tissue oxygenation of the region of the subject. The catheter 108 may further include

an expandable component 15 that may be in mechanical communication with said

catheter distal region. The expandable component 15 is essentially situated so as to

be between the emitter and detector and catheter distal region. For instance, the

expandable component 15 is configured to assure that said at least one emitter 20 and

said at least one detector 22 makes contact with the tissue wall of the coronary sinus

86 or the like. The expandable component 15 may be at least one of the following: a

balloon, expandable structure, or inflatable compartment. The emitters 20 and

detector 20 may be in communication with a processor or computer, or the like (as

shown for example in Figure 1). At least one port 13 may be in communication with

said catheter distal region (as well as other regions as desired, needed or required).

The port may be configured for delivering cardioplegia solution 26 (as well as other

material, medium, fluid, or agents). Moreover, it may be configured for delivering or

withdrawing, or some combination. In an approach, the catheter device may include

at least one port disposed on said distal tip. Again, the port at the distal tip is

configured for delivering cardioplegia solution 26 (as well as other material, medium,

fluid, or agents). Moreover, it may be configured to deliver or withdraw, or a

combination.

The processor (for example shown in Figures 1 and 2) may be configured to

perform the algorithmic steps to determine the tissue oxygenation (St0 2) of the region



of the subject. The tissue oxygenation (St0 2) of the region of the subject is

accomplished using Bee-Lambert law or empirical derivation.

For instance, in an approach, at least two emitters are provided; wherein one

of said emitters is configured to emit the electromagnetic radiation at a high frequency

so as to be above an isobestic point and one of said emitters is configured to emit the

electromagnetic radiation at a low frequency so as to below the isobestic point.

Additionally, at least four detectors are provided whereby the four detectors are

located in communication with said catheter distal region so as to be at a known

predetermined distance from respective said at least two emitters. Accordingly, two

detectors are provided for each of the referenced high and low frequencies of the

emitters. The two emitters and four detectors are in communication with the

processor. The processor is configured to perform the algorithmic steps to determine

the tissue oxygenation (St0 2) of the region of the subject. For example, the tissue

oxygenation (St0 2) is determined by the execution of the following formula:

St0 2 = f(high frequency ear, high frequencyfa / low frequencynea r, low frequencyfa ) .

Figure 4A provides an exemplary embodiment of the present invention

oxidation measurement system that includes an interface member. For instance,

Figure 4A provides a schematic cross-sectional view of an interface member that in

the instant illustration is a catheter device 108, such as oximetric coronary sinus

catheter, having a lumen 12, an expandable component 15 and emitters 20 and

detectors 22 that are within a vasculature (or in contact with targeted tissue, for

example) such as the coronary sinus 86 surrounded by the myocardium 89.

Figure 4B provides a schematic longitudinal elevation view of the catheter

device 108 shown in Figure 4B, having a lumen 12, an expandable component (in

expanded, deployed or actuated position) 15 and emitters 20 and detectors 22 that are

within a vasculature (or in contact with targeted tissue, for example) such as the

coronary sinus 86 surrounded by the myocardium 89 whereby cardioplegia solution

26 is being dispensed or delivered to the target of interest. The expandable

component (in expanded, deployed or actuated position) 15 are provided to keep the

emitters 20 and detectors 22 in contact with the vasculature (i.e. tissue wall), such as

the coronary sinus 86. It should be appreciated that the expandable component may

also be utilized to provide a seal so as to prevent or mitigate any material, fluid, or



agents from passing outside the catheter either in a proximal longitudinal direction or

distal longitudinal direction or both.

Figure 4C provides an enlarged partial view of the catheter provided in

Figure 4B.

Alternatively, the catheter device 108 (or other types of interface members)

may be used for, but not limited thereto, measuring the oxidation state (including, for

example but not limited thereto, hemoglobin oxidation state) of a variety of anatomy

locations of the subject besides the heart. For instance, the catheter device 108 (or

other types of interface members) may be used for, but not limited thereto, measuring

the oxidation state a variety of intended targets, such as organs, muscles, and blood.

Still yet, the catheter device 108 (or other types of interface members) may be used

for, but not limited thereto, measuring the oxidation state of a variety of regions such

as, but not limited thereto, thoracic region, abdominal region, and pelvic region, as

well as limbs, skull region and brain.

Figure 5 provides various exemplary embodiments of the present invention

interface member that may be implemented with the present invention oxidation

measurement system. For instance, Figure 5 provides a schematic exemplary cross-

sectional view of various embodiments of the interface member that in the instant

illustration is a catheter device 108 (or the like) having a lumen 12, as well as a

secondary lumen 23, or any ancillary lumens 37 for that matter. Any of the lumens

may be used for carrying the cardioplegia solution as well as the wire for transmitting

the electromagnetic radiation, such as for an infrared spectroscopy system or device.

Figure 5 depicts an aspect of various embodiments of the present invention

that may provide a catheter system for delivering a cardioplegia material, diagnostic

agent (not shown), therapeutic agent, or other medium to a site in the heart of a

subject (or other anatomy of interest or other target or site) for treating or diagnosing

at least a portion of the heart site (as shown in Figures 2-4, for example), and while

using available medical imaging systems. Figures 5A-5J provide a schematic view

of a representative cross-section of a catheter device 108 that may be taken at its distal

catheter region, for example. As illustrated the catheter device may include a first

lumen 12, second lumen 22, and a variety of ancillary lumens 37. The lumens may be

any channel, passage, chamber, or conduit to transfer the requisite medium(s).

Figures 5F and 5J depict lumens that are not necessarily contained in an enclosed



structure per se but rather may assembled, associated or connected together to the

extent necessary or desired to carry out the various techniques and systems of the

present invention.

An aspect of an embodiment of the present invention device and method is

that it will allow cardiac surgeons, cardiac anesthesiologists, and clinical perfusionists

to assess the adequacy of cardioplegia / myocardial protection with no additional risk

to the patient and with no additional procedural time.

Moreover, no currently existing coronary sinus catheters employ any

technology designed to measure the oyxgenation status of the myocardium.

Additionally, existing coronary sinus catheters are unable to measure the oyxgenation

status of the myocardium. Cardiac surgeons therefore rely on imperfect strategies for

the assessment of myocardial protection .

According to the CDC, approximately 415,000 patients undergo coronary

artery bypass grafting in the United States per year

(http ://w .cdc .gov/nchs/fastats/insurg.htm). All of these patients, as well as those

undergoing valve repair or replacement, could potentially benefit from the present

invention technology.

EXAMPLES

Practice of an aspect of an embodiment (or embodiments) of the invention will

be still more fully understood from the following examples and experimental results,

which are presented herein for illustration only and should not be construed as

limiting the invention in any way.

Example and Experimental Results Set No. 1

To a coronary sinus catheter, for instance, the following are affixed:

a) Two or more emitters of near infrared electromagnetic radiation, at least

one of which must be below the isobestic point (800nm) and at least one of which

must be above the isobestic point, and

b) Four or more detectors of near infrared electromagnetic radiation

(photodiodes), at least two for each wavelength, spaced at known distances from the

light source.



NIR radiation is emitted by all light sources and detected at the photodiodes.

Assuming 750 and 850 nm are used for the high and low frequency wavelengths,

respectively, tissue oxygenation (St0 2) can be described generally as:

St0 2 = f(high frequency nea r , high frequency &, low frequency nea r , low frequency fa )

St0 2 = f(850near 850fa , 750near 750fa ) .

The function used to estimate St0 2 can either be derived based on the Beer-

Lambert law (which will produce a relative value for tissue oxygenation), or derived

empirically (requires calibration of the device with tissue samples of known oxygen

content).

To ensure contact between the NIR emitters and detectors and the left

ventricle, the emitters and detectors can be mounted on an inflatable balloon. To

ensure that the NIR radiation is directed into the myocardium, an array of multiple

emitters and detectors can be utilize, and the pair with the highest signal

strength selected for analysis.

Example and Experimental Results Set No. 2

Methods

Regulatory and Consent

This study was approved by the Institutional Review Board for Health

Sciences Research at the University of Virginia (HSR16349) and was registered at the

National Institutes of Health ClinicalTrials.gov registry (NCTO 1746576) prior to the

commencement of data collection.

Twenty healthy adult (18-65 years of ge) volunteers were recruited to take part

in this study. Because the Food and Drug Administration (FDA) considers dilated

cardiomyopathy, congestive heart failure, pulmonary hypertension, aortic stenosis,

flail chest, chest pain and shortness of breath contraindications to the use of the

ResQGard (Advanced Circulatory Systems, Roseville, MN) impedance threshold

device (ITD), these were the only exclusion criteria for this study. Informed written

consent was obtained from all twenty volunteers.

Near Infrared Spectroscopy Device



A portable NIRS device was constructed by Artinis Medical Systems (Zetten,

Netherlands), based on the PortaLite platform. The PortaLite devices utilizes light-

emitting diodes (LEDs) of customizable wavelengths and a single receiving

photodiode. Four LEDs of two standard wavelengths (759 and 840 nm) were utilized,

both separated by 5 mm.

Data Acquisition

Subjects were positioned supine and a Nonin Model 8000AA transmittance

pulse oximeter (connected to the OEM III board) was placed on the left index finger,

a non-invasive blood pressure cuff was placed on the right arm and connected to a GE

portable monitor (General Electric, Fairfield, CT), and an Advanced Circulatory

Systems facemask was applied to the mouth using an elastic strap. The PortaLite

NIRS device was applied to the left forehead and covered with an opaque drape. Both

the PortaLite and OEM III transmitted data in real time to Windows-based laptop

computers.

The ResQGard impedance threshold device was not applied initially. Blood

pressure was measured, after which all external light sources were removed and

recording from both pulse oximeter and NIRS device commenced. After five minutes

of recording, the ITD was applied and two additional minutes of data were recorded.

At the completion of data recording (7 minutes) but prior to removal of the ITD,

blood pressure was re-measured.

Data Processing

The absorbance waveforms of red and infrared electromagnetic radiation from

the pulse oximeter were available at 75 Hz temporal resolution. Using custom

software written by the inventors (DAC and RHT) in MATLAB (The Mathwords,

Natick, MA), the absorbance waveforms were transformed into the frequency domain

using Fourier techniques. The spectral power at the respiratory (0.1 - 0.35) and

cardiac (0.75 - 1.75 Hz) frequencies was calculated, and the spectral power ratio was

calculated as previously described.

The PortaLite NIRS device exports the intensity (I) of detected

electromagnetic radiation, which can be converted to optical density (OD) in

accordance with the following equation:

OD = logio(Io/I)



where I0 represents the intensity of incident radiation (measured and provided by the

manufacturer). Due to potential changes in LED wavelengths during diode warming,

the first thirty seconds of data were discarded, in accordance with the manufacturer's

recommendations .

In order to specifically analyze cerebral tissue, spatially resolved spectroscopy

(SRS) techniques were utilized. Specifically, the difference in absorbance (-

logio[I/Io])at two points was divided by the difference in absorbance by the optode

spacing distance (5 mm). These spatially-resolved absorbance waveforms were

utilized for the measurement of the relative concentration of various chromophores.

Absorbance of electromagnetic radiation is related to the concentration of a

chromophore in accordance with the Beer-Lambert law, which states:

A = 8cL

where ε represents the absorption coefficient of an individual chromophore, c

represents the concentration of each chromophore, and L represents path-length. We

utilized Wray et al.'s data to estimate ε (in mM ^cm 1) . Because L and ε are constant,

relative changes in concentration can be estimated from relative changes in A (or I,

since I0 is known). Absolute measures of chromophore concentration require more

sophisticated techniques such as phase modulation spectroscopy (PMS), which are not

available on the PortaLite platform. The spatially-resolved absorbance waveforms

were transformed into the frequency domain (as described above).

In order to estimate the relative concentration of two chromophores (Hgb,

Hgb0 2), the absorptivity of each chromophore at both wavelengths was extracted

from Wray et al.'s dataset (because the frequency resolution of this dataset was on the

order of 2-3 nm, linear interpolation was utilized as needed). The ultimate goal was

to develop the following set of equations:

Hgb = xn[A 759] + xi2[A 84o]

Hgb0 2 = x2i[A7 5 ] + x22[A 84o]

Since the following is known:

A759 = H gb,759 [Hgb] + H gb-02,759 [Hgb0 2]

A840 = H gb, 840[Hgb] + BHgb-02, 840 [Hgb0 2]



xi_2,i-2 can be determined by inverting the following matrix of absorption coefficients

(ε) :

Hgb Hgb0 2

759 nm 1.67 0.645

840 nm 0.777 1.06

the exact solution of which is leads to the following two equations:

Hgb (relative) = 0.834 (A75 ) - 0.509(A840)

Hgb0 2 (relative) = -0.613 (A 5 ) + 1.32(A840)

Data Analysis

The above matrix was utilized to calculate relative chromophore

concentrations using seven algorithms (Table 1): baseline absorbance (0 Hz in the

frequency domain), low frequency spectral peak (0.1-0.35 Hz), low frequency spectral

power (0.1-0.35 Hz), high frequency spectral peak (0.75-1.75 Hz), and high frequency

spectral power (0.75-1.75 Hz), total pulsatile peak (0.10-0.35 Hz + 0.75-1.75 Hz), and

total pulsatile power (0.10-0.35 Hz + 0.75-1.75 Hz).

Because the path length of NIR radiation was unknown, relative chromophore

concentrations could be estimated but absolute chromophore concentrations could not

be measured. Thus, no comparisons of St0 2 between individuals were made. Rather,

each individual served as his/her own control, and St0 2 estimations from algorithms

2-7 were compared to non-pulsatile St0 2 (algorithm 1).

For all available data points, we compared the calculated oxygen saturation at

the low and high frequencies using both spectral peak and spectral power algorithms.

Because data independence could not be assumed, pre- and post-ITD datasets were

analyzed separately.

To determine the effect of respiratory impedance on the NIRS waveforms,

spectral peak and power ratios for the spatially-resolved absorbance waveforms

(average of all wavelengths) were calculated before and after the institution of

restricted ventilation and compared to their PPG-derived analogues.

The statistical significance of all paired comparisons was assessed using the

paired Student's t-test or the Wilcoxon signed-rank test, as appropriate, after testing

for normality with the Kolmogorov-Smirnov test. Correlations were developed using



the Pearson or Spearman correlation coefficients, as appropriate. Statistical

significance was defined as a less than 5% probability of making a type I statistical

error after conservatively correcting for multiple comparisons using the Bonferroni

method.

Results

Twenty volunteers completed the study. Mean arterial blood pressure

decreased by a median 3.5 mm Hg over the course of the study (p = 0.0262, Wilcoxon

signed rank test). Sp0 2 averaged 97.9% before initiation of the ITD and 98.0%

afterwards (p = 0.425, paired t-test). There were no complications associated with

ITD use.

Pulsatile signal strength was weak. Relative to non-pulsatile absorbance,

signal peak and power at low (0.1-0.35 Hz) and high (0.75-1.75) frequencies was

0.13, 1.3, 0.084, and 2.2%, respectively. Proximal (30 mm distance) 759 nmNIRS

signals for all subjects for the 60 seconds before and after initiation of the ITD are

displayed graphically in Figure 6 .

Application of the ITD led to a statistically-significant, median 3.6% increase

in non-pulsatile St0 2 (p = 5.2 x 10 4 , Wilcoxon signed rank test). The difference

between pulsatile St0 2 and non-pulsatile St0 2 for all subjects is presented graphically

in Figure 7 and is summarized in Table 2 . After taking into account multiple

comparisons, only algorithm 4 (spectral peak ratio, 0.75-1.75 Hz) differed significant

from the non-pulsatile algorithm (median increase 24%, p = 0.0013, Wilcoxon signed

rank test). The effect of respiratory impedance on St0 2 estimated by the pulsatile

algorithms is presented in Table 3 . Respiratory impedance did not lead to significant

changes in any of the pulsatile algorithms (Wilcoxon signed rank test).

The Spearman correlation coefficients describing the relationship between

respiratory variation in the near infrared signals from the pulse oximeter and cerebral

oximeter were -0.0690 and -0.155 for spectral peak ratio and spectral power,

respectively. The Spearman correlation coefficients describing the relationship

between changes in respiratory variation before and after initiation of the ITD were

0.0010 and 0.432 for spectral peak ratio and spectral power, respectively. Changes in

spectral power ratio for the PPG and NIRS signals are displayed graphically in Figure

8 .



Discussion

Our results demonstrate, but not limited thereto, four significant findings -

first, application of the ResQGard impedance threshold device in supine, healthy

volunteers leads to a 3.5% increase in cerebral saturation as measured using

traditional, non-pulsatile, spatially-resolved NIRS. Second, frequency domain

analysis of NIRS signals at the respiratory and cardiac frequencies suggests that low

and high frequency modulations in these signals cannot be exclusively attributed to

venous and arterial blood, respectively; third, specific analysis of all pulsatile

information occurring at the respiratory and cardiac frequencies leads to estimates of

St0 2 that differ from non-pulsatile estimates of St0 2; fourth, while there is no

meaningful correlation between respiratory variation in PPG and NIRS signals,

changes in the spectral power ratio of NIRS appear to be correlated with changes in

the spectral power ratio of PPG signals after application of an impedance threshold

device.

Regarding the first claim - inventors suspected the mechanisms by which the

ITD might increase cerebral St0 2 are through an increase in cardiac output (which has

been demonstrated in multiple environments) or by decreasing the amount of venous

blood in the cerebral vasculature. In animal models the ITD has been demonstrated to

both lower right atrial and intracranial pressure, while increasing mean arterial

pressure (the end result of which is increased cerebral perfusion). In our study, mean

arterial pressure did not change. We suspect this is more likely due to a change in

sympathetic tone which occurs after 7 minutes of supine rest and is not a reflection of

the ITD's impact on hemodynamics. A third possibility for this increase is the

potential effect of cerebral blood flow oscillation on cerebral hemodynamics. The

ITD has been shown to prevent symptoms of cardiovascular collapse even when

Doppler-based assessments of cerebral blood flow velocity are unchanged.

Interestingly, the pulsatile component of cerebral blood flow is affected and it is

believed that this may be protective.

Regarding the second claim - multiple authors have attempted to separate

arterial and venous components of the PPG waveform using frequency domain

analysis. This strategy has not, as of yet, led to the development of a device suitable

for clinical use. Franceschini et al. specifically analyzed low frequency oscillations



in NIRS waveforms from pigs subjected to hypoxia but did not assess high frequency

oscillations. Importantly, these approaches all share the assumption that low

frequency oscillations are exclusively due to oscillations in venous blood and that

high frequency oscillations are exclusively due to oscillations in arterial blood. Were

this the case, we would expect all of our low frequency estimates of St0 2 to be lower,

and all of our high frequency estimates of St0 2 to be higher than non-pulsatile St0 2.

In reality this only occurred in 28% of measurements. In the majority of cases (68%

of peak and 60% of power measurements), the high and low frequency estimates of

St0 2 were either both higher or both lower than non-pulsatile St0 2, suggesting that

they were interrogating the same vascular beds.

Inventors point out that low arterial blood pressure oscillates at both the

respiratory and cardiac frequencies. This knowledge has led to the development of the

"fluid responsiveness" concept, new end-points for goal-directed therapy, and has

resulted in the development of several commercially available devices. Similarly, the

peripheral venous waveform also contains both low and high frequency spectral

information. The pulse oximeter waveform clearly contains both low and high

frequency oscillations, but how much of each has yet to be determined. Most likely,

the low and high frequency components of the PPG and NIRS waveforms both

contain contributions from both arterial and venous blood, the relative amounts of

which are not known.

Certain cerebral oximeters use spatially-resolved spectroscopy (SRS)

techniques in an attempt to isolate absorption signals due to cerebral tissue. This

technique is not perfect, and significant extra-cranial contamination has been

demonstrated. Whether or not this contamination could be attenuated by exclusively

analyzing the pulsatile component of the NIRS signals has not been determined, but

deserves further exploration. In theory, since non-pulsatile capillary flow only makes

up approximately 2-10% of cerebral blood volume, exclusive analysis of pulsatile

waveforms at physiologic frequencies could provide a means of reducing both noise

(which does not generally recur at the respiratory or cardiac frequencies) and

contamination from non-pulsatile tissue, although it should be pointed out that this

would not solve the problem of determining the venous:arterial ratio.

Lastly, while respiratory variation in the systemic arterial pressure and PPG

waveforms have been utilized to estimate fluid responsiveness, NIRS waveforms,



which also oscillate at the respiratory frequency, have not. Interestingly, the utility of

respiratory variation in the pulse oximeter waveform is dependent on the amplitude of

the waveform. Because cerebral blood flow is relatively preserved in the face of

adrenergic stimulation, respiratory variation in NIRS waveforms may be a useful,

non-invasive measure of fluid responsiveness in critically-ill patients.

Our particular study has several limitations. First, we did not measure

intrathoracic pressure changes after application of the ITD. Measurement of true

intrathoracic pressure changes would require esophageal pressure monitoring,

although measurement of pressure from the mask itself would have provided a

reasonable surrogate. The current iteration of the ResQGard ITD has been calibrated

by the manufacturer such that the average pressure change required to ventilate

through the device is -7 cm H20 but there is some variation (which is dependent on

the quality of mask seal as well as the respiratory rate). Individual differences may

explain some of the variation seen in Figure 6 .

Another limitation of this study is our utilization of a two LED-based device.

As opposed to laser light sources, which offer a narrow band width, LEDs produce a

range of frequencies, which can decrease their accuracy (that said, most commercially

available devices use LEDs, not lasers). Additionally, the accuracy of NIRS devices

appears to increase with the inclusion of additional wavelengths of NIR radiation,

thus a 3 or 4 wavelength device may have produced more accurate results.

Lastly, because we did not utilize a device capable of estimating the path-

length of NIR radiation, we were only able to estimate changes in chromophore

concentrations, and not absolute values. This does not impact the comparisons within

individuals but precluded comparisons between individuals.

Conclusions of Study

Application of an impedance threshold device to spontaneously ventilating

healthy subjects increases measured non-pulsatile cerebral oxygen saturation.

Specific analysis of oscillations in spatially-resolved NIRS signals at the respiratory

and cardiac frequencies of healthy human volunteers before and after application of

an impedance threshold device suggests that both spectra contain signals from arterial

and venous blood, the relative amounts of which are not known. Estimates of St0 2

from NIR signals which oscillate at the respiratory and cardiac frequencies differ from



non-pulsatile estimates of St0 2. NIRS spectral power ratio may offer a useful

alternative to PPG-derived indices of fluid responsiveness in patients in whom

peripheral perfusion is compromised.
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Algorithm Algorithm Algorithm Algorithm Algorithm Algorithm

2 3 4 5 6 7

Mean -6.74 0.59 -2.56 -1.42 -6.1 1 -1.48
Post-

Median -6.88 -0.86 -2.67 -2.02 -3.15 -1.09
Pre

STDEV 37.32 31.13 19.69 22.73 26.27 22.40
ITD

p-value

Table 3. Effect of respiratory impedance on St0 2 estimates from all pulsatile

algorithms.

Additional Examples
Example 1. An aspect of an embodiment of the present invention provides,

but not limited thereto, a system for measuring the oxidation state of biological

molecules in a region of a measurement site of a subject. The system may comprise:

at least one emitter configured to be in optical communication with the region of the

measurement site of the subject; at least one detector configured to be in optical

communication with the region of the measurement site of the subject; wherein the at

least one emitter or the at least one detector is configured to be disposed inside the

subject; and the at least one emitter and the at least one detector are in

electromagnetic radiation communication with one another, wherein the

electromagnetic radiation communication allows visible radiation or near infrared

radiation emitted by the at least one emitters to be detected by the at least one detector

to determine tissue oxidation state of the region of the measurement site of the

subject.

Example 2 . The system of example 1, wherein both said at least one emitter

and said at least one detector are configured to be disposed inside the subject.

Example 3 . The system of example 1, further comprising:

an interface member, wherein at least a portion of said system is in mechanical

communication with said interface member.



Example 4 . The system of example 3, wherein said interface member

includes a device that includes a proximal region a distal regional, and a longitudinal

region there between.

Example 5 . The system of example 4, further comprising an expandable

component in mechanical communication with said interface member distal region,

and located between said at least one emitter and said at least one detector and said

interface member distal region.

Example 6 . The system of example 5, wherein said expandable component

is configured to assure that said at least one emitter and said at least one detector

makes contact with tissue wall of the subject.

Example 7 . The system of example 5, wherein said expandable component

includes at least one of the following: a balloon, expandable structure, stent, smart

memory alloy (SMA) device, or inflatable compartment.

Example 8. The system of example 3, further comprises an electromagnetic

radiation source in communication with said at least one detector.

Example 9 . The system of example 8, wherein said electromagnetic

radiation source and said at least one emitter and said at least one detector comprises a

visible-infrared or near-infrared spectroscopic system, or both a visible-infrared or

near-infrared spectroscopic system.

Example 10. The system of example 3, wherein said at least one emitter and

said at least one detector is in communication with a processor.

Example 11. The system of example 3, further comprising at least one port

13 in communication with said interface member.

Example 12. The system of example 11, wherein said at least one port is

configured for delivering cardioplegia solution.

Example 13. The system of example 3, wherein said interface member

includes a distal tip 10, wherein said system further comprising at least one port

disposed on said distal tip.

Example 14. The system of example 13, wherein said at least one port is

configured for delivering cardioplegia solution.

Example 15. The system of example 1, comprising:

an interface member, wherein said at least one emitter is in mechanical

communication with said interface member.



Example 16. The system of example 1, comprising:

an interface member, wherein said at least one detector is in mechanical

communication with said interface member.

Example 17. The system of example 1, comprising:

an interface member, wherein said at least one emitter and said at least one

detector are in mechanical communication with said interface member.

Example 18. The system of any one of examples 15, 16 or 17, wherein said

interface member comprises a medical device.

Example 19. The system of example 18, wherein said medical device

comprises a diagnostic or therapeutic device.

Example 20. The system of example 19, wherein said diagnostic device

comprises a surgical device or a monitoring device.

Example 21. The system of example 18, wherein said medical device

comprises a catheter.

Example 22. The system of example 18, wherein said medical device

comprises at least one of the following: a substrate, probe, patch, drain, guidewire,

tube, drainage tube, conduit, elongated member, lumen, circuit board, encapsulant,

casing, packaging, housing, or membrane.

Example 23. The system of example 18, wherein said medical device

comprise an ultrasound device.

Example 24. The system of example 1, wherein said at least one emitter

being configured to make contact with the measurement site.

Example 25. The system of example 1, wherein said at least one detector

being configured to make contact with the measurement site.

Example 26. The system of example 1, wherein said at least one emitter and

said at least one detector are configured to make contact with the measurement site.

Example 27. The method of example 1, wherein the device is configured to

measure the oxidation state of biological molecules that includes hemoglobin of

blood.

Example 28. The method of example 1, wherein the device is configured to

measure the oxidation state of biological molecules that includes at least one of

myoglobin or cytochrome of the muscle or heart.



Example 29. The method of example 1, wherein the device is configured to

measure the oxidation state of biological molecules that includes at least one of

Hemoglobin or cytochrome of the heart.

Example 30. The method of example 1, wherein the device is configured to

measure the oxidation state of biological molecules that includes at least one of

Hemoglobin or cytochrome of an organ.

Example 31. The system of example 18, further comprising:

an expandable component in mechanical communication with said medical

device.

Example 32. The system of example 31, wherein said expandable

component is configured to assure that said at least one emitter and said at least one

detector makes contact with tissue wall of the subject.

Example 33 . The system of example 31, wherein said expandable

component includes at least one of the following: a balloon, expandable structure,

stent, smart memory alloy (SMA) device, or inflatable compartment.

Example 34. The system of example 1, further comprises an electromagnetic

radiation source in communication with said at least one detector.

Example 35. The system of example 34, wherein said electromagnetic

radiation source and said at least one emitter and said at least one detector comprises a

visible-infrared or near-infrared spectroscopic system, or both a visible-infrared or

near-infrared spectroscopic system.

Example 36 The system of example 1, wherein:

said at least one emitter comprises a light emitting diode (LED); and

said at least one detector comprises photo detector.

Example 37. The system of example 1, wherein said at least one emitter and

said at least one detector is in communication with a processor.

Example 38. The system of example 37, wherein said processor is

configured to perform the algorithmic steps to determine the tissue oxygenation

(St0 2) of the region of the subject.

Example 39. The system of example 38, wherein said tissue oxygenation

(St0 2) of the region of the subject is accomplished using Bee-Lambert law or

empirical derivation.



Example 40. The system of example 18, further comprising at least one port

13 in communication with said medical device.

Example 4 1. The system of example 40, wherein said at least one port is

configured for delivering cardioplegia solution .

Example 42. The system of example 18, wherein said medical device

includes a distal tip 10, wherein said system further comprising at least one port

disposed on said distal tip.

Example 43. The system of example 42, wherein said at least one port is

configured for delivering cardioplegia solution .

Example 44. The system of example 3, comprising:

at least two of said emitters; wherein one of said emitters is configured to emit

the electromagnetic radiation at a high frequency so as to be above an isobestic point

and one of said emitters is configured to emit the electromagnetic radiation at a low

frequency so as to below the isobestic point; and

at least four of said detectors; said four detectors located in communication

with said interface member so as to be at a known predetermined distance from

respective said at least two emitters, whereby two of said detectors are provided for

each of the referenced high and low frequencies of said emitters.

Example 45. The system of example 44, wherein said at least two emitters

and said at least four detectors are in communication with a processor.

Example 46. The system of example 45, wherein said processor is

configured to perform the algorithmic steps to determine the tissue oxygenation

(St0 2) of the region of the subject.

Example 47. The system of example 46, wherein the tissue oxygenation

(St0 2) is determined by the execution of the following formula:

St0 2 = f(high frequency near, high frequency &, low frequency near, low frequency fa ,)

Example 48. The system of example 1, wherein said region is myocardium.

Example 49. The system of example 48, wherein said myocardium is located

in the left ventricle of the heart.

Example 50. An aspect of an embodiment of the present invention provides,

but not limited thereto, a catheter system for measuring the oxidation state of

biological molecules in a region of a measurement site of a subject. The system may

comprise: a catheter device having a lumen, the catheter device includes proximal



region, a distal regional, and a longitudinal region there between; at least one emitter

in mechanical communication with the catheter distal region and configured to make

contact with a tissue wall of the subject; at least one detector in mechanical

communication with the catheter distal region and configured to make contact with

the tissue wall of the subject; and the at least one emitter and the at least one detector

are in electromagnetic radiation communication with one another, wherein the

electromagnetic radiation communication allows visible radiation or near infrared

radiation emitted by the at least one emitters to be detected by the at least one detector

to determine tissue oxidation state of the region of the measurement site of the

subject.

Example 51. The system of example 50, further comprising:

an expandable component in mechanical communication with said catheter

distal region, and located between said at least one emitter and said at least one

detector and said catheter distal region.

Example 52. The system of example 51, wherein said expandable

component is configured to assure that said at least one emitter and said at least one

detector makes contact with the tissue wall.

Example 53 . The system of example 51, wherein said expandable

component includes at least one of the following: a balloon, expandable structure,

stent, smart memory alloy (SMA) device, or inflatable compartment.

Example 54. The system of example 50, wherein the region of the

measurement site is myocardium.

Example 55 . The system of example 50, wherein the region of the

measurement site is at least one of the following: blood, tissue, muscle, or organ.

Example 56. An aspect of an embodiment of the present invention provides,

but not limited thereto, a method for measuring the oxidation state of biological

molecules in a region of a measurement site of a subject. The method may comprise:

providing at least one emitter in optical communication with the region of the

measurement site of the subject; providing at least one detector in optical

communication with the region of the measurement site of the subject; disposing the

at least one emitter or the at least one detector inside the subject; and communicating

electromagnetic radiation between the at least one emitter and the at least one

detector, wherein the electromagnetic radiation communication allows visible



radiation or near infrared radiation emitted by the at least one emitters to be detected

by the at least one detector to determine tissue oxidation state of the region of the

measurement site of the subject.

Example 57. The method of example 56, comprising:

disposing both said at least one emitter and said at least one detector inside the

subject.

Example 58. The method of example 56, further comprising:

providing an interface member, wherein:

said at least one emitter or said at least one detector is in mechanical

communication with said an interface member; or

both said at least one emitter and said at least one detector are in

mechanical communication with said an interface member.

Example 59. The method of example 58, further comprising:

providing an expandable component in mechanical communication with said

interface member.

Example 60. The method of example 59, wherein said expandable

component is configured to assure that said at least one emitter and said at least one

detector makes contact with tissue wall of the subject.

Example 6 1. The method of example 59, wherein said expandable

component includes at least one of the following: a balloon, expandable structure,

stent, smart memory alloy (SMA) device, or inflatable compartment.

Example 62. The method of example 56, further comprises providing an

electromagnetic radiation source in communication with said at least one detector.

Example 63. The method of example 62, wherein said electromagnetic

radiation source and said at least one emitter and said at least one detector comprises a

visible-infrared or near-infrared spectroscopic system, or both a visible-infrared or

near-infrared spectroscopic system.

Example 64. The method of example 56, further comprising communicating

said at least one emitter and said at least one detector is with a processor.

Example 65. The method of example 58, further comprising at least one port

in communication with said interface member.

Example 66. The method of example 65, wherein said at least one port is

configured for delivering cardioplegia solution.



Example 67. The method of example 58, wherein said interface member

includes a distal tip, wherein said system further comprising at least one port disposed

on said distal tip.

Example 68. The system of example 67, wherein said at least one port is

configured for delivering cardioplegia solution.

Example 69. The method of example 56, comprising:

providing an interface member in mechanical communication with said at least

one emitter.

Example 70. The method of example 56, comprising:

providing an interface member in mechanical communication with said at least

one detector.

Example 7 1. The method of example 56, comprising:

providing an interface member in mechanical communication with said at least

one emitter and said at least one detector.

Example 72. The method of any one of examples 69, 70 or 71, wherein said

interface member comprises a medical device.

Example 73. The method of example 72, wherein said medical device

comprises a diagnostic or therapeutic device.

Example 74. The method of example 73, wherein said diagnostic device

comprises a surgical device or a monitoring device.

Example 75. The method of example 72, wherein said medical device

comprises a catheter.

Example 76. The method of example 72, wherein said medical device

comprises at least one of the following: a substrate, probe, patch, drain, guidewire,

tube, drainage tube, conduit, elongated member, lumen, circuit board, encapsulant,

casing, packaging, housing, or membrane.

Example 77. The method of example 72, wherein said medical device

comprise an ultrasound device.

Example 78. The method of example 64, further comprising:

perform algorithmic steps using said processor to determine the tissue

oxygenation (St0 2) of the region of the subject.



Example 79. The method of example 78, wherein said tissue oxygenation

(St0 2) of the region of the subject is accomplished using Bee-Lambert law or

empirical derivation.

Example 80. An aspect of an embodiment of the present invention provides,

but not limited thereto, a method for measuring the oxidation state of biological

molecules in a region of a measurement site of a subject. The method may comprise:

providing a catheter device having a lumen, the catheter device includes proximal

region, a distal regional, and a longitudinal region there between; providing at least

one emitter configured to make contact with a tissue wall of the subject; providing at

least one detector configured to make contact with the tissue wall of the subject; and

communicating electromagnetic radiation between the at least one emitter and the at

least one detector, wherein the electromagnetic radiation communication allows

visible radiation or near infrared radiation emitted by the at least one emitters to be

detected by the at least one detector to determine tissue oxidation state of the region

of the measurement site of the subject.

Example 81. The method of example 80, further comprising:

providing an expandable component in mechanical communication with said

catheter distal region, and located between said at least one emitter and said at least

one detector and said catheter distal region.

Example 82. The method of example 81, further comprising:

engaging said expandable component to assure that said at least one emitter

and said at least one detector makes contact with the tissue wall.

Example 83. The method of example 64, further comprising:

performing algorithmic steps using said processor to determine the tissue

oxygenation (St0 2) of the region of the subject.

Example 84. The method of example 83, wherein said tissue oxygenation

(St0 2) of the region of the subject is accomplished using Bee-Lambert law or

empirical derivation.

Example 85. The method of example 80, comprising:

providing at least two of said emitters; wherein one of said emitters is

configured to emit the electromagnetic radiation at a high frequency so as to be above

an isobestic point and one of said emitters is configured to emit the electromagnetic

radiation at a low frequency so as to below the isobestic point; and



providing at least four of said detectors; said four detectors located in

communication with said catheter distal region so as to be at a know predetermined

distance from respective said at least two emitters, whereby two of said detectors are

provided for each of the referenced high and low frequencies of said emitters.

Example 86. The method of example 85, wherein said at least two emitters

and said at least four detectors are in communication with a processor.

Example 87. The method of example 86, wherein said processor is

configured to perform the algorithmic steps to determine the tissue oxygenation

(St0 2) of the region of the subject.

Example 88. The method of example 87, wherein the tissue oxygenation

(St0 2) is determined by the execution of the following formula:

St0 2 = f(high frequency nea r , high frequency &, low frequency nea r , low frequency f
a

)

Example 89. The method of example 80, wherein said region is

myocardium.

Example 90. The method of manufacturing any of the systems, devices or

subject matter disclosed in one or more of any combination of examples 1-55).

Example 9 1. The method of using any of the systems, devices, or subject

matter disclosed in one or more of any combination of examples 1-55).

Example 92. The method of manufacturing any of the systems, devices or

subject matter disclosed in one or more of any combination of References 1-75 listed

below).

Example 93. The method of using any of the systems, devices, or subject

matter disclosed in one or more of any combination of References 1-75 listed below).
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In summary, while the present invention has been described with respect to

specific embodiments, many modifications, variations, alterations, substitutions, and

equivalents will be apparent to those skilled in the art. The present invention is not to

be limited in scope by the specific embodiment described herein. Indeed, various

modifications of the present invention, in addition to those described herein, will be

apparent to those of skill in the art from the foregoing description and accompanying

drawings. Accordingly, the invention is to be considered as limited only by the spirit

and scope of the following disclosure, including all modifications and equivalents.

Still other embodiments will become readily apparent to those skilled in this

art from reading the above-recited detailed description and drawings of certain

exemplary embodiments. It should be understood that numerous variations,

modifications, and additional embodiments are possible, and accordingly, all such

variations, modifications, and embodiments are to be regarded as being within the

spirit and scope of this application. For example, regardless of the content of any

portion (e.g., title, field, background, summary, abstract, drawing figure, etc.) of this

application, unless clearly specified to the contrary, there is no requirement for the

inclusion in any claim herein or of any application claiming priority hereto of any

particular described or illustrated activity or element, any particular sequence of such

activities, or any particular interrelationship of such elements. Moreover, any activity

can be repeated, any activity can be performed by multiple entities, and/or any

element can be duplicated. Further, any activity or element can be excluded, the

sequence of activities can vary, and/or the interrelationship of elements can vary.

Unless clearly specified to the contrary, there is no requirement for any particular

described or illustrated activity or element, any particular sequence or such activities,



any particular size, speed, material, dimension or frequency, or any particularly

interrelationship of such elements. Accordingly, the descriptions and drawings are to

be regarded as illustrative in nature, and not as restrictive. Moreover, when any

number or range is described herein, unless clearly stated otherwise, that number or

range is approximate. When any range is described herein, unless clearly stated

otherwise, that range includes all values therein and all sub ranges therein. Any

information in any material (e.g., a United States/foreign patent, United States/foreign

patent application, book, article, etc.) that has been incorporated by reference herein,

is only incorporated by reference to the extent that no conflict exists between such

information and the other statements and drawings set forth herein. In the event of

such conflict, including a conflict that would render invalid any claim herein or

seeking priority hereto, then any such conflicting information in such incorporated by

reference material is specifically not incorporated by reference herein.



CLAIMS

I claim:

1. A system for measuring the oxidation state of biological molecules in a

region of a measurement site of a subject, said system comprising:

at least one emitter configured to be in optical communication with the region

of the measurement site of the subject;

at least one detector configured to be in optical communication with the region

of the measurement site of the subject;

wherein said at least one emitter or said at least one detector is configured to

be disposed inside the subject; and

said at least one emitter and said at least one detector are in electromagnetic

radiation communication with one another, wherein the electromagnetic radiation

communication allows visible radiation or near infrared radiation emitted by said at

least one emitters to be detected by said at least one detector to determine tissue

oxidation state of the region of the measurement site of the subject.

2 . The system of claim 1, wherein both said at least one emitter and said

at least one detector are configured to be disposed inside the subject.

3 . The system of claim 1, further comprising:

an interface member, wherein at least a portion of said system is in mechanical

communication with said interface member.

4 . The system of claim 3, wherein said interface member includes a

device that includes a proximal region a distal regional, and a longitudinal region

there between.

5 . The system of claim 4, further comprising an expandable component in

mechanical communication with said interface member distal region, and located

between said at least one emitter and said at least one detector and said interface

member distal region.



6 . The system of claim 5, wherein said expandable component is

configured to assure that said at least one emitter and said at least one detector makes

contact with tissue wall of the subject.

7 . The system of claim 5, wherein said expandable component includes at

least one of the following: a balloon, expandable structure, stent, smart memory alloy

(SMA) device, or inflatable compartment.

8. The system of claim 3, further comprises an electromagnetic radiation

source in communication with said at least one detector.

9 . The system of claim 8, wherein said electromagnetic radiation source

and said at least one emitter and said at least one detector comprises a visible-infrared

or near-infrared spectroscopic system, or both a visible-infrared or near-infrared

spectroscopic system.

10. The system of claim 3, wherein said at least one emitter and said at

least one detector is in communication with a processor.

11. The system of claim 3, further comprising at least one port 13 in

communication with said interface member.

12. The system of claim 11, wherein said at least one port is configured for

delivering cardioplegia solution.

13. The system of claim 3, wherein said interface member includes a distal

tip 10, wherein said system further comprising at least one port disposed on said distal

tip.

14. The system of claim 13, wherein said at least one port is configured for

delivering cardioplegia solution.

The system of claim 1, comprising



an interface member, wherein said at least one emitter is in mechanical

communication with said interface member.

16. The system of claim 1, comprising:

an interface member, wherein said at least one detector is in mechanical

communication with said interface member.

17. The system of claim 1, comprising:

an interface member, wherein said at least one emitter and said at least one

detector are in mechanical communication with said interface member.

18. The system of any one of claims 15, 16 or 17, wherein said interface

member comprises a medical device.

19. The system of claim 18, wherein said medical device comprises a

diagnostic or therapeutic device.

20. The system of claim 19, wherein said diagnostic device comprises a

surgical device or a monitoring device.

21. The system of claim 18, wherein said medical device comprises a

catheter.

22. The system of claim 18, wherein said medical device comprises at least

one of the following: a substrate, probe, patch, drain, guidewire, tube, drainage tube,

conduit, elongated member, lumen, circuit board, encapsulant, casing, packaging,

housing, or membrane.

23. The system of claim 18, wherein said medical device comprise an

ultrasound device.

24. The system of claim 1, wherein said at least one emitter being

configured to make contact with the measurement site.



25. The system of claim 1, wherein said at least one detector being

configured to make contact with the measurement site.

26. The system of claim 1, wherein said at least one emitter and said at

least one detector are configured to make contact with the measurement site.

27. The method of claim 1, wherein the device is configured to measure

the oxidation state of biological molecules that includes hemoglobin of blood.

28. The method of claim 1, wherein the device is configured to measure

the oxidation state of biological molecules that includes at least one of myoglobin or

cytochrome of the muscle or heart.

29. The method of claim 1, wherein the device is configured to measure

the oxidation state of biological molecules that includes at least one of Hemoglobin or

cytochrome of the heart.

30. The method of claim 1, wherein the device is configured to measure

the oxidation state of biological molecules that includes at least one of Hemoglobin or

cytochrome of an organ.

31. The system of claim 18, further comprising:

an expandable component in mechanical communication with said medical

device.

32. The system of claim 31, wherein said expandable component is

configured to assure that said at least one emitter and said at least one detector makes

contact with tissue wall of the subject.

33 . The system of claim 31, wherein said expandable component includes

at least one of the following: a balloon, expandable structure, stent, smart memory

alloy (SMA) device, or inflatable compartment.



34. The system of claim 1, further comprises an electromagnetic radiation

source in communication with said at least one detector.

35. The system of claim 34, wherein said electromagnetic radiation source

and said at least one emitter and said at least one detector comprises a visible-infrared

or near-infrared spectroscopic system, or both a visible-infrared or near-infrared

spectroscopic system.

36 The system of claim 1, wherein:

said at least one emitter comprises a light emitting diode (LED); and

said at least one detector comprises photo detector.

37. The system of claim 1, wherein said at least one emitter and said at

least one detector is in communication with a processor.

38. The system of claim 37, wherein said processor is configured to

perform the algorithmic steps to determine the tissue oxygenation (St0 2) of the region

of the subject.

39. The system of claim 38, wherein said tissue oxygenation (St0 2) of the

region of the subject is accomplished using Bee-Lambert law or empirical derivation.

40. The system of claim 18, further comprising at least one port 13 in

communication with said medical device.

4 1. The system of claim 40, wherein said at least one port is configured for

delivering cardioplegia solution .

42. The system of claim 18, wherein said medical device includes a distal

tip 10, wherein said system further comprising at least one port disposed on said distal

tip.



43. The system of claim 42, wherein said at least one port is configured for

delivering cardioplegia solution .

44. The system of claim 3, comprising:

at least two of said emitters; wherein one of said emitters is configured to emit

the electromagnetic radiation at a high frequency so as to be above an isobestic point

and one of said emitters is configured to emit the electromagnetic radiation at a low

frequency so as to below the isobestic point; and

at least four of said detectors; said four detectors located in communication

with said interface member so as to be at a known predetermined distance from

respective said at least two emitters, whereby two of said detectors are provided for

each of the referenced high and low frequencies of said emitters.

45. The system of claim 44, wherein said at least two emitters and said at

least four detectors are in communication with a processor.

46. The system of claim 45, wherein said processor is configured to

perform the algorithmic steps to determine the tissue oxygenation (St0 2) of the region

of the subject.

47. The system of claim 46, wherein the tissue oxygenation (St0 2) is

determined by the execution of the following formula:

St0 2 = f(high frequency near, high frequency fa , low frequency near, low frequency fa ,)

48. The system of claim 1, wherein said region is myocardium.

49. The system of claim 48, wherein said myocardium is located in the left

ventricle of the heart.

50. A catheter system for measuring the oxidation state of biological

molecules in a region of a measurement site of a subject, said system comprising:

a catheter device having a lumen, said catheter device includes proximal

region, a distal regional, and a longitudinal region there between;



at least one emitter in mechanical communication with said catheter distal

region and configured to make contact with a tissue wall of the subject;

at least one detector in mechanical communication with said catheter distal

region and configured to make contact with the tissue wall of the subject; and

said at least one emitter and said at least one detector are in electromagnetic

radiation communication with one another, wherein the electromagnetic radiation

communication allows visible radiation or near infrared radiation emitted by said at

least one emitters to be detected by said at least one detector to determine tissue

oxidation state of the region of the measurement site of the subject.

51. The system of claim 50, further comprising:

an expandable component in mechanical communication with said catheter

distal region, and located between said at least one emitter and said at least one

detector and said catheter distal region.

52. The system of claim 51, wherein said expandable component is

configured to assure that said at least one emitter and said at least one detector makes

contact with the tissue wall.

53 . The system of claim 51, wherein said expandable component includes

at least one of the following: a balloon, expandable structure, stent, smart memory

alloy (SMA) device, or inflatable compartment.

54. The system of claim 50, wherein the region of the measurement site is

myocardium.

55. The system of claim 50, wherein the region of the measurement site is

at least one of the following: blood, tissue, muscle, or organ.

56. A method for measuring the oxidation state of biological molecules in

a region of a measurement site of a subject, said method comprising:

providing at least one emitter in optical communication with the region of the

measurement site of the subject;



providing at least one detector in optical communication with the region of the

measurement site of the subject;

disposing said at least one emitter or said at least one detector inside the

subject; and

communicating electromagnetic radiation between said at least one emitter

and said at least one detector, wherein the electromagnetic radiation communication

allows visible radiation or near infrared radiation emitted by said at least one emitters

to be detected by said at least one detector to determine tissue oxidation state of the

region of the measurement site of the subject.

57. The method of claim 56, comprising:

disposing both said at least one emitter and said at least one detector inside the

subject.

58. The method of claim 56, further comprising:

providing an interface member, wherein:

said at least one emitter or said at least one detector is in mechanical

communication with said an interface member; or

both said at least one emitter and said at least one detector are in

mechanical communication with said an interface member.

59. The method of claim 58, further comprising:

providing an expandable component in mechanical communication with said

interface member.

60. The method of claim 59, wherein said expandable component is

configured to assure that said at least one emitter and said at least one detector makes

contact with tissue wall of the subject.

6 1. The method of claim 59, wherein said expandable component includes

at least one of the following: a balloon, expandable structure, stent, smart memory

alloy (SMA) device, or inflatable compartment.



62. The method of claim 56, further comprises providing an

electromagnetic radiation source in communication with said at least one detector.

63. The method of claim 62, wherein said electromagnetic radiation source

and said at least one emitter and said at least one detector comprises a visible-infrared

or near-infrared spectroscopic system, or both a visible-infrared or near-infrared

spectroscopic system.

64. The method of claim 56, further comprising communicating said at

least one emitter and said at least one detector is with a processor.

65. The method of claim 58, further comprising at least one port in

communication with said interface member.

66. The method of claim 65, wherein said at least one port is configured

for delivering cardioplegia solution.

67. The method of claim 58, wherein said interface member includes a

distal tip, wherein said system further comprising at least one port disposed on said

distal tip.

68. The system of claim 67, wherein said at least one port is configured for

delivering cardioplegia solution.

69. The method of claim 56, comprising:

providing an interface member in mechanical communication with said at least

one emitter.

70. The method of claim 56, comprising:

providing an interface member in mechanical communication with said at least

one detector.

71. The method of claim 56, comprising:



providing an interface member in mechanical communication with said at least

one emitter and said at least one detector.

72. The method of any one of claims 69, 70 or 71, wherein said interface

member comprises a medical device.

73. The method of claim 72, wherein said medical device comprises a

diagnostic or therapeutic device.

74. The method of claim 73, wherein said diagnostic device comprises a

surgical device or a monitoring device.

75. The method of claim 72, wherein said medical device comprises a

catheter.

76. The method of claim 72, wherein said medical device comprises at

least one of the following: a substrate, probe, patch, drain, guidewire, tube, drainage

tube, conduit, elongated member, lumen, circuit board, encapsulant, casing,

packaging, housing, or membrane.

77. The method of claim 72, wherein said medical device comprise an

ultrasound device.

78. The method of claim 64, further comprising:

perform algorithmic steps using said processor to determine the tissue

oxygenation (St0 2) of the region of the subject.

79. The method of claim 78, wherein said tissue oxygenation (St0 2) of the

region of the subject is accomplished using Bee-Lambert law or empirical derivation.

80. A method for measuring the oxidation state of biological molecules in

a region of a measurement site of a subject, said method comprising:



providing a catheter device having a lumen, said catheter device includes

proximal region, a distal regional, and a longitudinal region there between;

providing at least one emitter configured to make contact with a tissue wall of

the subject;

providing at least one detector configured to make contact with the tissue wall

of the subject; and

communicating electromagnetic radiation between said at least one emitter

and said at least one detector, wherein the electromagnetic radiation communication

allows visible radiation or near infrared radiation emitted by said at least one emitters

to be detected by said at least one detector to determine tissue oxidation state of the

region of the measurement site of the subject.

81. The method of claim 80, further comprising:

providing an expandable component in mechanical communication with said

catheter distal region, and located between said at least one emitter and said at least

one detector and said catheter distal region.

82. The method of claim 81, further comprising:

engaging said expandable component to assure that said at least one emitter

and said at least one detector makes contact with the tissue wall.

83. The method of claim 64, further comprising:

performing algorithmic steps using said processor to determine the tissue

oxygenation (St0 2) of the region of the subject.

84. The method of claim 83, wherein said tissue oxygenation (St0 2) of the

region of the subject is accomplished using Bee-Lambert law or empirical derivation.

85. The method of claim 80, comprising:

providing at least two of said emitters; wherein one of said emitters is

configured to emit the electromagnetic radiation at a high frequency so as to be above

an isobestic point and one of said emitters is configured to emit the electromagnetic

radiation at a low frequency so as to below the isobestic point; and



providing at least four of said detectors; said four detectors located in

communication with said catheter distal region so as to be at a know predetermined

distance from respective said at least two emitters, whereby two of said detectors are

provided for each of the referenced high and low frequencies of said emitters.

86. The method of claim 85, wherein said at least two emitters and said at

least four detectors are in communication with a processor.

87. The method of claim 86, wherein said processor is configured to

perform the algorithmic steps to determine the tissue oxygenation (St0 2) of the region

of the subject.

88. The method of claim 87, wherein the tissue oxygenation (St0 2) is

determined by the execution of the following formula:

St0 2 = f(high frequency nea r , high frequency &, low frequency nea r , low frequency fa )

89. The method of claim 80, wherein said region is myocardium.
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