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CENTRAL VENOUS PRESSURE SENSOR AND METHOD TO
CONTROL A FLUID OR VOLUME OVERLOAD THERAPY

TECHNICAL FIELD

[0001] The present invention relates to the field of fluid or volume

overload therapies. In particular, the present invention relates to

measuring a central venous pressure value of a patient to monitor and

control fluid and volume overload therapies, such as renal replacement or

heart failure therapies.

BACKGROUND

[0002] Healthy kidneys function to retain the correct amount or

volume of fluid in the body. For a patient with chronic kidney disease, the

fluid volume in the body fluctuates between overhydration and

underhydration due to the inability of the kidneys to properly regulate the

amount of fluid in the body. Many patients with chronic kidney disease are

treated with concomitant fluid or volume overload therapies such as renal

replacement therapy (RRT), pharmacological therapy (e.g. diuretic),

ultrafiltration and neurotherapy. Examples of RRT include dialysis,

hemofiltration, hemodiafiltration, ultrafiltration, etc., which aid in regulating

the fluid volume in the patient. In many RRTs, fluid removal goals are

adjusted based on the difference between the weight of the patient at the

beginning of the RRT and his/her "dry weight" or "normal hydration state".

However, traditional methods used to determine the dry weight or the

normal hydration state of a patient, such as body weight, blood pressure,

and clinical status, can be inaccurate. Because patients with renal

disease often experience weight loss as a part of the renal disease state,

the dry weight of a patient is often overestimated, causing the patient to

become overhydrated while on RRT. Overhydration can have severe

cardiovascular effects such as hypertension, right heart failure, pulmonary

edema and left ventricular hypertrophy. In a patient whose dry weight is



underestimated, intradialytic hypotension is a common and difficult clinical

management problem There is a continuing need for improved

measurement of the fluid status of a patient that can be chronically

obtained before, during and after a RRT in a minimally invasive manner

SUMMARY

[0003] In one aspect, the present invention is a method of

determining a hydration state of a patient The method includes

measuring a first inferior vena caval pressure value of the patient using a

pressure sensor chronically implanted at least partially within a central

venous system of the patient, chronically measuring a plurality of second

inferior vena caval pressure values of the patient at periodic intervals using

the pressure sensor, remotely transmitting the first and second inferior

vena caval pressure values to one or both of an external device and an

implant within the patient, comparing differences in the first inferior vena

caval pressure value to the second inferior vena caval pressure values,

and correlating the differences between the first inferior vena caval

pressure value and any one or a plurality of the second inferior vena caval

pressure values to the hydration state of the patient

[0004] In a second aspect, the present invention is a method of

controlling a fluid or volume overload therapy being administered to a

patient The method includes sensing and generating an output

representative of a baseline infenor vena caval pressure value of the

patient before administering the fluid or volume overload therapy using a

pressure sensor, chronically sensing and generating outputs

representative of the inferior vena caval pressure value of the patient

during the fluid or volume overload therapy, comparing differences

between the output representative of the baseline inferior vena caval

pressure value and the outputs representative of subsequent inferior vena

caval pressure values generated during the fluid or volume overload

therapy, and adjusting the volume overload therapy based on the

differences between the baseline inferior vena caval pressure value and



the subsequent inferior vena caval pressure values of the patient during

the fluid or volume overload therapy.

[0005] In a third aspect, the present invention is an implantable

system for monitoring a fluid level of a patient during a volume overload

therapy. The implantable system includes a pressure sensor implantable

within the central venous system of the patient and a processor. The

pressure sensor senses and generates an output representative of a

baseline inferior vena caval pressure value of the patient and chronically

senses and generates, outputs representative of inferior vena caval

pressure values of the patient. The processor compares differences

between the baseline inferior vena caval pressure value and subsequent

inferior vena caval pressure values.

[0006] While multiple embodiments are disclosed, still other

embodiments of the present invention will become apparent to those

skilled in the art from the following detailed description, which shows and

describes illustrative embodiments of the invention. Accordingly, the

drawings and detailed description are to be regarded as illustrative in

nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic diagram of a fluid or volume overload

therapy monitoring and control system according to one embodiment of

the present invention.

[0008] FIG. 2 is a schematic diagram of a fluid or volume overload

therapy monitoring and control system according to an alternative

embodiment of the present invention.

[0009] FIG. 3 is a schematic diagram of a method of monitoring and

controlling a fluid or volume overload therapy according to one

embodiment of the present invention.

[0010] While the invention is amenable to various modifications and

alternative forms, specific embodiments have been shown by way of

example in the drawings and are described in detail below. The intention,



however, is not to limit the invention to the particular embodiments

described. On the contrary, the invention is intended to cover all

modifications, equivalents, and alternatives falling within the scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION

[0011] FIG. 1 shows a schematic diagram of a fluid or volume

overload therapy monitoring and control system 10 according to one

embodiment of the present invention. As shown in FIG. 1, the fluid or

volume overload therapy monitoring and control system 10 includes a

pressure sensor 12, an implantable medical device ("IMD") 14 and an

external device/system 16. In the illustrated embodiment, the pressure

sensor 12 and the IMD 14 are both implanted within the patient for

facilitating chronic assessment of a hydration level or fluid volume of the

patient during a fluid or volume overload therapy. As shown, the pressure

sensor 12 is implanted within the patient's inferior vena cava with the IMD

14 implanted subcutaneously at a location remote from the pressure

sensor 12. As further shown, the external device/system 16 is located

external to the patient. As discussed in detail below, in various

embodiments, the pressure sensor 12 and the IMD 14 are in

communication with one another, and one or both of the foregoing is

configured to be in communication with the external device/system 16.

[0012] As explained in detail below, according to the various

embodiments of the present invention, the pressure sensor 12 of the fluid

or volume overload therapy monitoring and control system 10 senses and

measures inferior vena caval pressure values and utilizes this pressure

data to estimate patient hydration levels. Thus, by chronically measuring

the inferior vena caval pressure values of the patient, the fluid or volume

overload therapy monitoring and control system 10 can measure and

monitor the hydration level or fluid volume of the patient. The fluid or

volume overload therapy being administered to the patient can then be

adjusted based on noted trends associated with the inferior vena caval

pressure values. Examples of fluid or volume overload therapies include,



but are not limited to: renal replacement therapy (RRT), pharmacological

therapy (e.g. diuretic), ultrafiltration and neuraltherapy. Examples of renal

replacement therapies include, for example: dialysis, ultrafiltration,

hemofiltration, and hemodiafiltration. In addition, the fluid or volume

overload therapy monitoring and control system 10 provides a minimally

invasive means for chronically monitoring the hydration state of the

patient.

[0013] The pressure sensor 12 can be percutaneously, or if

necessary via a cut-down procedure, introduced into the inferior vena cava

of the patient through any vein connected to the inferior vena cava, such

as, but not limited: to the femoral vein, jugular vein, bracheocephalic vein

or subclavian vein. The pressure sensor 12 can be introduced into the

central venous system by any means known in the art, for example, by

using a catheter delivery system. The pressure sensor 12 may be in the

form of a capsule and is anchored in the inferior vena cava using an

anchoring means. In one embodiment, the anchor may also provide

information by, for example, measuring changes in the vascular bed. The

changes could be quantified by capturing movement, such as expansion

or contraction of the inferior vena cava as the fluid status of the patient

fluctuates with the fluid or volume overload therapies. In another

embodiment, the anchor may also have a fixed array of flow meters that

are capable of capturing volume movement between a first point and a

second point within the inferior vena cava. Exemplary flow meters include,

but are not limited to: piezoresistive, optical or electromechanical sensors.

The data captured can then be relayed to the pressure sensor 12 or used

in conjunction with the data gathered by the pressure sensor 12 to monitor

the hydration state of the patient. Any anchoring means known in the art

may be used. In one embodiment, the pressure sensor 12 is coupled to a

stent-like anchoring structure which may be self-expandable or balloon

expandable, and thus can be delivered to the target implantation site using

devices and techniques similar to those used to deploy coronary arterial or

peripheral vascular stents. In one embodiment, the pressure sensor 12 is

coupled to an anchoring structure such as those described in co-pending



and commonly assigned U.S. Patent Application No. 11/855,725 to

Greenland, et al., which is incorporated herein by reference.

[0014] In one embodiment, the pressure sensor 12 may be

incorporated with a filter, such as a Greenfield filter, configured to be

implanted in the inferior vena cava. Such filters are well known in the art,

and are thus not described in detail herein. In one such embodiment, the

pressure sensor 12 may advantageously be positioned at the top (i.e.,

downstream side) of the filter so that any signals from the pressure sensor

12 are not obstructed.

[0015] Still other configurations for deploying and anchoring the

pressure sensor 12 to the target implantation site within the inferior vena

cava (or other locations within the central venous system) will become

apparent to those skilled in the art based on the foregoing.

[0016] In one embodiment, to obtain the most accurate reading, the

pressure sensor 12 is positioned below the heart and above the kidneys of

the patient. Although the pressure sensor 12 is discussed as being

located in the inferior vena cava of the patient and measuring the inferior

vena caval pressure values, it is envisioned that the superior vena caval

pressure or the pulmonary artery pressure may also be measured in lieu of

the inferior vena caval pressure.

[0017] The pressure sensor 12 chronically measures the central

venous pressure values of the patient in order to accurately measure the

dry weight of the patient. In patients with chronic kidney disease,

cachexia, which leads to a decrease in lean body mass, is often present.

If the normal hydration state of the patient is not accurately determined,

the decrease in lean body mass may be inadvertently accounted for by

fluid volume, leading to fluid overload in the patient, which in turn can lead

to cardiovascular complications.

[0018] In various embodiments, the inferior vena caval pressure

values are sensed before, during and after administration of the fluid or

volume overload therapy. In one embodiment, the pressure sensor 12

gathers inferior vena caval pressure data between about every 3 hours

and about every 5 hours, and particularly about every 4 hours. While the



fluid or volume overload therapy is being administered, the pressure

sensor 12 can be programmed to either gather data at shorter intervals or

optionally on an "on-demand" basis in which the physician or clinician can

request a real-time reading from the pressure sensor 12.

[0019] The pressure sensor 12 can have any structure and

configuration providing the desired functionality. As will be appreciated,

the pressure sensor 12 is configured to generate an output (i.e., current or

voltage) that is proportional to the sensed inferior vena caval pressure

value, and to transmit the output signal to the IMD 14 and/or the external

device/system 16. In one embodiment, a programming feature may

exclude or bypass the IMD 14 such that the pressure sensor 12

communicates directly with the external device/system 16. In various

embodiments, the pressure sensor 12 includes one or more transducers

configured to sense and generate a signal indicative of pressure within the

patient's central venous. In various embodiments, the pressure transducer

can be a micro-electrical-mechanical system (MEMS) device, which as will

be appreciated, utilizes semiconductor techniques to build microscopic

mechanical structures in a substrate made from silicon or similar materials

suitable for semiconduction e.g., Graphene. In various embodiments, the

pressure transducer can include a micro-machined capacitive or

piezoresistive transducer exposed to the inferior vena caval pressure

value. Other pressure transducer technologies, such as resistive strain

gages, are known in the art and can also be employed as a pressure

transducer for use in the pressure sensor 12.

[0020] As will be appreciated, the pressure sensor 12 includes

various circuitry and other components to facilitate the functional aspects

of the pressure sensor 12. For example, the pressure sensor 12 includes

telemetry components to facilitate communication between the pressure

sensor 12 and the IMD 14 and/or the external device/system 16. In

various embodiments, the pressure sensor 12 may include a battery to

supply operating power for the sensor components. In various other

embodiments, the pressure sensor 12 may be powered from an external

source. For example, in one embodiment, the pressure sensor 12



includes an acoustic transducer configured to generate an output voltage

in response to acoustic energy received from another device (e g , the IMD

14 and/or the external device/system 16) As will be appreciated, the

transducer output may then be utilized to charge one or more capacitors,

which are discharged to provide operating power for the other, active

components of the sensor In various other embodiments, the pressure

sensor 12 may be powered by an alternative energy source, e g , inductive

or radio-frequency electromagnetic energy

[0021] The IMD 14 can be any implantable medical device, whether

now known or later developed, configured for providing the desired

functionality as discussed herein In various embodiments, the IMD 14

includes internal processing components, e g , a processor such as a

central processing unit or integrated circuit, for processing signals from the

pressure sensor 12 as well as other sensors implanted in the patient as

explained below Additionally, as will be appreciated, the IMD 14 includes,

in various embodiments, memory, a power supply, telemetry systems,

and/or other functional components necessary to provide the desired

functionality In one embodiment, the IMD 14 is a cardiac rhythm

management ("CRM") device such as a pacemaker, an implantable

cardioverting defibnllator ("ICD"), or cardiac resynchronization therapy

("CRT") device (which may or may not include defibrillation capabilities)

In general, pacemakers, ICDs, and CRT devices are well known in the art,

and need not be described in further detail herein

[0022] Of course, the IMD 14 need not be a CRM device In one

embodiment, for example, the IMD 14 is a drug delivery system In

various embodiments, the IMD 14 is a monitoring device only, i e , it does

not itself provide any therapeutic stimuli

[0023] In one embodiment, the IMD 14 operates as an implantable

monitor/repeater device, and thus includes a processor that receives the

pressure sensor 12 output, and manipulates and processes the sensor

output as described herein For example, the processor in the IMD 14

could generate trends, waveforms, and the like, which are then transmitted

to the external device/system 16 In one embodiment, the IMD 14 is



operable as a data storage and transmission device, whereby the IMD 14

stores the raw pressure sensor output data and transmits it to the external

device/system 16 as desired. In one embodiment, the IMD 14 is a CRM

device that receives the output signal from the pressure sensor 12, which

represents the sensed inferior vena caval pressure data, and uses this

pressure data in a closed-loop manner to adaptively adjust therapy

parameters. The foregoing therapeutic functionality can be provided in

addition to or in lieu of the monitoring and/or data storage functions

discussed above.

[0024] In the illustrated embodiment, the IMD 14 is operatively

coupled to the pressure sensor 12 via a communication link 19. The IMD

14 is configured to receive and process the output signal(s) from the

pressure sensor 12.

[0025] In one embodiment, the IMD 14 is configured to receive the

output signal(s) from the pressure sensor 12 and measure a baseline

inferior vena caval pressure value therefrom. In various embodiments, the

baseline pressure measurement is determined by the first pressure sensor

12 according to a pre-determined regimen (i.e., daily, hourly, semi-weekly,

etc.) before administration of the fluid or volume overload therapy in order

to establish the patient's normal hydration state or dry weight. In one

embodiment, the baseline pressure measurement is taken at least daily.

In various embodiments, to enhance the accuracy of the baseline inferior

vena caval pressure measurement, it is determined based on multiple or

continuous readings sensed and recorded over a period of time. For

example, in one embodiment, the inferior vena caval pressure value is

taken substantially continuously for a pre-determined time period so as to

generate a pressure data curve, which data can then be manipulated in a

variety of ways to determine an accurate representative baseline inferior

vena caval pressure value and the normal hydration state of the patient.

In another embodiment, multiple pressure measurements are performed at

pre-determined sampling rates, and the results averaged to define the

baseline inferior vena caval pressure value. Still other schemes for



obtaining the baseline inferior vena caval pressure value will become

apparent to those skilled in the art based on the foregoing.

[0026] The IMD 14 can also be configured to obtain atmospheric or

ambient (i.e. barometric) pressure data from another source and calibrate

or correct the measured inferior vena caval pressure values for changes in

barometric pressure.

[0027] In addition, the IMD 14 may be programmed to account for

factors that may effect the central venous pressure, such as blood volume

and compliance of the venous system. In one embodiment, from a

waveform of about two respiration cycles, central venous pressure

parameters such as mean pressure are measured and transmitted to the

IMD 14 where it is stored. The measurements can then be trended and

viewed by the clinician. In addition to using the trends to determine the

baseline pressure measurement and the estimated dry weight of the

patient, the trends are also used to set the fluid or volume overload

therapy, such as by setting dialysis fluid removal goals and profiles.

[0028] The IMD 14 and the pressure sensor 12 can be in

communication with each other using such means such as acoustic, RF,

or optical methods, for example. Alternatively, the IMD 14 can have a

wired connection to the pressure sensor 12.

[0029] In the illustrated embodiment, the IMD 14 in turn is in

communication with the external device/system 16 via a communication

link 23. In various embodiments, the external device/system operates to

allow a physician or other caregiver to communicate with the IMD 14 and

the pressure sensor 12. In various embodiments, the external

device/system 16 can, itself, determine an optimal fluid or volume overload

therapy based on the trends of the inferior vena caval pressure readings

and the differences between the baseline inferior vena caval pressure and

subsequent inferior vena caval pressures.

[0030] The trends of the inferior vena caval pressure readings and

the differences between the baseline inferior vena caval pressure value

and subsequent inferior vena caval pressure values can also be used

while the fluid or volume overload therapy is being administered to



accordingly adjust the treatment. To determine whether and how the fluid

or volume overload therapy should be adjusted, a pre-volume fluid or

overload therapy inferior vena caval pressure value, or baseline inferior

vena caval pressure value, is first established by trending a plurality of

inferior vena caval pressure values gathered before the fluid or volume

overload therapy is administered. Because the pressure sensor 12

continuously measures the inferior vena caval pressure values of the

patient at periodic intervals, the data is already available. As mentioned

above, the baseline inferior vena caval pressure value is set as the goal

during fluid or volume overload therapy. During the fluid or volume

overload therapy, the trends in pressure within the inferior vena cava are

compared to the baseline inferior vena caval pressure values and the fluid

or volume overload therapy is accordingly adjusted. In one embodiment,

adjusting the fluid or volume overload therapy includes either reducing or

increasing the rate of fluid removal from the patient. For example, if the

inferior vena caval pressure value is higher than the baseline inferior vena

caval pressure value, greater ultrafiltration goals are used to bring the

patient back to a euvolemic state.

[0031] The specific form and functionality of the external

device/system 16 is not limited to any particular type of device or system.

In one embodiment, the external device/system 16 includes an external

programmer, monitor, or combinations thereof. For example, in one

embodiment, the external device/system 16 is an external, hand-held

programmer utilized by the physician or other caregiver to access data,

including inferior vena caval pressure data, stored in memory within the

IMD 14, as well as to program operating parameters for the IMD 14 and

the sensor 12. In one embodiment, the external device/system 16 is a

local monitor, e.g., a bedside monitor located in the patient's residence,

configured to, among other things, retrieve inferior vena caval pressure

data from the IMD 14 and store such data in its own memory or transmit

the data to another device or system. In one embodiment, the external

device/system 16 is a wearable monitor that is worn and carried by the

patient, which may be particularly advantageous for providing ambulatory



inferior vena caval pressure data. In one embodiment, the external device

is integrated into the dialysis console/system or other fluid removal system

when the patient is receiving a non-ambulatory treatment.

[0032] In various embodiments, the external device/system 16

includes a remote patient monitoring and management system including

an external device (e.g., a local monitor or repeater) coupled to the IMD 14

via the communication link 23, a network coupled to the external device,

and a remote device/system coupled to the network. Such a patient

management system allows a physician or other caregiver to communicate

with the IMD 14 and/or the pressure sensor 12 through the remote device

in a distant location (e.g., at the physician's office while the patient is at

home). As will be appreciated, the patient management system may

include additional memory, e.g., a patient database, and processing

capabilities. One exemplary remote patient management system that can

be incorporated into the external device/system 16 is the LATITUDE

patient management system available from Boston Scientific Corporation.

[0033] Communication between the IMD 14 and the external

device/system 16 can be accomplished through any suitable

communication means. In one embodiment, the communication link 23 is

an acoustic link to facilitate acoustic telemetry between the IMD 14 and the

external device/system 16. Various suitable systems and techniques for

communication between an implantable device such as the IMD 14 and an

external device or system are disclosed in, for example, commonly

assigned U.S. Patent Application Publication 2006/0009818 to Von Arx, et

al., and U.S. Patent 7,024,248 to Penner, et al., the disclosures of which

are incorporated herein by reference in their entireties. In one

embodiment, the communication link 23 is an inductive telemetry link. In

one embodiment, the communication link 23 is a far-field radio-frequency

(RF) telemetry link. Still other communication methods/schemes for

providing data transmission and other communication between the

external device/system 16 and the IMD 14 will be apparent to those skilled

in the art based on the foregoing.



[0034] In various embodiments, the external device/system 16

includes a display, alarm capabilities, or other means for communicating

the retrieved inferior vena caval pressure data to the patient, the physician

or other caregiver, or all of the above. In the illustrated embodiment, for

example, the external device/system 16 includes an indicator 18

accessible by the patient and/or physician. In one embodiment, the

indicator 18 activates when the inferior vena caval pressure reaches a

predetermined value. In another embodiment, the indicator 18 activates

when a difference between the baseline inferior vena caval pressure value

and subsequent inferior vena caval pressure values is greater than a

predetermined value. The indicator 18 can be designed to notify the

patient, a clinician or a physician of significant inferior vena caval pressure

elevation. If the indicator 18 is designed to notify the patient, for example

through a wristwatch remotely connected to the pressure sensor 12, the

patient is alerted that he/she should either schedule a visit with a

physician, report to an emergency room or take other preventative

measures. Because the external device/system 16 is remotely connected

to the IMD 14, a clinician or physician does not have to be in close

proximity to the patient to be notified that the inferior vena caval pressure

of the patient has elevated to a potentially dangerous level.

[0035] Alternatively, the indicator 18 may be programmed to

activate only if the difference in the baseline inferior vena caval pressure

value and subsequent inferior vena caval pressure values remains greater

than the predetermined value for more than one or multiple readings. The

external device/system 16 may be programmed to increase the number of

readings taken within a certain period of time if the difference in the

baseline inferior vena caval pressure value and the subsequent inferior

vena caval pressure values are greater than the predetermined level.

Although the indicator 18 is discussed as activating when the difference

between the baseline inferior vena caval pressure value and subsequent

inferior vena caval pressure value is greater than a predetermined value,

other factors may also be used to determine when the indicator 18 is



activated without departing from the intended scope of the present

invention.

[0036] Trends in the inferior vena caval pressure in between fluid or

volume overload therapy treatments can also be helpful to clinicians and

physicians. For example, the trends can be used to understand a patient's

compliance and adherence to a specified diet or medication regimens.

Patients with chronic kidney disease are typically on a regimented diet that

recommend against or prohibit ingestion of particular types of foods that

may increase the inferior vena caval pressure. By examining the trends of

the inferior vena caval pressure between fluid or volume overload therapy

sessions, the clinician may be able to determine if a patient deviated from

the diet or neglected to take his/her medication. A deviation from the

regimented diet would be indicated if the inferior vena caval pressure of

the patient increased by an atypical amount.

[0037] FIG. 2 is a schematic diagram of the fluid or volume overload

therapy monitoring and control system 10 according to an alternative

embodiment of the present invention. As shown in the embodiment of

FIG. 2, the fluid or volume overload therapy monitoring and control system

10 includes a pressure sensor 12 and an external device/system 16. The

pressure sensor 12 is communicably coupled to the external

device/system 16 via a communication link 25. The pressure sensor 12

and the external device/system 16 can be configured in substantially the

same or an identical manner to the corresponding elements of the system

10 of FIG. 1, and thus can provide the same ranges of functionality. In the

embodiment of FIG. 2 , however, the pressure sensor 12 does not

communicate with another implanted device, i.e., the IMD 14 of the

embodiment of FIG. 1. Thus, in the embodiment of FIG. 2, the outputs

from the pressure sensor 12 are transmitted directly to the external

device/system 16 via the communication link 25. This communication can

be accomplished via any suitable means or technique, whether now

known or later developed.

[0038] FIG. 3 is a schematic diagram of a method 100 of monitoring

a fluid or volume overload therapy by determining a hydration state or fluid



level of a patient Examples of fluid or volume overload therapies include

renal replacement therapy, pharmacological therapy (e g diuretic),

ultrafiltration and neurotherapies The method includes first introducing a

pressure sensor 12 into a circulation system of the patient and positioning

the pressure sensor within the inferior vena cava of the patient (Block

102) The pressure sensor is then anchored within an inferior vena cava

of the patient A set of initial readings of the inferior vena caval pressure

are taken to determine a baseline pressure value of the inferior vena cava

{Block 104) In one embodiment, the baseline pressure value is

determined based on pressure readings taken while the patient is

ambulatory Once the baseline pressure value is determined, the normal

hydration state can be estimated and the proper fluid or volume overload

therapy set (Block 106) The fluid or volume overload therapy is then

administered to the patient (Block 108)

[0039] During the fluid or volume overload therapy, the pressure in

the inferior vena cava is sensed at periodic intervals and communicated to

a processor, which could, in various embodiments, be located within the

IMD 14 and/or the external device/system 16 (Block 110) The infenor

vena caval pressure values are recorded and trended to determine the

hydration state of the patient at each periodic interval based on the

baseline pressure value and the pressure values sensed at each periodic

interval in the inferior vena cava (Block 112) In one embodiment, the

pressures are sensed or measured during the fluid or volume overload

therapy while the patient is ambulatory

[0040] The trends are based on the differences between the

baseline inferior vena caval pressure value and the subsequent inferior

vena caval pressure values taken during administration of the fluid or

volume overload therapy The trends may be used to determine therapy

goals and profiles The fluid or volume overload therapy may then be

adjusted based on the trends and the hydration state of the patient (Block

114) Generally, the hydration state of the patient is maintained above a

minimum hydration state However, the patient should not have too much

fluid in the body In one embodiment, the fluid or volume overload therapy



is adjusted by adjusting the rate at which fluid is removed from the patient

depending on the fluid or volume overload therapy goal.

[0041] Alternatively, or additionally, a clinician may be automatically

notified by the external device/system 16 if predetermined conditions are

detected. Thus, in various embodiments, the external device/system 16

and/or the IMD 14 are configured to automatically detect the occurrence of

a rise in the inferior vena caval pressure relative to the baseline exceeding

a predetermined threshold amount, so as to operate as a detection

system.

[0042] For example, in various embodiments, the external

device/system 16 includes a remote patient management system which in

turn includes a detection and alert mechanism for notifying a clinician of

significant inferior vena caval pressure increases. In one embodiment, the

pressure sensor 12 is incorporated into an early detection system which is

configured to generate physician alerts upon the occurrence of

predetermined conditions, e.g., changes in inferior vena caval pressures

exceeding a predetermined threshold amount. Exemplary automatic

detection systems that can be employed in the present invention are

disclosed in commonly assigned U.S. Patent Application Publication

2007/0213599 to Siejko, et. al., the disclosure of which is incorporated

herein by reference in its entirety.

[0043] Even after the fluid or volume overload therapy has been

administered, the fluid or volume overload therapy monitoring and control

system 10 can continue to take inferior vena caval pressure readings.

(Block 116). The subsequent readings may be useful to determine

whether the patient is following proper protocol and to determine the

normal hydration state of the patient for the next volume overload therapy

session. In addition, the physician may suggest that the patient further

adjust his/her lifestyle or diet based on the readings taken during the fluid

or volume overload therapy.

[0044] The fluid or volume overload therapy monitoring and control

system of the present invention measures the central venous pressure of a

patient by percutaneously deploying a pressure sensor into the inferior



vena cava of the patient. When the pressure sensor is percutaneously

deployed, the process is minimally invasive and the implantation

procedure is relatively fast (e.g., generally less than about an hour, and

can be performed as an outpatient procedure). In addition, because the

pressure sensor is percutaneously introduced into the body, the risks of

infection, bleeding, subclavian stenosis, etc. also decreases. The

readings are a more accurate indicator of fluid overload in the patient than

those obtained by conventional methods due to the fact that they are less

dependent on the pulmonary vascular bed. The method may also be used

to determine fluid overload in heart failure patients as these patients may

also be indicated for a vena caval filter.

[0045] Various modifications and additions can be made to the

exemplary embodiments discussed without departing from the scope of

the present invention. For example, while the embodiments described

above refer to particular features, the scope of this invention also includes

embodiments having different combinations of features and embodiments

that do not include all of the described features. Accordingly, the scope of

the present invention is intended to embrace all such alternatives,

modifications, and variations as fall within the scope of the claims, together

with all equivalents thereof.



CLAIMS

We claim:

1. A method of determining a hydration state of a patient

comprising:

measuring a first inferior vena caval pressure value of the

patient using a pressure sensor chronically implanted at

least partially within a central venous system of the

patient;

chronically measuring a plurality of second inferior vena

caval pressure values of the patient at periodic intervals

using the pressure sensor;

remotely transmitting the first and second inferior vena caval

pressure values to one or both of an external device and

an implant within the patient;

comparing differences in the first inferior vena caval pressure

value to the second inferior vena caval pressure values;

and

correlating the differences between the first inferior vena

caval pressure value and any one or a plurality of the

second inferior vena caval pressure values to the

hydration state of the patient.

2 . The method of claim 1, further comprising adjusting a

therapy based on the hydration state of the patient.

3. The method of claim 2, further comprising adjusting a

therapy based on the differences between the first inferior vena caval

pressure value and any one or a plurality of the second inferior vena caval

pressure values.



4. The method of claim 2, wherein the therapy is for fluid or

volume overload.

5. The method of claim 2, wherein adjusting the therapy based

on the hydration state of the patient comprises adjusting a rate of fluid

removal from the patient.

6 . The method of claim 1, further comprising comparing trends

of the first and second pressure values.

7 . The method of claim 1, wherein chronically measuring the

plurality of second inferior vena caval pressure values comprises

chronically measuring the inferior vena caval pressure values when the

patient is ambulatory.

8 . The method of claim 1, wherein chronically measuring a

plurality of second inferior vena caval pressure values comprises

chronically measuring the inferior vena caval pressure values before,

during and after administering a fluid or volume overload therapy.

9 . The method of claim 1, further comprising alerting a clinician

when the difference between the first inferior vena caval pressure value

and any one or a plurality of the second inferior vena caval pressure

values exceeds a predetermined value.

10. A method of controlling a fluid or volume overload therapy

being administered to a patient comprising:

sensing and generating an output representative of a

baseline inferior vena caval pressure value of the patient

before administering the fluid or volume overload therapy

using a pressure sensor;



chronically sensing and generating outputs representative of

the inferior vena caval pressure value of the patient

during the fluid or volume overload therapy;

comparing differences between the output representative of

the baseline inferior vena caval pressure value and the

outputs representative of subsequent inferior vena caval

pressure values generated during the fluid or volume

overload therapy; and

adjusting the fluid or volume overload therapy based on the

differences between the baseline inferior vena caval

pressure value and the subsequent inferior vena caval

pressure values of the patient during the fluid or volume

overload therapy.

11. The method of claim 10, further comprising chronically

sensing and generating outputs representative of the inferior vena caval

pressure value of the patient after the fluid or volume overload therapy.

12. The method of claim 10, further comprising transmitting a

signal from the pressure sensor to one or both of an external device and

an implant within the patient.

13. The method of claim 10 , further comprising determining a

minimum hydration state of the patient.

14. The method of claim 10, wherein adjusting the fluid or

volume overload therapy comprises adjusting a rate of fluid removal from

the patient to maintain at least a minimum hydration state in the patient.

15 . The method of claim 10, wherein comparing the differences

between the output representative of the baseline inferior vena caval

pressure value and the outputs representative of the subsequent inferior



vena caval pressure values of the patient during the volume overload

therapy comprises determining a trend in the inferior vena caval pressure

values.

16. An implantable system for monitoring a fluid level of a patient

during a volume overload therapy, the implantable system comprising:

a pressure sensor implantable within a central venous of the

patient for sensing and generating an output

representative of a baseline inferior vena caval pressure

value of the patient and for chronically sensing and

generating outputs representative of inferior vena caval

pressure values of the patient; and

a processor for comparing differences between the baseline

inferior vena caval pressure value and subsequent

inferior vena caval pressure values.

17. The implantable system of claim 16, further comprising a

transmitter for remotely transmitting the baseline inferior vena caval

pressure value and subsequent inferior vena caval pressure values of the

patient to one or both of an external device and an implant in the patient.

18. The implantable system of claim 16, wherein the processor

further determines the volume overload therapy based on the differences

between the baseline inferior vena caval pressure value and the

subsequent inferior vena caval pressure values.

19. The implantable system of claim 16, wherein the processor

further determines a rate of fluid removal from the patient based on the

differences between the baseline inferior vena caval pressure value and

either the subsequent inferior vena caval pressure values or a target vena

caval pressure value of the patient.



20. The implantable system of claim 16, further comprising an

external system for alerting a clinician when the difference between the

baseline inferior vena caval pressure value and subsequent inferior vena

caval pressure values exceeds a predetermined value.









INTERNATIONAL SEARCH REPORT
International application No

PCT/US2009/052697

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B5/02

According to lnlernallonal Patent Classillcallon (IPC) or to both national classification and IPC

B. FIELDS SEAFiCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B

Documentation searched other lhan minimum documentation to the extent that such documenls are included m the fields searched

Electronic dala base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category C alton of document with indication where appropriate of the relevant passages Relevant to claim No

US 5 085 213 A (COHEN TODD J [US]) 16-20
4 February 1992 (1992-02-04)
column 6 , line 46 - line 68
column 11, line 21 - line 25

US 2007/255112 Al (TAEPKE ROBERT T II [US] 16-20
ET AL) 1 November 2007 (2007-11-01)
paragraphs [0011], [0021], [0023],
[0024], [0032]

Further documents are listed In the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or pnoπlv date and not in conflict with the applicalion but
"A" document defining the general slate of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
1E" earlier document but published on or after the international "X" document of particular relevance, the claimed Invention

filing date cannot be considered novel or cannot be considered to
1L' document which may throw doubts on prionty claimfs) or involve an inventive step when the document is taken alone

which is cited to establish the publicaiion date of another 'Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

'O' document referring to a oral disclosure use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious Io a person skilled

1P" document published prior Io lhe International filing date but in lhe art

later than the priority date claimed •&• document member of the same patent family

Date of the actual completion of lhe international search Date of mailing of (he international search report

30 September 2009 16/10/2009

Name and mailing address of the ISA/ Authorized officer
European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Rijswijk

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016 Knϋpi i ng, Moritz

Form POT/ISA/810 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No

PCT/US2009/052697

C(Contlnuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

REED K L ; CHAFFIN D G ; ANDERSON C F : 16,18-20
"Umbilical venous Doppler velocity
pulsations and inferior vena cava pressure
elevations in fetal lambs."
OBSTETRICS AND GYNECOLOGY APR 1996,
vol. 87, no. 4 , April 1996 (1996-04),
pages 617-620, XP002548063
ISSN: 0029-7844
page 618, column 1 , last line - column 2 ,

line 19

LABATO M A : "Peritoneal dialysis in 16,18-20

emergency and critical care medicine"
CLINICAL TECHNIQUES IN SMALL ANIMAL
PRACTICE, SAUNDERS, PHILADELPHIA, PA, US,

vol. 15, no. 3 , 1 August 2000 (2000-08-01)
, pages 126-135, XP004970131
ISSN: 1096-2867
page 132, lines 3-8

SERAJ M A ET AL: "Are heat stroke 16,18-20
patients fluid depleted? Importance of
monitoring central venous pressure as a
simple guideline for fluid therapy"
RESUSCITATION, ELSEVIER, IE,

vol . 21, no. 1 ,

1 February 1991 (1991-02-01), pages 33-39,
XP023147466
ISSN: 0300-9572
[retrieved on 1991-02-01]
page 35

abstract

WO 01/23277 Al (CARTLEDGE RICHARD G [US]; 16,18-19

SMISSON HUGH F III [US]; BROWN JEFFEREY 0
[U) 5 April 2001 (2001-04-05)
page 2 , line 12 - line 28

US 2008/034836 Al (EIGLER NEAL [US] ET AL) 16-17
14 February 2008 (2008-02-14)

paragraphs [0108], [0141]

Form PCT/ISA/210 (continuation ol second sheet) (April 2005)



International application No.

INTERNATIONAL SEARCH REPORT PCT/US2009/052697

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.-. 1-15
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by

therapyRule 39.1(iv) PCT - Diagnostic method practised on the human or animal
body

2 . Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this International search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. J I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned In the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)



INTERNATIONAL SEARCH REPORT
International application No

Information on patent family members
PCT/US2009/052697

Patent document Publication Patent family Publication
cited In search report member(s) date

US 5085213 A 04-02-1992 NONE

US 2007255112 Al 01-11-2007 EP 2023806 A2 18-02-2009
WO 2007146494 A2 21-12-2007

WO 0123277 Al 05-04-2001 AU 7837800 A 30-04-2001
US 2004059295 Al 25-03-2004
US 2003225396 Al 04-12-2003
US 6554791 Bl 29-04-2003
US 2008015507 Al 17-01-2008

US 2008034836 Al 14-02-2008 NONE

Foim PCT/ISA/210 (patent family annex) (April aoO5)


	front-page
	description
	claims
	drawings
	wo-search-report

