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(57) ABSTRACT

Systems and methods include differential diagnosis for acute
heart failure to provide treatment to a patient including
determining whether the patient has cardiac volume over-
load, determining whether the patient has decreased abdomi-
nal venous system volume, and providing the appropriate
treatment in response to the determinations. A multi-sensor
system may be used to determine cardiac volume and
abdominal venous system volume. Fluid redistribution treat-
ment may be provided when cardiac volume overload is
accompanied by a decrease in abdominal venous system
volume. Fluid accumulation treatment may be provided
when cardiac volume overload is not accompanied by a
decrease in abdominal venous system volume.
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ACUTE HEART FAILURE MONITORING
AND TREATMENT

[0001] The present application claims the benefit of U.S.
Provisional Application Ser. No. 62/783,728, filed Dec. 21,
2018, which is incorporated by reference in its entirety.
[0002] The present technology is generally related to
medical systems and methods, such as acute heart failure
monitoring and treatment systems and methods.

[0003] Acute heart failure (AHF), or acute decompensated
heart failure (ADHF) is a common cause for hospital admis-
sion. Readmission of patients within 30-days of discharge is
also a common challenge. AHF may be the result of specific
disease process other than chronic heart failure (HF) in some
patients, but in many cases, AHF is the culmination of
worsening chronic HF. Volume overload is considered a
hallmark of AHF, and many patients admitted to hospitals
with AHF receive diuretic therapy, which may not be
effective for all patients.

SUMMARY

[0004] The techniques of this disclosure generally relate to
systems and methods for providing a differential diagnosis
for acute heart failure to provide treatment to a patient. In
particular, these techniques can be used to determine
whether acute heart failure is caused more by fluid accu-
mulation or by fluid redistribution, and the appropriate
treatment may be provided. Various embodiments may
include determining whether a patient has cardiac volume
overload, determining whether a patient has decreased
abdominal venous system volume, and providing the appro-
priate treatment in response to the determinations.

[0005] In one aspect, the present disclosure provides a
method that includes determining whether a patient has
cardiac volume overload; determining whether a patient has
decreased abdominal venous system volume; and determin-
ing an appropriate based on determining whether the patient
has cardiac volume overload and determining whether the
patient has decreased abdominal venous system volume.
[0006] In another aspect, the present disclosure provides a
system that includes one or both of a thoracic device having
a sensor to measure cardiac volume and an abdominal
device having a sensor to measure abdominal venous system
volume. The system also includes a controller operably
coupled to the thoracic device or the abdominal device. The
controller includes a processor configured to: determine
whether a patient has cardiac volume overload in response
to a cardiac volume measurement; determine whether a
patient has decreased abdominal venous system volume in
response to an abdominal venous system volume measure-
ment; and determine an appropriate treatment based on
determining whether the patient has cardiac volume ovet-
load and determining whether the patient has decreased
abdominal venous system volume.

[0007] In another aspect, the present disclosure provides a
system that includes an interface to one or more thoracic
devices to measure cardiac volume. The system also
includes an interface to one or more abdominal devices to
measure abdominal venous system volume. The system also
includes an interface to one or more user interface devices.
Further, the system includes a controller operably coupled to
the interfaces to one or more thoracic devices and to one or
more abdominal devices to receive measurements of cardiac
volume and abdominal venous system volume. The control-
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ler includes a processor configured to: receive a cardiac
volume using the interface to one or more thoracic devices;
receive an abdominal venous system volume using the
interface to one or more abdominal devices; and provide
measurements of the cardiac volume and the abdominal
venous system volume using the interface to one or more
user interface devices.

[0008] The details of one or more aspects of the disclosure
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
techniques described in this disclosure will be apparent from
the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram that illustrates an acute
heart failure monitoring and treatment system according to
the present disclosure.

[0010] FIG. 2 is a diagram that illustrates a patient and
sensor devices for use in the system of FIG. 1 according to
the present disclosure.

[0011] FIG. 3 is a flow diagram that illustrates a method
for acute heart failure monitoring and treatment according to
the present disclosure.

[0012] FIG. 41s a flow diagram that illustrates one method
for carrying out the method of FIG. 3 according to the
present disclosure.

[0013] FIG. 5 is a flow diagram that illustrates another
method for carrying out the method of FIG. 3 according to
the present disclosure.

DETAILED DESCRIPTION

[0014] This disclosure relates to systems and methods for
providing a differential diagnosis for acute heart failure to
provide treatment to a patient. When a patient is admitted to
a hospital for acute heart failure (AHF), the total body fluid
accumulation (e.g., accompanying body weight gain) may
not be the only mechanism for cardiac volume overload.
Venous capacitance may be involved, especially the role of
splanchnic reserve as the body’s compensatory mechanism.
The mechanisms for AHF may include venous capacitance
change. A large portion of blood in the venous system (e.g,,
mainly in the splanchnic vessels) may not contribute to the
effective circulating blood volume but can be recruited to the
circulating blood volume with activation of the sympathetic
nerve stimuli, drugs, or hormones. In patients with cardiac
dysfunction, this sympathetically activated blood volume
recruitment may shift blood volume out of the splanchnic
vessels to the central vascular system and may increase
effective circulating blood volume, leading to potential
increases in preload in the absence of any changes in the
total body fluid volume (e.g., no change in body weight).
This increase in preload (e.g., cardiac filling pressure) in
some patients may cause AHF and the hospitalization.

[0015] It may be beneficial to provide systems and meth-
ods that can be used to determine whether acute heart
failure, or acute decompensated heart failure (ADHF), is
caused more by fluid accumulation or by fluid redistribution
and to provide the appropriate treatment. In some cases, it
may be beneficial to provide a clinical technique to provide
a differential diagnosis as to whether AHF is mainly due to
fluid accumulation (e.g., overall fluid gain) or fluid redistri-
bution (e.g., volume shift from venous system to central
circulation). For example, if the fluid accumulation is asso-
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ciated with increased volume, then diuretic therapy maybe
appropriate. However, if volume overload is associated with
a fluid shift, then diuretic therapy may not be appropriate
and other treatment such as adrenergic blockade or other
therapies may be prescribed.

[0016] The present disclosure provides a technique that
may include determining whether a patient has cardiac
volume overload, determining whether the patient has
decreased abdominal venous system volume, and providing
the appropriate treatment in response to the determinations.
In some embodiments, both determinations may be made
before providing treatment for acute heart failure. In other
words, the determination for providing appropriate treat-
ment may be made based on, in response to, or after
determining whether the patient has cardiac volume over-
load and determining whether the patient has decreased
abdominal venous system volume. A multi-sensor system
may be used to carry out this technique. Providing the
appropriate treatment for these two different conditions may
facilitate providing effective treatment and the improvement
of outcomes for some patients.

[0017] Reference will now be made to the drawings,
which depict one or more aspects described in this disclo-
sure. However, it will be understood that other aspects not
depicted in the drawings fall within the scope of this
disclosure. Like numbers used in the figures refer to like
components, steps, and the like. However, it will be under-
stood that the use of a reference character to refer to an
element in a given figure is not intended to limit the element
in another figure labeled with the same reference character.
In addition, the use of different reference characters to refer
to elements in different figures is not intended to indicate
that the differently referenced elements cannot be the same
or similar.

[0018] FIG. 1 shows a system 100 for acute heart failure
monitoring and treatment. In general, system 100 is a
multiple-sensor system. The system 100 may include one or
more thoracic cardiac volume sensors 102 (also referred to
as thoracic sensors or cardiac volume sensors), one or more
abdominal venous system volume sensors 104 (also referred
to as abdominal sensors or venous system volume sensors),
a controller 106, and one or more user interface devices 108.
[0019] The thoracic sensor 102 may be configured to
measure cardiac volume to detect volume overload condi-
tions. The thoracic sensor 102 may be positioned in, on, or
proximate to the patient’s thorax. In some embodiments, the
thoracic sensor 102 may be described as being, or being part
of, a thoracic device.

[0020] The thoracic sensor 102 may be any suitable type
of sensor for measuring cardiac volume. In some embodi-
ments, the thoracic sensor 102 may use impedance, pressure,
or weight to determine cardiac volume. Non-limiting
examples of sensors of thoracic devices include: a thoracic
sensor, a subcutaneous sensor, an intravascular sensor, a
left-ventricular pressure sensor, a thoracic vascular-pressure
sensor, an intrathoracic impedance sensor, and a weigh
scale.

[0021] A thoracic vascular-pressure sensor, such as a pul-
monary artery pressure sensor, for example, using estimated
pulmonary arterial diastolic pressure (ePAD), may be used
to monitor the level of cardiac filling pressure or hemody-
namic status. In some embodiments, a thoracic vascular-
pressure sensor may be placed in a chamber of the patient’s
heart or a blood vessel. Various examples of pulmonary
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artery pressure sensors are described in, for example, U.S.
Pat. No. 6,887,207, issued May 3, 2005, entitled “Methods
and apparatus for estimation of ventricular afterload based
on ventricular pressure measurements,” or U.S. patent
Application No. 15/846,797, filed Dec. 19, 2017, entitled
“Delivery catheter for implantable medical device,” each of
which is incorporated herein by reference in its entirety. One
example of a pulmonary artery pressure sensor is an
implantable hemodynamic monitor (IHM).

[0022] An intrathoracic impedance sensor may be used to
monitor the level of or changes in thoracic volume, cardiac
filling pressure, or hemodynamic status.

[0023] The abdominal sensor 104 may be configured to
measure abdominal venous system volume, for example, to
detect venous volume change. The abdominal sensor 104
may be positioned in, on, or proximate to the patient’s
abdomen, below the patient’s thorax, or below the thoracic
sensor 102. In some embodiments, the abdominal sensor 104
may be described as being, or being part of, an abdominal
device.

[0024] The abdominal sensor 104 may be any suitable
type of sensor for measuring abdominal venous system
volume. Non-limiting examples of sensors of abdominal
devices include: an abdominal sensor, an impedance moni-
tor, an external patch monitor, a tissue oxygenation sensor,
a dielectric-constant sensor, and a weight balance scale.

[0025] A balance scale, such as a bed scale, may be used
to measure the relative weight of the patient’s thorax versus
the patient’s abdomen, for example, when the patient is
lying down. The relative weight, or ratio of weight, between
the thorax and the abdomen may change as blood volume is
redistributed to and from the abdominal venous system.

[0026] An impedance monitor may be used to measure
bio-impedance. In general, as fluid level in the venous
system (e.g., splanchnic bed) goes down, bio-impedance
increases, and vice versa. For example, a Medtronic Reveal
LINQ Insertable Cardiac Monitoring System may be placed
near the patient’s spleen to monitor venous system volume
changes via impedance changes. As another example, an
external patch monitor may be used to measure bio-imped-
ance of the venous system (e.g., splanchnic region).

[0027] A tissue oxygenation sensor, such as a pulse oxi-
meter, may be used to monitor changes in hemoglobin
content. In some embodiments, the tissue oxygenation sen-
sor may be placed near the patient’s spleen.

[0028] A radio-frequency (RF) transmitter/receiver, for
example, using a radar-like technique, may be used to
measure one or more dielectric constants of one or more
splanchnic organs. Changes in dielectric constants may
indicate fluid volume change in the area.

[0029] The controller 106 may be operably coupled to the
thoracic sensor 102, the abdominal sensor 104, or both the
thoracic sensor 102 and the abdominal sensor 104. The
controller 106 may be configured to determine whether a
patient has cardiac volume overload in response to a cardiac
volume measurement, for example, from the thoracic sensor
102. The controller 106 may be configured to determine
whether a patient has a decreased abdominal venous system
volume in response to an abdominal venous system volume
measurement, for example, from the abdominal sensor 104.
In some embodiments, the controller 106 may determine an
appropriate treatment based on determining whether the
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patient has cardiac volume overload and determining
whether the patient has decreased abdominal venous system
volume.

[0030] In some embodiments, the controller 106 may be
configured to provide fluid redistribution treatment in
response to the patient having a cardiac volume overload
and a decreased abdominal venous system volume. In some
embodiments, the controller 106 may be configured to
provide fluid accumulation treatment in response to deter-
mining that the patient has a cardiac volume overload and
that the abdominal venous system volume of the patient has
not decreased. For example, an implantable medical device
implanted in the thorax of the patient (e.g., a thoracic device)
may be used to provide the fluid accumulation treatment.
The implantable medical device may include one or more
thoracic sensors 102,

[0031] In the illustrated embodiment, the system 100
includes a first interface 110 to operably couple the control-
ler 106 to the one or more thoracic sensors 102, a second
interface 112 to operably couple the controller to the one or
more abdominal sensors 104, and a third interface 114 to
operably couple the controller to the one or more user
interface devices 108. In some embodiments, the first inter-
face 110, the second interface 112, or the third interface 114
may be described as being part of the controller 106.
[0032] The controller 106 may receive cardiac volume
measurements from the first interface 110. The controller
106 may receive abdominal venous system volume mea-
surements from the second interface 112. The controller 106
may provide measurements of the cardiac volume and the
abdominal venous system volume to the third interface 114
or may receive commands or other information from the
third interface.

[0033] In some embodiments, the first interface 110 may
be operably coupled to two or more sensors to measure
cardiac volume. Each of the sensors for measuring cardiac
volume may be housed in the same thoracic device or
different thoracic devices. In some embodiments, the second
interface 112 may be operably coupled to two or more
sensors to abdominal venous system volume. Each of the
sensors for measuring abdominal venous system volume
may be housed in the same abdominal device or different
abdominal devices.

[0034] Each of the interfaces may use any suitable type of
connection to operably connect the controller 106 with the
sensors. For example, the connection may be electrical,
optical, mechanical, wired, wireless, or any combination of
these.

[0035] The user interface device 108 may include any
suitable device capable of providing information to the user,
receiving input from the user, or otherwise physically inter-
acting with the user. In some embodiments, the user inter-
face device 108 may be part of, or include, a desktop
computer, a display, a touchscreen, a tablet, a smartphone, or
other suitable device.

[0036] The user interface device 108 may receive mea-
surements of the cardiac volume, the abdominal venous
system volume, or both from the sensors 102, 104 via
controller 106. The measurement information may be pro-
vided to a clinician for diagnosis, for example, using a
display.

[0037] In some cases, the user interface device 108 may
receive measurements of the cardiac volume, abdominal
venous system volume, or both from user input. For
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example, a patient may be weighed on a weight balance
scale or weigh scale to provide cardiac volume or abdominal
venous system volume information to a clinician who may
input the information into the user interface device 108 for
use by the controller 106. For example, the controller 106
may compare the inputted information to information from
one or more sensors or from a database of user information.
The controller 106 may determine whether to provide fluid
accumulation treatment or fluid redistribution treatment
based on the user input, the sensor information, or both.
[0038] One or more of the components, such as control-
lers, interfaces, or sensors, described herein may include a
processor, such as a central processing unit (CPU), com-
puter, logic array, or other device capable of directing data
coming into or out of devices. The controller may include
one or more computing devices having memory, processing,
and communication hardware. The controller may include
circuitry used to couple various components of the controller
together or with other components operably coupled to the
controller. The functions of the controller may be performed
by hardware and/or as computer instructions on a non-
transient computer readable storage medium.

[0039] The processor of the controller may include any
one or more of a microprocessor, a microcontroller, a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a field-programmable gate array (FPGA),
and/or equivalent discrete or integrated logic circuitry. In
some examples, the processor may include multiple com-
ponents, such as any combination of one or more micropro-
cessors, one or more controllers, one or more DSPs, one or
more ASICs, and/or one or more FPGAs, as well as other
discrete or integrated logic circuitry. The functions attributed
to the controller or processor herein may be embodied as
software, firmware, hardware, or any combination thereof.
While described herein as a processor-based system, an
alternative controller could utilize other components such as
relays and timers to achieve the desired results, either alone
or in combination with a microprocessor-based system.
[0040] In one or more embodiments, the exemplary sys-
tems, methods, and interfaces may be implemented using
one or more computer programs using a computing appa-
ratus, which may include one or more processors and/or
memory. Program code and/or logic described herein may be
applied to input data/information to perform functionality
described herein and generate desired output data/informa-
tion. The output data/information may be applied as an input
to one or more other devices and/or methods as described
herein or as would be applied in a known fashion. In view
of the above, it will be readily apparent that the controller
functionality as described herein may be implemented in any
manner known to one skilled in the art.

[0041] FIG. 2 shows an environment 10 including a
patient 12 and the AHF monitoring and treatment system
100. The system 100 may include various sensor devices,
such as sensor devices 122a, 1225, 124a, and 124¢, to
measure fluid volumes within the patient 12. In the illus-
trated embodiment, certain sensor devices 122a, 1225 (col-
lectively referred to as, thoracic devices 122) may be posi-
tioned in, on, or near the thorax 14 of the patient. Other
sensor devices 124a, 1245 (collectively referred to as
abdominal devices 124) may be positioned in, on, or near the
abdomen 16 of the patient. Although four sensor devices are
shown, the system 100 generally includes at least one
thoracic device and at least one abdominal device.
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[0042] As used herein, the term “thorax” refers to the part
of the patient’s body that is within or covered by the ribcage,
above a lowest or most inferior point 18 of the patient’s
ribcage, or both. The lowest or most inferior point may be
aligned to a plane that is orthogonal to the caudocranial axis
of the patient. The thorax may be defined as the part of the
patient’s body above the plane and below the patient’s neck.
Being on or proximate to the patient’s thorax may include,
for example, being on the patient’s clavicle, between the
shoulder blades, or inside the mesenteric vein.

[0043] As used herein, the term “abdominal” refers to the
part of the patient’s body that is below the thorax, below a
lowest or most inferior point 18 of the patient’s ribcage, or
both. The abdomen may be defined as the part of the
patient’s body above the legs and below the thorax. The
abdomen may include one or more splanchnic organs, such
as the spleen, the liver, one or two kidneys, and the intestine.
[0044] Each of the thoracic devices 122 and abdominal
devices 124 may include one or more sensors for detecting
fluid volume. For example, each thoracic device 122 may
house, or include, one or more thoracic sensors 102 (FIG. 1).
More than one thoracic sensor 102 may be used in each
thoracic device 122, for example, to provide redundant
measurements. More than one thoracic device 122 may also
be used to provide redundant measurements. The additional
thoracic sensors 102 may use a different type of sensing, or
sensing mechanism, to measure cardiac volume. The redun-
dant measurements may facilitate reporting a more accurate
measurement of abdominal venous system volume, for
example, to verify a measurement or to average measure-
ments.

[0045] Each abdominal device 124 may house, or include,
one or more abdominal sensors 104 (FIG. 1). More than one
abdominal sensor 104 may be used in each abdominal
device 124, for example, to provide redundant measure-
ments. More than one abdominal device 124 may also be
used to provide redundant measurements. The additional
abdominal sensors 104 may use a different type of sensing,
or sensing mechanism, to measure abdominal venous system
volume. The redundant measurements may facilitate report-
ing a more accurate measurement of abdominal venous
system volume, for example, to verify a measurement or to
average measurements.

[0046] Being positioned in, on, or proximate to the
patient’s thorax or abdomen may include being internal,
external, or both. In some embodiments, one or more sensors
102, 104 (FIG. 1) or devices 122, 124 may be implanted
subcutaneously for ambulatory and continuous monitoring
(e.g., when using an impedance sensor). In some embodi-
ments, one or more sensors 102, 104 or devices 122, 124
may be implanted in the patient’s heart or blood vessels. In
some embodiments, one or more sensors 102, 104 or devices
122, 124 may be positioned externally for temporary or
confirmatory monitoring (e.g., when using a patch monitor).
[0047] In various embodiments, parts of the devices (e.g.,
housings having a controller) 122, 124 may be positioned on
a different part of the patient’s body. Those parts of the
devices 122, 124 may be operably connected to one or more
sensors 102, 104, for example, by a lead, wireless commu-
nication, or any other suitable interface.

[0048] In general, thoracic sensors 102 of thoracic devices
122 may be positioned closer to the patient’s heart than
abdominal sensors 104 of abdominal devices 124. In some
embodiments, thoracic sensors 102 may be positioned in or
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proximate to the patient’s heart, which may provide for more
accurate measurements of cardiac volume.

[0049] One or more of the sensor devices 122, 124 may
include a controller, such as controller 106 (FIG. 1). The
controller may be operably coupled to one or more sensors
from the same sensor device or other sensor devices. Some
examples of sensor devices include: intracardiac or intra-
vascular pressure sensors, subcutaneous sensors, impedance
monitoring systems (e.g., Medtronic OptiVol used with
implantable pulse generator (IPG), implantable cardioverter-
defibrillator (ICD), or cardiac resynchronization therapy
(CRT) device), external patch-like devices with impedance
monitoring features, implantable loop recorders with optical
sensors and/or impedance sensors (e.g., Reveal LinQ),
implantable flow sensors, tissue-oxygenation sensors,
dielectric constant sensors, weigh scales or weight balance
scales, or other suitable sensor devices.

[0050] The sensor device 122a may use a different type of
sensing than the sensor device 1225, and the sensor device
124a may use a different type of sensing than the sensor
device 124b. In the illustrated embodiment, the sensor
device 122a is an intracardiac or intravascular pressure
sensor, the sensor device 1225 is an implantable medical
device (e.g., IPG, ICD, or CRT device) that uses an imped-
ance sensor, the sensor device 124a is a patch-like device
that uses an external local impedance sensor, and the sensor
device 1245 is a loop recorder (e.g., Medtronic Reveal
LinQQ) that uses an implantable pressure sensor.

[0051] In some embodiments, one or more sensor devices
122, 124 may be used to provide treatment, such as fluid
accumulation treatment or fluid redistribution treatment. The
sensor devices 122, 124 may cooperatively provide a closed
loop system for monitoring cardiac volume and abdominal
venous system volume and to provide the appropriate treat-
ment.

[0052] FIG. 3 shows a method 200 for acute heart failure
monitoring and treatment. The method 200 may include
determining a cardiac volume overload condition 202. One
or more thoracic devices, each having one or more cardiac
volume sensors, may be used to measure the cardiac volume
of the patient. A cardiac volume overload condition may be
determined based on one or more measurements of cardiac
volume. The method 200 may also include determining a
decreased thoracic venous system volume condition 204.
One or more abdominal devices, each having one or more
abdominal venous system volume sensors, may be used to
measure the abdominal venous system volume of the
patient. A decreased abdominal venous system volume con-
dition may be determined based on one or more measure-
ments of the abdominal venous system volume. The method
200 may include providing appropriate treatment 206 based
on the cardiac volume overload condition and the decreased
thoracic venous system volume condition. One or more
thoracic devices or abdominal devices may be configured to
provide fluid accumulation treatment or fluid redistribution
treatment. In some embodiments, information may be pro-
vided to a user interface device 1o facilitate a clinician’s
decision regarding whether to provide fluid accumulation
treatment or fluid redistribution treatment.

[0053] Various techniques may be used to determine
whether the patient has cardiac overload or a decreased
thoracic venous system volume. In some embodiments, the
cardiac volume measurement may be compared to a fixed
value threshold. If the measurement exceeds the threshold,
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then cardiac overload may be determined. In some embodi-
ments, cumulative, or accumulated, cardiac volume mea-
surements may be compared to a cumulative, or accumu-
lated, threshold. Various techniques for using an
accumulated threshold are described in U.S. Pat. No. 7,986,
994, issued Jul. 26, 2011, entitled “Method and apparatus for
detecting change in intrathoracic electrical impedance,”
which is incorporated by reference in its entirety.

[0054] In some embodiments, if a change in abdominal
venous system volume is greater than a change in cardiac
volume, for example, compared to respective baseline val-
ues, then fluid redistribution treatment may be provided.
Otherwise, fluid accumulation treatment may be provided.

[0055] FIG. 4 shows a method 250 for carrying out the
method 200 (FIG. 3) for acute heart failure monitoring and
treatment. Method 252 may include determining whether
there is a cardiac volume overload. If there is no cardiac
volume overload, then no treatment may be provided 254. If
there is cardiac volume overload, for example, more than a
threshold value, the method 250 may continue to check
abdominal venous system volume.

[0056] Method 250 may include determining whether
abdominal venous system volume has decreased 256. If
abdominal venous system volume has decreased, for
example, more than a threshold value, the method 250 may
include providing fluid redistribution treatment 258 (e.g.,
administering drug). If abdominal venous system volume
has not decreased, the method 250 may include providing
fluid accumulation treatment 260 (e.g., diuresis).

[0057] Fluid redistribution treatment may include any
suitable treatment that moves fluid from the cardiac volume
to the abdominal venous system volume. In some embodi-
ments, fluid redistribution treatment may involve activation
of the sympathetic nerve stimuli, administering drugs, or
administering hormones. Non-limiting examples of fluid
redistribution treatment include using or increasing adren-
ergic blockade (e.g., combined alpha and beta blockers),
providing instructions for bed rest (e.g., avoid an upright
posture), and providing instructions for breathing therapy
(e.g., to counter an elevated sympathetic tone). Breathing
therapy may facilitate an increase in abdominal capacity.

[0058] Fluid accumulation treatment may include any
suitable treatment that reduces the overall fluid in the
vascular system or more specifically reduces the fluid in the
cardiac volume. Non-limiting examples of fluid accumula-
tion treatment include increasing diuretic dosage, adminis-
tering plasmapheresis, and controlling a therapy device to
provide fluid accumulation treatment. For example, a car-
diac resynchronization therapy (CRT) device or a ventricular
assist device, such as a left ventricular assist device (LVAD),
may be used to modulate the rate of pacing, pacing delay
values, or pacing modes to facilitate a reduction in fluid.

[0059] FIG. 5 shows another method 300 for carrying out
the method 200 (FIG. 3) for acute heart failure monitoring
and treatment. In general, the method 300 may monitor a
first sensor for detection of volume overload. Once detected,
a second sensor may be activated, or cross-referenced if
continuous or periodic measurements are used, to determine
whether the abdominal venous system volume (e.g.,
splanchnic volume) has been decreased or has decreased. If
the abdominal venous system volume has changed beyond a
pre-specified threshold, or shows a decreasing trend from
multiple measurements, then the volume overload detected
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by the first sensor may be determined to be due to fluid
volume redistribution rather than overall fluid volume accu-
mulation.

[0060] In some embodiments, the accuracy of the volume
measurements may depend on the patient’s posture. A
patient may be restricted in movement or may be instructed
to maintain a consistent posture as the one or more mea-
surements are being taken, particularly for multiple mea-
surements being taken over time.

[0061] The method 300 may include setting a volume
overload detection parameter (e.g., threshold) for a first
sensor (e.g., cardiac volume sensor) 302. For example,
cardiac pressure may be measured as a representation of
cardiac volume, and when the pulmonary arterial pressure
exceeds 28 mmHg, then cardiac overload may be deter-
mined. The method 300 may include establishing a baseline
range for a second sensor (e.g., abdominal venous system
volume sensor) 304. For example, a subcutaneous imped-
ance near the splanchnic bed may be measured for a baseline
value.

[0062] The method 300 may further include determining
whether volume overload has been detected by the first
sensor 306. If volume overload has not been detected, the
method 300 may continue to monitor for volume overload.
If volume overload has been detected, the method 300 may
check venous system volume.

[0063] The method 300 may include determining whether
venous system volume (e.g., splanchnic volume) has
decreased 308. If venous system volume has decreased, the
method 300 may include providing fluid redistribution treat-
ment 310. Otherwise, if venous system volume has not
decreased, the method 300 may include providing fluid
accumulation treatment 312.

[0064] While the present disclosure is not so limited, an
appreciation of various aspects of the disclosure will be
gained through a discussion of the illustrative embodiments
provided below. Various modifications of the illustrative
embodiments, as well as additional embodiments of the
disclosure, will become apparent herein.

ILLUSTRATIVE EMBODIMENTS

[0065] Inillustrative embodiment A1, a method comprises
determining whether a patient has cardiac volume overload,
determining whether a patient has decreased abdominal
venous system volume; and determining an appropriate
based on determining whether the patient has cardiac vol-
ume overload and determining whether the patient has
decreased abdominal venous system volume.

[0066] Inillustrative embodiment A2, a method comprises
a method as in any A embodiment, further comprising
providing fluid redistribution treatment in response to deter-
mining that the patient has a cardiac volume ovetload and a
decreased abdominal venous system volume.

[0067] Inillustrative embodiment A3, a method comprises
a method as in any A embodiment, further comprising
providing fluid accumulation treatment in response to deter-
mining that the patient has a cardiac volume overload and
that the abdominal venous system volume of the patient has
not decreased.

[0068] Inillustrative embodiment A4, a method comprises
a method as in any A embodiment, wherein one or both of
cardiac volume overload and decreased abdominal venous
system volume of the patient is determined based on a fixed
value threshold or a cumulative value threshold.
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[0069] Inillustrative embodiment A5, a method comprises
amethod as in any A embodiment, wherein determining that
the patient has cardiac volume overload comprises using a
cardiac volume sensor positioned in, on, or proximate to the
patient’s thorax.

[0070] Inillustrative embodiment A6, a method comprises
a method as in embodiment AS, wherein the cardiac volume
sensor is positioned in or proximate to the patient’s heart.
[0071] Inillustrative embodiment A7, a method comprises
a method as in embodiment A5 or A6, wherein the cardiac
volume sensor comprises one or more of: a thoracic sensor,
a subcutaneous sensor, an intravascular sensor, a left-ven-
tricular pressure sensor, a thoracic vascular-pressure sensor,
an intrathoracic impedance sensor, and a weigh scale.
[0072] Inillustrative embodiment A8, a method comprises
a method as in any A embodiment, wherein determining
whether the patient has decreased abdominal venous system
volume comprises using a venous system volume sensor
positioned in, on, or proximate to the patient’s abdomen.
[0073] Inillustrative embodiment A9, a method comprises
a method as in embodiment A8, wherein the venous system
volume sensor is positioned at or proximate to one or more
of: a splanchnic organ, a spleen, a liver, a kidney, and an
intestine.

[0074] In illustrative embodiment A10, a method com-
prises a method as in embodiment A8 or A9, wherein the
venous system volume sensor comprises one or more of: an
abdominal sensor, an impedance monitor, an external patch
monitor, a tissue oxygenation sensor, a dielectric-constant
sensor, and a weight balance scale.

[0075] Inillustrative embodiment All, a method comprises
a method as in any A embodiment, wherein providing fluid
redistribution treatment comprises one or more of: using or
increasing adrenergic blockade, providing instructions for
bed rest, and providing instructions for breathing therapy.
[0076] In illustrative embodiment A12, a method com-
prises a method as in any embodiment A3-Al1l, wherein
providing fluid accumulation treatment comprises one or
more of increasing diuretic dosage and administering plas-
mapheresis.

[0077] In illustrative embodiment Al3, a method com-
prises a method as in embodiment A12, further comprising
controlling a therapy device to provide the fluid accumula-
tion treatment.

[0078] Inillustrative embodiment B1, a system comprises:
one or both of a thoracic device comprising a sensor to
measure cardiac volume and an abdominal device compris-
ing a sensor to measure abdominal venous system volume;
and a controller operably coupled to the thoracic device or
the abdominal device. The controller comprises a processor
configured to: determine whether a patient has cardiac
volume overload in response to a cardiac volume measure-
ment; determine whether a patient has decreased abdominal
venous system volume in response to an abdominal venous
system volume measurement; and determine an appropriate
treatment based on determining whether the patient has
cardiac volume overload and determining whether the
patient has decreased abdominal venous system volume.
[0079] In illustrative embodiment B2, a system comprises
a system as in any B embodiment, wherein the processor is
further configured to: provide fluid redistribution treatment
in response to determining that the patient has a cardiac
volume overload and a decreased abdominal venous system
volume; or provide fluid accumulation treatment in response
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to the patient has a cardiac volume overload and that the
abdominal venous system volume of the patient has not
decreased.

[0080] In illustrative embodiment B3, a system comprises
a system as in any B embodiment, further comprising
another sensor to measure cardiac volume.

[0081] In illustrative embodiment B4, a system comprises
a system as in embodiment B3, wherein each sensor to
measure cardiac volume uses a different type of sensing to
measure cardiac volume.

[0082] In illustrative embodiment B5, a system comprises
a system as in any B embodiment, further comprising
another sensor to measure abdominal venous system vol-
ume.

[0083] In illustrative embodiment B6, a system comprises
a system as in embodiment B5, wherein each sensor to
measure abdominal venous system volume uses a different
type of sensing to measure abdominal venous system vol-
ume.

[0084] In illustrative embodiment B7, a system comprises
a system as in any B embodiment, wherein the sensor of the
thoracic device positioned in, on, or proximate to the
patient’s thorax.

[0085] In illustrative embodiment B8, a system comprises
a system as in any B embodiment, wherein the sensor of the
thoracic device is positioned in or proximate to the patient’s
heart.

[0086] In illustrative embodiment B9, a system comprises
a system as in any B embodiment, wherein the sensor of the
thoracic device comprises at least one of: a thoracic sensor,
a subcutaneous sensor, an intravascular sensor, a left-ven-
tricular pressure sensor, a thoracic vascular-pressure sensor,
an intrathoracic impedance sensor, and a weigh scale.
[0087] In illustrative embodiment B10, a system com-
prises a system as in any B embodiment, wherein the sensor
of the abdominal device is positioned in, on, or proximate to
the patient below the sensor of the thoracic device and below
the thorax of the patient.

[0088] In illustrative embodiment B11, a system com-
prises a system as in any B embodiment, wherein the sensor
of the abdominal device is positioned at or proximate to at
least one of: a splanchnic organ, a spleen, a liver, a kidney,
and an intestine.

[0089] In illustrative embodiment B12, a system com-
prises a system as in any B embodiment, wherein the sensor
of the abdominal device comprises at least one of: an
abdominal sensor, an impedance monitor, an external patch
monitor, a tissue oxygenation sensor, a dielectric-constant
sensor, and a weight balance scale.

[0090] Inillustrative embodiment C1, a system comprises:
an interface to one or more thoracic devices to measure
cardiac volume; an interface to one or more abdominal
devices to measure abdominal venous system volume; an
interface to one or more user interface devices; and a
controller operably coupled to the interfaces to one or more
thoracic devices and to one or more abdominal devices to
receive measurements of cardiac volume and abdominal
venous system volume. The controller comprises a proces-
sor configured to: receive a cardiac volume using the inter-
face to one or more thoracic devices; receive an abdominal
venous system volume using the interface to one or more
abdominal devices; and provide measurements of the car-
diac volume and the abdominal venous system volume using
the interface to one or more user interface devices.
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[0091] In illustrative embodiment C2, a system comprises
a system as in any C embodiment, further comprising an
implantable medical device configured to provide fluid
accumulation treatment in response to determining that a
patient has a cardiac volume overload and that the abdomi-
nal venous system volume of the patient has not decreased.
[0092] In illustrative embodiment C3, a system comprises
a system as in any C embodiment, wherein the controller is
further configured to determine an appropriate treatment
based on determining whether the patient has cardiac vol-
ume overload and determining whether the patient has
decreased abdominal venous system volume.

[0093] In illustrative embodiment C4, a system comprises
a system as in any C embodiment, wherein the interface to
one or more thoracic devices is operably coupled to two or
more sensors to measure cardiac volume, the interface to one
or more abdominal devices is operably coupled to two or
more sensors to measure abdominal venous system volume,
or both.

[0094] Thus, various embodiments of ACUTE HEART
FAILURE MONITORING AND TREATMENT are dis-
closed. Although reference is made herein to the accompa-
nying set of drawings that form part of this disclosure, one
of at least ordinary skill in the art will appreciate that various
adaptations and modifications of the embodiments described
herein are within, or do not depart from, the scope of this
disclosure. For example, aspects of the embodiments
described herein may be combined in a variety of ways with
each other. Therefore, it is to be understood that, within the
scope of the appended claims, the claimed invention may be
practiced other than as explicitly described herein.

[0095] It should be understood that various aspects dis-
closed herein may be combined in different combinations
than the combinations specifically presented in the descrip-
tion and accompanying drawings. It should also be under-
stood that, depending on the example, certain acts or events
of any of the processes or methods described herein may be
performed in a different sequence, may be added, merged, or
left out altogether (e.g., all described acts or events may not
be necessary to carry out the techniques). In addition, while
certain aspects of this disclosure are described as being
performed by a single module or unit for purposes of clarity,
it should be understood that the techniques of this disclosure
may be performed by a combination of units or modules
associated with, for example, a medical device.

[0096] In one or more examples, the described techniques
may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
functions may be stored as one or more instructions or code
on a computer-readable medium and executed by a hard-
ware-based processing unit. Computer-readable media may
include non-transitory computer-readable media, which cor-
responds to a tangible medium such as data storage media
(e.g., RAM, ROM, EEPROM, flash memory, or any other
medium that can be used to store desired program code in
the form of instructions or data structures and that can be
accessed by a computer).

[0097] Instructions may be executed by one or more
processors, such as one or more digital signal processors
(DSPs), general purpose microprocessors, application spe-
cific integrated circuits (ASICs), field programmable logic
arrays (FPGAs), or other equivalent integrated or discrete
logic circuitry. Accordingly, the term “processor” as used
herein may refer to any of the foregoing structure or any
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other physical structure suitable for implementation of the
described techniques. Also, the techniques could be fully
implemented in one or more circuits or logic elements.
[0098] It will be understood that each block of the block
diagrams and combinations of those blocks can be imple-
mented by means for performing the illustrated function.
[0099] All references and publications cited herein are
expressly incorporated herein by reference in their entirety
for all purposes, except to the extent any aspect directly
contradicts this disclosure.

[0100] All scientific and technical terms used herein have
meanings commonly used in the art unless otherwise speci-
fied. The definitions provided herein are to facilitate under-
standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

[0101] Unless otherwise indicated, all numbers expressing
feature sizes, amounts, and physical properties used in the
specification and claims may be understood as being modi-
fied either by the term “exactly” or “about.” Accordingly,
unless indicated to the contrary, the numerical parameters set
forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired
properties sought to be obtained by those skilled in the art
utilizing the teachings disclosed herein or, for example,
within typical ranges of experimental error.

[0102] The recitation of numerical ranges by endpoints
includes all numbers subsumed within that range (e.g. 1 to
5includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range
within that range. Herein, the terms “up to” or “no greater
than” a number (e.g., up to 50) includes the number (e.g.,
50), and the term “no less than” a number (e.g., no less than
5) includes the number (e.g., 5).

[0103] The terms “coupled” or “connected” refer to ele-
ments being attached to each other either directly (in direct
contact with each other) or indirectly (having one or more
elements between and attaching the two elements). Either
term may be modified by “operatively” and “operably,”
which may be used interchangeably, to describe that the
coupling or connection is configured to allow the compo-
nents to interact to carry out at least some functionality.
[0104] Terms related to orientation, such as “above” and
“below” are used to describe relative positions of compo-
nents and are not meant to limit the orientation of the
embodiments contemplated.

[0105] Reference to “one embodiment,” “an embodi-
ment,” “certain embodiments,” or “some embodiments,”
etc., means that a particular feature, configuration, compo-
sition, or characteristic described in connection with the
embodiment is included in at least one embodiment of the
disclosure. Thus, the appearances of such phrases in various
places throughout are not necessarily referring to the same
embodiment of the disclosure. Furthermore, the particular
features, configurations, compositions, or characteristics
may be combined in any suitable manner in one or more
embodiments.

[0106] As used in this specification and the appended
claims, the singular forms “a,” “an,” and “the” encompass
embodiments having plural referents, unless the content
clearly dictates otherwise. As used in this specification and
the appended claims, the term “or” is generally employed in
its sense including “and/or” unless the content clearly dic-
tates otherwise.

[0107]
“including,

»

[ T34

As used herein, “have,” “having,” “include,”
comprise,” “comprising” or the like are used
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in their open-ended sense, and generally mean “including,
but not limited to.” It will be understood that “consisting
essentially of”” “consisting of,” and the like are subsumed in
“comprising,” and the like.

[0108] The term “and/or” means one or all of the listed
elements or a combination of at least two of the listed
elements.

[0109] The phrases “at least one of,” “comprises at least
one of,” and “one or more of” followed by a list refers to any
one of the items in the list and any combination of two or
more items in the list.

What is claimed is:

1. A method comprising:

determining whether a patient has cardiac volume over-

load;

determining whether the patient has decreased abdominal

venous system volume; and

determining an appropriate treatment based on determin-

ing whether the patient has cardiac volume overload
and determining whether the patient has decreased
abdominal venous system volume.

2. A method as in claim 1, further comprising providing
fluid redistribution treatment in response to determining that
the patient has a cardiac volume overload and a decreased
abdominal venous system volume.

3. A method as in claim 1 or 2, further comprising
providing fluid accumulation treatment in response to deter-
mining that the patient has a cardiac volume overload and
that the abdominal venous system volume of the patient has
not decreased.

4. A method as in claim any preceding claim, wherein one
or both of cardiac volume overload and decreased abdomi-
nal venous system volume of the patient is determined based
on a fixed value threshold or a cumulative value threshold.

5. A method as in any preceding claim, wherein providing
fluid redistribution treatment comprises one or more of:
using or increasing adrenergic blockade, providing instruc-
tions for bed rest, and providing instructions for breathing
therapy.

6. A method as in any one of claims 3-5, wherein
providing fluid accumulation treatment comprises one or
more of increasing diuretic dosage and administering plas-
mapheresis.

7. A method as in claim 6, further comprising controlling
a therapy device to provide the fluid accumulation treatment.

8. A system comprising:

one or both of a thoracic device comprising a sensor to

measure cardiac volume and an abdominal device
comprising a sensor to measure abdominal venous
system volume; and

a controller operably coupled to the thoracic device or the

abdominal device, the controller comprising a proces-

sor configured to:

determine whether a patient has cardiac volume over-
load in response to a cardiac volume measurement;

determine whether the patient has decreased abdominal
venous system volume in response to an abdominal
venous system volume measurement; and

determine an appropriate treatment based on determin-
ing whether the patient has cardiac volume overload
and determining whether the patient has decreased
abdominal venous system volume.

9. A system as in claim 8, wherein the processor is further
configured to:
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provide fluid redistribution treatment in response to deter-
mining that the patient has a cardiac volume overload
and a decreased abdominal venous system volume; or

provide fluid accumulation treatment in response to the
patient has a cardiac volume overload and that the
abdominal venous system volume of the patient has not
decreased.

10. A system as in claim 8, further comprising another
sensor to measure cardiac volume.

11. A system as in claim 10, wherein each sensor to
measure cardiac volume uses a different type of sensing to
measure cardiac volume.

12. A system as in claim 8, further comprising another
sensor to measure abdominal venous system volume.

13. A system as in claim 12, wherein each sensor to
measure abdominal venous system volume uses a different
type of sensing to measure abdominal venous system vol-
ume.

14. A system as in claim 8, wherein the sensor of the
thoracic device positioned in, on, or proximate to the
patient’s thorax.

15. A system as in claim 8, wherein the sensor of the
thoracic device is positioned in or proximate to the patient’s
heart.

16. A system as in claim 8, wherein the sensor of the
thoracic device comprises at least one of: a thoracic sensor,
a subcutaneous sensor, an intravascular sensor, a left-ven-
tricular pressure sensor, a thoracic vascular-pressure sensor,
an intrathoracic impedance sensor, and a weigh scale.

17. A system as in claim 8, wherein the sensor of the
abdominal device is positioned in, on, or proximate to the
patient below the sensor of the thoracic device and below the
thorax of the patient.

18. A system as in claim 8, wherein the sensor of the
abdominal device is positioned at or proximate to at least
one of: a splanchnic organ, a spleen, a liver, a kidney, and an
intestine.

19. A system as in claim 8, wherein the sensor of the
abdominal device comprises at least one of: an abdominal
sensor, an impedance monitor, an external patch monitor, a
tissue oxygenation sensor, a dielectric-constant sensor, and
a weight balance scale.

20. A system comprising:

an interface to one or more thoracic devices to measure

cardiac volume;

an interface to one or more abdominal devices to measure

abdominal venous system volume;

an interface to one or more user interface devices; and

a controller operably coupled to the interfaces to one or

more thoracic devices and to one or more abdominal

devices to receive measurements of cardiac volume and

abdominal venous system volume, the controller com-

prising a processor configured to:

receive a cardiac volume using the interface to one or
more thoracic devices;

receive an abdominal venous system volume using the
interface to one or more abdominal devices; and

provide measurements of the cardiac volume and the
abdominal venous system volume using the interface
to one or more user interface devices.

21. A system as in claim 20, further comprising an
implantable medical device configured to provide fluid
accumulation treatment in response to determining that a
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patient has a cardiac volume overload and that the abdomi-
nal venous system volume of the patient has not decreased.

22. A system as in claim 20, wherein the controller is
further configured to determine an appropriate treatment
based on determining whether a patient has cardiac volume
overload and determining whether the patient has decreased
abdominal venous system volume.

23. A system as in claim 20, wherein the interface to one
or more thoracic devices is operably coupled to two or more
sensors to measure cardiac volume, the interface to one or
more abdominal devices is operably coupled to two or more
sensors to measure abdominal venous system volume, or
both.
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