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Description

TECHNICAL FIELD

[0001] This document relates to systems and methods for treating heart tissue, for example, by controlling an inter-
mittent occlusion of venous blood flow in the heart.

BACKGROUND

[0002] The heart muscle receives arterial blood via coronary arteries so that the blood passes through and nourishes
the heart muscle tissue. In some cases, a blockage in a coronary artery can result in a loss or reduction of blood flow
through a portion of the heart muscle tissue, thereby creating an area at risk of ischemic death if the area is not timely
reperfused. The injury of the ischemic heart muscle tissue may also be exacerbated by reperfusion injury from a sudden
reperfusion of blood to tissue that had been deprived of adequate blood flow. After the blockage is removed or otherwise
opened to resume blood flow, the ischemic portion of the heart muscle tissue (such as the reperfused microcirculation)
may be damaged to the point that normal blood flow does not return through the ischemic portion of the muscle tissue.
[0003] Some conventional systems attempt to repair or treat the ischemic heart muscle tissue by supplying the ischemic
tissue with blood through retrograde perfusion. For example, the coronary sinus may be temporarily occluded so that
the blood therein counterflows back from the coronary sinus through the coronary venous system and toward the ischemic
muscle tissue that previously did not receive blood from the arterial side. The occlusion of the coronary sinus causes a
pressure increase and, as a result, a redistribution of venous blood via the respective vein(s) into the capillaries of the
border-zone ischemic muscle tissue so as to improve the supply of nutrients to that ischemic area. When the occlusion
is ceased so that blood exits normally through the coronary sinus, the venous blood is flushed out while the metabolic
waste products from the damaged tissue are carried off at the same time.
[0004] The combination of repeated venous pressure build-up phases followed by a phase of redistribution of flow
and wash-out, often referred to as an intermittent coronary
sinus occlusion ("ICSO") method, might in some circumstances improve arterial blood demand, improve microcirculation
by reducing microvascular obstructions, provide a cardioprotective effect, and reduce ischemic tissue infarct size. When
the timing of the ICSO method (e.g., the occlusion times and the release times) is controlled based upon monitored
pressure measurements, the method is often referred to as pressure-controlled ICSO, or "PISCO." A computer-imple-
mented control system may be used to control the timing of when to start and when to end, and hence the duration of,
the occlusion phases that are performed during a PICSO method.
[0005] US 2011/295302 A1 discloses a system for treating heart muscle tissue, including a sensor signal input to
receive a pressure sensor data signal indicative of a pressure in the coronary sinus during at least two or more occlusion
phases of a coronary sinus occlusion catheter. Furthermore document US 2011/295302 A1 shows a control circuit
including a memory and a processor.

SUMMARY

[0006] Some embodiments of a system or method for treating heart tissue can include a control system and a catheter
device that are operated to intermittently occlude a heart vessel for controlled periods of time for purposes of redistributing
blood flow, for example, toward a myocardial ischemic area or an area at risk (AAR) of ischemia. In particular embodi-
ments, during the initiation of the treatment, the system can be configured to activate the catheter device and monitor
patient characteristics to confirm that the system is attaining a satisfactory level of occlusion so as to provide a desired
extent of blood redistribution. For example, in response to monitoring one or more patient characteristics after the catheter
device is initially activated, the system can be configured to output an indication that the catheter position is satisfactory
or that the catheter position should be adjusted. In some embodiments, during the treatment process, the system can
be configured to determine and display a parameter representing a cumulative quantity of treatment provided over
successive occlusion periods. In one example, the cumulative quantity that is calculated by the system can correlate to
an estimated amount of AAR heart tissue that has been salvaged over the course of treatment provided, thereby providing
practitioners with real-time feedback regarding the medical progress of the using the catheter device over the course of
the successive occlusion periods. As such, the cumulative quantity or the estimated amount af AAR can be displayed
and repeated updated by the control system over the course of the successive
occlusion periods, which facilitates practitioner to more accurately determine whether to continue or end the treatment
process using the catheter device.
[0007] Particular embodiments described herein may include a control system for a system for treating heart muscle
tissue. The control system may include a sensor signal input to receive a pressure sensor data signal indicative of a
pressure in the coronary sinus at least during two or more occlusion phases of a coronary sinus occlusion catheter (or
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another sensor data signal indicative of a bodily characteristic in the coronary sinus at least during two or more occlusion
phases of a coronary sinus occlusion catheter). Also, the control system may include a control circuit including memory
and a processor. The control circuit may be configured to determine, in response to stored data points of the pressure
sensor data signal (or another bodily characteristic sensor data signal), a cumulative dosage value indicative of cumulative
effects of coronary sinus occlusion catheter treatment over two or more successive occlusion phases.
[0008] In other embodiments, a computer-implemented method may include receiving a pressure sensor data signal
indicative of a coronary sinus pressure after a occlusion catheter has substantially occluding the coronary sinus during
an occlusion phase in a sequence of two or more occlusion phases. The method may also include calculating a cumulative
dosage value indicative of cumulative effects of coronary sinus occlusion catheter treatment over the two or more
successive occlusion phases.
[0009] In some embodiments, a control system for a system for treating heart muscle tissue may include a control
system and a sensor signal input. The control system may be configured to selectively activate an occlusion device for
substantially occluding the coronary sinus during occlusion phases, and configured to deactivate the occlusion device
for substantially non-occluding the coronary sinus during release phases. The sensor signal input may be configured to
receive a pressure sensor data signal indicative of a pressure in the coronary sinus at least during the occlusion phases.
The control system may be configured to, in response to the pressure sensor data signal during at least one of the
occlusion phases, output an alert indicating a recommendation to reposition of the occlusion device of the coronary
sinus occlusion catheter.
[0010] In further embodiments described herein, a computer-implemented method may include receiving a pressure
sensor data signal indicative of a coronary sinus pressure after a occlusion catheter has substantially occluded the
coronary sinus during an occlusion phase of an occlusion device positioning test. The method may also include storing
data indicative of at least pressure maxima and pressure minima measured during the sequence of multiple occlusion
phases. The method may further include, after the occlusion phase of the occlusion device positioning test, calculating
a pulsatile pressure parameter. The pulsatile pressure parameter may be calculated based at least in part upon the data
the pressure maxima and pressure minima measured during the occlusion phase of the occlusion device positioning
test. The method may also include, in response to detecting that the pulsatile pressure parameter is less than a minimum
threshold value, outputting an alert via a user interface of the control system indicating a recommendation to reposition
of the occlusion catheter in the coronary sinus.
[0011] In some embodiments of a system for treating heart muscle tissue, the system may include a coronary sinus
occlusion catheter including a distal tip portion comprising an adjustable occlusion device. Also, the system may include
a control system to selectively activate the occlusion device for substantially occluding the coronary sinus during occlusion
phases, and to deactivate the occlusion device for substantially non-occluding the coronary sinus during release phases.
The control system may include a sensor signal input to receive a pressure sensor data signal indicative of a pressure
in the coronary sinus at least during the occlusion phases. The control system may be optionally configured to determine,
in response to stored data points of the pressure sensor data signal during each of the occlusion phases, a cumulative
dosage value. The control system can include a display unit that optionally shows the calculated cumulative dosage
value, an estimated amount of salvaged heart muscle tissue based upon the calculated cumulative dosage value, or both.
[0012] In other embodiments, a computer-implemented method may include receiving a pressure sensor data signal
indicative of a coronary sinus pressure after a occlusion catheter has substantially occluding the coronary sinus during
an occlusion phase in a sequence of multiple occlusion phases. The method may also include storing data in a computer-
readable memory device of a control console indicative of at least pressure maxima and pressure minima measured
during the sequence of multiple occlusion phases. The method may further include, after each occlusion phase in the
sequence of multiple occlusion phases, calculating a cumulative dosage value indicative of a measurement of progress
of reducing an infarct size. The cumulative dosage value may be calculated based at least in part upon the data the
pressure maxima and pressure minima measured during the sequence of multiple occlusion phases. The method may
also include, after each occlusion phase in the sequence of multiple occlusion phases, updating a display of: the calculated
cumulative dosage value presented on a display device of the control console, an estimated amount of salvaged heart
muscle tissue based upon the calculated cumulative dosage value, or both.
[0013] In particular embodiments described herein, a system for treating heart muscle tissue may include a coronary
sinus occlusion catheter including a distal tip portion comprising an adjustable occlusion device. Also, the system may
include a control system to selectively activate the occlusion device for substantially occluding the coronary sinus during
occlusion phases, and to deactivate the occlusion device for substantially non-occluding the coronary sinus during
release phases. The control system may include a sensor signal input to receive a pressure sensor data signal indicative
of a pressure in the coronary sinus at least during the occlusion phases. Optionally, the control system may be configured
to, in response to stored data points of the pressure sensor data signal during at least one of the occlusion phases,
output an alert via a user interface of the control system indicating a recommendation to reposition of the occlusion
device of the coronary sinus occlusion catheter.
[0014] In some embodiments, a method may include receiving a pressure sensor data signal indicative of a coronary
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sinus pressure after a occlusion catheter has substantially occluding the coronary sinus during an occlusion phase of
an occlusion device positioning test. The method may further include storing data in a computer-readable memory device
of an occlusion device control system indicative of at least pressure maxima and pressure minima measured during the
sequence of multiple occlusion phases. The method may also include, after the occlusion phase of the occlusion device
positioning test, calculating a pulsatile pressure parameter. The pulsatile pressure parameter may be calculated based
at least in part upon the data the pressure maxima and pressure minima measured during the occlusion phase of the
occlusion device positioning test. The method may further include, in response to detecting that the pulsatile pressure
parameter is less than a minimum threshold value, outputting an alert via a user interface of the control system indicating
a recommendation to reposition of the occlusion catheter in the coronary sinus.
[0015] Some of the embodiments described herein may provide one or more of the following benefits. First, particular
embodiments of the control system and catheter device can operate to intermittently occlude the coronary sinus or other
heart vessel for controlled periods of time that provide effective redistribution of blood flow toward ischemic or otherwise
damaged heart muscle tissue. The controlled periods of time may be accurately calculated by the control system based
upon the input signals (for instance, the coronary sinus pressure) detected using the catheter device or another sensor
device for use with the heart.
[0016] Second, some embodiments of the control system and catheter device can be configured to execute an occlusion
device positioning test, preferably during the initiation of the coronary sinus occlusion process, to output a user interface
communication indicative of whether the occlusion device of the catheter is positioned within the coronary sinus to
provide a satisfactory level of redistributed blood flow. In some circumstances, when the occlusion device positioning
test indicates an unsatisfactory level of occlusion is detected (e.g., in response to monitoring a differential between the
systolic and diastolic pressures in the coronary sinus during an occlusion phase), the control system can output a
message via a user interface of the control system indicative of suggested actions to improve the level of occlusion.
Such corrective actions suggested via the user interface of the control system can include repositioning the catheter
device in relation to the coronary sinus, or switching out the catheter device to a different catheter device that has a
different size or shape, or the like. After implementing corrective actions, the occlusion device positioning test can be
repeated to until the control system confirms (e.g., via the user interface of the control system) that the occlusion device
is positioned within the coronary sinus to provide a satisfactory level of redistributed blood flow.
[0017] Third, particular embodiments of the control system can be configured to monitor one or more patient charac-
teristics when the catheter device is activated and deactivated over a period of successive occlusion phases in the
coronary sinus, and can also be configured to calculate a cumulative dosage value indicative of a treatment level that
has been administered to a patient over the course of the successive occlusion phases. Such monitored patient char-
acteristics can include, for example, one or more of: (i) the differential between the systolic and diastolic pressures during
the occlusion phase, (ii) the differential between the systolic pressure plateau of the occlusion phase and the average
non-occluded pressure, and (iii) the inflation hold time of the occlusion phase. In one non-limiting example, the control
system can be configured to determine, in response to stored data points of the coronary sinus pressure measurement
during each of the occlusion phases, the cumulative dosage value in units of Pressure2 x time (as described in more
detail below). The cumulative dosage value, which in some embodiments herein is referred to as a "PICSO Quantity,"
can be displayed on the user interface of the control system as a numerical value that is repeatedly updated with each
new occlusion phase.
[0018] Fourth, in some embodiments, the cumulative dosage value determined by the control system can be used to
reasonably estimate an amount of AAR heart tissue that has been salvaged over the course of the successive occlusion
phases. As such, some embodiments of the control system can be configured to correlate the cumulative dosage value
over the course of a PICSO treatment with an estimated efficacy value of the PICSO treatment, which may be optionally
displayed via the user interface of the control system. For example, in some embodiments the system can calculate and
display an estimated myocardial salvage index (MSI) that indicates how much of a heart tissue area at risk for ischemia
has been salvaged as a result of the successive occlusion phases occurring during the PICSO treatment. In such
circumstances, the control system can output to the user a numerical estimate of the treatment efficacy, which is optionally
updated in real-time with each new occlusion phase and thereby can be used by the practitioner to make an informed
decision on when the PICSO treatment process should be ceased.
[0019] Fifth, in particular embodiments the control system can be configured to provide clinician operators with addi-
tional types of information by which improved patient outcomes can be achieved. For example, the display of the PICSO
Quantity, the estimated MSI based at least in part on the calculation of the PICSO Quantity, or a combination thereof
during administration of the PICSO treatment can facilitate the administration of an effective and satisfactory level of
treatment by which improved patient outcomes can be achieved.
[0020] The details of one or more embodiments of the invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of the invention will be apparent from the description and
drawings, and from the claims.
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DESCRIPTION OF DRAWINGS

[0021]

FIG. 1 is a perspective view of a system for treating heart tissue, including a catheter device in a non-occluding
configuration within the coronary sinus of a heart, in accordance with some embodiments.
FIG. 2 is a perspective view of the system of FIG. 1, including the catheter device in an occluding configuration, in
accordance with some embodiments.
FIG. 3 is a partial cross-sectional view of a catheter device and a guide member of the system of FIG. 1.
FIG. 4 is a side view of a portion of the catheter device of FIG. 3.
FIG. 5 is a transverse cross-sectional view of a shaft portion the catheter device of FIG. 3.
FIG. 6 is a perspective view of a portion of the system of FIG. 1.
FIG. 7 is a diagram of a control system of the system of FIG. 6.
FIGS. 8A and 8B are examples of graphical plots of coronary sinus pressure values measured during heart tissue
treatments using the system of FIG. 1.
FIGS. 9A and 9B are front views of a portion of the control system of FIG. 1, including a graphical user interface of
the system of FIG. 1 during an occlusion device positioning test.
FIG. 10 is a process flow chart for a method of using the system of FIG. 1, in accordance with some embodiments.
FIG. 11 is a graph of a cumulative dosage value (calculated by the system of FIG. 1) in comparison to an Estimated
MSI.
FIG. 12 is a front view of a portion of the control system of FIG. 1, including a graphical user interface of the system
of FIG. 1 that outputs updated values of the cumulative dosage value, in accordance with some embodiments.
FIG. 13 is a process flow chart for a method of using the system of FIG. 1, in accordance with particular embodiments.

[0022] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0023] Referring to FIGS. 1-2, some embodiments of a system 100 for treating heart tissue can include a coronary
sinus occlusion catheter 120 and a control system 140 configured to activate the coronary sinus occlusion catheter 120
to intermittently occlude a coronary sinus 20 of a heart 10. The catheter 120 can be configured to adjust between a non-
occluding position (FIG. 1) and an occluding position (FIG. 2) so as to intermittently occlude the coronary sinus and
thereby redistribute venous blood flow toward heart muscle tissue 30. In this embodiment, the coronary sinus occlusion
catheter 120 includes a distal tip portion 121 and a proximal portion 131 (FIG. 6), which includes a proximal hub 132
configured to connect with an external control system 140 (FIG. 6) via a number of fluid or sensor lines. As described
in more detail below, the control system 140 may be employed to operate one or more components at the distal tip
portion 121 of the coronary sinus occlusion catheter 120 while also receiving one or more sensor signals that provide
data indicative of a heart performance parameter (e.g., coronary sinus pressure, electrocardiogram (ECG) information,
or another measured parameter indicative of hemodynamic performance of the heart). In some embodiments, the control
system 140 is configured to control the catheter 120 so as to occlude the coronary sinus in accordance with a specific
algorithm for determining a release time for releasing an occlusion phase based at least in part upon data input from a
sensor. In particular embodiments, as described further below, the control system 140 is configured to calculate a
cumulative dosage value indicative of the cumulative effects of the successive occlusion phases, and furthermore a user
interface 142 of the control system can then display the cumulative dosage value (sometimes referred to herein as the
"PICSO Quantity"), the Estimated MSI based at least in part on the calculation of the PICSO Quantity, or both. These
values determined and output by the control system 140 during the PICSO treatment can be optionally updated in real-
time with each new occlusion phase, thereby providing the practitioner with medically pertinent information that aids the
practitioner in deciding when the PICSO treatment should be ceased.
[0024] Briefly, in use, the distal tip portion 121 of the coronary sinus occlusion catheter 120 can be arranged in a
coronary sinus 20 of a heart 10 and thereafter activated to intermittently occlude the blood flow exiting from the coronary
sinus 20 and into the right atrium 11. During such an occlusion of the coronary sinus 20, the venous blood flow that is
normally exiting from the coronary sinus 20 may be redistributed into a portion of heart muscle tissue 30 that has been
damaged due to blood deprivation or loss of functional myocardium. For example, the portion of heart muscle tissue 30
can suffer from a lack of blood flow due to a blockage 35 in a coronary artery 40. As a result, the arterial blood flow to
the affected heart muscle tissue 30 via a local artery 41 can be substantially reduced such that the heart muscle tissue
30 becomes ischemic or otherwise damaged. Further, because the arterial blood flow is reduced, the venous blood flow
exiting from the local vein 21 is likewise reduced. Other branch veins 22 located at different regions along the heart 10
may continue to receive blood flow, thereby creating a supply of venous blood flow exiting through the coronary sinus
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20. In some embodiments, the coronary sinus occlusion catheter 120 can be delivered into the coronary sinus 20 and
thereafter activated so as to intermittently occlude the coronary sinus 20 (refer to FIG. 2). Such an occlusion can cause
the venous blood flow to be redistributed to the local vein 21 and then into the portion of heart muscle tissue 30 that
suffers from a lack of blood flow due to the blockage 35 in the coronary artery 40. As such, the ischemic or otherwise
damaged heart muscle tissue 30 can be treated with the redistributed venous blood flow so that the heart muscle tissue
30 receives an improved supply of nutrients. (As shown in FIGS. 1-2, the catheter 120 is deployed into the coronary
sinus 20 before the arterial blockage 35 is repaired or removed to restore normal coronary arterial blood flow. However,
in alternative embodiments, the arterial blockage 35 can be repaired or removed immediately before or contemporane-
ously during use of the catheter 120 to occlude the coronary sinus 20.)
[0025] Still referring to FIGS. 1-2, the system 100 may optionally include a guide member 110 that is advanced through
the venous system of the patient and into the right atrium 11. The guide member 110 in this embodiment comprises a
guide sheath having a lumen extending between a distal end 111 (FIG. 1) and a proximal end 112 (FIG. 4). In alternative
embodiments, the guide member 110 can serve as guidance for a guide wire having an exterior surface extending
between the distal end and the proximal end. Optionally, the guide member 110 includes a steerable mechanism to
control the orientation of the distal end so as to steer the distal end 111 through the venous system and into the right
atrium 11. Also, the guide member 110 can include one or more marker bands along the distal end 111 so that the
position of the distal end can be monitored during advancement using an imaging device.
[0026] After the guide member 110 is advanced into the right atrium 11, the distal end 111 may be temporarily positioned
in the coronary sinus 20 or the coronary sinus ostium. From there, the distal tip portion 121 of the coronary sinus occlusion
catheter 120 can be slidably advanced along the guide member 110 for positioning inside the coronary sinus 20. In the
embodiments in which the guide member 110 comprises a guide sheath, the distal tip portion 121 of the coronary sinus
occlusion catheter 120 can slidably engage with an interior surface of the lumen during advancement toward the coronary
sinus 20. In the alternative embodiments in which the guide member 110 comprises a guide wire structure, the distal tip
portion 121 of the coronary sinus occlusion catheter 120 can slidably advance over the exterior surface of the guide wire
(e.g., a lumen 125 of the catheter 120 passes over the guide wire) during advancement toward the coronary sinus 20.
After the coronary sinus occlusion catheter 120 reaches the coronary sinus 20, the distal end 111 of the guide member
110 can be withdrawn from the coronary sinus 20 and remain in the right atrium 11 for mechanical support during use
of the coronary sinus occlusion catheter 120.
[0027] Still referring to FIG. 1, the distal tip portion 121 of the coronary sinus occlusion catheter 120 that is positioned
in the coronary sinus 20 includes an occlusion device 122, which in this embodiment is in the form of an inflatable balloon
device. The occlusion device 122 can be activated so as to occlude the coronary sinus 20 and thereby cause redistribution
of the venous blood into the heart muscle tissue 30 that is damaged due to a lack of arterial blood flow. As described in
more detail below, the inflatable balloon device 122 can be in fluid communication with an internal lumen of the coronary
sinus occlusion catheter 120, which is in turn in communication with a pneumatic subsystem of the control system 140
(FIG. 6). As such, the control system 140 can be employed to inflate or deflate the balloon device 122 in the coronary sinus.
[0028] The distal tip portion 121 also includes a one or more distal ports 129 that are positioned distally forward of a
distal end of the occlusion device 122. In the depicted embodiments, the distal ports 129 as defined along a flexible
elongate shaft portion that extends distally forward of a distal end of the occlusion device 122, and a majority or all of
the distal ports face is a generally radially outward direction and are substantially uniformly spaced apart from one
another along the circumference of the distal tip. As described in more detail below, the distal ports 129 may all be in
fluid communication with a single sensor lumen (FIG. 5) extending through the coronary sinus occlusion catheter 120.
Accordingly, at least one parameter of the coronary sinus (e.g., the coronary sinus pressure or other parameters indicative
of hemodynamic performance as described below) can be monitored via a sensor device in communication with the
distal ports 129.
[0029] Referring now to FIGS. 3-5, the coronary sinus occlusion catheter 120 carries the occlusion device 122 along
its distal tip portion 121 while the proximal hub 132 is arranged along the proximal portion 131. As previously described,
the proximal hub 132 serves as the connection interface between a number of fluid or sensor lines 133, 134, and 135
(FIG. 3) and the corresponding lumens 123, 124, and 125 (FIG. 5) extending through the catheter 120. In this embodiment
depicted in FIG. 3, the sensor line 135 is positioned as a central lumen 125 extending through the catheter 120. The
sensor line 135 can be configured to communicate an input signal indicative of a measured parameter in the coronary
sinus to the control system 140 (FIGS. 6-7). For example, the sensor line can be equipped with a sensor device (e.g.,
mounted near the distal ports 129) or otherwise equipped with a communication path between the distal ports 129 and
the control system 140. As such, the catheter 120 can be configured to communicate at least one input signal indicative
of a measured parameter in the coronary sinus, such as a fluid pressure (e.g., the coronary sinus pressure), a fluid
temperature (e.g., using a temperature sensor positioned near the distal ports 129 and connected to the control system
140 via the sensor line 135), a volume or mass flow rate or rate of change thereof (e.g., using a flow sensor positioned
near the distal ports 129 and connected to the control system 140 via the sensor line 135), an acceleration of the coronary
sinus vessel (e.g., using one or more accelerometers positioned along the distal tip and connected to the control system
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140 via the sensor line 135), a displacement of the coronary sinus vessel (e.g., using an ultrasound or optical measuring
device to detect the movement of the coronary sinus vessel during each heartbeat), or another parameter indicative of
hemodynamic performance of the heart (e.g., intra coronary sinus or other intra vessel electrocardiogram (ECG), con-
tractility measurements, or the like).
[0030] In this particular embodiment, the sensor line 135 of the catheter 120 is configured to detect the coronary sinus
pressure, which can be accomplished using a pressure sensor positioned near the distal ports 129 or using a fluid-filled
path through the sensor line 135. For example, at least the sensor line 135 is connected to the proximal hub 132 using
a Luer lock 137 so as to maintain the fluid path from the central lumen 125 of the catheter 120 to the lumen of the line 135.
[0031] As previously described, the system 100 may include the guide member 110 that is used to direct the coronary
sinus occlusion catheter 120 through the venous system and into the heart 10. Referring to FIG. 3, the guide member
110 may be a guide sheath having a central lumen extending from a proximal end 112 (FIG. 4) to a distal end 111 (FIG.
1.) As previously described, the guide member 110 may be equipped with a steering mechanism (e.g., steel cables, a
shape memory element, or the like) so that the practitioner can more readily advance the guide member 110 through
the venous system and into the right atrium.
[0032] Still referring to FIGS. 3-5, the occlusion device 122 of the coronary sinus occlusion catheter 120 may comprise
an inflatable balloon device having a predetermined shape when in the inflated condition. In this embodiment, the
inflatable balloon device 122 includes a first conical portion narrowing down toward the distal direction, a second conical
portion narrowing down toward the proximal direction, and a small generally cylindrical rim portion which is arranged
between the conical portions. The narrowed ends of each of the conical portions are connected with the catheter shaft
so as to provide a seal that prevents gas leakage from the balloon device 122. In the inflated condition, the diameter of
the balloon device 122 in the region of the cylindrical rim portion is, for example, between about 6 mm and about 40
mm, between about 7 mm and about 25 mm, and preferably about 15 mm. The longitudinal length of the balloon device
is, for example, between about 20 mm and about 30 mm, and preferably about 25 mm. Optionally, the coronary sinus
occlusion catheter 120 can be equipped with one or more marker bands positioned inside the balloon device 122 so as
to be rendered visible during an interventional procedure by suitable imaging processes.
[0033] As shown in FIG. 5, the shaft of the coronary sinus occlusion catheter 120 extending distally from the proximal
hub 132 can include a plurality of lumens 123, 124, 125, and 126. In this embodiment, the ring segment-shaped lumen
123 serves to supply and discharge fluid (e.g. helium or carbon dioxide gas in this embodiment) for inflating and evacuating
the balloon device 122. The ring segment-shaped lumen 124, which is smaller than the other lumen 123, likewise
communicates with the interior of the balloon device 122 and serves to measure the fluid pressure within the balloon
device 122. The central lumen 125 in this embodiment is employed for measuring the coronary sinus pressure. The
central lumen 125 is in fluid communication with the distal ports 129 of the catheter 125 so that the blood pressure in
the coronary sinus is transferred to the fluid-filled path extending through the central lumen 125 and to the pressure
sensor device 136 (FIG. 2). Alternatively, a miniature pressure sensor can be positioned immediate adjacent to the distal
ports 129 such that a sensor wire (e.g., electrical or optical) extends through the central lumen 125 for communication
with the control system 140 (FIG. 2). In this embodiment, the shaft of the coronary sinus occlusion catheter 120 includes
a fourth lumen 126 having a circular cross section. One or more additional sensors or sensor wires can be positioned
in this fourth lumen. Alternatively, a stiffening wire can be arranged in the fourth lumen 126 so as to extend through the
catheter shaft in the region of the balloon device 122. The stiffening wire, which can comprise of a shape memory material
such as Nitinol or can comprise piezo steering/stiffening elements, can be used to facilitate delivery of the distal tip
portion 121 into the coronary sinus 20.
[0034] Referring to FIG. 4 in more detail, the distal ports 129 of the catheter 120 are arranged distally forward of the
distal end of the balloon device 122 and are oriented to face generally radially outward from the end of the catheter 120.
In the depicted embodiments, the distal ports 129 as defined along a flexible elongate shaft portion that extends distally
forward of a distal end of the occlusion device 122, and optionally, the flexible elongate shaft portion that carries the
distal ports 129 may extend for a longitudinal length that is greater than the longitudinal length of the balloon device 122.
As such, the distal ports 129 of the coronary sinus occlusion catheter 120 can be configured so that the fluid pressure
in the coronary sinus can be accurately measured even if a portion of the distal end abuts against the wall of the coronary
sinus or any other vessel. In this embodiment, the distal ports 129 comprise three or more ports that are evenly spaced
apart along the flexible elongate shaft portion and along a tapered tip, thereby enabling the fluid pressure in the coronary
sinus to be applied into one or more of the ports 129 even if some of the ports 129 are positioned against a wall of the
coronary sinus.
[0035] Referring now to FIGS. 6-7, the control system 140 can be configured to provide automated control of the
occlusion device 122 of the coronary sinus occlusion catheter 120. In some embodiments, the control system 140
includes a computer processor that executes computer-readable instructions stored on a computer memory device so
as to activate or deactivate the occlusion in the coronary sinus 20 in accordance with a particular process. For instance,
the control system 140 can be configured to release the occlusions phase (e.g., deflate the occlusion balloon 122 in this
embodiment) in the coronary sinus 20 in response to a series of real-time measurements (e.g., coronary sinus pressure
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measurements in this embodiment) detected during the same occlusion phase. In addition, the control system 140 is
equipped with a display device 142 having a graphical user interface that provides a practitioner or other users with
time-sensitive, relevant data indicative of the progress of a coronary sinus occlusion procedure and the condition of the
heart 10. As such, the user can readily monitor the patient’s condition and the effects of intermittently occluding the
coronary sinus 20 by viewing the graphical user interface 142 while contemporaneously handling the coronary sinus
occlusion catheter 120 and other heart treatment instruments (e.g., angioplasty catheters, stent delivery instruments,
or the like). Additionally, the control system 140 in this embodiment is configured to calculate a cumulative dosage value
indicative of the cumulative effects of redistributing blood flow over the course of successive occlusion phases. Preferably,
the cumulative dosage value calculated by the control system 140 is useful in estimating an amount of AAR heart tissue
that has been salvaged over the course of the successive occlusion phases. In such embodiments, the user interface
142 of the control system 140 can then display the cumulative dosage value, the Estimated MSI based at least in part
on the calculation of the cumulative dosage value, or both. These values output by the control system 140 during the
PICSO treatment can be updated and displayed with each new occlusion phase, thereby providing the practitioner with
medically pertinent, time-sensitive information that aids the practitioner in deciding when the PICSO treatment should
be ceased.
[0036] As shown in FIG. 6, the proximal portion 131 of the coronary sinus occlusion catheter 120 and the control
system 140 are positioned external to the patient while the distal tip portion 121 is advanced into the coronary sinus 20.
The proximal portion 131 includes the proximal hub 132 that is coupled to the control system 140 via a set of fluid or
sensor lines 133, 134, and 135. As such, the control system 140 can activate or deactivate the occlusion component
122 at the distal tip portion 121 of the coronary sinus occlusion catheter 120 while also receiving one or more sensor
signals that provide data indicative of heart performance parameters (e.g., coronary sinus pressure, fluid temperature
in the coronary sinus, volume or mass flow rate, rate of change of the volume or mass flow rate, acceleration of the
coronary sinus vessel, displacement of the coronary sinus vessel, intra coronary sinus or other intra vessel electrocar-
diogram (ECG), surface electrocardiogram (ECG) information, contractility, or another measured parameter indicative
of hemodynamic performance of the heart).
[0037] The proximal hub 132 of the coronary sinus occlusion catheter 120 serves to connect the plurality of fluid or
sensor lines 133, 134, and 135 with the portion of the coronary sinus occlusion catheter 120 that extends into the patient’s
venous system. For example, the first line 133 extending between the control system 140 and the proximal hub 132
comprises a fluid line through which pressurized fluid (e.g., helium, another gas, or a stable liquid) can be delivered to
activate the occlusion component (e.g., to inflate the inflatable balloon device 122). The fluid line 133 is connected to a
corresponding port 143 of the control system 140 (e.g., the drive lumen port in this embodiment) so that the line 133 is
in fluid communication with the pneumatic subsystem 153 housed in the control system 140 (as shown in FIG. 7). The
proximal hub 132 joins the first line 133 with a balloon control lumen 123 (FIG. 5) extending through the coronary sinus
occlusion catheter 120 and to the inflatable balloon device 122.
[0038] In another example, the second line 134 extending between the control system 140 and the proximal hub 132
comprises a balloon sensor line that is in fluid communication with the interior of the inflatable balloon device 122 so as
to measure the fluid pressure within the balloon device 122. The proximal hub 132 joins the second line 134 with a
balloon pressure lumen 122 (FIG. 5) extending through the coronary sinus occlusion catheter 120 and to the inflatable
balloon device 122. The pressure of the balloon device 122 may be monitored by an internal control circuit 155 (FIG. 7)
of the control system 140 as part of a safety feature that is employed to protect the coronary sinus 20 from an overly
pressurized balloon device. The balloon sensor line 134 is connected to a corresponding port 144 of the control system
140 so that a pressure sensor arranged within the control system 140 can detect the fluid pressure in the balloon device
122. Alternatively, the pressure sensor may be arranged in the distal tip portion 121 or the in the proximal hub 132 such
that only a sensor wire connects to the corresponding port 144 of the control system 140.
[0039] The proximal hub also connects with a third line 135 extending from the control system 140. As previously
described, the third line can serve as the sensor line that is employed to communicate an input signal (as described
above) to the control system 140. In this particular embodiment, the third line 135 comprises a coronary sinus pressure
line that is used to measure the fluid pressure in the coronary sinus both when the balloon device 122 is inflated and
when it is deflated. The proximal hub 132 joins the third line 135 with a coronary sinus pressure lumen 125 (FIGS. 4-5)
extending through the coronary sinus occlusion catheter 120 and to the distal ports 129 that are forward of the balloon
device 122. In this embodiment, the coronary sinus pressure lumen 125 and at least a portion of the third line 135 may
operate as fluid-filled path (e.g., saline or another biocompatible liquid) that transfers the blood pressure in the coronary
sinus 20 to pressure sensor device 136 along a proximal portion of the third line 135. The pressure sensor device 136
samples the pressure measurements (which are indicative of the coronary sinus pressure) and outputs an sensor signal
indicative of the coronary sinus pressure to the corresponding port 145 of the controller system 140 for input to the
internal control circuit 155 (FIG. 7). As described in more detail below, the coronary sinus pressure data are displayed
by the graphical user interface 142 in a graph form 156 (refer to FIG. 7) so that a practitioner or other users can readily
monitor the trend of the coronary sinus pressure while the coronary sinus 20 is in an occluded condition and in an non-
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occluded condition. Optionally, the graphical user interface 142 of the control system 140 can also output a numeric
pressure measurement 157 (refer to FIG. 7) on the screen so that the practitioner can readily view a maximum coronary
sinus pressure, a minimum coronary sinus pressure, the mean coronary sinus value, or all values. In some alternative
embodiments, the pressure sensor device 136 can be integrated into the housing of the control system 140 so that the
third line 135 is a fluid-filled path leading up to the corresponding port 145, where the internal pressure sensor device
(much like the device 136) samples the pressure measurements and outputs a signal indicative of the coronary sinus
pressure. In further alternative embodiments, the third line 135 can include a fiber optic feed line, which extends from a
fiber optic pressure sensor at least partially mounted in the catheter tip 129. This fiber optic feed line can be connected
to a signal conditioning component (mounted in the catheter tip 129 or integrated into the housing of the control system
140), which may provide the signal conditioning for the optical pressure sensor).
[0040] Still referring to FIGS. 6-7, the system 100 may include one or more ECG sensors 139 to output ECG signals
to the control system 140. In this embodiment, the system 100 includes a set of ECG sensor pads 139 (e.g., three sensor
pads in some embodiments) that are adhered to the patient’s skin proximate to the heart 10. The ECG sensors 139 are
connected to the control system 140 via a cable that mates with a corresponding port 149 along the housing of the
control system 140. As described in more detail below, the ECG data are displayed by the graphical user interface 142
in a graph form 158 (refer to FIG. 7) so that a practitioner or other user can readily monitor the patient’s heart rate and
other parameters while the coronary sinus is in an occluded condition and in an non-occluded condition. Optionally, the
graphical user interface 142 of the control system 140 can also output numeric heart rate data 159 (refer to FIG. 7)
based on the ECG sensor data so that the practitioner can readily view the heart rate (e.g., in a unit of beats per minute).
The ECG sensor signals that are received by the control system 140 are also employed by the internal control circuit
155 (FIG. 7) so as to properly time the start of the occlusion period (e.g., the start time at which the balloon device 122
is inflated) and the start of the non-occlusion period (e.g., the start time at which the balloon device 122 is deflated). In
addition, the control system may be equipped with additional ECG sensor signals capabilities to monitor the intra coronary,
intra vessel or intra coronary sinus electrical ECG activity. These signals may be obtained from the coronary sinus
occlusion catheter 120 measured at one or several locations alongside the shaft 139 or at the distal end where the distal
ports 129 are located. Alternatively, or in addition, the ECG activity may be provided from another catheter in the heart
such as the intra coronary ECG from an arterial vessel 40.
[0041] As shown in FIG. 7, some embodiments of the control system 140 include the internal control circuit subsystem
155 that communicates with the pneumatics subsystem 153. The control circuit subsystem 155 can include one or more
processors 152 that are configured to execute various software modules stored on at least one memory device 154.
The processors 152 may include, for example, microprocessors that are arranged on a motherboard so as to execute
the control instructions of the control system 140. The memory device 154 may include, for example, a computer hard
drive device having one or more discs, a RAM memory device, or the like that stored the various software modules.
[0042] In some embodiments, the memory device 154 of the control circuit subsystem 155 stores a graphical user
interface software module including computer-readable instructions for controlling the graphical user interface 142.
These graphical user interface control instructions may be configured to cause the interface 142 (which includes a touch
screen display device in this embodiment) to display: the pressure data graph 156 indicative of the coronary sinus
pressure, the coronary sinus pressure numerical data 157, the ECG data graph 158, the heart rate numerical data 159,
a series of cumulative dosage values calculated after each successive occlusion phase (which can be used to provide
the PICSO Quantity graph 160 described further in reference to FIG. 12), treatment timers 161, and an Estimated MSI
value 162 (which can be updated after each new occlusion phase as described further in reference to FIG. 12). Optionally,
the graphical user interface can be configured to display more than the three graphs 156, 158, and 160 on the screen.
For example, in some embodiments, the graphical user interface can be configured to contemporaneously display four
or more different graphs, such as the coronary sinus pressure graph 156, the ECG data graph 158, the PICSO Quantity
graph 160, a fourth graph that depicts the arterial pressure as a function of time, and a fifth graph that illustrates another
data output (e.g., the volume of blood flow).
[0043] Further, the graphical user interface control instructions stored in the control circuit subsystem 155 may be
configured to cause the interface 142 to display a number of configurable touch screen buttons 163, 164, 165, and 166
that enable the practitioner or other user to select different menu options or to input patient information or other data. In
addition, the graphical user interface 142 may be configured to utilize several of the data inputs to display unique
determinants of the status of the procedure such as the PICSO Quantity graph 160 and the Estimated MSI 162, for
example. This information may guide the user to understand when the heart is improving based on the therapy provided,
and thus to understand when to terminate the therapy.
[0044] In addition, the graphical user interface control instructions stored in the control circuit subsystem 155 may be
configured to cause the interface 142 to display a number of one or more alerts (e.g., refer to FIG. 9A and 9B), which
can be in the form of messages or codes. In some embodiments, the determination of which alert condition, if any, should
be display can be completed by the patient safety monitoring software module stored on the memory device 154.
[0045] Still referring to FIG. 7, in some embodiments the occlusion phase and release phase software module 200
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stored on the memory device 154 can include computer-readable instructions that, when executed by one of the proc-
essors 152 (such as an embedded PC), causes the pneumatic subsystem 153 to activate or deactivate the balloon
device 122 at selected times. The control system 140 can be configured to calculate the time periods during which the
coronary sinus is in an occluded state and in a non-occluded state and to calculate when each occlusion phase should
begin and when each occlusion phase should end in order to achieve a maximum clinical benefit of the desired mode
of action, namely, altered venous side blood flow that induces microcirculation in a targeted heart tissue. The control
system 140 may take into account various monitored parameters, and make the timing determinations in real-time, such
that timing of each cycle of the method may be appropriate in light of monitored parameters.
[0046] After the duration of time for the release phase is reached, the process may start a new occlusion phase. This
cyclical process can continue for an extended period of minutes or hours, thereby resulting in numerous cycles of
occlusion phases and release phases. Accordingly, in some embodiments, the coronary sinus occlusion catheter 120
(FIGS. 1-2) may continue to intermittently occlude the coronary sinus (FIGS. 1-2) to thereby redistribute the venous
blood flow to the damaged portion of the heart muscle tissue 30. The overall duration of time for using the coronary
sinus occlusion catheter 120 to provide the multiple occlusion phases may be determined by a practitioner viewing the
pertinent data presented via the user interface 142, including the cumulative dosage value, the Estimated MSI (which
can be based at least in part on the calculation of the cumulative dosage value), or both. In some embodiments the
control circuit 155 can include computer-readable instructions stored on the memory device 154 that, when executed
by one of the processors 152, calculates indicators of the status and efficacy of the procedure such as the PICSO
Quantity graph 160 and the Estimated MSI 162. The calculation of the PICSO Quantity values and the Estimated MSI
162 will be described further below in reference to FIGS. 8A, 8B, and 11. Optionally, the practitioner may rely upon
additional factors when determining the overall duration of time for using the coronary sinus occlusion catheter 120,
including the trend of the input sensor signals (e.g., the trend of coronary sinus pressure measurements as displayed
on the user interface 142 of FIG. 7 or a derivate thereof), a measurement of particular bio-markers present in the patient’s
blood (e.g., lactate (which increases in the event of ischemia), potassium (an indicator of ischemic tissue), and the like),
or a combination thereof or another input signal.
[0047] The patient safety monitoring software module stored on the memory device 154 can include computer-readable
instructions that, when executed by one of the processors 152, causes the control circuit subsystem 155 to detect if any
of the system sensors (e.g., the pressure sensors) output a measurement that is outside of a selected safety range. For
example, if the coronary sinus pressure signal input to the control system 140 indicates a coronary sinus pressure that
is above a selected threshold, the control circuit subsystem 155 can cause the graphical user interface 142 to display
an alert in the form of a textual message or an error code. Further, in some embodiments, the control circuit subsystem
155 may automatically cause the pneumatic subsystem to deflate the balloon device 122 so as to immediately reduce
the high pressure in the coronary sinus 20.
[0048] Still referring to FIG. 7, the pneumatic subsystem 153 of the control system 140 can be configured to promptly
inflate or deflate the balloon device 122 in response to the control circuit subsystem. In some embodiments, the pneumatic
subsystem may include a reservoir containing pressured gas, such as helium or carbon dioxide, and a vacuum pump.
The reservoir and the vacuum pump can be controlled by a set of valves and are monitored by a set of pressure sensors
that feedback into the control circuit subsystem 155. In such circumstances, the pneumatic subsystem can be configured
to inflate or deflate the balloon device 122 at the distal tip portion 121 of the coronary sinus occlusion catheter 120 in
less than 1 second, less that about 0.6 seconds, and preferably less than about 0.4 seconds.
[0049] Referring now to FIGS. 8A and 8B, as mentioned above the control system 140 can be configured to receive
data from a sensor signal input 212 (e.g., a coronary sinus pressure sensor, and the like) and to display on the graphical
user interface 142 a graph of the data such as coronary sinus pressure graph 210. The upper plot on the graph 210 of
FIG. 8A illustrates an example of the changes in coronary sinus pressure over time during a series of occlusion phases
215 and release phases 225. The lower plot of FIG. 8A illustrates the time-based derivative of the upper plot, which is
the rate of the changes in coronary sinus pressure over time. FIG. 8B is an enlargement of an occlusion phase 215 that
is bordered by preceding and succeeding release phases 225. As will be explained further below, in some embodiments
the coronary sinus pressure data, from which graph 210 is created, can be used to: (i) confirm that the system 100 is
attaining an effective and satisfactory level of occlusion so as to provide a desired quality of treatment and (ii) calculate
a PICSO Quantity parameter that can be used to estimate an efficacy of the treatment in terms of an Estimated MSI
(myocardial salvage index).
[0050] The control system 140 can be configured to monitor and store at least portions of the input signals from the
sensors being used by the system 100. For example, in the embodiment depicted in FIGS. 8A and 8B, the control system
140 is configured to at least store the systolic maxima (e.g., pressure values such as data points 214a-d and the like)
and the diastolic minima (e.g., pressure values such as data points 213a-d and the like) of the coronary sinus pressure
signal 212 occurring over a series of consecutive heartbeats during each occlusion phases 215 and each release phases
225. Based at least partially upon the systolic maxima data points during the occlusion phase 215 (e.g., data points
214a-c), the control system 140 can be configured to perform a curve fitting operation so as to determine a "curve fit
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line" or "envelope" curve 216 for the pressure maxima occurring over a series of consecutive heartbeats during the
occlusion phase 215. Similarly, based upon the diastolic minima data points during the occlusion phase 215 (e.g., data
points 213a-c), the control system 140 can be configured to perform a curve fitting operation so as to determine a "curve
fit line" or "envelope" curve 217 for the pressure minima occurring over a series of consecutive heartbeats during the
occlusion phase 215. The curve fit lines 216 and 217 can define asymptote or plateau values of the systolic maxima
and diastolic minima. For example, as illustrated in FIG. 8B, the systolic maxima curve fit line 216 defines a systolic
plateau pressure 221. Similarly, the diastolic minima curve fit line 217 defines a diastolic plateau pressure 222.
[0051] The pressure difference between the systolic plateau pressure 221 and the diastolic plateau pressure 222
defines a parameter referred to herein as the "pulsatile pressure" 224. In this embodiment, the pulsatile pressure 224
occurring is the coronary sinus during each occlusion phase 215 can be calculated by the control system 140. Pressure
pulses are generated by the heart beating, and higher pulsatile pressures 224 can be indicative of greater levels perfusion
to the microcirculation of the damaged heart muscle tissue 30, which may result in more effective treatment over the
course of successive occlusion phases 215. As will be described further below, the repeated redistribution of blood of
the microcirculation of the damaged heart muscle tissue 30 can, in some circumstances, salvage or otherwise restore
at least a portion of the myocardial area at risk (AAR) of infarction. In this embodiment, the salvage area can be quantifiably
referred to by the myocardial salvage index (MSI). The efficacy of the treatment is also influenced by the duration of
each occlusion phase 215. In this embodiment, the duration of each occlusion phase 215 is also referred to herein as
the "inflation hold time," which is the period of time that the coronary sinus is substantially occluded by an activated
occlusion device (e.g., in this embodiment, the inflated balloon device 122 of FIG. 2).
[0052] The control system 140 can also be configured to calculate a deflation average pressure 223 by averaging the
systolic maxima and diastolic minima pressures detected during each release phase 225. For example, as shown in
FIG. 8B, the diastolic minimum (e.g., data point 213d and the like) can be averaged with the systolic maximum (e.g.,
data point 214d and the like) during the release phase 225 to calculate a deflation average pressure 223. The deflation
average pressure 223 is the average pressure in the coronary sinus during the release phase when the coronary sinus
is not occluded. The difference between the systolic plateau pressure 221 and the deflation average pressure 223 is
referred to herein as the global relative pressure drop 226.
[0053] When the occlusion of the coronary sinus is released (e.g., when transitioning from the occlusion phase 215
to the release phase 225), the blood flow that was blocked once again begins to flow in its natural direction, rather than
tending to redistribute through one or more cardiac veins as during the occlusion phase 215. As the blood begins to flow
during the release phase 225, a "washout effect" can take place in the myocardial areas that were retroperfused as a
result of the occlusion phase 215. That is, cellular waste products from under-perfused areas of the myocardium that
received perfusion as a result of the occlusion phase 215 can be washed away with the blood as it flows from those
areas towards the coronary sinus at the start of and during the release phase 225. The washout effect may be accentuated
by the global relative pressure drop 226. In some embodiments, the control system 140 can be configured to release
the occlusion phase 215 at a particular time point within a single heartbeat that can provide a significant washout effect
(e.g., to enhance the removal of cellular waste products after the coronary sinus returns to a non-occluded state). For
example, the control system 140 can monitor the ECG signal 149 (FIGS. 6-7) so as to trigger the release of the occlusion
phase 215 at a time point approximately during a peak contraction of the heart (e.g., during a systolic pressure maximum).
[0054] The control system 140 is configured to monitor and store the coronary sinus pressure measurements and
(optionally) other bodily characteristics (e.g., ECG), which can be used by the control system 140 to determine the
previously described parameters for each occlusion phase/release phase cycle, including: (i) systolic plateau pressure
221, (ii) pulsatile pressure 224, (iii) global relative pressure drop 226, and (iv) inflation hold time. Optionally, the inflation
hold time can be separately monitored value that is not determined from the coronary sinus pressure measurements.
[0055] As described herein, the control system 140 can be configured to calculate a cumulative dosage value using
the coronary sinus pressure measurement data. Preferably, the cumulative dosage value calculated by the control
system 140 can be indicative of the cumulative effects of redistributing blood flow over the course of successive occlusion
phases. In some embodiments, the cumulative dosage value calculated by the control system 140 is useful in estimating
an amount of AAR heart tissue that has been salvaged over the course of the successive occlusion phases. In such
embodiments, the user interface 142 of the control system 140 can then display the cumulative dosage value, the
Estimated MSI based at least in part on the calculation of the cumulative dosage value, or both. These values output
by the control system 140 during the PICSO treatment can be updated and displayed with each new occlusion phase,
thereby providing the practitioner with medically pertinent, time-sensitive information that aids the practitioner in deciding
when the PICSO treatment should be ceased.
[0056] The cumulative dosage value determined by the control system 140 can be calculated using a selected algorithm
that provides a numerical value indicative of the cumulative effects of redistributing blood flow over the course of suc-
cessive occlusion phases. For example, the cumulative dosage value determined by the control system 140 can provide
a numerical expression of parameters referred herein as the "PICSO Quantity" as follows: 
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where:

PPP = the pulsatile pressure,
GRPD = the global relative pressure drop, and
IHT = the inflation hold time.

[0057] The units of PICSO Quantity are units of (pressure)2 X (time). For example, the units of PICSO Quantity can
be "mmHg2-minutes" or the like. As previously described, the PICSO Quantity calculated by the control system 140
according to Equation #1 can be used to reasonably estimate the amount of AAR heart tissue that has been salvaged
over the course of the successive occlusion phases. For instance, it is believed that in particular circumstances the
PICSO Quantity value provides an approximately linear relationship with the Estimated MSI (as described in more detail
below in connection with FIG.11). In an alternative example, the cumulative dosage value determined by the control
system 140 can provide a numerical expression of parameters referred herein as the "PICSO Quantity" as follows: 

where:

SPP = the systolic plateau pressure, and
IHT = the inflation hold time;

[0058] The units of PICSO Dose are units of pressure multiplied by time. For example, the units of PICSO Dose can
be "mmHg-minutes" or the like. In some circumstances, the PICSO value calculated by the control system 140 can be
an indicator of an approximate amount of AAR heart tissue that has been salvaged over the course of the successive
occlusion phases. It is envisioned that other combinations of the parameters provided herein can also be used to
mathematically represent the extent and efficacy of the treatment provided by system 100.
[0059] In the depicted embodiments (FIGS. 1, 7, and 12), the control system 140 is configured to calculate and then
display the PICSO Quantity value after each new occlusion phase 215, which can be output via the user interface 142
in numeric form, in a graphic plot form, or both (as shown in field 160). A practitioner viewing the user interface 142 is
then enabled to use the PICSO Quantity value to enhance the practitioner’s understanding of the efficacy of the treatment
provided by system 100. In alternative embodiments, calculated value for PICSO Dose can be calculated and then
display as an alternative, or in addition, to the PICSO Quantity value on the graphical user interface 142 of the system 100..
[0060] Referring to now FIGS. 9A and 9B, in some embodiments the control system 140 is configured to perform an
occlusion device positioning test, for example, after the coronary sinus occlusion catheter is initially inserted into the
coronary sinus and before the automated PICSO treatment process is initiated. The occlusion device positioning test
can advantageously result in a confirmation or alert message output to the practitioner via the graphical user interface
142. This positioning step can be optionally performed to confirm whether a satisfactory level of occlusion during a
sample occlusion phase is being achieved by the system 100. The level of occlusion, for example, can refer to the
pressures (e.g., systolic maxima and pulsatile pressure) attained in the coronary sinus when the occlusion device 122
is inflated (refer to FIG. 2).
[0061] In the depicted embodiment of the system 100 (including the catheter device 120), the practitioner can attempt
to position the occlusion device 122 near the ostium of the coronary sinus so that the periphery of the occlusion device
122 (when inflated) engages with the inner wall of the coronary sinus, thereby effectively redistributing the venous blood
through the cardiac veins. The control system 140 can be configured to detect one or more patient characteristics (e.g.,
in this embodiment, coronary sinus pressure measurements during a sample occlusion phase) so as to determine
whether the occlusion device 122 is located in a satisfactory position, and furthermore the control system 140 can be
configured to alert the user with a suggestion to reposition the occlusion device 122 in some circumstances. For example,
FIG. 9A depicts an example of when a desirable level of occlusion has not been attained and an alert message 171a is
output from the control system 140. In another example, FIG. 9B depicts an example of when a desirable level of occlusion
has been attained and a different alert message 171b is output from the control system 140 to confirm the satisfactory
position of the occlusion device 122.
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[0062] As described previously in connection with FIG. 8B, the efficacy of the treatment provided by system 100 can,
in some circumstances, be affected by measurable pressure-based parameters such as the pulsatile pressure (the
systolic plateau pressure minus the diastolic plateau pressure) and the global relative pressure drop (the systolic plateau
pressure minus the deflation average pressure). Accordingly, after the catheter 120 is initially positioned in the coronary
sinus and during an occlusion device positioning test, one or more cycles of occlusion can be performed to determine
and display such parameters, and then the control system 140 can output a determination of whether the position of the
occlusion device 122 is satisfactory. If the test cycle(s) indicates an unsatisfactory level of occlusion, the clinician operator
may take corrective actions to improve the level of occlusion prior to continuing to administer the heart tissue treatment
process using system 100. Such corrective actions can include repositioning the occlusion device in relation to the
vessel, or switching out the occlusion device to a different occlusion device that has a different size or shape that may
be more suitable to interface with the patient’s anatomy. After implementing corrective actions, the occlusion device
positioning test can be repeated to confirm whether an effective and satisfactory level of occlusion of the heart vessel
has been attained, and if it has not been attained the clinician may again take corrective actions to improve the level of
occlusion.
[0063] FIGS. 9A and 9B depict examples of the user interface display 142 of the control system 140 after the completion
of running the occlusion device positioning test to confirm whether a satisfactory level of occlusion has been attained
with the current position of the occlusion device 122 in the coronary sinus. FIG. 9A depicts an example of when a
satisfactory level of occlusion has not been attained, and FIG. 9B depicts an example of when a satisfactory level of
occlusion has been attained. Prior to running the occlusion device positioning test, the occlusion device is installed in
the coronary sinus (or other vessel of the patient if the occlusion is intended for a different region of the body) and the
system 100 is prepared to administer treatment to the heart tissue of the patient as described previously. As the occlusion
device positioning test is executed by the control system 140, the occlusion device 122 is activated by the control system
140 (for either a predetermined period of time or for a variable period of time controlled by the measured pressure
characteristics during the occlusion phase) and the sensor signal input 212a (e.g., a coronary sinus pressure sensor)
is monitored by the control system 140 and displayed on the graphical user interface 142 for at least one occlusion cycle.
Pressure parameters such as the systolic maxima and diastolic minima are monitored by the system 100 during the
occlusion and release phases. From such monitored parameters, other parameters can be calculated (refer to FIG. 8B),
such as the systolic plateau pressure, diastolic plateau pressure, pulsatile pressure 224, deflation average pressure
223, and the global relative pressure drop 226.
[0064] In some embodiments, at the completion of the occlusion device positioning test, the system 100 can compare
the monitored and/or calculated pressure-based parameters to predetermined target threshold levels that are established
at pre-selected values that represent a satisfactory level of occlusion. The following example is provided to illustrate
this. In some embodiments a threshold level for the pulsatile pressure 224 may be established at a minimum threshold
value. The minimum threshold value for the pulsatile pressure 224 may be a numeric value selected from a range of 25
mmHg or greater, about 25 mmHg to about 50 mmHg, and is selected to be 30 mmHg in this particular embodiment.
[0065] In such cases, when the occlusion device positioning test results in a test occlusion phase having a pulsatile
pressure 224 of less than 30 mmHg (the minimum threshold value in this embodiment), the control system 140 is
configured to output an alert message 171a (FIG. 9A) via the user interface 142 that indicates that a low pulsatile pressure
172a has been detected, and that a repositioning of the occlusion device is recommended. In this situation, the practitioner
may activate configurable touch screen button 163 to inform the control system 140 of the practitioner’s intent to reposition
the occlusion device 122 within the coronary sinus. Then the clinician may proceed to physically reposition the occlusion
device 122 and, optionally, restart another occlusion device positioning test. Alternative, the practitioner may activate
configurable touch screen button 164 to inform the system 100 of the practitioner’s intent to proceed with the PICSO
treatment process without repositioning the occlusion device 122. Then the clinician may proceed to physically reposition
the occlusion device.
[0066] Or, when the occlusion device positioning test results in a monitored pulsatile pressure 224 that is equal to or
greater than the example threshold level of 30 mmHg (the minimum threshold value in this embodiment), the control
system 140 can provide an alert message 171b (FIG. 9B) that indicates that a sufficient pulsatile pressure 172b has
been detected, and that the position of the occlusion device 122 is satisfactory. In this situation, the practitioner may
activate configurable touch screen button 164 to continue the treatment process beyond the occlusion device positioning
test (without repositioning the occlusion device). While in this example of the occlusion device positioning test the pulsatile
pressure was used as the determining pressure value, in other embodiments other pressure-based values or combina-
tions of values can be used to determine whether the occlusion is satisfactory. For example, in some embodiments the
global relative pressure 226 (FIG. 8B) drop can be monitored and compared to a predetermined threshold value and
used to make a determination as to whether a satisfactory level of occlusion is attained.
[0067] Referring to now FIG. 10, some embodiments of the control system 140 can be configured to implement a
process 300 for determining whether the occlusion device is located in a satisfactory position within the coronary sinus.
In particular implementations, the process 300 illustrated in FIG. 10 can be used to output the alert messages 171a-b
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as described above in reference to FIGS. 9A and 9B.
[0068] At operation 310, the process may include initiating an occlusion device positioning test (preferably after the
occlusion device 122 of the catheter 120 is initially placed in the coronary sinus of the patient). Optionally, the occlusion
device positioning test can be initiated in response to user input of one or more buttons on the touchscreen interface
142 of the control system 140. The occlusion device positioning test in this embodiment includes the performance of at
least one occlusion phase and at least one release phase as automatically controlled by the control system 140. As the
occlusion and release cycle(s) are being performed, process 300 continues to operation 320 in which one or more patient
characteristics (e.g., pressure-based characteristics in this embodiment, such as the systolic maxima and diastolic
minima pressures in the coronary sinus) are detected and stored by the control system 140. The process 300 may
continue to operation 330, in which the detected pressure-based characteristics from operation 320 to calculate one or
more pressure-based parameters such as the pulsatile pressure (which is calculated in this embodiment from the dif-
ference between the systolic plateau pressure and the diastolic plateau pressure during the test occlusion phase). At
operation 340, the process 300 compares the calculated pulsatile pressure from operation 330 to a predetermined
pulsatile pressure threshold value. As previously described, the threshold value for the pulsatile pressure may be a
minimum threshold value selected from a range of 25 mmHg or greater, about 25 mmHg to about 50 mmHg. If the
calculated pulsatile pressure is less than the predetermined pulsatile pressure threshold value, the process 300 proceeds
to operation 350. At operation 350, the control system 140 displays an alert message on the graphical user interface
recommending the repositioning of the occlusion device. In such circumstances, the process 300 can return to operation
310 after the occlusion device is repositioned within the coronary sinus. However, if at operation 340 the calculated
pulsatile pressure from operation 330 is greater than or equal to the predetermined pulsatile pressure threshold value,
the process 300 proceeds to operation 360. At operation 360, the control system 140 displays a message on the graphical
user interface indicating that the occlusion device performance is satisfactory.
[0069] Referring to FIG. 11, in some embodiments of the system described herein, the control system 140 can be
configured to not only calculate the cumulative dosage value (e.g., the "PICSO Quantity" or the "PICSO Dose" described
above), but the control system 140 can also be configured to estimate an amount of AAR heart tissue that has been
salvaged over the course of the successive occlusion phases based at least in part upon the calculated PICSO Quantity
value or other cumulative dosage value. For example, the estimated amount of AAR heart tissue that has been salvaged
can be characterized according to the previously described Myocardial Salvage Index (MSI), which in some circumstances
may have an approximately linear relationship with the PICSO Quantity value calculated by the control system 140. For
instances, the control system 140 can store an algorithm that determines the estimated MSI value from the calculated
PICSO Quantity value according to a linear model 410 , such as one example linear model depicted in FIG. 11. In this
example plot, a number of sample data points for various PICSO Quantity values during different PICSO treatment
procedures can be plotted, and a linear model 410 is then determined using linear regression or another modeling
technique. (In other embodiments, more or different data points beyond the data points shown in FIG. 11 can be used
to select the relationship model between the PICSO Quantity and the estimated MSI.) From there, the linear model 410
can be implemented in the form of an algorithm executed by the control system 140 to thereby provide an estimated
MSI value based at least in part upon the calculated PICSO Quantity value. It should be understood from the description
herein that, in other embodiments, the relationship model between the estimated MSI and the PICSO Quantity value
need not be a linear model, but instead may be linear, parabolic, asymptotic, or a combination thereof. In accordance
with the teachings herein, the relationship model can be determined from empirical data including multiple different
PICSO procedures, and the relationship model can then be implemented in the form of an executable algorithm stored
by the control system 140 so as to output the estimated MSI value to the practitioner during use of the system 100.
[0070] As shown in FIG. 11, for purposes of correlating the calculated PICSO Quantity (Equation # 1 above) to the
MSI (Equation # 3 below) in this embodiment, the plot in FIG. 11 defines the MSI as the difference of the area at risk
(AAR) minus the resulting infarct size, divided by the AAR. Thus, for purposes of determining the relationship model
between the calculated PICSO Quantity and the estimated MSI (such as the linear model 410 depicted in FIG. 11), the
MSI for each of the empirical data points can be calculated as follows: 

where:

MSI = the myocardial salvage index,
AAR = the myocardial area at risk of infarction, and
IS = infarct size measured at about 3-4 months after treatment.
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[0071] The AAR is the percentage of the myocardium that is in danger of infarction, as viewed for example by MRI
(magnetic resonance imaging) during a time period of about less than a week after an acute occlusion of a coronary
artery, or other type of cardiac event (e.g., unstable angina, STEMI, NSTEMI, heart failure, and the like). The MSI is a
measure of how much of the AAR is salvaged, and is viewed by MRI during a time period of about 3-4 months after
treatment. For example, if an individual experiences an acute occlusion of a coronary artery and an MRI taken about
three days later reveals an AAR of 20%, while a second MRI four months later reveals an IS of 10% of the total myocardium,
then the MSI is equal to 0.5 (or 50%). In other words, half of the AAR was salvaged. Similarly, if all of the AAR is salvaged,
the MSI would be one (1.0 or 100%). Or, if none of the AAR is salvaged, the MSI would be zero (0.0 or 0%).
[0072] Still referring to FIG. 11, the plot 400 illustrates that, in some circumstances, using the system 100 to administer
treatment of a particular PICSO Quantity will tend to provide a particular Estimated MSI. In this example, the line 410
of chart 400 indicates that administering a PICSO Quantity of about 100 mmHg2-minutes will tend to provide an Estimated
MSI of about 0.5 (or 50%). Also in this example, administering a PICSO Quantity of about 300 mmHg2-minutes will tend
to provide an Estimated MSI of about 0.55 (or 55%).
[0073] In some embodiments, the relationship model between PICSO Quantity and Estimated MSI can be implemented
as part of an algorithm stored and executed by the control system 140 of system 100 such that the control system 140
can contemporaneously calculate the PICSO Quantity and the Estimated MSI based on the operations of the system
100. In particular embodiments, calculated values for PICSO Quantity and Estimated MSI can be displayed on the
graphical user interface 142 of the system 100, and these two numeric values can be repeatedly updated with each new
occlusion phase in the series of occlusion phases during the PICSO treatment process. A practitioner of the system 100
may use the displayed parameters such as PICSO Quantity and Estimated MSI to enhance the clinician’s understanding
of the efficacy of the treatment provided by system 100, and to make informed treatment decisions, such as how long
to continue the PICSO treatment.
[0074] Referring to now FIG. 12, some embodiments of the control system 140 can include the graphical user interface
142 that outputs one or more cumulative treatment parameters such as PICSO Quantity 160 and Estimated MSI 162.
In some circumstances, a practitioner (e.g., an interventional cardiologist in this embodiment) can readily view the
updated values of the PICSO Quantity 160 and/or Estimated MSI 162 so as to determine with the PICSO treatment
process can be stopped (for example, when the sufficient level(s) of PICSO Quantity 160 and/or Estimated MSI 162 are
obtained).
[0075] The control system 140 can be configured to calculate the PICSO Quantity 160 and the Estimated MSI 162
using the equations and correlations as described above. For example, the PICSO Quantity 160 parameter can be
calculated by the control system 140 using Equation #1 provided above. As previously described, the calculation of
PICSO Quantity 160 can be based on characteristics monitored by the control system 140 including (referring to FIG.
8B): (i) systolic plateau pressure 221, (ii) pulsatile pressure 224, (iii) global relative pressure drop 226, and (iv) inflation
hold time. The control system 140 in this embodiment is also configured to calculate the Estimated MSI 162 based at
least in part upon the PICSO Quantity value or another cumulative dosage value. For example, the control system 140
can calculate the Estimated MSI 162 using the predetermined relationship model between PICSO Quantity 160 and
Estimated MSI 162 (such as the relationship model 410 depicted in FIG. 11 or the like).
[0076] In this example embodiment of the graphical user interface 142, the PICSO Quantity 160 is displayed both
graphically 160a and numerically 160b, whereas the Estimated MSI 162 is displayed only numerically. In alternative
embodiments, the Estimated MSI 162 may also be displayed graphically. Additionally, a predetermined targeted level
(as input by the practitioner or otherwise pre-stored by the control system 140), or a message indicating the attainment
of the predetermined targeted level, of PICSO Quantity 160 and/or Estimated MSI 162 may be displayed in some
embodiments.
[0077] Referring now to FIG. 13, some embodiments of a treatment monitoring process 500 can be implemented by
the control system 140 to calculate and output the cumulative dosage value (e.g., the PICSO Quantity in this embodiment),
the Estimated MSI, or both. The treatment monitoring process 500 can be implemented, for example, to output via the
user interface 142 (and to repeatedly update) the PICSO Quantity and Estimated MSI as illustrated FIGS. 11 and 12.
[0078] The process may include operation 510, in which the control system 140 controls the coronary sinus occlusion
catheter to substantially occlude the coronary sinus for an occlusion time period (e.g., an occlusion phase). As described
above, during the occlusion phases (and the release phases) of the treatment, the control system 140 can monitor
pressure-based characteristics in the coronary sinus such as the systolic pressure maxima and diastolic pressure minima.
The control system 140 can be configured to perform a curve fitting operation so as to determine a curve fit line for the
systolic pressure maxima and diastolic pressure minima occurring over a series of consecutive heartbeats during the
occlusion phase. These curve fit lines define plateau values of the systolic maxima and diastolic minima. The control
system 140 can calculate a pulsatile pressure (e.g., item 224 in FIG. 8B) which is the difference between the systolic
maxima plateau and the diastolic minima plateau. The control system 140 can also be configured to calculate an average
of the systolic and diastolic pressures during the release phase, which is the deflation average pressure (e.g., item 223
in FIG. 8B). Further, the control system 140 can calculate the global relative pressure drop (e.g., item 226 in FIG. 8B),
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which is the difference between the systolic maxima plateau and the average of the systolic and diastolic pressures of
the release phase.
[0079] The process 500 can also include operation 520, in which the control system 140 calculates the PICSO Quantity
parameter or another cumulative dosage value (as described above). In this embodiment, the PICSO Quantity parameter
can be calculated by the control system 140 using Equation #1 above. As described below, an updated PICSO Quantity
can be calculated by the control system 140 at least after the completion of each occlusion and release cycle. As
previously described, the PICSO Quantity value is a cumulative dosage value, and therefore accounts for the cumulative
effects of the successive cycles of occlusion phases and release phases during the course of the PICSO treatment (as
described by Equation #1).
[0080] The process 500 can also include operation 530, in which the control system 140 calculates the Estimated MSI
parameter. The Estimated MSI parameter can be calculated by the control system 140 based at least in part upon the
PICSO Quantity value or another cumulative dosage value. For example, the control system 140 can calculate the
Estimated MSI 162 using the predetermined relationship model between PICSO Quantity 160 and Estimated MSI 162
(such as the relationship model 410 depicted in FIG. 11 or the like). As described in more detail below, an updated
Estimated MSI parameter can be calculated by the control system 140 at least after the completion of each occlusion
and release cycle (e.g., each time the PICSO Quantity value is updated).
[0081] The process 500 can also include operation 540, in which the control system 140 outputs on the graphical user
interface 142 the current values for PICSO Quantity and Estimated MSI. The display of the PICSO Quantity and Estimated
MSI values can be updated at least after each occlusion and release cycle, or more often in some cases. For example,
as shown in FIG. 12, the PICSO Quantity is displayed as 676.4 mmHg2-minutes, and the Estimated MSI is displayed
as 70.3%. By providing a display of the current PICSO Quantity and Estimated MSI, the control system 140 provides
the practitioner with meaningful, time-sensitive information indicative of the progress of the PICSO treatment being
administered by the system 100. In some situations, the practitioner can make a decision as to whether to cease or
continue administering treatment based at least in part on the PICSO Quantity displayed by the user interface 142, the
Estimated MSI displayed by the user interface 142, or both. For example, the practitioner may compare the Estimated
MSI to a predetermined target value to evaluate whether to end or continue the treatment.
[0082] The process 500 may also include operation 550, in which the control system 140 receives user input indicating
an end to the treatment using the system 100. For example, if the practitioner reviews the PICSO Quantity displayed by
the user interface 142, the Estimated MSI displayed by the user interface 142, or both, and then decides that sufficient
progress was achieved during the PICSO treatment or that the PICSO treatment should end for other reasons, the
practitioner can press one or more buttons on the touchscreen interface 142 of the control system 140 to indicate that
the treatment process should end. In such circumstances, the process 500 continues to operation 560, in which the
control system 140 ceases the intermittent occlusion phases of the coronary sinus in response to the user input received
at operation 550. From there, the coronary sinus occlusion catheter 120 is deactivated and prepared for withdrawal from
the patient’s heart.
[0083] If no such user input (at operation 550) is received by the control system 140 (e.g., no user input is received
within a selected time period), the process 500 can return to operation 510 in which a new occlusion and release cycle
is initiated. As such, the process 500 can repeatedly cycle so as to provide a newly updated PICSO Quantity value (or
other cumulative dosage value) and a newly updated estimated MSI value for each new occlusion and release cycle.
[0084] A number of embodiments of the invention have been described. Nevertheless, it will be understood that various
modifications may be made without departing from the scope of the invention. Accordingly, other embodiments are within
the scope of the following claims.

Claims

1. A control system for a system for treating heart muscle tissue, including:

a sensor signal input to receive a pressure sensor data signal indicative of a pressure in the coronary sinus at
least during two or more occlusion phases of a coronary sinus occlusion catheter;
a control circuit including memory and a processor,
characterized in that the control circuit (155) is configured to determine, in response to stored data points (213
a-d, 214 a-d) of the pressure sensor data signal, whereby the stored data points of the pressure sensor data
signal include at least one data point for each of the two or more occlusion phases and one or more pressure
maxima and one or more pressure minima measured during the sequence of two or more occlusion phases, a
cumulative dosage value having units of (Pressure)2x(time) or a value having units of (Pressure)x(time) and
being indicative of cumulative effects of redistributing blood flow over the course of successive occlusion phases.
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2. The control system of claim 1, characterized in that the control circuit (155) is further adapted to use the cumulative
dosage value to estimate an amount of heart muscle tissue that has been salvaged over the course of the two or
more successive occlusion phases, wherein the control system includes a display unit that shows the calculated
cumulative dosage value, an estimated amount of salvaged heart muscle tissue based upon the calculated cumulative
dosage value, or both.

3. The control system of claims 1 or 2, characterized in that
an output configured to output an output signal encoding the cumulative dosage value, the amount of heart muscle
tissue that has been salvaged, or both is further comprised.

4. The control system of any one of claims 1 to 3, characterized in that a display unit (142) configured to receive the
output signal and configured to display the calculated cumulative dosage value, the estimated amount of salvaged
heart muscle tissue, or both is further comprised.

5. The control system of any one of claims 1 to 4, characterized in that the control system (140) stores a computer-
executable algorithm in the memory (154) adapted to cause the processor (152) to calculate the cumulative dosage
value to provide a numerical value indicative of the cumulative effects of coronary sinus occlusion catheter treatment
over two or more successive occlusion phases.

6. The control system of any one of claims 1 to 5, characterized in that the control system (140) is configured to
determine the cumulative dosage value having units of (Pressure)2x(time) or a value having units of (Pressure)x(time).

7. The control system of any one of claims 2 to 6, characterized in that the control system (140) is configured to
calculate the estimated amount of salvaged heart muscle tissue based upon a predetermined relationship model
between the estimated amount of salvaged heart muscle tissue and the calculated cumulative dosage value.

8. The control system of claim 7, characterized in that the estimated amount of salvaged heart muscle tissue is an
estimated myocardial salvage index based upon a linear relationship model with the calculated cumulative dosage
value.

9. The control system of any one of claims 1 to 8, characterized in that the control system (140) updates the calculated
cumulative dosage value, the estimated amount of salvaged heart muscle tissue, or both after each cycle of one
occlusion phase and one release phase.

10. The control system of any one of claims 1 to 9, characterized in that the display unit (142) includes a touchscreen
user interface that contemporaneously displays both the calculated cumulative dosage value, the estimated amount
of salvaged heart muscle tissue, or both.

11. The control system of any one of claims 1 to 10, characterized in that the control system is configured to, in
response to stored data points (213 a-d, 214 a-d) of the pressure sensor data signal during at least one of the
occlusion phases, output an alert via a user interface of the control system (140) indicating a recommendation to
reposition of the occlusion device of the coronary sinus occlusion catheter (120).

12. The control system of claim 11, characterized in that the control system outputs the alert indicative of the recom-
mendation to reposition the occlusion device in response to detecting that a pulsatile pressure parameter during a
sample occlusion phase is less than a minimum threshold value.

13. The control system of any of the preceding claims, characterized in that the pressure sensor data signal indicative
is indicative of a differential between a systolic and a diastolic pressures during an occlusion phase and the control
circuit is configured to determine the differential between the systolic and diastolic pressures during the occlusion
phase using the pressure sensor data signal and to determine the cumulative dosage value based at least on the
determined differential between the systolic and diastolic pressures during the occlusion phase.

14. The control system of any of the preceding claims, characterized in that the pressure sensor data signal indicative
is indicative of a differential between a systolic pressure plateau of an occlusion phase and an average non-occluded
pressure and the control circuit is configured to determine the differential between a systolic pressure plateau of an
occlusion phase and an average non-occluded pressure using the pressure sensor data signal and to determine
the cumulative dosage value based at least on the determined differential between a systolic pressure plateau of
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an occlusion phase and an average non-occluded pressure.

15. The control system of claim 13 or claim 14, characterized in that the control circuitry (155) is configured to determine
an inflation hold time and to determine the cumulative dosage value based in addition on the determined inflation
hold time.

16. A system for treating heart muscle tissue, comprising:

a coronary sinus occlusion catheter including a distal tip portion comprising an adjustable occlusion device; and
a control system according to any of claims 1 to 15, characterized in that the control system (140) being further
configured to selectively activate the occlusion device (122) for substantially occluding the coronary sinus during
occlusion phases, and to deactivate the occlusion device (122) for substantially non-occluding the coronary
sinus during release phases.

17. The system for treating heart muscle tissue of claim 16, characterized in that the control system (140) is further
configured to provide automated control of the occlusion device (122) of the coronary sinus occlusion catheter (120).

18. The system for treating heart muscle tissue of claim 17, characterized in that the control system is further configured
to provide automated control of the occlusion device of the coronary sinus occlusion catheter (120) based on a
signal indicative of a pressure in the coronary sinus during one or more occlusion phases, during one or more release
phases, or both.

19. A computer-implemented method, comprising:

receiving a pressure sensor data signal indicative of a coronary sinus pressure after a occlusion catheter (120)
has substantially occluded the coronary sinus during an occlusion phase in a sequence of two or more occlusion
phases;

1. determining, in response to stored data points (213 a-d, 214 a-d) of the pressure sensor data signal,
whereby the stored data points of the pressure sensor data signal include at least one data point for each
of the two or more occlusion phases and one or more pressure maxima and one or more pressure minima
measured during the sequence of two or more occlusion phases, a cumulative dosage value having units
of (Pressure)2x(time) or a value having units of (Pressure)x(time) and being indicative of cumulative effects
of redistributing blood flow over the two or more successive occlusion phases.

20. The method of claim 19 characterized in that
estimating an amount of heart muscle tissue that has been salvaged over the course of the two or more successive
occlusion phases using the cumulative dosage value is further comprised.

21. The method of claims 19 or 20, characterized in that
providing for output an output signal encoding the cumulative dosage value, the amount of heart muscle tissue that
has been salvaged, or both is further comprised.

22. The method of claim 21, characterized in that
displaying the calculated cumulative dosage value, the estimated amount of salvaged heart muscle tissue based
upon the calculated cumulative dosage value, or both is further comprised.

23. The method of any one of claims 19 to 22, characterized in that the cumulative dosage value indicative of cumulative
effects of coronary sinus occlusion catheter treatment is updated after each occlusion phase.

24. The method of any one of claims 19 to 23, characterized in that said calculating includes calculating the cumulative
dosage value in units of (Pressure)2x(time) or a value having units of (Pressure)x(time).

25. The method of claim 20 or claim 20 and any one of claims 21 to 24, characterized in that estimating an amount
of heart muscle tissue that has been salvaged includes, after each occlusion phase in the sequence of two or more
occlusion phases, calculating the estimated amount of salvaged heart muscle tissue based at least in part upon a
predetermined mathematical relationship between the estimated amount of salvaged heart muscle tissue and the
calculated cumulative dosage value.
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26. The method of claim 25, characterized in that the estimated amount of salvaged heart muscle tissue is calculated
based at least in part upon a linear relationship between the estimated amount of salvaged heart muscle tissue and
the calculated cumulative dosage value.

27. The method of claim 22 or claim 22 and any one of claims 23 to 26, characterized in that displaying comprises
contemporaneously displaying both the calculated cumulative dosage value and the estimated amount of salvaged
heart muscle tissue.

28. A computer readable-medium storing instructions thereon which when executed cause a processor (152) to carry
out the operations of any of methods 19 to 27.

Patentansprüche

1. Kontrollsystem für ein System zur Behandlung von Herzmuskelgewebe, umfassend:

einen Sensorsignaleingang zum Empfangen eines Drucksensor-Dalensignals, das einen Druck im Koronarsinus
zumindest während zwei oder mehr Okklusionsphasen eines Koronarsinus-Okklusionskatheters anzeigt;
eine Steuerschaltung einschließlich eines Speichers und eines Prozessors,
dadurch gekennzeichnet, dass die Steuerschaltung (155) dafür konfiguriert ist, in Reaktion auf gespeicherte
Datenpunkte (213 a-d, 214 a-d) des Drucksensor-Datensignals, wobei die gespeicherten Datenpunkte des
Drucksensor-Datensignals mindestens einen Datenpunkt für jede der zwei oder mehr Okklusionsphasen und
ein oder mehrere Druckmaxima und ein oder mehrere Druckminima, die während der Abfolge von zwei oder
mehr Okklusionsphasen gemessen werden, beinhalten, einen kumulativen Dosiswert mit den Einheiten von
(Druck)2 x (Zeit) oder einen Wert mit den Einheiten von (Druck) x (Zeit) zu ermitteln und kumulative Effekte der
Umverteilung des Blutflusses über den Verlauf der sukzessiven Okklusionsphasen anzuzeigen.

2. Kontrollsystem nach Anspruch 1, dadurch gekennzeichnet, dass die Steuerschaltung (155) ferner angepasst ist,
um den kumulativen Doslswert zu verwenden, um eine Menge an Herzmuskelgewebe abzuschätzen, die über den
Verlauf der zwei oder mehr sukzessiven Okklusionsphasen gerettet wurde, wobei das Kontrollsystem eine Anzei-
geeinheit umfasst, die den berechneten kumulativen Dosiswert, eine geschätzte Menge an gerettetem Herzmus-
kelgewebe, basierend auf dem berechneten kumulative Dosiswert, oder beides anzeigt.

3. Kontrollsystem nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass ferner eine Ausgabe enthalten ist, die
dafür konfiguriert ist, ein Ausgabesignal auszugeben, das den kumulativen Dosiswert, die Menge an gerettetem
Herzmuskelgewebe oder beides codiert.

4. Kontrollsystem nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass ferner eine Anzeigeeinheit
(142) enthalten ist, die dafür konfiguriert ist, das Ausgabesignal zu empfangen, und die konfiguriert ist, um den
berechneten kumulativen Dosiswert, die geschätzte Menge an gerettetem Herzmuskelgewebe oder beides anzu-
zeigen.

5. Kontrollsystem nach einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass das Kontrollsystem (140) in
dem Speicher (154) einen computerausführbaren Algorithmus speichert, der angepasst ist, den Prozessor (152)
zu veranlassen, den kumulativen Dosiswert zu berechnen, um einen numerischen Wert zu liefern, der die kumulativen
Effekte der Behandlung mit dem Koronarsinus-Okklusionskatheter über zwei oder mehr sukzessive Okklusions-
phasen anzeigt.

6. Kontrollsystem nach einem der Ansprüche I bis 5, dadurch gekennzeichnet, dass das Kontrollsystem (140) dafür
konfiguriert ist, um den kumulativen Dosiswert mit den Einheiten von (Druck)2 x (Zeit) oder einen Wert mit den
Einheiten von (Druck) x (Zeit) zu ermitteln.

7. Kontrollsystem nach einem der Ansprüche 2 bis 6, dadurch gekennzeichnet, dass das Kontrollsystem (140) dafür
konfiguriert ist, die geschätzte Menge an gerettetem Herzmuskelgewebe auf Basis eines zuvor bestimmten Bezie-
hungsmodells zwischen der geschätzten Menge an gerettetem Herzmuskelgewebe und dem berechneten kumu-
lativen Dosiswert zu berechnen.

8. Kontrollsystem nach Anspruch 7, dadurch gekennzeichnet, dass die geschätzte Menge an gerettetem Herzmus-
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kelgewebe einen geschätzten myokardialen Rettungsindex darstellt, der auf einem linearen Beziehungsmodell mit
dem berechneten kumulativen Dosiswert basiert.

9. Kontrollsystem nach einem der Ansprüche 1 bis 8, dadurch gekennzeichnet, dass das Kontrollsystem (140) den
berechneten kumulative Dosiswert, die geschätzte Menge an gerettetem Herzmuskelgewebe oder beide nach jedem
Zyklus einer Okklusionsphase und einer Freigabephase aktualisiert.

10. Kontrollsystem nach einem der Ansprüche I bis 9, dadurch gekennzeichnet, dass die Anzeigeeinheit (142) eine
Touchscreen-Benutzeroberfläche beinhaltet, die gleichzeitig sowohl den berechneten kumulativen Dosiswert als
auch die geschätzte Menge an gerettetem Herzmuskelgewebe oder beide zusammen anzeigt.

11. Kontrollsystem nach einem der Ansprüche 1 bis 10, dadurch gekennzeichnet, dass das Kontrollsystem konfiguriert
ist, um in Reaktion auf gespeicherte Datenpunkte (213 a-d, 214 a-d) des Drucksensor-Datensignals während min-
destens einer der Okklusionsphasen über eine Benutzeroberfläche des Kontrollsystems (140) einen Alarm auszu-
geben, der eine Empfehlung zur Neupositionierung der Okklusionsvorrichtung des Koronarsinus-Okklusionskathe-
ters (120) anzeigt.

12. Kontrollsystem nach Anspruch 11, dadurch gekennzeichnet, dass das Kontrollsystem den Alarm, der die Emp-
fehlung zur Neupositionierung der Okklusionsvorrichtung anzeigt, in Reaktion daraufhin ausgibt, dass detektiert
wird, dass ein pulsatiler Druckparameter während einer Probenokklusionsphase kleiner ist als ein minimaler Schwel-
lenwert.

13. Kontrollsystem nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das anzeigende Druck-
sensor-Datensignal ein Differenzial zwischen einem systolischen und einem diastolischen Druck während einer
Okklusionsphase anzeigt, und dass die Steuerschaltung konfiguriert ist, um das Differenzial zwischen den systoli-
schen und diastolischen Drücken während der Okklusionsphase unter Verwendung des Drucksensor-Datensignals
zu bestimmen, und um den kumulativen Dosiswert auf Basis mindestens des bestimmten Differenzials zwischen
den systolischen und diastolischen Drücken während der Okklusionsphase zu bestimmen.

14. Kontrollsystem nach einem der vorstehenden Ansprüche, dadurch gekennzeichnet, dass das anzeigende Druck-
sensor-Datensignal ein Differenzial zwischen einem systolischen Druckplateau einer Okklusionsphase und einem
mittleren nicht-okkludierten Druck anzeigt, und dass die Steuerschaltung konfiguriert ist, um das Differenzial zwi-
schen einem systolischen Druckplateau einer Okklusionsphase und einem mittleren nicht-okkludierten Druck unter
Verwendung des Drucksensor-Datensignals zu bestimmen, und um den kumulativen Dosiswert auf Basis mindes-
tens des bestimmten Differenzials zwischen einem systolischen Druckplateau einer Okklusionsphase und einem
mittleren nicht-okkludierten Druck zu bestimmen,

15. Kontrollsystem nach Anspruch 13 oder 14, dadurch gekennzeichnet, dass die Steuerschaltung (155) konfiguriert
ist, um eine Aufblas-Haltezeit zu bestimmen, und um den kumulativen Dosiswert basierend zusätzlich auf der
ermittelten Aufblas-Haltezeit zu bestimmen.

16. System zur Behandlung von Herzmuskelgewebe, umfassend:

einen Koronarsinus-Okklusionskatheter mit einem distalen Spitzenabschnitt, der eine einstellbare Okklusions-
vorrichtung umfasst; und
ein Kontrollsystem nach einem der Ansprüche 1 bis 15, dadurch gekennzeichnet, dass das Kontrollsystem
(140) ferner dafür konfiguriert ist, um die Okklusionsvorrichtung (122) selektiv zu aktivieren, um den Koronarsinus
während der Okklusionsphasen im Wesentlichen zu verschließen, und um die Okklusionsvorrichtung (122) zu
deaktivieren, um den Koronarsinus während der Freigabephasen im Wesentlichen nicht zu verschließen.

17. System zur Behandlung von Herzmuskelgewebe nach Anspruch 16, dadurch gekennzeichnet, dass das Kontroll-
system (140) ferner konfiguriert ist, um eine automatisierte Steuerung der Okklusionsvorrichtung (122) des Koro-
narsinus-Okklusionskatheters (120) bereitzustellen.

18. System zur Behandlung von Herzmuskelgewebe nach Anspruch 17, dadurch gekennzeichnet, dass das Kontroll-
system ferner konfiguriert ist, um eine automatisierte Steuerung der Okklusionsvorrichtung des Koronarsinus-Ok-
klusionskatheters (120) auf Basis eines Signals bereitzustellen, das einen Druck in dem Koronarsinus während
einer oder mehrerer Okklusionsphasen, während einer oder mehrerer Freigabephasen oder beides anzeigt.
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19. Computer-implementiertes Verfahren, umfassend:

Empfangen eines Drucksensor-Datensignals, das einen Koronarsinusdruck anzeigt, nachdem ein Okklusions-
katheter (120) den Koronarsinus während einer Okklusionsphase in einer Abfolge von zwei oder mehr Okklu-
sionsphasen im Wesentlichen verschlossen hat;
Bestimmen, in Reaktion auf gespeicherte Datenpunkte (213 a-d, 214 a-d) des Drucksensor-Datensignals, wobei
die gespeicherten Datenpunkte des Drucksensor-Datensignals mindestens einen Datenpunkt für jede der zwei
oder mehr Okklusionsphasen und ein oder mehrere Druckmaxima und ein oder mehrere Druckminima, die
während der Abfolge von zwei oder mehr Okklusionsphasen gemessen werden, beinhalten, eines kumulativen
Dosiswerts, der die Einheiten von (Druck)2 x (Zeit) aufweist, oder eines Werts, der die Einheiten von (Druck) x
(Zeit) aufweist und kumulative Effekte der Umverteilung des Blutflusses während der zwei oder mehr sukzes-
siven Okklusionsphasen anzeigt.

20. Verfahren nach Anspruch 19, dadurch gekennzeichnet, dass ferner das Abschätzen einer Menge an Herzmus-
kelgewebe, die über den Verlauf der zwei oder mehr sukzessiven Okklusionsphasen gerettet wurde, unter Verwen-
dung des kumulativen Dosiswerts umfasst ist.

21. Verfahren nach Anspruch 19 oder 20, dadurch gekennzeichnet, dass für die Ausgabe ferner die Bereitstellung
eines Ausgabesignals umfasst ist, das den kumulativen Dosiswert, die Menge an gerettetem Herzmuskelgewebe
oder beide codiert.

22. Verfahren nach Anspruch 21, dadurch gekennzeichnet, dass ferner das Anzeigen des berechneten kumulativen
Dosiswerts, der abgeschätzten Menge an gerettetem Herzmuskelgewebe, basierend auf dem berechneten kumu-
lativen Dosiswert, oder beides umfasst ist.

23. Verfahren nach einem der Ansprüche 19 bis 22, dadurch gekennzeichnet, dass der kumulative Dosiswerts, der
die kumulative Wirkungen der Behandlung mit dem Koronarsinus-Okklusionskatheter anzeigt, nach jeder Okklusi-
onsphase aktualisiert wird.

24. Verfahren nach einem der Ansprüche 19 bis 23, dadurch gekennzeichnet, dass diese Berechnung das Berechnen
des kumulativen Dosiswerts mit den Einheiten von (Druck)2 x (Zeit) oder eines Werts mit den Einheiten von (Druck)
x (Zeit) beinhaltet.

25. Verfahren nach Anspruch 20 oder nach Anspruch 20 und einem der Ansprüche 21 bis 24, dadurch gekennzeichnet,
dass das Abschätzen einer Menge an gerettetem Herzmuskelgewebe beinhaltet, dass nach jeder Okklusionsphase
in der Abfolge von zwei oder mehr Okklusionsphasen die geschätzte Menge an gerettetem Herzmuskelgewebe
mindestens teilweise auf Basis einer zuvor bestimmten mathematischen Beziehung zwischen der geschätzten
Menge an gerettetem Herzmuskelgewebe und dem berechneten kumulativen Dosiswert berechnet wird.

26. Verfahren nach Anspruch 25, dadurch gekennzeichnet, dass die geschätzte Menge an gerettetem Herzmuskel-
gewebe mindestens teilweise auf Basis einer linearen Beziehung zwischen der geschätzten Menge an gerettetem
Herzmuskelgewebe und dem berechneten kumulativen Dosiswert berechnet wird.

27. Verfahren nach Anspruch 22 oder nach Anspruch 22 und einem der Ansprüche 23 bis 26, dadurch gekennzeichnet,
dass die Anzeige das gleichzeitige Anzeigen sowohl des berechneten kumulativen Dosiswerts als auch der abge-
schätzten Menge an gerettetem Herzmuskelgewebe umfasst.

28. Computerlesbares Medium, auf dem Anweisungen abgespeichert werden, die, wenn sie ausgeführt werden, einen
Prozessor (152) dazu veranlassen, die Operationen eines der Verfahren 19 bis 27 auszuführen.

Revendications

1. Système de commande pour un système de traitement du tissu musculaire cardiaque, comportant :

une entrée de signal de capteur pour recevoir un signal de données de capteur de pression indicatif d’une
pression dans le sinus coronaire au moins pendant deux phases d’occlusion ou plus d’un cathéter d’occlusion
du sinus coronaire :
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un circuit de commande comportant une mémoire et un processeur,
caractérisé en ce que le circuit de commande (155) est configuré pour déterminer, en réponse aux points
de données stockés (213 a-d, 214 a-d) du signal de données de capteur de pression, moyennant quoi les
points de données stockés du signal de données de capteur de pression comportent au moins un point de
données pour chacune des deux phases d’occlusion ou plus et une ou plusieurs valeurs de pression
maximales et une ou plusieurs valeurs de pression minimales mesurées pendant la séquence des deux
phases d’occlusion ou plus, une valeur de dosage cumulée ayant des unités de (pression)2 x (temps) ou
une valeur ayant des unités de (pression) x (temps) et étant indicative d’effets cumulés de la redistribution
du flux sanguin au cours des phases d’occlusion successives.

2. Système de commande selon la revendication 1, caractérisé en ce que le circuit de commande (155) est en outre
adapté pour utiliser la valeur de dosage cumulée pour estimer une quantité du tissu musculaire cardiaque qui a été
sauvegardé au cours des deux phases d’occlusion successives ou plus, dans lequel le système de commande
comporte une unité d’affichage qui montre la valeur de dosage cumulée calculée, une quantité estimée de tissu du
muscle cardiaque sauvegardé sur la base de la valeur de dosage cumulée calculée ou les deux.

3. Système de commande selon les revendications 1 ou 2, caractérisé en ce qu’il comprend en outre une sortie
configurée pour émettre un signal de sortie codant la valeur de dosage cumulée, la quantité de tissu du muscle
cardiaque qui a été sauvegardé ou les deux.

4. Système de commande selon l’une quelconque des revendications 1 à 3, caractérisé en ce qu’il comprend en
outre une unité d’affichage (142) configurée pour recevoir le signal de sortie et configurée pour afficher la valeur
de dosage cumulée calculée, la quantité estimée de tissu du muscle cardiaque sauvegardé, ou les deux.

5. Système de commande selon l’une quelconque des revendications 1 à 4, caractérisé en ce que le système de
commandé (140) stocke un algorithme pour être exécuté par un ordinateur dans la mémoire (154), adapté pour
entraîner le calcul par le processeur (152) de la valeur de dosage cumulée pour fournir une valeur numérique
indicative des effets cumulés du traitement par le cathéter d’occlusion du sinus coronaire sur deux phases d’occlusion
successives ou plus.

6. système de commande selon l’une quelconque des revendications 1 à 5, caractérisé en ce que le système de
commande (140) est configuré pour déterminer la valeur de dosage cumulée ayant des unités de (pression)2 x
(temps) ou une valeur ayant des unités de (pression) x (temps).

7. Système de commande selon l’une quelconque des revendications 2 à 6, caractérisé en ce que le système de
commande (140) est configuré pour calculer la quantité estimée de tissu du muscle cardiaque sauvegardé sur la
base d’un modèle de relation prédéterminé entre la quantité estimée de tissu du muscle cardiaque sauvegardé et
la valeur de dosage cumulée calculée.

8. Système de commande selon la revendication 7, caractérisé en ce que la quantité estimée de tissu du muscle
cardiaque sauvegardé est un indice de sauvegarde myocardique estimé sur la base d’un modèle de relation linéaire
avec la valeur de dosage cumulée calculée.

9. Système de commande selon l’une quelconque des revendications 1 à 8, caractérisé en ce que le système de
commande (140) actualise la valeur de dosage cumulée calculée, la quantité estimée de tissu du muscle cardiaque
sauvegardé ou les deux, après chaque cycle d’une phase d’occlusion et d’une phase de relâchement.

10. Système de commande selon l’une quelconque des revendications 1 à 9, caractérisé en ce que l’unité d’affichage
(142) comporte une interface utilisateur à écran tactile qui affiche de façon simultanée à la fois la valeur de dosage
cumulée calculée, la quantité estimée de tissu du muscle cardiaque sauvegardé, ou les deux.

11. Système de commande selon l’une quelconque des revendications 1 à 10, caractérisé en ce que le système de
commande est configuré pour émettre une alerte, en réponse aux points de données stockés (213 a-d, 214 a-d)
du signal de données de capteur de pression pendant au moins l’une des phases d’occlusion, via une interface
utilisateur du système de commande (140) indiquant une recommandation de repositionnement du dispositif d’oc-
clusion du cathéter d’occlusion du sinus coronaire (120).

12. Système de commande selon la revendication 11, caractérisé en ce que le système de commande émet l’alerte
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indicative de la recommandation de repositionnement du dispositif d’occlusion en réponse à la détection du fait
qu’un paramètre de pression pulsée pendant une phase d’occlusion d’échantillon est inférieure à une valeur seuil
minimale.

13. Système de commande selon l’une quelconque des revendications précédentes, caractérisé en ce que l’indication
du signal de données de capteur de pression est indicative d’un différentiel entre des pressions systolique et dias-
tolique pendant une phase d’occlusion et le circuit de commande est configuré pour déterminer le différentiel entre
les pressions systolique et diastolique pendant la phase d’occlusion en utilisant le signal de données de capteur de
pression et pour déterminer la valeur de dosage cumulée sur la base au moins du différentiel déterminé entre les
pressions systolique et diastolique pendant la phase d’occlusion.

14. Système de commande selon l’une quelconque des revendications précédentes, caractérisé en ce que l’indication
du signal de données de capteur de pression est indicative d’un différentiel entre un plateau de pression systolique
d’une phase d’occlusion et une pression moyenne à l’état non occlus et le circuit de commande est configuré pour
déterminer le différentiel entre un plateau de pression systolique d’une phase d’occlusion et une pression moyenne
à l’état non occlus en utilisant le signal de données de capteur de pression et pour déterminer la valeur de dosage
cumulée sur la base au moins du différentiel déterminé entre un plateau de pression systolique d’une phase d’oc-
clusion et une pression moyenne à l’état non occlus.

15. Système de commande selon la revendication 13 ou la revendication 14, caractérisé en ce que le circuit de
commande (155) est configuré pour déterminer un temps de maintien de gonflage et pour déterminer la valeur de
dosage cumulée sur la base, en outre, du temps de maintien de gonflage déterminé.

16. Système de traitement du tissu du muscle cardiaque, comprenant :

un cathéter d’occlusion du sinus coronaire comportant une partie d’extrémité distale comprenant un dispositif
d’occlusion ajustable ; et
un système de commande selon l’une quelconque des revendications 1 à 15, caractérisé en ce que le système
de commande (140) est en outre configuré pour activer sélectivement le dispositif d’occlusion (122) pour occlure
sensiblement le sinus coronaire pendant des phases d’occlusion, et pour désactiver le dispositif d’occlusion
(122) pour ne pas occlure sensiblement le sinus coronaire pendant les phases de relâchement.

17. Système de traitement du tissu du muscle cardiaque selon la revendication 16, caractérisé en ce que le système
de commande (140) est en outre configuré pour assurer un contrôle automatique du dispositif d’occlusion (122) du
cathéter d’occlusion du sinus coronaire (120).

18. Système de traitement du tissu du muscle cardiaque selon la revendication 17, caractérisé en ce que le système
de commande est en outre configuré pour assurer un contrôlé automatique du dispositif d’occlusion du cathéter
d’occlusion du sinus coronaire (120) sur la base d’un signal indicatif d’une pression dans le sinus coronaire pendant
une ou plusieurs phases d’occlusion, pendant une ou plusieurs phases de libération, ou les deux.

19. Procédé mis en oeuvre par un ordinateur, comprenant :

la réception d’un signal de données de capteur de pression indicatif d’une pression du sinus coronaire après
qu’un cathéter d’occlusion (120) a sensiblement occlus le sinus coronaire pendant une phase d’occlusion dans
une séquence de deux phases d’occlusion ou plus ;
la détermination, en réponse aux points de données stockés (213 a-d, 214 a-d) du signal de données de capteur
de pression, moyennant quoi les points de données stockés du signal de données du capteur de pression
comportent au moins un point de données pour chacune des deux phases d’occlusion ou plus et une ou plusieurs
valeurs de pression maximales et une ou plusieurs valeurs de pression minimales mesurées pendant la sé-
quence de deux phases d’occlusion ou plus, d’une valeur de dosage cumulée ayant des unités de (pression)2

x (temps) ou une valeur ayant des unités de (pression) x (temps) et étant indicative des effets cumulés de la
redistribution du flux sanguin sur les deux phases d’occlusion successives ou plus.

20. Procédé selon la revendication 19, caractérisé en ce qu’il comprend en outre
une estimation d’une quantité de tissu du muscle cardiaque qui a été sauvegardé au cours des deux phases
d’occlusion successives ou plus en utilisant la valeur de dosage cumulée.
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21. Procédé selon la revendication 19 ou 20, caractérisé en ce qu’il comprend en outre
la fourniture d’une émission d’un signal de sortie codant la valeur de dosage cumulée, la quantité de tissu de muscle
cardiaque qui a été sauvegardée ou les deux.

22. Procédé selon la revendication 21, caractérisé en ce qu’il comprend en outre
l’affichage de la valeur de dosage cumulée calculée, de la quantité estimée de tissu du muscle cardiaque sauvegardé
sur la base de la valeur de dosage cumulée calculée, ou les deux.

23. Procédé selon l’une quelconque des revendications 19 à 22, caractérisé en ce que la valeur de dosage cumulée
indicative des effets cumulés du traitement par le cathéter d’occlusion du sinus coronaire est actualisée après
chaque phase d’occlusion.

24. Procédé selon l’une quelconque des revendications 19 à 23, caractérisé en ce que ledit calcul comporte le calcul
de la valeur de dosage cumulée en unités de (pression)2 x (temps) ou une valeur ayant des unités de (pression) x
(temps).

25. Procédé selon la revendication 20 ou la revendication 20 et selon l’une quelconque des revendications 21 à 24,
caractérisé en ce que l’estimation d’une quantité de tissu du muscle cardiaque qui a été sauvegardé comprend,
après chaque phase d’occlusion dans la séquence de deux phases d’occlusion ou plus, le calcul de la quantité
estimée de tissu du muscle cardiaque sauvegardé sur la base au moins en partie d’une relation mathématique
prédéterminée entre la quantité estimée de tissu du muscle cardiaque sauvegardé et la valeur de dosage cumulée
calculée.

26. Procédé selon la revendication 25, caractérisé en ce que la quantité estimée de tissu du muscle cardiaque sau-
vegardé est calculée sur la base au moins en partie d’une relation linéaire entre la quantité estimée de tissu du
muscle cardiaque sauvegardé et la valeur de dosage cumulée calculée.

27. Procédé selon la revendication 22 ou la revendication 22 et selon l’une quelconque des revendications 23 à 26,
caractérisé en ce que l’affichage comprend l’affichage simultané à la fois de la valeur de dosage cumulée calculée
et de la quantité estimée de tissu du muscle cardiaque sauvegardé.

28. Support pouvant être lu par un ordinateur, stockant des instructions sur celui-ci, qui, lorsqu’il est exécuté, entraîne
la réalisation par un processeur (152) des opérations selon l’un quelconque des procédés 19 à 27.
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