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CARDIAC CYCLE-BASED DIAGNOSTIC
SYSTEMS AND METHODS

RELATED APPLICATIONS

[0001] This application claims the benefit of priority under
35 US.C. 119(e) from U.S. Provisional Application No.
62/042,448 filed on Aug. 27, 2014, the disclosure of which is
herein incorporated by reference in its entirety.

BACKGROUND

[0002] Coronary artery disease is one of the leading causes
of death worldwide. The ability to better diagnose, monitor,
and treat coronary artery diseases can be of life saving impor-
tance. Various techniques can be used to obtain intravascular
data such as via measured parameters or signals suitable for
imaging or characterizing an artery. A measurement or sens-
ing device such as a pressure or flow sensor (or other intra-
vascular device) can be used to collect data and measure
cardiovascular and blood vessel parameters such as length,
diameter, and other parameters. Other data collection modali-
ties such as imaging modalities can also be used to help
diagnose stenosis and other cardiac system phenomena.
[0003] Intravascular optical coherence tomography (OCT)
is a catheter-based imaging modality that uses light to peer
into coronary artery walls and generate images thereof for
study. Utilizing coherent light, interferometry, and micro-
optics, OCT can provide video-rate in-vivo tomography
within a diseased vessel with micrometer level resolution.
This is achieved by pullback an OCT probe through an artery
of interest to obtain such details. OCT images provide high-
resolution visualization of coronary artery morphology and
can be used alone or in combination with other information
such as pressure data or other data collecting with a sensing
device. Ultrasound based devices such as intravascular ultra-
sound or IVUS systems and probes can also be used to collect
information relating to a subject’s cardiovascular system such
as by imaging or measuring an artery. OCT, IVUS, and pres-
sure data relating to a subject of interest provide a substantial
amount of data about a given cardiovascular system and sub-
systems and components thereof.

[0004] Identifying new diagnostic metrics that advance the
field of cardiovascular intervention and other research while
avoiding unnecessary complications and assumptions are
useful to help simplify and distill the information available to
aclinician or other end user of OCT, IVUS, pressure sensing,
and other intravascular data collection tools and devices.

[0005] The present disclosure addresses these challenges
and others.

SUMMARY
[0006] In part, the disclosure relates to computer-based

methods, and systems suitable for evaluating a cardiac system
using a pressure value-based ratio or other diagnostic metrics
as described herein. The pressure value-based ratio can be
determined using a proximal pressure identified as Pa which
can include an aortic pressure and a distal pressure Pd such as
a pressure value obtained at a region located downstream
from a stenosis. These pressure values can be obtained by
sampling two sources of pressure data. Some exemplary
sources of pressure data can include a pressure sensor such as
an electrical or optical pressure transducer. Suitable pressure
sensors can be disposed on, in or otherwise relative to a
catheter, such as for example a delivery catheter, an intravas-
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cular data collection probe, a guidewire, and other suitable
devices and systems. A ratio of Pd/Pa can be determined for
each sampled Pd and Pa value of one or more cardiac cycles.
A mininum value of each such Pd/Pa ratio can be determined
for each cardiac cycle. The set of such minimum values also
referred to as MCR values can be plotted over time. The MCR
values can be displayed as numerical values or used as inputs
to generate other ratios or indices relating to cardiac cycle
behavior.

[0007] Inpart, the disclosure relates to a method of tracking
cardiac cycle events using intravascular data. The method can
include sampling an intravascular data collection probe at a
sampling rate to obtain a first plurality of pressure values from
a distal region of a vessel; receiving a second plurality of
pressure values, at an intravascular data processing system,
obtained from a proximal region of the vessel; determining a
plurality of distal pressure to proximal pressure (Pd/Pa) ratios
from the first plurality of pressure values and the second
plurality of pressure values; determining a minimum Pd/Pa
ratio from the plurality of Pd/Pa ratios; and displaying the
minimum Pd/Pa ratio (MCR).

[0008] Inoneembodiment, the displayed MCR is fora first
heart cycle, further comprising determining a plurality of
MCRs on a per heart cycle basis. In one embodiment, the
method further includes displaying an angiography cine and
the plurality of MCRs over time as a pressure wire is pulled
back through the vessel. In one embodiment, the method
further includes repeating the steps for a plurality of subse-
quent heart cycles to determine a plurality of MCRs and
plotting the plurality of MCRs over time on a per cardiac
cycle basis. In one embodiment, the sampling rate ranges
from about 25 Hz to about 2 Khz. In one embodiment, the
method further includes filtering a waveform generated using
a plurality of Pd/Pa ratio values prior to determining one or
more minimum Pd/Pa ratios on a per cardiac cycle basis. In
one embodiment, the disclosure relates to a diagnostic metric
correlated with a patient state of interest that is determined
using measurements obtained during a resting condition
without hyperemic agents. In one embodiment, the disclosure
relates to a diagnostic metric correlated with a patient state of
interest that is determined using measurements obtained dut-
ing a resting condition with a hyperemic agent.

[0009] Inone embodiment, the MCR is a stenosis diagnos-
tic metric, and the method further comprising monitoring
MCR values over a time period T and identifying changes in
the MCR value as an indication of a stenosis in the vessel. In
one embodiment, the method further includes filtering a
waveform generated using a plurality of Pd/Pa ratio values
using a filter having a time constant and setting the time
constant to correspond to a fraction of a duration of a cardiac
cycle. Inone embodiment, the TC can range from about 1% to
about 50% of a heart cycle length. In one embodiment, the
first plurality of pressure values and the second plurality of
pressure values are obtained during one or more cardiac
cycles that includes diastole and systole. In one embodiment,
the method includes displaying a user interface comprising a
first panel and a second panel, the first panel comprising a per
cycle plot of MCR values and the second panel comprising
one or more of a FFR value, a Pd value, a Pa value, a time
value, or a MCR value.

[0010] Inpart, the disclosure relates to a method of analyz-
ing cardiac cycle events in response to a pressure-value based
ratio. The method can include receiving a first pressure value
measured at a location distal to a region of a blood vessel
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(Pd1); receiving a first pressure value measured at a location
proximal to a region of a blood vessel (Pal); determining a
first ratio of the first pressure value and the second pressure
value (R1), wherein R1 corresponds to a first time value;
receiving a third pressure value measured at a location distal
to aregion of a blood vessel (Pd2); receiving a fourth pressure
value measured at a location proximal to a region of a blood
vessel (Pa2); determining a second ratio of the third pressure
value and the fourth pressure value (R2), wherein R2 corre-
sponds to a second time value; and displaying R1 or a plot
thereof versus time, if R1 is greater than R2, or displaying R2
or a plot thereof versus time, if R2 is greater than R1. In one
embodiment, ifR1 is greater than R2, than the first time value
corresponds to an occurrence of a pressure reduction in a
cardiac cycle. In one embodiment, the pressure reduction is a
relative maximum. In one embodiment, the pressure reduc-
tion is a maximum for a plurality of cardiac cycles. In one
embodiment, the method includes displaying a user interface
comprising a first panel and a second panel, the first panel
comprising a per cycle plot of MCR values and the second
panel comprising one or more ofa FFR value, a Pd value, a Pa
value, a time value, or a MCR value, wherein the MCR value
is Rl or R2.

[0011] Inpart,the disclosure relates to anintravascular data
collection system. The system can include an intravascular
data collection system comprising an interface to receive data
from an intravascular probe; a display system in electrical
communication with the intravascular data collection system;
one or more memory storage devices comprising instructions
to output a user interface on the display system, the user
interface comprising one or more regions for displaying a
minimum cycleratio or a plot thereof; a processor in electrical
communication with the intravascular data collection system,
the display system, and one or more memory storage devices,
the processor programmed to sample a plurality of proximal
pressure values (Pa) on a per cardiac cycle basis; sample a
plurality of distal pressure values (Pd) on a per cardiac cycle
basis; determine a set of Pd/Pa ratios for one or more of the
sampled Pa and sampled Pd; and identify a minimum ratio
value in the set. Some non-limiting examples of intravascular
data collection and analysis systems or a component thereof
caninclude a RadiAnalyzer, a RadiAnalyzer Xpress, a Quan-
tien, a PressureWire system (such as Aeris 1, Aeris 2 or
Certus), an Optis system, a multimodal system such as a
combination intravascular imaging and pressure monitoring
system, a hemodynamic display having a pressure data input.
Embodiments of the disclosure can be integrated with the
specialized processors and computing devices used in a pres-
sure sensing, OCT, or IVUS system to measure the applicable
data and generate the outputs and intermediate steps to deter-
mine one or more diagnostic metrics and display them as
discrete fixed values or as time varying values. In one embodi-
ment, the intravascular data analysis or data collection system
is selected from the group consisting of an intravascular pres-
sure sensing system, an optical coherence tomography sys-
tem and an intravascular ultrasound system. In one embodi-
ment, the processor is selected from the group consisting of a
pressure sensing system processor, a OCT system processor,
a multimodal intravascular system processor, and an IVUS
system processor.

BRIEF DESCRIPTION OF DRAWINGS

[0012] The figures are not necessarily to scale, emphasis
instead generally being placed upon illustrative principles.
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The figures are to be considered illustrative in all aspects and
are not intended to limit the disclosure, the scope of which is
defined only by the claims.

[0013] FIG. 1 is a schematic diagram of an intravascular
data collection and display system that includes a minimum
or threshold-based plot of pressure value ratios in accordance
with an illustrative embodiment of the disclosure.

[0014] FIG. 2A is a flow chart of an exemplary method of
intravascular data analysis and display in accordance with an
illustrative embodiment of the disclosure.

[0015] FIG. 2B is a flow chart of an exemplary method of
intravascular data analysis and display in accordance with an
illustrative embodiment of the disclosure.

[0016] FIGS.3A-3F are aseries of intravascular data sets or
plots in accordance with an illustrative embodiment of the
disclosure.

[0017] FIG. 4A and 4B are data displays of intravascular
data-based information and relationships over time and on a
per heart cycle basis and described herein in accordance with
an illustrative embodiment of the disclosure.

[0018] FIGS. 5A and 5B are exemplary plots depicting
blood flow patterns in the left and right coronary system and
include a diagnostic information display panel or interface in
accordance with an illustrative embodiment of the disclosure.

DETAILED DESCRIPTION

[0019] Various data collection and analysis systems are
available to obtain information with regard to the coronary
system. The data obtained using a device from a blood vessel
or derived data from intravascular or extravascular measure-
ments associated therewith can be analyzed or displayed to
provide correlations and extrapolations to assist researchers
and clinicians. For example, various measurement systems
and intravascular probes are available to determine fractional
flow reserve (FFR) with respect to a blood vessel using a
pressure-sensor based device. Intravascular ultrasound
(IVUS) can also be used in probes to image portions of a
blood vessel. In turn, optical coherence tomography (OCT) is
an imaging modality that uses an interferometer to obtain
distance measurements relative to a blood vessel or objects
disposed therein.

[0020] Intravascular data collection devices can be used to
generate and receive signals that include diagnostic informa-
tion relative to the blood vessel in which they are used. These
devices can include without limitation imaging devices, such
as optical or ultrasound probes, pressure sensor devices, and
other devices suitable for collecting data with regard to a
blood vessel or other components of a cardiovascular system.
[0021] In part, the disclosure relates to intravascular data
collections systems and related methods by which intravas-
cular data collected by an intravascular probe can be trans-
formed or analyzed by a processor-based system. The results
of such analysis and transformation can be displayed to an
end user in various representations such as a display that is in
communication with or part of a system such as a pressure
monitoring system or intravascular data collection system.
Examples of such systems are shown in FI1G. 1. In part, using
such data to generate one or more indices or ratios correlated
with a physiological state of a patient is disclosed.

[0022] These ratios or indices are correlated with one or
more cardiac system parameters or a patient state such as a
stenosis, a treatment regimen, a stent, stent malposition,
stenosis severity, stenosis location, infarct size, infarct sever-
ity, guiding treatment strategy, evaluating treatment effect,
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and diagnostic information to assess the need for additional
therapy post procedure. The ratios described herein can be
determined using pressure values obtained during a resting
state of the subject in one embodiment. In another embodi-
ment, the ratios described herein can be determined after the
introduction of a hyperemic agent such as adenosine. The use
of a hyperemic agent can amplify the associated waveforms
in one embodiment.

[0023] In one embodiment, a Pd/Pa ratio is continuously
calculated using samples of Pd pressure values obtained from
one or more pressure sensors or other sampled data used to
calculate a pressure value. In one embodiment, pressure data
is collected using an intravascular data collection probe dis-
posed in a subject’s artery. Exemplary intravascular data col-
lection probes include catheter-based or catheter delivered
probes, guidewire based probes, imaging probes, ablation
probes, ultrasound probes, interferometry-based probes, and
other suitable data collection probes and devices. The Pa
values are also obtained on a continuous basis from the guide
or delivery catheter. The guide or delivery catheter is used to
position and advance the intravascular probe through a region
of interest in an artery such as a stenosis. The ratio can be
calculated on a per sample basis and a one or more Pd/Pa
ratios can be determined during each heart cycle. As a result,
for a given cardiac cycle a plurality or set of Pd/Pa ratios are
obtained.

[0024] In the set of Pd/Pa ratios, a minimum Pd/Pa ratio
value can be identified. This minimum ratio corresponds to a
particular heart cycle and can be identified as a minimum
cycle pressure ratio index or as a minimum cycle ratio
(MCR). Each MCR for a set of cardiac cycles can be dis-
played as numerical values or plotted on a display system as
described herein. In one embodiment, each MCR is based
upon a cardiac cycle rather than a subset or portion thereof. In
one embodiment, the MCR is a diagnostic metric that is
generated using sampled intravascular data such as a pressure
data. In one embodiment, the sampled data is obtained during
diastole and systole.

[0025] As an example, if a sample rate of 100 Hz is used to
collect Pd and Pa data, for an exemplary one second cardiac
cycle, the cycle includes about 100 sample points. These 100
points can be used to determine 100 Pd/Pa ratios. From that
set of 100 ratios, a minimum ratio can be identified as the
MCR for that cardiac cycle. This process can be repeated for
multiple cardiac cycles and plotted over time as shown for
example in FIG. 4A. In one embodiment, the sample rate
ranges from about 10 Hz to about 100 Hz. In one embodi-
ment, the sample rate ranges from greater than about 25 Hz. In
oneembodiment, the sample rate ranges from about 100 Hz to
about 2000 Hz. In addition, a cardiac cycle can be analyzed
using flow curves, EKG, pressure waveforms, and other met-
rics in conjunction with using MCR values to diagnose one or
more states of interest for a subject.

[0026] In one embodiment, the methods of determining a
ratio as disclosed herein may not be or are not dependent upon
ECG triggering or landmark identification. In one embodi-
ment, methods of determining a ratio as disclosed herein may
detect a heart rate as an input to adjust a filter parameter such
as a sampling period, the time constant or other filter param-
eter. In one embodiment, ECG triggering or landmark iden-
tification is used to determine a heart rate or other input put
parameter of the systems and methods. In another embodi-
ment, the maximum pressure reduction in a heart cycle is also
identifiable using the methods and systems disclosed herein
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independent of where such a maximum pressure reduction
occurs in a given cardiac cycle. Thus, instead of being detet-
mined solely with regard to diastole, the minimum cycle ratio
and related methods of the disclosure can identify where and
when a maximum pressure reduction occurs in a given car-
diac cycle. This identification can be performed whether such
a pressure reduction occurs in diastole or systole.

[0027] Accordingly, embodiments of the disclosure offer
greater flexibility and improved accuracy relative to other
approaches because the methods and associated ratios are
independent or otherwise insensitive to whether the pressure
values used to determine a ratio are measured in the left or
right coronary system. Some exemplary graphs of flow details
relating to the right and left coronary system are shown in
FIG. 5. Compared to indexes using pressure averaging over
several heart cycles, the minimum cycle ratio may also be
more sensitive to changes that occur when the sensoris pulled
back across lesions. Thus, after vessel revascularization has
occurred or during a pressure pullback the minimum cycle
ratio may be more sensitive to pressure changes when com-
pared to a full cycle Pd/Pa. This sensitivity, which can mani-
fest as smaller pressure drops being displayed as higher
amplitude values on a display system, can be useful when
tracking MCR values during a pullback to locate a stenosis,
evaluate the impact after stenting, assess a side branch, and
diffuse disease or other blood vessel features. The greater
sensitivity makes the pressure change easier to detect when,
for example, a stenosis is identified based on a change in
MCR.

[0028] Inoneembodiment, to improve the consistency of a
given minimum cycle ratio MCR value, the ratio can option-
ally be averaged over a number of heart cycles. In one pre-
ferred embodiment, the MCR is not averaged over multiple
cardiac cycles, but instead is determined on a per cycle basis.
The MCR can be displayed as a number on a screen, as a
curve, a plot of discrete points, and combinations of the
foregoing or in other representations that are based upon,
correlated with, or derived from the MCR.

[0029] In one embodiment, a display system provides a
user interface that includes features that allow certain condi-
tions or other parameters to be used when determining a MCR
or other ratio. After recording values or activation, the system
can be configured to display the lowest ratio in the entire
recording or after a pre-selected number of heart cycles based
on user selections via a user interface. Each MCR values
provides a metric to identify on a per heart cycle basis the
occurrence of a maximum pressure reduction in a heart cycle,
regardless of pressure sensing location and without ECG
triggering or landmark identification. An exemplary system
and components thereof of for determining MCR values is
described with regard to FIG. 1.

[0030] FIG. 1 depicts a cath lab system 10 suitable for
analyzing cardiac systems. The system 10 can include various
systems such as a data collection and analysis system 18, an
interface system 20, a display system 22 and an x-ray system
25 such as an angiography system 25. Some non-limiting
examples of intravascular data collection and analysis sys-
tems 18 ora component thereof can include a RadiAnalyzer,
aRadiAnalyzer Xpress, a Quantien, an Aeris system, an Optis
system, a multimodal system such as a combination intravas-
cular imaging and pressure monitoring system, a hemody-
namic display having a pressure data input.

[0031] The data collection and analysis system 18 can
include a processor 23 such as a microprocessor, a memory
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26, a filter 32 having an associated time constant TC, and one
or more software modules, circuits, or hardware components
such as a diagnostic metric generator 29 such as for example
a Pd/Pa ratio hardware component or software module 29.
The processor can be in electrical communication with a
circuit board of a pressure sensing, OCT, IVUS, or other
intravascular data collection system. The time constant TC
can be updated with or adapted based on a measured param-
eter or preset value or be user selected. The data collection
and analysis system 18 can also review historic data stored in
a database 35 from prior intravascular and extravascular data
collection sessions. The results of determining one or more
ratios, curves, or other values as described herein can also be
stored in database 35. One or more databases can be used for
various data sets as applicable.

[0032] Inpart, embodimentsofthe disclosure relate to vari-
ous features of pressure sensing devices, measurement sys-
tems, and software relating thereto suitable for determining
ratios based upon signals sampled from an intravascular data
collection probe such as probes 40 or 44. A guidewire-based
probe 40, 44 with a semiconductor device that includes com-
ponents that undergo electrical changes in response to pres-
sure changes can be used to perform pressure monitoring. The
embodiments described herein support methods of perform-
ing the methods, ratio determination and measurements using
a guidewire-based probe and associated software and electri-
cal components of a data collection and analysis system 18. A
wired probe 44 or a wireless probe 40 can be used to transmit
data that is received by an interface system 20, system 18, or
system 22. A sensor 45 such as the proximal pressure sensor
of a guide or delivery catheter can also receive proximal
pressure values (Pa) such as aortic pressure values.

[0033] System 18 can perform measurement calculations
based on signals sampled from the intravascular probe. Alter-
natively, system 18 can receive signals encoding results of
calculations performed using circuitry or processing ele-
ments disposed in the probe such as for example in the
probe’s proximal connector. System 18 can also include soft-
ware, control systems, and data analysis and display devices
and processors suitable for graphing and displaying pressure
values, FFR values, MCR values, sampled Pa values, sampled
Pd values, moving averages and other values relating to the
foregoing.

[0034] Theinterface system 20 1s connected to one or more
circuits or signal processing or control elements. These cit-
cuits, elements, and other components of a given intravascu-
lar measurement system are used to convert the time varying
electrical signals from the guidewire-based probe by sam-
pling a probe 40, 44 or sensor to generate Pd and Pa values
which can be received by one or more systems of FIG. 1. The
time varying electrical signals can be currents, voltages, resis-
tance changes, or other data correlated with MCR values. The
interfaces and displays are formatted and programmed to
display these values and others ratios and parameters as
described herein using the display system 22.

[0035] The display system 22 can include panels, user
interfaces, and other screens suitable for displaying pressure
data, such as Pd and Pa values, or data derived therefrom 55,
58, angiography images 70, IVUS or OCT images 67, 65, and
other intravascular images and data. The displays 22 or inter-
faces 20 can be part of or in electrical communication, such as
by wireless communication, with system 18 that receives data
from a guidewire-based probe, OCT, FFR, IVUS, or other
systems.
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[0036] The angiography system 25 can be used to generate
cine sequences by which a pressure wire can be observed
before and after a data collection pullback. In one embodi-
ment, the display system simultaneously displays a cine
sequence while displaying MCR values that change in time as
apressure sensor is pullback through a vessel. The changes in
the MCR values can be used to determine areas of stenosis
along the pullback path in the artery. These stenosis locations
can be identified using a cursor or electronic annotation tool
to mark candidate regions for stenting on one or more angiog-
raphy frames of the cine sequence or for further imaging
using IVUS, OCT or another imaging or data collection
modality.

[0037] The Pa pressure values obtained from a pressure
sensor such as mounted on a catheter or guidewire, or other-
wise calculated using other measurements, can be used in
conjunction with Pd pressure values sampled from a given
intravascular probe to determine one or more ratios such as
MCR values. These ratios can be displayed or plotted as
described herein. FIGS. 2A and 2B show exemplary methods
100 and 150 respectively for determining one or more such
ratios. Although the ratio are described here as minimum
values, the values can also be determined as falling within a
particular threshold or other range such as being within a
certain percentage of an absolute minimum value or a stand
deviation from a minimum value.

[0038] Although a minimum value is preferred in certain
circumstances, in circumstances where a minimum value is
referenced herein a threshold value can also be used that is not
aminimum but within range of a minimum value by a prede-
termined threshold. Thus, a threshold value of between
greater than about 0% to less than about 20% of a minimum
value such as a Pd/Pa ratio can be used on a per cycle basis in
one embodiment. In one embodiment, the Pd/Pa ratio is a
diagnostic metric that can be displayed relative to a user
interface or display panel ofan OCT, IVUS, pressure sensing,
flow sensing or other system. The diagnostic metric facilitates
decision making relative to a subject for a user such as a
clinician.

[0039] As shown in FIG. 2A, the method includes the steps
of receiving a Pa value and receiving a Pd value. These steps
Al and A2 can be performed separately or together. The
values can be received by a component of system 10 such as
data collection and analysis system 18. In one embodiment,
multiple Pd and Pa values are received over time and are
associated with individual cardiac cycles during which they
are collected. The method also includes determining a Pd/Pa
ratio (Step B) based upon the received Pa and Pd values. In
one embodiment, multiple Pd/Pa ratios are determined. An
optional filtering step (Step C) may be part of the method.
Filtering the Pd/Pa ratio traces or curves can be used to
smooth such traces or curves by removing noise. The filter
can be of various types such as a low pass filter, a high pass
filter, a moving average filter, similar filters or combinations
thereof, and other suitable filters. The time constant TC for
the filter can range from about 10 ms to about 500 ms.
[0040] Theapplication ofa filter to the ratio curve increases
the repeatability ofthe MCR value for a given cardiac cycle in
one embodiment. In one embodiment, the time constant TC
will affect the MCR value. This is important for instance
when a patient has greatly fluctuating heart rate, bradycardia
or tachycardia. The TC constant can be a pre-selected con-
stant in one embodiment having a TC range from about 10 ms
to about 500 ms, preferred subset between 100 and 300 ms. In
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oneembodiment, the TC is adaptive and can change over time
or have a relationship with one or more parameters such as
heart cycle length or another cardiac system or vessel param-
eter. For example, an adaptive TC can be used that is deter-
mined as a percentage of the heart cycle length. The heart
cycle length can be measured during a data collection session
and used as an input to generate the adaptive TC. An adaptive
TC can be of the form of TC=a (heart cycle length), wherein
ais apercentage. The percentage for such an adaptive TC can
range from about 1% to about 50% of a heart cycle length.
The TC can be adjusted by a user via a user interface, be a
fixed valued stored in the data collection system, be update-
able via network or firmware updates, or otherwise config-
ured as is suitable for a given scenario. The user interface can
be displayed on system 10 via display 22.

[0041] Still referring to FIG. 2A, given that one or more
Pd/Pa ratios have been determined, the method also includes
the step of determining a minimum Pd/Pa ratio (MCR) (Step
D). A minimum, a relative extrema, or a value correlated or
derived from the foregoing can be used as a diagnostic metric
in one embodiment. A threshold value such as a percentage of
a minimum ratio can also be used for this and other MCR
determination embodiments. This determination process can
be performed for each heart cycle over time. Once one or
more MCR values have been determined these ratios can be
displayed as numerical values on a display system or plotted
over time such as shown in the figures of the disclosure (Step
E). F1G. 2B shows another exemplary embodiment of method
160 of determining and displaying a MCR. Steps 50 and 55
can be performed together or separately. Step 65 is an
optional filtering step. Steps 60, 70, and 80 can be performed
as shown. The process of FIG. 2B further illustrates that
multiple MCRs can be displayed for N cardiac cycles over
time as discrete points, values or curves on a display as shown
in process flow 200. In the method 200, steps 210 and 220 are
performed. Filtering of noise can also be performed as part of
method 200. Thus, the steps include sampling a plurality of
distally measured pressure values for a cardiac cycle. Sam-
pling a plurality of proximally measured pressure values fora
cardiac cycleis another step. Determining a plurality of ratios
using a sampled distal pressure value and a sampled proximal
pressure value for each ratio is a step. Optionally, noise filter
can be performed. Determining a minimum ratio from the
plurality of ratios for the cardiac cycle can be performed. The
ratio can then be displayed as a value, a value that changes, or
as a plot of values or points. Repeating Sampling, Ratio
Determining, Minimum Ratio Determining for N cardiac
cycles can be performed iteratively for N cycles wherein is 1
or greater than 1. In one embodiment, the method includes
displaying N minimum ratios per cardiac cycle over time
ratio.

[0042] FIG. 3A shows a plot of sampled Pa and Pd values
for multiple cardiac cycles. The Pa curve is generally above
the Pd curve. FIG. 3B shows the plot of FIG. 3A with the
addition of a curve corresponding to the Pd/Pa ratios. In FIG.
3C, the plot of FIG. 3B is shown with the addition of a moving
average of the Pd/Pa ratios. In FIG. 3C, the Pd/Pa curve has
been smoothed by applying a filter having a time constant TC
prior to determining the moving average. The application of
such a filter is optional, but can be advantageous under certain
scenarios in order to increase repeatability of the MCR mea-
surement regardless of signal noise or fluctuating heart rate.
In FIG. 3D, the plot of FIG. 3C is shown with the addition of
vertical markers corresponding to the minimum Pd/Pa ratios
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for two cardiac cycles. These minimum values can be plotted
as MCR values over time such as shown in FIGS. 3F or 4A
and 4B. The images shown in FIG. 3A-3D illustrate the
method of generating data using an MCR determination
method such as disclosed with respect to FIGS. 2A and 2B.
These figures or portions thereof can also be displayed to a
user or derivatives thereof to facilitate diagnosis of a subject.
[0043] FIG. 3E shows aplot of FFR values. The FFR values
range from about 0.6 to below about 1. The FFR values are
plotted versus time with the FFR value be calculated on a per
sample basis. The FFR values are determined using the Pd/Pa
ratios during hyperemia and averaged over one or several
heart cycles over the heart cycles recorded. Measurement of
fractional flow reserve (FFR) with a pressure wire is used to
as provide guidance for coronary stenting decisions. A distal
FFR reading>0.8 measured in a coronary branch indicates
that Percutaneous Coronary Intervention (PCI) can be safely
deferred, because lesions in the branch are not sufficiently
narrowed to induce ischemia under hyperemic conditions.
Conversely, a distal FFR value<0.8 indicates the need for
treatment, usually by implantation of a stent. Transitions in
MCR values can be used in parallel with or in lieu of FFR
values to facilitate stent planning

[0044] FIG. 3F shows a plot of discrete MCR values over
time. The MCR values are discrete because they are deter-
mined on a per heart cycle basis in the embodiment shown.
The MCR values are determined as the minimum Pd/Pa ratio
for the sampled Pd and Pa values for a given heart cycle.
[0045] FIG. 4A and an alternative graphical representation
thereof, F1G. 4B, also show the FFR values of F1G. 3E and the
MCR values of F1G. 3F in the bottom panel of the screen. The
sampled Pd and Pa values are shown as a tracing in the top
panel. In addition, the moving average of the Pa values (Pa
Moving Avg) and the Pd values (Pd Moving Avg) are also
shown. The Pa Moving Avg is the curve passing through the
Pa and Pd peaks. The Pd Moving Avg is the curve disposed
below the Pa Moving Avg. In the region of the screen to the
right, from top to bottom Pa, Pd, FFR, MCR, and time values
are shown corresponding to the position of the vertical marker
VM. The vertical marker VM can be programmed to be dis-
played at a predetermined value or adjustable to cycle through
a set of preset positions. The vertical marker VM can also be
arbitrarily positioned by the user. As shown, the VM is close
to the Pd/Pa minima and MCR minima. In one embodiment,
multiple panels of data or user interface information such as
shown in FIGS. 4 A and 4B are displayed with a plot or a fixed
value or a time varying value of MCR, Pa, Pd, FFR, Time, Pa
moving, Pd moving, and averages and weighted combina-
tions of the foregoing. In one embodiment, a display panel
with MCR values varying over time is plotted relative to time
varying FFR values to facilitate stent planning or other char-
acterization or diagnosis of an artery.

[0046] These figures and user interfaces screens can be
used with intravascular and angiography images to make
stent decisions, identify regions of interest from a diagnostic
standpoint, and inform other cardiac system treatment deci-
sions as diagnostic tools. These ratios are also advantageous
relative to other approaches for the various implementation
and reliability details described herein.

[0047] FIGS. 4A and 4B show MCR both at rest and during
hyperemia (with the MCR values determined at the same time
as FFR). The MCRs determined with the subject at rest may
beused to predict the FFR value at hyperemia. Further, MCRs
during hyperemia may be used to amplify the stenosis
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induced pressure difference during hyperemia, as compared
to FFR. In one embodiment, a user of the systems, methods,
and displays disclosed herein can review a given display of
MCR values over time, before a procedure, during a proce-
dure, or after a procedure to diagnoses stenosis severity,
stenosis location, guiding treatment strategy, evaluating treat-
ment effect, assessing the need for additional therapy post
procedure.

[0048] FIGS. SA and 5B are exemplary plots depicting
blood flow patterns in the left and right coronary system. In
FIG. 5A, the left coronary vessel’s blood flow in terms of
blood volume per unit time versus time is shown. In FIG. 5B,
the right coronary vessel’s blood flow in terms of blood
volume per unit time versus time is shown. The ratios and
indexes disclosed herein are suitable for describing one or
more cardiac cycles and are suitable for use with pressure data
collected from either the left or right coronary vessels even
though the flow properties of the two vessels differ over time.
In one embodiment, the plots of FIGS. 5A and 5B can be
displayed as part of a display or user interface of an OCT,
IVUS, pressure measurement, flow measurement, or other
cardiovascular diagnostic / data collection system as
described herein.

[0049] In one embodiment, the diagnostic metrics
described herein are not specific to a phase of the cardiac
cycle such as diastole. The “instantaneous wave free ratio”, or
iFR, is a method that attempts to correlate an iFR to the more
widely used Fractional Flow Reserve, or FFR. In contrast
with an embodiment of the disclosure, as part of the process
of calculating the instantaneous wave free period, the aortic
pressure and coronary artery pressure are averaged during a
period of diastole. This iFR methodology is based upon the
assumption that the vascular resistance is minimized during
diastole and thus would allow lesion assessment in a resting
condition without the use of hyperemic agents.

[0050] There are challenges and uncertainties associated
with using an instantaneous wave free ratio. Calculation of a
ratio in a specific window in diastole requires precise gating
of signals such as by searching for specific values in the
pressure waveform. The signal processing and analysis of
waveforms adds a degree of complexity in order to use such a
ratio and the reliance on diastole may skew the output. Fur-
ther, as noted above, using the ratio calculated during diastole
is based on the assumption that maximum blood flow occurs
in diastole. This is not necessarily the case in the right coro-
nary system where flow may be higher in systole, using a
diastolic index in the right coronary vasculature may there-
fore potentially lead to an erroneous assessment of lesion
severity. Diastole is a subset of a cardiac cycle. As a result,
relying on data collected during a fixed subset of the cardiac
cycle may be a source of unreliable results under various
circumstances. In one embodiment, the diagnostic methods
and associated output metrics described herein are not
obtained using such a fixed subset of the cardiac cycle. In one
embodiment, a method of the disclosure generates a diagnos-
tic metric based on one or more cardiac cycles or a subset of
the cardiac cycle that includes diastole and systole.

[0051] Non-limiting Software Features and Embodiments
for Determining Diagnostic Metrics such as Ratios and Indi-
ces based on Intravascular Probe Data.

[0052] The following description is intended to provide an
overview of device hardware and other operating components
suitable for performing the methods of the disclosure
described herein. This description is not intended to limit the
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applicable environments or the scope of the disclosure. Simi-
larly, the hardware and other operating components may be
suitable as part of the apparatuses described above. The dis-
closure can be practiced with other system configurations,
including personal computers, multiprocessor systems,
microprocessor-based or programmable electronic device,
network PCs, minicomputers, mainframe computers, and the
like. The disclosure can also be practiced in distributed com-
puting environments where tasks are performed by remote
processing devices that are linked through a communications
network such as in different rooms of a catheter or cath lab.
[0053] Some portions of the detailed description are pre-
sented in terms of algorithms and symbolic representations of
operations on data bits within a computer memory. These
algorithmic descriptions and representations can be used by
those skilled in the computer and software related fields. In
one embodiment, an algorithm is here, and generally, con-
ceived to be a self-consistent sequence of operations leading
to a desired result. The operations performed as methods
stops or otherwise described herein are those requiring physi-
cal manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or
magnetic signals capable of being stored, transferred, com-
bined, transformed, compared, and otherwise manipulated.
[0054] Unless specifically stated otherwise as apparent
from the following discussion, it is appreciated that through-
out the description, discussions utilizing terms such as “pro-
cessing” or “computing” or “correlating” or “detecting” or
“measuring” or “calculating” or “comparing” “generating” or
“sensing” or “determining” or “displaying,” or Boolean logic
or other set related operations or the like, refer to the action
and processes of a computer system, or electronic device, that
manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s or elec-
tronic devices’ registers and memories into other data simi-
larly represented as physical quantities within electronic
memories or registers or other such information storage,
transmission or display devices.

[0055] The present disclosure, in some embodiments, also
relates to apparatus for performing the operations herein. This
apparatus may be specially constructed for the required put-
poses, or it may comprise a general purpose computer selec-
tively activated or reconfigured by a computer program stored
in the computer. Various circuits and components thereof can
be used to perform some of the data collection and transfor-
mation and processing described herein.

[0056] The algorithms and displays presented herein are
not inherently related to any particular computer or other
apparatus. Various general purpose systems may be used with
programs in accordance with the teachings herein, or it may
prove convenient to construct more specialized apparatus to
perform the required method steps. The required structure for
a variety of these systems will appear from the description
below. In addition, the present disclosure is not described
with reference to any particular programming language, and
various embodiments may thus be implemented using a vari-
ety of programming languages.

[0057] Embodiments ofthe disclosure may be embodied in
many different forms, including, but in no way limited to,
computer program logic for use with a processor (e.g., a
microprocessor, microcontroller, digital signal processor, or
general purpose computer), programmable logic for use with
a programmable logic device, (e.g., a Field Programmable
Gate Array (FPGA) or other programmable logic device),
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discrete components, integrated circuitry (e.g., an Applica-
tion Specific Integrated Circuit (ASIC)), or any other means
including any combination thereof. In a typical embodiment
of the present disclosure, some or all of the processing of the
data collected using an OCT probe and the processor-based
system is implemented as a set of computer program instruc-
tions that is converted into a computer executable form,
stored as such in a computer readable medium, and executed
by amicroprocessor under the control of an operating system.
Thus, query response and input data are transformed into
processor understandable instructions suitable for generating
a fixed or time varying diagnostic metric, fixed or time vary-
ing ratios based upon sampled pressure values, sampling of
intravascular data including sampling based on one or more
cardiac cycles or a subset of the cardiac cycle that includes
diastole and systole and otherwise display such ratios and
options which change how they are determined for a given
pressure data collection session, and other features and
embodiments described above.

[0058] Computer program logic implementing all or part of
the functionality previously described herein may be embod-
ied in various forms, including, but in no way limited to, a
source code form, a computer executable form, and various
intermediate forms (e.g., forms generated by an assembler,
compiler, linker, or locator). Source code may include a series
of computer program instructions implemented in any of
various programming languages (e.g., an object code, an
assembly language, or a high-level language such as Fortran,
C, C++, JAVA, or HTML) for use with various operating
systems or operating environments. The source code may
define and use various data structures and communication
messages. The source code may be in a computer executable
form (e.g., via an interpreter), or the source code may be
converted (e.g., via a translator, assembler, or compiler) into
a computer executable form.

[0059] The computer program may be fixed in any form
(e.g., source code form, computer executable form, or an
intermediate form) either permanently or transitorily in a
tangible storage medium, such as a semiconductor memory
device (e.g., a RAM, ROM, PROM, EEPROM, or Flash-
Programmable RAM), a magnetic memory device (e.g., a
diskette or fixed disk), an optical memory device (e.g., a
CD-ROM), a PC card (e.g., PCMCIA card), or other memory
device. The computer program may be fixed in any form in a
signal that is transmittable to a computer using any of various
communication technologies, including, but in no way lim-
ited to, analog technologies, digital technologies, optical
technologies, wireless technologies (e.g., Bluetooth), net-
working technologies, and internetworking technologies.
The computer program may be distributed in any form as a
removable storage medium with accompanying printed or
electronic documentation (e.g., shrink-wrapped software),
preloaded with a computer system (e.g., on system ROM or
fixed disk), or distributed from a server or electronic bulletin
board over the communication system (e.g., the Internet or
World Wide Web).

[0060] Hardware logic (including programmable logic for
use with a programmable logic device) implementing all or
part of the functionality previously described herein may be
designed using traditional manual methods, or may be
designed, captured, simulated, or documented electronically
using various tools, such as Computer Aided Design (CAD),
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ahardware description language (e.g., VHDL or AHDL), or a
PLD programming language (e.g., PALASM, ABEL, or
CUPL).

[0061] Programmable logic may be fixed either perma-
nently or transitorily in a tangible storage medium, such as a
semiconductor memory device (e.g., a RAM, ROM, PROM,
EEPROM, or Flash-Programmable RAM), a magnetic
memory device (e.g., a diskette or fixed disk), an optical
memory device (e.g., a CD-ROM), or other memory device.
The programmable logic may be fixed in a signal that is
transmittable to a computer using any of various communi-
cation technologies, including, but in no way limited to, ana-
log technologies, digital technologies, optical technologies,
wireless technologies (e.g., Bluetooth), networking technolo-
gies, and internetworking technologies. The programmable
logic may be distributed as a removable storage medium with
accompanying printed or electronic documentation (e.g.,
shrink-wrapped software), preloaded with a computer system
(e.g., on system ROM or fixed disk), or distributed from a
server or electronic bulletin board over the communication
system (e.g., the Internet or World Wide Web).

[0062] Various examples of suitable processing modules
are discussed below in more detail. As used herein a module
refers to software, hardware, or firmware suitable for per-
forming a specific data processing or data transmission task.
Typically, in a preferred embodiment a module refers to a
software routine, program, or other memory resident appli-
cation suitable for receiving, transforming, routing and pro-
cessing instructions, or various types of data such as resis-
tance changes, voltage changes, current changes, guidewire-
based probe data, intravascular pressure data, ratios, indices
and other information of interest.

[0063] Computers and computer systems described herein
may include operatively associated computer-readable media
such as memory for storing software applications used in
obtaining, processing, storing and/or communicating data. It
can be appreciated that such memory can be internal, exter-
nal, remote or local with respect to its operatively associated
computer or computer system.

[0064] Memory may also include any means for storing
software or other instructions including, for example and
without limitation, a hard disk, an optical disk, floppy disk,
DVD (digital versatile disc), CD (compact disc), memory
stick, flash memory, ROM (read only memory), RAM (ran-
dom access memory), DRAM (dynamic random access
memory), PROM (programmable ROM), EEPROM (ex-
tended erasable PROM), and/or other like computer-readable
media.

[0065] In general, computer-readable memory media
applied in association with embodiments of the disclosure
described herein may include any memory medium capable
of storing instructions executed by a programmable appara-
tus. Where applicable, method steps described herein may be
embodied or executed as instructions stored on a computet-
readable memory medium or memory media. These instruc-
tions may be software embodied in various programming
languages such as C++, C, Java, and/or a variety of other
kinds of software programming languages that may be
applied to create instructions in accordance with embodi-
ments of the disclosure.

[0066] A storage medium may be non-transitory or include
anon-transitory device. Accordingly, a non-transitory storage
medium or non-transitory device may include a device that is
tangible, meaning that the device has a concrete physical



US 2016/0058307 A1l

form, although the device may change its physical state. Thus,
for example, non-transitory refers to a device remaining tan-
gible despite this change in state.

[0067] The aspects, embodiments, features, and examples
of the disclosure are to be considered illustrative in all
respects and are not intended to limit the disclosure, the scope
of which is defined only by the claims. Other embodiments,
modifications, and usages will be apparent to those skilled in
the art without departing from the spirit and scope of the
claimed disclosure.

[0068] The use of headings and sections in the application
is not meant to limit the disclosure; each section can apply to
any aspect, embodiment, or feature of the disclosure.

[0069] Throughout the application, where compositions
are described as having, including, or comprising specific
components, or where processes are described as having,
including or comprising specific process steps, it is contem-
plated that compositions of the present teachings also consist
essentially of, or consist of, the recited components, and that
the processes of the present teachings also consist essentially
of, or consist of, the recited process steps.

[0070] In the application, where an element or component
is said to be included in and/or selected from a list of recited
elements or components, it should be understood that the
element or component can be any one of the recited elements
or components and can be selected from a group consisting of
two or more of the recited elements or components. Further,
it should be understood that elements and/or features of a
composition, an apparatus, or a method described herein can
be combined in a variety of ways without departing from the
spirit and scope of the present teachings, whether explicit or
implicit herein.

[0071] The use of the terms “include,” “includes,” “includ-
ing,” “have,” “has,” or “having” should be generally under-
stood as open-ended and non-limiting unless specifically
stated otherwise.

[0072] The use of the singular herein includes the plural
(and vice versa) unless specifically stated otherwise. More-
over, the singular forms “a,” “an,” and “the” include plural
forms unless the context clearly dictates otherwise. In addi-
tion, where the use ofthe term “about” is before a quantitative
value, the present teachings also include the specific quanti-
tative value itself, unless specifically stated otherwise.
[0073] It should be understood that the order of steps or
order for performing certain actions is immaterial so long as
the present teachings remain operable. Moreover, two or
more steps or actions may be conducted simultaneously.
[0074] Where a range or list of values is provided, each
intervening value between the upper and lower limits of that
range ot list of values is individually contemplated and is
encompassed within the disclosure as if each value were
specifically enumerated herein. In addition, smaller ranges
between and including the upper and lower limits of a given
range are contemplated and encompassed within the disclo-
sure. The listing of exemplary values or ranges is not a dis-
claimer of other values or ranges between and including the
upper and lower limits of a given range.

[0075] It is to be understood that the figures and descrip-
tions of the disclosure have been simplified to illustrate ele-
ments that are relevant for a clear understanding of the dis-
closure, while eliminating, for purposes of clarity, other
elements. Those of ordinary skill in the art will recognize,
however, that these and other elements may be desirable.
However, because such elements are well known in the art,
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and because they do not facilitate a better understanding of
the disclosure, a discussion of such elements is not provided
herein. It should be appreciated that the figures are presented
for illustrative purposes and not as construction drawings.
Omitted details and modifications or alternative embodi-
ments are within the purview of persons of ordinary skill in
the art.

[0076] It can be appreciated that, in certain aspects of the
disclosure, a single component may be replaced by multiple
components, and multiple components may be replaced by a
single component, to provide an element or structure or to
perform a given function or functions. Except where such
substitution would not be operative to practice certain
embodiments of the disclosure, such substitution is consid-
ered within the scope of the disclosure.

[0077] Theexamples presented herein are intended to illus-
trate potential and specific implementations of the disclosure.
It can be appreciated that the examples are intended primarily
for purposes of illustration of the disclosure for those skilled
in the art. There may be variations to these diagrams or the
operations described herein without departing from the spirit
of the disclosure. For instance, in certain cases, method steps
or operations may be performed or executed in differing
order, or operations may be added, deleted or modified.

What is claimed is:

1. A method of tracking cardiac cycle events using intra-
vascular data comprising:

sampling an intravascular data collection probe at a sam-

pling rate to obtain a first plurality of pressure values
from a distal region of a vessel;

receiving a second plurality of pressure values, at an intra-

vascular data processing system, obtained from a proxi-
mal region of the vessel;
determining a plurality of distal pressure to proximal pres-
sure (Pd/Pa) ratios from the first plurality of pressure
values and the second plurality of pressure values;

determining a minimum Pd/Pa ratio from the plurality of
Pd/Pa ratios; and

displaying the minimum Pd/Pa ratio (MCR).

2. The method of claim 1 wherein the displayed MCR is for
a first heart cycle, further comprising determining a plurality
of MCRs on a per heart cycle basis.

3. The method of claim 2 further comprising displaying an
angiography cine and the plurality of MCRs over time as a
pressure wire is pulled back through the vessel.

4. The method of claim 1 further comprising repeating the
steps for a plurality of subsequent heart cycles to determine a
plurality of MCRs and plotting the plurality of MCRs over
time on a per cardiac cycle basis.

5. The method of claim 1 wherein the sampling rate ranges
from about 25 Hz to about 2 Khz.

6. The method of claim 1 further comprising filtering a
waveform generated using a plurality of Pd/Pa ratio values
prior to determining one or more minimum Pd/Pa ratios on a
per cardiac cycle basis.

7. The method of claim 1 wherein the MCR is a stenosis
diagnostic metric, and further comprising monitoring MCR
values over a time period T and identifying changes in the
MCR value as an indication of a stenosis in the vessel.

8. The method of claim 1 further comprising filtering a
waveform generated using a plurality of Pd/Pa ratio values
using a filter having a time constant and setting the time
constant to correspond to a fraction of a duration of a cardiac
cycle.
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9. The method of claim 8 wherein the TC can range from
about 1% to about 50% of a heart cycle length.

10. The method of claim 1 wherein the first plurality of
pressure values and the second plurality of pressure values are
obtained during one or more cardiac cycles that includes
diastole and systole.

11. The method of claim 1 further comprising displaying a
user interface comprising a first panel and a second panel, the
first panel comprising a per cycle plot of MCR values and the
second panel comprising one or more of a FFR value, a Pd
value, a Pa value, a time value, or a MCR value.

12. A method of tracking cardiac cycle events and one or
more diagnostic metric comprising:

receiving a first pressure value measured at a location distal

to a region of a blood vessel (Pdl);
receiving a first pressure value measured at a location
proximal to a region of a blood vessel (Pal);

determining a first ratio of the first pressure value and the
second pressure value (R1), wherein R1 corresponds to
a first time value;

receiving a third pressure value measured at a location

distal to a region of a blood vessel (Pd2);
receiving a fourth pressure value measured at a location
proximal to a region of a blood vessel (Pa2);

determining a second ratio of the third pressure value and
the fourth pressure value (R2), wherein R2 corresponds
to a second time value; and

displaying R1 or a plot thereof versus time, if R1 is greater

than R2, or displaying R2 or a plot thereof versus time,
if R2 is greater than R1.

13. The method of claim 12 wherein if R1 is greater than
R2, than the first time value corresponds to an occurrence of
a pressure reduction in a cardiac cycle.

14. The method of claim 13 wherein the pressure reduction
is a relative maximum.

15. The method of claim 13 wherein the pressure reduction
is a maximum for a plurality of cardiac cycles.

16. The method of claim 13 displaying a user interface
comprising a first panel and a second panel, the first panel
comprising a per cycle plot of MCR values and the second
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panel comprising one or more of a FFR value, a Pd value, a Pa
value, a time value, or a MCR value, wherein the MCR value
is R1 orR2.

17. An intravascular data analysis system comprising:

an intravascular data collection system comprising an
interface to receive data from an intravascular probe;

a display system in electrical communication with the
intravascular data collection system;

one or more memoty storage devices comprising instruc-
tions to output a user interface on the display system, the
user interface comprising one or more regions for dis-
playing a minimum cycle ratio or a plot thereof}

a processor in electrical communication with the intravas-
cular data collection system, the display system, and one
or more memory storage devices, the processor pro-
grammed to

sample a plurality of proximal pressure values (Pa) on aper
cardiac cycle basis;

sample a plurality of distal pressure values (Pd) on a per
cardiac cycle basis;

determine a set of Pd/Pa ratios for one or more of the
sampled Pa and sampled Pd; and

identify a minimum ratio value in the set.

18. The intravascular data analysis system of claim 17
further comprising a filter comprising a time constant TC and
a waveform input, wherein the filter is a noise filter, wherein
the time constant is a fraction of a duration of a cardiac cycle,
the filter in electrical communication with the processor.

19. The intravascular data analysis system of claim 18
wherein the intravascular data collection system is selected
from the group consisting of an intravascular pressure sensing
system, an optical coherence tomography system and an
intravascular ultrasound system.

20. The intravascular data analysis system of claim 17
wherein the processor is selected from the group consisting of
pressure sensing system processor, a OCT system processor,
a multimodal intravascular system processor, and an IVUS
system processor.
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