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Abstract: The Fractional Flow Reserve (FFR) and instantaneous wave-Free Ratio (iFR) have been
proposed and clinically validated to measure the pressure gradient across coronary stenoses. They
provide quantitative information on stenosis severity. Both are used in coronary revascularization
procedures to measure intracoronary pressure giving quantitative information to evaluate coronary
diseases during angiographic procedures. We designed and implemented a tool able to acquire and
measure iFR and FFR supporting the physicians studying and treating patients in interventional
cardiology laboratories. We designed an extensive case study to assess the performance of the tool
in (i) acquiring pressure signals from blood pressure measurement systems; (ii) calculating FFR and
iFR; and (iii) filtering out extra-beats signals during realtime signal analysis phases. The tool, named
JLabChart, is available online. We tested it on two sets of data for a total of 600 cycles from 201
pressure measurements performed on 65 patients, from the Interventional Cardiology Unit of Magna
Graecia University. The recognition of cardiac cycles and keypoint of the pressure curve was effective
in 100% of cases for proximal (aortic) pressure and in 99.2% for distal pressure. The FFR calculated by
JLabChart had an excellent correlation (Rp = 0.960; p < 0.001) with the FFR values obtained through
the commercial systems. Similar results were obtained with iFR (Rp = 0.998; p < 0.001). Finally,
the tool measurement results were compared with a commercial tool proving JLabChart’s efficiency
with real cases. It was also compared with measurements performed on synthetic vessels and stenosis
designed using the Comsol commercial tool. JLabChart is able to provide reliable measurements
of FFR and iFR indexes used to support decisions on interventional procedures. It represents
a valuable open source support system that can be used in an interventional cardiology laboratory.

Keywords: intracavitary measurements; coronary procedures; online measurements; Fractional Flow
Reserve

1. Introduction

Coronary heart disease is a major cause of death and morbidity worldwide [1]. Coro-
nary revascularization by means of Percutaneous Coronary Intervention (PCI) is the most
widely used treatment for coronary artery disease (CAD) [2]. Coronary angiography repre-
sents the standard diagnostic examination for CAD, to assess coronary stenoses on the basis
of their impact on coronary lumen, as it is able to characterize stenosis geometry [3]. In fact,
angiography allows a visual evaluation of stenosis severity, but it does not provide details
on the actual impact of the stenosis on blood flow. Thus, coronary angiography allows
physicians to assess the status of coronary arteries and, in particular, of specific features
such as the shape, length, and eccentricity of the lesion [4]. However, it is not able to provide
information on the hemodynamic impact of coronary stenoses [5]. For this reason, the Frac-
tional Flow Reserve (FFR) was developed, which represents the mean distal–to–proximal
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pressure ratio across a coronary stenosis under maximal hyperemia [6]. In other words,
FFR is a diagnostic index indicating whether or not a particular stenosis of a coronary
artery might be causing myocardial ischemia, that is, an impairment in myocardial blood
perfusion because of the physical restraint brought about by the narrowing of vessel lumen
(stenosis). FFR has been proven effective in identifying ischemia-causing stenoses [7]
and in guiding PCI [8–10]. FFR is measured by definition under maximal hyperemia (an
increase in blood flow), induced by means of a vasodilation of coronary microvasculature
(known as hyperemia). To obtain hyperemia, vasodilatory drugs are administered to reduce
downward resistance to blood flow. Adenosine is the most frequently used vasodilator
for this purpose in clinical practice [11,12]. As the administration of adenosine requires
intravascular injection (either an intracoronary bolus or an intravenous infusion) this re-
quires additional time-consuming procedures. In addition, adenosine might be responsible
for adverse effects, such as respiratory problems, a cutaneous rash, or transient brady-
cardia [13]. For these reasons, adenosine-free indices were developed as an alternative
to simplify and to foster the spread of coronary pressure guidance during PCI [14]. Among
adenosine-free indices, the instantaneous wave-Free Ratio (iFR) has shown a very high
diagnostic agreement with FFR [15–17], with a similar performance in head-to-head studies
on inducible ischemia against multiple comparators [18,19]. As it does not require hyper-
emia (and thus adenosine administration), iFR has attracted physicians’ attention since it
can cut time and costs, as well as enhance patient comfort. The relationship between FFR
and iFR has been verified in multiple studies [20,21]. The diagnostic performance of iFR
in the evaluation of the severity of coronary stenosis severity has been assessed against
FFR, used as the standard of reference [22–25]. iFR was tested in different clinical scenarios,
including acute coronary syndromes and multivessel disease [22] and left main coronary
artery disease, and its use in guiding PCI was recently validated in two large-scale clinical
trials [26,27].

The FFR-guided revascularization strategy has been proven to be more effective than the
angiography -guided alternative.

Here, we present the architecture and the use of a tool called JLabChart and report
on the validation of the proposed tool by means of measurements and tests, proving the ef-
ficacy of the resulting measurements. The tool has been compared in terms of measurement
values with real tests and synthetic vessels stenosis designed on the Comsol flow simulation
commercial tool. The latter allows physicians to design vessels with known values and,
thus, with known pressure values. In [28], the authors identified independent clinical
and angiographic parameters associated with stenosis functional significance developing
a weighted fractional flow reserve angiographic scoring tool (FAST) to improve lesion
selection for FFR assessment. In [29–31], Matlab tools (Mathworks, Inc., Natick, MA) were
used to define a custom built software package, whose aim was to calculate physiological
stenosis severity by FFR, iFR, and resting whole-cycle Pd/Pa indexes. These attempts were
based on the measurement and analysis of FFR and iFR in a offline mode after pressure
data acquisition performed by a commercially available proprietary software [32–34].

This paper presents the architecture, implementation and use of JLabChart, a software
tool able to (i) acquire pressure data and calculate FFR and iFR indexes, (ii) acquire data
from a polygraph and (iii) evaluate stenosis severity during a hemodynamic procedure.
The system is able to acquire online measurements of FFR and iFR indexes to qualitatively
estimate vessel stenosis severity, where measures for calculating indexes are acquired
online by using intracavitary probes. The system also allows physicians to represent and
manipulate the data obtained from the measurement devices in order to quantitatively
evaluate pressure values detected in the patient vessels during a realtime procedure.

In the rest of the paper, we report the methods and algorithms, as well as the experi-
mental results performed at the University Magna Graecia Clinical Hospital. The results
were also compared with commercial system features proving the reliability and the ef-
ficiency of the proposed system. Measurements were also tested using a finite element
method through Comsol, a commercial tool which uses known blood flow values and
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known vessel forms (in terms of sections and dimensions), thus proving the reliability
of the proposed tool in terms of measurement results (see Figure 1), as also in [35].

Figure 1. Proximal and distal virtual measurement points inside the vessel model reconstructed
in Comsol.

2. Material and Methods

Blood pressure is an important index for studying cardiovascular diseases [36]. Blood
pressure, flow, and vessel resistance form the main indexes in hemodynamic studies [37,38].
Given two points P1 and P2 in a vessel, ∆P is the blood pressure difference between P1 and
P2. Let R be the resistance to the blood flow; then, the blood flow Q is given by Equation (1).

Q[mL · s−1] =
∆P[mmHg]

R[mmHg · mL−1 · s]
(1)

In the top half of Figure 2, an example of time varying blood pressure is reported.
This figure also shows the relation between blood pressure and cardiac frequency (also
known as cardiac cycle, represented by an electrocardiogram ECG in the lower half part
of Figure 2). In the blood pressure time varying plot, two important values are measured:
the dicrotic notch point and the wave-free period, as shown in Figure 3.

Figure 2. Blood pressure signal (top) and its corresponding ECG signal (bottom).
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(a) Dicrotic notch point (b) Wave-free period

Figure 3. Dicrotic notch point and wave-free period characteristics in the blood pressure signal.

Pressure values in the dicrotic notch point, as well as the iFR and FFR indexes, can
be used as the optimal strategy in an interventional cardiology laboratory in order to treat
stenosis and reduce the risk of ischemia. We focus on the acquisition, measurement, and
analysis of the iFR and FFR indexes during cardiology interventions. There are several
commercial tools for measuring pressure values and calculating such indexes [8,39]. In
order to calculate both FFR and iFR, proximal (aortic) and distal (coronary) pressures are
measured invasively. Proximal pressure is measured through a fluid-filled angioplasty
catheter. This measurement acquires aortic pressure, used as the proximal pressure. On
the other hand, distal pressure is measured by using a 0.014 pressure wire (VERRATA,
Volcano, Philips, Excelsiorlaan 41, 1930 Zaventem, Belgium). The pressure wire embeds
a high fidelity pressure transducer in its tip, connected to the hardware unit through
an optic fiber. Pressure measurements are obtained both at rest (to calculate iFR) and
under maximal hyperaemia obtained through continuous venous infusion of adenosine
140 mcg/kg/min (useful for calculation of FFR). Calculations performed by means of
the JLabChart, were compared with the Volcano commercial system (Volcano Consolle,
Philips, Excelsiorlaan 41, 1930 Zaventem, Belgium, software version 3.4).

2.1. Fractional Flow Reserve

We refer to the FFR index to measure intracoronary pressure and to evaluate stenosis
severity [40]. The maximal vasodilation of the microcirculation, known as maximal hyper-
emia, is induced by adenosine and papaverine. The FFR index is evaluated by considering
the proximal aortic pressure Pa and the distal coronary artery pressure Pd. Figure 4 reports
a schematic representation of the FFR at the maximum vasodilation condition, where
a condition without lesions is shown at the top and a condition with stenosis at the bottom.
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(a) (b)

Figure 4. Graphical representation of Fractional Flow Reserve (FFR). (a) FFR represented graphically
in the vessels; (b) FFR as the ratio between maximum blood flow distal to a stenotic lesion to normal
maximum flow in the same vessel.

In the latter case, the stenosis is responsible for a hyperemic pressure gradient ∆P
of 30 mmHg; so, the driving pressure ranges from 100 mmHg to 70 mmHg (Pd). During
maximal hyperemia, the relationship between the driving pressure and myocardial blood
flow is linear and the myocardial blood flow reaches 70% of its normal value. Pa, Pd, and
Pv indicate (i) aortic pressure values in the proximity of the vessel lesion, (ii) the coronary
artery pressure distal to the lesion and the (iii) central venous pressure, respectively. Finally,
Rmin is the minimal myocardial resistance. The FFR is defined as in Equation (2):

FFR =
Qmax

stenosis
Qmax

normal
(2)

where Qmax
stenosis is the maximum myocardial blood flow in the presence of stenosis, and

Qmax
normal represents the maximum myocardial flow in a normal condition. Qmax

normal and
Qmax

stenosis are evaluated as the ratio between the pressure value and the coronary index
of resistance, as expressed in Equations (3) and (4). In particular:

Qmax
normal =

(Pa − Pv)

Rmin
(3)

Qmax
stenosis =

(Pd − Pv)

Rmin
. (4)

By using these values in Equation (2), the FFR can be expressed in the following Equation (5):

FFR =
Qmax

stenosis
Qmax

normal
=

(Pd−Pv)
R

(Pa−Pv)
R

. (5)

By considering the central venous pressure (Pv) as negligible, the FFR formula may
be also simplified as in Equation (6):

FFR =
Pd
Pa

. (6)

The FFR is a dimensionless parameter, which can be expressed with values between 0
and 1 indicating an occluded vessel or a healthy vessel, respectively. In a healthy coronary
artery, the FFR is equal to 1 because the pressure in the origin and in the distal tract
of a healthy vessel is the same, even during maximal hyperemia. In the presence of stenosis,
however, the blood pressure downstream is lower than the measured one from the guide
catheter tip, during maximal hyperemia, so the FFR is reduced. In particular, FFR > 0.80
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means that the stenosis presents a minimal hemodynamic impairment and is not associated
with clinical risk.

2.2. Instantaneous Wave-Free Ratio (iFR)

Maximal hyperemia is required to perform an FFR measurement with the use of adeno-
sine as a pharmacological agent. To reduce the use of drugs, the instantaneous wave-free
Ratio (iFR) index is used to evaluate coronary artery stenosis [18]. iFR is a pressure-only
index that is measured without vasodilators [41]. It is based on intracoronary pressure
sampling during the diastolic wave-free period. The iFR measurement is based on diastolic
intracoronary pressure values, both proximal and distal to the stenosis, during the diastolic
interval in which the resistors are spontaneously minimum (that is during the wave-free
period). Generally, the measurement of the iFR requires an average over 5 heart beats,
but sometimes it can be performed by using a single heart beat. Wave-intensity analysis
of the coronary flow curve is performed by means of a guide wire, equipped with pressure
and Doppler sensors. The iFR isolates the wave-free period in the diastole and evaluates
the ratio of the distal coronary pressure (Pwave− f ree period

d ) to the proximal aortic pressure

(Pwave− f ree period
a ) over this period, as shown in Figure 5.

The onset of the diastole is identified by the dicrotic notch, while the end of the diastole
is defined as the point of the lowest pressure leading into the next cardiac cycle. Therefore,
the iFR can be calculated by Equation (7):

iFR =
Pwave− f ree period

d

Pwave− f ree period
a

. (7)

An iFR value for an healthy subject is equal to 1.0. A value lower than 0.9 usually
suggests a flow limitation, while a value higher than 0.9 indicates a negligible stenosis.

Following the original definition reported in the ADVISE study, we developed an inde-
pendent algorithm for calculating iFR, that we described in the FORECAST study and in
the FORECAST-LM study. The calculation of iFR with JLabChart is based on that algorithm.

Figure 5. Instantaneous wave-free ratio (iFR) as the ratio of the distal coronary pressure to the
pressure in the aorta over a specific period in diastole.

2.3. JLabChart Architecture

JLabChart is freely available to download at the following website https://sites.
google.com/site/jlabchart/home, accessed on 14 March 2022 (see Figure 6). The website

https://sites.google.com/site/jlabchart/home
https://sites.google.com/site/jlabchart/home
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also includes documentation and data on how to use the system in different operating
environments (see Figure 7). Figure 8 shows the JLabChart system architecture and module
relations in a process workflow representation. The GUI of the software is depicted in and
Figure 9 .

Input signals are acquired by probes and a polygraph (as in [42]). Blood pressure
signals are acquired during an intracavitary vessel study. Probes are placed in the proximal
and distal position from a stenosis. Signals are acquired at a sample frequency of 250 Hz by
the polygraph, saved, and then examined by the system proposed here.

Figure 6. JLabChart website, available at https://sites.google.com/site/jlabchart/home.

We now briefly describe the modules reported in Figure 8. The Data Acquisition module
extracts the distal pressure (Pd), the proximal pressure (Pa), and the time window chosen
for the analysis. The analysis module extracts the features, calculates the indexes, and evaluates
the Pd/Pa ratio. The Signal Analysis module elaborates the blood pressure signals by means
of: (i) the identification of the maximum peak, minimum peak, and dicrotic points, (ii) the
evaluation of the FFR, iFR, mean, duration, and frequency of the signal pressure, and (iii) the
Pd/Pa ratio evaluation.

Lastly, the processed data are exported by the Export module and presented to the physi-
cian during the intervention procedure, in order to analyze and plan further experiments
and tests.

https://sites.google.com/site/jlabchart/home
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Figure 7. JLabChart download page.

Figure 8. JLabChart system architecture.

The extraction consists of the identification of the maximum and minimum peak val-
ues and the dicrotic value. These values are associated with specific points on the graphical
representation of the signal waveform. For the first two values (points), a derivative mathe-
matical function is applied on the pressure signal. The maximum peak is evaluated by using
a local search function, which uses a quadratic interpolation method. Then, a threshold
value of 160 bpm (beats per minute) and a minimum time distance of 0.4 s are chosen to ex-
tract only the peaks of interest corresponding to the systolic peaks. Analogously, the same
procedure can be used to find the minimum peaks corresponding to the diastolic peaks,
albeit through a negative derivative function. For the identification of the dicrotic point,
the signal between the systolic and diastolic peaks is considered. This part of the signal
is segmented into 1/250 intervals (i.e., a sample every 0.004 s). A local minimum search
is then performed, by comparing neighboring samples, until a sample can be promoted
to the dicrotic point. The extracted features are then used to estimate the frequency and
duration of the pressure signal and to evaluate the FFR and iFR.

The FFR is evaluated according to Equation (efeqFFR). Moreover, for each signal cycle
the following parameters are also identified: (i) FFRD, as the difference between the mean
distal pressure and the mean proximal pressures; (ii) FFRR, as the ratio between the mean
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distal pressure and the mean proximal pressures; and (iii) FFRM, as the mean between
the FFRR of cycles with a regular heart rate. A heart rate is regular if the values of two
consecutive heart rates do not exceed ±20%. For iFR, the identification of the wave-free
period is performed as described in Section 2.2. Figure 9 reports an example of using
JLabChart tool.

JLabChart includes additional functionalities that can be customized by physicians.
For instance, it automatically identifies irregular cardiac frequencies for the identification
of various arrhythmias such as extra-systoles and tachycardia. It also filters out cycles with
an irregular cardiac frequency, removing them from the analyses performed on the signal.
In fact, signals with a variation of ±20% of the cycle, are marked as not evaluable and
filtered out.

The measures that can be evaluated by using JLabChart are: (i) the mean of Pd, (ii) the
mean of Pa, (iii) the difference between Pd and Pa, (iv) the ratio between Pd and Pa, and
(v) the mean of Pd and Pa. The Pd/Pa ratio can be studied by using an ad hoc function
supporting the physician’s choice.

Figure 9. JLabChart Software tool. User interface with various visual and numerical signal analyses.

3. Results and Discussion

JLabChart was tested on pressure measurements obtained in the interventional car-
diology laboratory of the University Hospital of Catanzaro on 65 patients divided into
two datasets: (i) 58 patients (102 runs) and (ii) 39 patients (102 runs), with an overlap of
32 patients between the two groups, where both FFR and iFR measurements were available,
for a total of 600 cardiac cycles. A cardiac cycle is a pressure cycle between two consecutive
diastolic points. A run is a 6 second time interval.

Two types of experimental tests were performed to measure JLabChart’s calculated
values in terms of quality and reliability compared to commercial software. Starting from
600 cardiac cycles, JLabChart identified:

• 595 recognized cycles in the distal pressure signal;
• 600 recognized cycles in the proximal pressure signal.
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An extract of measures comparing the values (FFR and iFR) calculated with both
JLabChart and commercial software is reported in Table 1.

Table 1. FFR and iFR values extracted by commercial software (FFRc, iFRc) and JLabChart (FFRj, iFRj).

ID_Patient FFRc FFRj iFRc iFRj

1 0.77 0.79 0.90 0.91
2 0.85 0.87 0.87 0.88
3 0.87 0.88 0.90 0.89
4 0.82 0.84 0.74 0.77
5 0.84 0.85 0.97 0.97
6 0.70 0.72 0.77 0.76
7 0.96 0.96 0.97 0.94
8 0.75 0.87 0.85 0.84
9 0.66 0.67 0.52 0.55

10 0.73 0.77 0.84 0.85
11 0.91 0.93 0.99 0.96
12 0.82 0.84 0.74 0.77
13 0.73 0.79 0.95 0.94
14 0.79 0.83 0.95 0.94
15 0.80 0.95 0.95 0.96
16 0.71 0.73 0.91 0.93
17 0.91 0.94 0.91 0.90
18 0.97 0.98 0.99 0.98
19 0.76 0.77 0.88 0.90
20 0.97 0.98 0.98 0.97
21 0.81 0.89 0.69 0.70
22 0.71 0.73 0.87 0.78
23 0.90 0.90 0.96 0.95
24 0.85 0.86 0.98 0.97
25 0.80 0.82 0.90 0.90
26 0.80 0.82 0.96 0.98
27 · · · · · · · · · · · ·
· · · · · · · · · · · · · · ·

FFR and iFR values calculated with JLabChart and commercial software show that
the JLabChart results are reliable and comparable with those obtained by the commercial
system. A statistical analysis was performed in order to find the correlations between
measures. The analysis included: (i) a correlation plot (Figures 10a and 11a), (ii) a Youden
plot (Figures 10b and 11b), and (iii) a Bland–Altman plot (Figures 10c and 11c). These plots
report both the FFR and iFR indexes.

The correlation plots in Figures 10a and 11a confirm the strong correlation between
the results obtained with the two systems. This is demonstrated by (i) the dissemination
degree of the points in the diagram, (ii) a high value of the correlation coefficient (FFR:
Rp = 0.96, iFR: Rp = 0.998), and (iii) a value of the intraclass correlation coefficient (FFR:
RIC = 0.96, iFR: RIC = 0.9796), implying an excellent reproducibility of the measurements.
Both plots confirm that JLabChart has a robust correlation with commercial software and
a high reproducibility between measurements.

In Figures 10b and 11b we report two Youden plots, a type of scatter plot used
to visually plot measurement results from multiple instruments on the same graph in order
to uncover any bias in measurements and make it easy to detect any differences between
JLabChart and the commercial software. The Youden plots showed that the FFR and iFR
values from the two tools lay on the bisector line of the first and third quadrants, which
proves that the JLabChart FFR (or iFR) values and commercial software FFR or (iFR) values
were statistically similar. This means that the FFR and iFR values calculated by JLabChart
agreed with the commercial tool.
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(a) Correlation plot (b) Youden plot

(c) Bland-Altman plot

Figure 10. Statistical analysis results for the FFR index between commercial software and JLabChart.

(a) Correlation plot (b) Youden plot

(c) Bland–Altman plot

Figure 11. Statistical analysis results for the iFR index between commercial software and JLabChart.
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Lastly, the Bland–Altman plots, also known as difference plots, reported in
Figures 10c and 11c plot the FFR and iFR values calculated by JLabChart and the com-
mercial software in order to analyze the agreement between the two different groups
of measures. In fact, any two methods designed to measure the same parameter (or prop-
erty) should have a good correlation when a set of samples is chosen such that the property
to be determined varies considerably. Figures 10 and 11 show that the values obtained
by using JLabChart are comparable with those of the commercial system, since the data
points are around the mean value and are delimited by the standard deviation. The four
graphs shown in Figure 12 report our investigation into irregular cardiac frequency recognition,
with the aim of identifying the presence of noise as well as extra-systoles or tachycardias (thus,
cycles with irregular cardiac frequency were filtered out from the analysis). Irregular cycles
were found in nine patients (data points shown in Figure 12). Furthermore, for these patients,
new values of iFR were calculated (indicated as iFR*) removing the irregular cycles.

Figure 12 shows the correlation plot and the Bland–Altman plot generated for iFR,
considering all the cycles, and for iFR*, considering only the regular cycles, respectively. The
experimental results show that the correlation between the values measured with JLabChart
and the commercial software was higher when the irregular cycles were eliminated from
the dataset (iFR: Rp = 0.9784, RIC = 0.9876; iFR*: Rp = 0.9814, RIC = 0.9898).

(a) (b)

(c) (d)

Figure 12. Correlation plot and Bland–Altman for iFR and iFR*. (a) Correlation plot for iFR.
(b) Bland–Altman plot for iFR. (c) Correlation plot for iFR*. (d) Bland–Altman plot for iFR*.

Finally, the tool was tested with synthetic vessels generated using the Comsol [43]
software tool. The vessel images were designed with several known measures regarding
stenosis, blood flow pressures, and so on. Figure 1 shows one of the 55 Comsol syntetic
images used to measure iFR and FFR values. The JLabChart was used on such images,
which simulated patients, and the resulting measurements demonstrated that the tool is
reliable in terms of measurement and evaluation of iFR and FFR even on synthetic images.
Indeed, we performed measurements using both JLabChart and Comsol (latter as correct
and. thus, used as the reference) obtaining an average error of 0.05661818 and a standard
deviation of 0.07071159, thereby proving JLabChart’s reliability.
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The performance improved after the exclusion of the irregular cycles. The correlation
plot showed an increased correlation coefficient Rp and intraclass correlation coefficient
RIC nearer to one. By the Bland–Altman plot, the values of the confidence interval were
adjacent to the mean value, and the confidence interval was limited, which implies that
the percentage differences are constant and the difference in the values is moderate.

4. Study Limitations

Our study had some limitations. First, JLabChart, in its current form, does not allow
realtime analysis of pressure curves during coronary interventions, which de facto limits
its usefulness to research applications. However, it might be easily adapted to online use
for clinical purposes. In this regard, a potential barrier could be the need to interact with
commercial vendors of coronary pressure measurement systems. Second, the clinical validation
was retrospective, as we used pressure measurements from an institutional registry. However, it
should be noted that all consecutive pressure recordings were included without any selection,
so as to limit selection bias. Third, JLabChart is able to automatically recognize pressure data
extracted from one commercial vendor (Philips Volcano®, Philips Volcano, Rancho Cordova,
CA, USA), while additional vendors offer similar pressure indices. Hence, JLabChart should be
integrated with the interface in order to access data from all different vendors. Finally, alternative
noninvasive indices have been recently proposed, including a number of angiography-derived
indices and CT-derived FFR/iFR estimations. As calculation of pressure indexes from data
images requires a different approach, JLabChart is unable to analyze CT- or angiography-derived
data to calculate iFR or FFR. However, we have recently developed a computational model
to derive pressure indices from coronary angiography [44–47]and the computational model
could be embedded in JLabChart to create a multiple software platform.

5. Conclusions

Pressure signal analysis was implemented to extract relevant features to calculate
the value of FFR and iFR indexes. The JLabChart is a freely available software tool, proposed
as a diagnostic support for assessing the anatomical and functional state of blood vessels
with stenoses. A comparison with a widely used commercial tool was performed, and tests
with synthetic vessels and values were added to verify reliability. Our statistical evidence
demonstrates the reliability of the JLabChart. The implemented system, which is currently
available, can be used in different environments as an efficient tool for the quantitative
monitoring of cardiovascular procedures.

Summary points:

• FFR and iFR are established indexes used to assess severity of coronary stenoses by
measuring intra-coronary pressure.

• Despite their widespread use, not all commercial vendors proved calculates both
indexes, hence there is still an unmet need for a tool to calculate all pressure-based
indexes accurately.

• JLabChart also meets the need to calculate both hyperemic (FFR) and non-hyperemic
(iFR) coronary pressure-based indexes from retrospective pressure tracings.

• Measurements performed with JLabChart were first tested by using synthetic images
created in a multiphysics modeling environment.

• Measurements performed with JLabChart were then successfully validated on a
retrospective clinical dataset.
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