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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an apparatus
for modeling the coronary physiology of a patient, a cor-
responding method and a respective computer program.
In particular, the present invention relates to an improved
modeling of the vessels in the coronary physiology using
a co-registration of non-invasively obtained diagnostic
images with intravascular image data that has been ob-
tained in-situ in the vessels of the coronary physiology.

BACKGROUND OF THE INVENTION

[0002] Functional stenosis in coronary arteries is typ-
ically graded using Fractional Flow Reserve (FFR) or In-
stantaneous Wave-Free Ratio (iFR). Both, FFR as well
as iFR, are a measure for the pressure drop of the blood
along the stenosis, i.e. are determined as the ratio of the
pressure distal the stenosis (Pd) to the pressure in the
aorta (Pa).
[0003] To that end, FFR measurements have to be per-
formed during maximal blood flow, i.e. under hyperemia,
which may cause discomfort in the patient. In contrast,
iFR measurements are performed at rest during a spe-
cific period in diastole, thereby avoiding the necessity to
induce hyperemia in the patient. By foregoing this neces-
sity of hyperemia, the comfort of the patient is greatly
improved.
[0004] In the past, the determination of FFR and/or iFR
was done invasively by performing a pullback of a pres-
sure wire through a vessel of the patient in which the
stenosis is suspected and by determining the pressure
for a plurality of locations along said vessel. In recent
years, however, approaches have been made to deter-
mine FFR/ iFR values non-invasively. To that end, the
so-called "virtual" FFR/iFR has been developed. Hereby,
the fluid dynamics in the coronary arteries of a patient
are simulated on the basis of a physiological model de-
rived from non-invasively obtained diagnostic image data
of the patient’s heart (or a part thereof), such as coronary
angiography data. The physiological model hereby com-
prises a geometric model representing the vessel or ves-
sel tree under examination and a fluid dynamics model
representing the blood flow through said vessel or vessel
tree. By means of such a modeling, an FFR/iFR value
may be estimated and a decision may be made on the
basis of this estimated FFR/iFR value which medical pro-
cedures are necessary for the patient.
[0005] So far, approaches in modeling coronary phys-
iology to estimate the FFR/iFR value have been focused
on using 3D imaging data comprising a plurality of images
in combination with generalized boundary conditions to
provide a physiological model representing vessel ge-
ometry and fluid dynamics of the vessels of a patient. In
recent years, the necessity to provide more accurate sim-
ulations on the basis of imaging methods that require

less radiation has become more and more important.
[0006] In that respect, WO 2016/001017 discloses an
apparatus and a method for improving the accuracy of
non-invasive determination of the FFR value based on a
representation of the coronary artery system of a patient
and respective patient-specific boundary conditions de-
rived from projection data obtained for the patient. Here-
by, the projection data is generated by a detector over
time while irradiating the patient with radiation generated
by a radiation source. Accordingly, this approach re-
quires exposing the patient to a certain amount of radi-
ation necessary to obtain the projection data.

SUMMARY OF THE INVENTION

[0007] In order to reduce the amount of radiation used
for obtaining the diagnostic images, the modeling of the
coronary physiology may be performed on the basis of
a single 2D diagnostic image obtained using X-ray ang-
iography. A 2D image does not contain any information
about the coronary artery in a third dimension. Thus, the
vessel geometry may only be derived accurately in two
dimensions with the third dimension having to be esti-
mated. This is a valid approach for vessels which are
projected with low foreshortening, which corresponds to
a vessel segment direction perpendicular to the ray di-
rection of the projection, while it has limitations for vessels
with high foreshortening. Also, the estimation of asym-
metric cross sectional vessel area may be more difficult.
Thus, since accurate knowledge of the vessel geometry
is of critical importance for the estimation of the FFR/iFR
value, employing 2D image-based modeling may not
lead to results as accurate as those employing an ap-
proach based on 3D imaging data.
[0008] As an additional factor, the fluid dynamic of the
blood flow through the vessels is influenced by factors
such as vessel wall composition, vessel impedance, ves-
sel wall elasticity or the like. Accordingly, in order to ac-
curately perform virtual FFR/iFR, it is necessary to take
account for these factors using particular boundary con-
ditions in the fluid dynamic simulation. Hereby, these
boundary conditions are generally based on empirical
values rather than being determined for each patient in-
dividually. This introduces a further source of inaccuracy
into the physiological simulations.
[0009] It is therefore an object of the present invention
to provide an improved apparatus and a corresponding
method for modeling coronary physiology of a patient.
[0010] It is a further object of the invention to provide
an apparatus for modeling the coronary physiology of a
patient with high accuracy which allows for a patient-spe-
cific simulation of the fluid dynamics of the patient’s blood
flow. Even more particularly, it is an object of the present
invention to provide an apparatus for modeling of the
coronary physiology on the basis of one or more diag-
nostic images with which virtual FFR/iFR values may be
determined with high accuracy.
[0011] Therefore, an apparatus for modeling coronary
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physiology is provided which comprises an input unit con-
figured to receive at least one diagnostic image of a vas-
culature of a patient and intravascular image data ob-
tained in-situ from a vessel of the vasculature. The ap-
paratus further comprises a modeling unit configured to
generate a physiological model of the patient on the basis
of the at least one diagnostic image, whereby the phys-
iological model comprises a geometric model of the ves-
sel, and an extraction unit configured to extract at least
one vessel parameter of the vessel from the intravascular
image data. The apparatus further comprises an adap-
tion unit configured to adapt the physiological model on
the basis of the at least one vessel parameter.
[0012] Hereby, at least one diagnostic image is ob-
tained from a patient. The term diagnostic image may
hereby refer to an image representing the coronary ar-
teries. More particularly, the diagnostic image may rep-
resent a vasculature including a vessel of interest of the
heart. In this context, the term vasculature may refer to
a vessel tree or a single vessel. The term vasculature
may particularly refer to a vessel segment of the vessel
of interest, for which a modeling is performed.
[0013] In some embodiments, the diagnostic image
may be obtained by a non-invasive diagnostic imaging
modality, such as computed tomography (CT) or mag-
netic resonance imaging. In one particular embodiment,
a single diagnostic 2D X-ray angiography image may be
obtained.
[0014] The non-invasive diagnostic imaging modality
may particularly be gated. Hereby, the gated non-inva-
sive diagnostic imaging modalities may typically employ
a gated reconstruction, in which the acquisition of the
diagnostic images is performed in parallel with acquisi-
tion of data providing information over the cardiac cycle,
such as electrocardiogram (ECG) or photoplethysmo-
graphic (PPG) data. This data may hereby be used to
gate the image acquisition and the reconstruction by
means of respectively selected phase points of the car-
diac cycle.
[0015] In an embodiment, a physiological model may
be derived from the at least one diagnostic image to sim-
ulate the coronary physiology of the patient. The term
physiological model may hereby refer to a model of the
coronary physiology of the patient.
[0016] Hereby, a modeling unit is provided which gen-
erates the physiological model from the diagnostic im-
age. In order to do so, the modeling unit may segment
the vessel of interest into a plurality of segments. On the
basis of this segmentation, the physiological model of
the vessel of interest may be generated, which comprises
a geometric model of the vessel of interest, i.e. a geo-
metric representation of the vessel of interest. This geo-
metric model may be a two- or a three-dimensional mod-
el.
[0017] The physiological model may further comprise
a fluid dynamics model representing the blood flow
through the vessel of interest. The fluid dynamics model
may typically be integrated with the geometric model,

insofar as it represents the fluid dynamics of the blood
at each point of the geometric model.
[0018] The fluid dynamics model is generated by per-
forming calculations that simulate the interaction of the
blood with the vessel wall, i.e. the inner surface of the
vessel through which the blood is flowing. These inter-
actions are hereby defined by certain boundary condi-
tions that take account of the properties of the vessel,
such as vessel wall composition, vessel wall elasticity
and vessel impedance, bifurcations in the vessel as well
as blood properties, such as blood viscosity.
[0019] When generating the fluid dynamics model, typ-
ically, generalized boundary conditions may be used. In
this context, the term generalized may refer to the same
boundary conditions being used for all patients or to
boundary conditions being used for particular patient
groups (distinguished by age, gender, physiological con-
dition or the like).
[0020] Further to the diagnostic image, intravascular
image data is also received at the input unit. The term
intravascular image data particularly refers to image data
that has been obtained in-situ, i.e. from inside the vessel,
using an intravascular imaging modality. This may typi-
cally be performed by introducing a catheter including an
imaging device into the vessel of interest. The imaging
device may then collect image data from inside the vessel
at one or more particular intravascular imaging positions.
[0021] The intravascular image data may comprise a
single intravascular image or a time series of intravascu-
lar images collected for the same intravascular imaging
position over time. Additionally or alternatively, the intra-
vascular image data may also be collected by slowly pull-
ing back the catheter through the vessel and by obtaining
a plurality of intravascular images at a plurality of intra-
vascular imaging positions.
[0022] The intravascular image data may particularly
be collected in the same session as the at least one di-
agnostic image. In an embodiment, the intravascular im-
age data may be obtained concurrently with the diagnos-
tic image. Alternatively or additionally, the intravascular
image data may be obtained before or after acquisition
of the diagnostic image. In a further embodiment, the
intravascular image data may be collected in a different
session than the diagnostic image data.
[0023] The intravascular imaging data is provided to
an extraction unit which extracts at least one vessel pa-
rameter of the vessel of interest from the intravascular
imaging data. The at least one extracted vessel param-
eter is then provided to an adaption unit for adapting the
physiological model.
[0024] Hereby, the adapting on the basis of the at least
one vessel parameter refers to an updating of the phys-
iological model using the information from the vessel pa-
rameters derived from the intravascular image data.
[0025] To that end, the intravascular imaging modality
providing the intravascular image data may particularly
be used to provide additional information about the pa-
tient that may not be derived or not be derived accurately
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from the at least one diagnostic image. More particularly,
the additional information that may be obtained using the
intravascular imaging modality may relate to geometric
and/or hemodynamic parameters derivable from the in-
travascular image data.
[0026] In this context, the term geometric parameter
may refer to any parameter that is representative of the
geometry of the vessel of interest. In some embodiments,
the geometric parameter may particularly refer to the
cross sectional vessel lumen of the vessel of interest at
a plurality of positions along the length of the vessel of
interest. Further, the geometric parameter may also refer
to the inner shape of the vessel or similar geometric
measures. Alternatively or additionally, the additional in-
formation may refer to a hemodynamic parameter. In this
context, hemodynamic parameters may for example re-
fer the vessel wall elasticity, the vessel wall friction, the
vessel impedance or the blood viscosity or the like.
[0027] According to an example, additional information
may particularly refer to information about plaque loca-
tion, composition, or associated rupture risk. More spe-
cifically, a segment of the vessel of interest of a patient
may exhibit positive wall remodeling caused by plaque
inside the vessel wall. Such positive wall remodeling may
not be visible in the diagnostic image, which may lead to
incorrect conclusions about the health state of the pa-
tient. However, the positive wall remodeling will be visible
in the intravascular image data and may be used for
adapting the physiological model to more accurately rep-
resent the vessel of interest.
[0028] Alternatively or additionally, the additional infor-
mation may refer to information about bifurcations from
the vessel of interest. Since the intravascular image data
provides an image of the inside of the vessel, small bi-
furcations may be visible in the intravascular images of
the intravascular imaging data. More particularly, the po-
sition, size and/or direction of the bifurcations may be
derived from the intravascular images. Since bifurcations
represent outflows from the vessel of interest, this infor-
mation may be used to modify the boundary conditions
of the fluid dynamics model with respect to the outflow
from the vessel.
[0029] As such, the adapting of the physiological model
may in particular refer to an adjustment of the geometric
model of the vessel of interest in accordance with the
geometric parameters derived from the one or more in-
travascular images. Even more particularly, the adapting
of the physiological model may refer to an adjustment of
the geometric model of the vessel of interest in which a
geometric parameter that has been approximated from
the diagnostic image is replaced by an invasively meas-
ured geometric parameter that has been extracted from
the intravascular image data.
[0030] Further, the adapting of the physiological model
may refer to an adjustment of the fluid dynamics model
representing the blood flow through the vessel of interest.
Hereby, the vessel parameters extracted from the intra-
vascular image data are hemodynamic parameters that

are specific to the respective patient. These patient-spe-
cific hemodynamic parameters may be used to determine
patient-specific boundary conditions to the fluid dynam-
ics model. Using the patient-specific boundary condi-
tions, the calculation of the fluid dynamic model may be
performed more accurately.
[0031] In some embodiments, the adaption unit may
be provided as a processing unit adapted to perform an
adaption algorithm, in which the geometric and/or hemo-
dynamic parameters are used to adjust the geometric
and/or the fluid dynamics model, respectively. This adap-
tion algorithm may be implemented as a machine learn-
ing algorithm. More specifically, the machine learning al-
gorithm may particularly be used for adapting the bound-
ary conditions for the fluid dynamics model based on the
hemodynamic parameters derived from the intravascular
imaging data.
[0032] According to an embodiment, the at least one
diagnostic image is obtained using X-ray angiography.
X-ray angiography is a diagnostic imaging technique par-
ticularly well-suited to visualize blood vessels in the (hu-
man) body. X-ray angiography is typically performed by
injecting a contrast agent into the blood vessels and sub-
sequently irradiating the body part with the contrast
agent-filled blood vessels with X-ray radiation to obtain
a two-dimensional image in which the contrast agent-
filled blood vessels are clearly visible.
[0033] In the context of the invention, the diagnostic
image may thus particularly be an X-ray angiography im-
age of the coronary arteries of the patient comprising at
least one vessel of interest. More particularly, the at least
one diagnostic image from which the physiological model
is generated may be a single 2D X-ray angiography im-
age of a vessel of interest. In this case, the physiological
model may comprise a two-dimensional geometric model
in which a third dimension is approximated, e.g. by as-
suming a circular shape of the vessel.
[0034] In order to obtain a sufficiently well-resolved
physiological model, the X-ray angiography image
should hereby have sufficient contrast agent filling. Fur-
thermore, the degree of foreshortening and overlap in
the X-ray angiography image should be sufficiently low.
This increases the quality of the image and simplifies the
generation of the physiological model.
In a further embodiment, the intravascular image data is
obtained using intravascular ultrasound (IVUS) and/or
optical coherence tomography (OCT).
[0035] Hereby, the IVUS and/or OCT measurements
may particularly be performed using gated IVUS and/or
OCT to perform a phase matching with the phase used
for acquiring the diagnostic images. More particularly, a
phase matching with the phase of the X-ray angiography
may be performed.
[0036] Intravascular ultrasound is generally consid-
ered a well-suited intravascular imaging method to obtain
information about the coronary arteries. In particular, it
enables to visualize not only the lumen but also the
atheroma in the vessel walls. As such, it is typically used
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to determine the amount of plaque in the blood vessels.
[0037] In intravascular ultrasound, a catheter is used
which is equipped with a miniature ultrasound probe at-
tached to its distal end, while respective ultrasound
equipment is attached to the proximal end. The catheter
is then introduced into the blood vessel, thereby allowing
the application of ultrasound inside the blood vessel. This
allows obtaining a respective intravascular ultrasound
image of the inside of the vessel.
[0038] In some embodiments, a single intravascular
ultrasound image or a time series of intravascular ultra-
sound images of the vessel of interest may be obtained
for a particular intravascular imaging position. Further, a
plurality of intravascular ultrasound images may be ob-
tained at a plurality of intravascular imaging positions
along the vessel of interest. Particularly, the plurality of
intravascular ultrasound images may be obtained at the
plurality of intravascular imaging positions along the ves-
sel by slowly pulling the catheter through said vessel.
[0039] By means of this pullback acquisition, it is pos-
sible to obtain the respective geometric parameters of
the vessel at several intravascular positions along a ves-
sel segment of a particular length.
[0040] Optical coherence tomography is an estab-
lished diagnostic imaging technique which is likewise
considered suitable for visualization of the coronary
physiology, in particular respective vessel(s) of interest.
The benefit of optical coherence tomography is its en-
hanced resolution compared to other modalities. Hereby,
a single optical coherence tomography image, a time se-
ries of optical coherence tomography images or a plural-
ity of optical coherence tomography images at a plurality
of intravascular imaging positions along the vessel of in-
terest may be collected.
[0041] In order to perform the optical coherence tom-
ography measurements, a fiber-optics catheter is intro-
duced into the blood vessel of interest. Subsequently, a
contrast agent and/or a saline solution is injected into
said vessel of interest.
[0042] Hereby, the fiber-optics catheter is used to in-
troduce light, typically in the near-infrared, into the vessel.
The light reflected in the vessel is then detected in order
to derive an optical tomography image. OCT is a fast and
very high resolution imaging modality. Due to this high
resolution, the information obtained about the vessel (in
particular the vessel wall) is very accurate. Thus, by
means of this information, the quality of the physiological
model of the vessel of interest may be greatly improved.
Furthermore, OCT may be performed with high temporal
resolution, thereby allowing to obtain a temporally re-
solved physiological model with good temporal resolu-
tion. Therefore, OCT may be considered well-suited for
time-series measurements during the cardiac cycle.
[0043] In some embodiments, the obtaining of the in-
travascular imaging data using IVUS and/or OCT meas-
urements may also comprise measuring information
about the blood flow through the vessel of interest, such
as performing bolus passage measurements. This addi-

tional information about the blood flow may then be pro-
vided to the adaption unit and used for adapting the fluid
dynamics model by adjusting the boundary conditions
for the blood flow in accordance with the measurements.
[0044] According to an even further embodiment, the
intravascular image data comprises a time-series of in-
travascular images obtained during a cardiac cycle of the
patient.
[0045] In this context, the time-series of intravascular
images may particularly be a time-series of optical co-
herence tomography images that may be obtained during
the cardiac cycle. Hereby the light introduced by the fiber-
optics catheters is reflected differently, depending on the
changes in the vessel wall geometry during the cardiac
cycle, due to movement of the vessel wall. This move-
ment of the vessel wall may particularly provide an infor-
mation about the vessel wall elasticity, but likewise about
further vessel wall properties, for example the vessel wall
composition.
[0046] According to an even further embodiment, the
generating of the physiological model comprises a seg-
menting of the vessel of the vasculature, whereby the
geometric model is generated for at least one segment
of the vessel.
[0047] In some embodiments, the generating of the
physiological model may comprise a segmentation of the
imaged vessel of interest into respective vessel seg-
ments. On the basis of these segments, the vessel ge-
ometry may be modeled using the geometric model. The
geometric model may thus provide an estimated repre-
sentation of the shape of the vessel for the particular
vessel segments.
[0048] According to a further embodiment, the intra-
vascular image data comprises a plurality of intravascular
images. Each one of the plurality of intravascular images
has been obtained at one of a plurality of different intra-
vascular imaging positions along the vessel of the vas-
culature. The input unit is further configured to receive
tracking information for correlating each of the plurality
of intravascular imaging positions to a respective vessel
position in the geometric model.
[0049] In this context, the term intravascular imaging
position refers to a position inside the vessel of interest
at which a particular intravascular image comprised in
the intravascular image data has been obtained. Hereby,
a plurality of intravascular images may be obtained by
performing a pullback acquisition, i.e. by slowly pulling
the catheter through the vessel of interest. For a particular
segment, each one of the plurality of intravascular imag-
es may then be obtained at a particular position which is
defined as the intravascular imaging position that is cor-
related to the respective intravascular image.
[0050] Hereby, the catheter position may be tracked
during the acquisition of the intravascular image data.
This may particularly be done using a fluoroscopic re-
cording of the catheter position. Alternatively, the tracking
may be performed using electromagnetic or fiber-optic
shape sensing based catheter tracking. Likewise, the
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tracking may be performed using an image based regis-
tration method, i.e. by regarding the diagnostic image
and/or the intravascular image and by determining the
catheter position using the information that may be de-
rived from said images.
[0051] Tracking the catheter position allows for deter-
mining the intravascular imaging position at which a re-
spective intravascular image has been obtained during
pullback of the catheter. The tracking information may
thus be provided along with the intravascular image data
to ease the correlation of each of a plurality of intravas-
cular imaging positions to each of a plurality of vessel
positions in the geometric model.
[0052] In accordance with a further embodiment, the
extracting of at least one vessel parameter from the in-
travascular image data therefore comprises an extraction
of a geometric parameter from each one of the plurality
of intravascular images obtained at each one of the plu-
rality of the different intravascular imaging positions. Fur-
ther, the adaptation of the physiological model comprises
an adaptation of the geometric model of the vessel at the
respective vessel position.
[0053] Hereby, the term extract means that a certain
parameter is derived from the intravascular image data
by means of an image processing procedure, an image
analysis procedure or the like. Typically, the geometric
parameters may be directly derived when analyzing the
one or more intravascular images comprised in the intra-
vascular imaging data. In case the intravascular imaging
has been performed by performing a pullback of the cath-
eter through the vessel the geometric parameters may
hereby particularly be retrieved for a plurality of intravas-
cular imaging positions.
[0054] As discussed, the provision of tracking informa-
tion enables a correlation of the plurality of intravascular
imaging positions in the vessel to a respective plurality
of vessel position in the geometric model. This, in turn,
allows to adapt the geometric parameters extracted from
the intravascular images for a particular intravascular im-
aging position at the correct vessel position in the geo-
metric model. More particularly, the systematic adapting
of the geometric model may comprise an adjustment of
the geometric model by replacing an approximated ge-
ometric parameter in the geometric model at the partic-
ular vessel position with the geometric parameter that
has been extracted from the intravascular image ob-
tained at the intravascular imaging position correlated to
the vessel position.
[0055] As an example, the adapting of the geometric
model may comprise a replacing of each of a plurality of
approximated cross sectional vessel lumen at their re-
spective vessel positions by a plurality of actual cross
sectional vessel lumen as extracted from the respective
intravascular images obtained at the particular positions.
Hereby, a local lumen smoothing at each vessel position
for which the cross sectional vessel lumen has been re-
placed may be applied in order to provide a smooth phys-
iological model. This lumen smoothing may particularly

be performed using an interpolation method, such as a
linear or a spline-based interpolation. Likewise, the
smoothing may be performed using a Fourier interpola-
tion or an interpolation based on a shape-model.
[0056] Further, the intravascular imaging position at
which the pullback acquisition has been started, i.e. the
first intravascular imaging position for which an intravas-
cular image was obtained, as well as the intravascular
imaging position at which the pullback acquisition has
ended, i.e. the last intravascular imaging position for
which an intravascular image was obtained, should par-
ticularly be correlated to a respective first and last vessel
position in the geometric model. These first and last ves-
sel positions in the geometric model may be used as cut-
off positions, such that the length of the geometric model
of the vessel is adapted to the pullback length of the cath-
eter pullback.
[0057] By means of adapting the length of the geomet-
ric model accordingly, it may be ensured that the geo-
metric parameters, such as the cross sectional vessel
lumen, may be adjusted in accordance with the additional
information obtained from the intravascular imaging data
along the entire length of the geometric model.
[0058] This adaption of the geometric model according
to the measured cross sectional vessel lumen may fur-
ther improve the determination of the fluid dynamics for
the blood flow through the physiological model. More par-
ticularly, since the cross sectional vessel lumen is known
and since the blood flow through said cross sectional
vessel lumen is closely related to the vessel size, accu-
rate knowledge of the local cross sectional vessel lumen
allows to estimate the healthy vessel size more accurate-
ly. The healthy vessel size, however, is an important fac-
tor to determine the boundary conditions for the fluid dy-
namics model. Thus, a more accurate geometric repre-
sentation of the vessel of interest may also result in a
better fluid dynamics model for the blood flow through
said vessel of interest. As a result, the physiological mod-
el has an improved accuracy with respect to the geometry
of the vessel and with respect to the fluid dynamics of
the blood flow through said vessel.
[0059] According to a further embodiment, the appa-
ratus further comprises a display unit configured to dis-
play a graphical representation of the physiological mod-
el. The adapting of the physiological model is performed
in real-time during obtaining of the intravascular image
data and the display unit is further configured to update
the graphical representation based on the adapting of
the physiological model.
[0060] The apparatus may further comprise a display
unit configured to obtain and display a graphical repre-
sentation of the physiological model. The display unit
may particularly be a computer screen, such as a touch
screen or the like.
[0061] The adaption unit may use the at least one ves-
sel parameter to adapt the physiological model in real-
time during acquisition of the intravascular image data
and the display unit may subsequently update the graph-
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ical representation of the physiological model in accord-
ance with the adaption performed by the adaption unit.
[0062] In this context, the term real-time refers to a
situation where the intravascular imaging data is ac-
quired during the modeling, in particular using a pullback
acquisition. For each intravascular image obtained at a
particular intravascular imaging position, the adaption
unit may directly adapt the physiological model and, sub-
sequently, provide the adapted physiological model to
the display unit. This adaption may particularly encom-
pass an adapting of the fluid dynamics model based on
the at least one vessel parameter. Alternatively or addi-
tionally, it may also refer to an adapting of the geometric
model.
[0063] The display unit may, upon receipt of the adapt-
ed model, update the graphical representation to reflect
the changes that have occurred in the physiological mod-
el due to the adaption. This direct adaption and display
updating process may hereby be performed for each new
intravascular image received from the intravascular im-
aging modality or may be performed for a particular image
or time interval during intravascular imaging, for example
upon receipt of every five intravascular images or every
second, every five, ten, fifteen or the like seconds.
[0064] This frequent updating of the graphical repre-
sentation of the physiological model allows a user to more
quickly obtain an accurate understanding of the imaged
vasculature, in particular for the parts of the physiological
model that have already been updated. Furthermore, it
allows a user to derive, from the divergence between the
initial and the updated graphical representations, the ac-
curacy of the initial physiological model. This may signif-
icantly shorten the time the user needs to assess the
coronary physiology of the patient.
[0065] According to an embodiment, the physiological
model further comprises a fluid dynamics model for a
blood flow through the geometric model of the vessel.
The extracting of at least one vessel parameter from the
intravascular image data comprises an extracting of at
least one hemodynamic parameter, whereby the adapt-
ing of the physiological model comprises an adapting of
the fluid dynamics model on the basis of the at least one
hemodynamic parameter. The adapting of the physiolog-
ical model comprises adjusting at least one patient-spe-
cific boundary condition for the fluid dynamics model on
the basis of the at least one hemodynamic parameter.
[0066] In this context, the fluid dynamics model refers
to a model of the blood flow through the vessel of interest.
This fluid dynamics model is generated by simulating the
interaction of the blood with the vessel wall. Since the
blood is a fluid and the vessel walls may be considered
surfaces with which the fluid interacts, the interaction of
the blood with the vessel walls may most accurately be
defined by respective boundary conditions that take ac-
count of the properties of the vessel wall and the blood
interacting with it. These properties may include vessel
wall composition, vessel wall elasticity and vessel imped-
ance, bifurcations in the vessel as well as blood viscosity.

In the context of the invention, the initial generation of
the fluid dynamics model is hereby performed using gen-
eralized boundary conditions with the boundary condi-
tions being personalized, i.e. with patient-specific bound-
ary conditions being defined during adaption of the phys-
iological model.
[0067] According to an embodiment, the fluid dynam-
ics model may refer to a lumped parameter fluid dynamics
models. To that end, the term lumped parameter model
refers to a model in which the fluid dynamics of the ves-
sels are approximated by a topology of discrete entities.
Hereby, a vasculature, such as a vessel tree, may be
represented by a topology of resistor elements each hav-
ing a particular resistance with the representation of the
vessel tree being terminated by respective ground ele-
ments. These lumped parameter models reduce the
number of dimensions compared to other approaches
such as Navier-Stokes or the like. Accordingly, using a
lumped parameter model may allow for a simplified cal-
culation of the fluid dynamics inside the vessels and may
ultimately result in reduced processing time. The employ-
ing of such a lumped parameter model is described for
example in international application WO 2016/087396.
[0068] According to the above embodiment, the at
least one vessel parameter may also be a hemodynamic
parameter, i.e. a parameter related to the fluid dynamics
of the blood flow inside the vessel. These hemodynamic
parameters may be determined for each patient individ-
ually. Hence, they allow for replacing the generalized
boundary conditions in the fluid dynamics model by pa-
tient-specific boundary conditions.
[0069] Herein below, a few examples for hemodynam-
ic parameters are provided. Further hemodynamic pa-
rameters may be apparent to those skilled in the art.
[0070] The intravascular imaging data may comprise
so-called speckles which have to be de-correlated to be
processed. The de-correlation time of these speckles
may be used as an indicator for the local flow velocity for
the positions in the vessel. The local flow velocity may
then be used to derive a local flow profile and, in partic-
ular, the flow distribution including regions with turbulent
flow that are specific to the respective patient. The thus
derived flow profile may then be used to adapt the fluid
dynamics model for the particular patient accordingly.
[0071] Further, depending on the measurement, the
speckles may have a particular speckle concentration.
This speckle concentration may be a measure of blood
viscosity for a particular patient. Thus, the blood viscosity
for a particular patient may be derived from this data. The
respective generalized boundary condition relating to
blood viscosity in the fluid dynamics model may then be
adapted to a patient-specific boundary condition based
on the blood viscosity extracted from the intravascular
image data.
[0072] In a further example, the amount of saline or
contrast agent required to obtain a clear image using
intravascular imaging may be used as an indicator for
the boundary conditions describing the blood flow in the
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particular patient. This is particularly so since the saline
or contrast agent has to replace the blood inside the ves-
sel. Thus, the amount of saline or contrast agent relates
to the total blood volume that has been replaced.
[0073] Further, the image quality may be tracked dur-
ing intravascular imaging. To this end, the change of the
image quality with time may be used as an indicator to
estimate the response of the coronary circulation of that
patient to the lack of oxygen, i.e. the auto regulation re-
sponse of the heart of the patient, which may also be
used to more accurately the fluid dynamics of the blood
flow for that particular patient.
[0074] In an embodiment, the extracting of the at least
one vessel parameter form the intravascular image data
comprises an extracting of a parameter indicating a bi-
furcation in the vasculature. In this context, a bifurcation
in the vasculature may particularly refer to a bifurcation
in the vessel of interest, i.e. a bifurcation of the vessel
tree. The adapting of the physiological model comprises
an including of the bifurcation into the fluid dynamics
model.
[0075] The intravascular images comprised in the in-
travascular image data may further show small bifurca-
tions which may not be resolved in the at least one diag-
nostic image. Bifurcations in the vessels have an influ-
ence on the blood flow dynamics. Thus, in order to pro-
vide an accurate fluid dynamics model, these bifurcations
need to be considered as well by adjusting the boundary
conditions in accordance with the additional bifurcations.
[0076] According to a further aspect, a method for mod-
eling coronary physiology is provided. The method com-
prises the steps of receiving at least one diagnostic image
of a vasculature of a patient, and intravascular image
data obtained in-situ from a vessel of said vasculature
and generating, on the basis of the at least one diagnostic
image, a physiological model of the patient, the physio-
logical model comprising a geometric model of the vessel
of the vasculature. The method further comprises the
step of extracting at least one vessel parameter of the
vessel of the vasculature from the intravascular image
data and of adapting the physiological model on the basis
of the at least one vessel parameter.
[0077] Herein, the co-registration of at least one non-
invasively obtained diagnostic image, in particular of a
single 2D X-ray angiography image, together with inva-
sively obtained intravascular image data is used to obtain
patient-specific vessel parameters to be used in the phys-
iological model.
[0078] These patient-specific vessel parameters in
particular include hemodynamic parameters, such as
vessel wall elasticity, vessel wall composition, blood vis-
cosity, or the like. These hemodynamic parameters in-
fluence the fluid dynamic of the blood flow for each pa-
tient. Accordingly, in order to provide a more accurate
fluid dynamics model for simulating blood flow, these pa-
tient-specific hemodynamic parameters should be in-
cluded in the calculation of the fluid dynamics model. This
is done by including these hemodynamic parameters as

determined from the intravascular image data as patient-
specific boundary conditions into the calculation, thereby
replacing the previously used generalized boundary con-
ditions. As a result, the calculated fluid dynamics model
more accurately represents the fluid dynamics of the
blood flow through the vessels for that particular patient.
[0079] In a further aspect, a computer program for con-
trolling an apparatus according to the invention is provid-
ed, which, when executed by a processing unit, is adapt-
ed to perform the method steps according to the inven-
tion. In an even further aspect, a computer-readable me-
dium is provided having stored thereon the above-cited
computer program.
[0080] It shall be understood that the apparatus of
claim 1, the method of claim 13, the computer program
of claim 14 and the computer-readable medium of claim
15 have similar and/or identical preferred embodiments,
in particular, as defined in the dependent claims.
[0081] It shall be understood that a preferred embod-
iment of the present invention can also be any combina-
tion of the dependent claims or above embodiments with
the respective independent claim.
[0082] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] In the following drawings:

Fig. 1 schematically illustrates an apparatus for mod-
eling coronary physiology according to an embodi-
ment.
Fig. 2 represents a flow chart for a method for mod-
eling coronary physiology according to an embodi-
ment.
Fig. 3A shows an illustration of a combination of an
angiographic image with intravascular ultrasound
image data.
Fig. 3B represents an adaption of the geometric
model in the physiological model using cross sec-
tional vessel lumen for a vessel segment as obtained
from the intravascular ultrasound image data.
Fig. 4 schematically illustrates a lumped fluid dynam-
ics model in which hemodynamic parameters re-
trieved from intravascular ultrasound data are pro-
vided as a further input to the lumped fluid dynamics
model.

DETAILED DESCRIPTION OF EMBODIMENTS

[0084] The illustration in the drawings is schematically.
In different drawings, similar or identical elements are
provided with the same reference numerals.
[0085] Fig. 1 represents schematically an exemplary
embodiment of an apparatus 100 for modeling coronary
physiology. In the embodiment, a C-arm system 1 for
acquiring X-ray angiography projection data is used. That
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is the diagnostic image 10 is obtained by of X-ray angi-
ography using a contrast agent. The diagnostic image
10 is a 2D X-ray angiography image. The intravascular
imaging is performed using intravascular ultrasound im-
aging and the intravascular imaging data corresponds to
a plurality of intravascular ultrasound images 20, which
have been obtained by slowly pulling a catheter including
a UV probe through the vessel.
The apparatus 100 comprises an input unit 200 for re-
ceiving the single 2D X-ray angiography image 10 and
the plurality of intravascular ultrasound images 20 which
have been obtained in co-registration for a particular pa-
tient. In the exemplary embodiment of Fig. 1, the input
unit 200 further receives respective tracking information
with the plurality of intravascular ultrasound images 20.
This tracking information allows to determine the position
of the vessel of interest at which the intravascular ultra-
sound image 20 has been collected. Accordingly, the
tracking information enables a correlation of each intra-
vascular ultrasound image 20 with a respective intravas-
cular imaging position.
[0086] The input unit 200 provides the X-ray angiog-
raphy image 10 to modeling unit 300. Modeling unit 300
is adapted to receive the X-ray angiography 10 and to
perform a vessel segmentation of the vessel of interest
in the imaged vasculature in the X-ray angiography im-
age 10 to generate physiological model of the vessel in-
cluding a respective geometric model. Thus, the mode-
ling unit 300 is adapted to provide a modeled represen-
tation of the vessel geometry from the image information
provided by the X-ray angiography image 10.
[0087] The input unit 200 further provides the plurality
of intravascular ultrasound images 20 along with the re-
spective tracking information to the extraction unit 400.
The extraction unit 400 is adapted to correlate each of
the intravascular ultrasound images 20 to a respective
intravascular imaging position. Further, the extraction
unit is configured to extract from each one of the plurality
of intravascular ultrasound images 20 at least one vessel
parameter.
[0088] In the exemplary embodiment of Fig. 1, extrac-
tion unit extracts cross sectional vessel lumen at the par-
ticular intravascular imaging position. Further, the extrac-
tion unit 400 extracts a value for the blood viscosity of
the respective patient from the speckle concentration in
the intravascular ultrasound image data. The extraction
unit 400 provides the extracted cross sectional vessel
lumen for each intravascular imaging position together
with the tracking information as well as the patient-spe-
cific value for the blood viscosity to the adaption unit 500.
[0089] Adaption unit 500 is adapted to receive the at
least one vessel parameter. Thus, in the exemplary em-
bodiment of Fig. 1, adaption unit 500 receives the plurality
of cross sectional vessel lumen for each intravascular
imaging position and the determined value for the blood
viscosity. Adaption unit 500 is configured to correlate
each one of the plurality of intravascular imaging posi-
tions for which the extraction unit 400 has provided a

respective cross sectional vessel lumen to a respective
vessel position in the generated model based on the
tracking information.
[0090] In the example according to Fig. 1, the adaption
unit 500 then uses this correlated cross sectional vessel
lumen information to adapt the geometric model com-
prised in the physiological model by adjusting the mod-
eled cross sectional vessel lumen to the extracted cross
sectional vessel lumen at the respective vessel positions.
The cross sectional vessel lumen for each position that
had previously been estimated from the 2D angiographic
image is therefore replaced by a cross sectional vessel
lumen that has been determined using intravascular ul-
trasound.
[0091] Further, the adaption unit 500 is adapted to use
the value for the blood viscosity provided as part of the
intravascular ultrasound data to obtain a patient-specific
boundary condition for the fluid dynamics model in the
physiological model. The adaption unit 500 then uses the
thus obtained patient-specific boundary condition for an
adaption of the fluid dynamics model, i.e. by calculating
the fluid dynamics using the patient-specific boundary
condition, such as to more accurately determine blood
flow through the vessel of interest.
[0092] Thus, the physiological model is adapted to a
patient with respect to the vessel geometry as well as
the blood flow simulations. Upon finalizing the adaption,
the adaption unit 500 outputs a patient-specific physio-
logical model to display unit 600. The patient-specific
physiological model that is displayed allows for a more
accurate determination of FF/iFR.
[0093] Fig. 2 illustrates a flow chart for a method for
modeling coronary physiology as performed by the ap-
paratus according to Fig.1. .In step S201, the 2D X-ray
angiography image 10 of a vasculature of a patient is
received. Further, the plurality of intravascular ultrasound
images 20 along with respective tracking information is
received. In step S202, the input unit 200 provides the
2D X-ray angiography image 10 to the modeling unit 300.
Further, the input unit 200 provides the plurality of intra-
vascular ultrasound images 20 along with the respective
tracking information to the extraction unit 400.
[0094] In step S301, the 2D X-ray angiography image
10 is received at the modeling unit 300. The modeling
unit 300 identifies a vessel of the vasculature and, in step
S302, optionally performs a segmentation of a vessel of
interest into a plurality of segments. In step S303, the
modeling unit 300 then generates a physiological model
including a geometric model of the vessel of interest and
a fluid dynamics model representing the blood flow
through said vessel of interest. Finally, in step S304, the
modeling unit 300 provides the physiological model to
the adaption unit 500.
[0095] In step S401, the plurality of intravascular im-
ages is received, along with the respective tracking in-
formation, at the extraction unit 400. In the exemplary
embodiment of Fig. 2, the extraction unit 400, in step
S402, correlates the intravascular imaging positions and
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the intravascular ultrasound images 20. Thus, in step
S402, it may be determined which intravascular ultra-
sound image 20 has been obtained at which intravascular
imaging position in the vessel. The thus correlated data
is then used for further processing.
[0096] In step S403, the extraction unit 400 extracts at
least one vessel parameter from the intravascular image
data. In the specific example of Fig. 2, the cross sectional
vessel lumen is extracted as a geometric parameter from
each of the plurality of intravascular ultrasound images
20 in step S403. When this extraction is performed on
the basis of the correlated intravascular ultrasound im-
ages, a cross sectional vessel lumen for each intravas-
cular imaging position may be extracted by the extraction
unit 400.
[0097] In step S404, the extraction unit 400, further ex-
tracts at least one vessel parameter that corresponds to
a hemodynamic parameter from the intravascular image
data. In the particular example of Fig. 2, the extraction
unit 400 extracts a value for the blood viscosity for the
patient from the speckles present in the intravascular ul-
trasound image data. In step S405, the plurality of the
cross sectional vessel lumen for each intravascular im-
aging position, the tracking information provided from the
input unit and the value for the blood viscosity specific to
the patient are provided to the adaption unit 500.
[0098] In step S501, the adaption unit 500 receives the
extracted vessel parameters. Thus, in the example ac-
cording to Fig. 2, the adaption unit 500 receives a plurality
of cross sectional vessel lumen for each intravascular
image position as well as the value of the blood viscosity
values. In step S502, the adaption unit 500 optionally
correlates each one of the plurality of intravascular im-
aging positions to a respective vessel position in the ge-
ometric model of the vessel based on the tracking infor-
mation. In step S503, the adaption unit 500 adapts the
cross sectional vessel lumen at the respective vessel po-
sitions in the geometric model.
[0099] In step S504, the adaption unit 500 may use the
hemodynamic parameter, in this exemplary embodiment
the value of the blood viscosity for the respective patient,
to define a patient-specific boundary condition to be used
in the fluid dynamics model for the blood flow through
the patient’s vessel. In step S505, the adaption unit 500
applies this patient-specific boundary condition to adapt
the fluid dynamics model. The adaption unit 500 in par-
ticular uses the patient-specific boundary condition per-
form a blood viscosity correction of the fluid dynamics
calculation previously performed based on the general-
ized boundary conditions.
[0100] Optionally, in step S601, display unit 600 re-
ceives the patient-specific physiological model including
the patient-specific geometric model as well as the pa-
tient-specific fluid dynamics model. In the exemplary em-
bodiment of Fig. 2, the physiological model, that is a
graphical representation thereof, is displayed for further
evaluation. Fig. 3A illustrates a combination of a 2D X-
ray angiography image 10 and an intravascular ultra-

sound image 20. The vessel of interest 30 in the 2D X-
ray angiography image 10 is highlighted by a circle. As
may be appreciated from Fig. 3A, the borders of the ves-
sel of interest 30 are clearly defined in the 2D X-ray an-
giography image 10. Thus, the geometric shape of the
vessel of interest 30 in two dimensions may be directly
derived from the 2D X-ray angiography image 10. The
intravascular ultrasound image 20 has been obtained in-
situ inside the vessel. Accordingly, the intravascular ul-
trasound image 20 may be used to obtain information
about the cross sectional vessel lumen, i.e. the informa-
tion about the third dimension that is not available from
the angiographic image.
[0101] To that end, Fig. 3B shows a segmentation of
a vessel to derive the respective cross sectional vessel
lumens along said vessel from the intravascular ultra-
sound image 20. The dotted line 21 hereby represents
the cross sectional vessel lumen for a first segment of
the vessel at a first intravascular imaging position and
the dashed line 22 represents the cross sectional vessel
lumen for a second segment of the vessel at a second
intravascular imaging position.
[0102] From these segments, the respective cross
sectional vessel lumen are extracted and input into the
adaption unit 500 to adapt the geometric model accord-
ingly. Thus, the initial cross sectional vessel lumen at a
vessel position 211 corresponding to the first intravascu-
lar imaging position is adapted to the cross section vessel
lumen 21. Likewise, the initial cross sectional vessel lu-
men at a vessel position 221 corresponding to the second
intravascular imaging position is adapted to the cross
section vessel lumen 22.
[0103] Fig. 4 illustrates a lumped fluid dynamics model
in which the hemodynamic parameters retrieved from the
intravascular ultrasound data are provided as a further
input. The local fluid vessel resistance of vessel 30 is
represented by a plurality of resistor elements 31, each
having a particular resistance. The outlets 32 of vessel
30 at the different positions are modeled as respective
resistances 33 between the resistor elements 31.
[0104] The intravascular ultrasound images 20 allow
retrieval of certain information of about the properties of
the vessel relating to the fluid dynamics within the vessel.
In the example of Fig. 4, the vessel wall composition is
derived from the intravascular ultrasound images. The
vessel wall composition relates to fluid friction, and, thus,
to the fluid vessel resistance. Accordingly, the values for
the resistor elements 31 as boundary conditions of the
lumped fluid dynamics model have to be adjusted in ac-
cordance with the vessel wall composition determined
by the intravascular ultrasound images 20. By means of
this adjustment, the fluid dynamics model may be adapt-
ed to a patient-specific fluid dynamics model.
[0105] Although in above described embodiments, the
diagnostic images have been obtained using X-ray ang-
iography, it shall be understood that in other embodi-
ments, the diagnostic images may be retrieved by other
imaging methods, such as helical computed tomography
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or sequential computed tomography, magnetic reso-
nance imaging, ultrasound imaging, or the like.
[0106] Likewise, it may be understood that the intra-
vascular image data may be obtained by other intravas-
cular imaging methods other than intravascular ultra-
sound and/or optical coherence tomography, such as en-
doscopy or the like.
[0107] It may also be understood that the above ap-
proach of co-registering the information from two imaging
modalities with one another to improve a physiological
model of a patient’s vessel may also be applied to the
co-registration of two non-invasive imaging modalities or
two-invasive imaging modalities as long as they may pro-
vide corresponding information.
[0108] Further, while in the above embodiments, the
modeling has been performed on the coronary physiol-
ogy, in other embodiments, the modeling may likewise
be performed on other image-derived physiologies of the
human body. As an example, the approach may be ap-
plied to model the peripheral arteries in the human body.
[0109] It may further be understood that while in the
above-embodiments, the cross sectional vessel lumen
and the inner shape of the vessel have been derived as
geometric parameters from the intravascular images,
other geometric parameters may likewise be derived
such as the diameter at a particular position along a pre-
defined direction of the vessel or a length of a narrowing
of the vessel or the like.
[0110] Although in the above described embodiments
the hemodynamic parameters derived from the intravas-
cular imaging data relate to vessel wall elasticity, blood
viscosity and vessel wall friction, a skilled person will un-
derstand that the above described methods may likewise
be used to obtain further information such as local flow
velocity.
[0111] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.
[0112] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality.
[0113] A single unit or device may fulfill the functions
of several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage.
[0114] Procedures like the correlation of the intravas-
cular images to their intravascular imaging positions, the
generating of a physiological model, the extraction of the
parameters or the adaption of the physiological model et
cetera performed by one or several units or devices can
be performed by any other number of units or devices.
These procedures in accordance with the invention can
hereby be implemented as program code means of a
computer program and/or as dedicated hardware.
[0115] A computer program may be stored/distributed
on a suitable medium, such as an optical storage medium

or a solid-state medium, supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.
[0116] Any reference signs in the claims should not be
construed as limiting the scope.
[0117] The invention relates to an apparatus for mod-
eling coronary physiology. The apparatus comprises an
input unit configured to receive at least one diagnostic
image of a vasculature of a patient, and intravascular
image data obtained in-situ from a vessel of the vascu-
lature. The apparatus also comprises a modeling unit
configured to generate, on the basis of the at least one
diagnostic image, a physiological model of the patient,
the physiological model comprising a geometric model
of the vessel of the vasculature, an extraction unit con-
figured to extract at least one vessel parameter of the
vessel of the vasculature from the intravascular image
data and an adaption unit configured to adapt the phys-
iological model on the basis of the at least one vessel
parameter.

Claims

1. An apparatus for modeling coronary physiology,
comprising
an input unit configured to receiving
at least one diagnostic image of a vasculature of a
patient, and
intravascular image data obtained in-situ from a ves-
sel of the vasculature;
a modeling unit configured to generate, on the basis
of the at least one diagnostic image, a physiological
model of the patient, the physiological model com-
prising a geometric model of the vessel of the vas-
culature;
an extraction unit configured to extract at least one
vessel parameter of the vessel of the vasculature
from the intravascular image data; and
an adaption unit configured to adapt the physiolog-
ical model on the basis of the at least one vessel
parameter.

2. The apparatus according to claim 1, wherein
the at least one diagnostic image is obtained using
X-ray angiography.

3. The apparatus according to claim 1, wherein
the intravascular image data is obtained using intra-
vascular ultrasound (IVUS) and/or optical coherence
tomography (OCT).

4. The apparatus according to claim 1, wherein
the intravascular image data comprises a time-se-
ries of intravascular images obtained during a car-
diac cycle of the patient.
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5. The apparatus according to claim 1, wherein
the generating of the physiological model comprises
a segmenting of the vessel of the vasculature; and
wherein
the geometric model is generated for at least one
segment of the vessel.

6. The apparatus according to claim 1, wherein
the intravascular image data comprises a plurality of
intravascular images, wherein each one of the plu-
rality of intravascular image has been obtained at
one of a plurality of different intravascular imaging
positions along the vessel of the vasculature.

7. The apparatus according to claim 6, wherein
the input unit is further configured to receive tracking
information for correlating each of the plurality of in-
travascular imaging positions to a respective vessel
position in the geometric model.

8. The apparatus according to claim 7, wherein
the extracting of at least one vessel parameter from
the intravascular image data comprises an extract-
ing of a geometric parameter from each one of the
plurality of intravascular images obtained at each
one of the plurality of the different intravascular im-
aging positions; and
the adapting of the physiological model comprises
an adapting of the geometric model of the vessel at
the respective vessel position.

9. The apparatus according to claim 1, wherein
the apparatus further comprises a display unit con-
figured to display a graphical representation of the
physiological model; wherein
the adapting of the physiological model is performed
in real-time during obtaining of the intravascular im-
age data; and
wherein the display unit is further configured to up-
date the graphical representation based on the
adapting of the physiological model.

10. The apparatus according to claim 1, wherein
the physiological model further comprises a fluid dy-
namics model for a blood flow through the geometric
model of the vessel; and wherein
the extracting of at least one vessel parameter from
the intravascular image data comprises an extract-
ing of at least one hemodynamic parameter, wherein
the adapting of the physiological model comprises
an adapting of the fluid dynamics model on the basis
of the at least one hemodynamic parameter.

11. The apparatus according to claim 10, wherein
the adapting of the physiological model comprises
adjusting at least one patient-specific boundary con-
dition for the fluid dynamics model on the basis of
the at least one hemodynamic parameter.

12. The apparatus according to claim 10, wherein
the extracting of the at least one vessel parameter
from the intravascular image data comprises an ex-
tracting of a parameter indicating a bifurcation in the
vasculature; and
the adapting of the physiological model comprises
an including of the bifurcation into the fluid dynamics
model.

13. A method for modeling coronary physiology, the
method comprising
receiving at least one diagnostic image of a vascu-
lature of a patient, and intravascular image data ob-
tained in-situ from a vessel of said vasculature;
generating, on the basis of the at least one diagnostic
image, a physiological model of the patient, the phys-
iological model comprising a geometric model of the
vessel of the vasculature;
extracting at least one vessel parameter of the vessel
of the vasculature from the intravascular image data;
and
adapting the physiological model on the basis of the
at least one vessel parameter.

14. A computer program for controlling an apparatus ac-
cording to anyone of claims 1 to 11, which, when
executed by a processing unit, is adapted to perform
the method according to claim 13.

15. A computer-readable medium having stored there
on the computer program according to claim 14.
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