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(54) ACTIVELY TRACKED PULMONARY ARTERY CATHETERIZATION

(57) The present invention relates to an apparatus
for assisting catheterization of a heart (10) of a subject
(8) comprising a segmented model providing unit (220)
for providing a segmented model comprising a plurality
of segments (401, 402, 403, 404, 405), wherein each
segment corresponds to a predefined region of the heart
(10), a segment determination unit (230) for determining
a current segment corresponding to the location of an
actively tracked pulmonary artery catheter (100), a he-
modynamic data providing unit (240) for providing hemo-

dynamic data corresponding to the location of the actively
tracked pulmonary artery catheter (100), and an evalu-
ation unit (250) for evaluating the hemodynamic data in
reaction to the determined segment. The pulmonary ar-
tery catheterization assistance apparatus as well as the
corresponding pulmonary artery catheterization assist-
ance method and computer program allow for an im-
proved evaluation of hemodynamic data in pulmonary
artery catheterization.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of pul-
monary artery catheterization and in particular to a pul-
monary artery catheterization assistance apparatus, a
corresponding pulmonary artery catheterization assist-
ance method and computer program. The invention fur-
ther relates to a joint magnetic resonance imaging appa-
ratus, a pulmonary artery catheter, and a pulmonary ar-
tery catheterization system. While the invention is par-
ticularly beneficial for right heart catheterizations, its ap-
plication to further procedures is not limited.

BACKGROUND OF THE INVENTION

[0002] Right heart catheterizations with pulmonary ar-
tery catheters (PAC) that can measure the local intravas-
cular blood pressure and blood oxygenation are routinely
performed under fluoroscopic guidance, frequently in pa-
tients or subjects with congenital heart disease and/or
pulmonary hypertension.
[0003] In order to accurately evaluate, for instance, the
measured blood pressure, a knowledge of the position
of a tip portion of the PAC within the subject is required,
i.e. the location the blood pressure is acquired has to be
correlated to an anatomical location. Known approaches
for effectively evaluating the blood pressure, i.e. hemo-
dynamic data, suffer from several drawbacks, for in-
stance the position being difficult to determine accurately,
requiring manual effort of a physician and/or implying an
undesired dose of ionizing radiation.

SUMMARY OF THE INVENTION

[0004] It has therefore been an object of the present
invention to provide a pulmonary artery catheterization
assistance apparatus, a corresponding pulmonary artery
catheterization assistance method and computer pro-
gram as well as a joint magnetic resonance imaging ap-
paratus, a pulmonary artery catheter, and a pulmonary
artery catheterization system, which allow for an im-
proved evaluation of hemodynamic data in pulmonary
artery catheterization.
[0005] According to a first aspect, a pulmonary artery
catheterization assistance apparatus for assisting cath-
eterization of a heart of a subject is provided. The pul-
monary artery catheterization assistance apparatus
comprises:

- a location data providing unit for providing location
data of an actively tracked pulmonary artery cathe-
ter, wherein the location data is indicative of a posi-
tion of the actively tracked pulmonary artery catheter
(PAC),

- a segmented model providing unit for providing a
segmented model of the heart of the subject com-

prising a plurality of segments, wherein each seg-
ment corresponds to a predefined region of the heart,

- a segment determination unit for determining a cur-
rent segment of the plurality of segments of the seg-
mented model using the location data, wherein the
current segment corresponds to the location of the
actively tracked PAC,

- a hemodynamic data providing unit for providing he-
modynamic data corresponding to the location of the
actively tracked PAC, and

- an evaluation unit for evaluating the hemodynamic
data in reaction to the determined segment.

[0006] By knowing the current segment, in which the
actively tracked PAC currently resides, the evaluation
unit can advantageously perform a segment specific
evaluation, which can consider the local differences of
the hemodynamic data among the segments, such that
an improved evaluation can be performed. Preferentially,
the evaluation unit can be configured to determining
whether hemodynamic data provided by the hemody-
namic data providing unit is as expected for a specific
segment, e.g. to differentiate whether the hemodynamic
data shows symptoms of pathology or not.
[0007] Since the current segment is determined based
on location data being indicative of a position of the PAC,
the PAC itself is capable of providing location information,
so that no undesired external ionizing radiation or manual
effort is necessary.
[0008] Preferentially, the location data providing unit
is configured to provide location data corresponding to
local magnetic resonance (MR) responses at the PAC.
Therefore, a MR imaging system external to the subject
provides MR imaging fields, in particular a gradient field,
covering at least the heart of the subject, so that the lo-
cation data providing unit can provide MR response data
indicative of the PAC position. More precisely will the
received frequency spectrum be indicative of a position
within the applied gradient magnetic field. The location
data providing unit can thus preferentially be configured
to determine a spatial position based on a received MR
response.
[0009] The location data providing unit can be a loca-
tion data receiving unit for receiving location data directly
from an actively tracked PAC. For instance, the location
data providing unit can in this embodiment be connected
directly to a MR conditional wire being connected to a
micro-response coil attached at the chip region of a PAC.
In other embodiments, the location data providing unit
can also be a storing unit, in which previously acquired
location data is stored. The location data providing unit
is then configured to provide the previously stored loca-
tion data.
[0010] The segmented model providing unit can be
configured to provide a previously determined segment-
ed model of the heart. The segmented model of the heart
not necessarily covers the entire heart, in some embod-
iments also only parts of the heart, such as the right atrium
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and right ventricle, can be provided.
[0011] In an embodiment the pulmonary artery cathe-
terization assistance apparatus further comprises a mag-
netic resonance data providing unit for providing mag-
netic resonance data of at least the heart of the subject.
The MR data providing unit can be a storing unit in which
the MR data is stored or a MR data receiving unit for
receiving, in particular in real time, MR data from an MR
imaging (MRI) apparatus.
[0012] The segment determination unit is configured
to determine which of the segments provided by the seg-
mented model providing unit most accurately corre-
sponds to the location of the PAC indicated by the loca-
tion data. Thus, in response to the current segment which
is determined by the segment determination unit, a cur-
rent position of the PAC can be indicated.
[0013] The hemodynamic data providing unit can be a
storing unit in which hemodynamic data previously ac-
quired can be stored, wherein the previously stored he-
modynamic data is provided. The hemodynamic data
providing unit can also be a hemodynamic data acquisi-
tion unit for acquiring hemodynamic data directly from
the PAC. It is known that hemodynamic data indicative
of a pressure present at a distal tip of a PAC can be
acquired by, for instance, a distal lumen comprising a
distal opening at the distal part of the PAC and a pressure
sensor connected to the proximal port of the distal lumen.
However, also other embodiments of hemodynamic data
providing units are of course contemplated, which can
provide hemodynamic data corresponding to the location
of the PAC.
[0014] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the segmented model
providing unit is configured to determine the segmented
model in reaction to MR imaging data of the subject.
[0015] In particular, the segmented model providing
unit can be configured to receive MR imaging data from
the MR data providing unit acquired before a catheteri-
zation procedure. Accordingly, there is no PAC visible in
the MR imaging data used to determine the segmented
model. For instance, the segmented model can be de-
termined in advance based on a MR imaging obtained
prior to the procedure, e.g. a different day. Thus, the seg-
mented model can account for individual sizes and
shapes of the subject’s heart. This is most important due
to the fact that right heart catheterizations are mostly per-
formed on subjects suffering from certain heart disease,
e.g. deformations of the heart and the like. To this end,
the segmented model providing unit preferentially pro-
vides a predetermined, standard model of the heart and
is configured to adapt this model to the subject’s specific
shape of the heart based on the MR imaging data. The
adaptation can be fully automated or partly automated,
wherein an operator such as a physician can be consid-
ered to validate and/or improve the segmentation.
[0016] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the segmented model
providing unit is configured to provide each segment of

the segmented model as a mesh of triangles.
[0017] Since each segment is in this embodiment pro-
vided as a mash of triangles, a number of mashes is
provided corresponding to the number of individual seg-
ments. Mashes of triangles are favorable to process in
order to derive, for instance, geometric parameters of the
mash, wherein of course also other representations of
the segments are contemplated.
[0018] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the segment determi-
nation unit is configured to determine a mean position of
each segment of the segmented model and to determine
the current segment as the segment with the correspond-
ing mean position having the lowest distance to the lo-
cation of the actively tracked PAC.
[0019] Preferentially, determining the mean position as
centre of mass or gravity of the mash can be determined
since the segments are coarsely convex. Since accord-
ingly a mean position can be defined for each segment,
a distance from the location of the actively tracked PAC
can easily be calculated. In this embodiment, it should
be noted that the segmented model providing unit pref-
erentially provides the segmented model aligned with the
heart of the subject, i.e. in the MR imaging space the
location data is also provided in. Expressed differently,
the segmented model of the heart and the location of the
PAC can directly be compared, since both locations or
regions are provided in the same coordinate space.
[0020] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the hemodynamic data
providing unit is configured to provide an average of the
hemodynamic data over the residence time of the actively
tracked PAC in a segment.
[0021] In this embodiment, the hemodynamic data pro-
viding unit preferentially additionally provides an average
of the hemodynamic data clustered over the residence
time of the PAC in different segments. The residence
time can be defined as the period between the PAC en-
tering a particular segment and the PAC leaving the re-
spective segment again. Due to the anatomy of the heart,
the PAC will subsequently pass through various seg-
ments of the heart. The average of the hemodynamic
data preferentially disregards data originating close to
segment transitions, i.e. near the entering or leaving of
a particular segment. The average of the hemodynamic
data over the residence in a particular segment provides
an additional valuable information for the catheterization
procedure.
[0022] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the segmented model
providing unit is configured to provide at least segments
corresponding to the right atrium, the right ventricle and
the pulmonary arteries.
[0023] The right atrium, the right ventricle and the pul-
monary arteries are, in order, the main chambers or re-
gions of the heart traversed by a PAC. It is of particular
benefit to know whether a tip of the PAC is located in the
right atrium, the right ventricle or the pulmonary artery to
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carry out a beneficial evaluation of the provided hemo-
dynamic data. However, in further embodiments, also
alternative or additional segments can be provided for
regions of the heart or the surrounding cardiovascular
system.
[0024] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the evaluation unit is
configured to at least one of:

- average a mean pressure in case the determined
segment corresponds to the right atrium,

- detect and average an a and v wave height in case
the determined segment corresponds to the right
atrium, and

- average systolic and diastolic pressure in case the
determined segment corresponds to the right ventri-
cle or the pulmonary artery.

[0025] The particular evaluations take into account the
physiological nature of the heart and the hemodynamic
pressure curves to be expected in the respective seg-
ments of the heart. A systolic and diastolic pressure is
not to be expected outside the right ventricle or the pul-
monary artery, while a mean pressure is mainly of clinical
relevance within the right atrium.
[0026] Advantageously, the evaluation can be carried
out automatically in reaction to the segment being deter-
mined as one of the right atrium, the right ventricle or the
pulmonary artery. The PAC will pass, in order, through
all of these segments and the evaluation unit is prefer-
entially adapted to account for this subsequent change
of the segment and adapt the evaluation accordingly. Ac-
cording to this embodiment, the clinically relevant eval-
uation of the hemodynamic data is readily available for
the right atrium, the right ventricle and the pulmonary
artery, respectively. A physician can thus directly be pre-
sented the relevant evaluated data for the respective seg-
ment.
[0027] It should be noted that an average preferentially
should be understood to include a standard deviation or
other statistical measures in addition to the calculated
mean value. The mean pressure is preferentially aver-
aged over the entire duration of the persistence of the
PAC within the right atrium, while in other embodiments
also a certain excerpt of the persistence time can be em-
ployed.
[0028] The a and v waves are features that are expect-
ed to be detectable in the right atrium, wherein the a and
v wave can be determined by their characteristics, re-
spectively. For instance, the a wave is expected to be
taller and briefer than the v wave, which is expected to
be less tall and sustained. In pathological states the dif-
ferences between a and v wave can get blurred.
[0029] Finally, systolic and diastolic pressures can, for
instance, be determined as the maximum and minimum
hemodynamic pressure obtained during a cardiac cycle.
The value of the systolic and diastolic pressure to be
expected preferentially differs among the right ventricle

and the pulmonary artery. In particular, a higher diastolic
value is expected in the pulmonary artery than in the right
ventricle. Thus, by determining for instance a diastolic
value in reaction to the determined segment, it can pref-
erentially be evaluated whether the diastolic value is in
a normal or pathological range and further evaluation has
to be carried out.
[0030] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the pulmonary artery
catheterization assistance apparatus further comprises
an inflation status determination unit for determining an
inflation status of the actively tracked pulmonary artery
catheter.
[0031] Since the inflation status determination unit is
configured to determine the inflation status of the actively
tracked PAC, the evaluation of the hemodynamic data
can further be improved. More particularly, since the eval-
uation can be performed in response to whether the bal-
loon is inflated or not, it can be decided whether a pul-
monary pressure is a pulmonary wedge pressure, which
is measured by wedging a pulmonary artery catheter with
an inflated balloon into a branch of the pulmonary artery.
[0032] The inflation status determination unit can com-
prise an inflation status receiving unit for receiving an
inflation status of the PAC, e.g. an inflation status pro-
viding unit of the PAC. The inflation status determination
unit can alternatively or additionally be an inflation status
providing unit of the PAC itself, e.g. a pump unit connect-
ed with the PAC to achieve inflation and/or deflation of
the balloon thereof.
[0033] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the inflation status de-
termination unit is configured to determine the inflation
status in reaction to a volume of liquid injected into a
balloon port of the actively tracked pulmonary artery cath-
eter, and to derive the inflation status as a percentage of
full balloon inflation based on the volume of liquid inject-
ed.
[0034] Preferentially, the full balloon inflation volume
is known and the percentage of inflation can be derived
from the volume of liquid injected into the balloon. To this
end, it is known to provide PAC’s with a balloon lumen,
which leads from a balloon port to the balloon in order to
inflate or deflate the balloon.
[0035] In case the inflation status determination unit
determines that a user defined threshold is exceeded or
a certain inflation status is maintained over a specified
minimum time, it can be deduced that a pulmonary arte-
rial branch is wedged, i.e. a pulmonary wedge pressure
can be provided as the hemodynamic data. The user
defined threshold and/or user defined minimum time can
be determined generically, i.e. equal for all subjects.
However, the respective thresholds can also be provided
subject-specific, i.e. adapted to the specific subject. Fur-
ther, preferentially, the inflation status determination unit
can determine the inflation status dependant on the lo-
cation, i.e. adapt particularly the thresholds depending
on the location of the balloon.
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[0036] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the inflation status de-
termination unit is configured to determine the balloon to
be inflated in case the inflation status exceeds a user
defined threshold or maintains at a certain inflation status
over a user defined minimum time.
[0037] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, in case the inflation sta-
tus determination unit determines the balloon to be in-
flated, the evaluation unit is configured to at least one of:

- average a mean wedge pressure, and
- detect and average an a and v wave height.

Advantageously, in case it is determined that the balloon
is inflated, i.e. a branch of the pulmonary artery is
wedged, a pulmonary wedge pressure is present as the
hemodynamic data. Accordingly, since the evaluation
unit can evaluate the hemodynamic data in response to
determining that a pulmonary wedge pressure is provid-
ed as the hemodynamic data, more elaborate evaluation
of the hemodynamic data can be performed. In this con-
text, as described with reference to the further evaluation,
a mean wedge pressure is averaged while at the same
time, preferentially, a standard deviation is determined.
Further, a and v wave heights can be obtained as for
other segments of the heart.
[0038] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the pulmonary artery
catheterization assistance apparatus further comprises
a residence time evaluation unit, wherein the residence
time evaluation unit is configured to evaluate a residence
time of the actively tracked pulmonary artery catheter in
a determined segment and to provide an indication to a
user in case enough data for the determined segment is
evaluated.
[0039] The residence time is preferentially defined as
the time period between the PAC entering a specific seg-
ment and the PAC entering a different segment, i.e. leav-
ing the previously determined segment. In this embodi-
ment, the indication in case enough data is evaluated
can advantageously be used, for instance, to point the
operator or physician to advance the catheter so that a
more efficient treatment in terms of treatment time can
be achieved. A shorter treatment time minimizes the risks
of complications of the catheterization. Thus, since the
treatment time can be reduced, also less dangerous
treatment can be performed.
[0040] In an embodiment, enough data is present in
case the standard deviation of a derived value falls below
a certain value. In other examples, enough data is
present in case a certain number of heart cycles is eval-
uated for a specific segment. The examples of enough
data are of course not limited and also further examples
of a determination of enough data are likewise consid-
ered by a skilled person.
[0041] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the pulmonary artery

catheterization assistance system further comprises a
display unit for generating a display for assisting a user,
the generated display comprising a representation of the
segmented model, wherein the segments are displayed
with a respective different representation in response to
the evaluated hemodynamic data.
[0042] The display generated by the display unit can
assist the physician or operator during the pulmonary
artery catheterization. For instance, a segmented model
can be overlaid with a representation of the catheter
and/or real time images reconstructed from an MR im-
aging system. In this embodiment, the display unit pref-
erentially displays the segments with respective different
representations, so that the physician or operator intui-
tively and directly correlates the position of the PAC with
the current segment of the heart.
[0043] The respective different representations can
account for different parameters of the evaluated hemo-
dynamic data. For instance, the representation can in-
clude a color coding indicating the mean pressure or
systolic pressure or diastolic pressure in the respective
chamber. In other examples, the representation can in-
clude a color coding indicating whether a specific seg-
ment is sufficiently sampled, i.e. sufficient hemodynamic
data has been evaluated for the particular segment. In
this example, a segment can be represented with, for
instance, a green color, in case sufficient data is evalu-
ated, while segments, which still lack data, can be rep-
resented with, for instance, red color. In other examples,
the respective different representation can be indicative
of a pathologic condition of the segment, for instance, a
red color can indicate that the specific segment suffers
from some kind of pathology, wherein a healthy segment
can be depicted in a different color. Additionally or alter-
natively, a user can also be capable of switching between
one or more of these representations.
[0044] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the pulmonary artery
catheterization assistance apparatus further comprises

- a chamber volume determination unit for determin-
ing a volume of a chamber of the heart based on
provided MR image data, and

- a pressure-volume loop determination unit for deter-
mining a pressure-volume loop by acquiring the vol-
ume of the chamber of the heart, determined from
the chamber volume determination unit, and the he-
modynamic data, provided by the hemodynamic da-
ta providing unit, at simultaneous times.

[0045] Preferentially, the MR-image data is provided
by the MR-image data providing unit as described above.
The chamber of the heart preferentially corresponds to
the current segment the PAC is determined to be located
in. Accordingly, the chamber volume determination unit
is then preferentially configured to determine the volume
of the chamber corresponding to the current segment
based on methods known in the art of MRI.
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[0046] Further, in response thereto, the pressure-vol-
ume loop determination unit is configured to determine
the pressure-volume loop by simultaneous acquisition of
the volume, i.e. in response to the provided MR-image
data, and the hemodynamic data obtained at the corre-
sponding location. Thus, chamber volume and pressure
can be recorded over one or more loops of the cardiac
cycle. Since the location of the PAC is advantageously
determined in a particular segment, the pressure-volume
loop can be acquired without manual input of the operator
in response to an accurate location determination, and
can thus be obtained more reliably.
[0047] In an embodiment of the pulmonary artery cath-
eterization assistance apparatus, the pressure-volume
loop determination unit is configured to initiate a pres-
sure-volume loop acquisition in response to a change in
the determined segment.
[0048] In this embodiment, the pressure-volume loop
determination unit initiates the acquisition of the pres-
sure-volume loop without necessary intervention of the
operator, simply by detecting the PAC changing the de-
termined segment, i.e. entering a desired segment. The
initiation can occur instantaneously or after expiration of
a certain time, for instance, after the completion of one
or a plurality of cardiac cycles. According to this embod-
iment, additional valuable evaluation information, i.e. the
pressure-volume loop, can be directly acquired without
the operator having to decide on the correct time for in-
itiating the pressure-volume loop acquisition.
[0049] In a second aspect of the invention, a magnetic
resonance imaging apparatus for use with a pulmonary
artery catheterization assistance apparatus according to
the first aspect of the present invention is provided. The
magnetic resonance imaging apparatus comprises a
separate magnetic resonance receiver configured to be
connected to an RF wire of an actively tracked PAC.
[0050] It is known that MR imaging apparatuses can
comprise multiple RF coils, which each measure MR re-
sponses of certain tissue, e.g. tissue surrounding the re-
spective coils. Preferentially, in this aspect, a separate
MR receiver is provided, which is configured to receive
location information based on an RF wire of a tracking
component of an actively tracked PAC. The magnetic
resonance imaging apparatus according to this aspect
further provides valuable MR imaging data of the heart
of the subject, which can further be evaluated by, for in-
stance, the segmented model providing unit and/or the
magnetic resonance data providing unit of the PAC as-
sistance apparatus according to the invention. Likewise,
all advantages as described with the PAC assistance ap-
paratus can be obtained with the MRI apparatus accord-
ing to this aspect.
[0051] In a third aspect of the invention, a pulmonary
artery catheter (PAC) for use with a pulmonary artery
catheterization assistance apparatus according to the
first aspect is provided. The pulmonary artery catheter
comprises

- an inflatable balloon arranged at a distal portion of
the PAC,

- a distal lumen including a distal lumen opening ar-
ranged at a distal portion of the catheter for providing
hemodynamic data corresponding to the location of
the distal lumen opening, and

- an active tracking component for providing position
data indicative of a position of the catheter within a
magnetic resonance imaging system.

[0052] Since the PAC according to this aspect com-
prises an active tracking component, the PAC allows to
accurately determine the position of the PAC, in particular
of a tip including the inflatable balloon thereof. The active
tracking component preferentially is configured to pro-
vide position data directly to a location data providing unit
of the PAC assistance apparatus so that the PAC position
can be determined easily. Further, the hemodynamic da-
ta being provided in the distal lumen can directly be ob-
tained by the hemodynamic data providing unit of the
PAC assistance apparatus, for instance, comprising a
pressure sensor or the like at a proximal port of the distal
lumen.
[0053] In an embodiment of the pulmonary artery cath-
eter, the active tracking component comprises in partic-
ular at least one m-coil and a magnetic resonance con-
ditional wire along the catheter being attached to the m-
coil.
[0054] Since the active tracking component comprises
a micro coil, magnetic resonance signals of the surround-
ing tissue can be received by the m-coil and transmitted
via the magnetic resonance conditional wire to the out-
side of the catheter. The MR conditional wire is connected
to one of the receiver of the MRI system, which is a part
of the location data providing unit of the PAC. Preferen-
tially, the at least one m-coil is arranged close to the distal
opening of the PAC, while in other embodiments, also
further locations of the m-coil are feasible. It is preferred
that the m-coil be arranged close to the distal portion of
the PAC in order to provide accurate location information.
In other embodiments, multiple m-coils can be provided
at different locations along the PAC to allow for determi-
nation of not only the tip position but of the entire shape
of the distal section of the shaft. In this example, the micro
coils are preferentially connected with separate MR con-
ditional wires, while also a single common MR conditional
wire can be imagined.
[0055] In a fourth aspect of the invention, a pulmonary
artery catheterization system is provided. The pulmonary
artery catheterization system comprises

- an MR imaging apparatus according to the second
aspect,

- a PAC according to the third aspect, and
- a pulmonary artery catheterization assistance appa-

ratus according to the first aspect.

[0056] In a fifth aspect, the use of an actively tracked
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catheter in right-heart catheterization is provided.
[0057] In a sixth aspect, a pulmonary artery catheter-
ization assistance method for assisting catheterization
of a heart of a subject is provided. The pulmonary artery
catheterization assistance method comprises:

- providing location data of an actively tracked pulmo-
nary artery catheter, wherein the location data is in-
dicative of a position of the actively tracked pulmo-
nary artery catheter,

- providing a segmented model of the heart of the sub-
ject comprising a plurality of segments, wherein each
segment corresponds to a predefined region of the
heart,

- determining a current segment of the plurality of seg-
ments of the segmented model using the location
data, wherein the current segment corresponds to
the location of the actively tracked pulmonary artery
catheter,

- providing hemodynamic data corresponding to the
location of the actively tracked pulmonary artery
catheter, and

- evaluating the hemodynamic data in reaction to the
determined segment.

In a seventh aspect, a computer program for assisting
catheterization of a heart of a subject is provided. The
computer program comprising program code means for
causing a pulmonary artery catheterization system ac-
cording to the fourth aspect to carry out the steps of the
pulmonary artery catheterization assistance method ac-
cording to the sixth aspect, when the computer program
is run on a processing unit of the pulmonary artery cath-
eterization system.
[0058] It shall be understood that the pulmonary artery
catheterization assistance apparatus according to the
first aspect, the magnetic resonance imaging apparatus
according to the second aspect, the pulmonary artery
catheter according to the third aspect, the pulmonary ar-
tery catheterization system according to the fourth as-
pect, the use of an actively tracked catheter according
to the fifth aspect, the pulmonary artery catheterization
assistance method according to the sixth aspect and the
computer program according to the seventh aspect have
similar and/or identical preferred embodiments, in par-
ticular, as defined in the dependent claims.
[0059] 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.
[0060] 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

[0061] In the following drawings:

Fig. 1 shows schematically and exemplarily a pul-
monary artery catheter (PAC),
Fig. 2 shows schematically and exemplarily a pul-
monary artery catheterization assistance system,
Fig. 3 shows schematically and exemplarily illus-
trates a hemodynamic curve at different positions of
the PAC,
Fig. 4 shows schematically and exemplarily a display
of a segmented model of the heart, and
Fig. 5 shows schematically and exemplarily a flow-
chart of a pulmonary artery catheterization assist-
ance method.

DETAILED DESCRIPTION OF EMBODIMENTS

[0062] Fig. 1 schematically and exemplarily illustrates
a pulmonary artery catheter 100 used in catheterization
of a heart 10 of a subject 8. The catheter 100 is inserted
into the body of the subject 8 at an exemplary location 9
and advanced through the subject’s vascular system
passing the superior vena cava 12, right atrium 14, right
ventricle 16 until reaching eventually the pulmonary ar-
tery 18. Right heart catheterizations with pulmonary ar-
tery catheters, such as catheter 100, that can measure
the local intravascular blood pressure and blood oxygen-
ation, provide clinically important information on cardiac
performance and systemic oxygen transport. Pulmonary
artery catheters known in the art are also referred to as
Swan-Ganz catheters.
[0063] Throughout the right heart catheterization, it is
of utmost importance to accurately know the location of
the pulmonary artery catheter 100, in particular of a distal
tip 102 thereof. For this purpose, classically right heart
catheterizations are performed under fluoroscopic guid-
ance, wherein a contrast fluid is for instance received
within a balloon 110 located near the distal tip 102 of the
catheter 100.
[0064] The catheter comprises multiple lumens,
wherein the number is four in this example. In connection
with the balloon 110 is a balloon port 112, through which
an inflation status of the balloon 110 can be controlled.
Two further lumens include a proximal port 130 lumen
and a distal lumen port 140. The distal lumen port 140
leads into a lumen connecting to a distal lumen opening
142 and the proximal lumen port 130 leads to a proximal
lumen opening 132, which is arranged at a certain dis-
tance from the distal tip 102.
[0065] The distal lumen opening 142 connected to the
distal lumen port 140 via a lumen allows for a measure-
ment of the pressure present at the distal tip 102 of the
catheter 100. Preferentially, a pressure sensor is con-
nected to the lumen at the distal lumen port 140 thereof
as known from conventional pressure catheters. Option-
ally, also at the proximal lumen port 130 a pressure sen-
sor can be arranged.
[0066] As will be detailed in the following, in magnetic
resonance (MR) guided catheterization, pressure at the
proximal lumen opening 132 is not necessary to be de-
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termined. Accordingly, also the provision of the proximal
lumen including proximal lumen port 130 and proximal
lumen opening 132 can be omitted in MR guided appli-
cations.
[0067] Since the classically contrast-agent filled bal-
loon requires X-ray fluoroscopy to monitor the position
of the distal tip 102, ionizing radiation is required, which
is a general concern to avoid or minimize if possible. In
an alternative approach, which is followed according to
the present invention, real-time MR guidance is used.
[0068] However, in contrast to a projection technique,
MR guidance must be performed with slices of finite thick-
ness, which causes the problem that the balloon 110 be-
comes invisible as soon as it leaves the current imaging
slice.
[0069] For this reason, the pulmonary artery catheter
100 according to this example comprises an active track-
ing component 120, which comprises at least one micro-
receive coil in the region of the distal tip 102 and is con-
nected to a separate MR receiver by a MR conditional
RF wire 122. The RF wire 122 is provided, for instance,
in one of the lumens of the pulmonary artery catheter 100.
[0070] The active tracking component 120 is thus ca-
pable of determining the location of the pulmonary artery
catheter 100 relative to an externally applied gradient
field using magnetic resonances of surrounding matter
or tissue. Real-time position monitoring of invasive de-
vices using magnetic resonance is described, for in-
stance, in the article by C. L. Doumlin et al. "Real-time
position monitoring of invasive devices using magnetic
resonance", Magnetic Resonance in Medicine, 1993,
pages 411 to 415.
[0071] It is known that wires generally generate heat
under the influence of magnetic resonance imaging, in
particular during radiofrequency transmission. This can
lead to damage to surrounding tissue, which is to be
avoided. A wire, which is save to use in an MR system,
is described, for instance, in the article by S. Weiss et al.
"Transmission Line for Improved RF Safety of Interven-
tional Devices", Magnetic Resonance in Medicine, 2005,
pages 182 to 189.
[0072] The position of the pulmonary artery catheter
100 can thus be known accurately using the MR response
signals of the active tracking component 120. This infor-
mation can be used advantageously to assist a user, such
as a physician, in performing the catheterization. This
will be explained in more detail with respect to the pul-
monary artery catheterization assistance system exem-
plified in Fig. 2.
[0073] Right heart catheterizations are frequently per-
formed in patients with congenital heart disease and/or
pulmonary hypertension. By determining pulmonary ar-
tery pressure and flow, the pulmonary vascular resist-
ance (PVR), which is used together with the response of
PVR to nitric oxide (NO) and oxygen to assess suitability
for surgery and need for vasodilator therapy, as further
detailed, for instance, in the article by V. Muthurangu et
al. "Novel Method of Quantifying Pulmonary Vascular

Resistance by Use of Simultaneous Invasive Pressure
Monitoring and Phase-Contrast Magnetic Resonance
Flow", Circulation 2004, pages 826 to 834.
[0074] Conventional pulmonary artery catheters rely
on the principle of thermodilution or the Fick principle to
determine flow. In contrast, since the pulmonary artery
catheter 100 according to the invention is magnetic res-
onance conditional, and since further a MR system is
used for supplying the necessary excitation for the active
tracking component 120, quantitative MR measurements
can be used instead for accurately and directly measur-
ing a time dependent flow through vessels, in particular
the pulmonary artery. Thus, problems related to ther-
modilution can be avoided using the pulmonary artery
catheter 100 according to the present invention. This is
described in more detail, for instance, in the article by W.
G. Hundley et al. "Quantitation of cardiac output with ve-
locity-encoded, phase-difference magnetic resonance
imaging", The American Journal of Cardiology, 1995,
pages 1250 to 1255.
[0075] Further information helpful in right heart cathe-
terization can be assessed accurately by fast MR imaging
(MRI) with frame rates in the order of 10 Hz as described
in the article by W. R. T. Witschey et al. "A Real-Time
Magnetic Resonance Imaging Technique for Determin-
ing Left Ventricle Pressure-Volume Loops", Ann. Thorac
Surg., 2014, pages 1597 to 1603. The time resolved si-
multaneous measurement of chamber volume and inva-
sive pressure allows, among others, to acquire pressure
volume loops (PVL), which are an important diagnostic
tool, characterizing cardiac function and pathologies.
Further relevant parameters can be derived from volume
data including calculation of end-diagnostic volume
(EDF), end-systolic volume (ESV), ejection fraction (EF),
stroke volume (SV) and cardiac output (CO).
[0076] Pulmonary artery catheter 100 is not necessar-
ily actively steered, but comprises balloon 110 at the dis-
tal tip 102 thereof, which is driven forward by the blood
stream as known in the art. After insertion at an entry
point, e.g. location 9, into a peripheral vein, the catheter
is washed, as described, through the superior vena cava
12, the right atrium 14 and the ventricle 16 into the pul-
monary artery 18. Further advancement is stopped due
to the reduced diameter in one of the pulmonary arteries.
However, catheters driven by the blood stream can make
it difficult to be advanced in a controlled way to various
locations within the right heart due to malformations of
the heart including shunts, vascular narrowing or valve
deformations, particularly in patients with congenital mal-
functions of the heart. For this reason, in a further exam-
ple of the pulmonary artery catheter 100, an MR-condi-
tional active tip deflect mechanism is included in the same
way as has been previously described, cf. the article by
S. Weiss et al. "MR-guided cardiac radiofrequency abla-
tion with catheter-tracked local MR lesion monitoring",
Journal of Cardiovascular Magnetic Resonance, 2013,
pages 1 and 2, for a different type of MR conditional cath-
eters, namely an MR conditional RF ablation catheter.
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[0077] The pulmonary artery catheter 100 will now fur-
ther be described in connection with a pulmonary artery
catheterization system 1 as illustrated in Fig. 2.
[0078] Fig. 2 schematically and exemplarily illustrates
pulmonary artery catheterization system 1 used for car-
rying out and assisting a pulmonary artery catheterization
of subject 8. Subject 8 is positioned on a support means
3 like a patient table within a magnetic resonance imaging
apparatus 2 configured to provide MR data of the heart
10 of the subject 8. Further, MR imaging apparatus 2 is
capable of providing a gradient field within the imaging
region, so that active tracking component 120 of PAC
100 is capable of providing a location information of PAC
100.
[0079] In this example, the data of magnetic resonance
imaging apparatus 2 and the PAC 100, more particular
RF wire 122 thereof, are provided to a PAC assistance
apparatus 200 according to an aspect of the invention,
which will be described the following:
[0080] PAC assistance apparatus 200 comprises a lo-
cation data providing unit 210, a segmented model pro-
viding unit 220, a segment determination unit 230, a he-
modynamic data providing unit 240, an evaluation unit
250, an inflation status determination unit 260, a resi-
dence time evaluation unit 270, a display unit 280, a
chamber volume determination unit 290, a pressure vol-
ume loop determination unit 300 and an MR data receiv-
ing unit 310. PAC assistance apparatus 200, which can
for instance be implemented or integrated within a
processing unit or a computer system of the MR appa-
ratus 2, can further interact with an input unit 12 like a
keyboard, a computer mouse, a touchpad, etc., and an
output unit 13 like a display. It should be noted that further
components of the MR imaging apparatus 2 are not il-
lustrated in this schematic drawing, while these further
components, such as a MR apparatus controller, are of
course present.
[0081] Location data providing unit 210 is configured
to provide location data of PAC 100, wherein in this ex-
ample location data providing unit 210 is configured to
receive the MR response of active tracking component
120 transmitted by RF wire 122. Location data providing
unit 210 can thus be a separate MR receiver or connected
to a dedicated MR receiver of the MR imaging system.
The location data provided by RF wire 122 to location
data providing unit 210 is indicative of a position of the
actively tracked PAC 100, for instance can be translated
into a location in coordinates of the MR imaging system.
[0082] Segmented model providing unit 220 provides
a segmented model of at least some parts of the heart
10 of the subject 8 wherein each segment of the seg-
mented model corresponds to a predefined region or
chamber of the heart 10. More precisely, in this example
the segmented model comprises a segment of the right
atrium, the right ventricle and the pulmonary artery. In
other examples, the segmented model can also comprise
alternative or additional segments of the heart 10. Seg-
mented model providing unit 220 provides the segment-

ed model based on a generic model of a heart 10, which
is adapted to the specific heart of the subject 8 using an
MR image of MR imaging apparatus 2 prior to the cath-
eterization procedure. This adaption of the segmented
model to the individual heart of the subject 8 is preferen-
tially done at least partly automated. Further, during cath-
eterization, the location of the heart within the imaging
space of the MR imaging apparatus 2 is preferentially
correlated with the segmented model, so that the location
of the tracked PAC 100 is provided in the same coordi-
nate space as the segmented model, such that a position
of the PAC 100 can be identified within the subject 8
relative to the segments of the provided segmented mod-
el.
[0083] To this end, segment determination unit 230 is
configured to provide one of the segments of the seg-
mented model as a current segment, in which the PAC
100 currently resides. More precisely, the current seg-
ment is the segment of the plurality of segments, in which
the distal tip 102 of PAC 100 resides. In this example,
segment determination unit 230 is configured to calculate
a mean value or a centre of mass of each of the segments
and determine the current segment as the segment out
of the plurality of segments, which has the lowest dis-
tance to the determined position of the PAC 100.
[0084] Hemodynamic data providing unit 240 is con-
figured to provide hemodynamic data corresponding to
the location of the PAC 100. In this example, hemody-
namic data providing unit 240 is configured to receive
hemodynamic data from the distal tip 102 of PAC 100
using pressure information, which is measurable at a dis-
tal opening 142 thereof. The pressure information is
transmitted via a distal port of the distal lumen 140,
wherein a pressure sensor for digitizing and converting
the hemodynamic data can be integrated into hemody-
namic data providing unit 240 or be part of the pulmonary
artery catheter 100. All other implementations known
from pressure sensing PACs can of course be integrated
in the alternative to the example shown here.
[0085] Inflation status determination unit 260 is config-
ured to determine an inflation status of balloon 110 of
PAC 100. To this end, for instance a pump connected to
balloon port 112 corresponding to the port of PAC 100
communicating with the balloon 110 can be attached,
which provides information indicative of the inflation sta-
tus to inflation status determination unit 260. The inflation
status determined by inflation status determination unit
260 comprises in this example the volume of liquid that
has been injected into the balloon port 112 and prefer-
entially comprises a derived suspected balloon status in
percent of full balloon inflation. The inflation status de-
termined by inflation status determination unit 260 can
advantageously be used by the evaluation unit 250 for
evaluating the hemodynamic data as will be described
below.
[0086] Evaluation unit 250 is configured to evaluate
the hemodynamic data provided by hemodynamic data
providing unit 240 in response to the segment determined
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by segment determination unit 230. Accordingly, evalu-
ation unit 250 possesses additional information in addi-
tion to the hemodynamic data, namely a precise location
corresponding to a segment of the heart, in which PAC
100 resides. This is based on the inventive finding that
pressure time curves have typical shapes depending on
in which chamber the catheter resides, i.e. depending on
which segment PAC 100 is located in. Specific features
in those hemodynamic data curves must thus be evalu-
ated accordingly by evaluation unit 250. Typical hemo-
dynamic pressure curves corresponding to specific seg-
ments or chambers of the heart 10 will be described sche-
matically and exemplarily with reference to Fig. 3.
[0087] Fig. 3 schematically and exemplarily illustrates
different positions 30, 40, 50 and 60 of distal tip 102 of
PAC 100 within the heart 10 and a schematic pressure
curve obtained at the respective positions in a lower di-
agram 20. Diagram 20 indicates a pressure on the vertical
axis and both a timely and spatially evolution of the pres-
sure sensed by distal tip 102 on a horizontal axis. The
evolution on the horizontal axis would occur in case the
catheter could transit from one of the respective positions
30, 40, 50 and 60 to a respective other of the positions
without intermediate positions. In reality, the diagram 20
indicating a pressure curve over time would thus com-
prise a plurality of intermediate values.
[0088] First, with respect to position 30, distal tip 102
is located within the right atrium 14. Accordingly, segment
determination unit 230 would identify the right atrium to
be the current segment. In the corresponding portion of
diagram 20, it can be seen that no significant pressure
variations are present in the right atrium 14. Preferential-
ly, evaluation unit 250 then, in case segment determina-
tion unit 230 determines the segment to be the right atri-
um, averages a mean pressure 21 over the time the cath-
eter resides within the right atrium. Averaging in this ex-
ample means the evaluation of average and standard
deviation over all those R to R-peak (RR) intervals in
which the catheter is present in the respective segment.
In other examples, only some specific intervals of the
persistence time are selected for generating the averag-
es, as contemplated by the skilled person. Further, a-
and v-waves can also be detected and averaged for the
period, in which the PAC 100 resides in the right atrium
14, i.e. position 30.
[0089] Next, at position 40, catheter distal tip 102 has
advanced into the right ventricle 16. In the right ventricle
16, high variations of pressure in one RR interval are
present. Thus, in case evaluation unit 250 determines
the current segment to be the right ventricle 16, a systolic
pressure 22 and a diastolic pressure 23 can be detected
and preferentially averaged. In the right ventricle, a gen-
erally expected systolic pressure would amount to 20 to
30 mm of mercury and a typically diastolic pressure would
amount to 0 to 8 mm of mercury. Deviations from these
values usually expected could be an indication for a path-
ological condition.
[0090] Next, in position 50, catheter distal tip 102 has

advanced into the pulmonary artery 18. In this region,
evaluation unit 250 can also be configured to automati-
cally average and detect systolic 22 and diastolic 23 pres-
sure values. In the pulmonary artery, different from the
right ventricle, systolic values are expected to be in about
the same magnitude, i.e. 20 to 30 mm of mercury, while
diastolic pressures are expected to be higher, i.e. be-
tween 8 and 15 mm of mercury.
[0091] Next, in position 60, distal tip 102 is still located
in a branch of the pulmonary artery 18, wherein in location
60 now balloon 110 of PAC 100 wedges the artery branch
it recites in, so that a pulmonary wedge pressure can be
acquired. The pulmonary artery wedge pressure is ex-
pected to be in a region of between 8 and 12 mm of
mercury, i.e. higher than the right arterial pressure ex-
pected to be between 0 and 8 mm of mercury, but is
devoid of variances such as systolic and diastolic varia-
tions. In contrast, only an a- and v-wave, indicated with
24 and 25, can be detected and averaged over the period,
the PAC 100 resides with an inflated balloon 110. In ad-
dition, a mean wedge pressure 26 can be averaged over
this period.
[0092] Returning to Fig. 2, PAC assistance of appara-
tus 200 further comprises the residence time evaluation
unit 270 as mentioned above. Residence time evaluation
unit 270 is configured to evaluate the time PAC 100 re-
sides within a current segment. This can, for example,
be done by monitoring the current segment and starting
or stopping the residence time determination upon seg-
ment determination unit 230 determining a changed cur-
rent segment. The residence time evaluation unit 270
then determines whether a hemodynamic data evaluated
for a particular segment is enough, e.g. a minimum
amount of time and/or heartbeats is evaluated or the
standard deviation of the averaged measure drops below
a certain threshold, and can provide an indication to the
operator that the PAC 100 may be moved into the next
position, i.e. the next segment, in case enough data has
been collected. To this end, residence time evaluation
unit 270 can be arranged to communicate with output
means 13.
[0093] Chamber volume determination unit 290 is con-
figured to determine a volume of a chamber of the heart,
in particular of the right ventricle. To this end, in one ex-
ample, chamber volume determination unit 290 is con-
figured to receive MR images of at least the right ventricle
of the heart and to calculate the volume of the chamber
based on the received MR images.
[0094] Display unit 280 is configured to generate a dis-
play for assisting a user, e.g. the operator of PAC 100,
which then can be displayed on, for instance, output
means 13. The generated display comprises a represen-
tation of the segmented model, wherein the segments
are displayed with a respective different representation
in response to the evaluation of evaluation unit 250. An
example of differently represented segments will be de-
scribed with reference to Fig. 4.
[0095] Fig. 4 schematically and exemplarily illustrates
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a display 400 of various segments 401, 402, 403, 404
and 405 of the segmented model provided by segmented
model providing unit 220. The respective segments 401
to 405 are displayed with a respective different represen-
tation, wherein in this example the representation is
changed to a specific representation accounting for dif-
ferences in the hemodynamic data. For instance, healthy
evaluation results can be represented in a different rep-
resentation as unhealthy or pathologic segments. Fur-
ther, segments that still lack measurements of hemody-
namic data can have a different representation than
those, of which already sufficient data has been evalu-
ated. Further, mean or mean systolic, or mean diastolic
pressures may be indicated per color. These are of
course only examples, wherein other representations are
of course contemplated.
[0096] Fig. 4 further indicates a cross section 410, in
this example the pulmonary valve cross section, as an
example of a cross section, for which a flow measurement
can be carried out based on MR data. The use of cross
section 410 for the present invention will be described
with reference to an alternative of the functioning of
chamber volume determination unit 290. As an alterna-
tive to the direct determination of the volume based on
the MR image, chamber volume determination unit 290
can be configured to acquire a time resolved quantitative
flow measurement both at the tricuspid valve cross sec-
tion (not indicated in Fig. 4) and the pulmonary valve
cross section 410.
[0097] Flow measurements of these cross sections are
indicative of inflow and outflow of the right ventricle and
the sum of time integrals of those flows is identical to the
volume changes of the right ventricle overtime. In one
example, segmented model providing unit 210 can be
configured to further provide the locations of the required
planes, e.g. the tricuspid valve and the pulmonary valve,
to facilitate determination. It should be noted that this
approach is only valid if there are no shunts or other ob-
structions present in the right ventricle.
[0098] Based on the determined chamber volume,
pressure volume loop determination unit 300 is config-
ured to measure a pressure volume loop in the right ven-
tricle in a full scale examination. Preferentially, the de-
termination of the pressure volume loop is triggered by
the segment determination unit 230 determining the cur-
rent segment to be the right ventricle. Expressed differ-
ently, the catheter 100 enters the right ventricle and then
the pressure volume loop determination is started. The
pressure volume loop acquisition comprises a simulta-
neous acquisition of pressure data, i.e. hemodynamic
data, and volume data of the right ventricle obtained by
the chamber volume determination unit 290.
[0099] Finally, with reference to Fig. 5, a pulmonary
artery catheterization assistance method 500 is sche-
matically and exemplarily illustrated.
[0100] In first a step 510, location data of an actively
tracked PAC 100 is provided. The location data is indic-
ative of a position of the PAC.

[0101] In a step 520, a segmented model of the heart
10 of the subject 8 is provided, for instance by segmented
model providing unit 220. Each segment corresponds to
a predefined region, e.g. a chamber, of the heart 10.
[0102] In a step 530, a current segment of the plurality
of segments is determined using the location data and
the segmented model. The current segment corresponds
to the location of the actively tracked PAC 100.
[0103] In a step 540, hemodynamic data correspond-
ing to the location of the PAC 100 is provided, for in-
stance, by hemodynamic data providing unit 240.
[0104] Finally, in a step 550, the hemodynamic data
provided by hemodynamic data providing unit 240 is eval-
uated in reaction to the segment determined by, for in-
stance, segment determination unit 230.
[0105] Other variations to the disclosed embodiments
can be understood and effectuated by those skilled in
the art in practicing the claimed invention, from a study
of the drawings, the disclosure, and the appended claims.
[0106] 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.
[0107] A single unit or devices 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.
[0108] 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.
[0109] Any reference signs in the claims should not be
construed as limiting the scope.
[0110] The present invention thus relates to an appa-
ratus for assisting catheterization of a heart of a subject
comprising a segmented model providing unit for provid-
ing a segmented model comprising a plurality of seg-
ments, wherein each segment corresponds to a prede-
fined region of the heart, a segment determination unit
for determining a current segment corresponding to the
location of an actively tracked pulmonary artery catheter,
a hemodynamic data providing unit for providing hemo-
dynamic data corresponding to the location of the actively
tracked pulmonary artery catheter, and an evaluation unit
for evaluating the hemodynamic data in reaction to the
determined segment. The pulmonary artery catheteriza-
tion assistance apparatus as well as the corresponding
pulmonary artery catheterization assistance method and
computer program allow for an improved evaluation of
hemodynamic data in pulmonary artery catheterization.

Claims

1. A pulmonary artery catheterization assistance appa-
ratus for assisting catheterization of a heart (10) of
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a subject (8), wherein the pulmonary artery cathe-
terization assistance apparatus (200) comprises:

- a location data providing unit (210) for providing
location data of an actively tracked pulmonary
artery catheter (100), wherein the location data
is indicative of a position of the actively tracked
pulmonary artery catheter (100),
- a segmented model providing unit (220) for pro-
viding a segmented model of the heart (10) of
the subject (8) comprising a plurality of seg-
ments (401, 402, 403, 404, 405), wherein each
segment corresponds to a predefined region of
the heart (10),
- a segment determination unit (230) for deter-
mining a current segment of the plurality of seg-
ments (401, 402, 403, 404, 405) of the segment-
ed model using the location data, wherein the
current segment corresponds to the location of
the actively tracked pulmonary artery catheter
(100),
- a hemodynamic data providing unit (240) for
providing hemodynamic data corresponding to
the location of the actively tracked pulmonary
artery catheter (100), and
- an evaluation unit (250) for evaluating the he-
modynamic data in reaction to the determined
segment.

2. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 1, wherein the segment
determination unit (230) is configured to determine
a mean position of each segment of the segmented
model and to determine the current segment as the
segment with the corresponding mean position hav-
ing the lowest distance to the location of the actively
tracked pulmonary artery catheter (100).

3. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 1, wherein the hemody-
namic data providing unit (240) is configured to pro-
vide an average of the hemodynamic data over the
residence time of the actively tracked pulmonary ar-
tery catheter (100) in a segment.

4. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 1, wherein the segment-
ed model providing unit (220) is configured to provide
at least segments corresponding to the right atrium
(14), the right ventricle (16) and the pulmonary ar-
teries (18).

5. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 4, wherein the evaluation
unit (250) is configured to at least one of:

- average a mean pressure in case the deter-
mined segment corresponds to the right atrium

(14),
- detect and average an a and v wave height in
case the determined segment corresponds to
the right atrium (14), and
- average systolic and diastolic pressure in case
the determined segment corresponds to the
right ventricle (16) or the pulmonary artery (18).

6. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 1, wherein the pulmonary
artery catheterization assistance apparatus (200)
further comprises an inflation status determination
unit (260) for determining an inflation status of the
actively tracked pulmonary artery catheter (100).
wherein the inflation status determination unit (260)
is preferentially configured to determine the inflation
status in reaction to a volume of liquid injected into
a balloon port (112) of the actively tracked pulmonary
artery catheter (100), and to derive the inflation sta-
tus as a percentage of full balloon (110) inflation
based on the volume of liquid injected.

7. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 6, wherein the inflation
status determination unit (260) is configured to de-
termine the balloon (110) to be inflated in case the
inflation status exceeds a user defined threshold or
maintains at a certain inflation status over a user
defined minimum time.

8. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 6, wherein in case the
inflation status determination unit (260) determines
the balloon (110) to be inflated, the evaluation unit
(250) is configured to at least one of:

- average a mean wedge pressure, and
- detect and average an a and v wave height.

9. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 1, wherein the pulmonary
artery catheterization assistance apparatus (200)
further comprises a display unit (280) for generating
a display (400) for assisting a user, the generated
display (400) comprising a representation of the seg-
mented model, wherein the segments are displayed
with a respective different representation in re-
sponse to the evaluated hemodynamic data.

10. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 1, wherein the pulmonary
artery catheterization assistance apparatus (200)
further comprises

- a chamber volume determination unit (290) for
determining a volume of a chamber of the heart
based on provided MR image data, and
- a pressure-volume loop determination unit
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(300) for determining a pressure-volume loop
by acquiring the volume of the chamber of the
heart, determined from the chamber volume de-
termination unit, and the hemodynamic data,
provided by the hemodynamic data providing
unit (240), at simultaneous times.

11. The pulmonary artery catheterization assistance ap-
paratus as defined in claim 10, wherein the pressure-
volume loop determination unit (300) is configured
to initiate a pressure-volume loop acquisition in re-
sponse to a change in the determined segment.

12. A pulmonary artery catheter for use with a pulmonary
artery catheterization assistance apparatus (200)
according to claim 1, the pulmonary artery catheter
(100) comprising

- an inflatable balloon (110) arranged at a distal
portion (102) of the catheter (100),
- a distal lumen including a distal lumen opening
(142) arranged at a distal portion (102) of the
catheter for providing hemodynamic data corre-
sponding to the location of the distal lumen
opening (142), and
- an active tracking component (120) for provid-
ing position data indicative of a position of the
catheter (100) within a magnetic resonance im-
aging system, wherein the active tracking com-
ponent (120) preferentially comprises at least
one m-coil and a magnetic resonance condition-
al wire along the catheter (100) being attached
to the m-coil.

13. A pulmonary artery catheterization system, the pul-
monary artery catheterization system (1) comprising

- a magnetic resonance imaging apparatus (2)
as defined in 11,
- a pulmonary artery catheter (100) according to
claim 12, and
- a pulmonary artery catheterization assistance
apparatus (200) as defined in claim 1.

14. A pulmonary artery catheterization assistance meth-
od for assisting catheterization of a heart (10) of a
subject (8), wherein the pulmonary artery catheteri-
zation assistance method (500) comprises:

- providing (510) location data of an actively
tracked pulmonary artery catheter (100), where-
in the location data is indicative of a position of
the actively tracked pulmonary artery catheter
(100),
- providing (520) a segmented model of the heart
(10) of the subject (8) comprising a plurality of
segments, wherein each segment corresponds
to a predefined region of the heart (10),

- determining (530) a current segment of the plu-
rality of segments of the segmented model using
the location data, wherein the current segment
corresponds to the location of the actively
tracked pulmonary artery catheter (100),
- providing (540) hemodynamic data corre-
sponding to the location of the actively tracked
pulmonary artery catheter (100), and
- evaluating (550) the hemodynamic data in re-
action to the determined segment.

15. A computer program for assisting catheterization of
a heart (10) of a subject (8), the computer program
comprising program code means for causing a pul-
monary artery catheterization system (1) as defined
in claim 13 to carry out the steps of the pulmonary
artery catheterization assistance method (500) as
defined in claim 14, when the computer program is
run on a processing unit of the pulmonary artery cath-
eterization system (1).
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