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HEART CONDITION DETERMINATION
METHOD, ROBOT CONTROL AND SYSTEM

[0001] The present invention relates to a method of ana-
lyzing data relating to the location of an electrical this order
in the heart. More specifically, the invention relates to
determining an area in which the location of the disorder is
located. Furthermore, the invention relates to a method for
controlling the operation of a medical device according to
the present invention, preferably for the purpose of perform-
ing offer a method according to the present invention. More
specifically, the invention relates to determining an area in
which a PVC is located. A PVC (premature ventricular
contraction) is a ventricular extrasystole. The heart skips a
contraction and afterwards and extra powerful contraction
follows. Depending on the condition of a subject (patient) a
treatment for this is required. Such a treatment relates for
example to elimination of an amount of muscle tissue were
the PVC initiates.

[0002] For the purpose of such a treatment it is preferred
that the location of the PVC is known, is known as accu-
rately as possible before beginning after the treatment in
order to avoid intensive searching for the location in the
body. This is a relevant advantage as searching in the body
relates to an increase of risk and an extension of time for the
procedure. If it would be possible to work based on data
relating to the location, the average duration of a treatment
1s limited or the predictability of the duration of a treatment
is enlarged.

[0003] The subject matter of this document is relating to
the spatiality of the torso and the heart that is present therein.
To this end, use is made of models thereof. These models
related therefore to a hart model and a torso model. Also, use
is being made of the term hart-torso model. These terms are
used interchangeably and in this use substantially mean the
same within the meaning of this text.

[0004] It is known in itself that a doctor can make a good
estimation during an operation on the basis of a qualitative
approach of the so-called vector loop relative to the heart
and the person on the basis of experience and the usual
position of electrodes on the torso and on the basis of a lot
of experience. As such, the individual experience and apti-
tude of the doctor were essential. Such an approach was
transferable in a time span of years in the training of doctors.
[0005] Several ways of doing analysis on the basis of data
relating to the heart, such as determinations relating to the
timing of excavation in the heart and relating to a determi-
nation of location of the excavation based on a fastest path
algorithm of the present inventor have been known.

[0006] That method however requires a large number of
measuring points and over a long period of time, such as 3-9
hours, a very large number of measurements on the basis of
each of which calculations with iterations needs to be
performance. Because of this, this method has appeared to
be unworkable in practice of e.g. a treatment room.

[0007] In order to provide a method for allowing a broader
application, the present invention provides a method, such as
implemented on a computer, for performing of a location
determination for determining of a candidate area of a heart
disorder, such as a PVC (premature ventricular contraction)
causing part of the heart muscle, while applying information
from an ECG device and a processing unit:

[0008] obtaining a torso model and or a hard model of a
subject,
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[0009] for the purpose of determining locations, determin-
ing of an origin in the hearts model and torso model, such
as in the proximity of the center of the heart,

[0010] obtaining the location information relating to a
number of ECG electrodes relative to the torso model and or
hearts model of the subject,

[0011] based on the location information in the torso
model and/or heart model, positioning of the number of
ECG electrodes,

[0012] obtaining of electrode measuring information, such
as embodied by means of electrode vector, related to respec-
tive distinct ECG electrodes,

[0013] constructing weighted, such as preferably normal-
ized, vector is based on electrode measuring information
while applying a predetermined ECG feature,

[0014] relating the weighted vectors to the origin and the
respective electrodes,

[0015] based on the weighted vectors relative to the said
origin, constructing of an initial anatomical feature vector
determining an initial anatomical feature geography and
determining a direction towards the candidate area.

[0016] An advantage of such a method according to the
present invention is that this method all is possible in a very
flexible manner, i.e. based on several information sources
relating to a hearts torso model. Furthermore, the location
information is obtainable in the application of a quite mobile
device, such as a camera or camera assembly that is capable
of providing three-dimensional information such that in a
simple manner of the location of the used ECG electrodes
can be related to the heart-torso model or can be fitted in that
model. A yet further advantage of such a method is that
practically usable results can be calculated immediately after
obtaining the several kinds of information while applying a
device with the computational force of a mobile processor of
a currently common kind.

[0017] A further advantage of such a method according to
the present invention is that obtaining of the electrical
information on the basis of the heartbeat (beat-by-beat) is
possible instead of for example based on continuous mea-
surements during minutes or longer per session.

[0018] It is hereby especially advantageous that while
applying the results of the method, such as in the below
described preferred embodiments integrated the deal further
explained, the predictability of the duration of a treatment of
a disorder can be considerably improved. Because of this,
the costs of such treatments can be considerably reduced
and/or the capacity of a treatment room can be considerably
increased. Also, the risks of such a treatment can be con-
siderably lower at because the accuracy of the left or right
ventricle and or the atria to be approached is considerably
improved. Because of this, and necessary approaches of a
ventricle are prevented. Thus, an unnecessary long duration
of the procedure is prevented and the predictability of the
duration improved, because of which the usage of time of
the people and the degree of occupation, such as number of
treatable patients per time unit of the treatment rooms is
improved.

[0019] By lowering the fold risks with such treatments, the
risk of infections is significantly reduced.

[0020] The level of skill of performing persons of such
treatment may be subject to lower requirements. Also, the
average number of persons in a treatment team can be
reduced. According to a 1% preferred embodiment according
to the present invention, the anatomical feature geography is
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a feature plane. According to a further preferred embodiment
according to the present invention, the anatomical feature
geography is an activation front.

[0021] Further preferably. the method comprises steps for
constructing a further ECG feature vector based on shifting
of the initial ECG feature plane to a position dividing the
heart in a predetermined value, and repeating of these steps
for constructing of a further ECG feature vector until a shift
is smaller than a predetermined threshold or depending of an
input in the user interface.

[0022] An important advantage of such a preferred
embodiment is further specifying of the candidate area based
on the initial vector. By applying these iteratively, this
further specification may be improved until the difference
between 2 successive iterations becomes so small that it can
be assumed that the specification of the candidate area is
determined sufficiently.

[0023] Further preferably, the predetermined value is
10-30%, preferably 15-20%, 20-25%, 10-15%, 25-30%,
further preferably substantially 20%, further preferably of
the muscle mass of the ventricles. Such values provide a
practically effective example of a positioning of the begin-
ning of the ECG feature vector.

[0024] According to a further preferred embodiment the
method comprises steps for constructing of the weighted
vectors based on electrode measuring information comprises
steps for relating, such as multiplication with, of the elec-
trode measuring information of the electrode sector with the
predetermined ECG feature.

[0025] Further preferably, the predetermined anatomical
feature geography is an ECG feature geography, such as a
QRS wave, the P wave, the STT wave or the T wave. Such
measuring data are instrumental with performing determi-
nations relating to respective thereto attributed specific
disorders.

[0026] According to a further preferred embodiment, the
location information is obtained from an optical recording
device, preferably an optical recording device for 3-D
recordings, further preferably with two or more optical
sensors. With such a device, location information can simply
and reliably be obtained relating to a number of ECG sensors
arranged relative to the torso.

[0027] The hearts model and or torso model is according
to a further preferred embodiment obtained from a scanning
device, such as an MRI, CT or sound echo device. Depend-
ing on available time and equipment the respective infor-
mation can advantageously be obtained acutely, preparedly
or based on historical measuring data for performing of this
method.

[0028] Inacaseinwhich direct measurements on a subject
for obtaining measuring data relating to the hearts torso
model pose a problem, the heart model and or torso model
of a subject is obtained from a data base with heart torso
models, preferably in which steps are performed for choos-
ing a heart torso model from the database with good corre-
spondence with the subject. This enables that the determi-
nation of the candidate area can be performed without
obtaining information relating to the hearts torso model by
means of measurements on the body.

[0029] For the purpose of obtaining a determination of a
candidate area in the bottom half of the heart, the origin is
arranged in the proximity of the center of the bottom half of
the heart. Such a determination and arrangement is advan-
tageous as the QRS signals that can be obtained from an
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BCG device are the relatively strongest signals that are
induced. Because of this, the reliability of these signals is
relatively large and from that it follows that the determina-
tion of a disorder in the bottom half of the heart can be
obtained with a relatively high reliability.

[0030] E.g. in case the heart disorder, such as PVC, is
located at such a location that for example determination
whether it is located in one ventricle or the other friend circle
can be made with insufficient certainty, the methods accord-
ing to a further preferred embodiment comprises applying in
itself known further steps for analyzing of the course of the
activation of the PVC. Following the determination of the
candidate area, such application provides further informa-
tion relating to the course of the activation for providing of
a location determination of the initiation of the activation in
the PVC.

[0031] Further preferably, the methods comprises steps for
calculating a number, such as to, activation sequences,
preferably one in the left ventricle and one in the right
ventricle. Further preferably, the methods comprises steps
for comparing the path of activation or the activation
sequences with electrode measuring information of the
ECG.

[0032] According to a further preferred embodiment, the
method comprises steps for outputting image data relating to
the hearts torso model, the initial ECG feature vector, and
optionally the ECG feature plane and or the candidate area
to a graphical user interface for rendering on a display
screen. With this, a user, such as a doctor, can interpret a
location determination or can input information relating to
parameters for performing of the methods. Here too, the
methods further preferably comprises steps for receiving of
instructions of a user, such as for shifting the ECG feature
plane and/or for inputting of a threshold value.

[0033] According to a further preferred embodiment, the
method is applied for heart disorders such as ventricular
tachycardia, atrial tachycardia, ischemic zones, Wolff-Par-
kinson-White syndrome, conductivity disorders or a com-
bination thereof.

[0034] For the purpose of determining a further determi-
nation of the candidate area, ECG feature plane is shifted in
the direction of the respective ECG feature vector. With this,
the distance between the beginning of the vector and the
candidate area is reduced such that the location thereof can
be determined more accurately.

[0035] For constructing of weighted or normalized factors,
the methods comprises steps for integrating per electrodes of
the values of the ECG feature. By means of preferably
addition of failures of all weighted or normalized figures,
according to a further preferred embodiment, the initial ECG
feature vector is determined.

[0036] A further aspect according to the present invention
relates to a system for under application of a method
according to one or more of the preceding claims determin-
ing of a candidate area of a heart disorder, comprising:

[0037] a processing unit,
[0038] a memory coupled with the processing unit,
[0039] receiving means for receiving location information

relating to a number of ECG electrodes,

[0040] receiving means for receiving electro data of the
respective ECG electrodes,

[0041] outputting means for outputting of result data and/
or results comprising image data. Such a system provides
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advantages such as described in relation to the above
described aspect of the method.

[0042] According to a further preferred embodiment, the
system comprises a recording device, such as an optical
recording device for determining of a position of respective
ECG electrodes relative to a torso.

[0043] Further preferably, the system comprises a display
screen and inputting means for inputting of instructions.
[0044] For the purpose of providing a user-friendly sys-
tem, the processing unit, the memory and the recording
device are integrated in one physical housing, comprising in
memory program coding means for performing of the
method according to the present invention and preferred
embodiments as indicated in the above.

[0045] A further aspect according to the present invention
relates to a method for controlling of operating of a medical
device according to the present invention, preferably for the
purpose of performing of a method according to the present
invention.

[0046] A further aspect according to the present invention
relates to a computer program product comprising computer
program code that when executed on a processing unit
configures the processing unit to execution of a method
according to the present invention and preferred embodi-
ments. As with preceding aspects advantages are provided
such as described in relation to the above described aspect.
[0047] Further advantages, features and details of the
present invention will be described in the following in
greater detail relating to one or preferred embodiments in the
reference to the drawings. Similar yet not necessarily iden-
tical parts of different preferred embodiments may be indi-
cated with the same reference numerals.

[0048] FIG. 1is a flowchart of a 1% preferred embodiment
according to the present invention.

[0049] FIG. 2 is a schematic representation of a heart with
an initial ECG feature vector, an initial ECG feature plane,
and a shifting of the plane to a predetermined proportion of
the heart tissue at both sides of the plane.

[0050] FIG. 3 is a schematic representation of a heart with
an initial ECG feature vector based on a QRS wave.

[0051] FIG. 4 is a schematic representation of ECG sen-
sors on a torso.
[0052] FIG. 5 is a schematic further elaboration of itera-

tion steps for determining of the initial and further ECG
feature vectors.

[0053] FIG. 6 is a schematic further elaboration of deter-
mining of a QRS vector as feature vector.

[0054] FIG. 7 is a block diagram of a preferred embodi-
ment of a system according to the present invention.
[0055] FIG. 8-10 are schematic representations of a heart
with vectors according to the present invention.

[0056] FIG. 11 is a schematic representation of progress
vectors according to the FIGS. 8-10 in a schematic repre-
sentation of an anatomy.

[0057] FIG. 12 is a schematic overrepresentation of a
system according to a further preferred embodiments.
[0058] FIG. 13 is a schematic representation of a system
according to a further preferred embodiments.

[0059] FIG. 14 is a schematic representation of a with
Darrin a schematically represented anatomical vector
[0060] FIGS. 15-17 are graphical representations of mea-
surements and model representations of three described
subjects.
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[0061] A preferred embodiment (FIG. 1) according to the
present invention relates to a method for determining a
candidate area of a heart condition, such as a PVC (prema-
ture ventricular contraction) causing part of the heart
muscle, while applying information received from an ECG
device and a processing unit. The method starts in step 1A
with obtaining of a torso model in a way as described.
Within this heart torso model, in step 1B an origin is
determined for relating further calculations thereto. This
origin is determined at either the center of the heart or the
center of an area on which the determination is to be
performed. Such a determination may be performed, in an in
itself known way, for determination of a center of a mass. In
step 2a, locations of ECG electrodes are obtained. Prefer-
ably, such locations are obtained from a 3-D camera. Tests
have e.g. been performed with a so-called Kinect camera.

[0062] Instep 2B, the position data of the electrodes on the
torso are related to the heart torso model. Based on this,
electrode measuring information can be processed while
taking this into account. In step 3, from the ECG amplifier,
electrode measuring information belonging to an initial ECG
measuring is received by the computer.

[0063] In step 4, weighted or normalized factors between
the origin and the ECG electrodes are constructed after
which in step 5 the ECG feature vector is constructed
relative to the origin.

[0064] In step 6, and iterative optimization by means of
determining of the position of a further ECG feature vector
based on a shift of the ECG feature plane to a new position
is started.

[0065] In step 7, the feature vector is recalculated for this
new position. Subsequently, in step 8 it is determined
whether the vector position has been significantly modified
relative to the initial vector that was determined in step 5. If
this was not the case, the best vector position is determined,
at least no further iteration is performed.

[0066] In step 10, based on a projection of the vector on
the heart muscle around this projection, an area is selected,
which area represents the candidate area.

[0067] According to a further preferred embodiment, sub-
sequently in step 11, an activation sequence from a node
within the PVC area is created and the sequence is optimized
for obtaining of a subsequent activation estimate by means
of analyzing the path of the activation of the PVC.

[0068] According to a further preferred embodiment, sub-
sequently in step 11 and activation sequence from a note
within the PVC area is created and this sequence optimized
for obtaining a subsequent activation estimate by means of
analyzing the path of the activation of the PVC.

[0069] InFIG.2, itis shown by means of 2 representations
how in a schematically represented heart model 21 the initial
vector 22 is arranged from the origin. Perpendicular to the
initial vector, a separation plane 23 is arranged. The sepa-
ration playing divides the myocardium substantially to equal
parts when the origin is substantially positioned in the
middle of the myocardium. After the determination of the
initial vector 22, the plane is shifted in a way that substan-
tially for instance 20% of the heart is located at one side
instead of approximately 50%. The purpose thereof is to
determine a further ECG feature vector 24 based on the
herewith shifted origin such that the candidate area can be
determined in such a way that with a high probability the
PVC resides herein. The prolongation of the direction of the



US 2019/0060006 A1

initial feature vector and the further ECG feature vector 24
provides an improvement in the ‘pointing’ to the PVC 20.
[0070] FIG. 3 is a schematic representation thereof in a
three-dimensional representation of the heart chamber. The
difference is shown between an initial QRS axis and a
further QRS axis. The initial QRS vector has a direction
pointing away from an area 32 in which the PVC resides.
The average QRS axis in FIG. 3 determines the plane
according to FIG. 2 such that the plane is perpendicular to
the arrow.

[0071] In FIG. 4, it is schematically shown how ECG
electrodes 41 may be arranged on a torso. From this it is
perceivable on the basis of which, directions and distances
the weighting or normalization needs to be performed. With
larger distances to the heart model, the amplitudes are
smaller and at different weighting is applied.

[0072] InFIG. 5, a preferred embodiment of the method is
close a specified shown based on the example of the QRS
wave. In step 10 FIG. 5, the center of mass of the ventricle
is determined, in other words the origin. Use is being made
of in itself known ways of calculation for determining the
center of a mass. The resultis the LV ., ,. based on the LV,
the initial factor direction per electrode is calculated. In step
3 of FIG. 5, the QRS vector is shifted in the direction of the
QRS origin until 80% of the tissue is located on the side
directed away from the PVC of the plane. In step 4, the
vector is recalculated with the new position according to
steps as shown in FIG. 5. In case it is determined in step 55
of FIG. 6 that the position was changed in such a minimal
way that the distinct criteria has been fulfilled, the method
is ended, otherwise the method proceeds in step 3.

[0073] InFIG. 6, a method is shown for determining of an
aggregated QRS vector. To determine the average QRS, the
integral per electrode is determined. This is used in for
example FIGS. 2 and 3. In step 61, per electrode of the ECG,
a vector is determined, in which it is defined that the vector
r lead=electrode position minus origin. This is a factor
determining the distance and direction of the electrode to the
origin. In step 62, the, in case of 9 electrodes, 9 factors are
normalized. In step 63, the QRS vector is calculated by
means of an integral per electrode factor R oxs=vector
rxintegraal QRS. In step 64, the QRS vector per electrode
are summed which results in the QRS vector 65.

[0074] In FIG. 7, a preferred embodiment is shown of a
system for performing the method. A three-dimensional
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camera 101, for detecting ECG electrodes arranged at a
torso, is arranged above a torso the (schematically shown) of
a person. The camera is suitable for moving thereof relative
to the torso such that from several sides the torso can be
recorded for detecting of the ECG electrodes in place. Data
from the camera are transferred to a computer 103. The
computer 103 is connected to a monitor 104, keyboard 105
and mouse 106 for receiving input data from these periph-
erals from a user and for outputting of image data to the user.
The computer is furthermore coupled with an ECG amplifier
107 that in its turn is coupled to ECG electrodes on the torso
T. A practical number of electrodes that is supplied is
between 4 and 16, preferably substantially 9. A larger
number for achieving a higher resolution is envisaged and
dependent on the surroundings in which the installation is
applied also usable. The skilled person would be able to
determine the number of electrodes as a correct choice based
on available equipment.

[0075] An example of an implementation in the form of an
algorithm according to a preferred embodiment relating to
vectors is the following:

[0076] calculate for each vertex of the heart model:
[0077] a) an initial factor positioned on that vertex, and
[0078] b) an average QRS vector localized half way the

line between the measured vertex position and the vertex on
the heart geometry most remote taking into account the
anisotropic nature of the propagation in the myocardial
tissue.

[0079] Calculation of an initial anatomical axes comprises
steps for:
[0080] determining all nearby vertices within 20-45 mm.

A nearby axes is a nearby axes when a line through or over
the myocardium can be drawn,

[0081] determining of the average factor between the
proposed PVC location and the nearby vertices,

[0082] if the length of the resulting vector is less than a
predetermined minimum (for example smaller than 2 mm)
the proposed position does not generate a clear initial vector.

[0083] A method according to the below algorithm is an
alternative for the method according to the preferred
embodiment according to FIG. 1.

For each vertex of the heart model:
Initial vecter: use the first 20 ms after onset QRS of the ECG
initial ECGVector(i) = compECGVector(vertex i, ECG{onsetQRS —> onsetQRS +

20ms)

determine most distant vertex
faraway Vertex = mean(all vertices more than 90% of the maximum anisotropicDis-

tance for vertex i )

// for anisotropic distance see reference above

QRS-vector: use the first 20 ms after onset of
QRS of the ECG QRS vector:

QRSECGVector(i) = compECGVector(vertex i + 0.5 x (farawayVertex - vertex 1) ,
ECG(QRS duration)

initial anatomical QRS-vector

vertexAreas = for each vertex 13 of the area connected triangles per vertex
meanlnitial AnatomicalVector(i) = [0 0 0]
n=0;
for each vertex(j)

if length(vertex(i) - vertex(j)) < 25 mm

meanInitial Anatomical Vector(i) = meanInitial AnatomicalVector(i) +
length(vertex(i) - vertex(j)) x vertexAreas(j)
end
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-continued
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end

meanInitial Anatomical Vector(i) = meanlnitial Anatomical Vector(i) / n;

Anatomical QRS-vector

Anatomical Axis(i) = (farawayVertex — vertex i)
end
origin of the activation location

anglesECG__Anatomical Vector = acos(normalize( QRSECGVector ) - normalize( Anato-

mical Axis )
acos is inverse cosinus

anglesInitial_ ECG__AnatomicalVector = acos(normalize(initial ECGVector) - normal-

ize(meanInitial Anatomical Vector )

estimated _activationStartArea = (1 — normalize(anglesECG__AnatomicalVector)) x

(1 - normal-
ize(anglesInitial_ ECG__Anatomical Vector))
For each vertex i
If estimated _activationStartArea(i) > 0.9

Compute the correlation between measured ECG and the simulated ECG for

activation starting from vertex i

end
end
[0084] The PVC is determined by the angle [0098]
[0085] The node with the highest correlation is the node

from which the activation starts and the position of the initial
and the average QRS factor follows.

[0086] Relating to this, it is of importance that the calcu-
lations are performed on the basis of all vertices (i). For the
vertex 1 were by the average difference between the ana-
tomical factor and the ECG factor is smallest, it is deter-
mined that this ECG vector is the best match with the
anatomical factor and thus best the PVC indicates.

[0087] The FIGS. 8-10 are examples taken on, from the
initiation of the heart cycle 30 ms, 19 ms and 40 ms.
compHeartAxis: Computation of the anatomical heart axis
vector

[0088] applying a formed 3-D model, the anatomical
access is calculated based on electrode locations in the
anatomical heart model. The anatomical axes is calculated
by means of:

[0089] 1) determining a plane through the vertices build-
ing the mitral annulus,

[0090] 2) project all endocardial points on this valve
plane,
[0091] 3) accounts for hearts that are more spherical,

which have caused the bulging of the anterior, posterior and
free wall. Consequently, the center of the projected endo-
cardial points moves towards the lateral wall.

[0092] 4) the axis of the heart is calculated as the 3D
vector between the mid-basal heart axis position and the
most distant endocardial vertex relative this basal point.
[0093] For each patient the heart axis was computed,
resulting in an angle between the X, Y, and Z-axis. The
X-axis is defined as the posterior to anterior line, the Y axis
as the right lateral to left lateral line and the Z axis as the line
from feet to head.

[0094] compECGVector(vecPos,ECG): Computation of
the ECG vector for a given position (vecPos) and the given
ECG

[0095] Obtain the 3D positions on the ECG electrodes
(ECG_electrode_pos)

[0096] For the given vector position (vecPos) compute the
vectors from vecPos to ECG_electrode_pos and normalize
(ECG_electrode_pos-vecPos)

[0097] Sum the signals of the ECG over time (ECG_
integral)

ECGvector=sum
(ECG_electrode_pos-vecPos))
[0099] compECGVectorLoop(vecPos,ECG):  Computa-
tion of the ECG vector for a given position (vecPos) and the
given ECG

[0100] Obtain the 3D positions on the ECG electrodes
(ECG _electrode_pos)

[0101] For the given vector position (vecPos) compute the
vectors from vecPos to ECG_electrode_pos and normalize
(ECG_electrode_pos-vecPos)
[0102] ECGvectorloop(t)=sum
(ECG_electrode_pos-vecPos)).
[0103] FIG. 12 shows a system 121 similar to the system
according to FIG. 7 however comprising a row was 109 for
automatically controlling link of the catheter with the tip
from the catheter to the area to be treated. A robot for doing
this is known in itself for guiding all of the catheter by means
of a wire towards the heart. The present invention and the
present preferred embodiments are directed at towards the
device performs a method on the basis of location determi-
nation on the basis of the ECG related to the model. In this
way, the in itself known controlling instructions to the robot
are assembled in order to control the robot based on the
location determination according to the present invention by
the computer 103.

[0104] The purpose is to guide the robot to the area. A
further purpose is that it is prevented that expensive cath-
eters are required. It is possible in itself to have the robot
perform the procedure fully automatically but it is the
preferred method to bring the catheter in the heart chamber
manually after which the ablation and the location determi-
nation of the ablation is performed by the computer and the
robots. To this end, the catheter can move freely within the
walls of the heart. Based on the location determination, the
catheter is thus brought in the correct chamber of the heart
manually before the ablation.

[0105] For determining the position of a catheter in a
heart, according to the prior art costly detection devices are
required in combination with costly catheters. The reason for
this is that the detection for the location determination is
performed based on two technologies, location determina-
tion based on an electrical field with an electrical field
measuring device in the catheter and a location determina-
tion based on magnetic fields with a recorder for the mag-

(ECG_integralxnormalize

(ECG(t)xnormalize
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netic field in the catheter. Such equipment is costly and
requires setup and maintenance in a reliable, certified man-
ner.

[0106] In order to prevent such a disadvantage, the present
invention provides a location determination based on the
ECG, which location determination is accurate because of
relating all of the measured data of the ECG to the model by
the matching of the electrodes of the ECG to the model.

[0107] The robot is controlled based on an initial location
determination of the tip of the catheter by having the catheter
exert a stimulus pulse when it hits the wall. Whether the tip
is located against the wall is determined by an electrogram
of the tip that is represented on the display screen of the
ECG. Alternatively, it is determined that the wall is touched
by means of a pressure sensor. As soon as the tip touches the
wall, the tip can activate the heart muscle by means of a
stimulus after which the location of the activation is deter-
mined in the same manner as the location of the PVC in the
above.

[0108] Based on the earlier performs location determina-
tion of the PVC in the model, and with that in the heart,
subsequently a control signal is generated for moving the tip
of the catheter towards the location of the PVC. To this end,
it is envisaged that a number of iterations of this process are
performed. After performing all of the movement towards
the PVC, the new location of the tip of the catheter is
determined on the basis of a measurement of a stimulus
pulse exerted by the tip.

[0109] The present embodiment provides thus both the
application of a cost-effective catheter with tip and a reliable
positioning of the tip for the purpose of ablation of the PVC
area.

[0110] Localization (FIGS. 13-17) of the site of origin of
a premature ventricular contraction (PVC) according to the
present invention prior to ablation facilitates the planning
and execution of the electrophysiological procedure. In
clinical practice the targeted ablation site is estimated from
the standard twelve lead ECG. The accuracy of this ECG
based estimate in itself has limitations, particularly the
localization of PVCs originating from the papillary muscles
frequently fails. Electrocardiographic imaging (ECGI) tech-
niques are devised by the inventor to support the localization
of such PVC, by taking the cardiac anatomy into account.
The present invention provides to accurately detect the
location of PVC specifically on the papillary muscle using
only a 12-lead ECG.

[0111] Components (FIG. 13) used in this embodiment
comprise: 1) endocardial and epicardial cardiac anatomy and
torso geometry 102 are derived from MRI and formed into
a model of meshed nodes, 2) the actual electrode positions
are derived from a 3D image and linked to the model and 3)
the 12 lead ECG measurements 102¢ are related to the
model with leads positions. The embodiment localizes the
PVC origin by matching the anatomical isochrone vector
with the ECG vector. The predicted PVC origin is compared
to the site of successful ablation or stimulation.

[0112] Tests. Three patients have undergone electrophysi-
ological mapping and ablation of PVCs at the papillary
muscles and were studied. The embodiment localized the
PVC origin for all patients to the correct papillary muscle,
specifically to the base, mid or apical walls. Results included
that this novel vector-based ECGI method according to the
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embodiment with the standard 12-lead ECG shows promise
to localize the origin of PVC accurately to specific sites on
the papillary muscles.

[0113] Catheter ablation is an effective therapy for treat-
ment of symptomatic premature ventricular contractions
(PVC). Prior to the ablation procedure, the targeted ana-
tomic ablation site is estimated using qualitative descriptions
of the standard 12 lead ECG waveforms. With these quali-
tative descriptions sometimes have shown limitations in
localizing the PVC origin to the cardiac anatomy In par-
ticular the localization of the arrhythmic origin in the
papillary muscles fails. Electrocardiographic imaging
(ECGI), using a patient specific model of the heart according
to embodiments are envisaged to enhance the accuracy of
the PVC origin localization.

[0114] The embodiment has been capable to localize the
PVC origin to any part of the myocardial anatomy including
from a papillary muscle based on the standard 12 Leads
ECG being used to localize the origin of ventricular activa-
tion originating from either the inferior or lateral papillary
muscle.

[0115] Three subjects who underwent radiofrequency
(RF) ablation of symptomatic idiopathic PVCs were
included in the test. Each patient signed an informed con-
sent, two female (57 and 80 years) and 1 male (32 years).
[0116] A patient specific cardiac and torso model derived
from MRI and patient specific electrode positions derived
from a 3D Kinect camera were used to provide the model.
For all 3 patients, the morphing software according to the
embodiment was used to reconstruct MRI based anatomical
models of heart, lungs, and thorax (7). For all three ven-
tricular patient specific models the posterior and anterior
papillary muscles were incorporated in the model.

[0117] The electrode positions in the model need to be
determined accurately to reduce localization errors of the
PVC origin. Tests were performed based on a commercially
available Kinect camera and software created by the inven-
tors used to image the electrode positions on the chest wall.
Imaging was performed at the end of the preparation of the
patients just before starting the ablation. The 3D images
were subsequently matched to the patient specific model of
the patient. The matched image allowed accurate positioning
of the electrode positions on the thorax model.

[0118] Standard 12-lead ECGs sampled at 977 Hz were
recorded during the ablation procedure using Cardiolab, GE.
The visualized, filtered, clipped, data was stored. The clini-
cal ECGs containing a PVC and/or a well described pacing
location the 12 lead ECG was exported to an external device
over a universal serial bus and fed into a Cardiac Isochrone
Positioning System. A representative PVC of the clinical
ECG waveforms was selected for each patient. Fiducial
points, i.e. onset and end QRS, were determined manually.
Subsequently the ECG was baseline corrected between two
successive QRS onsets. No additional filtering was applied
to any of the ECG signals. As lead I, 11, and IIT are using the
VR, VL, and VF and thus allows more weight on the
extremity leads. The nine signals Vg, V,, V., V-V refer-
enced to the Wilson central terminal were used.

[0119] The PVC was located by the device according to
the embodiment. According to the embodiment, a myocar-
dial distance function was used to test cardiac activation
waves. For the ventricle, a myocardial distance function was
used to simulate the heterogeneous nature of the ventricular
activation as well as a fastest route algorithm.
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[0120] Using this embodiment, the simulated activation
originating from a ventricular position that created the best
match between simulated and measured ECG was selected
as the PVC origin. According to the embodiment, the ECG
derived vector direction was compared to the anatomical

. . . — .
vector direction. The ECG derived vector (V,,,(1)) at time t

of the QRS is determined by

9
—_— (Kiead = Vpos)
Veeg (D) = Z S G (D)

X, -V
i [Xiead = Vpos|

[0121] where X,,,, is the electrode position on the chest
wall of lead (VR, VL, VF, or V1-6), and v, the chosen
vector position in the heart.

[0122] The anatomical vector (FIG. 14) is derived from
the simulated isochrones, FIG. 15 showing activation wave
front originating from the tip of the papillary muscle S(t)

after approximately 10 ms, including the single anatomical
. —_—
based vector representation V..,

[0123] An isochrone represents a surface within the myo-
cardium at the moment of depolarization. This 3D surface S
has a direction, for which a mean single anatomy derived
vector can be computed:

— = -
Vamlomy(z ):f S(t)SndS’

[0124] in which s, is the normal of dS in the direction of
the activation surface S. As this is directed at the directions,
the anglea(t) between both vectors at time t is computed by:

an) = COSI[ Vanatomy (1) Vecg (1) ]

| Vanaromy ([)l | Vecg ([)l

[0125] For the localization of the PVC origin 3 angles
have been computed:

[0126] 1) the initial (t=30 ms),

[0127] 2) the mid-QRS vector (t=0.5xQRS duration), and
[0128] 3) the terminal QRS vector (t=0.8xQRS duration).
[0129] The initial vector potentially localizing the PVC

origin most accurately, the angles were weighed:

atot:aininalx(amidQRS+azerminalQRS)

[0130] The vertex with minimal «,,, localizes the PVC
origin. The weighing can be described as:

[0131] a) the mid and terminal QRS angles determining
the area of the PVC area globally and

[0132] b) the initial vector localizing the PVC origin
within this area.

[0133] The patients that underwent electrophysiological
procedure and ablation of symptomatic PVCs originating
from the papillary muscles were studied (TABLE 1). Both
the electro-anatomical maps (NAVX, CARTO) and the
clinical EP report were used for the 12 lead localization.
Patient 1 was identified with non-ischemic cardiomyopathy,
the other two patients had no cardiac history. Scar was not
detected in any of the patients. The electro-anatomical
mapping systems do not have the capability to map the
papillary, as shown in FIGS. 2-4. Therefore the EP proce-
dure report is used to confirm these cases indeed are papil-
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lary muscle ablation cases. The exact location on the pap-
illary muscle, tip versus base for instance, were not
accurately determined. In each of the CIPS results figures
the vector trajectory, from localized origin till end of the
activation wave, is shown as a colored line. The line colors
are the same as used in drawing the isochrones (every 10 ms)
on the ventricular myocardium. Patient 1 showed A PVC
originating from the basal part of the posteromedial papil-
lary muscle (FIG. 15). The embodiment localized the PVC
close to the posterior part of the papillary muscle, visualized
as the start of embodiments’ vector trajectory originating
from this area (top left vertical line) as follows.

[0134] FIG. 15 Results for patient 1. Left panel: The
NAVX electro-anatomical map of the PVC. Middle panel:
The isochrones and derived PVC origin as localized by the
embodiment. Isochrones are represented at every 10 ms. The
colored line is the embodiment vector trajectory, starting in
the posteromedial papillary muscle, moving towards the
apex (top left vertical line) subsequently showing domi-
nantly activation going in the superior anterior direction
ending in the right RVOT region. Right panel: the 12 lead
ECG as used by the embodiment. All embodiment results are
shown in AP view. FIG. 16 shows Results for patient 2.
Top-Left panel: The CARTO electro-anatomical map of the
PVC. Top-right panel: the 12 lead ECG of PVC 1 and 2 as
used by the embodiment. Bottom left panels: The isochrones
and derived origin of 2 PVCs as localized by the embodi-
ment. Isochrones are drawn every 10 ms. The colored line is
the CIPS vector trajectory, starting at the tip of the anterior
papillary muscle (PVC1) or the base of the same papillary
muscle (PVC2), and subsequently showing dominantly acti-
vation going in the superior posterior direction ending at the
base of the RVOT for the first PVC, and left lateral for the
second PVC. Bottom right panel: AP view of a cross-section
of the ventricles. Both papillary muscles are in the same
plane. Anterior or posterior papillary muscle classification
does apply to both papillary muscles as both papillary
muscles are in the same AP plane. All results of the embodi-
ment are shown in AP view.

[0135] Patient 2 showed 2 different PVC morphologies in
the 12 lead ECG (Fig. [text missing or illegible when
filed]). Differences in QRS morphologies can be majorly be
found in the precordial lead V1, V5 and V6. PVC 1 was
localized by the embodiment to the tip of the anterior
papillary muscle as also shown by the Carto electro-ana-
tomical map. PVC 2 was localized to the base of the same
papillary muscle. The deeper Q-wave in V1 of PVC 1
compared to PVC 2 might supports the distinction between
tip and base of the papillary muscle by the embodiment.
[0136] FIG. 17 shows Results for patient 3. Top-Left
panel: The CARTO electro-anatomical map of the PVC.
Top-right panel: the 12 lead ECG of PVC 1 and 2 as well as
2 pace maps (PM), one at the tip of the papillary muscle and
one from the mid papillary muscle. Isochrones are drawn
every 10 ms. Bottom left panels: The isochrones and derived
origin of 2 PVCs and 2 PM as localized by the embodiment.
The colored line is the vector trajectory according to the
embodiment, starting at the tip of the anterior papillary
muscle (PM1) or the mid papillary muscle. For PVC2 this is
inferior mid, PM1 superior mid, and for PM2 posterior mid.
All results are shown in AP view.

[0137] Patient 3 showed 2 different PVC morphologies,
and two different pace maps were recorded, one from the
time of the papillary muscle and one from the mid position
of the PAP ( Fig. [text missing or illegible when filed]).
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For patient 3 the position of the ablation lesions were
confirmed with a separate intra-cavitary echo image (ICE).
[0138] In these tests it is shown that the embodiment is
able to localize PVCs to different parts of both papillary
muscles. The new anatomical based vector based approach
is able to localize the initial vector generated by a PVC to the
correct papillary muscles using just the standard 12 lead
ECG.

[0139] The vector based algorithms according to the
embodiment relies on two components: the anatomical vec-
tor, derived from the cardiac anatomy and the assumption of
a homogeneous propagation activation wave using the fast-
est rout algorithm, and on the computation of the initial
vector of the 12 lead ECG. Especially the latter can be
undetectable by noise. The papillary muscle cases show this
clearly, as the amplitude of the initial QRS is often less than
0.1 mV, see the ECGs in 15, Fig. [text missing or
illegible when filed], and Fig. [text missing or illeg-
ible when filed].

[0140] This needs to be taken in into consideration record-
ing the ECG, because previous attempts to localize PVCs
required the complete QRS waveform. The localization of
the PVC origin in current embodiments of the vector based
algorithm is substantially determined by the comparison of
the initial ECG and anatomical vector direction. For the
initial part of the activation and consequently the ECG this
single vector provides a preferred representation of the
ventricular activation.

TABLE 1

Patient characteristics, gender, age, weight, chest
circumference and ejection fraction (EF). None of the
patients had a history of myocardial infarction. During

the ablation procedure no scar tissue was found.

Weight Chest
Patient Gender Age kg circumference F
1 F 57 60 902 0
2 M 32 96 1049 8
3 M 28 64 887 0
TABLE 2

Comparison between the localization of ablation
site from the electro-anatomical maps and the origin
of the PVCs based on CIPS on the papillary muscles (PAP).

Patient Location ablation site embodiment localization

®

posteriomedial PAP VC1 I posteriomedial PAP
mid

anterior PAP tip M1
anterior PAP mid M2

anterior PAP (mid posterior)
anterior PAP (mid anterior)

anterior PAP (base)} VCl1 1 anterior PAP (tip)
anterior PAP (base) VC2 1 anterior PAP (base)
anterior PAP vCl 1 anterior PAP (tip)
anterior PAP ve2 1 anterior PAP (mid)
I
I

* The term anterior papillary muscle is used although it would be more correct to use the
term posterior papillary muscle.

[0141] The present invention has been described in the
foregoing on the basis of several preferred embodiments.
Different aspects of different embodiments are deemed
described in combination with each other, wherein all com-
binations which can be deemed by a skilled person in the
field as falling within the scope of the invention on the basis
of reading of this document are included. These preferred
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embodiments are not limitative for the scope of protection of
this document. The rights sought are defined in the appended
claims.

1. A method for performing of a location determination
for determining of a candidate area of a heart disorder, while
applying information from an ECG device and a processing
unit, the method comprising:
obtaining a torso model and/or a heart model of a subject;
for the purpose of determining locations, deter-mining of
an origin in the torso model and/or hearts model,

obtaining the location information relating to a number of
ECG electrodes relative to the torso model and/or heart
model of the subject;

based on the location information in the torso model

and/or heart model, positioning of a number of ECG
electrodes;

obtaining of electrode measuring information related to

respective distinct ECG electrodes,

constructing a weighted vectors based on electrode mea-

suring information while applying a predetermined
ECG feature,

relating the weighted vectors to the origin and the respec-

tive electrodes;

based on the weighted vectors relative to the origin,

constructing of an initial anatomical feature vector
determining an initial anatomical feature geography
and determining a direction towards the candidate area.

2. The method according to claim 1, wherein the ana-
tomical feature geography is a feature plane.

3. The method according to claim 1, wherein the ana-
tomical feature geography is an activation front.

4. The method according to claim 1, comprising: con-
structing of a further ECG feature vector based on shifting
of the initial ECG feature plane to a position dividing the
heart in a predetermined value; and repeating the construct-
ing of a further ECG feature vector until a shift is smaller
than a predetermined threshold or depending of an input in
the user interface.

5. The method according to claim 4, wherein the prede-
termined value is 10-30%.

6. The method according to claim 1, wherein constructing
of the weighted vectors based on electrode measuring infor-
mation comprises relating of the electrode measuring infor-
mation of the electrode sector with the predetermined ECG
feature.

7. The method according to claim 1, wherein the causing
part of the heart muscle is part of the walls of the ventricles.

8. The method according to claim 1, wherein the prede-
termined anatomical feature geography is an ECG feature
geography.

9. The method according to claim 1, wherein the location
information is obtained from an optical recording device.

10. The method according to claim 1, wherein the torso
mode] and/or heart model of a subject is obtained from a
scanning device.

11. The method according to claim 1, wherein the torso
model and/or heart model of a subject is obtained from a
database of models.

12. The method according to claim 1, wherein the origin
is arranged in the proximity of the center of the bottom half
of the heart.

13. The method according to claim 1, comprising analyz-
ing the path of the activation of the PVC.
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14. The method according to claim 13, comprising cal-
culating of a number of activation sequences.

15. The method according to claim 13, comprising com-
paring of the path of activation or the activation sequences
with electrode measuring information of the ECG.

16. The method according to claim 1 comprising output-
ting image data relating to the torso model and/or heart
model to a graphical user interface for rendering on a display
screen.

17. The method according to claim 1, comprising receiv-
ing instructions of a user.

18. The method according to claim 1, applied for at least
one of the following: a further heart disorder ventricular
tachycardia, atrial tachycardia, chemical zones, Wolff-Par-
kinson-White syndrome, conductivity disorders, or any
combination thereof.

19. The method according to claim 1, wherein the ECG
feature plane is shifted in the direction of the respective ECG
feature vector.

20. The method according to claim 1, wherein construct-
ing of weighted vectors comprises integrating per electrodes
of the values of the ECG feature.

21. The method according to claim 1, wherein construct-
ing of the initial ECG feature vector comprises summation
of values of all weighted vectors.

22. The method according to claim 1, comprising:

applying of an anatomical vector for matching of ana-

tomical and/or isochrone vector with the ECG vector.

23. The method according to claim 1, comprising:

comparing of the predicted PVC position with the posi-

tion of successful ablation or stimulation.

24. The method according to claim 1, comprising provid-
ing information for representation thereof on a display
screen for performing ablation of an area of the heart
disorder; and rendering the information on the display
screen.

25. The method according to claim 1, comprising:

assembling of output signals for controlling of a device

for mechanically controlling thereof towards a position
of an area in the heart;

based on a catheter signal, determining whether the tip of

the catheter contacts the wall of the heart;

providing of an activation stimulus;

based on an ECG measurement related to the model,

determining of a position of the tip of the catheter in the
model;
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determining whether this location sufficiently coincides
with an intermediary point between the stimulated
point and a certain area of the this order; and

assembling of controlling instructions for the device to
this place the tip towards the determined intermediary
point.

26. The method according to claim 25, comprising deter-
mining the position of the tip in the heart based on a local
amplitude of a natural activation of the heart observed
through the tip.

27. A method for determining a location of the dip in the
heart while applying secondary sensors.

28. A system for under application of the method accord-
ing to claim 1, comprising:

a processing unit;

a memory coupled with the processing unit;

areceiving unit configured to receive location information

relating to a number of ECG electrodes;

a receiving unit configured to recieve electro data of the

respective ECG electrodes; and

an outputting unit configured to output result data and/or
results comprising image data.

29. The system according to claim 28, comprising a
recording device configured to determine a position of
respective ECG electrodes relative to a person.

30. The system according to claim 28, comprising a
display screen and an inputting unit configured to input
instructions.

31. The system according to claim 28, wherein the pro-
cessing unit, the memory, and the recording device are
integrated in one physical housing, the system comprising in
memory, program instructions configured to perform the
method according to claim 1.

32. The system according to claim 28, comprising control
signals for a robot or for an ablation catheter for positioning
thereof at the location of the PVC for elimination of tissue.

33. A method for controlling of operating of a medical
device according to claim 28.

34. A computer program product, comprising computer
program code that, when executed on a processing unit,
configures the processing unit to execute the method accord-
ing to claim 1.
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