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MATHEMATICAL MODEL AND SCORE FOR PREDICTING THE PRESENCE OF PAR-
OXYSMAL ATRIAL FIBRILLATION

The present invention refers to a method for predicting paroxysmal atrial fibrillation in a
subject. Furthermore, the present invention refers to a system allowing the prediction of parox-
ysmal atrial fibrillation.

Atrial fibrillation (AF) is the most frequent rhythm disorder, and its prevalence is expected
to further increase due to demographic transition [1]. In some cases, AF is firstly diagnosed after
a stroke or a transient ischemic event. For this reason, early diagnosis of AF episodes is essential.
In particular, paroxysmal AF (pAF) often remains unobserved, in contrast to chronic AF (cAF),
and is a frequent cause of cryptogenic ischemic stroke [2-5]. Further optimization of easy im-
plementable non-invasive methods for pAF detection represents an important task for transla-
tional electrophysiological research, as recently declared in the EHRA roadmap to improve the
quality of atrial fibrillation management [4].

Traditionally, surface electrocardiogram (ECG) is the basic method for AF diagnosis.
Holter ECG monitoring is used to detect pAF [6]. In addition, intra-cardiac ECG measured with
cardiac device electrodes or catheter electrodes during ablation procedures is used for AF detec-
tion. Risk stratification tools were established for the prevention of stroke, transient ischemic
attacks or other thromboembolic complications. In particular, the CHADS:; and CHA:2DS>-VASc
scores are part of the common clinical practice for guiding prophylactic anticoagulation therapy
[6]. It can be expected that, within the context of the evolving area of systems medicine, further
predictive models will be developed, which integrate clinical parameters from different diagnos-
tic techniques, to predict the individual risk for the development of pathologies and can be used
to optimize personalized therapies.

Previous studies have analyzed the pathophysiological involvement of echocardiographic
parameters that reflect hemodynamic alterations in the development of AF, in order to improve
the risk assessment of individual patients for developing AF. Patients with non-rheumatic atrial
fibrillation showed left atrial (LA) enlargement, increased left ventricular (LV) wall thickness,
and reduced end-diastolic to end-systolic fractional shortening of the LV [7]. It was shown that
at a higher age, echocardiographic measures of the diastolic function are significantly associated
with an increased risk of AF [8]. Left ventricular dysfunction and LA size were shown to be pre-

dictive for thromboembolic events in patients with non-valvular AF [9].
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Implantable cardiac monitors were developed, which can be implanted in subjects who
once suffered from a stroke of unknown cause. Said cardiac monitors allow continuously record-
ing the heart rhythm for the following three years. Abnormalities are registered within certain
time intervals. When the monitor is read out, abnormalities can be diagnosed by the doctor in
charge. Thus, in the case of atrial fibrillation the patient can be treated accordingly in order to
prevent any further strokes caused by atrial fibrillation. In particular, for pAF patients such a
monitor would be useful since only by continuous observation these randomly occurring fibrilla-
tions can be detected. However, also the usage of such an implantable monitor would be associ-
ated with a surgical intervention besides high costs for the device.

This clearly demonstrates that there is a need for providing a method in order to predict
pAF. While cAF can easily be detected, pAF often remains unobserved.

Therefore, one object of the present invention is to provide a method for easily and reliably
predicting paroxysmal atrial fibrillation in a subject.

Another object of the present invention is to provide a system for predicting paroxysmal
atrial fibrillation in a subject.

The objects are solved by a method and a system according to the independent claims. Pre-
ferred embodiments of the invention are defined in the corresponding subclaims.

According to the first aspect of the present invention a method is provided for predicting
paroxysmal atrial fibrillation comprising
1) the step of determining at least the following parameters of a subject:

a) age,and

b) left atrium size (LA),
i1)  deriving a test score based on the measured parameters;

iii)  providing a threshold score; and
iv) comparing the test score with the threshold score, wherein a test score equal to or higher
than the threshold score is predictive for the presence of paroxysmal atrial fibrillation.

With this method it is possible to predict whether paroxysmal atrial fibrillation is present in
a subject or not. Thus, this method allows to easily and reliably determine if any (medical)
treatment should be applied to the patient in order to prevent any (further) stroke.

An advantage coming along with the method according to the present invention is that for
the prediction of paroxysmal atrial fibrillation no time-consuming diagnostic procedures or sur-
gical intervention are required. Rather, only by collecting easy obtainable data said prediction

can be made.
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Hence, by analyzing pathophysiological aspects and echocardiographic parameters in AF a
method is provided for classification between sinus rhythm (SR) and pAF. In the clinical practice
this method contributes to the early detection of pAF in patients undergoing an echocardiograph-
ic investigation and therefore creates an additional diagnostic value of echocardiographic param-
eters. The indication of a risk for pAF could suggest conducting further electrophysiological in-
vestigations to verify the presence of pAF.

As “subject” any human or animal subject is meant. Preferably the subject is a human.

The data required for the method according to the present invention is clinical data which
comprises basic physiologic (age and smoker), cardiologic and medical history parameters (heart
frequency, sleep apnea, hyperlipidemia, type 2 diabetes mellitus, catheter ablation). Additionally,
medication data (intake of beta blocker) and echocardiographic parameters (left ventricular end-
diastolic diameter (LV ESD), aortic root diameter, left atrial diameter (LA) and tissue Doppler
imaging velocity during atrial contraction (TDI, A’) are comprised.

Of these various parameters LA, and age represent the basic set of parameters that are de-
termined in order to make a reliable prediction. The determination of any further parameters is
optional, whereby any combination of parameters can be chosen.

The third most significant parameter is TDI, A’ and the fourth most significant parameter
for a reliable prediction is aortic root diameter. Thus, preferably in addition to LA and age, TDI,
A’ and/or aortic root diameter should be included.

Preferably, in addition to LA, and age and, optionally to TDI, A’, and/or aortic root diame-
ter, it is determined whether the subject has hyperlipidemia and/or type II diabetes mellitus.

These two additional parameters are easily obtainable by routine in vitro blood sample test-
ings.

Additionally, as further parameter at least one or any combination of two or more of cathe-
ter ablation, left ventricular injection fraction, heart rate, sleep apnea, intake of beta blocker and
smoker can be determined. By adding further parameters to the set of parameters to be deter-
mined the performance of the method according to the invention can be increased in order to
classify between pAF and SR more reliably.

In a preferred embodiment, the method disclosed herein comprises the step of determining
at least one of the following sets of parameters:

A) Tissue Doppler imaging velocity during atrial contraction, left atrium size, age and aortic
root diameter;
B) Tissue Doppler imaging velocity during atrial contracting, left atrium size, age, aortic root

diameter and hyperlipidemia;
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C) Tissue Doppler imaging velocity during atrial contracting, left atrium size, age, aortic root
diameter and diabetes mellitus;

D) Tissue Doppler imaging velocity during atrial contracting, left atrium size, age, aortic root
diameter, hyperlipidemia and diabetes mellitus; and/or

E) Tissue Doppler imaging velocity during atrial contracting, left atrium size, age, aortic root
diameter, hyperlipidemia, diabetes mellitus, catheter ablation, left ventricular end-diastolic
diameter, heart rate, sleep apnea, intake of beta blocker and smoker.

Data concerning physiological or medication parameters can easily be obtained from a sub-
ject, for example, by personal interrogation. The same applies to medical history parameters.

For a person skilled in the art it is common knowledge how the echocardiographic parame-
ters can be determined. For example, echocardiographic examinations can be performed on
commercially available ultrasound systems (Vivid S5, Vivid i, Vivid 7 and Vivid E9 GE
Healthcare Vingmed, Trondheim, Norway and ie33, Philips, Eindhoven, the Netherlands) ac-
cording to the guidelines of the American Society of Echocardiography [10].

In a preferred embodiment, the echocardiography images include parasternal, apical and
subxiphoidal views using 1.5 to 4.0 MHz phase-array transducers. Preferably, all the examina-
tions are performed with 2D echocardiography for anatomic imaging and Doppler echocardiog-
raphy for assessment of velocities.

Preferably, LA size is determined as the maximal distance between the posterior aortic root
wall and the posterior left atrial wall at the end of systole. Aortic root diameter and L'V end-
systolic diameters (L'V, ESD) are preferably obtained in the parasternal long axis view. Tissue
Doppler images (TDI) velocities are preferably measured in the apical four chamber view. Pref-
erably, images are digitally stored in a Picture Archiving and Communication System (PACS)
and analyzed at clinical workstations.

The presence of hyperlipidemia or diabetes can easily be determined by performing in
vitro assays. In terms of hyperlipidemia the lipids within a blood sample are measured. For test-
ing the presence of type II diabetes mellitus, the glucose concentration within the blood is meas-
ured. These assays are standard in vitro methods, which are known to a person skilled in the art.
In order to perform these assays a blood sample from the patient is required.

th 14 29 G

In terms of the binary parameters “smoker”, “sleep apnea”, “hyperlipidemia”, “type II dia-
betes mellitus”, “catheter ablation” and ‘““intake of beta blocker” it has to be determined whether
the subject to be examined actually does smoke, suffers from sleep apnea, suffers from hyper-
lipidemia, suffers from type II diabetes mellitus, has had the catheter ablation or takes beta

blockers, respectively.
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2% Gl

Accordingly, if a property is present in a patient, parameters “smoker”, “sleep apnea” “hy-
perlipidemia”, “type II diabetes mellitus”, “catheter ablation” or “intake of beta blocker” will
have a value of 1, or otherwise will have a value of 0 in absence of the property. Once the de-
sired parameters have been determined, their combination allows deriving a test score based on
the measured parameters. Beside the determination of the desired parameters and the derivation
of the test score based on the measured parameters a threshold score is provided. The threshold
score represents a value allowing to conclude whether the result of the method actually indicates
an increased probability for the presence of paroxysmal atrial fibrillation in the examined subject
or not. If the derived test score equals or exceeds the provided threshold score, the result can be
interpreted as the presence of an increased probability for paroxysmal atrial fibrillation in the
examined subject. Given the case that, according to the performed method as disclosed herein,
presence of pAF can be assumed, further (electrophysiological) investigations can be conducted
to verify the presence of pAF.

Thus, the method disclosed herein allows predicting the presence of pAF by using the data
for parameters that are obtained anyway when the subject to be investigated is undergoing an
echocardiographic examination. Hence, without any additional effort when performing these
routine examinations, a prediction for the presence of pAF can be made, which usually is diffi-
cult to diagnose. By this, patients can be identified for which it might be necessary to conduct,
for example, a long term observation of the cardiac functions. This, in the end, can lead to the
verification of the presence of pAF, allowing an application of the required treatment. Only
when being aware of an increased risk for pAF the subject can be treated accordingly, and the
risk for suffering from (another) stroke can be decreased or even eliminated.

In order to derive the test score the determined parameters can be combined either in a lo-
gistic or in a linear function.

When combining the determined parameters in a logistic function, the formula for obtain-

ing the test score S; is
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Ao,root is the diameter of the aortic root of the subject,

LA is the size of the left atrium of the subject,

LV, ESD is left ventricular end-systolic diameter of the subject,

TDLA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,

HF is the heart frequency of the subject,

sleep apnea indicates whether the subject has sleep apnea,

hyperlipidemia indicates whether the subject has hyperlipidemia,

type I diabetes indicates whether the subject has type II diabetes,

smoker indicates whether the subject is a smoker,

B blocker indicates whether the subject is on 3 blockers, and

catheter ablation indicates whether the subject had a catheter ablation.

In Formula I and all other formulas disclosed herein the score variant indices r represent
the parameter subsets to be determined. In said generalized formula for the logistic score, which
contains the subsets of variables and offsets, weights are either O for not included variables or
have values obtained by logistic regression based on a training set of patient data. To obtain
weights and offsets, maximum likelihood estimation algorithms can be applied.

The offsets and the weights depend on the amount and the kind of parameters that are sup-
posed to be determined. The corresponding values for the logistic coefficient offsets and the
weights for the different parameters depending on the actual set of parameters can be found in
table 1.

The formula for obtaining the logistic test score Sz with the two basic parameters age and
LA is

§ 1
: LA age
exp| 8.797-0.12329-——-0.03436- — |+1
mm y
(Formula VIII)

wherein

age is the age of the subject, and

LA is the size of the left atrium of the subject.

In Formula I the offset 8o equals -8.797, OLa equals 0.12329, and Q. equals 0.03436.
The indicated offsets and weighting coefficients in Formula I can be varied by a maximum of
10%. Preferably, the offsets and weighting coefficients vary by a maximum of 5%, 4% or 3%.
More preferably, the offsets and weighting coefficients vary by a maximum of 2% or, most pref-

erably, they vary by a maximum of 1%.
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In the method of the invention the presence of paroxysmal atrial fibrillation is predicted
when the logistic test score equals or exceeds a threshold score at a value of about 0.1506.
The formula for obtaining the logistic test score S4 with the four basic parameters TDI, A’,

LA, age and aortic root diameter is

g _ 1
‘o age Ao,root
9.402 - 0.04363 - —— —0.0802 -
exp A LA |t
—0.08260-——+0.1382- ’
mm cm/s
(Formula II)

wherein

age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,
LA is the size of the left atrium of the subject,

TDI, A’ is the tissue Doppler imaging velocity during atrial contraction of the subject.

In Formula II the offset Qo equals -9.402, Oager equals 0.04363, Baoroor €quals 0.08023,
Ora.r equals 0.08260 and Otpra’ - equals -0.1382.

The indicated offsets and weighting coefficients in Formula II can be varied by a maxi-
mum of 10%. Preferably, the offsets and weighting coefficients vary by a maximum of 5%, 4%
or 3%. More preferably, the offsets and weighting coefficients vary by a maximum of 2% or,
most preferably, they vary by a maximum of 1%.

When using Formula II, i.e., a logistic function with the four basic parameters age, aortic
root diameter, left atrium size and tissue Doppler imaging velocity during atrial contraction the
threshold score provided is about 0.1324. This means presence of paroxysmal atrial fibrillation is
predicted when the logistic test score equals or exceeds said threshold score.

The threshold score depends on the parameter set which is determined. This means that
depending on the parameters that are actually determined in addition to the basic four parameters

the threshold score for the linear model varies. For all models S, , threshold scores §,,, were

determined from receiver operating characteristic (ROC) curves. ROC curves indicate sensitivity
versus false positive rate, equivalent to 1 — specificity, and are obtained by applying variable
model thresholds on patient datasets. ROC curves were calculated after applying 100-fold
crossvalidation of prediction models on a patient dataset. Threshold scores for testing with a sen-

sitivity of 80% based on different parameter combinations can be found in table 1.



PCT/EP2017/058337

WO 2017/174764

(AT e[nuiIo )

(‘r)'d-Cryed -
001

(Cr'd="r)
ur synsar yorym < ()t — (1) %0d ‘somuasiad 9,1 ay) pue o[nuadrad 9566 Y1 UsamIaq OUIJJIP oY) Aq SUIPIAIP pue ‘00T Aq SurA[dn

- (“pytd Cp jo enfea dnuadrad 941 oy Sunoenqns Aq [eAIIUT PIZIPIEPUE)S € 0) paulIojsuel) oq ued Aay) ‘$a109s Teaur] Fuisn AJrjduwis of,

(111 B[nWI0])
UOTIB[qE JOJOYIED - L°UOTIB[qR 1210YIeD 0 + II0[q ﬂ 44 I9201q n% + JOOus - A TOYOwWS 0+
A‘sdraqeIp 1 2dK A‘eriapidijradAy A‘vaude daars urwy/| A dH
sa19qeIp [] 2dA)- : @ + erwapidipradAy - * P9 4+ voude dooys - Q+—— g 4

AH
S/UId wuw wuw wuw I\

A‘jootoy A28Dp

- .tWviadLy L HaASE ATy LAV 4 ) I 440 _—
V1dL 0 ASH AT 0 V1 0 10010y 0+ 3w g

Peal SaI00S

Teour] ‘A[3UIpIOd0Y ‘SI[QBLIBA JO }9sSqnS JWIes Y} JOJ ', $II0JS JedUI] 0) PIULIOJSUBRI 9q UBD ¢ SAT0DS JTWPLIEZO] 'SAT0IS JeUI[ 0} PIULIOJSUET)
[[ "A[SUIPIOIOY "So[qELIEA J q Wy 1oy " Horp 3 q < [WLIEesoT] Horp 3

9q ued s1ajoweIed JAJOM] JO UIAJ[Q U} ‘QUIU ‘JYIIO ‘USAIS ‘XIS ‘QATJ ‘TNOJ ‘QIY} ‘0M) IIM [SpOW JNISISO[ PAIRIQITRD Y} SAT0IS JBAUI[ JALIIP O,

Aavd
Jo douasaxd ay3 sAo01dsip 10 9jeprea 03 pardde aq ued HHF I9)[OH Se Yons sainpadord onsouerp Jayun} pue paseardur st Jyd Jo aouasard oy s1o1p
-o1d s1yy “a109s proysaayy papraoid e spaoxa Jo sfenbo a100s 1591 paALIap Y} ased ur “9°1 ‘sarpdde ordrounid swes ay) [opowr JeoUI] 9Y) JOJ ‘OS[Y ‘[opow

JeoUul[ & 0) PAULIOJSURI) 9q UBD [OPOW JUSIZO] paonpal oy} Jyd JoJ 3unsa) onsougerp JUIZI[eHIUL J0J pIe UOISIOop d[qeiuaw[dwir Asea ue WIe o],

Ot



PCT/EP2017/058337

WO 2017/174764

urIoyMm

n ﬁ Auone[qe 1939yIed ﬁ ¢ 43390[q ¢ ﬁ ¢ 4 Iows ﬁ ¢ 41s1aqerp 1 2dA) ﬁ ¢ 4 ‘eruopidiradAy ﬁ

mﬁsoqms Qooﬁmﬁ a ﬁhmﬁm ﬁ.«i?ﬁﬁ a HQMMA\:ﬁ a ﬁ«dﬁ a HBSBQ«\QM ﬁw%@ﬁw _ xﬁ
s1y3rom pue “% s1os]J0 YIm

(A e[nuod)

uonE[qe J)AYIED - 4 uone[qe 3668& + 1990[q - 41 1201q @& + JoOus - Ao
$319qRIp I ad %H— . 4's91qeIp T ombﬁ + NMEO—URTEOQ %ﬂ . HSE%E:S&:& + poude Qooﬁm . 4“eoude doos 4
LLLYA S ww casgara B oo wiuw 000y A s o ,
VIl AT VI 0N S L0
dH WV 1AL dSH Al V1 10010y a3e

Ul S}[NSAT YOIYM ‘A B[AULIO] UL []] B[QUWLIO] SUNIASUI AQ Paurelqo aie SIYIIam 2109s Jeaul] ‘A[3urpiod

OV () —(r)%0d seouareip pue (“r)'d 03 sonfea ‘sa109s [opowr STWIYILIRZO] JO SIUSIDIJO0D Y} AJUO SUIBIUOD | [qe], ‘QI0JOIAY], "SAI0S

JUQIO1JJR0D 21)SIZ0[ QY3 JO San[eA Y} JUIMOUY JUO JUBPUNPAI ATB SII0S JBAUI] AU} JO SIUAIONIJO0D Y} JBY) MOUY P[NOM LI U} UT PI[[Is uosiad y

01

Ot



10

15

20

25

30

WO 2017/174764 11 PCT/EP2017/058337

age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,

LA is the size of the left atrium of the subject,

LV, ESD is left ventricular end-systolic diameter of the subject,

TDLA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
HF is the heart frequency of the subject,

sleep apnea indicates whether the subject has sleep apnea,

hyperlipidemia indicates whether the subject has hyperlipidemia,

type I diabetes indicates whether the subject has type II diabetes,

smoker indicates whether the subject is a smoker,

B blocker indicates whether the subject is on 3 blockers, and

catheter ablation indicates whether the subject had a catheter ablation.

To predict presence of pAF based on linear scores, as for logarithmic scores, score values

have to equal or exceed certain threshold values L, ,,. These threshold values for linear scores

are obtained, according to Formulas I to IV, by inserting threshold scores for logarithmic model

scores S, ,, Into

100 S,
L,y = log S|~ p,(J,) |
ng(Jr)_P1(Jr) Sr,thd -1

(Formula VI)
When transforming §, (Formula VIII), according to Formulas III to V, to a linear function

in order to obtain the linear test score L it reads

Io=—9519+2.587 LA 0721798
mm y

wherein

age is the age of the subject,

LA is the size of the left atrium of the subject.

The indicated offsets and weighting coefficients in Formula VII can be varied by a maxi-
mum of 10%. Preferably, the offsets and weighting coefficients vary by a maximum of 5%, 4%
or 3%. More preferably, the offsets and weighting coefficients vary by a maximum of 2% or,
most preferably, they vary by a maximum of 1%.

In the method of the invention the presence of paroxysmal atrial fibrillation is predicted

when the linear test score equals or exceeds a threshold score at a value of about 53.10.
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When transforming S, (Formula II), according to Formulas III to V, to a linear function in

order to obtain the linear test score I, it reads

Ao, root LA TDLA'
L, =-95.89+0.8746 - 28 1 1.608 - 22 4 1.656 - ==~ 2.770. 222
v mm mm cm/s
(Formula VII)

wherein

age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,

LA is the size of the left atrium of the subject, and

TDI, A’ is the tissue Doppler imaging velocity during atrial contraction of the subject.

The indicated offsets and weighting coefficients in Formula VII can be varied by a maxi-
mum of 10%. Preferably, the offsets and weighting coefficients vary by a maximum of 5%, 4%
or 3%. More preferably, the offsets and weighting coefficients vary by a maximum of 2% or,
most preferably, they vary by a maximum of 1%.

When using Formula VII, i.e. a linear function with the four basic parameters age, aortic
root diameter, left atrium size and tissue Doppler imaging velocity during atrial contraction the

threshold score derived by applying Formula VI on the threshold for S,, again for testing with

80% sensitivity, is about 54.88. This means presence of paroxysmal atrial fibrillation is predicted
when the linear test score equals or exceeds said threshold score.

The threshold score depends on the parameter set which is determined. This means that
depending on the parameters that are actually determined in addition to the basic four parameters
the threshold score for the linear model varies. For testing with 80% sensitivity, threshold scores

L., for the different parameter combinations in linear scores L, can be obtained by inserting
logarithmic model thresholds S, ,, from Table 1 in Formula VL

By the method according to the present invention, presence of paroxysmal atrial fibrillation
in a subject to be examined can be predicted by using either a logistic or a linear function model.
According to a further aspect of the present invention, a system is provided for predicting
paroxysmal atrial fibrillation comprising
1) an ultrasound apparatus for determining at least the parameters tissue Doppler imaging
velocity during atrial contraction, left atrium size, and aortic root diameter,
ii)  aninput device,
iil) an analyzing device, and

iv)  an output device,
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wherein the analyzing device is embodied for analyzing the information provided by the ultra-
sound apparatus and the input device, and the output device is embodied for outputting the result
derived from the analysis by indicating whether an increased probability for paroxysmal atrial
fibrillation is present.

Thus, the present invention provides a system that can easily be incorporated within clini-
cal routine examinations. The components required are usually present in clinics anyway and
therefore it merely requires the integration of the desired algorithms within the analyzing device
to obtain the scores as disclosed herein. This simple integration, however, brings along the high-
ly useful support in making the decision whether additional treatments like, for example, Holter
ECG, should be applied to a subject or not. Due to the ability of the system to predict an in-
creased probability for pAF patients can be identified that might suffer from pAF, which usually
stays unobserved.

For the system according to the present invention no special instruments or devices are re-
quired. Rather, the system works with devices present in clinics anyway.

Additionally, the system does not require any specific examination of a subject but works
with data obtained by routine examinations. By automatically calculating the required scores and
presenting the final result the doctor in charge can be provided with this information during per-
forming the routine examination with the difference that when a decision has to be made whether
the subject needs further treatment, support is provided by the system as disclosed herein.

The system according to the invention will now be explained by way of an example with
reference to the attached drawing in which Figure 1 is a schematic depiction of a system for pre-
dicting the presence of pAF.

An ultrasound apparatus 1 is used to obtain echocardiography data by examining the sub-
ject to be investigated. These data are transferred to an analyzing device 3. The analyzing device
3 is embodied for analyzing the information provided by the ultrasound apparatus and the input
device 2. The input device 2 is used for entering additional data for parameters to be determined.
Such data can, for example, be the age of the subject to be investigated or whether the subject is
a smoker or suffers of hyperlipidemia or diabetes mellitus. Further data that can be entered via
the input device are data relating to the medication like the intake of beta blockers etc. As input
device any kind of computer like a computer, laptop, a tablet or a cellphone can be used. The
analyzing device 3 can, for example, be any kind of computer suitable for carrying out the re-
quired analysis. The data can then be transferred from the analyzing device to an output device 4

which allows the presentation of the obtained result in any suitable way. The information provid-
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ed by the output device should in some way provide the information whether the examined sub-
ject has an increased probability for the presence of pAF or not.

The connection between the different components can be via wire or can be wireless. How
the data can be transferred between the different components is known to a person skilled in the
art.

The ultrasound apparatus can be any device known by persons skilled in the art suitable for
determining echocardiographic parameters in particular tissue Doppler imaging velocity during
atrial contraction, left atrium size and aortic root diameter. Examples of such commercially
available ultrasound systems are Vivid S5, Vivid i1, Vivid 7 and Vivid E9 GE Healthcare Ving-
med, Trondheim, Norway and ie33, Philips, Eindhoven, the Netherlands.

The input device can be any device known to a person skilled in the art suitable for enter-
ing or feeding data into the system. Examples for such input devices are any kind of keyboards
optionally integrated within a tablet, a laptop or a cellphone. The input device can further com-
prise a storing device for storing the entered data. Such a combined device could be a computer.

The analyzing device can be any kind of device known to a person skilled in the art suita-
ble for analyzing the entered data in order to derive the desired scores like test scores, threshold
scores, offsets, weight coefficients etc. Furthermore, such an analyzing device should be able to
combine the obtained data in a way that the test scores are obtained by the Formulas for a lo-
gistic (Formula I) or linear model (Formula V), as described above. The analyzing device should
be embodied for evaluating the information provided by the ultrasound apparatus and the input
device. Thus, the information obtained with either the ultrasound apparatus or the input device
come together within the analyzing device in order to obtain the test score, which derives from
the data obtained by both the ultrasound apparatus and the input device.

The output device is any kind of device suitable for displaying the result derived from the
analysis of the analyzing device. Thereby the output device should be embodied in order to indi-
cate whether an increased probability for pAF is present or not. Output devices are any kind of
displays like, for example, on a computer, on a tablet or on a cellphone or on any kind of screen.

The different components of the system can be connected in any way embodied for trans-
ferring the data to be transferred as known to a person skilled in the art. I.e. the components can
be connected via wire or wireless or obtain the data from any storage system that can be used for
these devices.

In a preferred embodiment the system disclosed herein is embodied to perform the method

for predicting pAF as disclosed herein.
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Examples
Logistic models

Logistic model for the basic set of two parameters

The following is the logistic model equation for the method according to the present inven-
tion comprising the determination of the two basic parameters left atrium size and age. In

order to derive the test score S based on the measurement of these parameters S» is

g - 1
: LA age
exp| 8.797-0.12329 - ———-0.03436- —— |+1
mm y

wherein

LA is the size of the left atrium of the subject, and

age is the age of the subject.

In this Formula the weights for the parameters LA and age are 0.12329 and 0.03436, re-
spectively. Since the other parameters are not included within this set their values can be
considered as being 0. The offset is 6o = -8.797.

In this case at 80% sensitivity a threshold score of Sz > 0.1506 has to be attained for classi-

fication as pAF.

Logistic model for a set of four parameters

The following is the logistic model equation for the method according to the present inven-
tion comprising the determination of the four parameters tissue Doppler imaging velocity
to an atrial contraction, left atrium size, age and aortic root diameter. In order to derive the

test score S4 based on the measurement of these parameters Sy is

S, = 1
4 - 1
9.402+0.1382 TDI:I’/A - 0082602
cm/s mm
o +1
004363 285 _ 0 0307 . 2Ao-To0t
y mm

wherein

TDLA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
LA is the size of the left atrium of the subject,

age is the age of the subject, and

Ao,root is the diameter of the aortic root of the subject.
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In this Formula the weights for the parameters TDLA’, LA, age and Ao,root are -0.1382,
0.08260, 0.04363 and 0.0802, respectively. Since the other parameters are not included
within this set their values can be considered as being 0. The offset is 6o = -9.402.

In this case at 80% sensitivity a threshold score of S4 > 0.1324 has to be attained for classi-

fication as pAF.

Logistic model for the set with all twelve parameters

The following is the formula for the method according to the present invention comprising
the determination of all twelve parameters. In order to derive the test score Si2 based on the
measurement of these parameters S12 is

1

S =
10.63-0.03922 - 2 _0.1016. A% _ g 08772 FA
y mm mm
exp +0.03890. V- ESD | 1g34 TPLA —0.01783~1/£ +1

mim cm/s min
—1.282 -sleep apnea —0.4872 -hyperlipidemia +0.02329 - type II diabetes
—0.08833-smoker—0.6197 - blocker —2.498 - catheter ablation
wherein
age is the age of the subject,
Ao,root is the diameter of the aortic root of the subject,
LA is the size of the left atrium of the subject,
LV, ESD is left ventricular end-systolic diameter of the subject,
TDLA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
HF is the heart frequency of the subject,
sleep apnea indicates whether the subject has sleep apnea,
hyperlipidemia indicates whether the subject has hyperlipidemia,
type I diabetes indicates whether the subject has type II diabetes,
smoker indicates whether the subject is a smoker,
B blocker indicates whether the subject is on 3 blockers, and

catheter ablation indicates whether the subject had a catheter ablation.

In this case at 80% sensitivity a threshold score of Si2 > 0.1384 has to be attained for clas-

sification as pAF.
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Linear models

Linear model for the basic set of four parameters

The following is the linear formula for the method according to the present invention com-
prising the determination of the two basic parameters left atrium size and age. In order to
derive the test score L based on the measurement of these parameters Lo is

L =-95.19+2.587 =4 c0.7211.98¢

mm y
wherein
TDI, A’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
LA is the size of the left atrium of the subject,
age is the age of the subject, and

Ao,root is the diameter of the aortic root of the subject.

In this Formula the weights for the parameters LA and age are 2.587 and 0.7211, respec-
tively. Since the other parameters are not included within this set their values can be con-

sidered as being 0. The offset is ¢o=-95.19.

In this case at 80% sensitivity a threshold score of L4 > 53.10 has to be attained for classi-

fication as pAF.

Linear model for a set of four parameters

The following is the linear formula for the method according to the present invention com-
prising the determination of the four parameters tissue Doppler imaging velocity to an atri-
al contraction, left atrium size, age and aortic root diameter. In order to derive the test
score L4 based on the measurement of these parameters Ly is

IDLA” ) 6564 4 0.8746 98¢ 1 1.608-
cm/s mm y i

L, =-9589-2.700- Ao, root

wherein

TDI, A’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
LA is the size of the left atrium of the subject,

age is the age of the subject, and

Ao,root is the diameter of the aortic root of the subject.
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In this Formula the weights for the parameters TDI, A’, LA, age and Ao,root are -2.770,
1.656, 0.8746 and 1.608, respectively. Since the other parameters are not included within

this set their values can be considered as being 0. The offset is ¢po=-95.89.

In this case at 80% sensitivity a threshold score of L4 > 54.88 has to be attained for classi-

fication as pAF.

Linear model for the basic set of all twelve parameters

The following is the formula for the method according to the present invention comprising
the determination of all twelve parameters. In order to derive the test score Li> based on

the measurement of these parameters L2 is

L, = -7926+0.6135- 98¢ + 1 589. 801001 ;377 LA
y mm mm
_0.6084. FVESD 5 065 IDLA” ) 5759, HF

mm cni/s 1/min
+20.04 - sleep apnea +7.620 - hyperlipidemia — 0.3643 - type 1l diabetes

+ 1.381 - smoker + 9.692 -  blocker + 39.06 - catheter ablation
wherein
age is the age of the subject,
Ao,root is the diameter of the aortic root of the subject,
LA is the size of the left atrium of the subject,
LV, ESD is left ventricular end-systolic diameter of the subject,
TDLA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
HF is the heart frequency of the subject,
sleep apnea indicates whether the subject has sleep apnea,
hyperlipidemia indicates whether the subject has hyperlipidemia,
type I diabetes indicates whether the subject has type II diabetes,
smoker indicates whether the subject is a smoker,
B blocker indicates whether the subject is on 3 blockers, and

catheter ablation indicates whether the subject had a catheter ablation.

In this case at 80% sensitivity a threshold score of Li2 > 58.33 has to be attained for classi-

fication as pAF.
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Claims

Method for predicting paroxysmal atrial fibrillation comprising

1) the step of determining at least the following parameters of a subject:
a) age,and
b) left atrium size (LA),

ii) deriving a test score based on the measured parameters;

iii) providing a threshold score; and

iv) comparing the test score with the threshold score, wherein a test score equal to or
higher than the threshold score is predictive for the presence of paroxysmal atrial fi-

brillation.

Method according to claim 1, wherein as further parameters:

(a) tissue Doppler imaging velocity during atrial contraction (TDI), and/or aortic root di-
ameter are determined; and/or

(b) at least one of hyperlipidemia and diabetes mellitus is determined; and/or

(c) at least one or any combination of two or more of catheter ablation, left ventricular
end-diastolic diameter, heart rate, sleep apnea, intake of beta blocker, and smoker

is/are determined.

Method according to any one of claim 1 or 2, wherein the test score is derived by combin-

ing the determined parameters in a logistic function.

Method according to any one of claims 1 to 3, wherein the formula for obtaining the lo-

gistic test score S; is
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and wherein
age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,

LA is the size of the left atrium of the subject,

LV, ESD is left ventricular end-systolic diameter of the subject,

TDILA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
HF is the heart frequency of the subject,

sleep apnea indicates whether the subject has sleep apnea,

hyperlipidemia indicates whether the subject has hyperlipidemia,

type I diabetes indicates whether the subject has type II diabetes,

smoker indicates whether the subject is a smoker,

B blocker indicates whether the subject is on 3 blockers, and

catheter ablation indicates whether the subject had a catheter ablation.

Method according to any of claims 1 to 4, wherein the formula for obtaining the logistic

test score Sz 1s

1

S, =

exp[8.797 0.12320. A —0.03436-@j 1
mm y

wherein
age is the age of the subject and
LA is the size of the left atrium of the subject, and wherein the offsets and weighting coef-

ficients can be varied by a maximum of 10%.

Method according to claim 5, wherein the probability for the presence of paroxysmal atrial
fibrillation is increased when the logistic test score equals or exceeds a threshold score at a
value of about 0.1506.

Method according to any of claims 1 to 6, wherein the formula for obtaining the logistic

test score Sy 1s

o 1 A " , (Formula IT)
9.402 — 0.04363- 285 _ 0.0802 .. 20100
y mm
P \ +1
~0.08260- A 4 .1382. 1PLA
mm cm/s

wherein
age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,
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LA is the size of the left atrium of the subject, and
TDI, A’ is the tissue Doppler imaging velocity during atrial contraction of the subject, and

wherein the offsets and weighting coefficients can be varied by a maximum of 10%.

Method according to claim 7, wherein the probability for the presence of paroxysmal atrial
fibrillation is increased when the logistic test score equals or exceeds a threshold score at a
value of about 0.1324.

Method according to claim 1 or 2, wherein the test score is derived by combining the de-

termined parameters in a linear function.

Method according to claim 1 or 2, wherein the formula for obtaining the linear test score L.

is
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age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,

LA is the size of the left atrium of the subject,

LV, ESD is left ventricular end-systolic diameter of the subject,
TDILA’ is the tissue Doppler imaging velocity during atrial contraction of the subject,
HF is the heart frequency of the subject,

sleep apnea indicates whether the subject has sleep apnea,
hyperlipidemia indicates whether the subject has hyperlipidemia,
type I diabetes indicates whether the subject has type II diabetes,
smoker indicates whether the subject is a smoker,

B blocker indicates whether the subject is on 3 blockers, and

catheter ablation indicates whether the subject had a catheter ablation.

Method according to claims 1 or 2, wherein the formula for obtaining the linear test score
L»is

I =-95.19+2.587 Lt L 0.7211.98¢
mm y

wherein
age is the age of the subject,
LA is the size of the left atrium of the subject, and wherein the offsets and weighting coef-

ficients can be varied by a maximum of 10%.

Method according to claim 11, wherein the probability for the presence of paroxysmal atri-
al fibrillation is increased when the linear test score equals or exceeds a threshold score at a
value of about 53.10.

Method according to claim 1 or 2, wherein the formula for obtaining the linear test score
L4 is
L, =-9589-2.700-

IDLA" ;1 656. 14 4 0.8746 %8¢ 1 1.608. A%

cm/s mm y mm

(Formula VII)

wherein

age is the age of the subject,

Ao,root is the diameter of the aortic root of the subject,

LA is the size of the left atrium of the subject, and

TDI, A’ is the tissue Doppler imaging velocity during atrial contraction of the subject, and

wherein the offsets and weighting coefficients can be varied by a maximum of 10%.
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Method according to claim 13, wherein the probability for the presence of paroxysmal atri-
al fibrillation is increased when the linear test score equals or exceeds a threshold score at a
value of about 54.88.

System for predicting paroxysmal atrial fibrillation comprising

1)  an ultrasound apparatus for determining at least the parameters tissue Doppler imaging
velocity during atrial contraction, left atrium size, and aortic root diameter,

ii) an input device,

iii) an analyzing device, and

iv) an output device,

wherein the analyzing device is embodied for analyzing the information provided by the

ultrasound apparatus and the input device and the output device is embodied for outputting

the result derived from the analysis by indicating whether an increased probability for par-

oxysmal atrial fibrillation is present wherein the system is preferably embodied to perform

a method according to claims 1 to 14.



WO 2017/174764 PCT/EP2017/058337
11




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/058337

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F19/00 A61B8/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, EMBASE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X,P KALLENBERGER S M ET AL:
atrial fibrillation",
PLOS ONE, ARTICLE 0163621,
vol. 11, no. 9,

1-16, XP055392870,

the whole document

28 September 2016 (2016-09-28), pages
DOI: 10.1371/journal.pone.0163621

"A simple, 15
non-invasive score to predict paroxysmal

_/__

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 July 2017

Date of mailing of the international search report

04/08/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Domingo Vecchioni, M

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 5




INTERNATIONAL SEARCH REPORT

International application No

"Poster session 7: Outcomes in artrial
fibrillation",

ESC Congress 2016, 27-31 August 2016,
Rome, IT,

30 August 2016 (2016-08-30), XP055393743,
Retrieved from the Internet:
URL:http://spo.escardio.org/SessionDetails
.aspx?eevtid=11278sess1d=191748&subSessId=5
655

[retrieved on 2017-07-25]

page 4, poster P6440

PCT/EP2017/058337
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
-& Kallenberger S M et al: "S1 Text:
Development of logistic models and
transformation to linear scores",
PLOS ONE, supplementary material to
article 0163621,
28 September 2016 (2016-09-28),
XP055393546,
Retrieved from the Internet:
URL:http://journals.plos.org/plosone/artic
le/file?id=10.1371/journal.pone.0163621.s0
09&type=supplementary
[retrieved on 2017-07-25]
the whole document
-& Kallenberger S M et al: "S4 Table:
Score calculator",
PLOS ONE, supplementary material to
article 0163621,
28 September 2016 (2016-09-28),
XP055393548,
Retrieved from the Internet:
URL:https://doi.org/10.1371/journal.pone.0
163621.s008
[retrieved on 2017-07-25]
the whole document
X,P SCHMIDT C ET AL: "P6440 - Detection of 15
atrial fibrillation using a simple
non-invasive risk prediction score",
EUROPEAN HEART JOURNAL, ABSTRACT P6440,
vol. 37, no. 1, August 2016 (2016-08),
XP055393747,
the whole document
X,0,P -& European Society Of Cardiology: 15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 5




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/058337

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

X,0

Schmidt C et al: "P1715 - Detection of
atrial fibrillation by a simple
non-invasive risk prediction score",
Abstraktband der 82. Jahrestagung der
Deutschen Gesellschaft fiir Kardiologie-
Herz- und Kreislaufforschung,
30.03.-02.04.2016, Mannheim,

26 March 2016 (2016-03-26), XP055392917,
Retrieved from the Internet:
URL:http://www.abstractserver.de/dgk2016/f
t/abstracts//P1715.htm

[retrieved on 2017-07-21]

the whole document

-& ANONYMOUS: "Abstraktband der 82.
Jahrestagung der Deutschen Gesellschaft
fiir Kardiologie- Herz- und
Kreislaufforschung, 30.03.-02.04.2016,
Mannheim",

CLINICAL RESEARCH IN CARDIOLOGY,

vol. 105, no. Suppl. 1,

26 March 2016 (2016-03-26), page 1,
XP035652472,

ISSN: 1861-0684, DOI:
10.1007/S00392-016-0967-Z

[retrieved on 2016-03-26]

the whole document

-& Anonymous: "Abstraktband der 82.
Jahrestagung der Deutsche Gesellschaft fiir
Kardiologie- Herz- und Kreislaufforschung
vom 30. Marz bis 02. April 2016 in
Mannheim",

Clinical Research in Cardiology 105, Suppl
1, March 2016,

26 March 2016 (2016-03-26), XP055393035,
Retrieved from the Internet:
URL:https://rd.springer.com/article/10.100
7/s00392-016-0967-z

[retrieved on 2017-07-21]

"First Online: 26 March 2016"

-& Anonymous: "Postervortrage, Samstag,
2. April 2016, 10:00-11:30",

82. Jahrestagung der Deutschen
Gesellschaft fiir Kardiologie,
30.03.-02.04.2016, Mannheim,

2 April 2016 (2016-04-02), XP055393036,
Retrieved from the Internet:
URL:http://dgk.org/kongress_programme/ft20
16/s1086.html

[retrieved on 2017-07-21]

15

15

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 3 of 5




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/058337

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X SUISSA L ET AL: "Score for the targeting 15
of atrial fibrillation: a new approach to
diagnosing paroxysmal atrial
fibrillation",

CEREBROVASCULAR DISEASES,

vol. 31, no. 5,

23 February 2011 (2011-02-23), pages
442-447, XP008185238,

DOI: 10.1159/000323852

[retrieved on 2011-02-23]

pages 442/443; table 1

page 444/445, sections "Validation...";
figure 3

A SUISSA L ET AL: "Score for the targeting 15
of atrial fibrillation (STAF): a new
approach to the detection of atrial
fibrillation in the secondary prevention
of ischemic stroke",

STROKE,

vol. 40, no. 8, August 2009 (2009-08),
pages 2866-2868, XP009135541,

ISSN: 1524-4628, DOI:
10.1161/STROKEAHA.109.552679

[retrieved on 2009-05-21]

page 2867; table 1

A HORSTMANN S ET AL: "Does the STAF score 15
help detect paroxysmal atrial fibrillation
in acute stroke patients?",

EUROPEAN JOURNAL OF NEUROLOGY,

vol. 20, no. 1, 12 July 2012 (2012-07-12),
pages 147-152, XP55393727,

GB

ISSN: 1351-5101, DOI:
10.1111/j.1468-1331.2012.03816.x

the whole document

A SHUICHI F ET AL: "A simple score for 15
predicting paroxysmal atrial fibrillation
in acute ischemic stroke",

JOURNAL OF NEUROLOGICAL SCIENCES,

vol. 328, no. 1,

19 March 2013 (2013-03-19), pages 83-86,
XP028530040,

ISSN: 0022-510X, DOI:
10.1016/J.JNS.2013.02.025

sections 1, 2.3, 3, 4; tables 1, 2

_/__

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 4 of 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/058337

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A YOSHIOKA K ET AL: "A score for predicting 15
paroxysmal atrial fibrillation in acute
stroke patients: iPAB score",

JOURNAL OF STROKE AND CEREBROVASCULAR
DISEASES,

vol. 24, no. 10, October 2015 (2015-10),
pages 2263-2269, XP55394119,

I

ISSN: 1052-3057, DOI:
10.1016/j.jstrokecerebrovasdis.2015.06.019
abstract

section "Results", tables 1-3

section "Discussion"

A HENRY W L ET AL: "Relation between 15
echocardiographically determined left
atrial size and atrial fibrillation",
CIRCULATION,

vol. 53, no. 2, February 1976 (1976-02),
pages 273-279, XP055393021,

I

ISSN: 0009-7322, DOI:
10.1161/01.CIR.53.2.273

page 275, left-hand column, first
paragraph

A Hosmer D W et al: "Chapter 2 - The 15
multiple logistic regression model"

In: "Applied Togistic regression",

26 February 2013 (2013-02-26), Wiley, US,
XP055393444,

ISBN: 978-0-470-58247-3

pages 35-47,

section 2.2

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 5 of 5



International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2017/058337
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:
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2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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International Application No. PCT/ EP2017/ 058337

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 1-14

Claims 1-14 are directed to diagnostic methods practised on the human or
animal body in the sense of Rules 39.1(iv) and 67.1(iv) PCT, hence
subject-matter on which no ISA or IPEA is required to carry out a search
resp. to provide an opinion with regard to novelty, inventive step and
industrial applicability (Article 17(2)(a)(i) and (b) resp. 34(4)(a)(i)
and (b) PCT). In accordance with EPO-PCT Guidelines, G-II 4.2, the test
set out in EPO Guidelines, G-II 4.2.1.3 (which is based on the EPO
Enlarged Board of Appeal Opinion G 1/04) applies mutatis mutandis.
Independent claim 1 1includes method steps belonging to all four phases
which are constitutive of a diagnostic method: Phase (i): "determining
at least the following parameters of a subject: a) age, and b) Teft
atrium size (LA)". The determination of the age is not a step of a
technical nature. The determination of the left atrium size is a method
step of a technical nature, it involves echocardiographic measurements
(page 4, lines 10-20) and is thus practiced on the human or animal body
(page 3, line 7: the "subject" is a human or an animal). Phase (ii) and
(iii): "comparison the test score with the threshold score, wherein a
test score equal to or higher than the threshold score ..." Such steps
are "predominantly of a non-technical nature" within the meaning of G
1/04 (point 6.4.1) and are thus not concerned with the criterion
"practised on the human or animal body". Phase (iv): "method for
predicting paroxysmal atrial fibrillation" and "wherein a test score
equal to or higher than the threshold score is predictive for the
presence of paroxysmal atrial fibrillation". Paroxysmal atrial
fibrillation is a "particular clinical picture". Phase (iv) is not
concerned with the criterion "practised on the human or animal body". The
other claim features ("deriving a test score based on the measured
parameters", "providing a threshold score") concern additional steps not
strictly belonging to any of phases (i)-(iv) and are thus irrelevant when
assessing the diagnostic character of the claimed method. Hence, claim 1
is directed to a diagnostic method performed on the human or animal body
in the sense of Rules 39.1(iv) and 67.1(iv) PCT. Similar considerations
apply, mutatis mutandis, to dependent claims 2-14 .
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