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DEVICE AND METHOD FOR ASSESSING
MORTALITY RISK OF A CARDIAC PATIENT

[0001] The invention relates to a device and method for
assessing a mortality risk of a cardiac patient based on at least
one vital sign or biosignal of said patient.

[0002] Prognostic scores for assessing a mortality risk of a
cardiac patient such as LVEF or the GRACE score according
to Eagle et al. (Eagle K A, Lim M J, Dabbous O H, et al. “4
validated prediction model for all forms of acute coronary
syndrome: estimating the risk of 6-month postdischarge death
in an international registry”, ] Am Med Assoc 2004; 291:
2727-33) are well known in the prior art. The elements of the
GRACE score include patient-related information such as the
age, history of past heart failure, history of myocardial inf-
arction, serum creatinine at admission, cardiac biomarkers
status at admission, SBP at admission, pulse at admission, ST
deviation at admission, and in-hospital percutaneous coro-
nary intervention. However, mortality risk assessment of car-
diac patients such as myocardial infarction patients according
to the GRACE score or the LVEF leaves room for improve-
ment regarding the quality of the risk assessment.

[0003] Forriskassessment in various cardiac conditions, an
improved patient selection for ICD implantation, for cardiac
resynchronization therapy, and a contribution to the optimi-
zation of heart failure therapy, it is desirable to improve the
precision of mortality risk assessment of a cardiac patient.
[0004] The object of the invention is, therefore, to provide
a device and method for assessing mortality risk of a cardiac
patient with improved precision (at the cost of only minor
additional effort) as compared to conventional mortality risk
assessment concepts for cardiac patients, in particular for
myocardial infarction patients.

[0005] To solve the above object, the invention provides,
according to a first inventive aspect, a device for assessing a
mortality risk of a cardiac patient based on at least one vital
sign or biosignal of said patient, said device comprising:

[0006] A data provision unit being configured to provide
at least one data function of at least one vital sign or
biosignal of said patient.

[0007] A data processing unit being configured to pro-
cess data of said at least one data function for assessing
amortality risk of said patient by performing the follow-
ing actions:

[0008] Selecting at least one data sequence from said
at least one data function according to a predeter-
mined routine.

[0009] Computing a specific behavior of at least one
parameter of said at least one data function based on
said at least one selected data sequence.

[0010] Assessing a mortality risk of said patient based
on said computed behavior.

[0011] The term “specific behaviour” is meant to comprise
any information which can be taken from any parameter of
said at least one data function in relation to other parameters
of said at least one data function. It is preferably a quotient
indicating a physiological response of said patient to a spe-
cific cardial activity such as on VPL.

[0012] The invention is substantially based on the seminal
finding that a specific physiological behavior of a cardiac
patient may be used for assessing a mortality risk in (post-)
myocardial infarction (MI) patients. More specifically, it has
been found that a post-extrasystolic potentiation (PESP) and/
or a post-extrasystolic T-wave change (PEST), in particular
when following a premature ventricular contraction (or ven-
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tricular premature complex (VPC) or ventricular extrasystole
(VES)), reflects a strong and independent mortality risk pre-
dictor in (post-) myocardial infarction patients.

[0013] PESP is the pulse wave augmentation after a VPC. It
relates to cellular calcium homeostasis and is pronounced in
heart failure patients, as will be explained further down. This
ability of PESP to predict mortality in myocardial infarction
(M]) survivors has been successfully tested in studies.
[0014] The physiological basis of PESP has been investi-
gated previously, and various concepts have been developed.
It is assumed that the observed PESP pattern consists of a
myocardial and a vascular component. The myocardial com-
ponent is based on myocyte calcium handling: The premature
beat leads to a reduced amount of calcium released from the
sarcoplasmic reticulum. The resulting smaller calcium tran-
sient leads to increased systolic calcium influx through
L-type calcium channels and decreased diastolic calcium
extrusion through the sodium-calcium exchanger. More cal-
cium is accumulated in sarcoplasmic reticulum during the
post-extrasystolic pause and is available to be released during
the next contraction. Accordingly, contractile force of the
post-extrasystolic beat is elevated. The observed blood pres-
sure pattern is further influenced by the vascular compliance
and the decline of the diastolic blood pressure during the
postextrasystolic pause.

[0015] PESP in Heart Failure

[0016] PESP in heart failure patients observed in clinical
studies reflects a strong risk predictor in post-infarction
patients. The following hypothesis, based on both altered
myocardial and vascular alterations, might be proposed
explaining the presence of PESP in heart failure: In the failing
myocardium, the capacity of the sarcoplasmic reticulum to
accumulate calcium is reduced due to reduced sarcoplasmic
reticulum calcium uptake, increased leak through sarcoplas-
mic reticulum calcium release channels (ryanodine receptors)
and increased expression of the sodium-calcium exchanger.
As aconsequence, while in the non-failing myocardium, 30%
of cycling calcium originates from calcium influx through
L-type calcium channels and efflux through the sodium-cal-
cium exchanger, this fraction increases up to 50% in heart
failure with a reduction in recirculation fraction. The post-
extrasystolic pause allows for a better calcium accumulation
in the sarcoplasmic reticulum from higher diastolic calcium
levels. In addition, reverse mode sodium-calcium exchange
may contribute to sarcoplasmic reticulum calcium loading in
failing myocardium.

[0017] The vascular component may result from increased
peripheral resistance with a smaller decrease in diastolic aor-
tic pressure during the post-extrasystolic pause which may
allow for higher systolic pressure in the subsequent beat of
augmented contraction. The proposed myocardial mecha-
nism for PESP may directly explain higher mortality risk.
Increased expression of the sodium-calcium exchanger may
create either calcium overload in the reversed mode or net
inward current in the forward mode. While calcium influx in
the reversed mode would cause early afterdepolarizations,
forward mode calcium exchange would induce delayed after-
depolarizations. Both early and delayed afterdepolarizations
increase the risk of arrhythmias.

[0018] PESP and the Prognostic Role of Ventricular
Ectopic Beats
[0019] The findings from clinical studies also advance the

understanding of the predictive value of ventricular ectopic
frequency in post-MI patients. Frequent VPCs have so far
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been perceived as arrhythmia triggers, independent of pro-
arrhythmic substrate and modulators, such as impaired cat-
diac autonomic status. This concept is challenged by the
finding that frequent VPCs leading to PESP signify very
different prognosis from similarly frequent VPCs without
PESP. If, as already described, PESP reflects reduction of
trans-sarcoplasmic reticulum calcium currents at the expense
of increased trans-plasmamembrane fluxes, these changes
might lead to instabilities facilitating the development of
ventricular tachyarrhythmias. Thus, patients with PESP and
frequent VPCs might be not only at risk of death due to
advanced heart failure, but also at increased risk of sudden
cardiac death due to sustained ventricular arrhythmias both
triggered by VPCs and also facilitated by the calcium han-
dling abnormalities.

[0020] To make the calculation less noise sensitive, it is
proposed to relate the first post-VPC pulse wave amplitude to
the mean of the subsequent nine pulse wave amplitudes rather
than to the pre-VPC pulse wave amplitude. However, when
using the ratio between the post- and pre-VPC pulse wave
amplitudes, the results are practically the same although
reaching slightly lesser statistical significances.

[0021] Potential Clinical Applications

[0022] Assessment of PESP is quantified by analysis of the
blood pressure response to VPCs and requires no particular
expenditure; PESP can be observed either after spontaneous
VPCs or after instrumentally induced VPCs. In this way,
programmed ventricular stimulation might also evaluate
abnormalities of myocardial calcium cycling. A scale of
potential clinical applications may be envisioned, including
risk assessment in various cardiac conditions, an improved
patient selection for cardiac resynchronization therapy, and a
contribution to the optimization of heart failure therapy.
[0023] Preferably, said data provision unit is configured to
perform at least one of the following actions:

[0024] Recording said at least one vital sign or biosignal,
preferably in digital form.

[0025] Recording said at least one vital sign or biosignal
continuously for a predetermined period of time, pref-
erably for at least 30 minutes.

[0026] Recording said at least one vital sign or biosignal
with non-invasive recording means, preferably using at
least one of the following devices:

[0027] A finger photoplethysmographic device, pref-
erably for continuously recording a blood pressure of
said patient.

[0028] An electrocardiogram recorder, preferably a
high resolution electrocardiogram recorder with at
least 1.6 kHz in orthogonal XYZ leads, preferably for
continuously recording an electrocardiogram of said
patient.

[0029] Recording said at least one vital sign or biosignal
in a resting position of said patient, preferably in a
supine resting position of said patient.

[0030] Recording at least two different vital signs or
biosignals simultaneously, preferably an electrocardio-
gram and blood pressure, preferably continuous arterial
blood pressure.

[0031] Storing the recorded data in data storage means,
preferably in digital form.

[0032] Providing, as at least one data function, at least
one recording of at least one of the following vital signs
of said patient:
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[0033] Body temperature
[0034] Pulse rate or heart rate
[0035] Blood pressure, preferably arterial blood pres-
sure
[0036] Respiratory rate
[0037] Providing, as at least one data function, at least
one recording of at least one of the following biosignals
of said patient:
[0038] Electroencephalogram (EEG)
[0039] Magnetoencephalogram (MEG)
[0040] Galvanic skin response (GSR)
[0041] Electrocardiogram (ECG)
[0042] Mechanocardiogram (MCG)
[0043] Electromyogram (EMG)
[0044] Providing said at least one data function as a

function of said at least one vital sign or biosignal of said
patient over the time.

[0045] Enabling verification and/or review and/or
manual correction of said at least one data function,
preferably including the elimination of artefacts, more
preferably enabling review and/or manual correction of
QRS classifications so as to differentiate sinus and ven-
tricular premature complexes (VPC).

[0046] Providing at least one data function as a function
of blood pressure, preferably continuous arterial blood
pressure, over the time, preferably in the units mmHg
Qver ms.

[0047] Providing at least two different data functions
from simultaneous recordings of at least two different
vital signs or biosignals, preferably simultaneous
recordings of electrocardiogram and blood pressure.

[0048] Storing said at least one data function in data
storage means, preferably in digital form.

[0049] Loading said at least one data function from data
storage means, preferably in digital form.

[0050] The occurrence of a specific cardiac activity and a
specific physiological response may be calculated on the
basis of various data functions of at least one vital sign or
biosignal of said patient, such as an ECG and/or systolic
arterial blood pressure. An ECG is the preferred way to mea-
sure and diagnose abnormal rhythms of the heart. The inven-
tion is, however, not limited to mortality risk assessment on
the basis of ECG and/or blood pressure, since surrogates
allowing VPC count and PESP and/or PEST assessment may
also be derived from other vital signs and biosignals.

[0051] According to the invention, mortality risk assess-
ment for a cardiac patient can be automated and performed
within e.g. only 30 minutes using only standard clinical
equipment. Moreover, mortality risk assessment according to
the invention can be performed remotely from the cardiac
patient using only the at least one data function of at least one
previously recorded vital sign or biosignal of said patient as
an input. The inventive concept significantly improves the
quality of risk assessment for said cardiac patient as com-
pared to the conventional mortality risk assessment concepts.
The output of the mortality risk assessment according to the
invention may be a mortality risk predictor for said cardiac
patient within five years after myocardial infarction, such as
the number of counted VPCs or variables representing PESP
or PEST.

[0052] Simultaneous recordings of ECG and systolic arte-
rial blood pressure are generally preferred data functions. It is
desirable that the data provision unit provides access to the
raw recording signals and eliminates artefacts where needed.
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It is further desirable that the ECG can be reviewed and
manually corrected as appropriate in case of heart beat anno-
tations.

[0053] The information on blood pressure in response to a
premature ventricular contraction may be derived from a
noninvasive continuous recording of arterial blood pressure
over the time and can also be visualized e.g. by providing a
graphofsaid data function. Preferably, the continuous arterial
blood pressure is simultaneously recorded with an ECG, so
that the timing of a premature ventricular contraction calcu-
lated from a data function of an ECG can easily be transferred
to the data function of blood pressure for the subsequent
calculation of the blood pressure variability in response to the
premature ventricular contraction. A routine may be com-
puter-implemented and executed by the data processing unit
in order to automate the selection of relevant data sequences
from the data functions and for computing the specific behav-
ior of the at least one data function parameter based on the
selected data sequences according to known mathematic con-
siderations.

[0054] Further preferably, said data processing unit is con-
figured to select said at least one data sequence from said at
least one data function by performing at least one of the
following actions:

[0055] Identifying specific patterns within said at least
one data function, preferably QRS-complexes of an
electrocardiogram.

[0056] Identifying data points of said at least one data
function correlating with at least one of the following:
[0057] Cardiac activities, preferably cardiac activities

of the same kind

[0058] R-peaks of the QRS complexes of an electro-
cardiogram

[0059] Ventricular systoles

[0060] Measuring the intervals between each subsequent
two data points, preferably between successive two
R-peaks of QRS complexes of an electrocardiogram.

[0061] Calculating a quotient between an interval of
interest, preferably an interval terminated by or initiated
by a ventricular extrasystole, and a mean interval,
wherein the mean interval is preferably calculated from
at least one of the following:

[0062] A number of consecutive intervals preceding
and/or succeeding the interval of interest, wherein the
number of consecutive intervals is preferably two,
three, four, five, six, seven, eight, nine or ten

[0063] A number of consecutive intervals preceding
and/or succeeding a ventricular extrasystole, wherein
the number of consecutive intervals is preferably two,
three, four, five, six, seven, eight, nine or ten

[0064] Selecting a data sequence for further processing
in at least one of the following cases:

[0065] The data sequence contains at least one data
point correlating with a ventricular extrasystole

[0066] Thedatasequence contains at least anumber of
consecutive data points correlating with regular ven-
tricular systoles preceding and/or succeeding a ven-
tricular extrasystole, preferably without interruption
by any further ventricular extrasystole, wherein the
number of consecutive data points correlating with
regular ventricular systoles preceding and/or suc-
ceeding a ventricular extrasystole is preferably two,
three, four, five, six, seven, eight, nine or ten
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[0067] The quotient calculated for at least one interval
fulfills at least one mathematical criterion
[0068] The quotients calculated for at least two sub-
sequent intervals fulfill different mathematical crite-
ria
[0069] The quotients calculated for at least two sub-
sequent intervals are out of a predetermined range of
values
[0070] The quotient calculated for a first interval of
said data sequence is equal to or less than a first value,
preferably 0.99, 0.97, 0.9 or 0.8 and/or the quotient
calculated for a second interval subsequent to the first
interval is equal to or greater than a second value,
preferably 1.01,1.03, 1.3 or 1.4
[0071] The quotient calculated for an interval of said
data sequence is equal to or less than a first value,
preferably 0.99, 0.97, 0.9 or 0.8 and/or the quotient
calculated for a number of subsequent consecutive
intervals is equal to or greater than said first value,
wherein the number of subsequent consecutive inter-
vals is preferably two, three, four, five, six, seven,
eight, nine or ten.
[0072] Still further preferably, said data processing unit is
configured to compute a specific blood pressure response to a
ventricular extrasystole based on said at least one data
sequence, preferably by performing at least one of the fol-
lowing actions:

[0073] Identifying the systolic blood pressure corre-
sponding to at least one cardiac contraction based on
said at least one data sequence.

[0074] Identifying the systolic blood pressure for each
one of a number of consecutive cardiac contractions
preceding and/or succeeding said ventricular extrasys-
tole, wherein the number of consecutive cardiac contrac-
tions preceding and/or succeeding said ventricular
extrasystole is preferably two, three, four, five, six,
seven, eight, nine or ten.

[0075] Calculating the mean systolic blood pressure fora
number of consecutive cardiac contractions preceding
and/or succeeding said ventricular extrasystole, wherein
the number of consecutive cardiac contractions preced-
ing and/or succeeding said ventricular extrasystole is
preferably two, three, four, five, six, seven, eight, nine or
ten.

[0076] Calculating a blood pressure quotient between a
systolic blood pressure corresponding to one cardiac
contraction and a mean systolic blood pressure for other
cardiac contractions.

[0077] Calculating a blood pressure quotient between
the systolic blood pressure corresponding to the first
post-extrasystolic cardiac contraction and a mean sys-
tolic blood pressure, preferably corresponding to the
second to ninth or second to tenth post-extrasystolic
cardiac contractions.

[0078] Storing the calculated blood pressure quotient or
the mean of a plurality of calculated blood pressure
quotients under the variable PESP1.

[0079] Storing the number of calculated blood pressure
quotients per time.

[0080] Also preferably, said data processing unit is config-
ured to compute a blood pressure inclination during a char-
acteristic sequence of heart rate intervals based on said at least
one data sequence, preferably by performing at least one of
the following actions:
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[0081] Identifying the systolic blood pressure corre-
sponding to two consecutive intervals, wherein prefer-
ably the quotient between the first one of the two con-
secutive intervals and the mean of a number of
consecutive intervals preceding and/or succeeding said
first interval is equal to or less than a first value, prefer-
ably 0.99, 0,97, 0.9 or 0.8, and/or the quotient between
the second one of the two consecutive intervals and the
mean of a number of consecutive intervals preceding
and/or succeeding said second interval is equal to or
greater than a second value, preferably 1.01,1.03,1.3 or
1.4, wherein the number of consecutive intervals preced-
ing and/or succeeding said interval of interest is prefer-
ably two, three, four, five, six, seven, eight, nine or ten.

[0082] Calculating, as a blood pressure inclination, the
inclination of a linear function defined by a first data
point indicating a systolic blood pressure corresponding
to the first interval and a second data point indicating a
systolic blood pressure corresponding to the second
interval.

[0083] Storing the calculated blood pressure inclination
or the mean of a plurality of calculated blood pressure
inclinations under the variable PESP2.

[0084] Storing the number of calculated blood pressure
inclinations, preferably per time.

[0085] Still further preferably, said data processing unit is
configured to compute a T-wave response to a ventricular
extrasystole based on said data sequence, preferably by per-
forming at least one of the following actions:

[0086] Calculating the mean of T-wave amplitudes cor-
responding to a number of regular ventricular systoles
preceding and/or succeeding the first post-extrasystolic
T-wave amplitude, preferably without interruption by
any further ventricular extrasystole, wherein the number
of consecutive ventricular systoles preceding and/or
succeeding said first post-extrasystolic T-wave ampli-
tude is preferably two, three, four, five, six, seven, eight,
nine or ten.

[0087] Calculating the T-wave amplitude quotient
between the first post-extrasystolic T-wave amplitude
and the mean of T-wave amplitudes preceding and/or
succeeding said first post-extrasystolic T-wave ampli-
tude.

[0088] Storing the calculated T-wave amplitude quotient
or the mean of a plurality of calculated T-wave ampli-
tude quotients under the variable PEST.

[0089] Storing the number of calculated T-wave ampli-
tudes, preferably per time.

[0090] According to a preferred embodiment of the inven-
tion, said data processing unit is configured to assess a mor-
tality risk for said patient by providing at least one of the
following functions:

[0091] Allocating said patient to a low risk group under
the following conditions:

[0092] The number of data sequences selected per 30
minutes recording of said at least one data function is
7€10; Or

[0093] The number of data sequences selected per 30
minutes recording of said at least one data function is
less than five; and

[0094] The number of blood pressure quotients calcu-
lated to be greater than 1 per 30 minutes recording of
said at least one data function is zero; or
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[0095] Thenumber of blood pressure inclinations cal-
culated to be greater than 4.5 mmHg/s per 30 minutes
recording of said at least one data function is zero; or

[0096] The number of T-wave amplitude quotients
calculated to be less than 1 per 30 minutes recording
of said at least one data function is zero.

[0097] Allocating said patient to a medium risk group
under the following conditions:

[0098] The number of data sequences selected per 30
minutes recording of said at least one data function is
greater than five; and

[0099] Thenumber of blood pressure quotients calcu-
lated to be greater than 1 per 30 minutes recording of
said at least one data function is zero; or

[0100] Thenumber of blood pressure inclinations cal-
culated to be greater than 4.5 mmHg/s per 30 minutes
recording of said at least one data function is zero; or

[0101] The number of T-wave amplitude quotients
calculated to be less than 1 per 30 minutes recording
of said at least one data function is zero.

[0102] Allocating said patient to a high risk group under
at least one of the following conditions:

[0103] The number of data sequences selected per 30
minutes recording of said at least one data function is
greater than five

[0104] The number of T-wave amplitude quotients
calculated to be less than 1 per 30 minutes recording
of said at least one data function is greater than zero

[0105] PESPI is greater than one

[0106] PESP2 greater than 4.5 mmHg/s

[0107] PEST is less than one

[0108] Assessing mortality risk for said patient by cal-
culating a prognostic score based on at least one of the
following:

PESP1
[0109] PESP2
[0110] PEST
[0111] VPC
[0112] Heart Rate Turbulence, in particular HRT-

TS=2.5 ms/RRI and/or HRT-TO=0%

[0113] According to another preferred embodiment of the
invention, said device comprises display means for display-
ing the result of mortality risk assessment.

[0114] The data provision unit and/or the data processing
unit may be configured on an implantable device which is
sized to be implanted into a patients body.

[0115] Another preferred aspect of the invention relates to
a method for assessing a mortality risk of a cardiac patient
based on at least one vital sign or biosignal of said patient,
preferably using the device according to at least one of the
preceding claims, said method comprising the following
steps:

[0116] Providing at least one data function of at least one
vital sign or biosignal of said patient.

[0117] Processing data of said at least one data function
for assessing a mortality risk of said patient by perform-
ing the following actions:

[0118] Selecting at least one data sequence from said
at least one data function according to a predeter-
mined routine.

[0119] Computing a specific behavior of at least one
parameter of said at least one data function based on
said at least one selected data sequence.
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[0120] Assessing a mortality risk of said patient based
on said computed behavior.

[0121] Still another preferred aspect of the invention relates
to a computer-readable medium containing a program,
which, when loaded, performs a method for assessing a mor-
tality risk of a cardiac patient based on at least one vital sign
or biosignal of said patient comprising the following steps:

[0122] Selecting at least one data sequence from at
least one data function of at least one vital sign or
biosignal of said patient according to a predetermined
routine.

[0123] Computing a specific behavior of at least one
parameter of said at least one data function based on
said at least one selected data sequence.

[0124] Assessing a mortality risk of said patient based
on said computed behavior.

[0125] The method preferably includes all features attrib-
uted to and provided by the device according to any one wof
the preceding embodiments.

[0126] Further preferred embodiments result from combi-
nations of features disclosed in the subclaims with features
disclosed in the specification and/or the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0127] FIG. 1 shows exemplary plots of simultaneously
recorded electrocardiogram and blood pressure curves of a
cardiac patient having a low mortality risk assessment
according to the teaching of the present invention, said plots
showing data sequences including a ventricular extrasystole.

[0128] FIG. 2 shows superimposed curves of data
sequences indicating a systolic blood pressure response to a
ventricular extrasystole of a plurality of cardiac patients hav-
ing a low mortality risk assessment according to the teaching
of the present invention, said data sequences including data
points correlating with two cardiac contractions preceding
said ventricular extrasystole and ten cardiac contractions suc-
ceeding said ventricular extrasystole, wherein the systolic
blood pressure of the first post-extrasystolic cardiac contrac-
tion is lower than the mean systolic blood pressure of eight
cardiac contractions subsequent to the first post-extrasystolic
cardiac contraction.

[0129] FIG. 3 shows exemplary plots of simultaneously
recorded electrocardiogram and blood pressure curves of a
cardiac patient having a high mortality risk assessment
according to the teaching of the present invention, said plots
showing data sequences including a ventricular extrasystole.

[0130] FIG. 4 explains superimposed curves of data
sequences indicating a systolic blood pressure response to a
ventricular extrasystole of a plurality of cardiac patients hav-
ing a high mortality risk assessment according to the teaching
of the present invention, said data sequences including data
points correlating with two cardiac contractions preceding
said ventricular extrasystole and ten cardiac contractions suc-
ceeding said ventricular extrasystole, wherein the systolic
blood pressure of the first post-extrasystolic cardiac contrac-
tion is greater than the mean systolic blood pressure of eight
cardiac contractions subsequent to the first post-extrasystolic
cardiac contraction.

[0131] FIG. 5 shows, on the basis of the exemplary plots
according to FIG. 1, the routine according to the first embodi-
ment of the invention for calculating a quotient between the
systolic blood pressure of the first post-extrasystolic cardiac
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contraction and the mean systolic blood pressure of eight
cardiac contractions subsequent to the first post-extrasystolic
cardiac contraction.

[0132] FIG. 6 depicts the study population, wherein 680 out
of 941 persons of the ART cohort did not show ventricular
extrasystoles (VES) and PESP was not calcultable for 41
persons, so that the PESP cohort counts 220 persons.

[0133] FIG. 7 shows a table containing the clinical data of
the PESP cohort.

[0134] FIG. 8 shows a table containing data calculated
according to the Cox regression analysis and indicating the
significance of PESP as a mortality risk predictor in relation
to other known mortality risk predictors such as LVEF (Gold
Standard), ventricular premature contractions (VPC) and the
GRACE score.

[0135] FIG. 9 shows a survival curve estimated by the
Kaplan-Meier method and indicating the mortality risk i.e.
probability of death (%) over time following a myocardial
infarction for myocardial infarction patients having a high
mortality risk assessment according to the teaching of the first
embodiment of the present invention (PESP>1) and for myo-
cardial infarction patients having a low mortality risk assess-
ment according to the teaching of the present invention
(PESP<1).

[0136] FIG. 10 shows exemplary plots of simultaneous
electrocardiogram (a), heart rate interval (b) and blood pres-
sure curves (¢) of a cardiac patient having a high mortality risk
assessment according to the teaching of the second embodi-
ment of the present invention, said plots showing data
sequences during atrial fibrillation, wherein the data
sequence contains two consecutive heart rate intervals for
which the quotient between the first heart rate interval to the
mean of eight preceding and eight succeeding heart rate inter-
vals is less than 0.8 and the quotient between the second heart
rate interval to the mean of eight preceding and eight suc-
ceeding heart rate intervals is greater than 1.4.

[0137] FIG. 11 depicts a coordinate system with data points
of systolic blood pressure (mmHg) over heart beat interval
which are taken from data sequences of a cardiac patient
having a high mortality risk assessment according to the
teaching of the present invention, said data sequences con-
taining two consecutive heart rate intervals for which the
quotient between the first heart rate interval to the mean of
eight preceding and eight succeeding heart rate intervals is
less than 0.8 and the quotient between the second heart rate
interval to the mean of eight preceding and eight succeeding
heart rate intervals is greater than 1.4.

[0138] FIG. 12 depicts the coordinate system of FIG. 11
with lines connecting respective two data points correlating
with the two consecutive heart rate intervals for which the
quotient between the first heart rate interval to the mean of
eight preceding and eight succeeding heart rate intervals is
less than 0.8 and the quotient between the second heart rate
interval to the mean of eight preceding and eight succeeding
heart rate intervals is greater than 1.4.

[0139] FIG. 13 depicts a coordinate system with data points
of systolic blood pressure (mmHg) over heart beat interval
which are taken from data sequences of cardiac patients hav-
ing a low mortality risk assessment according to the teaching
of the second embodiment of the present invention, said data
sequences containing two consecutive heart rate intervals for
which the quotient between the first heart rate interval to the
mean of eight preceding and eight succeeding heart rate inter-
vals is less than 0.8 and the quotient between the second heart
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rate interval to the mean of eight preceding and eight suc-
ceeding heart rate intervals is greater than 1.4.

[0140] FIG. 14 depicts the coordinate system of FIG. 11
with lines connecting respective two data points correlating
with the two consecutive heart rate intervals for which the
quotient between the first heart rate interval to the mean of
eight preceding and eight succeeding heart rate intervals is
less than 0.8 and the quotient between the second heart rate
interval to the mean of eight preceding and eight succeeding
heart rate intervals is greater than 1.4.

[0141] FIG. 15 shows a survival curve estimated by the
Kaplan-Meier method and indicating the mortality risk i.e.
probability of death (%) over time following a myocardial
infarction for myocardial infarction patients having a high
mortality risk assessment according to the teaching of the
second embodiment of the present invention (15/10) and for
myocardial infarction patients having a low mortality risk
assessment according to the teaching of the present invention
(17/3).

[0142] FIG. 16 depicts an electrocardiogram recording
over the time of a cardiac patient having a low mortality risk
assessment according to the teaching of the third embodiment
of the present invention, wherein the first post-extrasystolic
T-wave amplitude is greater than the mean of three T-wave
amplitudes preceding the ventricular extrasystole and three
T-wave amplitudes succeeding the ventricular extrasystole.
[0143] FIG. 17 depicts the data of the electrocardiogram
recording of FIG. 16 in a three-dimensional coordinate sys-
tem.

[0144] FIG. 18 depicts an electrocardiogram recording
over the time of a cardiac patient having a high mortality risk
assessment according to the teaching of the third embodiment
of the present invention, wherein the first post-extrasystolic
T-wave amplitude is lower than the mean of three T-wave
amplitudes preceding the ventricular extrasystole and three
T-wave amplitudes succeeding the ventricular extrasystole.
[0145] FIG. 19 depicts the data of the electrocardiogram
recording of FIG. 18 in a three-dimensional coordinate sys-
tem.

[0146] FIG. 20 shows a table containing data calculated
according to the Cox regression analysis and indicating the
significance of PEST as a mortality risk predictor in relation
to other known mortality risk predictors such as LVEF (Gold
Standard), ventricular premature contractions (VPC) and the
GRACE score.

[0147] FIG. 21 contains a diagram indicating the mortality
risk i.e. probability of death (%) over the years following a
myocardial infarction for myocardial infarction patients hav-
ing a high mortality risk assessment according to the teaching
of the third embodiment of the present invention (PEST<1)
and for myocardial infarction patients having a low mortality
risk assessment according to the teaching of the third embodi-
ment of the present invention (PEST=1).

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS:
[0148] Data Provision Unit
[0149] The data provision unit is configured to provide

simultaneous 30-minute recordings of high resolution ECG
of the patient within two weeks after myocardial infarction,
and non-invasive arterial blood pressure monitoring of the
patient using a finger photoplethysmographic device.
Recordings should be made in supine resting position after
routine morning medications and the raw signals should be
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verified including the elimination of artefacts where needed,
wherein QRS classifications should be carefully reviewed
and manually corrected as appropriate to differentiate sinus
and ventricular premature complexes (VPC) or ventricular
extrasystoles (VES). The data my be recorded and sotred in
digital form.

[0150] Data Processing Unit

[0151] The data processing unit is embodied as analysis
software in the preferred embodiments of the invention.

First Embodiment (FIGS. 1 to
9)—Post-Extrasystolic Potentiation (PESP)

[0152] According to the first embodiment, PESP will be
used as the mortality risk predictor. In the first embodiment,
simultaneous recordings of electrocardiogram (ECG) and
blood pressure of a cardiac patient provided by the data pro-
vision unit will be analyzed by the data processing unit by
performing the following steps:

[0153] 1) Recognition of QRS-complexes from ECG
recordings, including identification of ventricular extra-
systoles (VES) and determination of heart rate intervals
(RRI) (cf. FIGS. 1 and 3).

[0154] 2) Selection of data sequences including VES, the
coupling intervals of which (i.e. the intervals terminated
by the VES) being shortened by at least x%, preferably
20%, and the post-extrasystolic pauses or breaks (i.e. the
intervals initiated by the VES) being at least y%, pref-
erably 40%, longer than the mean of 7 intervals, prefer-
ably five intervals, prior to the ventricular extrasystole
(VES) (cf. FIGS. 1 and 3).

[0155] 3)Detection of the systolic arterial blood pressure
of the first ten regular heart beats subsequent to the
ventricular extrasystole (VES) (cf. FIGS. 2 and 4).

[0156] 4) Calculation of a PESP1 quotient between the
systolic blood pressure of the first post-extrasystolic
heart beat and the mean of the systolic blood pressure of
the subsequent eight (PESP1=P, /&P, ) or nine
(PESP1=Pg, /&P, ¢,0) heart beats (cf. FIG. 5).

[0157] 5) assessing mortality risks of said patient based
on the computed PESP1 quotient, wherein PESP quo-
tients of >1 are found to be pathological.

[0158] A technicalfilter could possibly be included, e.g., by
3% in order to minimize the effect of basic noise.

[0159] Alternatively to no. 2, a data sequence containing a
ventricular extrasystole (VES), i.e. a VPC, may be selected
for calculation of the PESP1 quotient if the VES coupling
interval is <£20% premature compared to the mean of preced-
ing five intervals, and if followed by <10 consecutive sinus
beats. Post-ectopic sequences interrupted by artefacts or fur-
ther ectopic beats should not be used.

[0160] The data processing unit is further configured to
store the number of detected VPC and the number of PESP1
quotients greater than 1, and to average the calculated PESP1
quotients if the number of calculated PESP1 quotients within
the 30 minute recording is greater than one. VPC count is
defined as the number of VPCs within the 30 minute record-
ing (irrespective of whether the VPCs qualified for PESP
assessment).

[0161] The mortality risk for said cardiac patient can be
assessed on the basis of the number of detected VPCs and
PESP1 quotient.

[0162] A study with a study cohort according to FIGS. 6
and 7 aimed at validating the predictive value of PESP in



US 2016/0063207 A1l

conjunction with three standard risk predictors, namely VPC
count, GRACE score and LVEF.

[0163] VPC is defined as the number of VPCs within the 30
minute recording (irrespective of whether the VPCs qualified
for PESP assessment).

[0164] GRACE score is calculated according to Eagle et al.
The elements of the GRACE score included age, history of
past heart failure, history of myocardial infarction, serum
creatinine at admission, cardiac biomarkers status at admis-
sion, SBP at admission, pulse at admission, ST deviation at
admission, and in-hospital percutaneous coronary interven-
tion.

[0165] LVEF is assessed by left ventricular angiography or
biplane echocardiography (Sonos 5500, Hewlett Packard,
Palo Alto, Calif., USA).

[0166] GRACE score and LVEF were dichotomized at pre-
defined cutoff values of 120 and 35%, respectively. VPC
count was dichotomized at its median of per 30 minutes.
[0167] A Cox proportional hazards model was used with all
variables entered simultaneously to assess the independence
and prognostic value of mortality predictors. Survival curves
were estimated by the Kaplan-Meier method and compared
by the log-rank test (F1G. 9). The correlation between the four
prognostic markers was analysed by the chi-square test (FIG.
8). Differences were considered statistically significant if
p<0.05 (IBM SPSS Statistics 20.0, SPSS Inc.).

Second Embodiment (FIGS. 10 to 15)—PESP in
Case of Atrial Fibrillation

[0168] Same as the first embodiment, the second embodi-
ment of the invention uses PESP as mortality risk predictor.
However, the second embodiment applies to cardiacs patient
suffering from atrial fibrillation which hinders the detection
of ventricular extrasystole (VES) from the electrocardiogram
(ECG). Again, simultaneous recordings of electrocardiogram
(ECG) and blood pressure of a cardiac patient provided by the
data provision unit will be analyzed by the data processing
unit, wherein the data processing unit performs the following
steps:

[0169] 1) Recognition of QRS-complexes, determina-
tion of heart rate intervals (RRI).

[0170] 2) Calculation of a quotient between each RRI
and the mean of 8 preceding and succeeding RRIs (RRI/
iZ'I{I<Ii—8 A i+8)'

[0171] 3) Identification of consecutive two RRIs, which
meet the following criteria: RRI[,<80% xRRI,
RRI,;>140%%XRRL,; s 1.5

[0172] 4) Identification of the systolic blood pressure of
the heart beat terminating RR1, and RR1,, ;.

[0173] 5) Under the presumption of linear relation
between RR1 and systolic blood pressure (Psys), calcu-
lation of PESP2 as the inclination of the linear function
defined by the two data points (RR1,|Psys,) and (RRI,,
11Psys,, 1)

[0174] 6) In case of several two consecutive intervals
meeting the criteria under 3), averaging the PESP2 val-
ues calculated for the separate double interval
sequences.

[0175] 7) Assessing a mortality risk based on the calcu-
lated PESP2, wherein PESP2>4.5 mmHg/s counts as
pathological.

[0176] As shown in FIGS. 10(a) and (b), the depicted data
sequence of the electrocardiogram (ECQG) contains two con-
secutive heart rate intervals, for which the quotient between

. I+82
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the first heart rate interval to the mean of eight preceding and
eight succeeding heart rate intervals is less than 0.8 and the
quotient between the second heart rate interval to the mean of
eight preceding and eight succeeding heart rate intervals is
greater than 1.4.

[0177] FIG. 11 shows acoordinate system of systolic blood
pressure (mmHg) over heart beat interval including data
points taken e.g. from the data sequences shown in FIGS.
10(b) and (c). These data sequences originate from myocar-
dial infarction patients having a high mortality risk assess-
ment according to the teaching of the second embodiment of
the present invention and contain two consecutive heart rate
intervals for which the quotient between the first heart rate
interval to the mean of eight preceding and eight succeeding
heart rate intervals is less than 0.8 and the quotient between
the second heart rate interval to the mean of eight preceding
and eight succeeding heart rate intervals is greater than 1.4.
[0178] When connecting two corresponding data points of
FIG. 11 with lines, the coordinate system according to FIG.
12 results. PESP2 corresponds to the inclination of a line, or
the averaged inclination of a plurality of lines connecting two
corresponding data points of two consecutive heatt rate inter-
vals for which the quotient between the first heart rate interval
to the mean of eight preceding and eight succeeding heart rate
intervals is less than 0.8 and the quotient between the second
heart rate interval to the mean of eight preceding and eight
succeeding heart rate intervals is greater than 1.4. PESP2 of
greater than 4.5 mmHg/s is regarded as pathologic.

[0179] FIGS. 13 and 14 depict coordinate systems similar
to FIGS. 11 and 12 but include data points taken from the data
sequences which originate from cardiac patients having a low
mortality risk assessment according to the teaching of the
second embodiment of the present invention. As can be seen
in FIG. 14, the lines connecting two corresponding data
points of two consecutive heart rate intervals for which the
quotient between the first heart rate interval to the mean of
eight preceding and eight succeeding heart rate intervals is
less than 0.8 and the quotient between the second heart rate
interval to the mean of eight preceding and eight succeeding
heart rate intervals is greater than 1.4, are almost parallel to
the abscissa. The PESP2 variable calculated from the data
points depicted in FIG. 14 amount to about 0.0 mmHg/s and
can be regarded as an indicator of a low mortality risk.

Third Embodiment (FIGS. 15 to
21)—Post-Extrasystolic T-Wave Change (PEST)

[0180] Unlike the first and second embodiment, the third
embodiment of the invention uses PEST, i.e. a quotient
indicative of Post-Extrasystolic T-wave augmentation as
mortality risk predictor. According to the third embodiment,
only recordings of electrocardiogram (ECG) of a cardiac
patient provided by the data provision unit will be analyzed
by the data processing unit by performing the following steps:

[0181] 1)Recognition of QRS-complexes, identification
of VES.
[0182] 2) Selection of data sequences including VES,

wherein each data sequence comprises three regular
QRS-complexes preceding the VES and three QRS-
complexes succeeding the VES.

[0183] 3) Quantification of T-wave amplitudes of the
selected six heart beats through planimetry (F7—>~>~1+*
1,42,43).

[0184] 4) Calculation of PEST as the quotient of the first
post-extrasystolic T-wave amplitude (F;) to the mean of
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the remaining five T-wave amplitudes (XF75 5 _; .5 ,3)

of the selected data sequence according to the formula:

PEST:FT+1/§FT—3,—2,—1,+2,+3

[0185] 5) Assessing the mortality risk of said patient

based on PEST, wherein PEST <1 counts as pathologi-

cal.
[0186] Again, a Cox proportional hazards model was used
with all variables entered simultaneously to assess the inde-
pendence and prognostic value of mortality predictors. Sur-
vival curves were estimated by the Kaplan-Meier method and
compared by the log-rank test (FIG. 20). The correlation
between the four prognostic markers was analysed by the
chi-square test (FIG. 21).
[0187] Clinical post-infarction studies revealed that PESP
and PEST calculated according to the embodiments of the
present invention are strong and independent predictors of
mortality risk of myocardial infarction patient.
[0188] A prognostic score based on PESP, PEST, VPC and
Heart Rate Turbulence (HRT-TS<2.5 ms/RRI and/or HRT-
TO=0%) provides superior results in mortality risk stratifica-
tion as compared to conventional mortality predictors such as
GRACE and LVEF.

1. Device for assessing a mortality risk of a cardiac patient
based on at least one vital sign or biosignal of said patient,
said device comprising:

a. A data provision unit being configured to provide at least

one data function of at least one vital sign or biosignal of
said patient.

b. A data processing unit being configured to process data
of said at least one data function for assessing a mortality
risk of said patient by performing the following actions:

1. Selecting at least one data sequence from said at least
one data function according to a predetermined rou-
tine.

ii. Computing a specific behavior of at least one param-
eter of said at least one data function based on said at
least one selected data sequence.

1ii. Assessing a mortality risk of said patient based on
said computed behavior.

2. Device according to claim 1, characterized by said data
provision unit being configured to perform at least one of the
following actions:

a. Recording said at least one vital sign or biosignal, pref-
erably in digital form.

b. Recording said at least one vital sign or biosignal con-
tinuously for a predetermined period of time, preferably
for at least 30 minutes.

¢. Recording said at least one vital sign or biosignal with
noun-invasive recording means, preferably using at least
one of the following devices:

1. A finger photoplethysmographic device, preferably for
continuously recording a blood pressure of said
patient.

ii. An electrocardiogram recorder, preferably a high
resolution electrocardiogram recorder with at least
1.6 kHz in orthogonal XYZ leads, preferably for con-
tinuously recording an electrocardiogram of said
patient.

d. Recording said at least one vital sign or biosignal in a
resting position of said patient, preferably in a supine
resting position of said patient.
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e. Recording at least two different vital signs or biosignals
simultaneously, preferably an electrocardiogram and
blood pressure, preferably continuous arterial blood
pressure.

f. Storing the recorded data in data storage means, prefer-
ably in digital form.

g. Providing, as at least one data function, at least one
recording of at least one of the following vital signs of
said patient:

i. Body temperature

1. Pulse rate or heart rate

ili. Blood pressure, preferably arterial blood pressure

iv. Respiratory rate
h. Providing, as at least one data function, at least one

recording of at least one of the following biosignals of
said patient:

1. Electroencephalogram (EEG)

il. Magnetoencephalogram (MEG)

ili. Galvanic skin response (GSR)

iv. Electrocardiogram (ECG)

v. Mechanocardiogram (MCG)

vi. Electromyogram (EMG)

. Providing said at least one data function as a function of
said at least one vital sign or biosignal of said patient
over the time.

J- Enabling verification and/or review and/or manual cor-
rection of said at least one data function, preferably
including the elimination of artefacts, more preferably
enabling review and/or manual correction of QRS clas-
sifications so as to differentiate sinus and ventricular
premature complexes (VPC).

k. Providing at least one data function as a function of
blood pressure, preferably continuous arterial blood
pressure, over the time, preferably in the units mmHg
over ms.

. Providing at least two different data functions from
simultaneous recordings of at least two different vital
signs or biosignals, preferably simultaneous recordings
of electrocardiogram and blood pressure.

m. Storing said at least one data function in data storage
means, preferably in digital form.

n. Loading said at least one data function from data storage
means, preferably in digital form.

3. Device according to claim 1, characterized by said data
processing unit being configured to select said at least one
data sequence from said at least one data function by perform-
ing at least one of the following actions:

a. Identifying periodic patterns within said at least one data
function, preferably QRS-complexes of an electrocar-
diogram.

b. Identifying data points of said at least one data function
correlating with at least one of the following:

1. Cardiac activities, preferably cardiac activities of the
same kind

il. R-peaks of the QRS complexes of an electrocardio-
gram

1. Ventricular systoles

c. Measuring the intervals between each subsequent two
data points, preferably between successive two R-peaks
of QRS complexes of an electrocardiogram.

d. Calculating a quotient between an interval of interest,
preferably an interval terminated by or initiated by a

—

—_—
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ventricular extrasystole, and a mean interval, wherein

the mean interval is preferably calculated from at least

one of the following;

1. A number of consecutive intervals preceding and/or
succeeding the interval of interest, wherein the num-
ber of consecutive intervals is preferably two, three,
four, five, six, seven, eight, nine or ten

ii. A number of consecutive intervals preceding and/or
succeeding a ventricular extrasystole, wherein the
number of consecutive intervals is preferably two,
three, four, five, six, seven, eight, nine or ten

e. Selecting a data sequence for further processing in at
least one of the following cases:

i. The data sequence contains at least one data point

correlating with a ventricular extrasystole
i. The data sequence contains at least a number of con-
secutive data points correlating with regular ventricu-
lar systoles preceding and/or succeeding a ventricular
extrasystole, preferably without interruption by any
further ventricular extrasystole, wherein the number
of consecutive data points correlating with regular
ventricular systoles preceding and/or succeeding a
ventricular extrasystole is preferably two, three, four,
five, six, seven, eight, nine or ten
iii. The quotient calculated for at least one interval ful-
fills at least one mathematical criterion
1v. The quotients calculated for at least two subsequent
intervals fulfill different mathematical criteria
v. The quotients calculated for at least two subsequent
intervals are out of a predetermined range of values
vi. The quotient calculated for a first interval of said data
sequence is equal to or less than a first value, prefer-
ably 0.99, 0.97, 0.9 or 0.8 and/or the quotient calcu-
lated for a second interval subsequent to the first inter-
val is equal to or greater than a second value,

preferably 1,0.1,1.03,13 or 1.4

vii. The quotient calculated for an interval of said data
sequence is equal to or less than a first value, prefer-
ably 0.99, 0.97, 0.9 or 0.8 and/or the quotient calcu-
lated for a number of subsequent consecutive inter-
vals is equal to or greater than said first value, wherein
the number of subsequent consecutive intervals is
preferably two, three, four, five, six, seven, eight, nine
or ten.

4. Device according to claims 1, characterized by said data

—
=
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and/or succeeding said ventricular extrasystole is pref-
erably two, three, four, five, six, seven, eight, nine or ten.

d. Calculating a blood pressure quotient between a systolic
blood pressure corresponding to one cardiac contraction
and a mean systolic blood pressure for other cardiac
contractions.

e. Calculating a blood pressure quotient between the sys-
tolic blood pressure corresponding to the first post-ex-
trasystolic cardiac contraction and a mean systolic blood
pressure, preferably corresponding to the second to
ninth or second to tenth post-extrasystolic cardiac con-
tractions.

f. Storing the calculated blood pressure quotient or the
mean of a plurality of calculated blood pressure quo-
tients under the variable PESP1.

g. Storing the number of calculated blood pressure quo-
tients per time.

5. Device according to claim 1, characterized by said data
processing unit being configured to compute a blood pressure
inclination during a characteristic sequence of heart rate inter-
vals based on said at least one data sequence, preferably by
performing at least one of the following actions:

a. Identifying the systolic blood pressure corresponding to
two consecutive intervals, wherein preferably the quo-
tient between the first one of the two consecutive inter-
vals and the mean of a number of consecutive intervals
preceding and/or succeeding said first interval is equal to
or less than a first value, preferably 0.99,0.97,0.9 or 0.8,
and/or the quotient between the second one of the two
consecutive intervals and the mean of a number of con-
secutive intervals preceding and/or succeeding said sec-
ond interval is equal to or greater than a second value,
preferably 1.01, 1.03, 1.3 or 1.4, wherein the number of
consecutive intervals preceding and/or succeeding said
interval of interest is preferably two, three, four, five, six,
seven, eight, nine or ten.

b. Calculating, as a blood pressure inclination, the inclina-
tion of a linear function defined by a first data point
indicating a systolic blood pressure corresponding to the
first interval and a second data point indicating a systolic
blood pressure corresponding to the second interval.

c. Storing the calculated blood pressure inclination or the
mean of a plurality of calculated blood pressure inclina-
tions under the variable PESP2.

d. Storing the number of calculated blood pressure incli-
nations, preferably per time.

processing unit being configured to compute a specific blood
pressure response to a ventricular extrasystole based on said
at least one data sequence, preferably by performing at least
one of the following actions:

6. Device according to claim 1, characterized by said data
processing unit being configured to compute a T-wave
response to a ventricular extrasystole based on said data

a. Identifying the systolic blood pressure corresponding to
atleast one cardiac contraction based on said at least one
data sequence.

b. Identifying the systolic blood pressure for each one of a
number of consecutive cardiac contractions preceding
and/or succeeding said ventricular extrasystole, wherein
the number of consecutive cardiac contractions preced-
ing and/or succeeding said ventricular extrasystole is
preferably two, three, four, five, six, seven, eight, nine or
ten.

c. Calculating the mean systolic blood pressure for a num-
ber of consecutive cardiac contractions preceding and/or
succeeding said ventricular extrasystole, wherein the
number of consecutive cardiac contractions preceding

sequence, preferably by performing at least one of the fol-
lowing actions:

a. Calculating the mean of T-wave amplitudes correspond-
ing to a number of regular ventricular systoles preceding
and/or succeeding the first post-extrasystolic T-wave
amplitude, preferably without interruption by any fur-
ther ventricular extrasystole, wherein the number of
consecutive ventricular systoles preceding and/or suc-
ceeding said first post-extrasystolic T-wave amplitude is
preferably two, three, four, five, six, seven, eight, nine or
ten.

b. Calculating the T-wave amplitude quotient between the
first post-extrasystolic T-wave amplitude and the mean
of T-wave amplitudes preceding and/or succeeding said
first post-extrasystolic T-wave amplitude.
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c. Storing the calculated T-wave amplitude quotient or the
mean of a plurality of calculated T-wave amplitude quo-
tient quotients under the variable PEST.

d. Storing the number of calculated T-wave amplitudes,
preferably per time.

7. Device according to claim 1, characterized by said data
processing unit being configured to assess a mortality risk for
said patient by providing at least one of the following func-
tions:

a. Allocating said patient to a low risk group under the

following conditions:

1. The number of data sequences selected per 30 minutes
recording of said at least one data function is less than
five; and

ii. The number of blood pressure quotients calculated to
be greater than 1 per 30 minutes recording of said at
least one data function is zero; or

ili. The number of blood pressure inclinations calculated
to be greater than 4.5 mmHg/s per 30 minutes record-
ing of said at least one data function is zero; or

iv. The number of T-wave amplitude quotients calcu-
lated to be less than 1 per 30 minutes recording of said
at least one data function is zero.

b. Allocating said patient to a medium risk group under the
following conditions:

1. The number of data sequences selected per 30 minutes
recording of said at least one data function is greater
than five; and

ii. The number of blood pressure quotients calculated to
be greater than 1 per 30 minutes recording of said at
least one data function is zero; or

iii. The number of blood pressure inclinations calculated
to be greater than 4.5 mmHg/s per 30 minutes record-
ing of said at least one data function is zero; or

iv. The number of T-wave amplitude quotients calcu-
lated to be less than 1 per 30 minutes recording of said
at least one data function is zero.

c. Allocating said patient to a high risk group under at least
one of the following conditions:

1. The number of data sequences selected per 30 minutes
recording of said at least one data function is greater
than five

ii. The number of T-wave amplitude quotients calculated
to be less than 1 per 30 minutes recording of said at
least one data function is greater than zero
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ili. PESP1 is greater than one

iv. PESP2 greater than 4.5 mmHg/s

v. PEST is less than one

d. Assessing mortality risk for said patient by calculating a
prognostic score based on at least one of the following:
i. PESP1
ii. PESP2
iii. PEST
iv. VPC
v. Heart Rate Turbulence, in particular HRT-TS<2.5

ms/RRI and/or HRT-TO=0%

8. Device according to claim 1, characterized by said
device comprising display means for displaying the result of
mortality risk assessment.

9. Method for assessing a mortality risk of a cardiac patient
based on at least one vital sign or biosignal of said patient,
preferably using the device according to claims 1, said
method comprising the following steps:

a. Providing at least one data function of at least one vital

sign or biosignal of said patient.

b. Processing data of said at least one data function for
assessing a mortality risk of said patient by performing
the following actions:

1. Selecting at least one data sequence from said at least
one data function according to a predetermined rou-
tine.

1. Computing a specific behavior of at least one param-
eter of said at least one data function based on said at
least one selected data sequence.

ili. Assessing a mortality risk of said patient based on
said computed behavior.

10. Computer-readable medium containing a program,
which, when loaded, performs a method for assessing a mor-
tality risk of a cardiac patient based on at least one vital sign
or biosignal of said patient comprising the following steps:

a. Selecting at least one data sequence from atleastone data
function of at least one vital sign or biosignal of said
patient according to a predetermined routine.

b. Computing a specific behavior of at least one parameter
of at least one data function based on said at least one
selected data sequence.

c. Assessing a mortality risk of said patient based on said
computed behavior.
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