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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a endovascular
device positioning. Specifically, the present invention re-
lates to a method for positioning the tip of an endovas-
cular device, such as a central venous catheter, in and
around the heart using electrocardiogram (ECG) signals.

BACKGROUND OF THE INVENTION

[0002] The electrical conduction system of the heart
creates specific electrical signals, electrical energy dis-
tributions and behaviors thereof which are indicative of
specific locations in the thoracic cavity and/or of specific
heart functions or conditions. When measured endovas-
cularly, i.e., from within blood vessels or from within the
heart, certain parameters of the electrical activity of the
heart can be used to identify specific locations in the car-
diovascular system and/or functional conditions, normal
or abnormal. Moreover, by locally and accurately identi-
fying the location and the type of condition, therapy of
such conditions can be optimized and the effect of the
therapy monitored in real-time.

[0003] Two types of clinical applications are typically
addressed. The first is related to guiding endovascular
devices through the cardiovascular system, while the
second is related to the non-invasive or the minimally
invasive remote monitoring of the electrical activity of the
heart.

[0004] The guidance, positioning, and placement con-
firmation of endovascular catheters are necessary in a
number of clinical applications, such as, for example:

1. Central venous access, e.g., CVC, PICC, implant-
able ports;

2. Hemodialysis catheters;

3. Placement of pacemaker leads;

4. Hemodynamics monitoring catheters, e.g., Swan-
Ganz and central pressure monitoring catheters; and
5. Guiding guidewires and catheters into the left
heart.

[0005] The location of the catheter tip is very important
to the patient safety, the duration and the success of the
procedure. Today’s golden standard for confirming the
target location of the catheter tip is the chest X-ray. In
addition, there are currently two types of real-time guiding
products available on the market, which try to overcome
the limitations of chest X-ray confirmation: electromag-
netic and ECG- based. In hospitals where real-time guid-
ance is used results have improved in terms of reducing
the number of X-rays, the procedure time, and the cost
ofthe procedure. Under real-time guidance first-time suc-
cess rate has typically increased from 75%-80% to 90%-
95%. In addition, in hospitals where ECG guidance is
used, e.g., in Italy, Belgium, Germany, chest X-ray con-
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firmation has been eliminated for more than 90% of the
patients. Electromagnetic systems are used mostly in the
United States while ECG-based systems are used mostly
in Europe. Amongst other factors which determine the
difference between the markets in the United States and
Europe in terms of technology adoption: a) type of health
care personnel allowed to perform procedures: nurses
have more flexibility in the United States, b) type of de-
vices placed: PICCs are placed more and more often in
the United States, c) price sensitivity: the European mar-
ket seems to be more price sensitive, and d) the current
guiding devices are commercialized by specific manu-
facturers to work exclusively with their catheters: market
penetration of the guiding systems reflects the market
penetration of the catheter manufacturer.

[0006] It was also found that different opinions exist
regarding where the target tip location should be: for ex-
ample, lower third of the SVC or RA. Therefore guiding
technologies should allow for discrimination of these lo-
cations. The chest X-ray, which is the current golden
standard does not always allow for such discrimination
requiring an accuracy of typically better than 2 cm. Also,
because ECG-based systems make use of physiological
information related to the heart activity, their ability to
guide placement is accurate with respect to the anatomy.
Thisis notthe case with electromagnetic guiding systems
which measure the distance between the catheter tip in
the vasculature and an external reference placed typi-
cally on the patient’s chest. Because of this aspect, ECG-
based systems can be used to document the final result
of the catheter placement potentially replacing the chest
X-ray as the golden standard.

[0007] One of the most valuable diagnostic tools avail-
able, the ECG records the heart’s electrical activity as
waveforms. By interpreting these waveforms, one can
identify rhythm disturbances, conduction abnormalities,
and electrolyte imbalance. An ECG aids in diagnosing
and monitoring such conditions as acute coronary syn-
dromes and pericarditis. The heart’s electrical activity
produces currents that radiate through the surrounding
tissue to the skin. When electrodes are attached to the
skin, they sense these electrical currents and transmit
them the electrocardiograph. Because the electrical cur-
rents from the heart radiate to the skinin many directions,
electrodes are placed at different locations on the skin
to obtain a total picture of the heart’s electrical activity.
The electrodes are then connected to an electrocardio-
graph device, or computer, and record information from
different perspectives, which are called leads and planes.
A lead provides a view of the heart’s electrical activity
between two points or poles. A plane is a cross section
of the heart which provides a different view of the heart’s
electrical activity. Currently, the interpretation of an ECG
waveform is based on identifying waveform component
amplitudes, analyzing and then comparing the ampli-
tudes with certain standards. Modifications of these am-
plitude components are indicative of certain conditions,
e.g., the elevation of the ST segment or of certain loca-
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tions in the heart, e.g., the amplitude of the P-wave. In
today’s practice ECG monitors are widely used to record
ECG waveforms. More and more often applications are
made available for automatic identification of the ECG
amplitude components. In certain cases tools are avail-
able for decision making support and for automatic inter-
pretation of ECG amplitude components with respect to
underlying heart conditions.

[0008] Remote patient monitoring is a well established
medical field. Still remote monitoring of heart conditions
is not as widely accepted as it would be need and pos-
sible. One of the reasons is related to the relatively com-
plicated way of acquiring signals related to the heart ac-
tivity, in particular ECG signals. Another important limit-
ing factor of the current remote monitoring technologies
is the use of communications channels, like the tele-
phone line, which are difficult to interface with at both the
patient and the physician ends.

[0009] US 5,121,750 describes a method and appara-
tus for locating a catheter adjacent to a pacemaker node
of the heart. The placement of a catheter tip just before
SA heart pacemaker node is a common and desired pro-
cedure in medicine, with the most serious complication
being its accidental advancement of the beyond this point
placingits tip into the heart, with often fatal complications.
The catheter tip location just before SA heart pacemaker
node is desired because is most often the safest and
optimal location. The catheter described in this document
is placed by a physician within a patient’s body circulatory
vessel and advanced towards the heart SA pacemaker
node, using traditional medical procedures. From the dis-
tal tip of the catheter the endogenous electrical activity
from the SA pacemaker node of the heart is monitored
and transmitted via at least one insulated transmission
line located within the catheter to an electronic catheter
monitoring system located outside the body. As the cath-
eter is advanced its tip moves within the patient’s circu-
latory vessel. Simultaneously, the electronic catheter
monitoring system monitors the natural pacemaker node
potentials, obtained at the tip of the catheter, which in-
crease as the node is approached and decrease as the
node is passed. The electronic catheter monitoring sys-
tem display indicates these monitored changes to the
physician advancing the catheter. The information pro-
vided by the electronic catheter monitoring system is
used by the physician to guide catheter placement and
confirm its location at the desired location outside the
heart before the SA node.

[0010] US 2007/0299352 A1 describes a non-contact
cardiac mapping method that includes: (i) inserting a
catheter into a heart cavity having an endocardium sur-
face, the catheter including multiple, spatially distributed
electrodes; (ii) measuring signals at the catheter elec-
trodes in response to electrical activity in the heart cavity
with the catheter spaced from the endocardium surface;
and (iii) determining physiological information at multiple
locations of the endocardium surface based on the meas-
ured signals and positions of the electrodes with respect
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to the endocardium surface. Related systems and com-
puter programs are also described.

[0011] WO 2004/002303 A1 describes a catheter
which is guided along a blood vessel of a patient by the
bipolar electrode functioning as a mobile sensor on the
catheter tip connected to the electronic unit to monitor
the advance of the catheter and determine any modifi-
cation of successive signals received from the bipolar
electrode in order to detect any deviation of the catheter
tip from the required path along the blood vessel and to
deliver control signals comprising a GO signal, a STOP
signal or an END signal to respectively enable, interrupt
or terminate the advance of the catheter. The bipolar
electrode moreover serves to verify the contact of the
catheter tip with the wall of the heart cavity of the patient
by creating impulses and detecting the appearance of
corresponding induced signals on a surface cardiogram
of the patient. The combination of the bipolar electrode
on the catheter with the electronic unit is said to provide
a portable catheterization system particularly suitable for
performing urgent cardiac catheterizations outside hos-
pitals.

SUMMARY OF THE INVENTION

[0012] According to the presentinvention, there is pro-
vided an apparatus for positioning an endovascular de-
vice in or near the heart as set out in Claim 1. There is
also provided a computer-based data processing algo-
rithm for positioning an endovascular device in or near
the heart as set out in Claim 18, and a computer storage
medium as set out in Claim 19.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a block diagram that depicts an apparatus
according to an embodiment of the present inven-
tion.

FIGS. 2A, 2B and 2C depict various endovascular
adaptor devices.

FIG. 3 is a block diagram of an electronic module for
acquisition and processing of endovascular electro-
cardiogram according to an embodiment of the
present invention.

FIGS. 4A, 4B, 4C, and 4D depict electrode configu-
rations that provide optimal acquisition of endovas-
cular electrocardiogram according to various em-
bodiments of the present invention. FIG. 4A depicts
a single lead configuration, FIG. 4B depicts a mod-
ified 3-lead configuration with monitoring and guiding
capabilities, FIG. 4C depicts a telemetry configura-
tion with a single grounded lead, and FIG. 4D depicts
one use of ECG monitors for guiding endovascular
devices.

FIG. 5 illustrates exemplary electrocardiogram sig-
nal amplitudes at different locations in the central
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venous system.

FIG. 6 illustrates exemplary electrocardiogram sig-
nal power spectra at different locations in the central
venous system.

FIG. 7 illustrates exemplary electrocardiogram sig-
nal electrical energy distribution at different locations
in the central venous system.

FIG. 8 depicts a graphical user interface according
to an embodiment of the present invention.

FIG. 9 depicts a graphical user interface according
to another embodiment of the present invention.
FIGS. 10A and 10B depict a exemplary printouts for
the information displayed by the graphical user in-
terface, according to an embodiment of the present
invention.

FIG. 11 is a block diagram for a computer-based
method for positioning an endovascular device in or
near the heart using electrocardiogram signals.
FIG. 12 illustrates another decision support algo-
rithm for a computer-based method for positioning
an endovascular device in or near the heart using
electrocardiogram signals, according to an alterna-
tive embodiment.

FIG. 13 illustrates the cardiac conduction system of
the heart.

FIG. 14 illustrates electrical signal propagation in the
conduction system of the heart.

FIG. 15illustrates electrical activity in the cardiovas-
cular system due to neuronal control system.

DETAILED DESCRIPTION OF EMBODIMENTS

[0014] The matter disclosed herein advantageously
provide computer-based methods for positioning the tip
of an endovascular device, such as a central venous
catheter, in and around the heart using electrocardio-
gram (ECG) signals.

[0015] Disclosed herein is a computer-based method
for positioning an endovascular device in or near the
heart using electrocardiogram (ECG) signals. This com-
puter-based method includes receiving an endovascular
ECG signal, associated with an endovascular device, in-
cluding a plurality of waveforms, each waveform having
at least a P-wave component, processing the endovas-
cular ECG signal, over a plurality of predetermined time
periods, to calculate a P-wave amplitude and a spectral
power for each predetermined time period, determining
a maximum P-wave amplitude from the plurality of P-
wave amplitudes, and an associated maximum spectral
power from the plurality of spectral powers, associating
the maximum P-wave amplitude and the maximum spec-
tral power with a predetermined location in or near the
heart, calculating a location of the endovascular device,
for each predetermined time period, based on a ratio of
the P-wave amplitude to the maximum P-wave amplitude
and a ratio of the spectral power to the maximum spectral
power, and displaying the location of the endovascular
device to a user.
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[0016] The method described above is adapted to si-
multaneously receive a skin ECG signal, associated with
askin ECG lead, including a plurality of waveforms, each
waveform having at least a P-wave component, process
the skin ECG signal, over the plurality of predetermined
time periods, to calculate a skin P-wave amplitude and
askin spectral power for each predetermined time period,
determine a maximum skin P-wave amplitude from the
plurality of skin P-wave amplitudes, and an associated
maximum skin spectral power from the plurality of skin
spectral powers, associate the maximum skin P-wave
amplitude and the maximum skin spectral power with the
predetermined location in or near the heart, and calculate
the location of the endovascular device, for each prede-
termined time period, based on a ratio of the endovas-
cular P-wave amplitude to the maximum skin P-wave am-
plitude and a ratio of the endovascular spectral power to
the maximum skin spectral power.

[0017] There has thus been outlined, rather broadly,
certain methods in order that the detailed description
thereof herein may be better understood, and in order
that the present contribution to the art may be better ap-
preciated.

[0018] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be under-
stood that the invention is not limited in its application to
the details of construction and to the arrangements of
the components set forth in the following description or
illustrated in the drawings. The invention is capable of
embodiments in addition to those described and of being
practiced and carried out in various ways. Also, it is to
be understood that the phraseology and terminology em-
ployed herein, as well as the abstract, are for the purpose
of description and should not be regarded as limiting.
[0019] As such, those skilled in the art will appreciate
that the conception upon which this disclosure is based
may readily be utilized as a basis for the designing of
other structures, methods and systems for carrying out
the several purposes of the present invention. It is im-
portant, therefore, that the claims be regarded as includ-
ing such equivalent constructions insofar as they do not
depart from the scope of the present invention.

[0020] The invention will now be described with refer-
ence to the drawing figures, in which like reference nu-
merals refer to like parts throughout.

[0021] Embodiments of the present invention advan-
tageously provide an inventive apparatus(es), computer-
based data processing algorithms for obtaining and using
endovascular ECGs in a number of clinical applications
and settings. For example, once device can be used to
guide endovascular devices in and around the heart, e.g.,
guiding central venous access devices in the superior
vena cava, right atrium, and right ventricle. Such central
venous access devices may include central venous cath-
eters (CVC), peripherally inserted central catheters
(PICC), implantable ports, hemodialysis catheters, tun-
neled catheters and others. Other devices which may
benefit from guidance with the inventive apparatus are
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temporary pacemaker leads placed through the central
venous system. Catheters and guidewires used in left
heart procedures may also benefit from the present in-
vention by decreasing the amount of contrast and radi-
ation required to guide these devices in position. In an-
other example, the apparatus can be used for minimally
invasive monitoring and assessing heart conditions
based on its electrical activity, e.g., assessing preload in
a heart cycle or monitoring ST segments and T-waves
in congestive heart failure.

[0022] In one aspect of the invention, an apparatus is
described consisting of sterile adaptors, an electronic
module for signal acquisition, a computer module, soft-
ware, and peripheral devices and connections. In one
embodiment, the electronic module for signal acquisition
can be dedicated to acquiring and processing endovas-
cular electrical signals generated by the body (endovas-
cular ECG), in another embodiment the electronic mod-
ule can be dedicated to acquiring and processing en-
dovascular ECGs as well as skin ECGs.

[0023] In one embodiment, the electronic module and
the computer module can be separate modules, in an-
other embodiment they can be integrated in the same
module and enclosure, and yet in another embodiment
they can communicate with each other via a wireless
connection, such as Bluetooth. In one embodiment, the
apparatus can contain an integrated printer, while in an-
other embodiment the printer can be external and at-
tached to the apparatus and the apparatus connected
via network, e.g., wireless to other devices. In yetanother
embodimentthe apparatus can be used for telemetry and
for transmitting the endovascular electrograms to a re-
mote location, e.qg., via a telephone line, Internet, and/or
wireless phone. Any combination of embodiments men-
tioned above is also possible.

[0024] In another aspect of the invention, various con-
figurations allow the connection of endovascular devices,
such as central venous access devices, to the electronic
module for signal acquisition and processing. In one em-
bodiment, the device consists of a connecting wire with
two ends and special connectors at each end. At one
end, the wire can be connected to a metal or nitinol
guidewire or stylet as commonly available on the market.
At the other end, the wire can be safely connected to the
electronic module. In another embodiment, the device
includes a coated guidewire, e.g., made of nitinol or stain-
less steel with uncoated distal and proximal ends and cm
markings. In such an embodiment, the coated guidewire
is inserted endovascularly, while the connecting wire is
connected to the proximal end of the coated guidewire.
In another embodiment, the device includes a catheter-
syringe adaptor provided with an electrical connecting
wire. At one end, the electrical connecting wire is in con-
tact with the fluid, e.g., saline flowing within the catheter-
syringe adapter. At the other end the connecting wire can
be connected to the electronic module.

[0025] In another aspect of the invention, various elec-
trode configurations allow for the optimal acquisition of
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endovascular ECGs. In one embodiment, a single lead
is used to provide information about the tip location of an
endovascular device within the vasculature. In another
embodiment a modified three lead configuration is used
to provide simultaneous 3-lead monitoring of the heart
activity at the same time with providing tip location infor-
mation. In another embodiment a modified single lead
configuration plus ground is used for telemetry and trans-
ferring information from the tip of the catheter remotely.
[0026] In another aspect of the invention algorithms
are introduced for the analysis of the ECG waveforms
and for supporting decision making based on these
waveforms. These algorithms discriminate between dif-
ferentlocations in the vasculature and assess body func-
tions (systemic and at specific locations in the body), in
particular heart functionality. In various embodiments,
these algorithms use time domain analysis of waveforms:
morphologic, for example shape; statistic, for example
behavior.

[0027] In other embodiments, the algorithms use fre-
quency domain analysis of waveforms: morphologic, for
example shape; statistic, for example behavior. In further
embodiments, signal energy analysis in time and fre-
quency domains is also performed, morphologic and sta-
tistic. Fuzzy, statistical, and knowledge-based decision
making are also contemplated by the present invention
as decision support tools.

[0028] In another aspect of the invention, a user inter-
face is provided that advantageously simplifies interpre-
tation of data and workflow. In one, embodiment the user
interface includes simplified graphics showing the loca-
tion in the vasculature and in the heart of the tip of the
endovascular device in use without showing any of the
ECG waveforms. In another embodiment, the user inter-
face shows, in real-time, the change in location of the tip
of the endovascular device in use.

[0029] In another aspect of the invention, several in-
ventive methods are presented which use the apparatus
described herein in clinical applications. In one embodi-
ment, a computer-based method is provided that guides
central venous catheters (CVC, PICCs, hemodialysis,
implantable ports, and others) using stylets, guidewires
and saline solution to the superior vena cava, inferior
vena cava, the right atrium, and the right ventricle. This
method is advantageously less sensitive to patients with
arrhythmias than the prior art, and represents an alter-
native to chest X-ray confirmation oftip location of central
venous catheters in most clinical cases. In another em-
bodiment, a computer-based method is provided that
guides coated guidewires in the right and left heart. In
another embodiment, a computer-based method is pro-
vided that guides the placement of temporary pacemaker
leads through the central venous system. In another em-
bodiment, a method is provided that is minimally invasive
and monitors preload using depolarization and heart
rhythms. In another embodiment, a method is provided
thatis minimally invasive and monitors arrhythmias using
P-wave analysis. In another embodiment, a method is
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provided that is minimally invasive and monitors heart
failure using ST segment and T-wave analysis.

[0030] FIG. 1 is a block diagram that depicts an appa-
ratus according to an embodiment of the present inven-
tion.

[0031] The apparatus 100 can be attached through an
adaptor (120) to a large variety of commercially available
and custom designed vascular access devices (110). Ex-
amples of such devices are: central venous catheters
(CVC), peripherally inserted central catheters (PICC),
implantable ports, tunneled catheters, hemodialysis
catheters, guiding catheters for pacemaker leads,
guidewires used for coronary and other vascular inter-
ventions, guiding catheters for coronary and other vas-
cular interventions, stylets, syringe needles, and others.
If the vascular access devices is a stylet, a guidewire, or
a syringe needle, its material must be sufficiently electri-
cally conductive, e.g., stainless steel or nitinol. In such a
case the hook or the alligator clip adaptor according to
the present invention should be used If the vascular ac-
cess devices is a catheter, than saline should be used
to establish a conductive path through one of the cathe-
ter'slumens. In such a case, the syringe-catheter adaptor
according to the present invention should be used.
[0032] The electronic module (130) receives electrical
signals from the adaptor and from one or more other elec-
trodes placed on the patient’s skin (115). Alternatively,
more than one adaptor can be used at the same time to
connect to more than one endovascular device in order
to provide different electrical signals to the electronic
module. The use of skin electrodes is optional in certain
device configurations. The electronic module processes
the electrical signals and transmits them to a computer
module (140) for further processing and other functions.
In one embodiment the electronic module and the com-
puter module can be packaged separately, in another
embodimentthey can be integrated in the same package.
In one embodimentthe connection between the electron-
ic module and the computer module can be hardwired,
in another embodiment it can be wireless, e.g., using
Bluetooth.

[0033] The computer module processes the signals
from the electronic module applying algorithms (170) as
described by the currentinvention. The computer module
can also be connected to peripherals (160), e.g., a printer
or a label printer and storage devices and provides con-
nectivity including wireless connectivity (150) to other
computers or to the internet. The storage device can be
used to store a database of knowledge and information
regarding the application at hand. The connectivity inter-
face can be used to update this database remotely with
newest relevant knowledge and information, e.g., new
clinical cases, new findings regarding the relationship be-
tween electrograms and heart conditions. The computer
module supports a graphical user interface (180) opti-
mized for the purpose of the clinical application at hand.
[0034] FIGS. 2A, 2B and 2C depict various endovas-
cular adaptor devices.
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[0035] FIG. 2A illustrates adaptors that can be made
of an isolated conductive wire (255) made of copper or
stainless steel having two ends: one end connected to a
vascular access device (255), the other end connected
to the electronic module (250). The end that connects to
the vascular access devices includes a connector that
may have several configurations. In one embodiment,
the connector is a J-clip connector (230) with a spring for
isolation purposes when the J tip is not extended. In an-
other embodiment, the connector is an isolated alligator
clip (220). In another embodiment, the connector is cath-
eter-syringe adapter (210). One end of the catheter-sy-
ringe adapter (211) can connect to the catheter luer. The
other end can connect (215) to a syringe. A metal insert
(214), e.g., a metal ring is located inside the body of the
adaptor, comes in contact with the saline solution as it
flows from the syringe towards the catheter lumen. The
metal insert is connected through the adapter wall to a
wire (212) which in turn is connected to the connector
(250). In one embodiment the connector (250) is secured
through external isolation (241) and plugs into a secure
plug in the electronic module. In another embodiment the
connector (250) has an optimized nipple shape (242) al-
lowing for an easy and safe connection of a standard
ECG cable connector.

[0036] Figure 2B illustrates a new guidewire (260)
which allows for collecting electrical information only at
its distal end (261). The guidewire made of electrically
conductive materials with good enough conductivity,
e.g., stainless steel or nitinol. The guidewire is coated
with an electrically isolating coating like conformal
parylene coating over its entire length except at the distal
end and at the proximal end. The catheter has length
markings printed on it (262). The distal end which is an
a-traumatic tip, either as a J-tip orin any other a-traumatic
embodiment is not coated and it allows for electrical con-
tact with the blood. The proximal end is not coated (263)
and allows connectors like the ones in figure 2 (220 or
230) to be electrically connected to the guidewire.
[0037] Figure 2C illustrates another embodiment of a
catheter-syringe adaptor. A plastic piece (270) consists
of a shaped end (271) which can fit into a standard cath-
eter luer or into it lumen. The shape and the material
allow for a good contact between the end (271) and the
inner wall of the luer or lumen such that fluid can flow
without leakage and no air is introduced into the lumen
in the process. The other end of the piece (272) is a luer
type connector which can fit any standard syringe. The
body of the adaptor or inner chamber (273) adapts the
diameter of the luer (272) to the size of the inner catheter
lumen (271) and provides for a connection of an electri-
cally conductive element in the inner chamber to a wire
connected to the outside of the chamber through a per-
foration in the chamber wall (274). The connection
through the chamber wall is waterproof. When saline is
injected through the adaptor, the connection (274) cre-
ates a waterproof conductive path between the saline
and an outside wire. The adaptor (290) is a plastic piece
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which interfaces two sizes of diameters (291) and (292).
In one embodiment the end (271) of the adaptor (270)
fits into the lumen end (291) of adaptor (290) and the
other end (292) of adaptor (290) fits into the lumen of a
catheter used to place implantable ports.

[0038] FIG. 3 is a block diagram of an electronic mod-
ule (300) for acquisition and processing of endovascular
electrocardiogram according to an embodiment of the
present invention.

[0039] The patient connector interface (310) allows for
connecting electrical leads to the patient (305). Any com-
bination of skin electrodes and/or electrical connections
to endovascular devices using the adaptors discussed
above can be used. In one embodiment, the amplifier
(320) is a four stage amplifier with variable gain, which
can amplify electrical signals coming though the patient
cable, for example, typical of electrocardiographic val-
ues. The analog-to-digital converter (330) converts the
signals in digital format readable by the micro-processor
(340). Any number and configurations of microproces-
sors, microcontrollers, digital signal processors can be
used to implement the micro-processing function (340).
[0040] Inoneembodiment, amicrocontrolleris respon-
sible for controlling the serial communication with a com-
puter module (390) via the serial interface (370) or via
the wireless interface (380) and a digital signal processor
(DSP) is responsible for implementing one or several of
the inventive algorithms described herein. Alternatively,
a single processor can be used for both communication
and processing.

[0041] The micro-processor (340) also receives com-
mands from the computer module (390) and controls dif-
ferent elements of the electronic module, e.g., the am-
plifier (320) accordingly. The patientisolation block (350)
decouples electrically the power (360) and the serial
communication channel (370) from the patient interface
(310) in order to ensure patient protection to electrical
shock. In one embodiment the isolation block (350) can
consists of a transformer and/or couplers, e.g. optical
couplers.

[0042] FIGS. 4A, 4B, 4C, and 4D depict electrode con-
figurations that provide optimal acquisition of endovas-
cular electrocardiogram according to various embodi-
ments of the present invention.

[0043] FIG. 4A depicts a single lead configuration with
a reference electrode (410), for example attached to the
patient’s skin over the right arm and with the other elec-
trode attached through an adaptor to an endovascular
device (415). The reference electrode attached to the
skin over the right arm is presented in this configuration
for illustration purposes only. Other locations of the ref-
erence electrode are possible depending on the type of
ECGrequired. Thereference electrode over the rightarm
together with the tip of the endovascular device used with
the adaptor can be similar to lead Il of a standard ECG.
In this case the ECGs obtained from the superior vena
cava (401) andinferior vena cava (402) can be optimized.
The reference electrode can be attached to the skin in
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any other location in order to simulate other leads of the
standard ECG. The reference electrode can be also con-
nected to adaptors attached to other endovascular de-
vices in order to obtain more local information from within
the patient’s heart (400).

[0044] FIG 4B depicts a modified 3-lead configuration,
with monitoring and guiding capabilities, with 4 elec-
trodes. Three (3) electrodes correspond to the standard
ECG electrodes: right arm (RA, 420), left arm (LA, 425),
and left leg (LL, 430) used as reference. The fourth elec-
trode is attached through an adapter to the endovascular
device (C, 435). In this configuration, the electronic mod-
ule and the algorithm perform two functions simultane-
ously: the three standard electrodes (RA, LL, and LL)
perform a monitoring function of the heart, while the C
electrode (435) allow for recording the ECG at the tip of
device.

[0045] FIG 4C depicts a telemetry configuration with a
single grounded lead, including the configuration illus-
trated in FIG. 4A and a ground reference (450). This con-
figuration can be used to transmit ECGs remotely through
a telemetry system configuration.

[0046] FIG 4D depicts one use of ECG monitors for
guiding endovascular devices. A standard ECG monitor
is used having standard inputs RA (465), LA (460), and
LL (470). LA (460) is connected to the left arm and LL
(470) to the left leg of the patient. The RA input (465) is
connected to a switch which can be used be the clinician
to switch the RA input (465) between the RA electrode
and the catheter (C) electrode 475. Thus either monitor-
ing or guiding of catheter placement can be achieved
alternatively.

[0047] FIG. 5 illustrates exemplary electrocardiogram
signal amplitudes at different locations in the central ve-
nous system.

[0048] The heart (504), right atrium (501), superior ve-
na cava (SVC) (502), and the inferior vena cava (IVC)
(503) are illustrated. Location A is in the upper SVC, lo-
cation B is in the lower third of the SVC, location C is at
the caval-artial junction, location D is in the right atrium,
and location E is in the upper inferior vena cava.

[0049] Graph 510 illustrates an ECG waveform as a
function of time at recorded at location A. The absolute
amplitude of the waveforms is recorded on an amplitude
scale (590). In the case of an endovascular ECG, the
standard elements of the electrocardiogram are illustrat-
ed: the P-wave (560), the R-wave (570), and the T-wave
(580). The amplitudes and shape at location A recorded
with a lead configuration as in Figure 4D are similar to
an electrocardiogram recoded at the skin level with the
same electrode configuration.

[0050] Graph520 illustrates anendovascular ECG de-
picted at location B. The amplitude at this location is high-
er than the one at location A but the overall shapes of
the waveform are similar at location A and B.

[0051] Graph 530 illustrates an endovascular ECG de-
picted at location C. At location C at the caval-atrial junc-
tion, the amplitude of the waveform is yet higher than the
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one at location B and the P-wave has dramatically
changed becoming higher than the R-wave. This wave-
form is an indication of the proximity of the sino-atrial
node.

[0052] Graph 540 illustrates an endovascular ECG de-
picted at location D. At location D in the right atrium, the
amplitudes are similar to location C but the P-wave
changes polarity becoming bi-polar. This is an indication
that the measurement of the ECG occurs beyond the
sino-atrial node.

[0053] Graph 550 illustrates an endovascular ECG de-
picted at location E. At location E in the inferior vena
cava, the waveform is similar to the one at location A in
terms of amplitude except the P-wave has reverse po-
larity. The differences in the ECG waveforms at different
locations are used by the algorithms introduced herein
to discriminate between the corresponding locations and
to assess heart and blood vessel functionality.

[0054] FIG. 6 illustrates exemplary electrocardiogram
signal power spectra at different locations in the central
venous system, using a spectral scale (690).

[0055] The heart (604), right atrium (601), superior ve-
na cava (SVC) (602), and the inferior vena cava (IVC)
(603) are illustrated. Graph 610 illustrates an endovas-
cular ECG spectrum depicted at location A. At location
A, the spectrum (610) has the appearance of a single
central frequency or single band (660) and with a fre-
quency distribution spectral power and energy similar to
those at skin level.

[0056] Graph 620 illustrates an endovascular ECG
spectrum depicted at location B. At location B the fre-
quency distribution has two major bands and a higher
energy and spectral power than the one at location A.
[0057] Graph 630 illustrates an endovascular ECG
spectrum at location C. At location C, there are multiple
(3-4) major frequencies or principal spectral components
distributed over a wider range of frequencies (670). This
spectral distribution is indicative of the energy distribution
around the sino-atrial node. The spectral power and sig-
nal energy have increased compared to location B.
[0058] Graph 640 illustrates an endovascular ECG
spectrum depicted at location D. At location D the spec-
trum is wider and more broadband indicative of the elec-
trical activity of the right atrium.

[0059] Graph 650 illustrates an endovascular ECG
spectrum depicted atlocation E. The frequency spectrum
at location E is similar to the one at location A. The dif-
ferences in the spectral waveforms at different locations
are used by the algorithms introduced herein to discrim-
inate between the corresponding locations and to assess
heart and blood vessel functionality.

[0060] FIG. 7 illustrates exemplary electrocardiogram
signal electrical energy distribution at different locations
inthe central venous system. The heart (704), rightatrium
(701), superior vena cava (SVC) (702), and the inferior
vena cava (IVC) (703) are illustrated. Graphs (710, 720,
730, 740, 750) depict the energy distribution at different
locations (A, B, C, D and E, respectively) and the changes
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in time are used by the algorithms introduced herein to
discriminate between the corresponding locations and to
assess heart and blood vessel functionality.

[0061] FIG. 8depictsagraphicaluserinterface accord-
ing to an embodiment of the present invention.

[0062] Window (810) presents the ECG waveform in
real-time as it is acquired by the electronic module using
the attached electrode configuration. Window (820) is a
reference window and shows a frozen waveform used to
compare with the current window. In one embodiment,
the reference waveform in window (820) can be obtained
through the electrodes connected to the electronic mod-
ule at a reference location of the catheter and/or using a
reference configuration of the skin electrodes. For exam-
ple, such areference waveform can be the ECG recorded
using an adaptor according to the present invention con-
nected to an endovascular device placed at the caval-
atrial junction. In a different embodiment, the reference
waveform in window 820 can be a typical waveform at a
certain location in the vasculature or of a certain heart
condition as it is recorded in a database of waveforms
and as itis stored in the storage medium of the computer
system. If the electrode configuration allows for simulta-
neous heart monitoring and recording of electrograms
using an endovascular device, window (830) shows one
of the standard ECG leads for heart monitoring, while
window (810) shows the ECG at the tip of the endovas-
cular devices when connected to an adaptor, such as the
ones discussed above.

[0063] The icon (870) is a representation of the heart,
and the locations A through E (875) illustrate different
locations in the heart and vascular system which can be
discriminated by analyzing endovascular ECGs in ac-
cordance with the methods disclosed herein. As a loca-
tion in the vasculature is identified by the algorithms, the
corresponding place and letter on the icon (875) be-
comes highlighted or in some other way is made visible
to the user. The bars (884), (885), and (886) show signal
energy levels. The "E" bar (885) presents the amount of
electrical energy computed from the ECG frequency
spectrum at the currentlocation of the tip of the endovas-
cular device. The "R" bar (884) presents the amount of
electrical energy computed from the ECG frequency
spectrum at a reference location. The "M" bar (886)
presents amount of electrical energy computed from the
ECG frequency spectrum using the monitoring ECG sig-
nal from the skin electrodes. The window (840) depicts
monitoring information, e.g., heart rate. Patient informa-
tion (name, date of procedure and others) are shown in
window (850). Window (860) contains system control el-
ements like buttons and status information, e.g., scale,
scroll speed, system parameters and system diagnos-
tics.

[0064] FIG.9depictsagraphicaluserinterface accord-
ing to another embodiment of the present invention.
[0065] The icon (920) is a representation of the heart
and the locations A through E (930) illustrate different
locations in the heart and vascular system which can be
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discriminated by analyzing endovascular ECGs. As a lo-
cation in the vasculature is identified by the algorithms,
the corresponding place and letter on the icon (930) be-
comes highlighted or in some other way is made visible
to the user. The bars (940), (950), and (960) show signal
energy levels. The "E" bar (940) depicts the amount of
electrical energy computed from the ECG frequency
spectrum at the current location of the tip of the endovas-
cular device. The "R" bar (950) shows the amount of elec-
trical energy computed from the ECG frequency spec-
trum at a reference location. The "M" bar (960) shows
amount of electrical energy computed from the ECG fre-
quency spectrum using the monitoring ECG signal com-
ing from the skin electrodes. The button "Print" (960) al-
lows the user to print the information documenting the
case on a printer, for example on a label printer for quick
attachment to the patient’s chart.

[0066] FIGS. 10A and 10B depict a exemplary print-
outs for the information displayed by the graphical user
interface, according to an embodiment of the present in-
vention.

[0067] FIG. 10A illustrates a printout (1000) for the
case of a catheter tip placement procedure in the lower
third of the SVC. The field 1010 depicts the heart icon
whereby the letter "B" corresponding to the lower third of
the superior vena cava (SVC) is highlighted (1040). Field
1030 depicts the reference ECG waveform recorded at
the tip of the catheter at the caval-atrial junction in the
proximity of the sino-atrial node. Field 1020 depicts the
ECG waveform at the tip of the catheter in the position
in which it was placed at the end of the procedure. For
FIG. 10A, this location is in the lower third of the SVC
and the ECG waveform corresponds to this location. The
patient name (1001) and the date of procedure (1002)
are also printed.

[0068] FIG. 10B depicts a similar printout (1050) ex-
cept that the final position at the end of the procedure is
at the caval-atrial junction at location C (1090) on the
heart icon (1060). The "SA Node" field depicts the refer-
ence ECG waveform (1080), and the "Final Position" field
(1070) shows that the catheter was placed with the tip at
the sino-atrial node: the ECG waveform in final location
is similar or even identical with the one in the reference
location at the sino-atrial node (SA Node). It is known
that the proximity of the SA Node indicates a location at
the caval-atrial junction. These locations are sometimes
considered identical by some clinicians.

[0069] FIG. 11isablockdiagram fora computer-based
method (1100) for positioning an endovascular device in
or near the heart using electrocardiogram signals.
[0070] The algorithms are applied to the input signal
(1102) (ECG) acquired by the adaptor to the endovas-
cular devices and, optionally, through skin electrodes as
well. The Error Detection Block (1105) detects at least
three types of error conditions / exceptions, such as, for
example, when a defibrillator has been applied to the
patient, when a pacemaker is firing excitation pulses
and/or when a lead/electrode is off. These errors / ex-
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ceptions may be handled differently, and the user may
be informed about the presence of an exception and the
way of handling the exception (1110).

[0071] The Pre-Processing block (1115) may amplify
the signal, reduce noise, eliminate artifacts, etc. In one
embodiment, rescaling the signal to the display range
occurs under user control and is not automatic, as with
most currently available ECG monitors. Thus, changes
in the amplitude of the ECGs are easily noticed. A high-
pass filter corrects the baseline and reduces such arti-
facts as respiratory artifact. Wideband noise suppression
may be achieved using a selective filter, e.g., a wavelet
transform. Electromagnetic interference with other
equipment and the power grid may be suppressed by a
notch filter (narrow band filter) centered at 60 Hz or 50
Hzto accommodate domestic orinternational power sup-
plies. High frequency noise may be suppressed with a
low-pass filter, which, in one embodiment, is implement-
ed with variable length averaging, such as, for example,
a running window corresponding to a heart cycle, an av-
eraging of the ECG over several consecutive heart cy-
cles, etc. The Adaptive Filtering block (1120) optimizes
the filter coefficients by minimizing an error signal.
[0072] The Time-Domain Pattern Recognition block
(1130) identifies elements of the ECG waveform, their
relationship(s) and their behavior(s) in time. Animportant
aspect of the time-domain pattern recognition algorithm
in block 1130, as well as of the Frequency Domain Patter
Recognition block 1140, is data history. The ECGs are
analyzed in real time for certain elements, and, for other
elements, a data buffer with an appropriate buffer length
is maintained in the memory of the electronic and/or com-
puter modules in order to allow for historic data analysis
and prediction based on this analysis. In one embodi-
ment, the data history buffer is several seconds long al-
lowing for the ECG signal corresponding to several heart-
beats to be saved in the buffer. A double buffering tech-
nique allows the waveform in one buffer to be processed
while the second buffer continues to store signals. Thus
no signal data are lost while the waveform in one buffer
is processed. After data processing on one buffer is com-
pleted, the results are sent to the Decision Support Al-
gorithms (1150) and the two buffers switch roles. The
length of the buffer accommodates the time duration of
data processing in order to ensure that no data are lost.
A similar double buffering technique is also applied to
the data subject to Frequency Domain Pattern Recogni-
tion block (1140).

[0073] In the case of an endovascular ECG, elements
ofinterest may include, but are not limited to, one or more
of the following:

1.The P, Q, R, S, T, and U waves, their peaks, am-
plitudes and duration;

2. The duration of the P-R, S-T, and T-P segments
/ intervals;

3. The elevation of the S-T segment;

4. The variances of the P-P and R-R intervals;
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5. The variance of the S-T and of the R-T intervals,
etc.;

6. The peak-to-peak values of the P-wave and of the
QRS complex;

7. The ratio of the P-wave and R-wave amplitudes
and the ratio of the P-wave and QRS complex peak-
to-peak amplitudes;

8. The polarity of the P-wave: single positive, single
negative, or bipolarity;

9. The derivative of the P-wave, QRS-complex, and
T-wave;

10. Temporal average of the R-R interval and the
heart beat;

11. Maximum value of the P-wave amplitude / peak
and of the P-wave peak-to-peak amplitude over a
certain period of time;

12. Maximum value of the R-wave amplitude / peak
and of the ORS complex peak-to-peak amplitude
over a certain period of time.

[0074] Several techniques may be used to derive the
information listed above from the ECG waveforms, in-
cluding, but not limited to, one or more of the following:

1. "Peak detection";

2. Computation of first derivatives;

3. Running averages along the signal in one heart-
beat and along multiple heartbeats;

4. Adaptive thresholding;

5. Auto-correlation.

[0075] The FastFourier Transformin block (1125) per-
forms a Fast Fourier Transform on a number of ECG
samples stored in a buffer of a certain length, e.g., 256,
512, 1024, 2048 or more data samples. The Fourier
Transform transforms the waveform from the time do-
main into the frequency domain.

[0076] The Frequency-Domain Pattern Recognition
block (1140) illustrates various aspects of pattern recog-
nition performed on the ECGs in the frequency domain,
including, but not limited to, one or more of the following:

1. Principal components analysis, i.e., determination
of the most significant elements of the frequency
spectrum (similarly to determining the morphological
elements of the electrograms, e.g., certain waves
and segments in time domain);

2. Data compression in order to reduce the amount
of computation based on the principal components;
3. Determination of the number and morphology of
the principal components, in particular determination
if the spectrum has only one, two or multiple main
frequencies (frequency bands);

4. Calculation of the spectral power and of the signal
energy from the frequency spectrum;

5. Running average along the frequency dimension
over a single spectrum in order to reduce wideband
noise;
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6. Running average along several spectra in order
to filter out artifacts;

7. Determination of additional morphological ele-
ments of the spectrum, e.g., the maximum frequen-
cy, the energy contained in the maximum frequency,
the frequency histogram, i.e., what frequencies con-
tain how much energy, the frequency of the highest
significant maximum energy peak, etc.;

8. Calculation of behavior and averages over time
of the principal components and other parameters
determined from the spectral distribution, e.g., de-
termining the maximum value of the signal energy
and of the spectral power over a certain period of
time;

9. Determine / estimate certain heart conditions
based on the spectral analysis. This determination /
estimation is also performed in more detailed in the
decision support blocks 1150 and 1250.

[0077] Several decision support algorithms use the in-
formation provided by the time domain pattern recogni-
tion and frequency-domain pattern recognition algo-
rithms. In one embodiment, block (1150) supports plac-
ing an endovascular device in either the lower third of
the SVC or at the caval-atrial junction.

[0078] Inparticular, block 1150is based onthe concept
of first reaching the caval-atrial junction during catheter
placement. At the caval-atrial junction or near the sino-
atrial node the P-wave and other electrical parameters
reach a maximum value. At the caval-atrial junction the
P-wave is unipolar. After reaching the sino-atrial node at
the caval-atrial junction, i.e., the maximum value of the
P-peak amplitude and spectral power, the catheter is
pulled back several centimeters until the P-wave de-
creases to half the amplitude reached at the caval-atrial
junction. Atthe location where the P-wave has decreased
to half the amplitude as the caval-atrial junction, the cath-
eter is considered to be in the lower third of the superior
vena cava. The P-wave peak amplitude or peak-to-peak
amplitude, as well as the spectral power, is used to map
the location in the vasculature to the ECG waveform.
[0079] More particularly, after receiving an endovas-
cular ECG signal associated with an endovascular de-
vice, the signal is processed, over a plurality of predeter-
mined time periods, to calculate a P-wave amplitude and
a spectral power for each predetermined time period. A
maximum P-wave amplitude is then determined from the
plurality of P-wave amplitudes, as well as an associated
maximum spectral power from the plurality of spectral
powers. The location at which these maximum values
are determined is associated with a predetermined loca-
tion in or near the heart, such as the cava-atrial junction.
The location of the endovascular device is then calculat-
ed, for each predetermined time period, based on a ratio
of the P-wave amplitude to the maximum P-wave ampli-
tude and a ratio of the spectral power to the maximum
spectral power, and the location of the endovascular de-
vice is then displayed to the user. Additionally, the polarity
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of the P-wave and the R-wave amplitude may also be
used to determine the location of the endovascular de-
vice.

[0080] A single criterion or a combination of such cri-
teria can be used to support decision making. In one em-
bodiment, T1, T2, and T3 may be empirically established
thresholds which are different for each patient, and the
algorithm can use an adaptive loop to adjust the thresh-
olds based on the current measurements. In another em-
bodiment, these thresholds are predetermined.

[0081] In alternative embodiments, the ratio between
the P-peak / P amplitude or the P-wave peak-to-peak
amplitude to the R-peak / R amplitude or to the QRS
complex peak-to-peak amplitude can also be used to es-
tablish location relative to the sino-atrial node. In one
embodiment the P-peak / amplitude must be approxi-
mately half of the R-peak / amplitude and the P-wave
must be unipolar for the location to correspond to the
lower third of the SVC. In another embodiment, the P-
wave peak-to-peak mustbe half ofthe QRS peak-to-peak
amplitude and the P-wave must be unipolar for the loca-
tion to correspond to the lower third of the SVC.

[0082] As discussed above, the results of the decision
support algorithms block 1150 may be presented to the
user, for example, by high lightening the appropriate lo-
cation on the hearticon corresponding to the type of ECG
identified by the system (1160).

[0083] The decision support algorithm block 1250, de-
picted in FIG. 12, is based on comparing the P-wave, R-
wave and P-wave spectral power at the current locations
with the values of these parameters determined from the
skin electrocardiograms in an equivalent lead, e.g., lead
II. Thresholds T1 through T6 are empirical values subject
to adaptive adjustments relative to each patient. Each of
the criteria or a combination of criteria shown in FIG. 12
can be used.

[0084] Other decision algorithms can also be used, in
particular related to the level of electrical energy as cal-
culated from the ECG spectrum. In the case of placing
endovascular devices, one criterion may be that, at the
location corresponding to the lower third of the SVC, the
average electrical energy calculated from the endovas-
cular ECG is twice as high as the average electrical en-
ergy calculated from the endovascular ECG at skin level
or from a skin ECG in a corresponding lead, e.g., lead .
[0085] FIG. 13 illustrates the cardiac conduction sys-
tem of the heart, while FIG. 14 illustrates electrical signal
propagation in the conduction system of the heart.
[0086] These figures illustrate the conductive mecha-
nism of the heart, which explains why the electrical en-
ergy distribution within the heart as measured is indica-
tive of specific locations within the heart. Accordingly,
local electrical signals, behaviors and energy concentra-
tions can be measured and locations within the heart and
blood vessel can be determined more accurately; local
heart conditions can also be described more accurately.
[0087] The conduction system of the heart begins with
the heart’'s dominant pacemaker, the sino-atrial node
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(1310). The intrinsic rate of the SA node is 60 to 100
beats/minute. When an impulse leaves the SA node, it
travels through the atria along the Bachmann’s bundle
(1350) and the inter-nodal pathways, on its way to the
atro-ventricular (AV) node (1320) and ventricles. After
the impulse passes through the AV node, it travels to the
ventricles, first down to the bundle of His (1330) then
along the bundle branches and finally down to the Purkin-
je fibers (1340). Pacemaker cells in the junctional tissue
and Purkinje fibers on the ventricles normally remain dor-
mant because they receive impulses from the SA node.
They initiate animpulse only they do notreceive one from
the SA node. The intrinsic rate of the AV junction is 40
to 60 beats/minute, the intrinsic rate of the ventricles 20
to 40 beats/minute. The different propagation speeds of
the electrical impulses are shown in Figure 14. From the
SAnode (1410) the impulses propagate through the atrial
muscle (1420) and through the ventricular muscle (1460)
at app. 0.5 ms, through the bundle branches (1440) and
(1450) at app. 2 m/sec, through the Purkinje fibers (1470)
at app 4 m/s and through the AV node (1430) at app.
0.05 mf/s.

[0088] The electrical signals and the electrical energy
distribution are advantageously used to identify the prox-
imity of the sino-atrial node and right atrial electrical ac-
tivity even in the cases of arrhythmia, i.e., in the absence
of a coherent P-wave measured by standard skin elec-
trocardiogram. While in some cases of arrhythmia ran-
dom electrical signal generated in the right atrium is not
coherent enough to propagate through the body to the
skin, the electrical energy is still present in the right atrium
and can be detected by local endovascular measure-
ments as a non-coherentP-wave, i.e., as significant elec-
trical activity in the P-segment of the ECG waveform.
Energy measurements are also less sensitive to some
local abnormalities in impulse conduction: altered auto-
maticity (arrhythmias), retrograde conduction of impuls-
es, reentry abnormalities.

[0089] The electrical signals and the electrical energy
distribution are also advantageously used to quantify
heart functionality, e.g., preload which is related to the
depolarization and extension of the heart muscle.
[0090] The electrical signals and the electrical energy
distribution are also advantageously used to guide
guidewires and guiding catheters through the aorta into
the left heart. This method is useful in simplifying the
access to the left atrium and to the coronary arteries and
in reducing the amount of contrast and radiation needed
to guide endovascular devices to those locations. In a
different application, the inventive apparatus can also be
used to guide catheters, e.g.. Swan-Ganz through the
right ventricle into the pulmonary artery. Other endovas-
cular devices can be guided and be used to measure
endovascular electrical activity in other locations of the
cardiovascular system which are identifiable by the car-
diograms measured with the new apparatus introduced
in the present invention.

[0091] FIG. 15 illustrates electrical activity in the car-
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diovascular system due to neuronal control system. Sev-
eral paths of conduction are related to the mechanism of
control of heart (1530) and blood vessel (1520) activity:
receptors (1510), e.g., pressure receptors transmit infor-
mation related to the state of the blood vessels and to
the state of the heart to the nervous system through the
Medullary centers (1500). The hypothalamus (1540) and
the higher centers (1550) are involved in processing and
reacting to the information received from the sensors/re-
ceptors. In turn they send impulses (1560) back to blood
vessels and the heart. By measuring electrical activity
related to the control system, information regarding heart
conditions can be obtained which could not have been
obtained previously.

[0092] The scope of the invention is defined by the
claims.

Claims

1. An apparatus (100) for positioning an endovascular
device (110) in or near the heart (400; 504; 604; 704)
using electrocardiogram (ECG) signals, comprising
an electronic module (130; 250; 300) for carrying out
the steps of:

receiving an endovascular ECG signal, associ-
ated with the endovascular device, including a
plurality of waveforms, each waveform having
at least a P-wave component;

characterized in that

the apparatus further comprises a computer
module (140; 390) for carrying out the steps of:

processing the endovascular ECG signal,
over a plurality of predetermined time peri-
ods, to calculate a P-wave amplitude and a
spectral power for each predetermined time
period;

determining a maximum P-wave amplitude
from the plurality of P-wave amplitudes, and
an associated maximum spectral power
from the plurality of spectral powers;
associating the maximum P-wave ampli-
tude and the maximum spectral power with
a predetermined location in or near the
heart;

calculating a location of the endovascular
device, for each predetermined time period,
based on a ratio of the P-wave amplitude to
the maximum P-wave amplitude and a ratio
of the spectral power to the maximum spec-
tral power; and

displaying the location of the endovascular
device to a user.

2. The apparatus (100) according to claim 1, wherein
the P-wave amplitude is a peak-to-peak value, and
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the maximum P-wave amplitude is a peak-to-peak
value.

The apparatus (100) according to claim 2, wherein
said processing the ECG signal includes determin-
ing a polarity for each P-wave amplitude, and said
calculating the location of the endovascular device
is also based on the P-wave polarity for each prede-
termined time period.

The apparatus (100) according to claim 3, wherein
the predetermined location s the caval-atrial junction
(C).

The apparatus (100) according to claim 4, wherein
the location of the endovascular device (110) is the
upper superior vena cava (A) if the ratio of the P-
wave amplitude to the maximum P-wave amplitude
is less than 0.4, the ratio of the spectral power to the
maximum spectral power is less than 0.4, and the
P-wave polarity is unipolar.

The apparatus (100) according to claim 5, wherein
the location of the endovascular device (110) is the
lower third of the superior vena cava (B) if the ratio
of the P-wave amplitude to the maximum P-wave
amplitude is between 0.4 and 0.6, the ratio of the
spectral power to the maximum spectral power is
between 0.4 and 0.6, and the P-wave polarity is un-
ipolar.

The apparatus (100) according to claim 6, wherein
the location of the endovascular device (110) is the
caval-atrial junction (C) if the ratio of the P-wave am-
plitude to the maximum P-wave amplitude is greater
than 0.9, the ratio of the spectral power to the max-
imum spectral power is greater than 0.9, and the P-
wave amplitude is greater than the R-wave ampli-
tude.

The apparatus (100) according to claim 7, wherein
the location of the endovascular device (110) is the
right atrium (D) if the ratio of the spectral power to
the maximum spectral power is between 0.6 and 0.9,
and the P-wave polarity is bipolar.

The apparatus (100) according to claim 8, wherein
the location of the endovascular device (110) is the
upper third of the inferior vena cava if the ratio of the
P-wave amplitude to the maximum P-wave ampli-
tude is between 0.4 and 0.6, the ratio of the spectral
power to the maximum spectral power is between
0.4 and 0.6, and the P-wave polarity is unipolar with
reversed polarity.

The apparatus (100) according to claim 4, wherein
the endovascular device (110) is a central venous
catheter coupled to an adapter (210) that includes
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an electrode in contact with a saline solution column
exposed to the tip of the catheter, and the endovas-
cular ECG signal is based on an electrical signal
measured by the electrode.

The apparatus (100) according to claim 10, further
comprising means for carrying out the steps of:

simultaneously receiving a skin ECG signal, as-
sociated with a skin ECG lead (410; 420; 425;
430; 440; 460; 465; 470), including a plurality of
waveforms, each waveform having at least a P-
wave component;

processing the skin ECG signal, over the plural-
ity of predetermined time periods, to calculate a
skin P-wave amplitude and a skin spectral power
for each predetermined time period;
determining a maximum skin P-wave amplitude
from the plurality of skin P-wave amplitudes, and
an associated maximum skin spectral power
from the plurality of skin spectral powers;
associating the maximum skin P-wave ampli-
tude and the maximum skin spectral power with
the predetermined location in or near the heart
(400; 504; 604; 704); and

calculating the location of the endovascular de-
vice (110), for each predetermined time period,
based on a ratio of the endovascular P-wave
amplitude to the maximum skin P-wave ampli-
tude and a ratio of the endovascular spectral
power to the maximum skin spectral power.

The apparatus (100) according to claim 11, wherein
the location of the endovascular device (110) is the
upper superior vena cava (A) if the ratio of the en-
dovascular P-wave amplitude to the maximum skin
P-wave amplitude is between 0.9 and 1.2, the ratio
of the endovascular spectral power to the maximum
skin spectral power is between 0.9 and 1.2, and the
P-wave polarity is unipolar.

The apparatus (100) according to claim 12, wherein
the location of the endovascular device (110) is the
lower third of the superior vena cava if the ratio of
the endovascular P-wave amplitude to the maximum
skin P-wave amplitude is between 1.5 and 2.0, the
ratio of the endovascular spectral power to the max-
imum skin spectral power is between 1.5 and 2.0,
and the P-wave polarity is unipolar.

The apparatus (100) according to claim 13, wherein
the location of the endovascular device (110) is the
caval-atrial junction (C) if the ratio of the endovas-
cular P-wave amplitude to the maximum skin P-wave
amplitude is greater than 2.5, the ratio of the spectral
power to the maximum spectral power is greater than
2.59, and the endovascular P-wave amplitude is
greater than the endovascular R-wave amplitude.
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The apparatus (100) according to claim 14, wherein
the location of the endovascular device (110) is the
right atrium (D) if the ratio of the endovascular spec-
tral power to the maximum skin spectral power is
between 2.0 and 2.5, and the endovascular P-wave
polarity is bipolar.

The apparatus (100) according to claim 15, wherein
the location of the endovascular device (110) is the
upper third of the inferior vena cava if the ratio of the
endovascular P-wave amplitude to the maximum
skin P-wave amplitude is between 0.9 and 1.2, the
ratio of the endovascular spectral power to the max-
imum skin spectral power is between 0.9 and 1.2,
and the P-wave polarity is unipolar with reversed po-
larity.

The apparatus (100) according to claim 1, wherein
the P-wave is a P-segment.

A computer-based data processing algorithm for po-
sitioning an endovascular device (110) in or near the
heart (400; 504; 604; 704) using electrocardiogram
(ECG) signals, the computer-based data processing
algorithm, when applied by a computer, causes the
computer to carry out the steps of:

receiving an endovascular ECG signal, associ-
ated with the endovascular device, including a
plurality of waveforms, each waveform having
at least a P-wave component;

characterized in that the data processing al-
gorithm, when applied by the computer, causes
the computer to carry out the steps of:

processing the endovascular ECG signal,
over a plurality of predetermined time peri-
ods, to calculate a P-wave amplitude and a
spectral power for each predetermined time
period;

determining a maximum P-wave amplitude
from the plurality of P-wave amplitudes, and
an associated maximum spectral power
from the plurality of spectral powers;
associating the maximum P-wave ampli-
tude and the maximum spectral power with
a predetermined location in or near the
heart;

calculating a location of the endovascular
device, for each predetermined time period,
based on a ratio of the P-wave amplitude to
the maximum P-wave amplitude and a ratio
of the spectral power to the maximum spec-
tral power; and

displaying the location of the endovascular
device to a user.

A computer storage medium having stored thereon
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the computer-based data processing algorithm ac-
cording to claim 18.

Patentanspriiche

1.

Einrichtung (100) zum Positionieren einer endovas-
kuldren Vorrichtung (110) im Herz oder in der Nahe
desHerzens (400; 504; 604; 704) unter Verwendung
von Elektrokardiogramm-(EKG)-Signalen, umfas-
send ein elektronisches Modul (130; 250; 300) zum
Ausfuihren der folgenden Schritte:

Empfangen eines endovaskuldren EKG-Sig-
nals, das der endovaskularen Vorrichtung zu-
geordnet ist, einschlieRend eine Vielzahl von
Wellenformen, wobei jede Wellenform mindes-
tens eine P-Wellenkomponente aufweist;
dadurch gekennzeichnet, dass

die Einrichtung weiter ein Computermodul (140;
390) umfasst, um die folgenden Schritte auszu-
fuhren:

Verarbeiten des endovaskuldren EKG-Sig-
nals Uber eine Vielzahl von vorbestimmten
Zeitdauern, um eine P-Wellenamplitude
und eine Spektralleistung fir jede vorbe-
stimmte Zeitdauer zu berechnen;
Bestimmen einer maximalen P-Wel-
lenamplitude aus der Vielzahl von P-Wel-
lenamplituden und einer zugeordneten ma-
ximalen Spektralleistung aus der Vielzahl
von Spektralleistungen;

Zuordnen der maximalen P-Wellenamplitu-
de und der maximalen Spektralleistung zu
einer vorbestimmten Position im Herz oder
in der Nahe des Herzens;

Berechnen einer Position der endovaskula-
ren Vorrichtung fir jede vorbestimmte Zeit-
dauer basierend auf einem Verhaltnis der
P-Wellenamplitude zur maximalen P-Wel-
lenamplitude und einem Verhaltnis der
Spektralleistung zur maximalen Spektral-
leistung; und

Anzeigen der Position der endovaskularen
Vorrichtung an einen Benutzer.

Einrichtung (100) nach Anspruch 1, wobei die P-Wel-
lenamplitude ein Spitze-zu-Spitze-Wert ist und die
maximale P-Wellenamplitude ein Spitze-zu-Spitze-
Wert ist.

Einrichtung (100) nach Anspruch 2, wobei das Ver-
arbeiten des EKG-Signals das Bestimmen einer Po-
laritat fur jede P-Wellenamplitude einschlie3t und
das Berechnen der Position der endovaskularen
Vorrichtung auch auf der P-Wellenpolaritat fiir jede
vorbestimmte Zeitdauer basiert.
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Einrichtung (100) nach Anspruch 3, wobei die vor-
bestimmte Position die Kaval-Atrial-Verbindung (C)
ist.

Einrichtung (100) nach Anspruch 4, wobei die Posi-
tion der endovaskularen Vorrichtung (110) die obere
Hohlvene (A) ist, wenn das Verhaltnis der P-Wel-
lenamplitude zur maximalen P-Wellenamplitude
kleinerals 0,4 ist, das Verhaltnis der Spektralleistung
zur maximalen Spektralleistung kleiner als 0,4 ist
und die P-Wellenpolaritat unipolar ist.

Einrichtung (100) nach Anspruch 5, wobei die Posi-
tion der endovaskularen Vorrichtung (110) das un-
tere Drittel der oberen Hohlvene (B) ist, wenn das
Verhéltnis der P-Wellenamplitude zur maximalen P-
Wellenamplitude zwischen 0,4 und 0,6 liegt, das Ver-
haltnis der Spektralleistung zur maximalen Spektral-
leistung zwischen 0,4 und 0,6 liegt und die P-Wel-
lenpolaritat unipolar ist.

Einrichtung (100) nach Anspruch 6, wobei die Posi-
tion der endovaskularen Vorrichtung (110) die Ka-
val-Atrial-Verbindung (C) ist, wenn das Verhaltnis
der P-Wellenamplitude zur maximalen P-Wel-
lenamplitude groRer als 0,9 ist, das Verhaltnis der
Spektralleistung zur maximalen Spektralleistung
gréRer als 0,9 ist und die P-Wellenamplitude gréfRer
als die R-Wellenamplitude ist.

Einrichtung (100) nach Anspruch 7, wobei die Posi-
tion der endovaskularen Vorrichtung (110) das rech-
te Atrium (D) ist, wenn das Verhaltnis der Spektral-
leistung zur maximalen Spektralleistung zwischen
0,6 und 0,9 liegtund die P-Wellenpolaritat bipolar ist.

Einrichtung (100) nach Anspruch 8, wobei die Posi-
tion der endovaskularen Vorrichtung (110) das obe-
re Drittel der unteren Hohlvene ist, wenn das Ver-
haltnis der P-Wellenamplitude zur maximalen P-
Wellenamplitude zwischen 0,4 und 0,6 liegt, das Ver-
haltnis der Spektralleistung zur maximalen Spektral-
leistung zwischen 0,4 und 0,6 liegt und die P-Wel-
lenpolaritat unipolar mit umgekehrter Polaritat ist.

Einrichtung (100) nach Anspruch 4, wobei die endo-
vaskulare Vorrichtung (110) ein zentraler Venenka-
theter ist, der mit einem Adapter (210) gekoppelt ist,
der eine Elektrode in Kontakt mit einer Salzlésungs-
saule einschlielt, die der Spitze des Katheters aus-
gesetzt ist, und das endovaskulare EKG-Signal auf
einem von der Elektrode gemessenen elektrischen
Signal basiert.

Einrichtung (100) nach Anspruch 10, weiter umfas-
send Mittel zum Ausfiihren der folgenden Schritte:

gleichzeitig Empfangen eines Haut-EKG-Sig-
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nals, das einer Haut-EKG-Leitung (410; 420;
425; 430; 440; 460; 465; 470) zugeordnet ist,
einschlieend eine Vielzahl von Wellenformen,
wobei jede Wellenform mindestens eine P-Wel-
lenkomponente aufweist;

Verarbeiten des Haut-EKG-Signals Uber die
Vielzahl von vorbestimmten Zeitdauern, um ei-
ne Haut-P-Wellenamplitude und eine Haut-
Spektralleistung fir jede vorbestimmte Zeitdau-
er zu berechnen;

Bestimmen einer maximalen Haut-P-Wel-
lenamplitude aus der Vielzahl von Haut-P-Wel-
lenamplituden und einer zugeordneten maxima-
len Haut-Spektralleistung aus der Vielzahl von
Haut-Spektralleistungen;

Zuordnen der maximalen Haut-P-Wellenampli-
tude und der maximalen Haut-Spektralleistung
zu der vorbestimmten Position im Herz oder in
der Nahe des Herzens (400; 504; 604; 704); und
Berechnen der Position der endovaskuladren
Vorrichtung (110) fir jede vorbestimmte Zeit-
dauer basierend auf einem Verhaltnis der endo-
vaskularen P-Wellenamplitude zur maximalen
Haut-P-Wellenamplitude und einem Verhaltnis
der endovaskuldren Spektralleistung zur maxi-
malen Haut-Spektralleistung.

Einrichtung (100) nach Anspruch 11, wobei die Po-
sition der endovaskularen Vorrichtung (110) die obe-
re Hohlvene (A) ist, wenn das Verhaltnis der endo-
vaskularen P-Wellenamplitude zur maximalen Haut-
P-Wellenamplitude zwischen 0,9 und 1,2 liegt, das
Verhéaltnis der endovaskuldren Spektralleistung zur
maximalen Haut-Spektralleistung zwischen 0,9 und
1,2 liegt und die P-Wellenpolaritat unipolar ist.

Einrichtung (100) nach Anspruch 12, wobei die Po-
sition der endovaskularen Vorrichtung (110) das un-
tere Drittel der oberen Hohlvene ist, wenn das Ver-
haltnis der endovaskularen P-Wellenamplitude zur
maximalen Haut-P-Wellenamplitude zwischen 1,5
und 2,0 liegt, das Verhdltnis der endovaskularen
Spektralleistung zur maximalen Haut-Spektralleis-
tung zwischen 1,5 und 2,0 liegt und die P-Wellenpo-
laritat unipolar ist.

Einrichtung (100) nach Anspruch 13, wobei die Po-
sition der endovaskularen Vorrichtung (110) die Ka-
val-Atrial-Verbindung (C) ist, wenn das Verhaltnis
der endovaskularen P-Wellenamplitude zur maxi-
malen Haut-P-Wellenamplitude gréRer als 2,5 ist,
das Verhaltnis der Spektralleistung zur maximalen
Spektralleistung groRer als 2,59 ist und die endo-
vaskulare P-Wellenamplitude gréRer als die endo-
vaskulare R-Wellenamplitude ist.

Einrichtung (100) nach Anspruch 14, wobei die Po-
sition der endovaskularen Vorrichtung (110) das
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rechte Atrium (D) ist, wenn das Verhaltnis der endo-
vaskuldren Spektralleistung zur maximalen Haut-
Spektralleistung zwischen 2,0 und 2,5 liegt und die
endovaskulare P-Wellenpolaritat bipolar ist.

Einrichtung (100) nach Anspruch 15, wobei die Po-
sition der endovaskularen Vorrichtung (110) das
obere Drittel der unteren Hohlvene ist, wenn das Ver-
haltnis der endovaskularen P-Wellenamplitude zur
maximalen Haut-P-Wellenamplitude zwischen 0,9
und 1,2 liegt, das Verhaltnis der endovaskularen
Spektralleistung zur maximalen Haut-Spektralleis-
tung zwischen 0,9 und 1,2 liegt und die P-Wellenpo-
laritat unipolar mit umgekehrter Polaritat ist.

Einrichtung (100) nach Anspruch 1, wobeidie P-Wel-
le ein P-Segment ist.

Computerbasierter Datenverarbeitungsalgorithmus
zum Positionieren einer endovaskuldren Vorrich-
tung (110) im Herz oder in der Nahe des Herzens
(400; 504; 604; 704) unter Verwendung von Elektro-
kardiogramm-(EKG)-Signalen, wobei der computer-
basierte Datenverarbeitungsalgorithmus, wenn er
von einem Computer angewendet wird, den Com-
puter veranlasst, die folgenden Schritte auszufiih-
ren:

Empfangen eines endovaskuldren EKG-Sig-
nals, das der endovaskuldren Vorrichtung zu-
geordnet ist, einschlieBend eine Vielzahl von
Wellenformen, wobei jede Wellenform mindes-
tens eine P-Wellenkomponente aufweist;

dadurch gekennzeichnet, dass der Datenver-
arbeitungsalgorithmus, wenn er von dem Com-
puter angewendet wird, den Computer veran-
lasst, die folgenden Schritte auszufiihren:

Verarbeiten des endovaskularen EKG-Sig-
nals Uber eine Vielzahl von vorbestimmten
Zeitdauern, um eine P-Wellenamplitude
und eine Spektralleistung fir jede vorbe-
stimmte Zeitdauer zu berechnen;
Bestimmen einer maximalen P-Wel-
lenamplitude aus der Vielzahl von P-Wel-
lenamplituden und einer zugeordneten ma-
ximalen Spektralleistung aus der Vielzahl
von Spektralleistungen;

Zuordnen der maximalen P-Wellenamplitu-
de und der maximalen Spektralleistung zu
einer vorbestimmten Position im Herz oder
in der Nahe des Herzens;

Berechnen einer Position der endovaskula-
ren Vorrichtung fir jede vorbestimmte Zeit-
dauer basierend auf einem Verhaltnis der
P-Wellenamplitude zur maximalen P-Wel-
lenamplitude und einem Verhaltnis der
Spektralleistung zur maximalen Spektral-
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leistung; und
Anzeigen der Position der endovaskularen
Vorrichtung an einen Benutzer.

19. Computerspeichermedium, das den computerba-

sierten Datenverarbeitungsalgorithmus nach An-
spruch 18 darauf gespeichert hat.

Revendications

Appareil (100) pour positionner un dispositif endo-
vasculaire (110) dans ou prés du coeur (400 ; 504 ;
604 ; 704) a I'aide de signaux d’électrocardiogram-
me (ECG), comprenant un module électronique
(130 ; 250 ; 300) pour realiser les étapes de :

réception d’un signal ECG endovasculaire, as-
socié au dispositif endovasculaire, incluant une
pluralité de formes d’'onde, chaque forme d’'onde
ayant au moins une composante d’'onde P ;
caractérisé en ce que

'appareil comprend en outre un module d’ordi-
nateur (140 ; 390) pour réaliser les étapes de :

traitement du signal ECG endovasculaire,
sur une pluralité de périodes de temps pré-
déterminées, pour calculer une amplitude
d’'onde P et une puissance spectrale pour
chaque période de temps prédéterminée ;
détermination d’'une amplitude d’onde P
maximale a partir de la pluralité d’amplitu-
des d’onde P, et d’'une puissance spectrale
maximale associée a partir de la pluralité
de puissances spectrales ;

association de I'amplitude d’onde P maxi-
male et de la puissance spectrale maximale
a un emplacement prédéterminé dans ou
prés du coeur ;

calcul d’'un emplacement du dispositif en-
dovasculaire, pour chaque période de
temps prédéterminée, d’aprés un rapport
entre 'amplitude d’'onde P et 'amplitude
d’onde P maximale et un rapport entre la
puissance spectrale et la puissance spec-
trale maximale ; et

affichage de 'emplacementdu dispositifen-
dovasculaire pour un utilisateur.

Appareil (100) selon la revendication 1, dans lequel
'amplitude d’onde P est une valeur de créte a créte,
et 'amplitude d’onde P maximale est une valeur de
créte a créte.

Appareil (100) selon la revendication 2, dans lequel
ledit traitement du signal ECG inclut la détermination
d’'une polarité pour chaque amplitude d’onde P, et
ledit calcul de 'emplacement du dispositif endovas-
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culaire est également basé sur la polarité d'onde P
pour chaque période de temps prédéterminée.

Appareil (100) selon la revendication 3, dans lequel
I’emplacement prédéterminé est la jonction cavo-
atriale (C).

Appareil (100) selon la revendication 4, dans lequel
I’emplacement du dispositif endovasculaire (110) est
la veine cave supérieure haute (A) sile rapport entre
I'amplitude d’'onde P et 'amplitude d’onde P maxi-
male est inférieur a 0,4, le rapport entre la puissance
spectrale et la puissance spectrale maximale est in-
férieur a 0,4, et la polarité d’onde P est unipolaire.

Appareil (100) selon la revendication 5, dans lequel
I’emplacement du dispositif endovasculaire (110) est
le tiers inférieur de la veine cave supérieure (B) sile
rapport entre I'amplitude d’onde P et 'amplitude
d’onde P maximale est entre 0,4 et 0,6, le rapport
entre la puissance spectrale et la puissance spec-
trale maximale estentre 0,4 et 0,6, et la polarité d’on-
de P est unipolaire.

Appareil (100) selon la revendication 6, dans lequel
I’emplacement du dispositif endovasculaire (110) est
la jonction cavo-atriale (C) si le rapport entre I'am-
plitude d’onde P et 'amplitude d’onde P maximale
est supérieur a 0,9, le rapport entre la puissance
spectrale et la puissance spectrale maximale est su-
périeur a 0,9, et 'amplitude d’'onde P est supérieure
a I'amplitude d’onde R.

Appareil (100) selon la revendication 7, dans lequel
I’emplacement du dispositif endovasculaire (110) est
I'atrium droit (D) sile rapport entre la puissance spec-
trale et la puissance spectrale maximale est entre
0,6 et 0,9, et la polarité d’onde P est bipolaire.

Appareil (100) selon la revendication 8, dans lequel
I’emplacement du dispositif endovasculaire (110) est
le tiers supérieur de la veine cave inférieure si le
rapport entre I'amplitude d’onde P et 'amplitude
d’onde P maximale est entre 0,4 et 0,6, le rapport
entre la puissance spectrale et la puissance spec-
trale maximale estentre 0,4 et 0,6, et la polarité d’'on-
de P est unipolaire avec une polarité inversée.

Appareil (100) selon la revendication 4, dans lequel
le dispositif endovasculaire (110) estun cathéter vei-
neux central accouplé a un adaptateur (210) qui in-
clut une électrode en contact avec une colonne de
solution saline exposée a I'extrémité du cathéter, et
le signal ECG endovasculaire est basé sur un signal
électrique mesuré par I'électrode.

Appareil (100) selon la revendication 10, compre-
nant en outre des moyens pour réaliser les étapes
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de:

réception simultanée d’un signal ECG cutané,
associé a une dérivation ECG cutanée (410 ;
420 ;425 ;430 ; 440; 460 ; 465 ; 470), incluant
une pluralité de formes d’onde, chaque forme
d’onde ayant au moins une composante d’onde
P;

traitement du signal ECG cutané, sur la pluralité
de périodes de temps prédéterminées, pour cal-
culer une amplitude d’onde P cutanée et une
puissance spectrale cutanée pour chaque pé-
riode de temps prédéterminée ;

détermination d’'une amplitude d’'onde P cuta-
née maximale a partir de la pluralité d’amplitu-
des d'onde P cutanées, et d’'une puissance
spectrale cutanée maximale a partir de la plu-
ralité de puissances spectrales cutanées ;
association de I'amplitude d’onde P cutanée
maximale et de la puissance spectrale cutanée
maximale a 'emplacement prédéterminé dans
ou pres du coeur (400 ; 504 ; 604 ; 704) ; et
calcul de 'emplacement du dispositif endovas-
culaire (110), pour chaque période de temps
prédéterminée, d’aprés un rapport entre 'ampli-
tude d’'onde P endovasculaire et I'amplitude
d’onde P cutanée maximale et un rapport entre
la puissance spectrale endovasculaire et la
puissance spectrale cutanée maximale.

Appareil (100) selon larevendication 11, dans lequel
I'emplacement du dispositif endovasculaire (110) est
la veine cave supérieure haute (A) si le rapport entre
'amplitude d’onde P endovasculaire et 'amplitude
d’onde P cutanée maximale est entre 0,9 et 1,2, le
rapport entre la puissance spectrale endovasculaire
et la puissance spectrale cutanée maximale est en-
tre 0,9 et 1,2, et la polarité d’'onde P est unipolaire.

Appareil (100) selon larevendication 12, dans lequel
I'emplacement du dispositif endovasculaire (110) est
le tiers inférieur de la veine cave supérieure si le
rapport entre 'amplitude d’'onde P endovasculaire
et 'amplitude d’'onde P cutanée maximale est entre
1,5 et 2,0, le rapport entre la puissance spectrale
endovasculaire et la puissance spectrale cutanée
maximale est entre 1,5 et 2,0, et la polarité d’onde
P est unipolaire.

Appareil (100) selon larevendication 13, dans lequel
I'emplacement du dispositif endovasculaire (110) est
la jonction cavo-atriale (C) si le rapport entre I'am-
plitude d’onde P endovasculaire et 'amplitude d’on-
de P cutanée maximale estsupérieura 2,5, lerapport
entre la puissance spectrale et la puissance spec-
trale maximale est supérieur a 2,59, et I'amplitude
d’onde P endovasculaire est supérieure a 'amplitu-
de d’'onde R endovasculaire.
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Appareil (100) selon la revendication 14, dans lequel
I’emplacement du dispositif endovasculaire (110) est
I'atrium droit (D) sile rapport entre la puissance spec-
trale endovasculaire et la puissance spectrale cuta-
née maximale estentre 2,0 et 2,5, et la polarité d’on-
de P endovasculaire est bipolaire.

Appareil (100) selon la revendication 15, dans lequel
I’emplacement du dispositif endovasculaire (110) est
le tiers supérieur de la veine cave inférieure si le
rapport entre I'amplitude d’'onde P endovasculaire
et 'amplitude d’'onde P cutanée maximale est entre
0,9 et 1,2, le rapport entre la puissance spectrale
endovasculaire et la puissance spectrale cutanée
maximale est entre 0,9 et 1,2, et la polarité d’onde
P est unipolaire avec une polarité inversée.

Appareil (100) selon la revendication 1, dans lequel
I'onde P est un segment P.

Algorithme de traitement de données par ordinateur
pour positionner un dispositif endovasculaire (110)
dans ou prés du coeur (400 ;504 ;604 ; 704) a l'aide
de signauxd’électrocardiogramme (ECG), I'algorith-
me de traitement de données par ordinateur, lorsqu'il
est appliqué par un ordinateur, ameéne l'ordinateur a
réaliser les étapes de :

réception d’un signal ECG endovasculaire, as-
socié au dispositif endovasculaire, incluant une
pluralité de formes d’'onde, chaque forme d’onde
ayant au moins une composante d’'onde P ;
caractérisé en ce que l'algorithme de traite-
ment de données, lorsqu’il est appliqué par or-
dinateur, ameéne l'ordinateur a réaliser les éta-
pes de :

traitement du signal ECG endovasculaire,
sur une pluralité de périodes de temps pré-
déterminées, pour calculer une amplitude
d’onde P et une puissance spectrale pour
chaque période de temps prédéterminée ;
détermination d’'une amplitude d’onde P
maximale a partir de la pluralité d’amplitu-
des d’'onde P, et d’une puissance spectrale
maximale associée a partir de la pluralité
de puissances spectrales ;

association de I'amplitude d’onde P maxi-
male etde la puissance spectrale maximale
a un emplacement prédéterminé dans ou
prés du coeur ;

calcul d’'un emplacement du dispositif en-
dovasculaire, pour chaque période de
temps prédéterminée, d’aprés un rapport
entre 'amplitude d’onde P et 'amplitude
d’onde P maximale et un rapport entre la
puissance spectrale et la puissance spec-
trale maximale ; et
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affichage de 'emplacementdu dispositifen-
dovasculaire pour un utilisateur.

19. Support de stockage par ordinateur sur lequel est
stocké I'algorithme de traitement de données par or-
dinateur selon la revendication 18.

10

15

20

25

30

35

40

45

50

55

18



EP 2 440 122 B1

yo
VASCULAR 0
access "
DEVICE E
ELECTRONIC 30
ADAPTOR ECTRON -
1\20 L
132-""1 0
(WIRELESS) COMPUTER
CONNECTIVITY MODULE PERIPHERALS
\ \
150 80
ALGORITHMS 170
GRAPHICAL
USER 180
INTERFACE

FIG. 1

19




EP 2 440 122 B1

255 232
\
230\ :@:@', ‘\\
23f
2 255
220\ é-...‘,_________:_::a____‘__l-/'-l_
21 5 L
214 ! .|
N~ /o1 — =0
olo 242
21
FIG. 2A
263
262
%64
20
%61
FIG. 2B
274

20



305

EP 2 440 122 B1

300
330 B 360
/ / /
AD POWER
PAT X PAT
COW[] AMP S0
uP || SErAL
[ /
/ / 340 370
30 30 PROC.
STATUS 3\46
DETECTION WIRELESS
/
5 38/0

FIG. 3

21

COMPUTER
MODULE

/
3




EP 2 440 122 B1

H0)
C 45
& 401 >
/40
402
FIG. 4A

440

22



EP 2 440 122 B1

i
:

T

A

———eem ==

FIG. 5

23



EP 2 440 122 B1

-
P

FIG.6

24



EP 2 440 122 B1

=r
[eams ]
M~

/702
A
703

e -

7.
’

O\A--- P S
720\'8
B~ .
£ N I

FIG. 7

25



EP 2 440 122 B1

\

Lo} — P
£ £ =
\ _/ _z
/, f===S-==q messve-n
) ] 1 )
) ] 1 )
) ] 1 )
o= g “
O i =8
[ = = 'y W !
] <C ) ]
1 ==
W= ] »n=
sl 1 EE 1 58!
m ! o Q@ “ “ O “
S~ =| ! i
NS B S
| i 1
1 1
1 1
1 1
i = i
! o
S i =9 i =
=~ o 1 fem <1
(=) 1 =< ["s)
1 O 1
. 22
] =
! S i
1 == 1
1 1
L 1 1
Ll 1 1
[0 1 1
(IR B I~ =
<O
R =
[
b —
e <O
b=
~5
— | << © O 1w
il
o \\M
x| | RN NN\ x =
Lo
[ ey
<O

[ NN N N A

FIG. 8

26



E

P 2 440 122 B1

mINCN N
DN NN NN

mo o w x>

920

PRINT

_~900

040 50

%0 910

FIG. 9

27



1030
J

EP 2 440 122 B1

10)20 1040

SANODE /
l

FINAL
POSITION

Mo

_/\/L/\_

| _-1000
PATIENT NAME:
\
1001
1070 1090
10’80 | )
FINAL A
SANODE / POSITION , 3 1060
Mo | o | (2) T b
E
PATIENT NAME: DATE:
\\ \
1051 1052

FIG. 10B

28



EP 2 440 122 B1

100
N | INPUTSIGNAL | —1102
Y
DETECTION OF ERROR CONDITIONS s
- DEFIBRILLATION DETECTION -
- PACEMAKER DETECTION
- LEAD-OFF DETECTION Y
< ERROR HANDLING |-~ 1110
Y
PRE-PROCESSING
- SCALABLE AVPLIFICATION PRI
 BASELINE CORRECTION (HIGH-PASS FILTER)
- WIDEBAND NOISE SUPPRESSION (WAVELET TRANSFORM, SELECTIVE FILTER)
- INTERFERENCE SUPPRESSION (NOTCH FILTER, NARROW BAND, 50/60 H)
1}20 -HIGH FREQUENCY NOISE SUPPRESSION (LOW-PASS FILTER, AVERAGING|
ADAPTIVE FILTERING | 100
0 ~[ FAST FOURER TRANSFORM |~ 4149
\ Y * /
TIME DOMAN FREQUECY DOMAN
PATTERN RECOGNITION PATTERN RECOGNITION
-RPEAK DETECTION - PRINCIPAL COMPONENTS ANALYSIS

-QRS DETECTION (FIRST DERIVATIVE)

-R-R INTERVAL (AUTO-CORRELATION)

- P-PEAK AND P pp DETECTION

- T-PEAK DETECTION

-CALC PRAND ST INTERVALS

-CALCRATIOPR

- DETERMINE P-WAVE POLARITY AND TYPE

- CALCULATE TEMPORAL AVAERAGES OF P-PEAK,
R-PEAK, PR RATIO, R-R INTERVAL

- DETERMINE P MAX, P pp MAX OVER TIME

- DETERMINE ST ELEVATION AND T ALTERNANS

- DETERMINE IF SINGLE, BI OR MULTIPLE
FREQUENCY SPECTRUM

- CALCULATE SIGNAL ENERGY E

- CALCULATE SPECTRAL POWER PR

- DETERMINE MAXIMUM FREQUENCY

- DETERMINE THE FREQUENCY OF LAST MAXIMUM

- CALCULATE AVERAGE OF SIGNAL ENERGY, SPECTRAL
POWER, HIGHEST FREQUENCY OVER TIME

- DETERMINE MAX ENERGY E MAX AND MAXIMUM
SPECTRAL POWER PWR MAX OVER TIME

- CALCULATE PRELOAD FROM ENERGY AT R-TIME

Y

Y

DECISION SUPPORT ALGORITHMS 1 - Based on P-Max at caval-atrial junction as reference

A: Upper SVC

Ppp/Pppmax<T1AND Pwr/Pwr max < T1 and unipolar P-wave, e.g., T1- 0.4

B: Lower third of SVC

T1<Ppp/Pppmax<T2AND T1 < Pwr/Pwr max < T2 AND unipolar P-wave, e.g., T2= 0.6

C: Caval-atrial junction

Ppp>T3* P pp max AND Pwr > T3 * Pwr max AND P> R, €., T3=0.9

D: Right atrium

T2 < Pwr/ Pwr max < T3 AND bipolar P-Wave

E: Upper third of the IVC

T1<Ppp/ Pppmax <T2AND T1 < Pwr/Pwr max < T2 AND unipolar P-wave WITH reversed polarity

1150

¥

QUTPUT LOCATION ON HEART MAP

1160

FIG.

29

11



EP 2 440 122 B1

¢l Ol

Ayrejod pasianal HL M nem-d Jejodiun QNY ZL > UYS IMd /Imd > |1 Ny ZL> unsddg/ddd> |1
O 343 Jo paiyp saddn :3

G2 =117 =91 "6 ‘anem-d sejodig ONY LL > UNS Imd / Jmd > 91
wnue by :q

G7=GL 68"y <d NV UNS Id , GL < Imd QNY us dd g, G < dd
uonounl eLije-jeaes 19

2=91'G) = €L "6 ‘anem-q Jejodlun ONY L > UNS g /M > 6L ONY 7L > us dd d /dd d > €1
OAS J0 pily} JamoT :g

71 =70'6'0=1L " 60 nemd Jejodiun pue 7L > UNS md /JMd > | L N ZL > upsdd g /ddd > ||

IAS Joddp v
a0usJajal Se 973 UlYS uo paseq - | SWHLIMODTY L40ddNS NOISIOAd

04

30



EP 2 440 122 B1

31



EP 2 440 122 B1

1420 ATRIAL MUSCLE
(~0.5 m/sec)

1430 AV NODE
(~0.05 m/sec)

1440 BUNDLE OF HIS
(~2 m/sec)

1410
SANODE

1460

VENTRICULAR
MUSCLE 1450 LEFT & RIGHT
(~0.5 m/sec) BUNDLE BRANCHES
1470 (~2 misec)
PURKINJE
FIBERS
(~4 m/sec) 1400
HIGHER CENTERS— 19U
HYPOTHALAMUS = 1840

1550
RECEPTORS
AFFERENTS

1520

BLOOD VESSELS HEART

32



EP 2 440 122 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 5121750 A [0009] WO 2004002303 A1 [0011]
* US 20070299352 A1 [0010]

33



THMBW(EF)

SERRENFE
EP2440122A1 K (2E)R
EP2010786978 iR

patsnap

2012-04-18

2010-06-14

FRFRBEEFN)A(E) BEMRZEZHREROGERLA
RF(EFR)AGE) BARD# A RS , INC.

HHBE (TR A(E) BARDIEARSL , INC.

[FRIRBAA GRUNWALD SORIN

RHEA GRUNWALD, SORIN

IPCH %S A61B5/02 A61B5/00

CPCH¥S A61B5/04017 A61B5/042 A61B5/0452 A61B5/06 A61B5/065 A61B5/726 A61B34/20 A61B5/046 A61B5

/0468 A61M25/0105 A61M25/0014 A61M2039/1077 A61M2039/1083 A61M2039/1088

LN 61/213474 2009-06-12 US

H 2T SR EP2440122A4
EP2440122B1

ShER4EE Espacenet

BWEGF)

—MATHENCEERNERSR 2 EEFE iR, E-RMAEN
Wi, RS- IR ERESENEREL  IRE IR EREEH
2, UERBMMREHBORENBINRHDASE ; BEEGHHRER
WEANTHERNBNEZEREAL  BIAREER , ZEBHREIEH
MR ERERI AN, —HATOERNOEENAH , B85 &
Bigs | SEESBNMMFDTNEZSRRKIZEIEER,


https://share-analytics.zhihuiya.com/view/d494483b-e751-42ab-893e-a93726ce9a10
https://worldwide.espacenet.com/patent/search/family/043307023/publication/EP2440122A1?q=EP2440122A1

