EP 2 240 242 B1

(1 9) Européisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 240 242 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.
of the grant of the patent: A61N 1/39(2006.01)

24.08.2011 Bulletin 2011/34

(86) International application number:
(21) Application number: 08870398.8 PCT/US2008/088008

(22) Date of filing: 22.12.2008 (87) International publication number:
WO 2009/088745 (16.07.2009 Gazette 2009/29)

(54) APPARATUS FOR NON-INVASIVE INDUCTION OF VENTRICULAR FIBRILLATION
VORRICHTUNG ZUR NICHT-INVASIVEN EINLEITUNG VON KAMMERFLIMMERN
APPAREIL D’INDUCTION NON INVASIVE DE FIBRILLATION VENTRICULAIRE

(84) Designated Contracting States: * SULLIVAN, Joseph L.
ATBEBG CHCY CZDE DKEE ES FIFR GB GR Kirkland
HRHUIEISITLILT LU LV MC MT NL NO PL PT Washington 98034 (US)
RO SE SI SK TR ¢ PIRAINO, Daniel W.
Seattle
(30) Priority: 04.01.2008 US 969663 Washington 98119 (US)
e WILLIAMS, Eric R.
(43) Date of publication of application: Maple Grove
20.10.2010 Bulletin 2010/42 Minnesota 55311 (US)
(73) Proprietor: MEDTRONIC, INC. (74) Representative: Hughes, Andrea Michelle
Minneapolis, Minnesota 55432 (US) Dehns
St Bride’s House
(72) Inventors: 10 Salisbury Square
¢ NIKOLSKI, Viadimir P. London
Blaine EC4Y 8JD (GB)
Minnesota 55449 (US)
» HAVEL, William J. (56) References cited:
Maple Grove US-A-5184616 US-A-5609 618
Minnesota 55369 (US) US-A- 5709 711

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 240 242 B1 2

Description
TECHNICAL FIELD

[0001] The invention relates generally to medical de-
vices and, in particular, to a system and method for con-
trolling delivery of an externally generated shock pulse.

BACKGROUND

[0002] Delivery of a shock pulse during the vulnerable
period of the cardiac cycle can induce fibrillation, provid-
ing the shock energy is greater than a patient-specific
minimum value and less than a patient-specific maximum
value. Such a shock pulse is generally referred to as a
"T-shock" or "T-wave shock" because the time of the vul-
nerable period during the cardiac cycle generally corre-
sponds to the T-wave of the ECG signal. Patients receiv-
ing an implantable cardioverter defibrillator (ICD) typical-
ly undergo defibrillation threshold testing in order to en-
sure a reasonable certainty of successful defibrillation
using shock pulse energies corresponding to the output
capacity of the ICD. The DFT has been determined by
inducing fibrillation through delivery of a shock during the
T-wave, then delivering defibrillation shocks to verify suc-
cessful defibrillation at shock energies at least a safety
margin below the maximum ICD output. ICDs are typi-
cally connected to intracardiac leads which are used to
deliver a sequence of pacing pulses and deliver a T-
shock. A sequence of pacing pulses, for example, six to
eight pacing pulses, is delivered in order to facilitate de-
livery of a shock pulse synchronized with the T-wave dur-
ing a stable cardiac rhythm. The T-wave shock is syn-
chronized to the T-wave for inducing fibrillation by deliv-
ering the shock at a predetermined shock interval follow-
ing the last pacing pulse. If fibrillation is induced, the ICD
will detect the fibrillation and deliver a test defibrillation
pulse to terminate the induced fibrillation. Subcutaneous
ICD systems are emerging which do not utilize intracar-
diac leads for sensing cardiac signals and delivering de-
fibrillation shock pulses. Such systems, however, may
not include fibrillation induction capabilities. As such, a
need exists to induce fibrillation without the use of intra-
cardiac leads to allow defibrillation threshold testing, for
example, during subcutaneous ICD system implantation.
[0003] Patent application US-A-5, 709, 711 discloses
the preamble of claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004]

Figure 1 is a functional block diagram of a system
for external induction of ventricular fibrillation.

Figure 2 is a flow chart of a method for controlling
the delivery of an externally applied T-wave shock
for inducing fibrillation using an external induction
interface coupled to external pacing and shock
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sources as shown in Figure 1.

Figure 3 is a timing diagram illustrating a sequence
of events according to one embodiment of the inven-
tion for controlling the delivery of an externally-gen-
erated shock pulse for inducing fibrillation.

DETAILED DESCRIPTION

[0005] In the following description, references are
made to illustrative embodiments for carrying out the in-
vention. Itis understood that other embodiments may be
utilized without departing from the scope of the invention.
For purposes of clarity, the same reference numbers are
used in the drawings to identify similar elements. As used
herein, the term "module" refers to an application specific
integrated circuit (ASIC), an electronic circuit, a proces-
sor (shared, dedicated, or group) and memory that exe-
cute one or more software or firmware programs, a com-
binational logic circuit, or other suitable components that
provide the described functionality.

[0006] Figure 1 is a functional block diagram of a sys-
tem for external induction of ventricular fibrillation. The
system 10 includes a fibrillation induction interface 100
coupled to an external pacing source 102 and an external
shock source 104. Induction interface 100 is further cou-
pled to electrodes 140 and 142 for delivering pacing puls-
es and shock pulses to a patient 12. System 10 is intend-
ed for use as a non-invasive system for inducing fibrilla-
tion, and as such electrodes 140 and 142 are embodied
as surface electrodes adapted to be positioned on the
skin of patient 12. However, itis recognized that in various
embodiments of the invention, portions of system 10 may
be implanted in a patient 12. For example, electrodes
140 and 142 may be positioned subcutaneously or sub-
muscularly.

[0007] External pacing source 102 and external shock
source may be embodied as separate units or included
in one unit including both pacing pulse generation and
shock pulse generation capabilities. External pacing
source 102 is provided having the capabilities for gener-
ating pacing pulses that are of sufficient energy to capture
the heart using electrodes 140 and 142. External shock
source 104 is provided having the capability for generat-
ing shock pulses that are sufficient to induce fibrillation
using electrodes 140 and 142. It is contemplated that
external pacing source 102 and external shock source
104 are provided as commercially available external de-
fibrillators in one embodiment, for example as LifePak®
12, available from Medtronic, Inc., Minneapolis, Minne-
sota, USA.

[0008] Inone embodiment, external shock source 104
is implemented as an external defibrillator capable of
sensing a patient's ECG signal via electrodes directly
coupled to shock source 104 and deliver a defibrillation
shock pulse to the patient electrodes, synchronized to
the patient’s R-wave during fibrillation. For the purposes
of inducing fibrillation according to embodiments of the
present invention, however, external shock source 104
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is coupled indirectly to electrodes 140 and 142 via induc-
tion interface 100.

[0009] Induction interface 100 is used to interface the
external pacing source 102 and the external shock
source 104 with the patient 12 during defibrillation thresh-
old testing. Induction interface 100 functions coopera-
tively with external pacing source 102 and external shock
source 104 to non-invasively deliver a T-wave shock to
patient 12 using electrodes 140 and 142. Induction inter-
face 100 includes a control module 112, a pacing control
114 and a shock control 116. The control module 112 in
cooperation with pacing control 114 and shock control
116 control the delivery of a pacing pulse series and a
T-wave shock to patient 12 using electrodes 140 and 142.
[0010] Induction interface 100 includes an input line
106 for receiving pacing pulses generated by external
pacing source 102 and provide the received pacing puls-
es to pacing control 114. Input line 106 may be embodied
as an input/output line, for example as a serial bus, which
allows signals to be transferred bidirectionally between
external pacing source 102 and induction interface 100.
[0011] Pacing pulses generated by external pacing
source 102 are received by pacing control 114 which
connects input 106 to a pacing load 120. Pacing load 120
is applied to input 106 coupled to pacing source 102 such
that pacing source 102 "sees" an artificialimpedance that
corresponds to a pacing lead impedance that would typ-
ically be present when pacing source 102 is directly cou-
pled to electrodes 140 and 142 positioned on patient 12.
In some embodiments, pacing source 102 may require
a pacing load to be connected to pacing source 102 in
order to actually generate pacing pulses. Induction inter-
face 100 provides the necessary impedance load 120
upon coupling to pacing source 102. In response to "see-
ing" the artificial impedance load 120 and being enabled
to operate in a pacing mode, external pacing source 102
generates pacing pulses that are received by induction
interface 100.

[0012] External pacing source 102 may be manually
enabled directly by a user to start generating pacing puls-
es, having a desired pulse energy and at a desired rate.
Alternatively, control module 112 and/or pacing control
114 may be configured to signal external pacing source
102 to initiate pacing pulses. User interface 118 may be
configured to allow a user to select a pacing pulse rate
and pulse energy or a default rate and pulse energy may
be stored in control module 112 or pacing control 114.
Once pacing pulses are being received by pacing control
114, the pacing pulses may be initially withheld from pa-
tient 12. In other words, the pacing pulses will be dissi-
pated within induction interface 100. The delivery of pac-
ing pulses to an output interface 136 coupled to elec-
trodes 140 and 142 is controlled by switching circuitry
122. When received pacing pulses are not delivered to
the patient, switching circuitry 122 disconnects pacing
control 114 from output 136 and passes received pacing
pulsestothe dissipative circuitry 124. Dissipative circuitry
124 may be embodied as a passive resistor or other dis-
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sipating component(s).

[0013] The artificialimpedance load 120 is disconnect-
ed from the input line 106 when the pacing pulses are
passed to the electrodes. The external pacing source
102 sees the real impedance of electrodes 140 and 142
when the pacing pulses are actually delivered to the pa-
tientbecause the impedance 120 is no longer connected.
The artificial impedance load 120 may be connected to
external shock source 104 to promote proper functional-
ity of the shock source 104 if the shock source 104 is
disconnected from the patient during the delivery of the
pacing pulses.

[0014] The external shock source 104 is coupled to
shock control 116 via input/output line 108 to allow shock
pulses generated by shock source 104 to be passed to
patient 12 via interface 100 and electrodes 140 and 142.
Input/output line 108 may be embodied as a serial bus,
which allows signals to be transferred bidirectionally be-
tween external shock source 104 and induction interface
100.

[0015] External shock source 104 may be manually
enabled to initiate capacitor charging for generating a
shock pulse. Shock delivery parameters may additionally
be set manually. In particular, a shock delivery mode is
set as a synchronized shock delivery such that the shock
is synchronized with a QRS signal. Other shock delivery
parameters that may be set manually include the shock
energy and the shock waveform. Alternatively, control
module 112 and/or shock control 116 may be configured
to send a charge command via input/output line 108 to
trigger external shock source 104 to initiate capacitor
charging. The charge command may further include
charge energy and other shock control parameter data
for instructing external shock source 104 to generate a
shock according to the command parameters. User in-
terface 118 may be used to enter shock control param-
eters such as shock energy, shock waveform and a de-
sired shock delay relative to a QRS signal. Default shock
control parameters may be stored by control module 112
or shock control 116.

[0016] Shock control 116 includes a QRS signal gen-
erator 130 for generating a simulated QRS signal that is
provided to shock source 104 via input/output line 108.
The simulated QRS signal is provided to shock source
104 as a signal for synchronizing delivery of a shock
pulse. QRS signal generator 130 receives a predeter-
mined delay 138 which maybe set by a user using user
interface 118. The delay 138 may alternatively be imple-
mented as a default value or selection of default values
stored by shock control 116 and selectable by a user
using user interface 118.

[0017] Shock control 116 may include shock energy
control 132 for adjusting a received shock pulse to a se-
lected shock energy. The selected shock energy may be
a default value stored by shock control module 116 or
selected by a user using userinterface 118. Shock control
116 may include circuitry for adjusting the energy of a
received shock pulse, for example by truncating, prolong-
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ing, amplifying or dampening the shock pulse, to a se-
lected shock energy. Alternatively, shock control 116
may store a selected shock energy parameter to be de-
livered to external shock source 104 with a charge com-
mand via input/output line 108.

[0018] Shock control 116 further includes shock mod-
ulation circuitry 134 for modulating the shock waveform
received from external shock source 104. Shock modu-
lation circuitry 134 may include a rectifier to convert a
biphasic shock pulse to a monophasic shock pulse.
Shock modulation circuitry 134 may further include cir-
cuitry for prolonging the pulse duration of a shock pulse.
A shock pulse received by shock control 116 and mod-
ulated by circuitry 134 is passed to output interface 136
and patient electrodes 140 and 142. User interface 118
may be implemented as a "start" button to initiate a fibril-
lation induction procedure. By pressing the start button
150, induction interface 100 generates the QRS signals
provided to external shock source 104 and connects ex-
ternal pacing source 102 to the patient to deliver pacing
pulses at an overdrive rate to ensure a stable heart rate
for synchronizing a shock pulse. The start button 150
may also trigger a charge command issued to external
shock source 104. User interface may further include a
"cancel" button, which may be a dedicated button or start
button 150 may perform a dual function of starting or
canceling aninduction procedure. The cancel button may
be used by a user to cancel the induction operation, for
example when pacing pulses are not successfully deliv-
ered to capture the patient’s heart.

[0019] Userinterface 118 may further include user-se-
lectable parameter inputs such as a delay selector 152
for selecting the predetermined delay between a pacing
pulse and a delivered shock pulse. The predetermined
delay is used by induction interface 100 to set the delay
be between a generated QRS signal and a received pac-
ing pulse for causing external shock source 104 to deliver
a shock pulse during the patient’s T-wave, synchronized
to the artificial QRS signal. User-interface 118 may fur-
ther include a shock energy selector 156 for setting a
shock pulse energy to be stored by shock energy control
132 or other shock pulse control parameter. User inter-
face 118 may further include a pacing rate and/or pacing
pulse energy selector 154 for storage by pacing control
114. The shock energy and pacing rate and pulse energy
selected using user interface 118 may be transferred to
external shock source 104 and external pacing source
102 via lines 108 and 106, respectively, for controlling
the shock delivery and pacing delivery. Alternatively, the
user-selected shock and pacing control parameters may
be used by induction interface 100 to modify the received
shock pulse and received pacing pulses to conform to
user selected values.

[0020] Figure 2 is a flow chart of a method for control-
ling the delivery of an externally applied T-wave shock
for inducing fibrillation using an external induction inter-
face coupled to external pacing and shock sources as
shown in Figure 1. Flow chart 200 is intended to illustrate
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the functional operation of the device, and should not be
construed as reflective of a specific form of software or
hardware necessary to practice the invention. It is be-
lieved that the particular form of software and hardware
will be determined by the particular system architecture
employed in the external pacing source, external shock
source and interface and by the pacing and shock deliv-
ery methodologies employed by external sources. Pro-
viding software, firmware and hardware to accomplish
the presentinvention, given the disclosure herein, is with-
in the abilities of one of skill in the art.

[0021] Methods described in conjunction with flow
charts presented herein may be implemented in a com-
puter-readable medium that includes instructions for
causing a programmable processor to carry out the meth-
ods described. A "computer-readable medium" includes
but is not limited to any volatile or non-volatile media,
such as a RAM, ROM, CD-ROM, NVRAM, EEPROM,
flash memory, and the like. The instructions may be im-
plemented as one or more software modules, which may
be executed by themselves or in combination with other
software.

[0022] At block 204, the external pacing source is en-
abled for delivering pacing pulses at a desired pulse en-
ergy and desired pacing rate. The external pacing source
may be manually enabled directly by auser. Alternatively,
a user may initiate method 200 using a user interface
118 included in the induction interface 100. In response
touserinitiation, the induction interface 100 sends a com-
mand to the external pacing source to initiate pacing
pulse generation. The induction interface further enables
pacing pulse generation by connecting the input received
from the external pacing source to an artificialimpedance
load. The pacing pulses initially received from the exter-
nal pacing source are dissipated by the induction inter-
face and not passed to the patient until the external shock
source has completed, or nearly completed, capacitor
required for delivering a shock pulse.

[0023] At block 208, the external shock source is en-
abled to initiate charging of capacitors for generating a
shock pulse. As discussed previously, the external shock
source may be manually enabled directly by a user or
may be enabled by the induction interface 100. For ex-
ample, in one embodiment, a user may initiate a fibrilla-
tion induction by pressing an "induce fibrillation" button.
In response to this command, the induction interface will
generate a command to the external pacing source to
initiate pacing pulses and couple the pacing source to
the artificial impedance load and generate a command
to the external shock source toinitiate capacitor charging.
[0024] At block 212, the induction interface 100 re-
ceives a charge signal indicating the external shock
source 104 has completed or nearly completed charging.
The charge signal may be automatically generated by
the external shock source on input/output line 108 or may
be provided by a user observing the external shock
source 104 and using the user interface 118. Inresponse
to receiving a charge signal indicating that capacitor
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charging has been completed or has reached a threshold
level, the induction interface 100 allows the pacing pulses
received from the external pacing source 102 to be
passed to the patient at block 216. The artificial imped-
ance load 120 is disconnected from the external pacing
source and the pacing pulses are transferred directly to
electrodes coupled to the patients.

[0025] At block 220, the induction interface 100 gen-
erates artificial QRS signals, i.e. electrical signals that
simulate physiological QRS signals. Each artificial QRS
signal is transferred from induction interface 100 to ex-
ternal shock source 104 at a predetermined time delay
following a pacing pulse received from external pacing
source 102. The predetermined time delay corresponds
to a desired T-shock delay. The desired T-shock delay
may be a default setting or user-entered and corresponds
to a time interval between a delivered pacing pulse and
the expected occurrence of the patient’s T-wave.
[0026] External shock source 104 recognizes the arti-
ficial QRS signals for use in synchronizing a shock pulse.
External shock source 104 is configured to deliver a de-
fibrillation shock pulse synchronized to a sensed QRS
complex during a synchronized shock mode of operation.
Induction interface 100 provides an artificial QRS com-
plex to the external shock source 104 to cause a shock
pulse synchronized to the artificial QRS complex to be
delivered at a T-shock interval following a pacing pulse.
The QRS complex is synchronized to the patient T-wave
thus controlling shock pulse delivery during the T-wave
for fibrillation induction.

[0027] Induction interface 100 disconnects the exter-
nal pacing source 102 from the patient electrodes 140
and 142 at block 224 to prevent damage to external pac-
ing source during shock delivery. A T-shock is delivered
at block 228 by passing a shock pulse received from ex-
ternal shock source 104 to the patient electrodes syn-
chronized to the artificial QRS signal occurring at prede-
termined delay following the last delivered pacing pulse.
Induction interface 100 may be configured to pass a de-
sired number of pacing pulses that corresponds to a re-
quired number of "sensed" QRS signals used by external
shock source 104 for synchronizing a shock pulse then
disconnect the pacing source 102 and pass the shock
pulse to the patient electrodes. Disconnection of the pac-
ing source may occur based on a specified number of
delivered pulses, a predetermined time delay or other
timing mechanism.

[0028] Figure 3 is a timing diagram 300 illustrating a
sequence of events according to one embodiment of the
invention for controlling the delivery of an external shock
pulse for inducing fibrillation. Timeline 302 represents
the output of external pacing source 102 coupled to in-
duction interface 100. At 304, external pacing source 102
is enabled to deliver pacing pulses 306 at a desired pulse
interval 308. Pacing source 102 may be enabled at 304
directly by a user or indirectly by a user entering an in-
duction command on induction interface 100.

[0029] Timeline 310 represents output of induction in-
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terface 100. Upon receiving a charging complete signal
312, induction interface 100 generates a series of QRS
signals 314. Each QRS signal 314 is generated at a time
delay 316 following a pacing pulse 306 received from
external pacing source 102. Induction interface 100 may
be configured to deliver a specified number of QRS sig-
nals, for example 6 to 8 QRS signals, used by external
shock source 104 for synchronizing a shock pulse.
[0030] Timeline 320 represents the events relating to
external shock source 104. At 322, external shock source
is enabled to begin capacitor charging 324. Upon com-
pletion of charging 324, the charging complete signal 312
is provided to induction interface 310. External shock
source may be enabled to begin charging directly by a
user or indirectly by a user using induction interface 100.
The charging complete signal 312 may be provided to
induction interface 100 automatically by the external
shock source or may be applied by a user observing a
charge indicator on the external shock source 104.
[0031] External shock source 104 receives the QRS
signals 314 generated by induction interface 100, which
are recognized by sensing circuitry in external shock
source 104 as sensed events 326. A shock pulse 328 is
synchronized to the last QRS signal 318, occurring during
the T-wave 344. The number of QRS signals 314 gen-
erated by induction interface 100 and sensed by external
shock source 104 prior to delivering shock pulse 328 may
vary between embodiments and may in part depend on
the synchronization algorithm used by the shock source
104 for synchronizing a shock pulse with a sensed event.
[0032] Timeline 330 represents output received by the
patient from induction interface 100. Once charging 324
is complete, induction interface 100 passes pacing puls-
es 306 generated by external pacing source 102 to the
patient, shown as pacing pulses 332 on timeline 330.
Each pacing pulse 332 is delivered with a pulse energy
expected to successfully capture the patient’s heart. As
such, anevoked QRS signal 334 and subsequent T-wave
336 is shown following each pacing pulse. QRS signals
314 are generated by induction interface 100 at a time
delay 316 which is expected to correspond to the time of
T-wave 336 following each pacing pulse. Following the
last pacing pulse 338, the shock pulse 328 generated by
external shock source 104 is modulated as desired and
delivered to the patient, shown as shock pulse 340.
Shock 340 is delivered, at a time that corresponds to a
T-wave 344 following the last delivered pacing pulse 338.
Shock pulse 328 generated by shock source 104 is
shown as biphasic shock. Shock pulse 328 is modified
by induction interface 100 to produce the prolonged,
monophasic shock pulse 340 actually delivered to the
patient. The prolonged, monophasic shock pulse is ex-
pected to be more effective in inducing fibrillation than
the biphasic pulse 328 generated by the external shock
source and typically used for defibrillation rather than fi-
brillation induction.

[0033] A shock pulse having adequate energy below
the patient’s upper limit of vulnerability and appropriately
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timed relative to the patient’s vulnerable period will in-
duce ventricular fibrillation 342. During an implant pro-
cedure, animplantable defibrillator will detect the induced
fibrillation 342 and attempt to deliver a shock pulse to
terminate the induced fibrillation 342. In this way, defi-
brillation threshold tests can be performed using an im-
plantable defibrillator that is not capable of reliably induc-
ing fibrillation.

In Figure 3, the number of pacing pulses 332 passed to
the patient by induction interface 300 is equal to the
number of generated QRS signals 314 received by ex-
ternal shock source 104 and used in synchronizing shock
pulse 328. However, in other embodiments, the number
of pacing pulses 332 passed to the patient may be dif-
ferent than the number of QRS signals 313 received by
external shock source 104. For example, it is typically
desirable to deliver 6 to 8 pacing pulses during T-wave
shock delivery in order to establish a stable cardiac
rhythm and thereby promote accurate timing of the shock
pulse during the T-wave. However, external shock
source 104 may synchronize a shock pulse to the next
QRS signal sensed after charging is complete. As such,
in one embodiment, only one QRS signal 318 may be
generated by induction interface 100 following the last
pacing pulse 338 of a series of pacing pulses 332 deliv-
ered to the patient.

[0034] Furthermore it is recognized that QRS signals
314 may be applied to external shock source 104 during
charging 324 and pacing pulses 306 generated by exter-
nal passing source 102 may already be passed to the
patient during charging 324 such that the last pacing
pulse 338 and subsequent QRS signal 318 for synchro-
nizing shock pulse 328 occur earlier after completion of
capacitor charging at 312.

[0035] While embodiments described herein have il-
lustrated the use of induction interface in inducing ven-
tricular fibrillation, for example for use in determining a
defibrillation threshold, the induction system and meth-
ods described may be used in any application requiring
an external shock to be delivered at a particular time in
the cardiac cycle. For example, the induction interface
system and methods described herein may be used dur-
ing upper limit of vulnerability (ULV) testing. ULV testing
is performed to determine the patient’s ULV for estimat-
ing the defibrillation threshold or verifying that an ICD
shock output capacity is at least a safety margin above
the patient’s defibrillation threshold. During ULV testing,
a properly timed T-wave shock will not actually induce
fibrillation if the shock strength is above the patient's ULV.
As such, it is recognized that practice of the present in-
vention is not limited to delivery of shock pulses intended
to induce fibrillation.

[0036] Thus, a method and apparatus for synchroniz-
ing externally applied shock pulses to a patient’s cardiac
cycle have been presented in the foregoing description
with reference to specific embodiments. It is appreciated
that various modifications to the referenced embodi-
ments may be made without departing from the scope of
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the invention as set forth in the following claims.

Claims

1. An external medical apparatus for delivering an ex-
ternally generated shock pulse, comprising:

a first input (106) for receiving pacing pulses
generated by a first external device (102);

a second input (108) for receiving a shock pulse
generated by a second external device (104);
an output (136) for coupling the apparatus to
electrodes (140, 142) coupled, in use, to a pa-
tient;

a pacing control (114) for controlling delivery of
the received pacing pulses to the output;
characterised by a shock control (116) for con-
trolling delivery of the received shock pulse to
the output; and

a control module (112) coupled to the pacing
control (114) and the shock control (116);

the control module, the pacing control and the
shock control configured to cooperatively con-
trol delivery of the received shock pulse to the
output (136) at a predetermined delay after one
of the received pacing pulses, wherein the sec-
ond input (108) of said apparatus is further cou-
pled to the second external device (104), and
wherein the shock control (116) is configured to
generate simulated QRS signals at the prede-
termined time delay after the pacing pulses, the
simulated QRS signals being transferred to the
second device (104) via the second input (108),
and to deliver said shock pulse in synchrony with
the last QRS signal for delivery during the T-
wave.

2. The apparatus of claim 1 wherein the pacing control
comprises an impedance load coupled to the first
device via the first input.

3. The apparatus of claim 1 wherein the pacing control
is configured to electrically uncouple the first input
from first device prior to the shock pulse being de-
livered.

4. The apparatus of claim 1 wherein the control module
is configured to receive a charge signal from the sec-
ond device and the pacing control being configured
to pass received pacing pulses to the output in re-
sponse to the charge signal.

5. The apparatus of claim 4 wherein the pacing control
is configured to withhold the received pacing pulses
from the output when the charge signal has not
reached a charge threshold.
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The apparatus of claim 1 wherein the predetermined
time delay corresponds to a Q-T interval of the pa-
tient.

The apparatus of claim 1 wherein the shock control
comprises a shock modulation circuit to modulate a
waveform of the shock pulse.

The apparatus of claim 7, the received shock pulse
waveform being a biphasic waveform and the shock
modulation circuit comprising a rectifier to modulate
the biphasic waveform to be a monophasic wave-
form.

The apparatus of claim 6 wherein the shock modu-
lation circuit further comprises circuitry for prolong-
ing the monophasic waveform.

The apparatus of claim 1 further comprising a user
interface (118) coupled to the control module for re-
ceiving user input, the user input comprising at least
one of a start button to initiate the shock pulse de-
livery; a shock energy selector for controlling the en-
ergy of the shock pulse passed to the output, and a
delay selector for selecting the predetermined time
delay.

Patentanspriiche

1.

Externe medizinische Vorrichtung zur Abgabe eines
extern erzeugten Schockpulses mit:

einem ersten Eingang (106) zum Empfangen
von durch eine erste externe Vorrichtung (102)
erzeugten Stimulationspulsen;

einem zweiten Eingang (108) zum Empfangen
eines durch eine zweite externe Vorrichtung
(104) erzeugten Schockpulses;

einem Ausgang (136) zum Verbinden der Vor-
richtung mit Elektroden (140, 142), die bei der
Verwendung mit einem Patienten verbunden
sind;

einer Stimulationssteuerung (114) zum Steuern
einer Abgabe der empfangenen Stimulations-
pulse an den Ausgang;

gekennzeichnet durch eine Schocksteuerung
(116) zum Steuern einer Abgabe des empfan-
genen Schockpulses an den Ausgang; und

ein Steuermodul (112) das mit der Stimulations-
steuerung (114) und der Schocksteuerung (116)
verbunden ist;

wobei das Steuermodul, die Stimulationssteue-
rung und die Schocksteuerung dafir eingerich-
tet sind, gemeinsam eine Abgabe des empfan-
genen Schockpulses an den Ausgang (136) mit
einer vorbestimmten Verzégerung nach einem
derempfangenen Stimulationspulse zu steuern,
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10.

12

wobei der zweite Eingang (108) der Vorrichtung
ferner mit der zweiten externen Vorrichtung
(104) verbunden ist; und wobei die Schock-
steuerung (116) daflir eingerichtet ist, simulierte
QRS-Signale mit der vorbestimmten Verzdge-
rung nach den Stimulationspulsen zu erzeugen,
wobei die simulierten QRS-Signale an die zwei-
te Vorrichtung (104) Gber den zweiten Eingang
(104) Gbertragen werden, und den Schockpuls
synchron mit dem letzten QRS-Signal zur Ab-
gabe wahrend der T-Welle abzugeben.

Vorrichtung nach Anspruch 1, bei der die Stimulati-
onssteuerung eine Impedanzlast aufweist, die mit
der ersten Vorrichtung Uber den ersten Eingang ver-
bunden ist.

Vorrichtung nach Anspruch 1, bei der die Stimulati-
onssteuerung daflr eingerichtet ist, den ersten Ein-
gang von der ersten Vorrichtung vor der Abgabe des
Schockpulses zu trennen.

Vorrichtung nach Anspruch 1, bei der das Steuer-
modul dafiir eingerichtet ist, ein Ladesignal von der
zweiten Vorrichtung zu empfangen, und die Stimu-
lationssteuerung dafiir eingerichtet ist, empfangene
Stimulationspulse an den Ausgang als Antwort auf
das Ladesignal weiterzugeben.

Vorrichtung nach Anspruch 1, bei der die Stimulati-
onssteuerung dafiir eingerichtet ist, die empfange-
nen Stimulationspulse von dem Ausgang zuriickzu-
halten, wenn das Ladesignal einen Ladeschwelle-
wert nicht erreicht hat.

Vorrichtung nach Anspruch 1, bei der die vorbe-
stimmte Zeitverzdgerung einem Q-T-Intervall des
Patienten entspricht.

Vorrichtung nach Anspruch 1, bei der die Schock-
steuerung eine Schockmodulationsschaltung zur
Modulation einer Wellenform des Schockpulses auf-
weist.

Vorrichtung nach Anspruch 7, wobei die empfange-
ne Schockpuls-Wellenform eine biphasische Wel-
lenform ist und die Schockmodulationsschaltung ei-
nen Gleichrichter zum Modulieren der biphasischen
Wellenform in eine monophasische Wellenform auf-
weist.

Vorrichtung nach Anspruch 6, bei der die Schock-
modulationsschaltung ferner eine Schaltung zur
Verlangerung der monophasischen Wellenform auf-
weist.

Vorrichtung nach Anspruch 1, ferner mit einer Be-
nutzerschnittstelle (118) die mit dem Steuermodul



13 EP 2 240 242 B1 14

zum Empfangen von Benutzereingaben verbunden
ist, wobei die Benutzereingaben einen Startknopf
zum Einleiten der Schockpulsabgabe; einen Schok-
kenergieauswahler zum Steuern der Energie des an
den Ausgang weitergegebenen Schockpulses und
einen Verzdégerungsauswahler zum Auswahlen der
vorbestimmten Zeitverzégerung umfassen.

Revendications

Dispositif médical externe pour délivrer une impul-
sion de choc générée en externe, comportant :

une premiere entrée (106) pour recevoir des im-
pulsions de stimulation générées par un premier
dispositif externe (102) ;

une seconde entrée (108) pour recevoir une im-
pulsion de choc générée par un second dispo-
sitif externe (104) ;

une sortie (136) pour coupler le dispositif a des
électrodes (140, 142) couplées, en utilisation, a
un patient ;

une commande de stimulation (114) pour com-
mander la délivrance des impulsions de stimu-
lation regue a la sortie ;

caractérisé par une commande de choc (116)
pour commander la délivrance de I'impulsion de
choc regue a la sortie ; et

un module de commande (112) couplé ala com-
mande de stimulation (114) et a la commande
de choc (116) ;

le module de commande, la commande de sti-
mulation et la commande de choc étant confi-
gurés pour commander de maniére coopérative
la délivrance de l'impulsion de choc regue a la
sortie (136) selon un délai prédéterminé apres
'une des impulsions de stimulation regues, la
seconde entrée (108) dudit dispositif étant en
outre couplée au second dispositif externe
(104), et dans lequel la commande de choc
(116) est configurée pour générer des signaux
QRS stimulés selon le délai prédéterminé apres
les impulsions de stimulation, les signaux QRS
simulés étant transférés vers le second dispo-
sitif (104) via la seconde entrée (108), et pour
délivrer ladite impulsion de choc en synchronis-
me avec le dernier signal QRS pour une déli-
vrance pendant 'onde T.

Dispositif selon la revendication 1, dans lequel la
commande de stimulation comporte une charge
d'impédance couplée au premier dispositif via la pre-
miére entrée.

Dispositif selon la revendication 1, dans lequel la
commande de stimulation est configurée pour dé-
coupler électriquement la premiére entrée du pre-
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mier dispositif avant la délivrance de I'impulsion de
choc.

Dispositif selon larevendication 1, dans lequel le mo-
dule de commande est configuré pour recevoir un
signal de charge en provenance du second dispositif
etla commande de stimulation étant configurée pour
transmettre des impulsions de stimulation recues a
la sortie en réponse au signal de charge.

Dispositif selon la revendication 4, dans lequel la
commande de stimulation est configurée pour retirer
les impulsions de stimulation regues de |a sortie lors-
que le signal de charge n’a pas atteint un seuil de
charge.

Dispositif selon la revendication 1, dans lequel le dé-
lai prédéterminé correspond a un intervalle Q-T du
patient.

Dispositif selon la revendication 1, dans lequel la
commande de choc comporte un circuit de modula-
tion de choc pour moduler une forme d’onde de I'im-
pulsion de choc.

Dispositif selon la revendication 7, la forme d’onde
d’'impulsion de choc regue étant une forme d’onde
biphasique et le circuit de modulation de choc com-
portant un redresseur pour moduler la forme d’onde
biphasique afin qu’elle devienne une forme d’onde
monophasique.

Dispositif selon la revendication 6, dans lequel le cir-
cuit de modulation de choc comporte en outre un
circuit pour prolonger la forme d’onde monophasi-
que.

Dispositif selon la revendication 1, comportant en
outre une interface utilisateur (118) couplée au mo-
dule de commande pour recevoir une entrée utilisa-
teur, I'entrée utilisateur comportant au moins I'un
d’un bouton de démarrage pour lancer la délivrance
d’impulsions de choc ; d’'un sélecteur d’énergie de
choc pour commander I'énergie de I'impulsion de
choc transmise a la sortie, et d’un sélecteur de délai
pour sélectionner le délai prédéterminé.
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