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PROCESS FOR PREPARING CELLS FOR 
THERAPEUTIC AND/OR PROPHYLACTIC 

REIMPLANTATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent disclosure is a continuation-in-part and 
claims priority to and all bene?t from prior non-provisional 
US. patent application Ser. No. 11/381,690 ?led 4 May 
2006 Which is turn claims priority to international applica 
tion number PCT FR 2004/002767 and tWo French national 
applications; namely serial number 0313055 ?led 6 Nov. 
2003 and serial number 0401736 ?led 20 Feb. 2004, the 
contents of the foregoing are hereby fully incorporated 
herein by reference in their respective entirety. 

[0002] The invention relates to a device for electrical 
stimulation of the heart for, in particular, improving hemo 
dynamic performance, performance of the heart cells and, in 
particular, blood How, in particular in patients suffering from 
heart failure or from tachycardia or arrhythmia, and in 
particular from left or right, systolic, diastolic or global, 
severe or acute heart failure. 

[0003] The invention also relates to a process for control 
ling such a device. 

[0004] The invention further relates to a process for elec 
trical stimulation of the heart and for heart cell improvement 
using such a device, in particular in patients suffering from 
heart failure or tachycardia or arrhythmia and in particular 
from acute, left, right or global cardiac failure. 

[0005] Up until noW, automatic heart stimulating devices, 
also knoWn as pacemakers, Were basically intended to 
replace or regulate the spontaneous electrogenesis of heart 
muscle activation. 

[0006] A signi?cant step has been taken in the control and 
reduction of isolated tachycardia, tachyarrhythmia or extra 
systoles in the process and devices described in the Zacouto 
patents US. Pat. No. 4,052,991 and US. Pat. No. 3,857,399. 
These improvements enabled the coupling intervals of elec 
trical stimulation, in particular, to be modi?ed as a function 
of the variable duration of the previous cycle or cycles, for 
example as a percentage of this duration. These improve 
ments also alloWed the stimulations to be transmitted in a 
burst and in gradients. They also alloWed differential mark 
ing of the spots of local detection and stimulation on the 
electrocardiogram. 
[0007] Paired stimulation (PST) or coupled stimulation 
(CST) and optimum inotropic stimulation (OIST) attempts 
to induce, manually or automatically, a periodic succession 
of myocardial inhibition and stimulation preferably With 
parameters for obtaining maximum hemodynamics and anti 
rhythmic protection. The OIST basically alloWs greater 
mobiliZation of the reserves and acquisitions of energy from 
the myocardium Which are generally greater, the more 
fatigued the myocardium (Wayne Cooper: Postextrasystolic 
Potentialisation, Circulation, vol. 88, no. 6, 2962, December 
1993) such as, for example, increased activation of a pentose 
cycle in addition to the Krebs cycle (hexoses) and/or poten 
tiated and resynchroniZed activation of speci?c ion channels 
and transmembrane electrons, the increase in intracellular 
concentrations and liberations of calcium ions, secretions of 
vaso-active or myo-active peptides and changes of speci?c 
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local genetic expressions, translations and transductions of 
adaptations to potentiated biochemical myocardial energy of 
the “sporting heart” type. This instantaneous, signi?cant and 
lasting potentiation, Without a knoWn limit over time, in 
contractility after speci?c extrasystoles is Well knoWn to 
cardiologists under the name of post-extrasystolic potentia 
tion (PESP). PESP is a frequent natural phenomenon Which 
demonstrates the possibility of further mobiliZing the acqui 
sition and the expenditure of myocardial energy reserves 
Which often remain inhibited during failures thereof (apart 
from speci?c ectopic tachycardia). The continuation of the 
PESP, even in the case of acute grave failure of the myo 
cardium (example: pulmonary edema after recent previous 
extended infarction of the myocardium) or chronic myocar 
dium failure (Classi?cat. New-York Heart Assoc., classes 2 
to 4) shoWs the possibility of using PST in these clinical 
cases. 

[0008] HoWever, paired stimulation (PST), Which has 
been knoWn, in particular, since 1964 and Widely tested in 
animals and in several clinical trials to reduce or better 
Withstand speci?c tachycardia and myocardial failures (for 
example: F. Zacouto et coll., Paris, Nouv. Presse Med. 1974, 
3, No. 22, p. 1448), is still virtually never used in cardiology. 
This is due to the use of heart stimulation and detection 
equipment Which is tragically inadequate as it is incapable of 
continuously targeting the narroW critical Zones and is often 
unstable in each cardiac cycle (CC) Which it is hoWever 
essential to reach in order to carry out optimum continuous 
effective PST Which is economical in oxygen and anti 
arrhythmic. 
[0009] In general, currently used devices do not alloW the 
hemodynamic performance of the heart muscle to be durably 
improved by electrical stimulation, particularly in the case 
of patients in Whom this performance is signi?cantly 
reduced, in particular in those With grave heart failure. 

[0010] The phenomenon of post-extrasystolic potentiation 
(PESP) has been observed since the 19th century. 

[0011] Thus, the applicant Was able to obtain a temporary 
improvement in hemodynamics in tWo patients suffering 
from acute left ventricular failure, by coupling, after initial 
manual adjustment, a paired stimulation comprising bursts 
of successive stimulating pulses Which are brought together 
in the same coupled cardiac cycle on the Wave R toWard the 
end of the refractory Zone (F. Zacouto et al., Paris, Nouv. 
Presse Med. 1974, 3, No. 22, p. 1448). 

[0012] Considerable research Was then carried out into the 
phenomenon of post-extrasystolic potentiation in an attempt 
to bene?t from the improvement in the mechanical contrac 
tion triggered by the transmission of electrical stimulations 
inducing a stimulated extrasystole (see, for example, the 
documents US. Pat. No. 3,939,844 and US. Pat. No. 
5,213,098). Despite considerable Work over a long period, 
hoWever, the researchers ?nally came to the conclusion that 
the problem of establishing, in a durable and effective 
manner, myocardial contractility potentiation by paired 
stimulation could not be solved and, even though this 
principle looked promising, the results of the trials Were 
discouraging (see, for example, N. Wayne Cooper: Postex 
trasystolic Potentialisation, Circulation, vol. 88, no. 6, 2962, 
December 1993). 

[0013] These failures can be explained, in particular, by 
the fact that the electrical refractory functional Zones (ERZ) 
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and myocardial refractory functional Zones (MRZ) and the 
corresponding metabolic reactions can vary signi?cantly 
during each cycle, in particular in the case of myocardium 
suffering or of irregular rhythm disorders. 

[0014] More recently, suggestions have been made regard 
ing the creation of apparatus capable of sending to the heart 
paired or coupled bursts of pulses intended either to induce 
a sensitiZation action on the myocardium during the elec 
trical refractory period, according to a hypothesis, or to 
generate, just after the end of the electrical refractory period, 
an electrosystole intended to induce post-extrasystolic 
potentiation during a subsequent systole. Various documents 
deal With research into potentiation, such as W0 02/ 53206 
and WO 03/20364. 

[0015] It Was found during this research, hoWever, that 
paired or coupled stimulation is not compatible With arrhyth 
mia or tachyarrhythmia, Which is common, in particular, in 
patients suffering from cardiac failure, When it does not 
induce them itself in hearts that are already unstable. 

[0016] Faced With problems and discouraging conclusions 
from the research, the present invention proposes to provide 
a device and processes for durably and signi?cantly improv 
ing the hemodynamic performance of the heart by electrical 
stimulation. 

[0017] A further object of the invention is to treat arrhyth 
mia or tachycardia, even tachycardia Which are recurrent or 
cannot quickly be reduced by anti-tachycardic pacemakers 
(Zacouto, U.S. Pat. No. 3,857,399 and Us. Pat. No. 4,052, 
991), even in patients suffering from cardiac failure, and to 
instantaneously improve hemodynamics, Whether or not the 
tachycardia is reduced. 

[0018] In its general scope, the invention proposes to 
improve a heart muscle stimulating device alloWing a sig 
ni?cant increase in the hemodynamic performance of the 
heart and/or the treatment of tachycardia comprising a 
device Which is preferably implanted permanently and com 
prises: 

[0019] means for automatic acquisition of the heart 
rhythm, for detecting, in particular, the interval betWeen at 
least the last tWo Waves R (induced or spontaneous) of the 
cardiac cycle just completed, 

[0020] means for determining, preferably in real time, the 
duration of the electrical refractory period (ERZ) folloWing 
the last Wave R of said cycle, 

[0021] and means for sending at least one stimulating 
pulse, substantially Without delay toWard or at the end of 
said refractory period (ERZ). 

[0022] The coupling stimulating pulse or that pulse of the 
burst Which stimulates the heart generates a Wave (R') Which 
does not cause a mechanical reaction but induces an addi 
tional electrical refractory Zone (RZ) contributing to the 
desired inotropic and anti-arrhythmic effect. 

[0023] The invention relates to a device for stimulating 
and/or potentiating the heart muscle and/or the myocardial 
cells, alloWing a signi?cant increase in the hemodynamic 
performance of the heart and/ or the treatment of tachycardia, 
tachyarrhythmia or auricular ?brillation, comprising: 

[0024] means for the automatic acquisition of the heart 
rhythm and, optionally of its origin, for detecting, in par 
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ticular, the interval betWeen at least the last tWo Waves R 
(induced or spontaneous) of the cardiac cycle just com 
pleted, 
[0025] means for the precise acquisition of the cardiac 
hemodynamics, 
[0026] means for determining, continually in real time, the 
duration of the electrical refractory period (ERZ) folloWing 
the last Wave R of said cycle, 

[0027] means for evaluating at least one parameter relating 
to the functional cell state of the myocardium, 

[0028] and means Which are subordinate to said evaluating 
means for sending at least one paired or coupled stimulating 
pulse adapted to said functional cell state substantially 
Without delay at the end of said refractory period (ERZ). 

[0029] In a particularly preferred manner, said evaluation 
means determine an effective critical Zone (ECZ) to target, 
Which is placed immediately after the end of the electrical 
refractory Zone and terminates at the end of a maximum 
myocardial contraction refractory Zone (MMRZ), the trans 
mission of said stimulating pulse occurring in said Zone 
(ECZ), if it is present and targetable and does not induce 
untreatable arrhythmia. In the latter case, means for auto 
matically retarding the Zone ECZ, for example by 20 ms to 
20 ms, are provided, While the hemodynamics and metabolic 
consumption of the myocardium are monitored. 

[0030] Preferably, said evaluation means attempt to detect 
or check the myocardium excitability threshold during each 
cycle. 
[0031] Preferably, according to the invention, the device is 
arranged so as to determine the duration of said electrical 
refractory period (ERZ) during each cycle and preferably in 
real time. 

[0032] Advantageously, the refractory Zone is determined 
in a part of the heart into Which the stimulating pulse or burst 
is sent, for example by using the same electrodes for 
detection and stimulation, or very close electrodes. 

[0033] In an advantageous embodiment, the means send, 
substantially at the end of said refractory period (ERZ), a 
burst of stimulating pulses, the duration of the burst and the 
pulses repetition interval being such that a stimulating pulse 
of the burst is sent to the heart substantially Without delay 
after the end of said refractory period. 

[0034] Preferably, the stimulating pulse sent toWard or at 
the end of the refractory period is sent, almost Without delay, 
for example between 10 and 20 ms after the end of the 
refractory Zone ERZ. In the case of a burst, hoWever, it is 
necessary for the beginning of the burst to be produced 
Within and toWard the end of the refractory period. 

[0035] It is found that the contractility and hemodynamics 
generated by at least one of the stimulating pulses of the 
burst can be potentiated by a mere implanted device, in 
particular in the case of acute or severe cardiac failure. 

[0036] At the same time, a signi?cant permanent reduction 
of the ventricular rhythm and potentiation of heart contrac 
tility are obtained in tachycardic hearts. 

[0037] As a particular result, signi?cantly more poWerful 
cardiac contractions are obtained but do not lead to an 
unacceptable over-consumption of oxygen by the heart, 
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because the increase in oxygen consumption is compensated 
by the concomitant increase in the coronary ?oWs and 
over-compensated by the gain in contractility. 

[0038] The device is thus capable of carrying out optimum 
inotropic paired or coupled stimulation, hereinafter called 
OIST. 

[0039] The duration of the refractory Zone ERZ of the 
current cycle can be determined from characteristics of the 
preceding cycle or even from earlier cycles. For example it 
can be evaluated a priori as a percentage of the earlier cycle 
duration, Which percentage increases if the duration of the 
cycle is decreasing. For example, the percentage Will be 
from 25 to 30% in the case of a rhythm of 60 p/mn and from 
50 to 80% in the case of a rhythm of 120 p/mn. 

[0040] The duration of the refractory Zone can be evalu 
ated by any other means already knoWn to cardiologists, for 
example by progressive scanning of an electrical pulse in a 
burst Which is retarted from cycle to cycle until a generated 
electrosystole is acquired. The duration ERZ obtained can 
thus be used during one or more folloWing cycles to transmit 
the stimulating pulse or burst of pulses. 

[0041] If the device generates a single stimulating pulse 
instead of a burst, the means (4) for determining the duration 
of the refractory Zone are arranged so as to acquire, by 
scanning a second pulse, the substantially exact duration of 
the refractory Zone, this scanning being carried out, for 
example, during the preceding or current cardiac cycles. 

[0042] If a burst of stimulating pulses is used, it Will 
preferably begin just before the estimated end of the refrac 
tory period ERZ, and the duration of this burst and conse 
quently the number of stimulating pulses Will advanta 
geously be such that a stimulating pulse can occur very 
quickly after the end of said refractory period. 

[0043] These means for determining the duration of a 
refractory Zone of the heart are knoWn to cardiologists. 

[0044] In a variation of the invention, if the stimulation at 
the end of the refractory period ERZ is carried out by 
transmission of a burst of pulses, the device can transmit the 
burst substantially before the estimated end of the refractory 
period ERZ and detect Without delay in the same cycle, 
preferably at the same location of the heart, Which of the 
pulses of the burst induces an electrosystole R' for a given 
stimulation amplitude, and this provides the duration ERZ 
Which has just elapsed. This detected duration also enables 
the likely duration of the refractory Zone ERZ of the 
folloWing cycle to be determined. 

[0045] Preferably there are provided anti-tachycardic 
stimulation means and extrasystole-sensitive means for 
automatically stopping said stimulation if excessive hemo 
dynamic instability or electrical arrhythmia corresponding 
to predetermined criteria occur. 

[0046] In a developed embodiment, the determination of 
the refractory Zone ERZ of the cycle to come can be re?ned 
by alloWing for one or more detected parameters While 
alloWing for the functional and rhythmic stability of the 
heart. 
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[0047] These parameters can be, in particular: 

[0048] duration of the earlier or current cycle or cycles, 

[0049] hemodynamic parameters, metabolic consumption 
and excitability threshold over a speci?c number of com 
parable successive contractions, by comparison With thresh 
olds. 

[0050] In the event of signi?cant discordance betWeen, for 
example, the Zone ERZ calculated using the ratios betWeen 
the intervals QT and the actual intervals RR of the patient, 
as knoWn in cardiology, and the measured Zone ERZ, the 
myocardium can undergo a metabolic change Which can 
precede either a grave arrhythmia if the ERZ is decreasing 
or re-establishment of function if the ERZ is increasing. 

[0051] The apparatus monitors and distinguishes betWeen 
these tWo cases and reacts instantaneously according to 
programming. In the case of grave arrhythmia, for example, 
stimulation is stopped or the stimulation parameters are 
modi?ed. 

[0052] The burst of stimulating pulses may be advanced or 
retarded relative to an estimate of the refractory Zone and/or 
the pulse interval in the burst and/or the reduced or increased 
pulse amplitude, the device having automatic acquisition 
means, in particular by obtaining the intracardiac ECG for 
determining Which stimulating pulse in the burst triggered 
the Wave R' and consequently by possibly modifying the 
burst. 

[0053] A device of this type Will be particularly indicated 
for reduction of tachycardia, including sinusoidal tachycar 
dia, in patients suffering from cardiac failure. 

[0054] Preferably, the device comprises means Which are 
sensitive to spontaneous or stimulated Waves R and/or to the 
determination of the electrical and mechanical refractory 
Zones, in particular by scanning all of the burst or only 
Within this burst and/ or means for the determination Without 
delay of the heart excitability thresholds, for example by 
providing stimulating pulses of variable intensity, including 
subliminal pulses for alloWing the measurement thereof. It is 
also proposed to be able to control the stimulator as a 
conventional anti-tachycardic auto-rhythmic stimulator 
reacting to the extrasystoles and to be able to automatically 
stop the programmed OIST on occurrence of excessive 
hemodynamic instability. In the event of excessive instabil 
ity of the refractory Zones or myocardium excitability 
thresholds or the tWo simultaneously, the durations and/or 
the number and/ or the voltage of the pulses of the bursts can, 
for example, be increased or the stoppage of operation from 
a threshold can be programmed. 

[0055] Preferably, the device is characterized in that it 
further comprises means for very precise acquisition of the 
cardiac hemodynamics. 

[0056] These means are knoWn per se and preferably 
comprise one or more intracardiac pressure sensors or such 
sensors disposed in the vicinity. Preferably, sensors for 
determining variations in heart volume, for example knoWn, 
in particular juxta- and intracardiac electrical impedance 
proximity sensors, are also used for acquiring precise pres 
sure/volume curves of cardiac contraction. 

[0057] In a perfected embodiment of the invention, a 
device according to the invention Which is implantable or 
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even external and non-implantable, can comprise, in addi 
tion to the rhythm acquisition means, means for determining 
the duration of refractory Zone, and pulse or burst transmis 
sion means as described above, means sensitive to the 
precise acquisition of the hemodynamics for determining the 
variations in ef?cacy of the hemodynamics, these means 
being capable of controlling the transmission and optionally 
the parameters of the pulse or of the burst and/or the 
administration of an external perfused dose of medicament 
Which is controlled or based on an implanted medicament 
reservoir until a degree of hemodynamic performance is 
obtained Which is, for example, programmed or determined 
in advance, or in a manner resembling that Which produced 
the most favorable hemodynamics for the patient at a given 
moment. 

[0058] Various aspects of the invention Will noW be 
described. 

Control of OIST 

[0059] In general and particularly in the case of severe or 
acute failure, the present variations in the electrical refrac 
tory Zones (ERZ), the mechanical refractory Zones (MRZ), 
the excitability thresholds, the hemodynamics and the meta 
bolic behavior cannot themselves anticipate the develop 
ment of the intramyocardial functional state of the electro 
mechanical coupling (EMC). The electromechanical 
coupling (EMC) can be observed only by precise, individu 
aliZed speci?c temporal comparisons that can be provided 
by the device according to the invention, in particular in the 
form of an analyZing simulator (ASIM), Without Which rapid 
myocardial failures can remain unpredictable and unstop 
pable by OIST. 

Continuous Optimum Maintenance of OIST Parameters 
Relative to Variations in the Myocardial Excitability Thresh 
olds 

[0060] In a preferred embodiment of the invention, the 
excitability threshold of the heart is monitored continuously 
by means of a periodic reduction in the stimulating energy 
used according to the Zacouto patent FR-Al-l,237,702, PV 
651.632 of 11 Jul. 1953 and alloWing an instantaneous 
readjustment of the stimulating parameters. One method of 
achieving this can consist in progressively or abruptly 
reducing the stimulating pulse of the pulse train until this 
pulse is recaptured. During the periods When this pulse 
remains ineffective, the folloWing pulse in its train takes 
control of the heart. If a reduction in stimulating energy 
remains suf?ciently reliable, the OIST can be programmed 
to trigger a stimulation, for example of reduced amplitude, 
and this also reduces the risk of inducing extrasystoles. The 
amplitude close to the threshold of the ?rst three of four 
pulses in a train comprising six or eight pulses can also be 
reduced, for example, by one third, in order to observe 
Whether or not this targeted subliminal stimulation promotes 
the myocardial excitability threshold. If this threshold turns 
out to be reduced, this “facilitation” can be quanti?ed, for 
example, as a percentage of reducible amplitude, and its 
duration of facilitation can be measured by a periodic 
repetition of this examination. 

[0061] Conversely, a disruption in the stimulating pulse or 
the complete stimulating train Will trigger an instantaneous 
increase in the energy amplitude of the pulse Which has 
become subliminal or of the entire stimulating train of the 
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next cardiac cycle. In the case of the folloWing cardiac 
cycles, a pulse gradient With a progressively increasing 
voltage can advantageously be used for determining, by 
automatic measurement Within each cardiac cycle, for the 
inotropic or‘thorhythmic softWare program, the neW myo 
cardial excitability threshold from Which a neW process for 
control and intervention in the stimulating pulse amplitude 
Will be triggered. 

[0062] Thus, the OIST performs optimum continuous 
instantaneous adaptation of the stimulating intensities 
according to their coupling intervals relative to the preced 
ing Wave R, Whether it is a spontaneous reduction or 
increase in the myocardial excitability thresholds. 

[0063] When attempting to specify a myocardial excitabil 
ity threshold, it is observed that it is not a spot limit but a 
Zone betWeen the subliminal amplitude Where there is no 
propagated stimulation and the supraliminal amplitude 
Where a constant propagated drive element is observed. The 
extent of this inconstant excitability Zone is variable. 

[0064] In a particularly preferred manner, the device com 
prises means for giving a pulse intended for electrical 
stimulation an amplitude greater than at least 30% and 
preferably betWeen 30% and 90% of the amplitude of the 
last subliminal pulse observed. 

[0065] The parameters on Which the device acts can be 
merely a programmed ventricular rhythm and/or an auto 
matic adjustment of the beginning or the end or the duration 
of the burst or the number or the characteristics (in particular 
Width, polarity, intensity) of the pulses in the burst, or else 
a location of the transmission of the burst over various 
stimulating electrodes. For example, a burst can be reduced 
progressively to a single pulse. For this purpose, it is 
possible to probe periodically With at least a second pulse 
Which moves progressively from, for example, 25 ms ahead 
of the stimulating pulse and then retracts step by step, for 
example by 4 m/s during each cycle so as to automatically 
measure the beginning of the non-refractory Zone. When the 
exploratory pulse retracts toWard the stimulating pulse, this 
pulse itself is retracted until the beginning of the reduction 
in the ventricular pressure/volume curve or the increase in 
the oxygen consumption and/ or the membrane secretion and 
accumulation of electrons or, for example, proximal cat 
echolamines or lactic acid are obtained, this position corre 
sponding to the exceeding of the end of the mechanical 
refractory Zone With maximum active contraction knoWn as 
MMRZ. 

[0066] There are preferably provided means for anti 
tachycardic stimulation and means sensitive to the extrasys 
toles for automatically stopping said stimulation if exces 
sively great hemodynamic instability or electrical 
arrhythmia corresponding to predetermined criteria occurs. 

[0067] The electrical stimulation of the heart according to 
the invention alloWs the obtaining, during each cardiac cycle 
(CC), of an optimum inotropic stimulation (OIST) Which is 
paired (PST) or coupled (CST) by very precise adjustments 
of the pulses relative to the electrical refractory functional 
Zones (ERZ) and myocardial refractory functional Zones 
(MRZ) and to the corresponding metabolic reactions and in 
space relative to the cardiac locations of the electrodes, 
alloWing the best hemodynamics or anti-arrhythmic ef?cacy 
to be obtained. 
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[0068] These functional zones can vary signi?cantly dur 
ing each cycle, in particular in the case of myocardial 
disorders. In order to control the ERZ and MRZ and the 
corresponding hemodynamics during each cycle, these 
zones can be analyzed continuously and in real time, for 
example using the means described in the Zacouto patents, 
U.S. Pat. Nos. 4,052,991 and 3,857,399. 

[0069] The device can comprise means for progressively 
reducing a burst to a single pulse or a small number of 
pulses, in particular by periodically probing With at least a 
second pulse Which moves progressively ahead of the stimu 
lating pulse to automatically measure the beginning of the 
non-refractory zone so that, When the exploratory pulse 
retracts toWards the stimulating pulse, the stimulating pulse 
can be retarded, in particular periodically in the event of 
instability in operation until the beginning of the reduction 
of the ventricular pressure/volume curve or increase in the 
oxygen consumption and/or a corresponding parameter, in 
particular the membrane secretion of electrons, local pH or 
ketone bodies is obtained, this position corresponding to the 
exceeding of the end of the mechanical refractory zone With 
maximum contraction (MMRZ). 

[0070] It can comprise means for passing from paired 
stimulation to coupled stimulation, in other Words to a 
completely stimulated rhythm, said means being sensitive to 
the means for acquisition of the electrocardiogram and/ or of 
the hemodynamics and/ or of the myocardial metabolism. 

Instantaneous Inhibition of Extrasystoles or Arrhythmias 
During OIST 

[0071] The device according to the invention can also be 
arranged to treat extrasystoles and arrhythmias Which can 
appear either spontaneously or due to the operation of the 
device. 

[0072] Perfect operation of the OIST entails instanta 
neously detecting the premature extrasystoles Which can 
folloW or accompany a pulse train and also reacting instan 
taneously by inducing a stimulation or a stimulation train 
from the beginning of detection of such an extrasystole. The 
instantaneous detection of a premature extrasystole neces 
sitates an ECG recording that is preferably independent of 
its intramyocardial directional propagation, Which is slow (1 
m/sec), before arriving at the intracardiac detecting elec 
trode. Detection by juxta- or extra-cardiac or ventricular 
intracavitary electrodes, preferably Without contact With the 
myocardium, Which are sensitive to the speed of propagation 
of the variations in the electrical ?eld of the heart, Which is 
close to the speed of light, can be used for this purpose. 

[0073] Once the detection of a premature extrasystole has 
been con?rmed, the anti-arrhythmic program Will instanta 
neously trigger a stimulation, preferably in a burst, from all 
the stimulating electrodes available in order to induce as 
soon as possible a fusion complex betWeen the propagations 
of the stimulated and extrasystolic depolarizations. This 
fusion complex Will block the propagation of extrasystolic 
depolarization and frequently alloW the suppression of pre 
mature myocardial ectopies. If premature myocardial 
ectopies, in particular those Which are repeated, threaten the 
ef?cacy of the OIST, the diastoles can be instantaneously 
and temporarily shrunk in order to close the non-refractory 
intervals of the cardiac cycles during Which the triggering of 
the premature extrasystoles can occur. 
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[0074] In an embodiment of this type for the treatment of 
isolated arrhythmias and extrasystoles, the device according 
to the invention can comprise a plurality of electrodes 
disposed at different locations of the heart muscle and/or at 
a distance from the heart and acquisition means Which are 
sensitive to the electrical signals appearing at the electrodes 
and remotely from them for observing, at an early stage, the 
occurrence of an electrical extrasystole in a myocardial zone 
close to those of the electrodes initially concerned. The 
stimulating pulse sending means are thus made sensitive to 
such an observation so as to emit instantaneously, in a 

nearby electrode or in a plurality of electrodes, a stimulating 
pulse or burst of Which the electrical propagation into the 
myocardium is directed toWard the myocardial zone affected 
by the extrasystole and causing fusion betWeen the sponta 
neous and stimulated depolarizations Which blocks the 
propagation of the extrasystole. 

[0075] In order to be able to detect suf?ciently early and, 
in particular, to be able to immediately send a stimulating 
pulse into the vicinity of the territory currently affected by 
extrasystolic depolarization, the device is preferably con 
nected to a plurality of electrodes such as electrodes in the 
region of the coronary sinus, electrodes of the septum and 
the free ventricle Walls and preferably juxta-cardiac, extra 
cardiac or intracavitary electrodes, the device being 
arranged so that the acquisition means detect the electrode 
close to the origin of the extrasystole, the means for trans 
mitting a stimulating pulse or a burst being arranged so as to 
send the stimulation at least from an electrode remote from 
the origin of the extrasystole. 

[0076] Therefore, When the OIST is disturbed by untimely 
occurrences of extrasystoles Which are apparently self 
induced, the suppression thereof is promoted by an instan 
taneous electrical response capable of occupying, at the 
earliest stage, the still non-refractory zones of the myocar 
dium. For this purpose, it is preferable to detect the extra 
systoles, not in the region of bipolar intracardial catheters 
but in the extracardial region. In fact, intracardial detection 
only “sees” the extrasystole coming With a delay corre 
sponding to its speed of propagation from its creation until 
the arrival beloW the detecting electrode Which takes place 
at an intramyocardial speed of approximately 1 m/second. 
On the other hand, an electrode Which is more external to the 
heart “sees” the myocardial depolarization propagating at a 
speed close to the speed of light. The extrasystoles, in 
particular those considered dangerous by the programming, 
should therefore be detected by means of juxta- or extra 
cardial electrodes; as soon as such a detection Which is 
con?rmed to be critical appears, a burst of stimulations 
should be induced in the region of one or more or preferably 
all of the stimulating electrodes. If there are a plurality of 
stimulating electrodes, stimulation should be carried out 
simultaneously from them so as to induce fused QRS 
complexes Which block the non-refractory myocardial 
spaces and thus prevent propagation of neW extrasystoles. 
This system should preferably act Within a single mechani 
cal cardiac cycle. 

[0077] The sequential recording of extrasystolic events, in 
particular dangerous extrasystolic events, alloWs registers to 
be created according to Zacouto’s U.S. Pat. No. 5,306,293; 
this opens up the possibility, in the event of crisis repetition, 
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of carrying out preventive stimulation, in particular tempo 
rary acceleration of the basic rhythm before the reoccurrence 
of these extrasystoles. 

[0078] In a further embodiment, Wherein the device com 
prises means for rapidly detecting an extrasystole, the means 
of the device are sensitive to the acquisition of this extra 
systole for reducing or even suppressing, preferably tempo 
rarily, the electrical diastolic phases (D). This is effected 
either by increasing the stimulation rhythm in a heart under 
electrical control of the device or by taking the control to 
send a stimulating pulse at the very beginning of the 
electrical diastole. 

[0079] In these latter cases, the device according to the 
invention passes from the state of paired stimulation to the 
state of coupled stimulation. 

[0080] The installation of tachycardia can thus be pre 
vented While maintaining a rhythm Well beloW the ?rst 
tachycardiac rhythm and While bene?ting from a post 
extrasystolic potentiation e?fect. 

[0081] A device of this type is particularly effective in 
controlling nascent arrhythmias induced by stimulation or 
originating close to the Zone or Zones into Which the 
stimulating pulses or bursts are sent. 

[0082] In a further embodiment, the number and/ or inten 
sity of pulses of the burst can be temporarily increased on 
appearance of an arrhythmia in order to potentiate the effect 
of stabilization on the myocardial cell membranes or auto 
matically administer, by an OIST program, a drug Which 
perfuses or comes from an implanted medicament reservoir 
(see, in particular, Zacouto, U.S. Pat. No. 5,305,745). 

[0083] In other cases, the device can be arranged so as, on 
the other hand, to reduce the intensity of the pulses of the 
burst in the event of arrhythmia, the device then monitoring 
Whether arrhythmia continues. In this case, the intensity of 
stimulation could be increased. 

[0084] In a further embodiment, the device according to 
the invention can be effectively used in the event of auricular 
?brillation, leading to ventricular arrhythmia. The device 
according to the invention is arranged so as to acquire the 
cardiac mechanogram, preferably until the occurrence of a 
cycle Which is suf?ciently long to obtain a good myocardial 
contraction relative to the current instantaneous rhythm 
de?ned, for example, by a preprogrammed threshold and the 
stimulating means then transmit a stimulating pulse or burst 
at an instant Within the systolic plateau of the mechanogram 
curve, in other Words from the relatively ?attened peak of 
the mechanogram curve. 

[0085] Once the device has acquired an immediately pre 
ceding cycle, the electrical refractory period ERZ can be 
situated as a percentage of the duration of the preceding 
cycle, the pulse being launched into said plateau of the 
hemodynamic curve preferably just before the end of this 
contracted maximum mechanical refractory Zone, for 
example 30 to 40 ms before the end of this Zone MMRZ, this 
Zone end being detectable by an intramyocardial local 
pressure microsensor at the point close to the active elec 
trode for transmitting a burst of pulses spaced by 15 ms, after 
Which the device immediately stimulates, preferably in a 
multipolar manner, after the end of the electrical refractory 
Zone Which has just been extended, thus canceling the 
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electrical diastole. Advantageously, this can be carried out 
on electrodes located in the vicinity of the Zone Which saW 
the arrhythmia appear by using electrodes disposed in the 
above-described manner. 

[0086] For example, the device can ?rstly stimulate the 
atrium With an intra-auricular electrode then, if necessary, 
the ventricle With an intra-ventricular electrode, in a suc 
cession Which is Well knoWn in pacemakers of the DDD 
type. The auricular myocardial tissue can thus be regener 
ated or improved by OIST stimulation in the auricular 
region. 

[0087] In a further embodiment, When the patient’s His 
bundle is more or less blocked, for example by Digoxin, the 
frequency of stimulation can be progressively reduced While 
monitoring premature contractions of auricular origin. 

[0088] The device according to the invention can be 
integrated in an automatic de?brillator (IAD), for example 
an implanted de?brillator, and can be used, in particular after 
a de?brillation shock, or else to prevent grave arrhythmias. 

[0089] The implanted de?brillators currently comprise 
anti-tachycardic means of the anti-arrhythmic type accord 
ing to Zacouto’s U.S. Pat. No. 3,857,399, and the device 
according to the invention can, for example, be actuated 
When the anti-tachycardic device does not manage to rapidly 
reduce a tachycardia. 

Inotropic Stimulation During the Muscular Refractory Zone 
of Maximum Contraction (MMRZ) 

[0090] In a preferred method of optimiZation, the softWare 
controlling the device according to the invention is pro 
grammed so as to automatically ?nd the narroW effective 
Zone MMRZ in each cycle concerned and optionally to then 
reduce the various parameters of the pulse bursts, in par 
ticular the number pulse bursts, so as to end up, if possible, 
With a single perfectly targeted pulse. Since such stability in 
operation of the OIST is non-existent or inconstant, particu 
larly in the case of myocardial suffering, the programming 
Which continuously detects the mechanical parameters, pref 
erably With the metabolic (oxygen or equivalent) consump 
tion thereof, should reverse the burst reduction process (in 
the event of adequate or increasing instability), so as to ?nd 
the location of the neW useful narroW Zone of the cycle 
Without delay With the bursts. A fast method for ?nding the 
Zone MMRZ involves detecting, Within a burst, the effective 
pulse Which produces propagated depolariZation and pro 
gressively reducing its distance from the preceding pulse 
until it is disrupted and no longer leads to visible electro 
genesis on the electrocardiogram Which Will be induced, at 
this moment, by the folloWing pulse of the burst. The 
beginning of the useful Zone is thus knoWn precisely and it 
is possible to add approximately 20 ms and to consider that 
this interval represents the useful Zone at a given period. 
This automatic research, Which is harmless to the patient, 
should be repeated periodically so as not to lose the exact 
location of the MMRZ during the variations thereof. After 
the effective pulse of the pulse burst has been found, the 
voltage or the Width of the other pulses can be reduced so as 
to render them slightly subliminal, and this can maintain 
their anti-arrhythmic effect as a functional sentinel, because 
a subliminal pulse close to the threshold often in?uences this 
threshold by reducing it for a short period (facilitation 
effect). This phenomenon can be measured automatically 
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While slightly reducing the intensity of the pulse or pulses 
preceding the stimulating pulse in a burst and While pro 
gressively reducing the intensity, the voltage or the Width of 
the stimulating pulse until its functional disruption, the 
following pulse of the burst maintaining a stimulating inten 
sity; the intensity of this pulse can then also be reduced 
progressively so that the variation in its excitability thresh 
old can be measured and, by shifting it progressively over 
time, the duration and intensity of this facilitation effect can 
thus be measured. 

[0091] In a variation, for detecting the maximum contrac 
tion Zone MMRZ, the device can comprise means for the 
precise measurement of the volume of the heart or of a part 
of the heart by electrical impedance or else by localiZed 
echography, for example in that it comprises a tissue 
measuring echographic ultrasonic probe Which is oriented 
toWard a heart Wall in order to measure the displacement 
thereof, thus alloWing the variations of the myocardial 
volume to be obtained in real time and the moment of the 
maximum contraction thus to be determined. 

[0092] The invention accordingly relates to a device for 
stimulating and/or potentiating the heart muscle and/or the 
myocardial cells, for signi?cantly increasing the hemody 
namic performance of the heart and/or the treatment of 
auricular tachycardia, tachyarrhythmia or ?brillation com 
prising: 

[0093] means for the precise acquisition of the cardiac 
hemodynamics (5, 6) and comprising a means for instanta 
neous detection of the maximum myocardial refractory Zone 
(MMRZ) at a precise location of the myocardium, 

[0094] and means for sending at least one stimulating 
pulse and preferably a burst of stimulating pulses from the 
local region in Which the occurrence of the Zone MMRZ is 
detected. 

[0095] It preferably comprises means for automatic acqui 
sition (1, 2, 3) of the heart rhythm and optionally of its 
origin, in particular for obtaining the interval betWeen at 
least the last tWo Waves R (induced or spontaneous) of the 
cardiac cycle Which has just been completed and means (4) 
for determining continually in real time the duration of the 
electrical refractory period (ERZ) folloWing the last Wave R 
of a cardiac cycle, said device being arranged so as to detect 
Whether an electrical depolarization signal has been pro 
duced by said stimulation in said Zone MMRZ. 

[0096] These means alloW the detection and storage of the 
duration of said maximum myocardial refractory Zone 
(MMRZ) and the sending of said local stimulating pulse or 
burst of stimulating pulses after a short duration after the 
beginning, in the current cycle, of the beginning of said Zone 
MMRZ and before the estimated end of said Zone by storing 
said duration in the preceding cycles. 

[0097] According to the invention, the stimulating pulse or 
at least one stimulating pulse of a burst falls in said Zone 
(MMRZ), substantially at the location of the myocardium 
Where the occurrence of said Zone (MMRZ) is detected. 

[0098] The device can comprise implanted means for 
measuring intracavitary pressure and capable of detecting a 
Zone of maximum pressure in the plateau of the cardiac 
mechanogram and to Which said means of transmitting a 
stimulating pulse or burst are sensitive. 
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[0099] Preferably, it comprises at least one sensor for 
detecting intramyocardial pressure. Said intramyocardial 
pressure sensor is situated in the intra-auricular septum 
and/or in a free cardiac or intra-ventricular Wall. 

[0100] In a variation there can be provided means for 
measuring the variation in the volume of the heart or a part 
of the heart, detecting and storing the interval of the cycle 
Where said volume has reached and maintained its minimum 
value, said means for sending a stimulating pulse or burst 
being sensitive to said measuring means. 

[0101] There can thus be provided means for detecting the 
oxygen consumption of the heart and/or an equivalent, in 
particular the local pH or concentration of ketone bodies, 
and means for detecting the Zone of maximum cardiac 
contraction (MMRZ) by estimation by detecting, during one 
or more previous cycles, the relative position in the cycle 
and/or in the mechanogram of the pulse or of the pulse of a 
burst Which has generated post-extrasystolic potentiation 
(PESP) With minimal oxygen consumption relative to the 
measured blood ?oW per minute. 

Comparative Analysis With Simulation 

[0102] A safety OIST at clinical level necessitates effec 
tive methods of protection against interfering extrasystoles 
and spontaneous variations in the refractory Zones of the 
myocardium Which can be increased by the actual stimula 
tion in bursts. 

[0103] The siZe and speed of the variations in the electrical 
and mechanical refractory Zones of the heart can be 
explained by the additional energetical force Which the OIST 
demands during each myocardial contraction. The organism 
tends to avoid this force, Which is imposed by very precise 
targeting of the pulses in each cardiac cycle, by modifying 
both the durations and the excitability thresholds of these 
Zones. HoWever, mere adaptation, even if perfect, to the 
various myocardial parameters is not alWays suf?cient to 
detect the blood How of each contraction, because the 
variations in the intrinsic parameters (intracellular electro 
mechanical coupling) of the contractile apparatus remain 
unknown. It folloWs that precise, constant and comparative 
analysis by a “simulator” of the actual blood How, in real 
time, relative to the preceding cycles With monitoring and 
possibility of automatic intervention in the OIST remains 
necessary. 

[0104] It should be borne in mind that, in the event of 
grave or acute cardiac failure, the continuous maintenance of 
an OIST becomes more dif?cult, and it should be possible to 
anticipate the development, particularly in the short term, of 
the critical cardiac parameters. For this purpose, the varia 
tions in parameters Which previously induced an unjusti?ed 
risk of disruption of the OIST are stored and stimulation is 
carried out in an attempt to avoid similar concordances; in 
the event of justi?ed disruption, for example arrhythmia or 
critical, purely myocardial failure, the OIST Will be pro 
grammed to stop instantaneously With emission of an alarm 
and analysis of the responsible cardiac parameters and, if 
necessary, de?brillation or anti-tachycardic stimulation or 
automatic injection of drugs. These safety functions can be 
performed by an analyZing simulator (ASIM) employing, in 
particular, the comparative analysis betWeen, on the one 
hand, the simulated ECG and hemodynamic and/or meta 
bolic curves relative to patient data and, on the other hand, 
actual curves recorded in real time and superimposed. 
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[0105] The invention of the OIST, by adapting Without 
delay to these different variations in spontaneous functional 
spacing of the heart, provides continuity of its optimum 
inotropic e?‘ect. 

[0106] Analysis by theoretical simulation adapted to each 
patient and its di?‘erence from the actual curve of the cardiac 
and vascular parameters in real and deferred time alloWs the 
functional reactivity of the myocardium toWard its stimula 
tion by the inotropic orthorhythmic pacemaker to be shoWn 
continually. This OIST stimulation alloWs the dilferences 
betWeen the desired curves and the actual curves as Well as 
the variations thereof to be displayed instantaneously and 
magni?ed as desired, and this in turn alloWs the electrical 
stimulation parameters to be readjusted, if necessary, instan 
taneously and automatically. It is thus possible to hatch, 
color di?cerently and continually quantify automatically the 
dilferences in subtraction of these curves. A manual read 
justment cannot be as fast and quite frequently necessitates 
the prior understanding of the physiopathological mecha 
nism concerned. 

[0107] In vieW of the available information on a patient’s 
heart and the functioning thereof, a simulation of the effects, 
Which are theoretically legitimately expected, can thus be 
established by carrying out the process according to the 
invention, and this simulation and the actually e?cected 
stimulation can be compared. 

[0108] 
[0109] means for acquiring information relating to a 
patient’s electrocardiogram, including the heart rhythm, 

[0110] means for acquiring information relating to the 
patient’s hemodynamic performance, 

[0111] analysis means Which are sensitive to said acqui 
sition means for simulating the e?cect of an inotropic paired 
or coupled stimulation adapted to the patient’s heart. 

[0112] It advantageously also comprises means for auto 
matically comparing said acquired information on the 
patient’s hemodynamic performance With the simulated 
e?fect on said performance of inotropic paired stimulation. 

In this embodiment, the device comprises: 

[0113] Preferably, said acquisition and comparison means 
alloW the acquisition and comparison of information cycle 
by cycle. 

[0114] The parameters for determining the state of a 
patient’s heart and its reactivity include its electrocardio 
gram in the spontaneous state or With the assistance of a 
pacemaker, for example an orthorhythmic pacemaker. They 
also include information about the hemodynamic perfor 
mance of the muscle and its reactivity to electrical stimu 
lations. The various parameters and means for acquiring 
them and, in particular, for cardiac ef?cacy, including ?oW, 
volume and pressure, oxygen consumption etc. have been 
de?ned hereinbefore and are also described in the docu 
ments incorporated by reference thereto. 

[0115] Preferably, said parameters include at least one of 
the folloWing parameters relating to the contraction: 

[0116] gradient (dp/dt) of the phases of ascent and/or 
descent of the intracavitary and/ or intramyocardial pres sure; 

[0117] duration of the systolic pressure plateau, corre 
sponding to systolic ejection; 
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[0118] duration of the systole (cardiac contraction); 

[0119] duration of the diastole (fast and sloW active motor 
?lling phases); 

[0120] ratio betWeen the diastole and systole durations; 

[0121] quality of the diastole, in particular ?lling depres 
sion; 

[0122] electromechanical coupling (period separating the 
beginning of a QRS complex from the beginning of the 
mechanical systole Which it causes). 

[0123] Preferably, the device comprises means for com 
paring information about the electrocardiogram and the 
hemodynamic performance of a simulation of inotropic 
paired or coupled stimulation With corresponding informa 
tion acquired during an subsequent identical or similar 
actual inotropic stimulation. 

[0124] Preferably, it comprises means for acquiring or 
calculating a threshold level for values of the information on 
the simulated hemodynamic performance adapted to the 
patient and, if the threshold is exceeded, causing an identical 
or similar inotropic paired or coupled actual stimulation. 

[0125] Said means for acquiring information relating to 
the patient’s electrocardiogram and to the patient’s hemo 
dynamic performance are arranged so as to acquire this 
information at different rhythms. 

[0126] Preferably, the device is arranged so as to tempo 
rarily impose, on the patient’s heart, rhythms Which vary in 
increments or progressively, during Which said information 
relating to the electrocardiogram and said information relat 
ing to the corresponding hemodynamic performance are 
acquired. 

[0127] Preferably, said means sensitive to the acquisition 
means are arranged so as to simulate the e?cect of a plurality 
of inotropic paired or coupled stimulations at different heart 
rhythms. 

[0128] Preferably, said comparison is carried out for a 
limited number of cycles of actual inotropic stimulation and, 
if the absence of a satisfactory level of hemodynamic 
performance is observed, the current stimulation is termi 
nated. 

[0129] Said number of cycles may be approximately 10 or 
less, in particular 1, 2 or 3 cycles. 

[0130] Preferably, the device is arranged so as, if an 
adequate increase in initial hemodynamic performance is 
observed, to continue the inotropic stimulation and to detect 
and store Whether the increase in initial hemodynamic 
performance is maintained and/or further increases progres 
sively for a greater number of cycles. 

[0131] Said greater number of cycles is preferably at least 
about 100 cycles. 

[0132] Said means are arranged so as to include the 
medicinal inotropic e?cects likely to interfere With the e?fect 
of electrical inotropic stimulation. 

[0133] The device can comprise means for emphasiZing, 
visually and/ or quantitatively by calculation, the differences 
betWeen the curves for the stimulation and for the corre 
sponding actual stimulation. 






































