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Principal among the deficiencies of the Kerber et al. system  is its lack
of control over current The present invention relates generally to the
delivered to the patient. Our work has indicated field of cardiac
defibrillation and in particular to an  that defibrillation success as a
function of current is apparatus for applying to the body of a patient a
6   optimized in humans about a narrow range of cur- voltage calculated to
induce in that particular pa-  rent values for a given pulse shape. For a
pulse tient a desired defibrillation current.             duration of four
milliseconds, the optimum current A defibrillator is a device used to
administer a  is approximately 30 amperes. Currents only slightly high
voltage shock pulse through a pair of elec-    below this value have a much
poorer success rate. trodes, or "paddles," to the chest of a patient in  10
The magnitude of transthoracic impedance encoun- cardiac arrest. A
selected, discrete quantity of en-  tered in typical patients, however,
ranges from ap- ergy is stored in a capacitor and is then electrically
proximately 15 to 150 ohms, a 10 to 1 ratio, ren- discharged into the
patient through the paddle cir-  dering the delivery of an optimum current
unlikely cuit. In prior art devices, the quantity of energy is  if the
defibrillator can only alter the operator-se- typically selected on the
basis of patient size,  is  lected energy to a single other value. weight
and condition.                                   US-A-4574870 discloses an
automatic thresh- The success achieved with such prior art de-     old
defibrillator which determines an optimum vices has been variable. While an
energy of 150     threshold level of peak defibrillation current by cal-
joules might successfully defibrillate one patient,  culation of
transthoracic resistance and multiplica- another ostensibly comparable
patient may not re-  20  tion of this resistance by an "ampere per ohm
spond until the energy level is raised to 360 joules.  factor". The
transthoracic resistance is obtained by The risk of damage to the
myocardium from large     noting the voltage across electrodes of the
defibril- defibrillation  shocks dictates that defibrillation  lator when a
low amplitude current is applied to the should be attempted with the lowest
energy prac-    electrodes. Further, circuit means are provided for
ticable. However, delays associated with charging   25  to discontinue the
charging of the capacitor when the defibrillator to successively higher
energy lev-  the accumulated charge is sufficient to deliver the els if
lower energy pulses fail increase the risk of  selected current to a
patient having the measured patient brain damage due to oxygen deprivation.
transthoracic impedance The differing responses of patients to a given
Accordingly, a need exists for a defibrillation defibrillation pulse is
believed attributable, in sig-  30  apparatus that permits selection of a
determined nificant part, to patients' differing transthoracic im-
defibrillation current for a patient in cardiac arrest, pedances.
Transthoracic impedance is the term       irrespective of the magnitude of
that patient's tran- given the load resistance presented by a patient at
sthoracic impedance. the paddles during defibrillation and determines,
The primary objective of the present invention, inter alia, the fraction of
energy stored in the stor-  35  therefore, is to deliver to a patient a
defibrillation age capacitor that is actually delivered to the pa-  pulse
having a magnitude calculated to induce in tient. One type of known
defibrillator, shown in U.S.  that particular patient a desired
defibrillation cur- Patent 4,328,808, is able to compute the tran-
rent. sthoracic impedance of the patient being defibril-      Another
object of the present invention is to lated from measured pre- and
post-discharge pa-  40  characterize in advance of defibrillation a
patient's rameters. This information can be used by the       transthoracic
impedance and to automatically tailor operator as an aid in selecting the
energy of a     the magnitude of a defibrillation pulse accordingly. second
defibrillation pulse if the first pulse proves   A further object of the
present invention is to ineffective.
provide an accurate measurement of transthoracic In  an  article  by
Kerber et al. entitled   45  impedance upon which a computation of an
appro- "Automated Impedance-Based Energy Adjustment        priate storage
capacitor charge can be based. for Defibrillation: Experimental Studies,"
Circulation,  According to the invention, there is provided a Vol. 71, No.
1, pp. 136-140 (1985), there is de-    defibrillator apparatus for
delivering an electrical scribed an experimental animal defibrillator in
shock to a patient to restore normal cardiac rhythm which transthoracic
impedance is detected in ad-   50  comprising a capacitor for accumulating
an elec- vance of defibrillation by using a low current A.C.  trical
charge; first and second electrodes for apply- sampling signal. The
defibrillation energy level se-  ing an electrical shock from the capacitor
to the lected by the operator is automatically increased,  patient;
charging means for charging the capacitor; generally by a factor of two, if
the detected patient  detector means for detecting the charge accumu-
impedance exceeds 70 ohms. Although an im-   55  lated by the capacitor;
means for selecting a cur- provement over prior systems, the Kerber et al.
rent which is desired to be delivered to the patient; system still suffers
from a number of deficiencies  impedance measuring means for determining a
making it poorly suited for clinical application.   transthoracic impedance
of the patient subsequent 
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selecting the desired current, the impedance        Fig. 3 is a flow chart
detailing the sequence of measuring means including means for sampling
steps executed by the embodiment of Fig. 1. the patient's transthoracic
impedance periodically; and circuit means coupled to the aforesaid means
Description of Preferred Embodiment for discontinuing the charging of the
capacitor   5 when the accumulated charge is sufficient to de-      Fig. 1
is a functional block diagram Illustrating liver the selected current to a
patient having the  the basic arrangement of a current-based defibril-
measured  transthoracic  impedance,  including     lator 10 in accordance
with the preferred embodi- means for determining the charge accumulation
ment of the present invention. The apparatus in- required to deliver the
desired current to a patient  10  cludes an energy storage device 12 such
as a having a transthoracic Impedance equal to the low-  capacitor, paddles
14 for applying an electrical est value of transthoracic impedance sampled,
the  shock from the capacitor to a patient 16 and an desired current being
delivered, in use, irrespective  energy source 18 for charging the
capacitor. A of the measured transthoracic impedance.           detector 20
detects the charge accumulated by the In accordance with the preferred
embodiment  is  capacitor and  feeds  this  data  back  to  a of the
present invention, an apparatus is provided  comparator/charge control
circuit 22 which controls for characterizing in advance of defibrillation
the  the capacitor's charging accordingly. response of a patient to a
defibrillation pulse and   Charging of the capacitor continues until the
determining therefrom the voltage that must be     voltage across the
capacitor reaches a target value. applied to the patient to induce a
desired defibril-  20  This target value is determined by a multiplier 24
lation current to flow. The patient's response to a  which multiplies the
magnitude of current desired defibrillation pulse is characterized by
repeatedly  to be delivered to the patient, [err] with a normalized
sampling the patient's transthoracic impedance to a  impedance factor,
[err] is selected by the operator small altemating current excitation
signal. The im-  using a selector switch 26. [err] is retrieved from a
pedance sample having the lowest magnitude is  25  look-up table 28 in
response to transthoracic im- taken to represent the patient's true
transthoracic  pedance measurements made by an impedance impedance, with
higher values being attributed to  measurement system 30. varying degrees
of patient contact resistance.        Impedance measurement system 30
includes The lowest sampled impedance is normalized      an impedance
sensing circuit 32 that excites the to take into account the shape of the
expected   30  patient with a low current A.C. excitation signal waveform
with which the stored charge will be      through paddles 14 and produces a
corresponding delivered. In defibrillators employing a capacitor as  output
signal related to the patient's transthoracic the energy storage device,
this normalized factor is  impedance at the excitation signal frequency. In
the multiplied by the desired current to yield a target  preferred
embodiment, the excitation signal has a voltage level to which the
capacitor must be   35  frequency of 31 kilohertz, a frequency at which the
charged to induce the desired current to flow in the  patient's
transthoracic impedance closely approxi- patient on discharge. If a
different form of energy  mates the patient's impedance to a high current
storage device is used, a different scaling factor is  defibrillation
pulse. In alternative embodiments, used to relate patient impedance to
energy storage  however, other excitation signal frequencies can be
requirements. Charging of the capacitor desirably  40  used and the
non-linear correspondence with the begins before the measurement of
transthoracic     patient's response to a high current defibrillation
impedance is completed and continues until the     pulse can be reflected
in the scaled impedance target voltage level is reached. Discharge of a
factors stored in look-up table 28. capacitor so charged causes the desired
current       Impedance sensing circuit 32 is connected to flow through the
patient.                     45  paddles 14 by relay contacts 66. The relay
is These and other objects, features and advan-    arranged so that relay
contacts 66 are closed when tages of the present invention will be more
readily  relay contacts 68, connecting the energy storage apparent from the
following detailed description of  capacitor to the paddles, are open, and
vice versa. a preferred embodiment thereof, which proceeds     Relay
contacts 66 are normally closed at all times with reference to the
accompanying drawings.  so  except when the storage capacitor is actually
being discharged into the patient. Brief Description of the Drawings
Impedance sensing circuit 32 is shown in more detail in Fig. 2. A 31
kilohertz, five volt peak-to- Fig. 1 is a functional block diagram
illustrating  peak square wave signal generator 70 drives a 



the preferred embodiment of the present invention.   55  voltage divider
comprised of resistors 72 and 74 to Fig. 2 is a functional block diagram
of the    produce a 25 millivolt (peak-to-peak) signal at cir- impedance
sampling circuit included in Fig. 1      cuit node 76. This 25 millivolt
signal is applied to the primary winding of an isolation transformer 78, 3
5                EP 0 315 368 B1                    8 the secondary of
which is connected to defibrillator  processing. The first processing step
is to low pass paddles 14 through relay contacts 66.             filter the
digitized voltage using a software imple- The patient impedance between
paddles 14 is     mented filter 40 to remove the 20 to 40 millivolts of
reflected across transformer 78 and becomes an    noise that may be
impressed on this signal. The element of the gain setting circuitry of a
high gain   5   filtered, digitized voltage signal is then used to
amplifier 80. With resistors 82 and 84 having val-  index a first look-up
table 42 that correlates the ues of 31.6 and 1210 ohms respectively, the
gain  output from A/D converter 38 to the patient's tran- of amplifier 80
equals 1210/(31.6 + Z.) where Z. is  sthoracic impedance. the magnitude of
the impedance reflected from the    First look-up table 42, together with
the other patient across the primary winding.          10  look-up tables
illustrated in Fig. 1, are implemented The output of amplifier 80 Is fed to
the input of  using the ROM memory associated with single a band pass
filter 86 which extracts and amplifies  board computer 34. Table 42 is
arranged In two the fundamental frequency component of the 31     segments,
with the second segment relating to kilohertz square wave, yielding a sine
wave at its  those signals from A/D converter 38 which have output. This
sine wave output signal has an am-   is  been amplified by an additional
factor of four to plitude which is a function of the impedance be-  provide
increased resolution. A total of  approxi- tween paddles 14. The output of
filter 86 is then  mately 500 pairs of entries are provided in this first
output to a peak detector 88 which stores the peak  table memory. value on
a capacitor 90.                             Each transthoracic impedance
value retrieved The foregoing arrangement provides a continu-  20  from
first look-up table 42 is compared by a mini- ous voltage signal
corresponding inversely to the  mum impedance detector 44 against a minimum
patient's transthoracic impedance. This relationship  impedance value,
[err] stored in a register 46 in is non-linear and is empirically
characterized for a  the microprocessor. This register is initially loaded
given implementation. In the illustrated embodi-  with a value of 255 ohms
(FF hex). Thereafter, as ment, an output of four volts corresponds to a
25  each of the impedance values is retrieved from patient impedance of 0
ohms and an output of      table 42, it is compared with the register
value. If a 0.125 volts corresponds to a patient impedance of  sampled
impedance value is lower than the pre- 255 ohms. This relationship can also
be derived   viously stored minimum, the register is loaded with, from the
gain characteristics of amplifier 80, filter  the new minimum value. At the
end of the two 86 and peak detector 88.                     30  second PCI
interval, this [err] register contains the The analog signal at the output
of impedance  lowest impedance value sampled during the inter- sensing
circuit 32 is provided to an eight bit   val. This impedance value is sent
to a strip chart analog-to-digital converter 38, such as a National
recorder 48 for display. The minimum sampled Semiconductor type ADC-0844,
which periodically  impedance value obtained by this technique is samples
the analog signal and converts each sam-   35  believed more accurately to
reflect the patients ple into digital form. If the signal provided to con-
true transthoracic impedance, with higher sampled verter 38 has a magnitude
of less than 1.25 volts, it  values being attributed to poorer contact
between is desirably amplified by an additional factor of  the paddles and
the patient. four. Such amplification provides two additional     At the
conclusion of the two second sampling data bits of digital resolution for
low amplitude   40  interval, the lowest transthoracic impedance value
signals.                                          detected is used as an
index into a second look-up The frequency at which A/D converter 38 sam-
table memory 28. Look-up table 28 provides a pies the output of impedance
sensing circuit 32 is  normalized impedance factor Z as its output that
dictated by an associated single board computer   is used to compute the
capacitor charge needed to (SBC) 34 and is approximately 240 hertz in the
45  deliver the desired current to the patient, taking preferred
embodiment. Computer 34 is built around  Into account the shape of the
defibrillation pulse's an Intel 8052 microprocessor and 8K of associated
waveform. ROM and implements many of the subsequent            It will be
recognized that the energy stored in processing functions illustrated in
Fig. 1. The A/D  storage capacitor 12 is solely a function of the sampling
continues during a predetermined mea-  50  voltage on the capacitor and its
capacitance, by the 



surement period, here termed the patient contact  formula E = 1/2 CV2. The
peak current delivered indication (PCI) interval, the length of which is
set  to the patient on discharge of the capacitor, how- by a software
implemented decrementing timer 36   ever, depends in large part on the
shape of the in computer 34. This period is typically about two  waveform
with which this energy is delivered. The seconds, a period long enough to
yield approxi-  55  shape of the waveform depends, inter alia, on the
mately 500 impedance samples.                     capacitance, inductance
and resistance of the dis- The samples output from A/D converter 38 are
charge path. The resistance of the discharge path provided to single board
computer 34 for further  includes not only the transthoracic impedance of 4
7                  EP 0315368 B1                       8 the patient but
also the loss resistance of the      charge control 22 allows energy source
18 to con- - defibrillator itself, about eleven ohms in the illus-  tinue
charging the capacitor. When, however, the trated embodiment. The
normalized impedance          sampled capacitor voltage equals or exceeds
the factor provided by look-up table 28 thus reflects    limit voltage,
charging is terminated. the correlation between peak delivered current as a
5   To expedite charging of storage capacitor 12, it function of patient
impedance for the particular    is generally desirable to begin the
charging opera- characteristics of the defibrillator's discharge path.
tion before the patient's transthoracic impedance, This correlation can be
established empirically or   and consequently the final limit voltage, have
been by resort to mathematical modelling of the dis-      determined. To
accomplish this, the patient is ini- charge circuit.
10  tially assumed to have an arbitrary transthoracic The normalized
impedance factor output from      impedance and charging is begun towards a
cor- second look-up table 28 is provided to a first input  responding
voltage limit. In the preferred embodi- of a multiplier stage 24. A signal
responsive to     ment, this initial voltage limit is provided by a
selector switch 26 is provided to the multiplier's   fourth look-up table
60 based on a presumed 50 second input.
15  ohm impedance and on the particular current se- Selector switch 26, by
which the operator se-    lected. The resultant initial voltage limit is
stored in lects the desired defibrillation current, [err] provides a  the
microprocessor's voltage limit registers 52 for four-bit digital signal to
the input of a third look-up  the two seconds of the PCI interval. After
the table 50. Third look-up table 50 converts the setting  impedance
measurement is completed and the fi- of switch 26 into an 8-bit digital
signal representing   20   nal voltage limit has been determined, that
final the selected current to be delivered to the patient.  value is
substituted for the initial value in the volt- This is the signal applied
to the second input of    age limit registers. multiplier 24. The
multiplication of the 8-bit current   In certain unusual instances, the
charge pro- signal from third look-up table 50 with the 8-bit    vided to
storage capacitor 12 daring the two sec- normalized impedance factor signal
from second   25  ond PCI interval may exceed the charge that is look-up
table 28 yields a 16-bit output signal repre-  ultimately determined to be
required. This may be senting the final target voltage to which capacitor
the case if, for example, the patient's transthoracic 12 is to be charged.
This sixteen bit result is stored  impedance is on the order of 20 ohms, a
value in two eight bit voltage limit registers 52 associated  which would
correspond to a relatively low capaci- with a voltage limit stage 54.
30  tor charge. In such instance, excess charge may Capacitor 12 is charged
to the voltage limit     be bled off storage capacitor 12 and dissipated in
a stored in registers 52 by an energy source 18.       resistor 62 through
a relay circuit 64 connected to Energy source 18 can comprise a
conventional        the storage capacitor. Second A/D converter 56 flyback
charger in which a 14 volt DC battery        and comparator/charge control
22 monitor this dis- source is applied to one end of a transformer  35
charging of the capacitor and interrupt it when the winding and the bottom
end of that winding gated     desired capacitor voltage has been reached.
on and off to ground. Suitable chargers are de-          Fig.3 is a flow
chart detailing the various se- scribed in U.S. Patents 4,233,659 and
4,119,903,     quences of steps executed by the above-described both to
Pirkle and assigned to the present as-       embodiment of the present
invention. signee.                                         40       When
the instrument is activated, capacitor The charge on capacitor 12 is
sampled through    charge control 22 and voltage limit circuit 54 are a
1000 to 1 voltage divider network 20 and is        reset, resetting the
capacitor limit voltage stored in converted into digital form by a second
analog-to-   voltage limit registers 52 to zero. When selection digital
converter 56. Second A/D converter 56 is     switch 26 is operated to
initiate circuit operation, an actually a second channel of the National
Semicon-   45  initial [err] value of 255 ohms is loaded in mini- ductor
ADC 0844 circuit employed for first A/D       mum impedance register 46 and
PCI contact inter- 



converter 38. Again, like the first AID converter, the  val timer 36 is
initialized to a two second time analog voltage applied to the input of
second A/D    period. The current [err] corresponding to the selec-
converter Input is multiplied by a factor of four if its  tion on switch 26
is then retrieved from third look- magnitude is less than 1.25 volts. By
this tech-   50   up table 50 and is sent to strip chart recorder 48 nique,
increased resolution of low voltages is pro-  for display. The initial
voltage limit corresponding vided.
to the selected current is retrieved from fourth look- The output from
second A/D converter 56 is       up table 60 and is stored in voltage limit
registers periodically stored in a capacitor voltage register  52.
Capacitor comparator/charge control circuit 22 58 and is compared by
comparator/charge control  55  is then activated. circuit 22 against the
limit voltage value stored in    As the first step in the primary
processing loop, voltage limit registers 52. As long as the capaci-
second   A/D   converter   56   provides  to tor's voltage is less than
this stored limit, capacitor  comparator/charge control circuit 22 a
digital repre- 5    9                 EP 0 315 368 B1
10 sentation of the capacitor voltage. This value is       After the charge
on the capacitor has reached stored in capacitor voltage register 58 and is
com-  the final voltage limit, the process escapes from pared with the
limit voltage stored in voltage limit  the charging loop at block F. The
apparatus then registers 52, as illustrated by block A of Fig.3. if   sets
a ready indicator and awaits a discharge re- the capacitor voltage is less
than this limit, the    5   quest. If any charge is lost from the capacitor
due process proceeds to block B to check whether the    to the capacitors
internal leakage resistance while final voltage limit has yet been
determined. If it has  awaiting a discharge request, a trickle charge cir-
not, the process proceeds to block C to examine     cult (not shown)
restores the lost charge. whether the two second PCI interval has yet ex-
When a discharge request is received, relay pired. If it has not, PCI
interval timer 36 is de-   10  contacts 66 open and relay contacts 68
close, cremented and a new transthoracic impedance         discharging
capacitor 12 through the patient. The sample is taken. The resultant
impedance value      peak instantaneous current actually delivered to the
provided by first look-up table 42 is compared      patient is detected by
a current sampling loop (not against the previously stored minimum
impedance     shown) and the associated energy delivered and value [err] in
block D. If it is less than the pre-   15  patient impedance are calculated
using known viously stored minimum value, the old minimum       techniques.
These parameters are then sent to value is replaced by the new value and
the pro-     strip chart recorder 48 for display. assing loop repeats,
comparing the capacitor volt-     The invention can be modified in
arrangement age with the limit voltage.                           and
detail, for example, while the current delivered The above-described loop
repeats itself at a   20  to the patient in the illustrated embodiment is
con- rate of approximately 240 hertz until the two sec-  trolled by
limiting the charge accumulated in the ond PCI timer 36 has timed out. At
this point, the  capacitor, the same result can be achieved by process
branches from block C and determines the    providing a current limiting
resistance in the ca- normalized impedance factor [err] corresponding to
pacitor discharge path. Similarly, while the pre- the lowest impedance
value [err] sampled during   25  ferred embodiment has been phrased in
terms of the two second interval. Normalized impedance       charging a
capacitor up to a desired charge, the factor [err] is provided to
multiplier 24 where it is  same result can be achieved by discharging a
fully multiplied by the magnitude of [err] to determine the  charged
capacitor down to the desired point. It will final limit voltage [err] This
final limit voltage is  also be apparent that the energy storage means
substituted in voltage limit registers 52 which pre-  30  employed need not
be a capacitor. The invention Is viously contained the initial limit
voltage.        equally applicable to inductive storage media, in The
process then checks, in block E, whether     which defibrillation energy is
stored in a magnetic the voltage accumulated on capacitor 12 during the
field, and to superconducting storage media, in two second impedance
measuring interval is great-   which defibrillation energy is stored as a
continu- er than the final limit voltage which has just been   35   ously
circulating current. determined. If so, the capacitor is connected through
relay contacts 64 to discharge load 62 to   Claims bleed off the excess
charge. When the charge bleeds down to he desired final voltage, the pro-
1. A defibrillator apparatus for delivering an elec- cess returns to block
A.                       40       trical shock to a patient to restore
normal car- At block A, the voltage on the capacitor is          diac
rhythm comprising: again examined. This time through the loop, the
a capacitor (12) for accumulating an elec- 



final voltage limit has been determined, so block B     trical charge;
causes the process to loop indefinitely, comparing          first and
second electrodes (14) for apply- the voltage on the capacitor with the
final limit  45   ing an electrical shock from the capacitor to voltage
until the limit voltage is reached. At this     the patient; point,
charging of capacitor 12 is discontinued.            charging means (18)
for charging the ca- It may happen that the voltage limit initially
pacitor; stored in voltage limit registers 52 is reached be-
detector means (20) for detecting the fore the final voltage limit has been
determined. In  so  charge accumulated by the capacitor; this case,
charging is interrupted and the process          means (26) for selecting a
current which is loops idly through block F until the final voltage
desired to be delivered to the patient; limit is determined. If, after the
final voltage limit is  impedance measuring means (30) for de- determined,
it is found at block A to be greater        termining a transthoracic
impedance of the pa- than the initial voltage limit which has already been
55  tient subsequent to selecting the desired cur- reached, charging will
resume until the new, final      rent, the impedance measuring means (32,
38) voltage limit is reached.                               including means
for sampling the patient's transthoracic impedance periodically; and 6    9
EP 0 315 368 B1                     10 sentation of the capacitor voltage.
This value is      After the charge on the capacitor has reached stored in
capacitor voltage register 58 and is com-  the final voltage limit, the
process escapes from pared with the limit voltage stored in voltage limit
the charging loop at block F. The apparatus then .agisters 52, as
illustrated by block A of Fig.3. If  sets a ready indicator and awaits a
discharge re- the capacitor voltage is less than this limit, the   5
quest. If any charge is lost from the capacitor due process proceeds to
block B to check whether the    to the capacitors internal leakage
resistance while final voltage limit has yet been determined. If it has
awaiting a discharge request, a trickle charge cir- not, the process
proceeds to block C to examine     cuit (not shown) restores the lost
charge. whether the two second PCI interval has yet ex-        When a
discharge request is received, relay pired. If it has not, PCI interval
timer 36 is de-   10  contacts 66 open and relay contacts 68 close,
cremented and a new transthoracic impedance         discharging capacitor
12 through the patient. The sample is taken. The resultant impedance value
peak instantaneous current actually delivered to the provided by first
look-up table 42 is compared      patient is detected by a current sampling
loop (not against the previously stored minimum impedance     shown) and
the associated energy delivered and value [err] in block D. If it is less
than the pre-  15  patient impedance are calculated using known viously
stored minimum value, the old minimum      techniques. These parameters are
then sent to value is replaced by the new value and the pro-     strip
chart recorder 48 for display. cessing loop repeats, comparing the
capacitor volt-     The invention can be modified in arrangement age with
the limit voltage.                         and detail, for example, while
the current delivered The above-described loop repeats itself at a   20  to
the patient in the illustrated embodiment is con- rate of approximately 240
hertz until the two sec-  trolled by limiting the charge accumulated in the
ond PCI timer 36 has timed out. At this point, the  capacitor, the same
result can be achieved by process branches from block C and determines the
providing a current limiting resistance in the ca- normalized impedance
factor [err] corresponding to     pacitor discharge path. Similarly, while
the pre- the lowest impedance value [err] sampled during   25  ferred
embodiment has been phrased in terms of the two second interval. Normalized
impedance       charging a capacitor up to a desired charge, the factor
[err] is provided to multiplier 24 where it is  same result can be achieved
by discharging a fully multiplied by the magnitude of is to determine the
charged capacitor down to the desired point. It will final limit voltage
[err] This final limit voltage is  also be apparent that the energy storage
means substituted in voltage limit registers 52 which pre-  30  employed
need not be a capacitor. The invention is viously contained the initial
limit voltage.        equally applicable to inductive storage media, in The
process then checks, in block E, whether    which defibrillation energy is
stored in a magnetic the voltage accumulated on capacitor 12 during the
field, and to superconducting storage media, in two second impedance
measuring interval is great-   which defibrillation energy is stored as a
continu- er than the final limit voltage which has just been   35   ously
circulating current. determined. If so, the capacitor is connected through
relay contacts 64 to discharge load 62 to   Claims. bleed off the excess
charge. When the charge 



bleeds down to he desired final voltage, the pro-   1. A defibrillator
apparatus for delivering an elec- cess returns to block A.
40       trical shock to a patient to restore normal car- At block A, the
voltage on the capacitor is         diac rhythm comprising: again examined.
This time through the loop, the            a capacitor (12) for
accumulating an elec- final voltage limit has been determined, so block B
trical charge; causes the process to loop indefinitely, comparing
first and second electrodes (14) for apply- the voltage on the capacitor
with the final limit  45   ing an electrical shock from the capacitor to
voltage until the limit voltage is reached. At this     the patient; point,
charging of capacitor 12 is discontinued.           charging means (18) for
charging the ca- It may happen that the voltage limit initially
pacitor; stored in voltage limit registers 52 is reached be-
detector means (20) for detecting the fore the final voltage limit has been
determined. In  so  charge accumulated by the capacitor; this case,
charging is interrupted and the process         means (26) for selecting a
current which is loops idly through block F until the final voltage
desired to be delivered to the patient; limit is determined. If, after the
final voltage limit is  impedance measuring means (30) for de- determined,
it is found at block A to be greater        termining a transthoracic
impedance of the pa- than the initial voltage limit which has already been
55  tient subsequent to selecting the desired cur- reached, charging will
resume until the new, final      rent, the impedance measuring means (32,
38) voltage limit is reached.                               including means
for sampling the patient's transthoracic impedance periodically; and 6
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coupled to the aforesaid    dung aufweist, welche zum Abgeben des er- means
for discontinuing the charging of the       wOnschten Stroms zu einem
Patienten mit el- capacitor when the accumulated charge is suf-  ner
Transthorax-lmpedanz gleich dem niedrig- ficient to deliver the selected
current to a pa-  sten Wert der abgetasteten Transthorax-lmpe- tient having
the measured transthoracic imped-   5  danz erforderlich ist, und wobei der
erwansch- ance, including means for determining the         te Strom Im
Betrieb unabhangig von der ge- charge accumulation required to deliver the
messenen Transthorax-lmpedanz abgegeben desired current to a patient having
a tran-       wird. sthoracic impedance equal to the lowest value of
transthoracic impedance sampled, the de-  10  2. Einrichtung nach Anspruch
1, bet welcher die sired current being delivered, in use, irrespec-
Schaltung (24, 28) Verarbeitungsmittel zum tive of the measured
transthoracic impedance.     Bestimmen der akkumulierten Ladung aufweist,
welche an dem Kondensator erforderlich ist, 2. The apparatus of claim 1 in
which the circuit      um den erw~nschten Strom elnem Patienten means (24,
28) includes processing means for  15  mit der gemessenen
Transthorax-lmpedanz zu- determining the accumulated charge required
zuflhren. in the capacitor to deliver the desired current to a patient
having the measured transthoracic  3. Einrichtung nach Anspruch 2, bei
welcher die impedance.
Verarbeitungsvorrichtung Mittel (60) zum Her- 20      stellen eines
Anfangswertes der akkumulierten 3.  The apparatus of claim 2 in which the
process-     Ladung umfaft, auf den der Kondensator gela- ing means
includes means (60) for establishing    den werden kann, wahrend die
Impedanz-MeBl- an initial value of accumulated charge towards
vorrichtung die Transthorax-lImpedanz des Pa- which the capacitor can be
charged while the      tienten bestimmt impedance measuring means is
determining   25 the transthoracic impedance of the patient.
Revendications PatentansprUche                                   1. Un
apparell defibrillateur destine a envoyer un choc 6lectrique a un patient
afin de restaurer 1. Defibrillator-Einrichtung zumn Abgeben eines  30   un
rythme cardiaque normal comprenant: Elektroschocks an einen Patienten zum
Wie-            un condensatour (12) pour accumuler une derherstellen eines
normalen Herz-Rhythmus        charge 6lectrique; mit:
une premiere et une deuxibme electrodes einem Kondensator (12) zum
Speichemn einer        (14) pour appliquer au patient un choc dlectri-
elektrischen Ladung,                      35      que a partir du
condensateur; 



ersten und zweiten Elektroden (14) zumn Ober-         un moyen de
chargement (18) pour char- tragen eines Elektroschocks aus dam Konden-
ger le condensateur; sator auf den Patienten;
un moyen detecteur (26) pour d6tecter la einer Ladevorrichtung (18) zum
Laden des         charge accumulee par le condensateur; Kondensators;
40          un moyen (26) de choix d'un courant que einer
Detektorvorrichtung (20) zum Messen der     l'on souhaite envoyer au
patient; von dem Kondensator gespeicherten Ladung;             un moyen de
mesure d'imp6dance (30), Mitteln (26) zum Auswahlen eines zur Abgabe
pour determiner une impedance transthoraci- an einen Patienten erwOnschten
Stromes;           que du patient apres le choix du courant sou- einer
Impedanz-Mel3vorrichtung (30) zumn Be-  45  haits, le moyon de mesure
d'imp6dance (31, stimmen der Transthorax-impedanz des Pa-          38)
incluant un moyen d'echantillonnage pdrio- tienten auf das WAhlen des
srw(lnschten Stro-     dique do l'imp6dance transthoracique du pa- mes hin,
wobei die Impedanz-MeOvorrichtung        tient; et (32, 38) Mittel zum
periodischen Abtasten der         un moyen de circuit (34), coupl6 auxdits
Transthorax-impedanz des Patienton hat, und    50  moyons, afin do
discontinuer le chargement du siner an die genannten Vorrichtungen bzw.
condensateur lorsqus la charge accumul6e est Mittel angeschlossenen
Schaltung (34) zum         suffisante pour envoyer le courant choisi a un
Unterbrechen des Ladens des Kondensators.         patient presentant
l'impedance transthoracique wenn die gespeicherte Ladung ausreichend
mesurde, incluant un moyen do determination zum Abgeben des ausgewhilten
Stroms zu  55        de l'accumulation de charge necessaire pour einem
Patienten  mit  der  gemessenen           envoyer le courant souhaite a un
patient dont Transthorax-lmpedanz ist, wobei die Schaltung     l'impedance
thoracique est egale & la plus Mittel zum Bestimmen der akkumulierten La-
basse des valeurs d'impddance thoracique 7    13                EP 0 315
368 B1                    14 6chantillonn~es, le courant souhait4 etant en-
voy6, en utilisation, quelle que solt l'imp~dan- *   \.-  ce thoracique
mesurde; 2. L'appareil selon la revendication 1 dans lequel   5 le moyen de
circuit (24, 28) Inclut un moyen de traltement pour d6terminer la charge
ac- cumule n6cessalre dans le condensateur pour envoyer le courant souhaite
A un patient prd- sentant l'impedance transthoracique souhait6e.   to 3.
L'appareil solon la revendication 2 dans lequel ie moyen de traitement
inclut un moyen (60) d'dtablissement d'une valeur Initiate de charge
accumul"e & laquelle le condensateur pout  15 8tre charg6 pendant quo le
moyen de mesure d'imp6dance est en train de d~terminer l'imp6- dance
thoraclque du patient. 20 25 30 35 40 45 50 55    


