
European  Patent  Office  
^   ̂ H  ^  I  H  ̂   H  ̂   II  ̂   II  ̂   H  ̂   H  ̂   H  ̂    ̂ ̂    ̂ HI   ̂ ̂    ̂ ̂   I  ̂  

�   
Office  europeen  des  brevets  E P   0  7 4 7   0 9 3   A 2  

(12)  EUROPEAN  PATENT  A P P L I C A T I O N  

(43)  Date  of  publication:  (51)  |nt  Cl.e:  A61N  1 /39  
11.12.1996  Bulletin  1996/50 

(21)  Application  number:  96304340.1 

(22)  Date  of  filing:  10.06.1996 

(84)  Designated  Contracting  States:  •  Gilman,  Byron  Lloyd 
DE  FR  GB  IT  Plymouth,  Minnesota  55447  (US) 

(30)  Priority:  08.06.1995  US  490831  (74)  Representative:  Hale,  Peter  et  al 
Kilburn  &  Strode 

(71)  Applicant:  SURVIVALINK  CORPORATION  30  John  Street 
Minneapolis,  Minnesota  55343  (US)  London  WC1  N  2DD  (GB) 

(72)  Inventors: 
•  Olson,  Kenneth  Fletcher 

Minneapolis,  Minnesota  55410  (US) 

(54)  External  defibrillator  for  producing  and  testing  biphasic  waveforms 

(57)  An  external  defibrillator  including  an  operator  protocol  by  causing  the  high  voltage  circuit  to  sequen- 
interface  and  a  high  voltage  circuit  responsive  to  a  con-  tially  generate  one  or  more  biphasic  waveform  defibril- 
trollerfor  producing  monophasic  waveform  defibrillation  lation  pulses  before  generating  monophasic  waveform 
pulses  and/or  biphasic  waveform  defibrillation  pulses.  defibrillation  pulses  in  response  to  sequential  actuations 
The  controller  can  implement  a  biphasic  waveform  test  of  the  operator  interface  during  a  patient  rescue. 

TO  CONTROLLER  20 

o  
a .  
LU 

Printed  by  Jouve,  75001  PARIS  (FR) 



1 EP  0  747  093  A2 2 

Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  generally  to  external 
defibrillators.  In  particular,  the  present  invention  is  an 
automatic  external  defibrillator  for  generating  and  test- 
ing  biphasic  waveforms. 

Description  of  the  Related  Art 

Cardiac  arrest,  exposure  to  high  voltage  power 
lines  and  other  trauma  to  the  body  can  result  in  heart 
fibrillation,  the  rapid  and  uncoordinated  contraction  of 
the  cardiac  muscle.  The  use  of  external  defibrillators  to 
restore  the  heartbeat  to  its  normal  pace  through  the  ap- 
plication  of  an  electrical  shock  is  a  well  recognized  and 
important  tool  for  resuscitating  the  patients. 

Commercially  available  defibrillators  such  as  those 
available  from  Surviva  Link  Corporation,  the  assignee 
of  the  present  application,  are  configured  to  produce 
monophasic  waveform  defibrillation  pulses.  Monopha- 
sic  (i.e.,  single  polarity)  pulses  such  as  the  Lown  wave- 
form  and  the  truncated  exponential  waveform  have 
been  demonstrated  to  be  effective  for  defibrillation,  and 
meet  standards  promulgated  by  the  Association  for  Ad- 
vancement  of  Medical  Instrumentation  (AAMI).  Electri- 
cal  circuits  for  producing  monophasic  waveform  defibril- 
lation  pulses  are  generally  known  and  disclosed,  for  ex- 
ample,  in  the  Persson  U.S.  Patent  5,405,361  . 

The  efficacy  of  biphasic  waveform  pulses  (actually 
two  successive  pulses  of  opposite  polarities)  has  been 
established  for  implantable  defibrillators.  For  example, 
studies  conducted  on  implantable  defibrillators  have 
shown  that  biphasic  waveform  defibrillation  pulses  re- 
sult  in  a  lower  defibrillation  threshold  than  monophasic 
pulses.  A  variety  of  theories  have  been  proposed  to  ex- 
plain  the  defibrillation  characteristics  of  biphasic  wave- 
form  pulses. 

It  is  anticipated  that  the  efficacy  and  advantages  of 
biphasic  waveform  pulses  that  have  been  demonstrated 
in  implantable  defibrillators  will  be  demonstrated  in  ex- 
ternal  defibrillators  as  well.  However,  because  of  the  dif- 
ficulties  involved  in  testing  external  defibrillators,  the  ef- 
ficacy  of  biphasic  waveform  pulses  produced  by  these 
instruments  has  not  yet  been  fully  studied.  External  de- 
fibrillation  is  typically  used  in  emergency  settings  in 
which  the  patient  is  either  unconscious  or  otherwise  un- 
able  to  communicate.  It  is  therefor  difficult  if  not  impos- 
sible  to  obtain  informed  consent  from  the  patient  for 
such  tests.  Time  is  also  of  the  essence  since  studies 
have  shown  that  the  chances  for  successful  resuscita- 
tion  diminish  approximately  ten  percent  per  minute.  The 
use  of  experimental  defibrillation  pulses  must  therefor 
be  completed  quickly.  The  capability  of  quickly  switching 
to  a  proven  defibrillation  pulse  following  an  unsuccessful 

rescue  with  the  experimental  pulse  must  also  exist.  For 
these  reasons  it  is  evident  that  there  is  a  need  for  exter- 
nal  defibrillators  and  protocols  capable  of  producing  and 
testing  biphasic  waveform  pulses. 

5 
SUMMARY  OF  THE  INVENTION 

One  embodiment  of  the  present  invention  is  an  ex- 
ternal  defibrillator  high  voltage  circuit  for  generating 

10  monophasic  and/or  biphasic  waveform  defibrillation 
pulses.  The  high  voltage  circuit  includes  first  and  second 
output  terminals  configured  for  electrical  interconnec- 
tion  to  electrodes,  a  supply  terminal  configured  for  elec- 
trical  interconnection  to  a  charge  voltage  potential,  and 

is  two  or  more  capacitors  for  storing  electrical  energy. 
Charge  circuitry  is  responsive  to  charge  control  signals, 
and  electrically  interconnects  each  of  the  capacitors  to 
the  supply  terminal  to  charge  the  capacitors  to  the 
charge  voltage  potential.  Pulse  initiating  circuitry  is  re- 

20  sponsive  to  first  and  second  polarity  pulse  control  sig- 
nals.  The  pulse  initiating  circuitry  can  electrically  inter- 
connect  one  or  more  of  the  capacitors  in  a  series  circuit 
and  with  a  first  electrical  polarity  orientation  between  the 
first  and  second  output  terminals  to  produce  a  first  po- 

25  larity  pulse  in  response  to  the  first  polarity  pulse  control 
signals,  and  electrically  interconnect  one  or  more  of  the 
capacitors  in  a  series  circuit  and  with  a  second  and  op- 
posite  electrical  polarity  orientation  between  the  first  and 
second  output  terminals  to  produce  a  second  polarity 

30  pulse  in  response  to  the  second  polarity  pulse  control 
signals. 

Another  embodiment  of  the  invention  includes  a 
controller  coupled  to  the  high  voltage  circuit  for  produc- 
ing  the  pulse  control  signals,  and  an  operator  interface 

35  coupled  to  the  controller  for  causing  the  controller  to  in- 
itiate  the  generation  of  defibrillation  pulses.  The  control- 
ler  is  programmed  to  implement  a  biphasic  waveform 
test  protocol  which  causes  the  high  voltage  circuit  to  se- 
quentially  generate  one  or  more  biphasic  waveform  de- 

40  fibrillation  pulses  before  generating  monophasic  wave- 
form  defibrillation  pulses  in  response  to  sequential  ac- 
tuations  of  the  operator  interface  during  a  patient  res- 
cue. 

Figure  1  is  a  block  diagram  of  a  defibrillator  in  ac- 
cordance  with  the  present  invention. 

Figure  2  is  a  schematic  diagram  of  the  high  voltage 
waveform  generating  circuit  shown  in  Figure  1. 

Figure  3  is  a  diagram  of  a  truncated  exponential 
monophasic  waveform  defibrillation  pulse  produced  by 
the  defibrillator  shown  in  Figure  1. 

Figure  4  is  a  diagram  of  a  biphasic  waveform  defi- 
brillation  pulse  produced  by  the  defibrillator  shown  in 
Figure  1  . 

45  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

A  portable  automatic  external  defibrillator  (AED)  8 
which  includes  a  high  voltage  multiphasic  or  biphasic  s 
waveform  generating  circuit  10  and  controller  20  in  ac- 
cordance  with  the  present  invention  is  illustrated  gener- 
ally  in  Figure  1.  As  shown,  defibrillator  8  is  configured 
for  electrical  interconnection  to  a  pair  of  patient  elec- 
trodes  12  through  connectors  13A  and  13B,  and  also  10 
includes  rechargeable  battery  14,  power  supply  16  and 
operator  interface  18.  Power  supply  16  is  connected  to 
battery  14  and  includes  a  conventional  charging  circuit 
(not  separately  shown)  which  provides  a  regulated 
charging  potential  (e.g.,  330  volts  in  one  embodiment)  15 
to  high  voltage  circuit  10.  Power  supply  16  is  also  con- 
nected  to  provide  regulated  operating  potentials  (e.g., 
+5  volts)  to  operator  interface  1  8  and  controller  20.  Con- 
troller  20  includes  a  programmed  microprocessor  (not 
separately  shown)  which  is  connected  to  both  operator  20 
interface  18  and  high  voltage  circuit  10.  Operator  inter- 
face  18  includes  one  or  more  control  switches  (not  sep- 
arately  shown)  actuated  by  paramedics  or  other  techni- 
cians  using  defibrillator  8  to  resuscitate  a  patient,  as  well 
as  visual  and/or  audible  displays  (also  not  shown)  which  25 
provide  information  on  the  operational  status  of  the  de- 
fibrillator.  In  response  to  operator  actuation  of  interface 
18,  controller  20  causes  high  voltage  circuit  10  to  gen- 
erate  biphasic  or  monophasic  defibrillation  pulses  which 
are  delivered  to  the  patient  through  electrodes  12.  Con-  30 
trailer  20  can  also  be  programmed  to  implement  a  bi- 
phasic  waveform  pulse  test  protocol  by  causing  high 
voltage  circuit  10  to  generate  both  monophasic  and  bi- 
phasic  waveform  pulses.  With  the  exception  of  high  volt- 
age  waveform  generating  circuit  10  and  the  manner  by  35 
which  the  high  voltage  circuit  is  controlled  by  controller 
20,  defibrillator  8  can  be  of  any  conventional  or  other- 
wise  known  design.  High  voltage  circuit  1  0  and  the  fea- 
tures  of  controller  20  described  below  can,  for  example, 
be  incorporated  into  the  VIVAIink  portable  external  de-  40 
fibrillator  which  is  commercially  available  from  Surviva 
Link  Corporation  of  Minnetonka,  Minnesota. 

High  voltage  waveform  generating  circuit  1  0  can  be 
described  in  greater  detail  with  reference  to  Figure  2.  In 
the  embodiment  shown,  high  voltage  circuit  1  0  includes  45 
four  independently  controllable  charge  stages  S1  -  S4 
connected  between  power  supply  16,  electrode  termi- 
nals  13A  and  13B  and  reference  or  reference  terminal 
30.  First  stage  S1  includes  capacitor  C1  ,  pulse  initiating 
silicon  controlled  rectifier  (SCR)  ISCR1  and  waveform  so 
truncating  silicon  controlled  rectifier  TSCR1  .  A  first  ter- 
minal  of  capacitor  C1  is  connected  to  reference  terminal 
30,  while  a  second  terminal  of  the  capacitor  is  connected 
to  the  anode  of  initiating  rectifier  ISCR1  .  Truncating  rec- 
tifier  TSCR1  is  connected  in  parallel  with  capacitor  C1  ,  55 
and  has  its  cathode  and  anode  connected  to  the  first 
and  second  terminals,  respectively,  of  the  capacitor. 
Second  stage  S2  includes  capacitor  C2  having  a  first 

terminal  connected  to  the  cathode  of  first  stage  rectifier 
ISCR1,  and  rectifiers  ISCR2  and  TSCR2  which  are  in- 
terconnected  to  the  capacitor  in  a  manner  identical  to 
the  corresponding  circuit  elements  of  stage  S1.  Third 
stage  S3  includes  capacitor  C3  and  rectifiers  ISCR3  and 
TSCR3  interconnected  to  each  other  and  to  the  preced- 
ing  stage  S2  in  a  manner  identical  to  the  corresponding 
circuit  elements  of  stage  S2.  Similarly,  stage  S4  includes 
capacitor  C4  and  rectifiers  ISCR4  and  TSCR4  intercon- 
nected  to  each  other  and  to  the  preceding  stage  S3  in 
a  manner  identical  to  the  corresponding  circuit  elements 
of  stage  S3.  The  cathode  of  initiating  rectifier  ISCR4  is 
connected  to  electrode  terminal  13A.  The  gates  of  initi- 
ating  rectifiers  ISCR1  -  ISCR4  and  truncating  rectifiers 
TSCR1  -  TSCR4  can  be  connected  to  controller  20 
through  conventional  isolation  circuits  (not  shown)  such 
as  those  shown  in  the  commonly  assigned  Persson  U. 
S.  Patent  5,405,361. 

Diodes  D1  -  D4  are  interconnected  to  one  another 
in  a  series  arrangement  with  the  anode  of  diode  D1  con- 
nected  to  power  supply  16.  As  shown,  the  cathodes  of 
diode  D1  -  D4  are  connected  to  the  anodes  of  the  pulse 
initiating  rectifiers  ISCR1  -  ISCR4of  each  stage  S1  -S4, 
respectively.  Charge  control  field  effect  transistors  FET1 
-  FET3  have  channels  interconnected  to  one  another  in 
a  series  arrangement  to  reference  terminal  30.  This  cir- 
cuit  arrangement  enables  the  use  of  lower  voltage  tran- 
sistors  FET1  -  FET3.  The  source  terminals  of  FET1  - 
FET3  are  connected  to  the  cathodes  of  initiating  rectifi- 
ers  ISCR1  -  ISCR3,  respectively.  The  gates  of  transis- 
tors  FET1  -  FET3  are  connected  to  controller  20.  Again, 
isolation  circuits  such  as  those  shown  in  the  Persson  U. 
S.  Patent  5,405,361  can  be  used  to  couple  the  gates  of 
FET1  -  FET3  to  controller  20  to  help  protect  the  transis- 
tors. 

Electrode  terminals  1  3A  and  1  3B  are  connected  to 
reference  terminal  30  by  ground  reference  silicon  con- 
trolled  rectifiers  RSCR1  and  RSCR2,  respectively.  The 
anodes  of  rectifiers  RSCR1  and  RSCR2  are  connected 
to  electrode  terminals  13A  and  13B,  respectively,  while 
the  cathodes  of  the  rectifiers  are  connected  to  reference 
terminal  30.  A  biphasic  control  triac  T1  is  connected  be- 
tween  the  cathode  of  rectifier  ISCR1  (i.e.,  to  a  node  be- 
tween  two  capacitors  C1-C4)  and  electrode  terminal 
1  3B.  Although  not  shown,  a  pair  of  back-to-back  silicon 
controlled  rectifiers  having  gates  connected  to  controller 
20  can  be  substituted  for  triac  T1  .  The  gates  of  rectifiers 
RSCR1  and  RSCR2  and  triac  T1  are  individually  cou- 
pled  to  controller  20  through  isolation  circuits  (not 
shown)  such  as  those  described  above.  Rectifiers 
ISCR1  -  ISCR4,  TSCR1  -  TSCR4,  RSCR1  ,  RSCR2,  tri- 
ac  T1  and  transistors  FET1  -  FET3  all  function  as  elec- 
tronic  switches  and  are  controlled  by  gate  control  sig- 
nals  from  controller  20  (i.e.,  are  switched  between  elec- 
trically  "on"  and  "off"  states)  to  control  the  generation  of 
defibrillation  pulses  that  are  applied  to  electrodes  12 
through  terminals  13Aand  13B.  In  particular,  controller 
20  is  programmed  to  switch  the  rectifiers,  triac  and  tran- 
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sistors  in  such  a  manner  as  to  i)  charge  capacitors  C1 
-  C4  and  ii)  discharge  the  capacitors  in  such  a  manner 
as  to  produce  defibrillation  pulses  having  a)  a  biphasic 
waveform,  and/or  b)  a  monophasic  waveform. 

Capacitors  C1  -  C4  are  charged  by  switching  off  all 
rectifiers  ISCR1  -  ISCR4,  TSCR1  -  TSCR4,  RSCR1  ,  and 
RSCR2,  and  triac  T1  ,  while  simultaneously  switching  on 
transistors  FET1  -  FET3.  The  first  terminal  of  each  ca- 
pacitor  C1  -  C4  is  thereby  connected  to  reference  ter- 
minal  30  while  the  charging  voltage  from  power  supply 
16  is  applied  to  the  second  terminal  of  each  capacitor 
through  diodes  D1  -  D4,  respectively.  Capacitors  C1  - 
C4  are  thereby  each  charged  to  the  charging  voltage 
with  respect  to  ground  (i.e.,  in  parallel).  Transistors 
FET1  -  FET3  are  switched  off  after  the  capacitors  C1  - 
C4  are  fully  charged,  and  rectifiers  ISCR1  -  ISCR4, 
TSCR1  -  TSCR4,  RSCR1,  and  RSCR2,  and  triac  T1 
held  off  to  maintain  high  voltage  circuit  10  in  a  charged 
and  discharge-ready  state. 

Figure  3  is  an  illustration  of  a  truncated  exponential 
monophasic  waveform  defibrillation  pulse  40  produced 
by  high  voltage  circuit  10.  To  produce  the  monophasic 
waveform  pulse  40,  controller  20  switches  on  rectifiers 
ISCR1  -  ISCR4  and  RSCR2  at  time  t,,  and  switches  on 
rectifiers  TSCR1  -  TSCR4  at  time  t2.  At  time  t-,  capaci- 
tors  C1  -  C4  are  therefore  interconnected  in  series  be- 
tween  electrode  terminals  1  3A  and  1  3B  in  a  first  polarity 
orientation,  and  terminal  13B  referenced  to  reference 
terminal  30.  Switching  on  the  rectifiers  TSCR1  -  TSCR4 
at  time  t2  causes  each  of  the  capacitors  C1  -  C4  to  dis- 
charge  through  the  respective  rectifier  and  thereby  trun- 
cate  the  defibrillation  pulse.  The  total  energy  delivered 
to  the  patient  by  the  monophasic  waveform  pulse  40  is 
controlled  by  peak  potential  Vm  and  the  length  of  time 
between  the  initiation  and  termination  of  the  pulse  (i.e., 
t2-t-|).  The  magnitude  of  the  peak  potential  Vm  is  deter- 
mined  by  the  number  of  charged  capacitors  C1  -  C4  that 
are  connected  in  series  between  electrode  terminals 
13A  and  13B  (i.e.,  the  number  (N)  of  stages  in  circuit 
10)  and  the  charge  voltage  to  which  each  of  the  capac- 
itors  is  charged  by  power  supply  16.  Following  the  de- 
livery  of  the  monophasic  waveform  defibrillation  pulse 
40,  high  voltage  circuit  10  is  recharged  in  the  manner 
described  above. 

Figure  4  is  an  illustration  of  a  biphasic  waveform  de- 
fibrillation  pulse  50  produced  by  high  voltage  circuit  10. 
As  shown,  pulse  50  includes  both  a  positive  polarity 
component  52  and  a  negative  polarity  component  54. 
To  produce  positive  polarity  component  52  of  pulse  50, 
controller  20  switches  on  rectifiers  ISCR2  -  ISCR4  and 
triac  T1  at  time  t-,,  and  switches  on  rectifiers  TSCR2  - 
TSCR4  at  time  t2.  After  a  short  delay,  negative  polarity 
component  54  is  produced  when  controller  20  switches 
on  rectifiers  ISCR1  ,  RSCR1  and  triac  T1  at  time  t3,  and 
switches  on  rectifier  TSCR1  at  time  t4.  At  timet-,  capac- 
itors  C2  -  C4  are  therefore  interconnected  in  series  be- 
tween  electrode  terminals  1  3A  and  1  3B  in  a  first  polarity 
orientation.  The  positive  peak  potential  Vmp  applied  to 

terminals  1  3A  and  1  3B  is  therefore  equal  to  the  sum  of 
the  potential  to  which  capacitors  C2  -  C4  are  charged  (i. 
e.,  three  times  the  charge  voltage  provided  by  power 
supply  1  6  in  the  embodiment  shown  in  Figure  2).  Switch- 

5  ing  on  the  rectifiers  TSCR2  -  TSCR4  at  time  t2  causes 
each  of  the  capacitors  C2  -  C4  to  discharge  through  the 
respective  rectifier  and  thereby  truncate  the  positive  po- 
larity  portion  52  of  defibrillation  pulse  50.  The  total  en- 
ergy  delivered  to  the  patient  by  the  portion  52  of  pulse 

10  50  is  controlled  by  peak  potential  Vmp  and  the  length  of 
time  between  the  initiation  and  termination  of  the  pulse 
portion  (i.e.,  t2-t-,).  The  magnitude  of  the  peak  potential 
Vmp  is  determined  by  the  number  of  charged  capacitors 
(e.g.,  C2  -  C4)  that  are  connected  in  series  between 

is  electrode  terminals  13A  and  13B  (i.e.,  the  number  of 
stages  in  circuit  10  between  triac  T1  and  terminal  13A) 
and  the  charge  voltage  to  which  each  of  the  capacitors 
is  charged  by  power  supply  16. 

At  time  t3  capacitor  C1  is  interconnected  between 
20  electrode  terminals  13A  and  13B  in  a  second  polarity 

orientation,  and  terminal  13A  referenced  to  reference 
terminal  30.  The  negative  peak  potential  Vmn  applied  to 
terminals  1  3A  and  1  3B  is  therefore  equal  to  the  charge 
on  capacitor  C1.  Switching  on  the  rectifier  TSCR1  at 

25  time  t4  causes  capacitor  C1  to  discharge  through  the 
rectifier  and  thereby  truncate  the  negative  polarity  por- 
tion  54  of  defibrillation  pulse  50.  The  total  energy  deliv- 
ered  to  the  patient  by  the  portion  54  of  pulse  50  is  con- 
trolled  by  peak  potential  Vmn  and  the  length  of  time  be- 

so  tween  the  initiation  and  termination  of  the  pulse  portion 
(i.e.,  t4-t3).  The  magnitude  of  the  peak  potential  Vmn  is 
determined  by  the  number  of  charged  capacitors  that 
are  connected  in  series  between  electrode  terminals 
13A  and  13B  (i.e.,  the  number  of  stages  in  circuit  10 

35  between  triac  T1  and  reference  terminal  30)  and  the 
charge  voltage  to  which  each  of  the  capacitors  is 
charged  by  power  supply  16.  In  the  embodiment  shown 
in  Figure  2,  the  positive  peak  potential  Vmp  of  the  posi- 
tive  polarity  component  52  is  three  times  the  negative 

40  peak  potential  Vmn  of  the  negative  polarity  component 
54.  Following  the  delivery  of  the  defibrillation  pulse  50, 
high  voltage  circuit  10  is  recharged  in  the  manner  de- 
scribed  above. 

Controller  20  can  be  programmed  to  cause  high 
45  voltage  circuit  1  0  to  deliver  monophasic  waveform  puls- 

es  such  as  40  or  biphasic  waveform  pulses  such  as  50 
in  response  to  operator  actuation  of  defibrillator  8 
through  interface  18.  Furthermore,  if  the  operating  pro- 
gram  for  controller  20  is  stored  in  replaceable  or  repro- 

50  grammable  memory  (not  separately  shown  in  Figure  1  ), 
the  defibrillator  can  be  conveniently  and  efficiently 
reconfigured  following  its  original  manufacture  to  pro- 
vide  a  different  type  of  waveform  pulse.  For  example,  if 
defibrillator  8  is  originally  configured  to  generate 

55  monophasic  pulses  such  as  40,  the  defibrillator  can  be 
reconfigured  in  the  field  to  generate  biphasic  pulses 
such  as  50  if  the  efficacy  or  desirability  of  biphasic  puls- 
es  is  determined  to  be  superior  to  those  of  monophasic 
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pulses.  Defibrillator  8  is  therefor  forwardly  compatible, 
and  the  owner  can  have  the  instrument  upgraded  with- 
out  incurring  the  expense  of  a  new  instrument. 

Controller  20  can  also  be  programmed  to  cause 
high  voltage  circuit  1  0  to  alternate  between  the  delivery 
of  monophasic  waveform  pulses  40  and  biphasic  wave- 
form  pulses  50  during  each  use  of  defibrillator  8.  For  ex- 
ample,  controller  20  can  be  programmed  in  such  a  man- 
ner  that  after  defibrillator  8  is  set  up  for  patient  rescue 
(e.g.,  after  electrodes  12  are  positioned  on  a  patient), 
biphasic  waveform  pulses  50  are  delivered  in  response 
to  the  first  or  first  and  second  (i.e.,  one  or  more)  actua- 
tions  of  interface  18,  and  monophasic  waveform  pulses 
40  are  delivered  in  response  to  subsequent  actuations 
of  the  interface.  If  the  first  or  first  and  second  rescue 
attempts  using  biphasic  waveform  pulses  50  are  unsuc- 
cessful  at  resuscitating  the  patient,  monophasic  wave- 
form  pulses  40  will  be  delivered  for  subsequent  rescue 
attempts.  The  operator  need  not  make  any  decisions  or 
actuate  interface  1  8  to  switch  between  waveforms  since 
this  protocol  is  programmed  into  controller  20  and  there- 
fore  transparent  to  the  operator.  Blinded  studies  of  the 
efficacy  of  different  waveforms  can  therefor  be  per- 
formed  without  having  to  switch  defibrillators  during  a 
patient  rescue. 

Although  the  present  invention  has  been  described 
with  reference  to  preferred  embodiments,  those  skilled 
in  the  art  will  recognize  that  changes  can  be  made  in 
form  and  detail  without  departing  from  the  scope  of  the 
invention. 

Claims 

1  .  A  high  voltage  circuit  for  generating  biphasic  wave- 
forms  implemented  in  an  external  defibrillator  de- 
vice  comprising: 

an  operator  interface; 
a  power  supply; 
a  controller; 
circuitry  for  generating  the  biphasic  waveforms; 
and 
the  controller  including  biphasic  waveform  pro- 
tocol  means  for  causing  the  high  voltage  circuit 
to  sequentially  generate  at  least  one  biphasic 
waveform  defibrillation  pulse  before  generating 
monophasic  waveform  defibrillation  pulses  in 
response  to  sequential  actuations  of  the  oper- 
ator  interface  during  a  patient  rescue; 
said  operator  interface,  said  power  supply,  said 
controller  and  said  circuitry  having  electrical 
communications  therebetween. 

2.  A  high  voltage  circuit  for  use  in  an  external  defibril- 
lator  device  to  produce  controllable  capacitive-dis- 
charges  comprising  one  of  discrete  series  and  se- 
quential  combinations  of  biphasic  and  monophasic 

waveform  defibrillation  pulses  delivered  in  re- 
sponse  to  an  actuation  interface,  the  device  com- 
prising: 

5  a  power  supply; 
a  controller; 
circuit  means  for  generating  the  defibrillation 
pulses; 
said  power  supply,  said  controller  and  said  cir- 

10  cuit  means  having  electrical  communications 
therebetween;  and 
said  circuit  means  further  comprising: 
first  and  second  output  terminals; 
a  supply  terminal  in  electrical  communications 

is  with  a  voltage  supply; 
a  reference  terminal; 
at  least  two  charge  stages  having  operable 
electrical  connections  in  a  series  circuit  be- 
tween  the  reference  terminal  and  the  first  out- 

20  put  terminal; 
said  first  and  second  terminals  being  in  opera- 
ble  electrical  communications  with  a  plurality  of 
electrodes  through  which  the  defibrillation  puls- 
es  are  delivered  into  a  cardiac  patient. 

25 
3.  A  high  voltage  circuit  for  generating  biphasic  wave- 

form  defibrillation  pulses  implemented  in  an  exter- 
nal  defibrillator  comprising: 

30  an  operator  interface; 
a  power  supply; 
circuitry  for  generating  the  biphasic  waveform 
defibrillation  pulses;  and 
a  controller  including  a  programmable  wave- 

35  form  protocol  means  for  causing  the  high  volt- 
age  circuit  to  sequentially  generate  at  least  one 
of  said  biphasic  waveform  defibrillation  pulses 
before  generating  monophasic  waveform  defi- 
brillation  pulses  in  response  to  sequential  actu- 

40  ations  of  the  operator  interface  during  a  patient 
rescue; 
said  operator  interface,  said  power  supply,  said 
circuitry  and  said  controller  having  electrical 
communications  therebetween. 

45 
4.  An  external  defibrillator  for  testing  the  efficacy  of  bi- 

phasic  waveform  defibrillation  pulses  including: 

a  power  supply; 
so  pulse  generating  circuitry  coupled  to  the  power 

supply  for  generating  monophasic  waveform 
and  biphasic  waveform  defibrillation  pulses; 
an  interface  actuated  by  an  operator  during  pa- 
tient  rescues;  and 

55  a  controller  coupled  to  the  pulse  generating  cir- 
cuitry  and  the  interface  for  causing  the  pulse 
generating  circuitry  to  sequentially  generate  at 
least  one  biphasic  waveform  defibrillation  pulse 

5 
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before  generating  monophasic  waveform  defi- 
brillation  pulses  in  response  to  sequential  actu- 
ations  of  the  interface  during  a  patient  rescue. 

5.  An  external  defibrillator  device  including  a  capaci-  s 
tive-discharge  generating  circuitry  having  means 
for  creating  biphasic  and  monophasic  waveforms 
from  said  capacitive-discharge  wherein  the  struc- 
ture  of  the  waveforms  is  determined  by  a  prompting 
means  operating  on  the  circuitry  and  said  prompting  10 
means  being  integrated  with  an  operator  interface, 
the  circuitry  comprising: 

first  and  second  output  terminals  adapted  for 
electrical  interconnection  to  a  plurality  of  elec-  15 
trades  for  introducing  said  capacitive-dis- 
charge  into  a  cardiac  patient; 
a  supply  terminal  and  a  reference  terminal 
adapted  for  electrical  interconnection  to  the 
power  supply;  20 
at  least  two  capacitors  for  storing  said  capaci- 
tive-discharge; 
charge  circuitry  including  at  least  one  terminal 
adapted  to  receive  charge  control  signals,  for 
electrically  interconnecting  each  of  the  capaci-  25 
tors  to  the  supply  and  reference  terminals  to 
charge  the  capacitors;  and 
pulse  initiating  circuitry  including  at  least  one 
terminal  adapted  to  receive  first  and  second  po- 
larity  pulse  control  signals  from  the  controller,  30 
for  electrically  interconnecting  one  or  more  of 
the  capacitors  in  a  series  circuit  and  with  a  first 
electrical  polarity  orientation  between  the  first 
and  second  output  terminals  to  produce  a  first 
polarity  pulse  in  response  to  the  first  polarity  35 
pulse  control  signals,  and  for  electrically  inter- 
connecting  one  or  more  of  the  capacitors  in  a 
series  circuit  and  with  a  second  opposite  elec- 
trical  polarity  orientation  between  the  first  and 
second  output  terminals  to  produce  a  second  40 
polarity  pulse  in  response  to  the  second  polarity 
pulse  control  signals. 

6.  An  external  defibrillator  device  including  a  high  volt- 
age  circuit  for  generation  of  a  capacitive-discharge  45 
for  defibrillation  pulses,  the  device  comprising: 

an  operator  interface  coupled  to  a  controller;  in- 
itiating  means  for  causing  the  controller  to  initi- 
ate  the  generation  of  defibrillation  pulses  by  the  so 
high  voltage  circuit; 
a  power  supply; 
circuitry  for  generating  the  defibrillation  pulses; 
and 
the  controller  including  biphasic  waveform  pro-  55 
tocol  means  for  causing  the  high  voltage  circuit 
to  sequentially  generate  at  least  one  biphasic 
waveform  defibrillation  pulse  before  generating 

monophasic  waveform  defibrillation  pulses  in 
response  to  sequential  actuation  of  the  opera- 
tor  interface  during  a  patient  rescue; 
said  operator  interface  coupled  with  said  con- 
troller  having  electrical  communication  with 
said  power  supply  and  said  circuitry. 

7.  An  external  defibrillator  device  including  a  high  volt- 
age  circuit  for  producing  a  capacitive-discharge 
comprising  one  of  discrete  series  and  sequential 
combinations  of  monophasic  and  biphasic  wave- 
form  defibrillation  pulses,  the  device  comprising: 

a  plurality  of  electrodes  in  electrical  communi- 
cations  with  said  high  voltage  circuit  through 
which  the  pulses  are  delivered  to  rescue  a  car- 
diac  patient; 
a  controller  in  electrical  communications  with 
the  high  voltage  circuit; 
protocol  means  implemented  in  said  controller; 
and 
said  protocol  means  being  programmable  to 
cause  the  high  voltage  circuit  to  generate  at 
least  one  of  the  biphasic  waveform  defibrillation 
pulses  in  response  to  activation  of  said  operator 
interface  to  thereby  discharge  the  pulses  into 
said  cardiac  patient  via  said  electrodes. 

8.  A  high  voltage  circuit  implemented  in  an  external 
defibrillator  device  to  produce  a  capacitive-dis- 
charge  comprising  one  of  discrete  series  and  se- 
quential  combinations  of  biphasic  and  monophasic 
waveform  defibrillation  pulses,  the  external  defibril- 
lator  device  comprising: 

a  power  supply  in  electrical  communications 
with  the  high  voltage  circuit; 
a  controller  in  electrical  communications  with 
the  high  voltage  circuit;  and 
an  operator  interface  coupled  to  the  controller 
for  causing  the  controller  to  initiate  generation 
of  the  defibrillation  pulses  by  the  high  voltage 
circuit; 
said  controller  including  a  programmable  pro- 
tocol  means  for  causing  the  high  voltage  circuit 
to  sequentially  generate  at  least  one  of  the  bi- 
phasic  defibrillation  pulses  before  generating 
the  monophasic  waveform  defibrillation  pulses 
in  response  to  sequential  actuation  of  said  op- 
erator  interface  during  a  patient  rescue. 

9.  The  device  of  claim  7  wherein  said  high  voltage  cir- 
cuit  includes  a  plurality  of  independently  controlla- 
ble  charge  stages  connected  between  said  power 
supply,  said  plurality  of  electrodes  and  a  reference 
terminal. 

10.  A  high  voltage  circuit  implemented  in  an  external 
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defibrillator  device  to  produce  controllable  capaci- 
tive-discharges  comprising  one  of  discrete  series 
and  sequential  combinations  of  biphasic  and 
monophasic  waveform  defibrillation  pulses  activat- 
ed  by  an  operator  interface,  the  circuit  comprising:  s 

a  power  supply; 
a  controller;  and 
a  biphasic  waveform  generating  circuit; 
said  power  supply,  said  controller  and  said  10 
waveform  generating  circuit  having  operable 
electrical  communicationtherebetween. 

11.  The  circuit  of  claim  10  further  comprising  a  plurality 
of  output  terminals  in  electrical  communication  with  15 
said  biphasic  waveform  generating  circuit. 

12.  The  circuit  of  claim  11  wherein  said  plurality  of  out- 
put  terminals  include  connections  to  a  plurality  of 
electrodes  through  which  said  defibrillation  pulses  20 
are  introduced  into  a  cardiac  patient. 

13.  The  circuit  of  claim  12  wherein  a  plurality  of  inde- 
pendently  controllable  charge  stages  are  connect- 
ed  between  the  power  supply,  said  plurality  of  elec-  25 
trades  and  further  includes  electrical  connections 
with  a  reference  terminal. 

14.  The  circuit  of  claim  10,  11,  12  or  13  wherein  said 
controller  includes  programmable  means  for  con-  30 
trolling  the  formation  of  said  biphasic  and  monopha- 
sic  waveform  defibrillation  pulses. 

15.  The  circuit  of  claim  14  wherein  said  programmable 
means  for  controlling  the  formation  of  said  biphasic  35 
and  monophasic  waveform  defibrillation  pulses  in- 
cludes  a  protocol  to  switch  between  said  biphasic 
and  monophasic  waveforms. 

16.  The  circuit  of  claim  8  wherein  each  change  stage  40 
includes: 

tor  switch  is  electrically  interconnected  be- 
tween  the  second  terminal  of  the  capacitor  and 
the  reference  terminal; 
first  and  second  reference  semiconductor 
switches  including  a  terminal  for  receiving 
pulse  control  signals  and  having  operable  elec- 
trical  connections  between  the  first  and  second 
output  terminals  and  the  reference  terminal; 
and 
at  least  one  of  each  biphasic  and  monophasic 
semiconductor  switches  including  a  terminal  to 
receive  pulse  control  signals  having  operable 
electrical  connection  between  the  second  out- 
put  terminal  and  two  of  the  charge  stages. 

17.  The  circuit  of  claim  8  or  16  wherein  said  controller 
includes  a  programmable  means  governed  by  a 
protocol  to  produce  biphasic  and  monophasic  defi- 
brillation  pulses. 

18.  An  external  defibrillator  device  including  a  system 
for  testing  the  efficacy  of  at  least  one  biphasic  defi- 
brillation  waveform  the  system  having  means  to 
switch  over  to  monophasic  defibrillation  waveform 
simultaneous  with  a  discharge  time  when  the  wave- 
forms  are  being  introduced  into  a  cardiac  patient, 
the  system  for  testing  further  comprising: 

a  power  supply; 
capacitive-discharge  generating  circuit  means 
in  electrical  communications  with  said  power 
supply; 
means  for  creating  the  waveforms; 
operator  interface  means  to  initiate  the  dis- 
charge;  and 
a  controller  in  communication  with  said  means 
for  creating  the  waveforms  and  coupled  to  said 
circuit  means; 
said  interface  means  having  means  for  prompt- 
ing  said  circuit  means  to  operate  on  said  means 
for  creating  the  waveforms  such  that  at  least 
one  biphasic  waveform  is  created  before 
switching  over  to  the  monophasic  waveforms 
during  the  discharge  time. 

19.  The  device  according  to  claim  18  wherein  said  op- 
erator  interface  includes  operable  electrical  com- 
munication  with  a  pulse  initiating  circuitry  which  fur- 
ther  includes  circuitry  for  interconnecting  at  least 
one  capacitor  of  a  first  set  in  a  circuit  to  produce  a 
first  polarity  pulse  signal  and  circuitry  for  intercon- 
necting  at  least  one  capacitor  of  a  second  set  in  a 
circuit  to  produce  a  second  polarity  pulse  signal. 

20.  The  device  according  to  claim  1  9  wherein  said  first 
and  second  polarity  pulses  comprise  said  biphasic 
and  monophasic  waveform  defibrillation  pulses  and 
further  said  first  and  second  polarity  pulses  are  con- 

at  least  one  capacitor  having  first  and  second 
terminals  wherein  the  first  terminal  is  connect- 
ed  to  the  supply  terminal;  45 
at  least  one  truncating  semiconductor  switch  in- 
cluding  a  terminal  adapted  to  receive  pulse 
control  signals  and  having  a  parallel  connection 
with  the  capacitor;  and 
at  least  one  pulse  initiating  semiconductor  so 
switch  including  a  terminal  for  receiving  pulse 
control  signals  and  having  a  series  connection 
with  the  capacitor;  and 
at  least  one  charge  control  semiconductor 
switch  including  a  terminal  for  receiving  charge  55 
control  signals  and  associated  with  at  least  a 
second  and  subsequent  charge  stage  capaci- 
tors,  wherein  each  charge  control  semiconduc- 
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trolled  by  the  controller. 

21.  The  circuit  according  to  claim  16  further  comprising 
a  charge  circuitry  including: 

5 
at  least  one  transistor;  and 
a  plurality  of  diodes; 
said  transistor  having  electrical  communication 
with  each  of  said  capacitors  and  said  diodes 
having  electrical  connections  between  the  sup-  10 
ply  terminal  and  each  of  said  capacitors. 

22.  The  device  according  to  claim  1  9  or  20  wherein  said 
at  least  one  truncating  semiconductor  switch  in- 
cludes  terminals  for  receiving  said  first  and  second  15 
polarity  pulse  signals  to  thereby  form  a  parallel  elec- 
trical  connection  with  said  capacitors  and  to  dis- 
charge  said  capacitors  upon  receipt  of  said  signals. 
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