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S i n c e  th e  d e v e lo p m e n t  o f  the  D C  pulse 
d e f ib r i l la to r1 a n d  its sy n c h ro n o u s  use as a 
c a rd io v e r te r ,2 p ro fe ss io n a l  a c c ep tan ce  has 
b ro u g h t  this  type  of defib r il la to r  in to  w id e 
s p re a d  u s e .3 G en e ra l ly ,  it has  r e p laced  the 
or ig inal 60-cyc le  A C  d efib r il la to r  d e v e lop e d  
by K o u w e n h a v e n .4 P a t t e rn s  o f  fa i lu re  for 
th e  D C  defib ri l la to r  hav e  not,  a t  this  t ime, 
b een  desc r ib ed .  T h is  r e p o r t  c o n ce rn s  a  case 
of D C  d efib r il la to r  fa i lu re ,  initially  th o u g h t  
to  be d u e  to  m y o c a rd ia l  d am a g e .  H a d  no t 
the  ac tu a l  c au se  been  fo u n d  in th e  d e 
fib ril la tor,  a  fa ta li ty  easily  c o u ld  hav e  o c 
cu rred .

D efibrillator failure

In  a  r e cen t  p ro c e d u r e  fo r  left c o ro n a ry  
a r te ry  e n d a r te re c to m y  a n d  b i fu rc a t io n  p e r i
c a rd iu m  p a tch  gra f t  ( le f t  c o ro n a ry  to  a n 
te r io r  d e sc en d in g  a n d  c ircum flex  a r t e r i e s ) ,  
difficulty w as  e n c o u n te r e d  d u r in g  the  defibril
la t ion . T h e  o p e ra t io n  w as  c a r r ie d  o u t  with 
th e  p a t i e n t  m a in ta in e d  on  p u m p  su p p o r t  
f ro m  the  r igh t  v en tr icu la r  ou tf low  to  the  
fe m o ra l  a r t e ry ,5 e so ph agea l  t e m p e ra tu re  
m a in ta in e d  a t  3 2 °  C .,  a n d  the  ven tr ic les  
e lec tr ica lly  fibril la ted . A f te r  the  p a tc h  graft

w as c o m p le te d  an d  the  p a t i e n t  w as  re 
w a rm e d  to  e so p h ag ea l  te m p e ra tu re s  o f  3 7 °  
C . on  p u m p  s u p p o r t ,  five in te rna l  30  w a tt-  
s ec o n d  c o u n te r sh o c k s ,  fo l low ed by five 4 0  
w a t t - sec o n d  d ischa rges ,  fa i led  to  defibril la te  
the hea r t .  W ith  each  d ischa rg e ,  co in c iden t  
skeleta l m usc le  je rk  o c c u r r e d  a n d  th e  fibril- 
la t ing  ven tr ic le  a p p e a re d  to  m o m e n ta r i ly  go 
in to  a r r e s t  a n d  th en  p ro m p tly  r e s u m e  its 
fibril la t ion. A  se c o n d  defib ri l la to r  a n d  in
te rna l p ad d le s  w ere  b ro u g h t  o n to  the  field—  
a single 3 0  w a t t - seco n d  d is ch a rg e  p ro m p t ly  
re s to red  sinus rh y th m . T h is  p e rs is ted  th ro u g h  
a n  uneven tfu l  p o s to p e ra t iv e  recovery .

A t  ex a m in a t io n  o f  th e  c u r r e n t  o u tp u t  
f ro m  the  defib ri l la to r  c au s in g  the  difficulty, 
w i th o u t  the  padd les ,  o sc i l loscopic  cu r ren t  
w ave fo rm s  o b ta in e d  f ro m  the  u n i t  ind i
c a te d  a n o rm a l  o u tp u t .  T h e  in te rna l p ad d le s  
w ere  th en  ex am in ed .  F r o m  F ig . I it c an  be 
seen th a t  the  w ires  to  these  p a d d le s  w ere 
b ro k e n  in th ree  p laces.  A  c o m p le te  b reak  
in the  w ire  o c c u r r e d  a t  each  p a d d le  h a nd le  
a n d  a th i rd  w ith in  the  w ire  a  sh o r t  d is tance  
f ro m  the  p add les .  D u r in g  the  ten  a t t e m p ts  at 
defibril la t ion  m e n t io n ed ,  there  w as  n o  sign 
o f  e lec trica l  a rc ing , e i th e r  b y  sight o r  so und .

Pattern o f failure

T h is  e x p er ience  w as ex tre m e ly  d is tu rb 
ing in tw o  ways. W e re g a rd  difficulty de-  
fibril la t ing as an  o m in o u s  p ro g n o s t ic  sign, 
p a r t icu la r ly  fo l low ing  c o ro n a r y  su rge ry  
w h e re  an  a rea  o f  loca l ized  m y o c a rd ia l  a n 
ox ia  m a y  be su sp ec t  as the  focus  c o n t in u in g  
the  fibril la t ion. W e  h a d  believed , a lso , th a t
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Fig . 1. P h o to g ra p h  of  defec tive  in ternal  paddles 
show s wires b roken  in th ree  places.

F ig. 2. C ircu i t  d ia g ra m  o f  the th ree  basic types 
o f  defibri l la tors .  A. G r o u n d e d  paddle .  H, T r a n s 
f o rm e r  isolat ion .  C, D o u b le -po le  re lay  iso la t ion .

if m usc le  je rk  o c c u r r e d  w ith  defibril la t ion  
a f te r  a d e q u a te  c a p a c i to r  ch a rge  ind ica t ion ,  
the d efib r il la to r  w as  o p e ra t in g  sat isfac tor ily .  
T h e  la t te r  we n ow  k n o w  is n o t  true .  It 
sho u ld  be b ro u g h t  to  the  a t ten t io n  of those  
using D C  defib r il la to rs ,  fo r  defibril la t ion  o r  
ca rd io v e rs io n ,  th a t  th e  p resence  o f  muscle  
jerk a t  the tim e o f  d is ch a rg e  is no indication 
th a t  the d efib r il la to r  is w o rk in g  p rop er ly .

F a i lu re  o f  this  def ib ri l la to r  p ro m p te d  our  
ev a lua t ing  eight ad d i t io na l  D C  defibr il la to rs  
m a n u f a c tu r e d  by five d if feren t c o m p an ie s .  
All bu t  o n e  defib r i l la to r  h a d  been  in use for  
I y ea r  o r  m o re  in fo u r  d ifferent Seatt le  
hospi ta ls .

D efibrillator types

T h e  n ine de fib ri l la to rs  m a n u f a c tu r e d  by 
five d ifferent c o m p a n ie s  m ay  be b ro k en  
d o w n  in to  th ree  basic  types , i l lu s tra ted  in 
Fig. 2.

T y p e  A  uti lized o n e  g ro u n d e d  padd le .  It 
is the  type  initially d ev e lo p e d  by the  a u th o r  
a n d  a lso  used  by L o w n  in c a rd iov e rs ion .  
T h re e  su ch  de fib ri l la to rs  m a d e  by  tw o  m a n u 
fa c tu re rs  w ere  tes ted .  T h e  a d v a n ta g e  o f  this 
type  o f  d e f ib r i l la to r  is its simplic ity .  A  d is
ad v a n ta g e  o f  the  g ro u n d e d  p a d d le  sys tem  is 
the  poss ib le  sh o ck  h a z a rd  to  a t te n d in g  p e r 
sonnel.  If  pe rso n n e l  are  g ro u n d e d  b u t  the 
defib r il la t ion  chass is  with  w hich  they  are  in 
co n tac t  is no t,  sh o c k in g  m a y  occur .

T y p e  B utilizes t r a n s fo r m e r  iso la t ion  
w hich  do es  no t  p ro v ide  co m p le te  t r an s ien t  
iso la t ion  f ro m  g ro u n d .  T h re e  defib ri l la to rs ,  
m a d e  by th ree  d if feren t m a n u fa c tu re r s ,  e m 
ploy  this  type  o f  c ircu itry ,  w hich  pe rm its  a 
re latively  inexpens ive  low voltage  c a p a c i to r  
to  d is c h a rg e  th ro u g h  a  low  vo ltage  relay, 
s te p p in g  the vo ltage  u p  to  the  requ ired  
a m o u n t  th ro u g h  the  t r a n s fo rm e r .  T h is  type  
of t r a n s fo rm e r- iso la te d  defib r i l la to r  p resen ts  
a  p ro b lem  in th a t  if the  d ischa rg e  switch  is 
th ro w n  w i th o u t  a  lo ad  b e tw een  the p add le ,  
a  b y pass  s p a rk -g a p  is r e q u i red  to  p rev en t  
excess ively  high bu ild -u p  of vo ltage  in the  
t r a n s fo r m e r  a n d  b re a k d o w n  o f  the  se c o n d 
a ry  t r a n s fo r m e r  iso lation . In ad d it ion ,  if 
the  s p a rk -g a p  is to o  sm all ,  a rc in g  o ccu rs  at 
high w a t t - se c o n d  se ttings a n d  the  full ene rgy



is n o t  d is s ip a ted  th ro u g h  the  e lec trodes ,  bu t 
th ro u g h  the  sp a rk -g a p .

T y p e  C  is a t ru ly  iso la ted  sys tem , uti lizing 
a  high vo ltage  ca p a c i to r ,  v a c u u m  relay , an d  
a  g o o d  qua l i ty ,  low -res is tance  induc to r .  
T h is  m e th o d  is m o re  expensive ;  how ever ,  
it is the  on ly  ty pe  o f  defib r il la to r  which 
p ro v id es  true ,  co m p le te  iso lation . T ru e  iso
la t ion  is p ro v id ed  w hen  no  voltage  a p p e a rs  
b e tw een  e i th e r  o f  the  e lec trod e  p ad d le s  an d  
g ro u n d  w hen  a d is ch a rg e  switch is d e p re s 
sed. T h is  type  o f  defib r il la to r ,  b e cause  of 
the  ab ov e  fea tu re s  as well as an au to m a t ic  
g ro u n d  ind ica to r ,  is be lieved to  be sup e r io r  
in te rm s  of safe ty  to  the  o p e ra t in g  personne l 
o ve r  the  p reced in g  tw o  types.

T yp es o f failure

Failure in T yp e A defibrillators. T h e  d e 
f ib r i l la to r  d e sc r ib ed  as fa i l ing  d u r in g  the 
c o ro n a r y  e n d a r te re c to m y  w as  o f  this original 
type. In  Fig. 3 we see w ave  fo rm s  deve lop  
by  tw o  defib r il la to rs  o f  this type. Fig. 3, A 
show s th a t  w ave  fo rm  orig inal ly  desc r ibed

F ig. 3. A. C r i t ica l ly  d a m p e n e d  w ave fo rm .  H o r i 
zon ta l  t ime. 2 msec, per  cen t im e te r .  B. N o n 
cri t ical ly  d a m p e n e d  w ave fo rm .  50-100-200-400 
w a t t  seconds.  H or izo n ta l ,  1 msec, per  cen t im ete r .  
V er t ica l ,  10 a m p e r s  per  cen t im ete r .

by the  a u th o r  a n d  first u ti l ized  in D C  pulse  
defib r il la t ion  o f  a h u m a n  being. T h e  w ave  
fo rm  sh o w n  in Fig. 3, B is th a t  d e sc r ib e d  by 
L o w n .  B o th  of these  defib ri l la to rs  ind ica te  
the  ch a rge  ene rg y  o n  the  c a p a c i to r  by  a 
w a t t - sec o n d  m e te r ,  c a l ib ra te d  in  w a tt-  
seconds .  F a i lu re  o f  an  a d e q u a te  c h a rg e  on 
the c a p a c i to r  is im m ed ia te ly  d e te c te d  by the 
m e te r  n o t  co m in g  up  to  p r o p e r  w a t t - se c o n d  
setting. T h is  b r ings  ou t  the  d e s i rab le  fe a 
tu re  of a  m e te r  re a d o u t ,  pe rm it t in g  o n e  to 
rap id ly  assess th a t  a d e q u a te  e n e rg y  is s to re d  
on the  c a p a c i to r ;  with  d isch a rge ,  the  m e te r  
falls to  ze ro ,  ind ica t ing  th a t  the  c a p a c i to r  
has  been  d ischa rg ed .  In  the  m e c h a n is m  of 
fa i lu re  d e sc r ibed ,  the m e te r  do es  n o t  sa fe 
g u a rd  aga in s t  a n  o p e n  lead  (o n e  o r  m o r e )  
in the  defibril la t ing  p add les .  T h e  h igh  vo l
tage  ene rg y  c a n  be d is s ip a ted  in an  a rc  in 
the  e lec tro de  wires . T h is  c a n n o t  be  h e a rd  
if the  in su la t ion  a n d  sh ie ld ing  re m a in  in
tact. Sufficient en e rgy  will pass  b e tw een  the 
e lec tro des  to  c ause  m usc le  re sp o n se ,  bu t 
the  grossly  d is to r ted  w ave  fo rm  will n o t  de- 
fibrillate. W e  have  o b se rv e d  b ro k e n  leads 
as the  on ly  cau se  fo r  defib r il la to r  fa i lu re  in 
the  T y p e  A  in s t ru m en t .  T h e re  hav e  been , 
ho w ev er ,  severa l  rep o r ts  of a cc id en ta l  s h o c k 
ing w h en  the  defib r il la to r  is im p ro p e r ly  
g ro u n d e d  a n d  p e rson ne l  h ave  th e i r  h an d s  
on the  cage  of the  d efib r il la to r  a n d  are 
them se lves  g ro u n d e d .

Fig. 4. T y p e  B def ib ri l la to r  fa i lu re  caused  by  a r c 
ing across  p ro tec t ive  sh u n t  sp a rk -g ap  at 4 0 0  watt-  
seconds.  70 o h m  load.  50. 100, 200. 400  watt-  
second  d ischarge .  N o te ,  also, i r regu la r i t ie s  f rom  
pit ted re lay  co n tac ts  a t  low er  en e rg y  levels.  V e r 
tical , 10 a m p e re s  per  cen t im ete r .  H o r iz o n ta l ,  1 
msec,  per  cen t im ete r .



Failure o f T yp e B defibrillator. F a i lu re  
o f  th is  type  o f  d efib r il la to r  u n d e r  tes t c o n 
d i t ion s  has b e e n  o b se rv ed  in  tw o  a reas .  Fig. 
4  sho w s  fa i lu re  a t  4 0 0  w a t t - se c o n d  settings 
p r o d u c e d  by a n  a rc  fo rm in g  a t  the  sp a rk -  
gap ,  effectively sh o r t in g  the  o u tp u t .  T h e  
w ave  fo rm  of Fig. 4  il lus tra tes  this. Fig. 5 
il lus tra tes  th e  se con d  type  o f  fa i lu re  p ro 
d u c e d  by  h igh  c u r r e n t  densi t ies  th ro u g h  the 
n o n p ro te c te d  co n tac ts  o f  th e  relay. B y  uti liz
ing a very  large  cap ac i ty ,  low vo ltage  c a p a c 
ito r ,  th e  m a n u f a c tu r e r  m a y  a lso  use a  re lay  
n o t  des igned  fo r  high vo ltage  app lica t io n .

F ig . 5. P itted  c o n ta c ts  f ro m  re la y  in T y p e  B d e 
f ib rilla to r.

U n fo r tu n a te ly ,  the  re q u i re m e n ts  fo r  this  r e 
lay, a l th o u g h  less s t r in g en t  fo r  high voltage 
re q u i re m e n ts ,  necess i ta tes  its o p e ra t io n  at 
cu r ren ts  m u c h  h ig h e r  th a n  th a t  o f  the  high 
vo ltage  relay , resu lt ing  in p i t t ing  o f  c o n 
tac ts .  W h e n  th is  occu rs ,  en e rgy  is d iss ipa ted  
in the  res is tance  o f  the  e lec tr ica l  con tac ts .

F ailure in T yp e C  defibrillator. Since this  
is the  n ew es t  a n d  theo re t ica l ly  the  safest 
type  of defib r il la to r ,  fa i lu res  have  n o t  been 
seen  in its sh o r t  t im e  o f  o p e ra t io n .

F ailure m od e

A tte m p t in g  to  r e d u p l ic a te  th e  ac tu a l  d e 
f ib ril la tor fa i lu re  o b se rv ed ,  we c re a te d  sp a rk -  
gaps  of d if fe ren t  lengths.  W h e n  cu r ren t  
w ave fo rm s  w e re  o b se rv e d  in  ser ies with  
the d is cha rg in g  defib ri l la to r ,  we w ere  s u r 
p rised  to  see th a t ,  if arcing occurred, the 
a m o u n t  o f  en e rg y  d e l iv e red  b e tw een  the  
e lec tro des  w as  n o t  significantly  red u ced .  
H o w e v e r ,  if a rc in g  d id  n o t  o ccu r ,  n o  ene rgy  
w h a tso e v e r  w as  d e l iv e red  to  th e  p add les .  
F a i lu re  of th e  defib ri l la to r  to  fun c t io n  af ter  
the  c o ro n a ry  e n d a r te re c to m y  w as  n o t  due  
d irec tly  to  th e  b re a k s  in  co n t in u i ty  a t  the  
p a d d le s ’ w ires ,  b u t  to  c a rb o n iz a t io n  a n d  in
c reas in g  series re s is tan ce  in  w ires  a f te r  a rc

F ig. 6. P h o to g ra p h  o f  s im p le  b o lo m e te r-ty p e  e n e rg y -d ep en d en t d e f ib rilla to r  tes te r.



fo rm a tio n . A n  a rc , o nce  fo rm e d , offers m in i
m a l en e rg y  a b so rp tio n . C a rb o n iz a tio n  of 
w ire  a n d  th e  re s u lta n t in tro d u c tio n  of 7 0  
o h m s o f se ries  re s is tan ce  w ill re d u c e  th e  
effective p o w e r o u tp u t fro m  th e  d e fib rilla to r 
by  5 0  p e r  cen t.

W h erea s  se ries  a rc in g , p e r  se, d o es no t 
m a te r ia lly  re d u c e  a d e fib r illa to r’s e ffec tive
ness , s h u n t a rc in g , as seen  in th e  T y p e  B 
d e fib r illa to r  fro m  to o  c lose  se ttin g  o f the 
tr a n s fo rm e r-p ro te c tin g  sp a rk -g a p  a n d /o r  
v a r ia tio n  in  e n v iro n m e n ta l h u m id ity , in e f
fec t sh o r t c ircu its  o u t th e  d e fib rilla to r, d e 
s tro y in g  its effec tiveness.

F o r  ra p id  a n d  s im p le  tes tin g  o f an y  D C  
ty p e  o f d e fib rilla to r, w e h av e  d ev e lo p e d  a 
p ro to ty p e  te s te r , w h ich  is show n in F ig . 6. 
T h e  d e fib r illa to r  e le c tro d es  a re  p lace d  on  the  
tw o  to p  m eta l d iscs o f th e  te s te r , th e  te s te r  
is th e n  se t a t ze ro . A n  e n e rg y  level such  as 
4 0 0  w a tt-se c o n d s  is se lec ted  o n  th e  d e fib ril
la to r , w h ich  is th e n  d isch a rg ed  th ro u g h  the 
te s te r . T h e  in d ic a te d  re a d in g  in w a tt-seco n d s  
on  th e  te s te r  m e te r  sh o u ld  be th e  sam e as 
th e  se lec ted  se ttin g  on  th e  d e fib rilla to r. I f  it 
is lo w er, e n e rg y  is b e in g  a b so rb e d  in  the  
leads o r  th e  u n it is d e fec tiv e . T h e  te s te r  
o p e ra te s  o n  a b o lo m e te r  p rin c ip le  a n d  m e a 
su re s  en e rg y , in d e p e n d e n t o f w ave sh ap e . 
A  te s t m ay  b e  c o m p le te d  in less th a n  a 
m in u te  o n  an y  ty p e  of D C  d e fib rilla to r a t 
an y  en e rg y  level, u p  to  4 0 0  w a tt-seco n d s .

T h e  th re e  ty p es  o f d e fib r il la to r  o u tp u t 
fa ilu re s  re p o r te d  h e re  in  n ine  in s tru m e n ts  
suggests th a t  th e re  a re  u n d o u b te d ly  o th e r  
u n su sp e c te d  defec tiv e  d e fib rilla to rs  in  o p e ra 
tion  a ro u n d  th e  c o u n try . R e p o r ts  o f h igh  
fa ilu re  ra te s  d u rin g  ca rd io v e rs io n  m ay  be 
re la te d  to  re d u c e d  o u tp u t fro m  u n te s te d  d e 
fib rilla to rs . S k e le ta l m usc le  je rk  o ccu rr in g  
a t th e  tim e  o f  d e fib rilla to r d isch a rg e  is no  
in d ica tio n  o f p ro p e r  d e fib r illa to r  fu n c tio n . 
A  sim p le  e n e rg y -d e p e n d e n t te s t m e th o d  is 
d esc rib ed .
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