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©  INTRACORPOREAL  HEART  ASSISTING  DEVICE. 

00 

©  An  intracorporeal  heart  assisting  device  which 
comprises  a  balloon  (1)  having  a  changeable  inner 
capacity  and  a  pipe  (2)  having  one  of  the  ends 
thereof  closed  so  as  to  feed  and  discharge  a  gas 
into  and  from  inside  the  balloon.  The  balloon  is  fixed 
to  the  pipe  in  such  a  manner  as  to  embrace  a 
predetermined  length  of  a  portion  near  that  end  of 
the  pipe,  and  at  least  one  hole  (23)  for  feeding  and 
discharging  a  gas  is  bored  in  the  peripheral  wall  (22) 
of  the  portion  embraced  by  the  balloon  in  a  longitu- 
dinal  direction.  The  present  invention  can  provide,  to 
a  patient  of  serious  heart  failure,  an  intracorporeal 
heart  assisting  device  which  (1)  applies  a  small  load 
(non-thoracotomy  and  non-pericardotomy,  and  small 
influence  on  respiration  and  less  pain),  (2)  uses  a 
simple  feed  device  and  (3)  can  assist  the  heart 
reliably  for  a  long  period  of  time. 
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Technical  Field 

The  present  invention  relates  to  an  internal 
cardiac  assist  apparatus,  and  more  particularly,  to 
an  internal  cardiac  assist  apparatus  used  to  assist 
the  cardiac  contraction  of  serious  cardiac  failure 
patients  for  a  long  period  of  time. 

Background  Art 

Various  apparatuses  have  been  proposed  that 
cyclically  compress  the  heart  (ventricles  only) 
through  the  use  of  pressure  changes  of  gases 
initially  for  the  purpose  of  replacing  open  chest 
manual  massage  (directly  massaging  the  heart  by 
hand,  a  practice  frequently  used  to  resuscitate  car- 
diac  arrest  patients)  with  machines,  and  then  as- 
sisting  the  heart  synchronous  to  heart  beat  follow- 
ing  resumption  of  heart  beat.  The  following  pro- 
vides  a  description  of  some  typical  examples  of 
these  apparatuses. 

1)  Apparatuses  Using  the  Pericardium  for  Dem- 
onstrating  Function 

Examples  of  these  apparatuses  include  an  ap- 
paratus  which  feed  a  gas  directly  and  cyclically 
into  the  pericardial  cavity  (using  the  pericardium  as 
a  balloon  which  can  be  inflated  and  deflated  by 
feeding  and  discharging  a  gas  thereinto)  (refer  to 
Adriano  Bencini,  et.al.,  Surgery,  1956,  Vol.  39,  No. 
3,  p.  375-);  an  apparatus  in  which  a  balloon  is 
inserted  into  the  pericardial  cavity  that  can  be 
inflated  and  deflated  by  feeding  and  discharging  a 
gas  into  said  balloon,  that  directly  compresses  the 
left  ventricle  with  said  balloon,  and  compresses  the 
right  ventricle  by  pinching  the  right  ventricle  be- 
tween  the  left  ventricle  compressed  with  said  bal- 
loon  and  the  pericardium  (the  pericardium  serves 
as  a  surface  that  reacts  to  the  pressure  resulting 
from  inflation  of  said  balloon)  (a.  an  apparatus  in 
which,  although  the  balloon  in  this  case  only  ex- 
pands  in  the  direction  of  compression  of  the  left 
ventricle,  with  the  portion  that  makes  contact  with 
the  pericardium  on  the  side  of  the  left  ventricle 
being  lined  with  nylon  mesh,  the  connection  be- 
tween  said  balloon  and  the  device  for  feeding  and 
discharging  the  gas  is  located  at  a  single  point  on 
the  surface  of  said  balloon  -  refer  to  Gerald  A. 
Jones,  et.al.,  Chest,  1961,  Vol.  39,  p.  207-,  and  b. 
an  apparatus  is  disclosed  in  which  the  inflation  and 
deflation  of  said  balloon  can  be  synchronized  with 
the  heart  beat  -  refer  to  Norman  Rosenberg,  et.al., 
Surgery,  1964,  Vol.  56,  No.  5,  p.  980-);  and,  an 
apparatus  in  which  balloons  that  can  be  inflated 
and  deflated  by  feeding  and  discharging  a  gas 
thereinto  are  each  sutured  in  position  on  the  outer 
surface  of  the  pericardium  at  locations  geometri- 

cally  corresponding  to  the  left  and  right  ventricles  - 
refer  to  C.W.  Hall,  et.al.,  American  Journal  of  Sur- 
gery,  1964,  Vol.  108,  p.  685-. 

However,  since  these  apparatuses  result  in  ex- 
5  cessive  extension  of  the  pericardium,  there  is  the 

risk  of  causing  its  rupture.  As  these  apparatuses 
are  not  even  able  to  fulfill  the  objective  of  mechani- 
cal  replacement  of  open  chest  manual  massage, 
they  have  gradually  fallen  out  of  use  (furthermore, 

io  as  can  be  ascertained  from  their  mode  of  use, 
these  apparatuses  require  thoracotomy,  and  de- 
pending  on  the  case,  incision  or  puncture  of  the 
pericardium). 

75  2)  Apparatuses  not  Requiring  Use  of  the  Pericard- 
ium  for  Demonstrating  Function 

Apparatuses  that  attempt  to  solve  the  above- 
mentioned  problems  of  the  prior  art  are  of  a  type 

20  referred  to  as  apparatuses  in  which  membrane 
member  that  can  be  expanded  and  contracted  with 
the  feeding  and  discharge  of  a  gas  into  an  inner 
space  enclosed  with  said  membrane  member  is 
arranged  on  the  inner  surface  of  a  vessel  able  to 

25  contain  both  ventricles  (said  membrane  member 
being  respectively  attached  to  said  vessel  entry 
and  lower  wall),  and  cyclical  compression  is  ap- 
plied  to  the  heart  by  expanding  and  contracting 
said  membrane  member  through  the  feeding  and 

30  discharge  of  gas  into  the  inner  space  enclosed  with 
said  membrane  member  with  both  ventricles  suc- 
tioned  and  contained  in  said  vessel  (currently  typi- 
cally  referred  to  as  DMVA  (direct  mechanical  ven- 
tricular  actuation)  (refer  to  Mark  W.  Wolcott  et.al., 

35  Surgery,  1960,  Vol.  48,  No.  5,  p.  903-;  Theodor 
Kolobow  et.al.,  Trans.  Amer.  Soc.  Artif.  Int.  Organs 
Vol.  XI,  1965,  p.  57-;  G.L.  Anstadt  et.al.,  Trans. 
Amer.  Soc.  Artif.  Int.  Organs  Vol.  XII,  1966,  p.  72-; 
W.  Rassman  et.al.,  Journal  of  Thoracic  and  Cardio- 

40  vascular  Surgery,  1968,  Vol.  56,  No.  6,  p.  858-; 
David  Goldfarb,  Prog.  Cardiovasc.  Dis.,  1969,  Vol. 
12,  No.  3,  p.  221  -;  SW.J.  Kolff,  Progress  in  Cardio- 
vascular  Diseases,  1969,  Vol.  XII,  No.  3;  Peter 
Schiff  et.al.,  Trans.  Amer.  Soc.  Artif.  Int.  Organs 

45  Vol.  XV,  1969,  p.  424-;  and,  Mark  P.  Anstadt  et.al., 
Chest,  1991,  Vol.  100,  p.  86-;  furthermore,  an  ap- 
paratus  able  to  synchronize  expansion  and  contrac- 
tion  of  said  membrane  member  with  heart  beat  is 
disclosed  in  the  reports  of  W.  Rassman  et.al.  and 

50  Peter  Schiff  et.al.  described  above). 
However,  since  these  apparatuses  involve  the 

containment  of  both  ventricles  within  a  vessel  for 
their  application,  they  inevitably  require  both  tho- 
racotomy  and  incision  of  the  pericardium,  thus 

55  placing  a  considerable  burden  on  patients.  Con- 
sequently,  they  are  not  suitable  for  the  purpose  of 
routine  cardiac  assistance  (assistance  of  cardiac 
contraction). 
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3)  Non-Thoracotomy  Types 

In  order  to  solve  the  above-mentioned  prob- 
lems  of  the  prior  art,  an  apparatus  has  been  re- 
ported  in  which  a  vest-like  air  bladder  is  mounted 
on  the  chest  to  cyclically  change  the  internal  pres- 
sure  of  the  thoracic  cavity  by  compressing  and 
releasing  the  thorax  as  a  result  of  inflating  and 
deflating  said  air  bladder  by  the  feeding  and  dis- 
charge  of  air  into  said  air  bladder  (refer  to  Henry  R. 
Halperin  et.al.,  IEEE  Transactions  on  Biomedical 
Engineering,  1987,  Vol.  BME-34,  No.  9,  p.  738-). 

However,  although  this  apparatus  compresses 
the  heart,  since  this  force  is  transmitted  from  the 
thorax  to  the  thoracic  cavity  and  finally  to  the 
pericardium,  force  is  required  to  oppose  the  resis- 
tance  of  each  of  the  force  transmitting  sites  in 
order  to  obtain  reliable  effects  (assistance  of  car- 
diac  contraction).  In  addition  to  the  size  of  the  gas 
feeding  device  being  considerably  large,  compres- 
sion  of  the  thorax  places  a  burden  on  patients  (in 
terms  of  breathing  effort  in  opposition  to  said  com- 
pression  as  well  as  pain). 

Disclosure  of  the  Invention 

Inventors  of  the  present  invention  have  ear- 
nestly  studied  to  solve  the  above-mentioned  prob- 
lems  of  the  prior  art,  namely  to  provide  an  internal 
cardiac  assist  apparatus  that  (1)  is  less  burden  on 
patients  (by  not  requiring  thoracotomy  or  incision 
of  the  pericardium,  having  little  effect  on  breathing 
and  causing  little  pain),  (2)  does  not  require  to 
equip  a  complicated  gas  feeding  device,  and  (3)  is 
able  to  reliably  assist  the  cardiac  contraction  over  a 
long  period  of  time. 

As  a  result  of  the  above  efforts,  it  was  discov- 
ered  that  the  above-mentioned  problems  could  be 
solved  by  accurately  inserting  a  balloon  at  a  loca- 
tion  inside  the  body  so  that  said  balloon  makes 
contact  with  the  pericardium  at  a  site  that  cor- 
responds,  in  terms  of  location,  with  the  ventricles 
between  the  anterior  chest  wall  and  the  pericard- 
ium  during  the  process  of  inflating  said  balloon, 
thus  leading  to  the  present  invention. 

Namely,  the  apparatus  of  the  present  invention 
is  an  internal  cardiac  assist  apparatus  comprising: 
a  balloon  having  variable  internal  volume;  and,  a 
tube  that  feeds  and  discharges  a  gas  within  said 
balloon,  one  end  of  which  is  sealed;  wherein  said 
balloon  being  secured  to  said  tube  so  that  said 
balloon  contains  said  tube  for  a  prescribed  length 
near  said  one  end  of  said  tube  therein  and  more- 
over  at  least  one  hole  for  feeding  and  discharge  of 
said  gas  being  opened  in  the  lengthwise  direction 
in  the  wall  of  the  portion  of  said  tube  contained  in 
said  balloon. 

Here,  the  lateral  cross-section  of  the  above- 
mentioned  balloon  during  inflation  thereof  is  in  the 
shape  of  a  tongue,  and  moreover,  at  least  the  ends 
on  both  sides  of  the  portion  corresponding  to  the 

5  base  of  that  tongue  are  secured  to  the  above- 
mentioned  tube. 

In  addition,  the  lateral  surface  of  the  above- 
mentioned  balloon  during  inflation  thereof  may  be 
nearly  in  the  shape  of  a  rectangle,  with  the  shapes 

io  of  the  upper  and  lower  surfaces  being  oval.  Said 
balloon  also  may  have  at  least  one  hypothetical 
surface  between  the  upper  and  lower  surfaces  that 
has  a  surface  area  smaller  than  the  surface  area  of 
said  upper  and  lower  surfaces. 

is  Moreover,  the  above-mentioned  balloon  may 
be  engaged  with  the  inner  wall  of  the  above-men- 
tioned  tube  at  its  base,  may  be  contained  in  the 
internal  space  of  said  tube  during  deflation  of  said 
balloon,  and  may  burst  outside  said  tube  during 

20  inflation  of  said  balloon. 
Furthermore,  although  a  single  tube  for  both 

feeding  and  discharge  of  gas  is  normally  used  for 
the  above-mentioned  tube,  a  duplex  tube,  in  which 
concentric  tubes  are  separately  used  for  feeding 

25  and  discharge,  or  a  single  tube  having  an  internal 
septum,  wherein  the  internal  chambers  formed  by 
said  septum  are  respectively  used  for  feeding  and 
discharge,  may  also  be  used.  In  addition,  said  tube 
may  be  provided  with  at  least  one  each  of  holes  for 

30  the  above-mentioned  feeding  and  discharge,  re- 
spectively,  in  the  lengthwise  direction  of  said  tube 
so  as  to  connect  each  tube  or  each  internal  cham- 
ber  (with  respect  to  the  shape  of  said  tube,  it  is 
preferable  that  the  cross-sectional  shape  be  such 

35  that  at  least  the  region  that  makes  contact  with  the 
incision  in  the  skin  when  the  present  apparatus  is 
inserted  in  the  body  is  in  the  shape  of  an  oval). 

Moreover,  a  hole  may  be  provided  in  the 
above-mentioned  one  sealed  end  of  the  tube  that 

40  passes  radially  through  said  tube. 
In  addition,  an  internal  cardiac  assist  apparatus 

comprising:  a  balloon  having  a  variable  internal 
volume;  and  a  single  tube  consisting  of  two  proxi- 
mal  and  parallel  straight  tube  portions  for  feeding 

45  or  discharge  of  gas  into  said  balloon  or  a  single 
straight  tube  portion  and  a  ring-shaped  curved  tube 
portion  having  end(s)  that  is/are  connected  to  the 
end(s)  of  said  straight  tube  portion(s);  wherein  said 
balloon  being  secured  to  said  tube  so  that  it  con- 

50  tains  the  curved  tube  portion  of  said  tube,  and 
moreover  at  least  one  each  of  holes  for  feeding 
and  discharge  of  said  gas  being  opened  in  the  wall 
of  the  curved  tube  portion  of  said  tube,  can  also  be 
used  for  the  apparatus  of  the  present  invention. 

55  Here,  the  lateral  surface  of  the  above-men- 
tioned  balloon  during  inflation  thereof  may  be  in  the 
shape  of  a  tongue,  or  the  lateral  surface  during 
inflation  thereof  may  be  nearly  in  the  shape  of  a 

3 
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rectangle,  the  upper  and  lower  surfaces  forming  a 
flat  surface,  and  having  at  least  one  hypothetical 
surface  between  the  upper  and  lower  surfaces  that 
has  a  surface  area  smaller  than  the  surface  area  of 
said  upper  and  lower  surfaces. 

Moreover,  a  tab  may  be  provided  on  the  wall  of 
the  curved  tube  portion  of  the  above-mentioned 
tube,  and  a  through  hole  may  be  opened  in  that 
tab. 

In  addition,  in  addition  to  the  above-mentioned 
apparatus,  a  device  that  detects  heart  beat,  and  a 
control  device  that  performs  the  above-mentioned 
feeding  and  discharge  of  gas  synchronous  with  the 
detected  heart  beat  may  also  be  equipped. 

Moreover,  the  above-mentioned  device  that  de- 
tects  heart  beat  may  include  a  first  electrode  and  a 
second  electrode,  with  said  first  electrode  attached 
at  the  region  on  the  opposite  side  of  the  direction 
of  balloon  inflation  or  end  of  said  tube,  and  said 
second  electrode  being  a  ring-shaped  electrode 
made  of  silver  or  containing  a  silver  compound 
arranged  to  be  able  to  slide  on  the  outer  surface  of 
said  tube. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  side  view  (during  balloon  inflation) 
that  schematically  illustrates  one  embodiment  of 
the  apparatus  of  the  present  invention. 

Fig.  2  is  a  cross-sectional  view  taken  along  line 
A-A  of  Fig.  1. 

Fig.  3  is  an  enlarged  view  of  the  main  part  of 
Fig.  2. 

Fig.  4  is  an  enlarged  view  of  the  main  part 
corresponding  to  Fig.  2  that  shows  a  different  em- 
bodiment  of  the  layout  of  feeding  and  discharge 
holes 

Fig.  5  is  an  enlarged  view  of  the  main  part 
corresponding  to  Fig.  2  that  shows  a  different  em- 
bodiment  of  the  tube. 

Fig.  6  is  an  enlarged  view  of  the  main  part 
corresponding  to  Fig.  2  that  shows  another  different 
embodiment  of  the  tube. 

Fig.  7  is  a  side  view  (during  balloon  inflation) 
that  schematically  illustrates  a  different  embodi- 
ment  of  the  apparatus  of  the  present  invention. 

Fig.  8  is  a  cross-sectional  view  taken  along  line 
B-B  of  Fig.  7. 

Fig.  9  is  a  side  view  (during  balloon  inflation) 
that  schematically  illustrates  another  different  em- 
bodiment  of  the  apparatus  of  the  present  invention. 

Fig.  10  is  a  cross-sectional  view  taken  along 
line  C-C  of  Fig.  9. 

Fig.  11  is  a  side  view  (during  balloon  inflation) 
that  schematically  illustrates  another  different  em- 
bodiment  of  the  apparatus  of  the  present  invention. 

Fig.  12  is  a  cross-sectional  view  taken  along 
line  D-D  of  Fig.  11. 

Fig.  13  is  a  lateral  cross-sectional  view  (during 
balloon  inflation)  that  schematically  illustrates  an- 
other  different  embodiment  of  the  apparatus  of  the 
present  invention. 

5  Fig.  14  is  a  lateral  cross-sectional  view  (during 
balloon  inflation)  that  schematically  illustrates  an- 
other  different  embodiment  of  the  apparatus  of  the 
present  invention. 

Fig.  15  is  a  schematic  view  of  the  timing  of 
io  feeding  and  discharge  of  gas  into  balloon  (1). 

Fig.  16  is  a  schematic  view  of  the  mode  of 
arrangement  of  electrodes  of  a  device  that  detects 
heart  beat  additionally  provided  in  the  apparatus  of 
the  present  invention. 

1,  1b,  1c  ...  Balloon 
2  Tube 
2a  Outer  tube  of  duplex  tube 
2b  Inner  tube  of  duplex  tube 
2c,  2d  Straight  tube  portion 
2e  Curved  tube  portion 
1  1  Base  of  balloon  tongue 
12  Lateral  end  of  tongue  base 
21  Tube  end 
22  Tube  wall 
23  Hole 
24  Hole 
25  Septum 
26,  27  Tube  inner  chamber 
28  End  of  curved  tube  portion 
29  Tab 
30  Cushion  member 
31  First  electrode 
32  Second  electrode 
S  Skin 

35 
Best  Mode  for  Carrying  Out  the  Invention 

The  following  provides  a  detailed  explanation  of 
the  present  invention  while  referring  to  the  attached 

40  drawings. 
The  apparatus  shown  in  the  drawings  (refer  to 

Fig.  1  and  Fig.  2)  has  for  its  basic  constituents 
balloon  1,  the  internal  volume  of  which  changes 
corresponding  to  the  inflow  and  outflow  of  gas, 

45  tube  2,  the  end  4  of  which  is  sealed,  which  feeds 
and  discharges  a  gas  (that  is  both  non-corrosive 
and  non-inflammable,  preferably  has  a  low  molecu- 
lar  weight  to  minimize  resistance  of  flow,  and  for 
which  helium  is  used  optimally,  but  air  may  also  be 

50  used  in  consideration  of  costs)  inside  said  balloon. 
Here,  in  consideration  of  the  present  apparatus 

being  used  by  being  inserted  and  arranged  in  the 
body  for  a  long  period  of  time,  it  is  preferable  that 
the  material  of  balloon  1  have  a  low  level  of  reactiv- 

55  ity  with  the  living  body  as  well  as  be  able  to 
withstand  repeated  inflation  and  deflation  of  said 
balloon.  Typical  examples  of  these  materials  in- 
clude  natural  rubber  and  silicone  rubber  (single 

4 
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materials:  since  the  material  itself  has  considerable 
elasticity,  although  gas  feeding  pressure  is  required 
to  overcome  the  resiliency  of  the  material  during 
inflation  or  inflation  requires  a  long  time  in  balloons 
using  these  materials,  conversely,  in  addition  to 
offering  the  advantage  of  a  short  deflation  time 
during  deflation  of  said  balloon,  the  internal  volume 
of  the  balloon  in  the  deflated  state  is  small,  thus 
minimizing  the  range  of  the  incision  in  the  skin  at 
the  time  of  insertion  of  the  present  apparatus  in  the 
body);  polyvinyl  chloride  (single  material:  since  the 
elasticity  of  the  material  itself  is  not  as  great  as  the 
materials  described  above,  in  the  case  of  balloon 
using  this  material,  said  balloon  is  inserted  into  the 
body  either  folded  in  the  manner  of  a  paper  balloon 
or  wrapped  around  tube  2);  and  polyurethane  coat- 
ed  onto  a  woven  fabric  of  synthetic  fiber  such  as 
nylon  (composite  material:  since  the  elasticity  of 
balloon  using  this  material  is  also  not  as  great  as 
the  previously  described  materials,  said  balloon  is 
inserted  into  the  body  in  the  same  manner  as  the 
one  made  of  polyvinyl  chloride).  On  the  other  hand, 
since  the  material  used  for  tube  2  also  is  required 
to  have  low  reactivity  with  the  living  body  in  the 
same  manner  as  the  balloon,  typical  examples  of 
these  materials  include  medical  metal  materials 
such  as  stainless  steel  and  polymer  materials  such 
as  polyvinyl  chloride  and  so  on  that  have  low 
reactivity  with  the  living  body  as  well  as  rigidity 
(those  that  do  not  bend  easily  and  do  not  have 
excessive  plasticity  in  the  manner  of  rubber  tubes; 
since  the  present  apparatus  is  inserted  into  the 
body  from  the  outside  without  requiring  the  chest 
to  be  opened  as  a  general  rule,  those  materials  that 
do  not  have  a  certain  degree  of  rigidity  obstruct 
proper  insertion  and  arrangement  at  the  desired 
site  in  the  body). 

In  addition,  balloon  1  is  secured  to  tube  2  so 
as  to  contain  said  tube  2  for  a  prescribed  length 
near  the  end  21  of  said  tube  therein.  (The  shape  of 
said  balloon  is  such  that  the  lateral  surface  is  in  the 
shape  of  a  tongue  when  inflated  and  preferably,  is 
of  a  shape  that  has  the  largest  inflated  portion  in 
the  direction  opposite  from  said  end  of  said  tube. 
This  is  to  effectively  bring  said  largest  inflated 
portion  into  contact  with  the  pericardium  at  a  site 
that  corresponds,  in  terms  of  location,  with  the 
ventricles  at  the  time  of  an  application  of  the 
present  apparatus.)  Moreover,  at  least  the  ends  of 
both  sides  12  of  the  portion  11  corresponding  to 
the  base  of  that  tongue  are  preferably  secured  to 
said  tube  (in  the  case  there  are  few  secured  loca- 
tions,  it  is  preferable  to  line  the  non-secured  por- 
tion  of  portion  11  with  nylon  woven  cloth  and  so 
forth).  This  is  to  restrict  the  direction  of  inflation  of 
balloon  1  to  the  direction  that  results  in  compres- 
sion  of  the  ventricles  when  a  gas  has  been  fed  into 
the  inner  space  after  insertion  of  the  present  ap- 

paratus  into  the  body.  As  a  result,  force  is  effec- 
tively  transmitted  to  the  ventricles  (via  the  pericard- 
ium)  accompanying  inflation  of  said  balloon.)  More- 
over,  at  least  one  hole  23  for  feeding  and  discharge 

5  of  gas  is  opened  in  the  lengthwise  direction  in  wall 
22  of  the  portion  of  said  tube  contained  in  said 
balloon.  (Although  there  are  two  holes  23  in  the 
embodiment  shown  in  Fig.  2,  the  number  of  holes 
should  be  suitably  determined  taking  into  consider- 

io  ation  the  volume  of  balloon  1  (as  a  general  rule, 
several  types  are  prepared  according  to  the  body 
weight  of  the  patient  in  which  the  apparatus  is  to 
be  used)  and  hole  diameter.  In  addition,  the  ar- 
rangement  of  those  holes  should  also  be  suitably 

is  determined.  For  example,  the  holes  may  be  mutu- 
ally  opposed  in  the  cross-section  in  the  radial  di- 
rection  of  tube  2  (the  minimum  number  of  holes  in 
this  embodiment  is  two;  refer  to  Fig.  3),  or  the 
holes  may  be  arranged  so  that  the  angles  formed 

20  by  the  axial  lines  of  said  holes  in  the  same  cross- 
section  are  60-90  degrees,  respectively  (in  this 
state,  the  minimum  number  of  holes  is  3;  refer  to 
Fig.  4).  This  is  to  facilitate  smooth  feeding  and 
discharge  of  gas  into  the  inner  space  of  said  bal- 

25  loon.  Furthermore,  the  shape  of  hole  23  is  not 
limited  to  a  round  hole,  but  may  also  be  in  the 
shape  of,  for  example,  a  long  hole  or  slit.) 

In  addition,  although  the  above-mentioned  tube 
is  a  single  tube  used  for  both  feeding  and  dis- 

30  charge,  as  shown  in  Figs.  5  and  6,  the  above- 
mentioned  tube  may  be  a  concentric  duplex  tube 
2a,2b  in  which  the  above-mentioned  tube  is  divided 
into  a  feed  portion  and  discharge  portion,  or  a 
single  tube  having  an  internal  septum  25  wherein 

35  internal  chambers  26  and  27  formed  by  said  sep- 
tum  are  respectively  used  for  feeding  and  dis- 
charge.  By  then  providing  at  least  one  each  of  the 
above-mentioned  feeding  and  discharge  holes  23 
for  feeding  and  discharge,  respectively,  in  the 

40  lengthwise  direction  of  tube  2  so  that  each  of  the 
tubes  or  internal  chambers  are  connected  thereto, 
feeding  and  discharge  of  gas  to  the  space  inside 
balloon  1  can  be  performed  more  smoothly  (Sepa- 
ration  of  the  gas  flow  paths  allows  the  resistance 

45  caused  by  back  flow  of  the  gas  within  the  tubes 
and  holes  23  when  changing  from  feeding  to  dis- 
charge  to  be  decreased.  In  addition,  in  the  tubes  of 
this  embodiment,  it  is  preferable  to  arrange  the 
holes  for  feeding  and  discharge  so  that  they  are 

50  each  arranged  in  a  row  in  the  lengthwise  direction 
and  one  row  of  holes  and  another  row  of  holes 
forms  an  angle  of  90-120  degrees  in  the  cross- 
section  in  the  radial  direction  of  said  tubes.  This  is 
done  to  minimize  the  resistance  caused  by  distur- 

55  bance  of  gas  flow  inside  the  balloon  since  the  flow 
of  gas  inside  the  balloon  is  nearly  in  the  same 
direction  when  changing  from  feeding  to  discharge. 
Furthermore,  the  shape  of  holes  23  is  the  same  as 

5 
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that  described  above.) 
Furthermore,  although  all  of  the  cross-sections 

of  the  tubes  that  have  been  illustrated  thus  far  have 
been  circular,  it  is  preferable  that  at  least  the 
region  that  makes  contact  with  the  incision  in  the 
skin  at  the  time  of  insertion  of  the  present  appara- 
tus  into  the  body  is  in  the  shape  of  an  oval.  Since 
the  skin  incision  is  made  linearly,  as  a  result  of  the 
above-mentioned  region  having  an  oval  shape,  said 
tube  and  said  incision  in  the  skin  are  more  ana- 
tomically  compatible,  thus  reducing  the  effects  on 
the  tissue  in  contact  with  said  tube.  More  prefer- 
ably,  the  cross-sections  of  those  portions  anterior 
to  the  above-mentioned  region  that  makes  contact 
with  the  skin  incision  should  all  have  oval  shapes. 
Since  the  above-mentioned  region  that  makes  con- 
tact  with  the  skin  incision  varies  according  to  the 
patient  in  which  the  present  apparatus  is  to  be 
applied,  a  passive  reason  for  providing  an  oval 
shape  over  a  considerably  broad  range  in  the 
lengthwise  direction  of  said  tube  is  to  give  the 
present  apparatus  universality.  Conversely,  an  ag- 
gressive  reason  would  be  to  inhibit  axial  rotation  of 
the  tube  when  the  present  apparatus  is  inserted  in 
the  body. 

Moreover,  hole  24  may  be  provided  in  sealed 
end  21  of  tube  2  that  passes  radially  through  said 
tube.  Although  the  present  apparatus  is  based  on 
not  requiring  the  chest  to  be  opened,  when  used  as 
a  cardiac  assist  apparatus  in  the  case  of  the  chest 
having  been  opened  for  other  purpose,  for  exam- 
ple,  after  performing  heart  surgery,  this  hole  24  is 
provided  to  allow  surgical  thread  to  be  passed 
through  it  to  secure  the  present  apparatus  so  that  it 
is  not  shifted  from  its  prescribed  location  in  the 
body  (the  present  apparatus  is  secured  to  a  rib). 

Furthermore,  although  the  direction  of  inflation 
of  balloon  1  explained  thus  far  has  restricted  to  one 
direction,  depending  on  the  particular  case,  it  may 
also  be  given  a  shape  (1a)  so  that  there  is  a 
balloon  of  the  same  shape  in  the  upper  portion  of 
the  drawing  as  shown  in  Fig.  7.  (In  the  case  of  a 
balloon  of  this  shape,  the  upper  and  lower  (refer  to 
Fig.  8)  balloons  are  formed  into  a  single  unit,  with 
gas  mutually  passing  between  those  internal 
spaces.  Furthermore,  said  balloon  1a  is  secured  to 
tube  2  at  at  least  site  12,  while  the  other  portion 
that  is  not  secured  is  lined  with  nylon  woven  fabric 
and  so  forth.)  Since  the  use  of  a  balloon  of  this 
shape  eliminates  the  need  for  precise  adjustment 
or  confirming  steps  of  angle  (around  an  axis  of 
tube  2)  at  the  time  of  insertion  of  the  present 
apparatus  into  the  body,  it  is  advantageous  in 
emergency  situations. 

Moreover,  an  apparatus  having  for  its  basic 
constituents  balloon  1,  having  a  variable  internal 
volume,  and  a  single  tube  consisting  of  two  proxi- 
mal  and  parallel  straight  tube  portions  2c  and  2d 

for  feeding  and  discharge  of  gas,  respectively,  into 
said  balloon,  and  a  ring-shaped  curved  tube  portion 
2e  having  ends  28  that  respectively  connects  each 
end  of  said  straight  tube  portions  as  shown  in  Figs. 

5  9  and  10,  wherein  said  balloon  being  secured  to 
said  tube  so  as  to  contain  said  curved  tube  portion 
therein,  and  moreover  at  least  one  each  of  holes  23 
for  feeding  and  discharge  of  said  gas  is  opened  in 
the  wall  of  the  curved  tube  portion  of  said  tube,  can 

io  also  be  used  for  the  apparatus  of  the  present 
invention.  (In  the  case  of  an  apparatus  of  this 
embodiment,  since  said  curved  tube  portion  spa- 
tially  forms  a  flat  surface,  said  flat  surface  serves 
as  a  guide.  As  a  result,  the  insertion  of  the  present 

is  apparatus  into  the  body  at  the  prescribed  location 
is  able  to  be  performed  smoothly,  and  moreover 
axial  rotation  of  the  straight  tube  portion  is  inhib- 
ited,  thus  allowing  the  present  apparatus  to  be 
used  safely  for  a  long  period  of  time  without  impos- 

20  ing  a  burden  (such  as  pain  and  so  forth)  on  the 
patient.  Furthermore,  in  the  drawings  (refer  to  Fig. 
10),  although  two  each  of  holes  23  for  feeding  or 
discharge  are  provided  in  the  upper  half  or  lower 
half  of  curved  tube  portion  2e  in  Fig.  10  on  the 

25  feeding  side,  and  in  the  upper  half  or  lower  half  of 
curved  tube  portion  2e  in  Fig.  10  on  the  discharge 
side,  the  number,  shape  and  arrangement  of  said 
holes  can  be  suitably  selected  in  the  same  manner 
as  the  previously  described  embodiments  of  the 

30  present  invention.)  In  addition,  in  the  drawings  (re- 
fer  to  Fig.  10),  although  the  feeding  side  pathway 
and  discharge  side  pathway  of  the  curved  tube 
portion  2e  are  connected  (in  this  embodiment, 
since  the  connections  between  each  of  the  straight 

35  tube  portions  and  gas  feeding  and  discharging 
means  can  be  made  independently  and  further  the 
feeding  and  discharge  of  gas  are  not  performed 
simultaneously,  this  is  not  particularly  disadvanta- 
geous.),  a  plug  may  be  separately  inserted  at  an 

40  intermediate  position  of  said  curved  tube  portions. 
Moreover,  for  the  same  reason,  straight  tube  por- 
tions  2c  and  2d  may  be  in  the  form  of  a  single 
tube.  Here,  the  lateral  surface  of  the  above-men- 
tioned  balloon  is  in  the  shape  of  a  tongue  when  it 

45  is  inflated.  (In  this  case,  it  is  preferable  to  line  the 
portion  not  secured  on  the  opposite  side  of  the 
inflating  side  of  said  balloon  with  nylon  woven 
fabric  and  so  forth  in  the  same  manner  as  the 
embodiment  described  above.  Furthermore,  the 

50  reasons  for  selection  of  this  shape  and  for  lining 
are  the  same  as  in  the  previously  described  em- 
bodiments.)  Furthermore,  in  the  case  of  using  the 
present  apparatus  by  securing  inside  the  body,  a 
tab  29  is  provided  at  a  suitable  position  on  the  wall 

55  of  curved  tube  portion  2e,  and  preferably  at  the 
foremost  end  of  said  curved  tube  portion,  namely 
the  location  farthest  away  from  end  28,  and  through 
hole  24  is  then  opened  in  said  tab  29  in  the  same 
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manner  as  in  the  previously  described  embodi- 
ments. 

In  the  balloons  explained  thus  far,  although  the 
direction  of  inflation  has  been  restricted  to  a  single 
direction  (refer  to  Figs.  1  and  9)  or  two  directions 
(refer  to  Fig.  7),  and  the  shape  of  said  balloon 
within  a  surface  perpendicular  to  the  tube  during 
inflation  of  said  balloon  is  nearly  circular  (one  de- 
vice  in  Fig.  1,  and  two  devices  in  Fig.  9)  or  semi- 
circular  (refer  to  Fig.  7),  as  shown  in  Figs.  11  and 
12,  the  present  apparatus  may  also  be  that  in 
which  the  lateral  surface  during  inflation  of  said 
balloon  is  nearly  rectangular  in  shape,  the  shape  of 
the  upper  and  lower  surfaces  is  oval,  and  there  is  a 
hypothetical  surface  between  said  upper  and  lower 
surfaces  having  a  surface  area  smaller  than  that  of 
said  upper  and  lower  surfaces,  (in  the  case  of  an 
apparatus  of  this  embodiment,  the  bottom  surface 
of  balloon  1b  (the  surface  that  makes  contact  with 
the  heart)  is  flat,  and  coupled  with  the  pliancy  of 
the  material  of  said  balloon  (the  same  as  the  other 
embodiments  described  above),  demonstrates  a 
good  fit  with  the  shape  of  the  heart  surface.  Fur- 
thermore,  said  balloon  demonstrates  so-called  bel- 
lows  motion  in  which,  points  P1  and  P2  shown  in 
Fig.  12  as  well  as  the  upper  and  lower  surfaces 
make  contact  with  each  other  during  deflation.) 

Here,  a  cord-like  object  that  passes  through 
points  P1  and  P2  in  Fig.  12  (this  merely  indicates 
an  example  and  does  not  impair  the  use  of  a 
multiple  number  of  points  P1  and  P2  in  which  there 
is  the  same  number  of  points  P1  and  P2  in  the 
vertical  direction)  is  wound  at  least  once  over  the 
outer  surface  of  balloon  1b  so  that  said  points  P1 
and  P2  do  not  jump  outwards  during  inflation  of 
said  balloon,  or  in  other  words,  so  that  the  shape  of 
Fig.  12  is  maintained.  (Said  cord-like  object  is 
secured  to  one  of  either  the  left  or  right  surfaces. 
Furthermore,  the  above-mentioned  "hypothetical 
surface"  refers  to  the  surface  that  is  formed  with 
this  wound  cord-like  object  during  expansion  of 
said  balloon.)  Moreover,  the  lengths  of  the  left  and 
right  surfaces  are  different  (in  Fig.  12,  the  length  of 
the  left  side  is  longer  than  that  of  the  right  side). 
This  being  the  case,  the  upper  and  lower  surfaces 
during  inflation  of  balloon  1b  (the  lower  surface  is 
lowered  to  the  left  in  Fig.  12)  are  not  parallel,  thus 
allowing  pressure  to  be  selectively  applied  to  the 
ventricle,  the  target  of  application  of  the  present 
apparatus  (left  side  of  the  lower  surface  in  Fig.  12; 
the  atrium  is  located  at  the  right  side  of  the  lower 
surface).  In  particular,  a  balloon  of  this  embodiment 
is  advantageous  since  there  are  no  restrictions  on 
the  position  of  the  patient.  (The  position  of  heart  in 
the  body  may  change  depending  on  the  position  of 
the  patient.  For  example,  although  this  shift  in 
position  is  mild  in  the  supine  position,  since  the 
heart  moves  downward  in  the  direction  of  the  left 

chest  due  to  its  own  weight  in  the  lateral  position, 
particularly  in  the  left  lateral  position,  the  heart 
moves  in  the  direction  of  the  left  chest,  in  the  case 
of  the  balloons  of  the  embodiments  shown  in  Fig. 

5  1,  Fig.  7  and  Fig.  9,  it  becomes  difficult  to  ac- 
curately  bring  the  apex  (largest  portion  during  infla- 
tion)  of  said  balloon  in  contact  with  the  ventricle 
(which  results  in  the  patient  being  forced  to  remain 
in  the  supine  position).  However,  in  the  case  of  the 

io  balloon  of  this  embodiment,  once  the  balloon  is 
brought  in  contact  with  the  ventricle,  since  said 
balloon  is  able  to  follow  any  shifts  in  position  of  the 
heart  even  if  the  patient  changes  his  or  her  position 
also  causing  the  heart  to  change  its  position,  the 

is  burden  on  the  patient  can  be  alleviated.)  Further- 
more,  in  this  embodiment  shown  in  the  drawings, 
both  the  upper  and  lower  surfaces  are  oval  (in  the 
case  of  using  the  tubes  (2)  of  the  embodiments 
shown  in  Figs.  3  through  6,  while  on  the  other 

20  hand,  in  the  case  of  using  the  tube  2  of  the 
embodiment  shown  in  Fig.  10,  the  upper  and  lower 
surfaces  are  circular  having  a  diameter  nearly 
equal  to  ring-shaped  curved  tube  portion  2e). 

Moreover,  cushion  member  30  is  preferably 
25  additionally  provided  on  the  upper  surface.  This 

cushion  member  30  is  provided  to  alleviate  the 
burden  (sensation  of  pressure  on  the  chest  wall 
accompanying  inflation  and  deflation  of  the  balloon) 
on  the  patient  during  use  of  the  present  apparatus. 

30  An  independent  bladder  from  the  balloon  may  be 
used  for  this  cushion  member  30.  (This  cushion 
member  30  should  be  in  the  deflated  state  when 
the  present  apparatus  is  inserted  into  the  body, 
and  then  once  arranged  at  the  prescribed  location 

35  in  the  body,  should  be  inflated.  However,  this  cush- 
ion  member  30  requires  a  supply  route  for  the 
activating  medium  that  is  separate  from  tube  2.) 
Alternatively,  a  plastic  air  sheet  or  polyurethane 
sheet  may  be  affixed  to  the  upper  surface  as  said 

40  cushion  member  30.  In  either  case,  this  cushion 
member  30  should  have  the  function  of  a  cushion, 
have  low  reactivity  with  the  living  body,  have  dura- 
bility  equal  to  that  of  the  balloon  and  be  able  to  be 
folded  up. 

45  In  the  balloons  that  have  been  explained  thus 
far,  although  balloons  1,  1a  and  1b  are  arranged 
outside  tube  2,  the  present  apparatus  may  be  that 
in  which  said  balloon  is  contained  in  the  inner 
space  of  said  tube  during  deflation  of  said  balloon 

50  and  then  burst  outside  the  tube  during  inflation 
(refer  to  Figs.  13  and  14).  This  is  to  facilitate 
smooth  insertion  and  removal  of  the  present  ap- 
paratus  from  the  body.  In  these  embodiments,  the 
base  of  said  balloon  engages  with  the  inner  wall  of 

55  said  tube,  and  is,  for  example,  attached  to  the  inner 
wall  of  said  tube.  In  addition,  containment  of  said 
balloon  can  be  performed  by,  for  example,  creating 
negative  pressure  inside  said  tube.  Furthermore, 
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together  with  the  above-mentioned  holes  23  or  the 
above-mentioned  end  21  of  said  tube  (that  is  open) 
being  feeding  and  discharge  openings  for  a  gas 
into  the  inner  space  of  said  balloon  1c,  in  this 
example,  they  also  serve  as  the  opening  from 
which  said  contained  balloon  bursts  out. 

The  following  provides  an  explanation  of  the 
action  of  the  present  apparatus  based  on  Fig.  15. 
(The  drawing  shows  one  cycle  of  the  left  heart 
system  of  the  heart.  Furthermore,  the  timing  at 
which  feeding  and  discharge  of  gas  are  performed 
to  balloon  1  of  the  apparatus  of  the  present  inven- 
tion  is  added  at  the  bottom  of  this  drawing.) 

First,  an  explanation  is  provided  regarding  the 
pumping  function  of  the  heart  (source:  Encyclope- 
dia  of  Medical  Science,  25,  p.  74-75). 

To  begin  with,  atrial  excitation  that  begins  in 
the  sinoatrial  node  results  in  elevation  of  left  atrial 
pressure  (point  1  in  the  drawing).  Left  intraven- 
tricular  pressure  rises  slightly  as  blood  flows  in. 
Next,  the  QRS  wave  appears  on  electrocardiogram 
as  a  result  of  atrioventricular  conductivity  occurring 
with  a  constant  delay.  Simultaneous  to  the  appear- 
ance  of  the  QRS  wave,  contraction  of  the  left 
ventricle  begins  followed  by  a  rapid  increase  in 
intraventricular  pressure.  At  the  point  this  pressure 
exceeds  intraatrial  pressure,  the  mitral  valve  closes 
and  the  first  sound  (I)  is  recorded  on  a  phonocar- 
diogram.  The  amount  of  time  required  until  in- 
traventricular  pressure  reaches  aortic  pressure  is 
referred  to  as  the  isovolume  systolic  phase,  and 
the  aortic  valve  opens  close  to  the  time  this  phase 
is  completed.  Time  2  in  the  previous  drawing  is 
referred  to  as  the  ejection  phase.  Aortic  blood  flow 
demonstrates  a  peak  as  shown  in  the  drawing,  with 
roughly  70  ml  being  ejected  during  a  single  con- 
traction.  When  ejection  of  blood  stops  and  the 
ventricle  relaxes,  the  aortic  valve  closes  due  to 
back  flow  of  blood  in  the  aorta  and  the  secondary 
sound  (II)  is  recorded  on  the  phonocardiogram. 
Moreover,  incisura  appear  in  the  aortic  pressure 
wave  (point  3  in  the  drawing).  After  an  extremely 
short  isovolume  diastolic  phase  after  the  recording 
of  the  secondary  sound  (II),  blood  flow  into  the 
ventricle  continues  during  the  time  intraatrial  pres- 
sure  exceeds  intraventricular  pressure  (time  4  in 
the  drawing).  Ventricular  volume  reaches  120-130 
ml  at  the  end  of  the  diastolic  phase.  Contraction 
and  expansion  of  the  right  heart  system  is  basically 
the  same  as  that  of  the  left  heart  system.  In  the 
case  of  the  normal  heart,  the  entire  systolic  phase 
from  the  start  of  the  Q  wave  on  electrocardiogram 
to  completion  of  closing  of  the  aortic  valve  (gen- 
erally  referred  to  as  the  systolic  phase)  is  consid- 
ered  to  last  roughly  0.37  seconds  at  a  heart  rate  of 
70  beats/min.  On  the  other  hand,  since  the  con- 
tracting  strength  of  cardiac  muscle  of  cardiac  fail- 
ure  patients  is  weak  in  comparison  with  that  of 

healthy  subjects,  the  rate  of  ejection  of  blood  is 
typically  slower,  thus  being  unable  to  obtain  ade- 
quate  circulation  of  blood. 

The  apparatus  of  the  present  invention  allows 
5  the  cardiac  output  to  approach  that  of  a  normal 

heart  using  the  effects  of  increased  blood  flow  by 
enhancing  the  contracting  strength  of  cardiac  mus- 
cle.  More  specifically,  a  small  incision  is  made  in 
the  skin  near  the  processus  xiphoideus  to  an  extent 

io  that  allows  insertion  of  tube  2,  2a  and  2b  or  2c,  2d 
and  2e  containing  balloon  1  in  the  deflated  state. 
The  present  apparatus  is  then  inserted  and  ar- 
ranged  at  the  trigonum  pericardiacum  in  the  ab- 
sence  of  the  pleura  between  the  anterior  chest  wall 

is  and  pericardium  in  such  a  manner  that  ventricle 
exists  in  the  direction  of  inflation  of  said  balloon.  A 
gas  is  fed  into  the  inner  space  of  said  balloon  by  a 
feeding  device  (not  shown;  composed  of  a  com- 
pressor  and  accumulator  as  a  general  rule)  roughly 

20  at  the  time  of  opening  of  the  aortic  valve.  Said 
balloon  is  thus  inflated  resulting  in  the  ventricle 
being  compressed  for  a  prescribed  period  of  time 
(we  believe  that  it  is  not  necessary  to  inflate  said 
balloon  throughout  the  entire  ejection  phase,  but  at 

25  least  until  intraventricular  pressure  nearly  reaches 
its  peak  value). 

On  the  other  hand,  since  cardiac  assistance  by 
this  balloon  1  is  not  required  during  the  diastolic 
phase  of  the  heart  (and  is  on  the  contrary,  det- 

30  rimental),  it  is  necessary  that  the  balloon  be  able  to 
be  promptly  deflated  by  the  end  of  the  systolic 
phase  of  the  heart.  More  specifically,  together  with 
the  feeding  of  gas  to  balloon  1  being  discontinued, 
gas  is  forcibly  discharged  from  said  inner  space. 

35  (The  device  for  accomplishing  this  is  located  out- 
side  the  body.  Namely,  a  three-way  valve  (with  the 
three  valve  ports  connected  to  the  gas  feeding 
means,  gas  discharging  means  and  tube  2,  respec- 
tively)  is  provided  at  a  suitable  location  on  a  means 

40  for  connecting  tube  2  to  the  gas  feeding  means. 
The  gas  flow  path  within  this  valve  should  be 
switched  so  that  the  gas  flows  from  the  gas  feeding 
means  to  tube  2  or  from  tube  2  to  the  gas  dis- 
charging  means.  Naturally,  the  type  of  this  valve  as 

45  well  as  its  quantity  are  not  restricted  to  that  de- 
scribed  above.  For  example,  in  the  embodiment  in 
which  gas  feeding  and  discharging  are  separated 
as  shown  in  Figs.  9  and  10,  shutoff  valves  may  be 
provided  independently  at  suitable  locations  of  a 

50  means  for  connecting  the  gas  feeding  side  to  the 
gas  feeding  means  as  well  as  a  means  for  connect- 
ing  the  gas  discharging  side  to  the  gas  discharging 
means.  The  timing  of  opening  and  closing  of  those 
valves  may  then  be  controlled  with  a  control  de- 

55  vice.) 
The  contraction  of  the  heart  is  then  assisted  by 

the  cyclical  repetition  of  inflation  and  deflation  of 
this  balloon  1  . 

8 
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Furthermore,  the  period  of  inflation  and  defla- 
tion  of  balloon  1  is  generally  synchronized  with  the 
heart  beat  of  the  heart  to  be  assisted.  In  order  to 
realize  this,  in  addition  to  the  devices  described 
above  (tube,  balloon  and  gas  feeding  and  discharg- 
ing  means),  a  device  that  detects  heart  beat,  and  a 
device  that  feeds  and  discharges  gas  to  balloon  1 
synchronous  to  the  detected  heart  beat,  should  be 
equipped. 

An  electrocardiograph  can  be  used  for  the 
heart  beat  detection  device,  while  an  ordinary  in- 
dustrial  synchronized  control  device  can  be  used 
for  the  heart  beat  synchronized  control  device. 
Naturally,  the  present  invention  is  not  limited  to 
these  devices,  but  rather,  any  such  devices  may 
be  used  provided  they  are  equipped  with  a  function 
that  allows  heart  beat  to  be  detected  accurately 
and  transmission  of  detected  signals  without  delay 
to  a  heart  beat  synchronized  control  device,  and  a 
function  that  performs  switching  of  the  above-men- 
tioned  valve  at  a  prescribed  periodic  time  (if  neces- 
sary,  a  control  of  the  amount  of  gas  feeded  too) 
according  to  said  detected  signals,  respectively. 
(Feeding  of  gas  is  started  after  waiting  for  an 
arbitrary  delay  (scores  of  miliseconds  to  a  few 
hundred  of  miliseconds)  following  confirmation  of 
the  start  of  the  systolic  phase  of  the  heart  by  the 
heart  beat  synchronized  control  device  resulting 
from  detection  of  the  R  wave  of  the  electrocardio- 
gram  (this  is  an  established  technique  using,  for 
example,  a  pacemaker).  Gas  feeding  time  and  gas 
feeding  pressure  are  suitably  set  to  match  individ- 
ual  differences  (cardiac  muscle  contraction  rate 
and  blood  pressure)  of  the  patient  in  which  the 
apparatus  is  to  be  applied.) 

Here,  the  above-mentioned  device  that  detects 
heart  beat  may  include  a  first  electrode  31  and  a 
second  electrode  32.  Said  first  electrode  may  be 
attached  at  the  region  on  the  opposite  side  of  the 
direction  of  balloon  inflation  or  end  of  the  tube, 
while  said  second  electrode  may  be  a  ring-shaped 
electrode  made  of  silver  or  containing  a  silver 
compound  arranged  to  be  able  to  slide  on  the 
outside  of  said  tube.  (Refer  to  Fig.  16.  In  this 
embodiment,  the  location  where  said  first  electrode 
is  arranged  is  the  region  of  the  tube  on  the  op- 
posite  side  of  the  direction  of  balloon  inflation.)  In 
order  to  apply  the  internal  cardiac  assist  apparatus 
of  the  present  invention  to  match  patient  status,  a 
device  for  detecting  heart  beat  is  indispensable. 
This  being  the  case,  tube  2,  which  is  inevitably 
located  near  the  heart,  should  be  effectively  used 
as  the  location  where  the  first  and  second  elec- 
trodes  are  arranged.  Since  the  balloon  is  normally 
inserted  to  a  depth  of  scores  of  centimeters  from 
the  incision  in  the  skin,  this  is  suitable  as  the 
interval  between  electrodes.  Since  the  use  of  the 
present  apparatus  for  a  long  period  of  time  is 

naturally  taken  into  consideration  when  selecting 
the  materials  that  compose  the  electrodes,  those 
materials  having  low  reactivity  with  the  living  body 
are  used.  Materials  that  are  used  preferably  include 

5  solid  silver,  silver-plated  metal  or  a  silver  com- 
pound  such  as  silver  diazine  chloride  impregnated 
into  a  carrier.  Silver  is  used  because  silver  ions 
have  antimicrobial  action.  The  second  electrode  is 
arranged  close  the  incision  in  the  skin  S  in  order  to 

io  take  full  advantage  of  the  antimicrobial  action  of 
silver.  (Since  the  depth  at  which  the  balloon  is 
inserted  in  the  body  from  the  incision  in  the  skin 
varies  depending  on  the  patient,  said  second  elec- 
trode  is  formed  into  a  ring  shape  that  is  able  to 

is  slide  over  the  outside  surface  of  tube  2.) 

Embodiments 

The  apparatus  of  the  present  invention  having 
20  a  specification  indicated  below  (refer  to  Figs.  1  and 

2)  was  surgically  inserted  and  arranged  between 
the  sternum  and  pericardium  of  adult  mongrel  dogs 
having  body  weights  of  10  kg  and  13.5  kg,  respec- 
tively.  (The  surgical  procedure  consisted  of  placing 

25  the  animals  in  the  supine  position,  making  a  mid- 
line  incision  to  the  sternum,  peeling  back  the  mus- 
cle  layer  of  the  left  chest  wall,  removing  said  mus- 
cle  layer  from  the  2nd  to  7th  rib  including  roughly 
the  anterior  1/3  of  the  intercostal  muscle  over  the 

30  width  between  the  sternum  and  thoracic  vertebrae, 
placing  the  present  device  at  the  prescribed  loca- 
tion,  and  changing  the  position  of  the  animals  to 
the  prone  position.  The  muscle  layer  of  the  chest 
wall  was  removed  for  observation  of  status  in  this 

35  case.)  Following  this  procedure,  the  synchronized 
assistance  of  the  ventricle  as  well  as  the  action  to 
cardiac  arrest  were  confirmed. 

(1)  Maximum  internal  volume  during  balloon  in- 
flation:  65  ml 

40  (2)  Tube:  Simple  tube  having  an  inner  diameter 
of  6  mm 
(3)  Tube  length  within  balloon:  68  mm 
(4)  Balloon  material:  Polyurethane  coating  over  a 
woven  cloth  of  synthetic  fiber 

45  (5)  Tube  material:  Polyvinyl  chloride 
(6)  Holes:  Minor  axis  3  mm  x  major  axis  4  mm  x 
4  holes  (the  holes  were  arranged  as  shown  in 
Figs.  1  and  2) 

Furthermore,  the  test  conditions  were  as  shown 
50  below. 

(A)  Gas  feeding  pressure:  150-200  mmHg 
(B)  Gas  discharging  pressure:  -30  mmHg 
(C)  Time  from  start  of  gas  feeding  to  completion 
of  discharge:  0.08-0.12  sec. 

55  As  a  result,  average  cardiac  output  increased 
by  40%  and  34%,  respectively,  in  comparison  with 
not  installing  the  present  apparatus  (unassisted).  In 
general,  the  normal  lower  limit  of  the  cardiac  index 
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(cardiac  output  per  unit  body  surface  area)  in  hu- 
mans  is  considered  to  be  2.5  l/min/m2.  If  the  car- 
diac  index  falls  below  2.0  l/min/m2  despite  medical 
treatment  such  as  medication  of  cardiac  diuretics 
and  so  forth,  the  application  of  various  forms  of 
mechanical  cardiac  assistance  is  considered.  The 
experimental  results  indicated  that  the  present  ap- 
paratus  allows  improvement  to  a  level  equal  to  or 
above  the  above-mentioned  limit  value  even  in 
serious  cases  demonstrating  a  cardiac  index  of  1  .5 
l/min/m2,  thus  confirming  that  the  present  apparatus 
is  extremely  effective.  Furthermore,  although  the 
present  apparatus  was  left  in  the  body  for  12  hours 
(continuous  cardiac  assistance),  there  were  no  ad- 
verse  side  effects  that  would  prohibit  long-term 
use,  such  as  pulmonary  congestion  and  so  forth.  In 
addition,  similar  results  were  also  obtained  for  the 
different  embodiments  of  the  present  apparatus 
(Figs.  9,  10,  13  and  14).  Moreover,  as  a  result  of 
attempting  to  apply  another  different  embodiment 
of  the  present  apparatus  (Figs.  11  and  12)  in  sub- 
jects  placed  in  various  positions  (initially  in  the 
prone  position  and  then  in  the  lateral  position  and 
again  in  the  prone  position),  there  were  no  difficul- 
ties  encountered  whatsoever,  thus  making  it  clear 
that  the  present  apparatus  can  adapt  to  changes  in 
body  position. 

In  consideration  of  both  the  results  of  the 
present  experiment  along  with  those  findings  dis- 
closed  in  the  above-mentioned  prior  art,  the 
present  apparatus  is  assumed  to  be  free  of  adverse 
side  effects  during  long-term  use. 

Furthermore,  following  the  experiment  to  con- 
firm  the  effects  of  synchronized  assistance  of  the 
ventricle,  the  subjects  were  forced  into  cardiac 
arrest  using  an  electric  fibrillator.  When  cardiac 
compression  was  performed  by  manual  cardiac 
massage  and  using  the  present  apparatus,  it  was 
confirmed  that  cardiac  output  of  50%  was  obtained 
in  the  case  of  using  the  use  of  the  present  appara- 
tus  in  comparison  with  the  cardiac  output  during 
manual  cardiac  massage. 

Industrial  Applicability 

As  described  above,  the  present  invention  is 
able  to  provide  an  internal  cardiac  assist  apparatus 
that  (1)  is  less  burden  on  serious  cardiac  failure 
patients  (by  not  requiring  thoracotomy  or  incision 
of  the  pericardium,  having  little  effect  on  breathing 
and  causing  little  pain),  (2)  does  not  require  to 
equip  a  complicated  gas  feeding  device,  and  (3)  is 
able  to  reliably  assist  the  cardiac  contraction  over  a 
long  period  of  time. 

Claims 

1.  An  internal  cardiac  assist  apparatus  compris- 
ing:  a  balloon  having  variable  internal  volume; 

5  and,  a  tube  that  feeds  and  discharges  a  gas 
within  said  balloon,  one  end  of  which  is  sealed; 
wherein  said  balloon  being  secured  to  said 
tube  so  that  said  balloon  contains  said  tube  for 
a  prescribed  length  near  said  one  end  of  said 

io  tube  therein,  and  moreover  at  least  one  hole 
for  feeding  and  discharge  of  said  gas  being 
opened  in  the  lengthwise  direction  in  the  wall 
of  the  portion  of  said  tube  contained  in  said 
balloon. 

15 
2.  The  apparatus  according  to  claim  1  wherein 

the  lateral  cross-section  of  said  balloon  during 
inflation  thereof  is  in  the  shape  of  a  tongue, 
and  moreover,  at  least  the  ends  on  both  sides 

20  of  the  portion  corresponding  to  the  base  of  that 
tongue  are  secured  to  said  tube. 

3.  The  apparatus  according  to  claim  1,  wherein 
the  lateral  surface  of  said  balloon  during  infla- 

25  tion  thereof  is  nearly  in  the  shape  of  a  rectan- 
gle,  the  shapes  of  the  upper  and  lower  sur- 
faces  are  oval,  and  said  balloon  has  at  least 
one  hypothetical  surface  between  said  upper 
and  lower  surfaces  that  has  a  surface  area 

30  smaller  than  the  surface  area  of  said  upper 
and  lower  surfaces. 

4.  The  apparatus  according  to  claims  2  or  3, 
wherein  the  shape  of  the  cross-section  of  said 

35  tube  is  such  that  at  least  the  region  that  makes 
contact  with  the  incision  in  the  skin  when  the 
present  apparatus  is  inserted  into  the  body  is 
in  the  shape  of  an  oval. 

40  5.  The  apparatus  according  to  claim  4,  wherein 
said  tube  comprises  a  concentric  duplex  tube, 
which  is  separated  into  feeding  and  discharge 
portions,  respectively,  or  a  single  tube  having 
an  internal  septum  in  which  inner  chambers 

45  formed  by  said  septum  are  used  for  gas  feed- 
ing  and  gas  discharge,  respectively;  and,  at 
least  one  each  of  said  holes  for  gas  feeding 
and  discharge  are  respectively  provided  in  the 
lengthwise  direction  of  said  tube  so  as  to  con- 

50  nect  each  tube  or  each  internal  chamber. 

6.  The  apparatus  according  to  claim  5,  wherein 
said  tube  has  a  hole  that  passes  radially 
through  said  tube  in  the  sealed  end  of  said 

55  tube. 

7.  An  internal  cardiac  assist  apparatus  compris- 
ing:  a  balloon  having  variable  internal  volume; 

10 



19 EP  0  590  158  A1 20 

and,  a  single  tube  consisting  of  two  proximal 
and  parallel  straight  tube  portions  for  feeding 
or  discharge  of  gas  into  said  balloon  or  a 
single  straight  tube  single  straight  tube  portion 
and  a  ring-shaped  curved  tube  portion  having  5 
end(s)  that  is/are  connected  to  the  end(s)  of 
said  straight  tube  portion(s);  wherein  said  bal- 
loon  being  secured  to  said  tube  so  that  it 
contains  the  curved  tube  portion  of  said  tube, 
and  moreover  at  least  one  each  of  holes  for  10 
feeding  or  discharge  of  said  gas  being  opened 
in  the  wall  of  the  curved  tube  portion  of  said 
tube. 

8.  The  apparatus  according  to  claim  7,  wherein  is 
the  lateral  surface  of  said  balloon  during  infla- 
tion  thereof  is  in  the  shape  of  a  tongue. 

9.  The  apparatus  according  to  claim  7,  wherein 
the  lateral  surface  of  said  balloon  during  infla-  20 
tion  thereof  is  nearly  in  the  shape  of  a  rectan- 
gle,  the  share  of  the  upper  and  lower  surfaces 
being  circular,  and  having  at  least  one  hy- 
pothetical  surface  between  said  upper  and  low- 
er  surfaces  that  has  a  surface  area  smaller  25 
than  the  surface  area  of  said  upper  and  lower 
surfaces. 

14.  The  apparatus  according  to  anyone  of  claims 
4,  10  and  13,  wherein  in  addition  to  said  ap- 
paratus,  is  also  equipped  with  a  device  that 
detects  heart  beat,  and  a  control  device  that 
performs  the  above-mentioned  feeding  and 
discharge  of  said  gas  synchronous  with  the 
detected  heart  beat. 

15.  The  apparatus  according  to  claim  14,  wherein 
said  device  that  detects  heart  beat  includes  a 
first  electrode  and  a  second  electrode,  with 
said  first  electrode  attached  at  the  region  on 
the  opposite  side  of  the  direction  of  balloon 
inflation  or  end  of  said  tube,  and  said  second 
electrode  being  a  ring-shaped  electrode  made 
of  silver  or  containing  a  silver  compound  ar- 
ranged  to  be  able  to  slide  on  the  outer  surface 
of  said  tube. 

10.  The  apparatus  according  to  claims  8  or  9, 
wherein  the  shape  of  the  cross-section  of  said  30 
tube  is  such  that  at  least  the  region  that  makes 
contact  with  the  incision  in  the  skin  when  the 
present  apparatus  is  inserted  into  the  body  is 
in  the  shape  of  an  oval. 

35 
11.  The  apparatus  according  to  claim  10,  wherein 

a  tab  is  provided  on  the  wall  of  the  curved  tube 
portion  of  said  tube,  and  a  through  hole  is 
opened  in  that  tab. 

40 
12.  An  internal  cardiac  assist  apparatus  compris- 

ing:  a  balloon  having  variable  internal  volume; 
and,  a  tube  for  feeding  and  discharge  of  gas 
into  said  balloon;  wherein  said  balloon  is  en- 
gaged  with  the  inner  wall  on  the  end  of  said  45 
tube  at  its  base,  is  contained  in  the  internal 
space  of  said  tube  during  deflation  of  said 
balloon,  and  bursts  outside  said  tube  during 
inflation  of  said  balloon. 

50 
13.  The  apparatus  according  to  claim  12,  wherein 

the  shape  of  the  cross-section  of  said  tube  is 
such  that  at  least  the  region  of  that  makes  in 
contact  with  the  incision  in  the  skin  when  the 
present  apparatus  is  inserted  into  the  body  is  55 
in  the  shape  of  an  oval. 
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