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©  Self-seating  flapper  valve  for  an  insufflation  cannula  assembly. 

©  A  cannula  assembly  (2)  for  use  in  conjunction 
with  insufflatory  surgical  techniques  includes  a  can- 
nula  (4),  a  housing  (6)  mounted  on  one  end  of  the 
cannula,  and  a  flapper  valve  mounted  in  the  housing. 
The  flapper  valve  includes  a  valve  seat  (32)  which  is 
situated  at  an  opening  (10)  formed  in  the  housing,  a 
valve  plug  (34)  which  is  adapted  to  engage  the  valve 
seat  to  form  a  substantially  gas  tight  seal  with  the 
valve  seat,  and  a  support  plate  (54)  on  which  the 
valve  plug  is  mounted  and  which  is  biased  to  pivot 
the  plug  into  and  out  of  engagement  with  the  valve 
seat.  The  valve  plug  is  movable  on  the  support  plate 
so  as  to  be  self-aligning  with  the  valve  seat  when  the 
plug  and  valve  are  in  engagement. 
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SELF-SEATING  FLAPPER  VALVE  FOR  AN  INSUFFLATION  CANNULA  ASSEMBLY 

BACKGROUND  OF  THE  INVENTION 

=ield  Of  The  Invention 

The  present  invention  relates  to  an  insufflation 
:annula  assembly  adapted  to  receive  a  trocar,  en- 
joscope  or  other  surgical  instrument  and  for  use  in 
;onjunction  with  insufflatory  surgical  techniques, 
and  more  particularly  relates  to  a  valve  used  in  the 
assembly  for  maintaining  insufflation  pressure  in  a 
Dody  cavity. 

Description  Of  The  Prior  Art 

Insufflatory  surgery  involves  filling  a  body  cav- 
ity  with  a  pressurized  gas  to  maintain  the  cavity 
under  a  certain  predetermined  pressure.  One  way 
of  performing  the  surgery  is  by  first  puncturing  the 
skin  in  a  desired  body  cavity  region  with  a  needle. 
The  needle  includes  a  stylet  which  introduces  an 
insufflation  gas  into  the  body  cavity  to  inflate  it. 

A  trocar  is  then  used  to  puncture  the  body 
cavity.  The  trocar  is  inserted  through  a  cannula  or 
sheath,  which  cannula  partially  enters  the  body 
cavity  through  the  incision  made  by  the  trocar.  The 
trocar  may  then  be  removed  from  the  cannula,  and 
an  elongated  endoscope  may  be  inserted  through 
the  cannula  to  view  the  anatomical  cavity. 

Various  types  of  cannula  or  trocar  assemblies 
are  provided  with  valves  for  maintaining  a  certain 
gas  pressure  in  the  cavity  when  the  trocar  or  other 
surgical  instrument  is  removed  from  the  cannula. 

For  example,  U.S.  Patent  No.  4,654,030  dis- 
closesa  trocar  assembly  having  a  cannula  and  em- 
ploying  a  flapper  valve  to  close  off  the  cannula 
passage  after  the  trocar  or  other  instrument  has 
been  withdrawn. 

As  shown  in  Fig.  7  of  the  Moll  et  al.  patent,  the 
flapper  valve  includes  a  U-shaped  flapper  82  and  a 
grommet  77  formed  with  a  central  opening  78 
through  which  the  trocar  may  be  inserted  or  with- 
drawn.  The  flapper  carries  a  circular  pad  87,  and  is 
spring-biased  so  that  the  pad  engages  grommet  77 
and  forms  a  seal  with  the  grommet. 

Although  the  flapper  valve  disclosed  in  the  Moll 
et  al.  patent  works  well  in  most  applications  to 
maintain  pressure  in  the  body  cavity,  there  are 
certain  inherent  drawbacks  in  its  design. 

First,  the  circular  pad  is  rigidly  mounted  on  the 
flapper  so  that  it  cannot  move  with  respect  to  the 
flapper.  If  the  pad  and  grommet  are  slightly  out  of 
alignment  when  the  valve  closes,  the  pad  may  not 

seat  properly  on  the  grommet,  and  insufflating  gas 
may  leak  from  the  body  cavity  through  the  valve. 

Second,  the  circular  pad  is  made  of  a  defor- 
mable  material  such  as  Tygon  (TM),  and  is  formed 

5  by  a  molding  process.  Irregularities  in  the  pad's 
grommet-engaging  surface  due  to  shrinkage  of  the 
pad  material  during  its  formation  may  provide  leak- 
age  paths  through  the  valve.  Also,  the  pad  bears 
with  considerable  spring  pressure  on  the  side  of 

?o  the  trocar  when  the  trocar  is  inserted  into  the 
cannula  through  the  valve.  A  depression  may  form 
in  the  pad's  surface  which  may  cause  further  leak- 
age  when  the  valve  closes. 

Third,  the  circular  pad  is  relatively  flat  or  has  a 
75  slight  curvature.  It  engages  protruding  lips  88 

formed  on  the  grommet,  which  lips  surround  the 
grommet  opening  78.  With  this  structure,  the  flap- 
per  valve  disclosed  in  the  Moll  et  al.  patent  pro- 
vides  minimal  contact  area  between  the  pad  and 

20  the  grommet,  and  any  slight  irregularity  in  one  or 
the  other  may  cause  the  valve  to  leak. 

OBJECTS  AND  SUMMARY  Or  THE  INVENTION 
25 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  valve  for  an  insufflation  cannula  assembly 
which  minimizes  fluid  leakage  through  the  cannula. 

It  is  another  object  of  the  present,  invention  to 
30  provide  a  flapper  valve  whose  sealing  members 

automatically  align  with  each  other  when  the  valve 
closes  to  provide  an  enhanced  gas  tight  seal. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  flapper  valve  whose  sealing  members 

35  contact  each  other  over  a  greater  surface  area. 
It  is  yet  another  object  of  the  present  invention 

to  provide  an  insufflation  cannula  assembly  for  use 
with  a  trocar,  endoscope  or  other  surgical  instru- 
ment,  which  cannula  assembly  provides  negligible 

40  or  no  gas  leakage. 
It  is  a  still  further  object  of  the  present  inven- 

tion  to  provide  a  flapper  valve  which  is  an  improve- 
ment  over  the  flapper  valve  disclosed  in  Moll  et  al. 
U.S.  Patent  No.  4,654,030. 

45  In  one  form  of  the  present  invention,  a  cannula 
assembly  for  use  in  conjunction  with  insufflatory 
surgical  techniques  includes  a  cannula  having  op- 
posite  open  ends,  a  housing  mounted  on  one  end 
of  the.cannula  and  having  an  opening  formed  in  the 

so  housing,  and  a  flapper  valve  mounted  in  the  hous- 
ing  to  seal  the  cannula  passage  when  a  surgical 
instrument,  such  as  a  trocar,  endoscope  or  the  like, 
is  withdrawn  from  the  cannula. 

The  flapper  valve  basically  includes  a  valve 
seat  situated  at  the  housing  opening,  a  valve  plug 
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which  engages  the  valve  seat  and  forms  a  substan- 
tially  fluidtight  seal  with  the  seat,  and  a  support 
plate  and  spring  mechanism  for  mounting  the  valve 
plug  in  the  housing  and  for  pivoting  the  plug  into 
and  out  of  engagement  with  the  valve  seat. 

The  valve  seat  has  an  opening  formed  through 
its  thickness,  which  opening  is  in  communication 
with  the  cannula  passage.  The  valve  seat  is  posi- 
tioned  in  the  housing  such  that  its  opening  is 
coaxial  with  the  cannula  so  that  a  surgical  instru- 
ment,  such  as  a  trocar  or  endoscope,  may  be 
inserted  through  the  valve  seat  opening  and  into 
the  cannula  passage. 

The  valve  plug  is  mounted  loosely  but  securely 
on  the  support  plate  so  that  it  can  move  radially  on 
a  surface  of  the  support  plate  and  align  itself  with 
the  opening  formed  in  the  valve  seat  when  the  two 
engage  each  other.  The  surface  of  the  valve  plug 
which  engages  the  valve  seat  has  a  frusto-conicai 
shape  so  that  the  surface  is  partially  received  by 
the  valve  seat  opening  when  the  valve  closes. 

The  support  plate  is  basically  a  U-shaped 
member  which  extends  from  the  radial  side  of  an 
upstanding  post  mounted  in  the  housing.  A  helical 
spring  mounted  co-axially  on  the  post  engages  the 
housing  and  the  support  plate  and  biases  the  valve 
plug  into  engagement  with  the  valve  seat.  A  trocar 
or  dther  surgical  instrument  inserted  through  the 
valve  seat  opening  will  cause  the  valve  plug  to 
pivot  away  from  the  valve  seat  and  out  of  the 
trocar's  axial  path  of  travel  between  the  valve  seat 
opening  and  the  cannula  passage. 

Preferred  forms  of  the  flapper  valve  and  insuf- 
flation  cannula  assembly,  as  well  as  other  embodi- 
ments,  objects,  features  and  advantages  of  this 
invention,  will  be  apparent  from  the  following  de- 
tailed  description  of  illustrative  embodiments  there- 
of,  which  is  to  be  read  in  connection  with  the 
accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  an  isometric  view  of  the  cannula 
assembly  of  the  present  invention  with  a  trocar 
assembly  mounted  thereon. 

Fig.  2  is  a  sectional  view  of  the  cannula 
assembly  and  trocar  assembly  shown  in  Fig.  1, 
taken  along  line  2-2  of  Fig.  1  . 

Fig.  3  is  an  exploded  view  of  the  cannula 
assembly  of  the  present  invention. 

Fig.  4  is  an  isometric  view  of  the  cannula 
assembly  shown  in  Fig.  3  with  its  housing  partially 
broken  away. 

Fig.  5  is  a  rear  perspective  view  of  a  portion 
of  the  cannula  assembly. 

Fig.  6  is  a  partial  sectional  view  ot  tne  flap- 
per  valve  used  in  the  cannula  assembly  of  the 
present  invention. 

Fig.  7  is  a  top  view  of  the  cannula  assembly 
with  its  housing  partially  broken  away. 

Fig.  8  is  an  enlarged,  detailed  view  of  a 
portion  of  the  flapper  valve  of  the  present  invention. 

W  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  initially  to  Figs.  1  and  2  of  the  draw- 
ings,  it  will  be  seen  that  a  cannula  assembly  2 

15  used  in  connection  with  insufflatory  surgical  tech- 
niques  basically  includes  a  cannula  4  and  a  hous- 
ing  6  mounted  on  one  end  of  the  cannula  4.  The 
cannula  4  is  formed  as  an  elongated  sleeve  having 
opposite  proximate  and  distal  open  ends,  and  thus 

20  defines  a  cannula  passage  8  in  its  interior.  The 
cannula  4  may  be  formed  from  a  stainless  steel  or 
other  rigid  material. 

The  housing  6  of  the  cannula  assembly  is 
rigidly  secured  to  the  proximate  end  of  the  cannula 

25  4.  It  has  an  open  interior  for  mounting  other  com- 
ponents  of  the  cannula  assembly,  and  has  a  rear 
opening  10  defined  by  a  circular  flange  12  extend- 
ing  inwardly  of  the  housing,  which  opening  10  is 
situated  co-axially  with  the  cannula  4.  An  O-ring  13 

30  (see  Fig.  3)  may  be  mounted  on  the  cannula  4  to 
prevent  leakage  between  the  cannula  and  the  hous- 
ing.  Additionally,  the  housing  6  includes  a  stopcock 
port  14  into  which  the  nozzle  of  a  stopcock  16  is 
inserted  (see  Fig.  4),  the  port  14  being  provided  for 

35  passing  additional  insufflating  gas  into  the  body 
cavity. 

The  cannula  assembly  2,  with  its  cannula  4  and 
its  housing  6,  is  adapted  to  receive  a  surgical 
instrument  through  the  opening  10  in  its  housing. 

40  An  example  of  such  an  instrument  is  the  trocar 
assembly  20  shown  in  Figs.  1  and  2  of  the  draw- 
ings,  the  trocar  assembly  being  mounted  on  the 
rear  side  of  the  housing  6. 

The  trocar  assembly  20  basically  includes  a 
45  hand  grip  portion  or  head  22,  an  obturator  24 

mounted  on  the  head  22  of  the  trocar  assembly 
and  extending  outwardly  from  the  head,  and  an 
obturator  shield  26  which  houses  the  obturator  24. 
The  obturator  24  is  formed  with  a  piercing  tip  28 

so  for  puncturing  the  body  cavity.  A  spring  30  in  the 
head  22  of  the  trocar  assembly  biases  the  shield 
26  axially  away  from  the  head  so  that  it  covers  the 
obturator  tip  28. 

The  trocar  assembly  20  is  mounted  on  the 
55  cannula  assembly  2  so  that  its  obturator  24  and 

shield  26  are  slidably  received  in  the  cannula  pas- 
sage  8  with  the  obturator  shield  extending  beyond 
the  distal  end  of  the  cannula  4. 

3 
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In  operation,  the  distal  end  of  the 
:annuia/trocar  assembly  is  placed  against  the  skin 
at  the  body  cavity  region,  and  pressure  is  exerted 
Dn  the  assembly  against  the  skin.  This  pressure 
:auses  the  obturator  shield  26  to  be  pushed  rear- 
wardly  against  the  force  of  the  spring  30  to  a 
retracted  position,  thereby  exposing  the  piercing  tip 
28  of  the  obturator.  The  tip  enters  the  skin  and 
underlying  tissue  with  continued  pressure.  Once 
the  tip  has  penetrated  the  tissue  and  has  entered 
the  cavity,  the  force  against  the  distal  end  of  the 
shield  26  ceases  and  the  shield  is  automatically 
moved  axially  forward  to  its  extended  position  cov- 
ering  the  tip  28  through  the  action  of  the  spring  30. 

A  more  detailed  description  of  the  trocar  as- 
sembly  described  herein,  and  its  operation,  is  pro- 
vided  in  Moll  et  al.  U.S.  Patent  No.  4,654,030 

As  is  provided  in  the  device  disclosed  in  the 
above-identified  Moll  et  al.  patent,  the  cannula  as- 
sembly  2  of  the  present  invention  includes  a  flap- 
per  vaive  which  opens  to  allow  a  surgical  instru- 
ment,  such  as  the  trocar  assembly  20,  to  be  in- 
serted  through  the  cannula  4,  and  closes  when  the 
surgical  instrument  has  been  withdrawn,  in  order  to 
maintain  gas  pressure  in  the  body  cavity  which  has 
been  inflated  with  an  insufflation  gas.  The  flapper 
valve  of  the  present  invention  as  shown  in  Fig.  3 
basically  includes  three  components:  a  valve  seat 
32,  a  valve  plug  34  which  engages  the  valve  seat 
32,  and  a  mechanism  36  for  mounting  the  vaive 
plug  34  and  for  pivoting  the  plug  into  and  out  of 
engagement  with  the  valve  seat  32. 

As  shown  in  Figs.  3  through  8  of  the  drawings, 
the  valve  seat  32  is  mounted  in  the  circular  flange 
12  at  the  rear  opening  10  formed  in  the  housing  6 
of  the  cannula  assembly.  The  seat  32  basically 
includes  a  forward  portion  38  and  a  rearward  por- 
tion  40  which  are  interconnected  and  which  define 
a  recess  42  between  them,  which  recess  42  re- 
ceives  the  circular  flange  12  of  the  housing.  The 
rearward  portion  40  is  preferably  circular,  and  is 
received  in  a  recess  44  formed  in  the  circular 
flange  12. 

The  forward  portion  38  is  substantially  rectan- 
gular,  and  has  a  greater  transverse  width  than  the 
diameter  of  the  circular  rearward  portion  40  so  that 
it  extends  substantially  to  the  opposite  lateral  sides 
46  of  the  housing  6.  The  forward  and  rearward 
portions  38,  40  contact  the  sides  of  the  flange  over 
an  area  sufficient  to  prevent  leakage. 

The  valve  seat  32  includes  an  opening  48 
formed  centrally  through  its  thickness.  The  valve 
seat  32  is  situated  in  the  housing  6  so  that  its 
opening  48  is  co-axial  with  the  cannula  4  and  is  in 
communication  with  the  cannula  passage  8  through 
the  interior  of  the  housing;  this  will  allow  a  surgical 
instrument,  such  as  the  trocar  assembly  20  shown 
in  Figs.  1  and  2,  or  an  endoscope,  for  example,  to 

pass  through  the  valve  seat  opening  48  and  into 
the  cannula  passage  8  from  the  rear  side  of  the 
cannula  assembly  housing  6. 

A  portion  of  the  valve  seat  32  surrounding  the 
5  opening  is  reduced  in  thickness.  This  portion  is 

defined  by  a  circular  recess  50  formed  in  the 
rearward  portion  40  of  the  valve  seat,  and  a  re- 
cessed  groove  52  formed  in  the  surface  of  the 
forward  portion  38  of  the  valve  seat  and  concen- 

w  trically  surrounding  the  opening  48. 
The  valve  seat  32  is  formed  from  a  rubber  or 

other  elastic  material.  As  will  be  seen,  because  of 
the  elasticity  of  the  material  from  which  it  is  formed 
and  the  reduced  thickness  of  the  area  surrounding 

is  the  opening  48,  the  valve  seat  32  will  deform  to 
accommodate  the  valve  plug  34  and  thereby  con- 
form  to  the  shape  of  the  valve  plug  34  when  the 
two  engage  each  other,  with  substantial  areas  of 
the  two  being  in  contact  so  as  to  form  a  substan- 

20  tially  gas  tight  seal.  Also,  the  reduced  thickness 
portion  at  50  and  52  surrounding  the  valve  seat 
opening  48  allows  the  valve  seat  32  to  expand  and 
closely  engage  the  obturator  shield  26  of  the  trocar 
assembly  20  or  other  surgical  instrument  inserted 

25  in  the  cannula  assembly,  and  to  prevent  fluid  from 
escaping  from  the  body  cavity. 

As  mentioned  previously,  the  flapper  valve  also 
includes  a  mechanism  36  for  mounting  the  valve 
plug  34  and  for  pivoting  the  valve  plug  into  and  out 

30  of  engagement  with  the  valve  seat  32.  As  shown  in 
Fig.  3  of  the  drawings,  such  a  mechanism  includes 
a  support  plate  54  which  is  preferably  U-shaped. 
The  support  plate  54  extends  outwardly  from  a 
radial  side  of  an  upstanding  post  56  mounted  in  the 

35  housing  6  of  the  cannula  assembly. 
A  tensioned  helical  spring  58  is  co-axially 

mounted  on  the  post  56,  and  includes  two  ends  60, 
62.  One  end  60  bears  against  a  side  46  of  the 
cannula  housing  6,  and  the  other  end  62  bears 

40  against  the  rear  side  63  of  the  support  plate  below 
a  tab  64  extending  outwardly  from  the  rear  side, 
which  tab  64  keeps  the  spring  end  in  place.  The 
spring  58  biases  the  support  plate  54  such  that  the 
valve  plug  34  mounted  on  the  plate  will  engage  the 

45  valve  seat  32  to  effect  a  gas  tight  seal. 
When  a  trocar  or  other  surgical  instrument  is 

inserted  through  the  valve  seat  opening  48  into  the 
housing  6  of  the  cannula  assembly,  it  will  engage 
the  valve  plug  34  and  cause  the  support  plate  54  to 

so  pivot  against  the  force  of  the  spring  58  towards  the 
side  46  of  the  housing  so  that  the  valve  plug  34  is 
out  of  engagement  with  the  valve  seat  32.  This 
opens  the  valve  and  allows  the  surgical  instrument 
to  be  inserted  through  the  interior  of  the  cannula 

55  assembly  housing  6  and  into  the  cannula  4.  When 
the  trocar  or  surgical  instrument  is  withdrawn,  the 
support  plate  54  is  spring  biased  to  pivot  so  that 
the  valve  plug  34  will  automatically  engage  the 

4 
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/alve  seat  32,  thereby  closing  the  valve. 
A  lever  66  is  provided  on  the  outside  of  the 

lousing  6.  The  lever  66  is  mounted  to  the  upstand- 
ng  post  56  and  pivots  with  the  post.  The  lever  66 
s  provided  for  the  surgeon  to  manipulate  so  that 
:he  valve  can  be  manually  opened  to  desufflate  the 
Dody  cavity.  To  ensure  fluidtightness,  an  O-ring  68 
s  mounted  on  the  post  between  the  spring  58  and 
She  lever  66. 

The  support  plate  54  also  has  an  opening  70 
formed  through  its  thickness,  that  is,  between  its 
-ear  and  front  sides  63,  65.  As  will  be  seen,  the 
Dpening  70  is  provided  for  mounting  the  valve  plug 
34  to  the  support  plate. 

As  seen  in  Fig.  8,  the  valve  plug  34  of  the 
flapper  valve  basically  includes  a  front  face  72  and 
a  rear  face  74  opposite  the  front  face.  A  portion  76 
Df  the  front  face  is  formed  with  a  conical  shape, 
and  more  preferably,  a  frusto-conical  shape.  The 
3onically-shaped  portion  76  of  the  valve  plug  is 
preferably  sloped  inwardly  on  its  sides  at  an  angle 
A  of  about  30  °  . 

The  front  face  72  of  the  valve  plug  is  also 
formed  with  a  flange  78  which  surrounds  the 
;onically-shaped  portion  76.  Flange  78  acts  to  en- 
sure  that  the  tip  of  shield  26  of  the  trocar  assem- 
bly,  or  other  surgical  instrument  which  may  be 
inserted,  is  guided  into  the  cannula  4  and  does  not 
momentarily  get  hung  up  at  the  joint  formed  by 
valve  plug  34  and  support  plate  54. 

As  mentioned  previously,  the  valve  plug  34  is 
mounted  on  the  support  plate  54  and  pivots  with 
the  support  plate  into  and  out  of  engagement  with 
the  valve  seat  32.  One  of  the  important  features  of 
the  flapper  valve  of  the  present  invention  which 
distinguishes  it  from  the  valve  employed  in  the 
trocar  disclosed  in  U.S.  Patent  No.  4,654,030  (Moll 
et  al.)  is  that  the  valve  plug  34  is  loosely  but 
securely  mounted  on  the  support  plate  54  so  that  it 
can  move  radially  to  a  certain  extent  on  the  front 
face  of  the  support  plate.  The  ability  of  the  plug  34 
to  move  with  respect  to  the  support  plate  54  and 
the  particular  shape  of  the  valve  plug  (i.e.,  conical 
or  frusto-conical)  provide  the  valve  plug  with  a  self- 
seating  capability  which  allows  it  to  automatically 
align  itself  with  the  valve  seat  32  when  the  two 
engage. 

A  stem  portion  80  extends  outwardly  from  the 
rear  face  74  of  the  valve  plug  34.  As  will  be  seen, 
the  stem  portion  80  is  provided  for  mounting  the 
valve  plug  34  to  the  support  plate  54,  and  for 
providing  the  valve  plug  with  a  degree  of  radial 
movement  on  the  front  side  of  the  support  plate. 

The  stem  portion  80  may  include  a  free  end  on 
which  is  mounted  a  retaining  head  82.  Additionally, 
the  retaining  head  82  may  form  the  free  end  of  the 
stem  portion  80.  The  retaining  head  82  in  its  pre- 
ferred  form  is  also  frusto-conically  shaped  with 

sides  that  converge  in  a  direction  away  rrom  tne 
rear  side  63  of  the  support  plate,  preferably  sloping 
inwardly  at  an  angle  B  of  about  20°  . 

The  valve  plug  34  is  mounted  on  the  support 
5  plate  54  with  its  conically-shaped  front  face  72  and 

its  retaining  head  82  disposed  on  opposite  front 
and  rear  sides  65,  63  of  the  support  plate,  respec- 
tively,  and  with  its  stem  portion  80  received  by  the 
support  plate  opening  70. 

10  The  retaining  head  82  is  made  oversized,  that 
is,  with  a  diameter  that  is  greater  than  that  of  the 
support  plate  opening  70,  to  securely  connect  the 
valve  plug  34  to  the  support  plate  54.  However,  the 
stem  portion  80  of  the  valve  plug  is  formed  with  a 

15  diameter  that  is  less  than  that  of  the  support  plate 
opening  70.  Thus,  when  mounted  on  the  support 
plate  54,  the  valve  plug  34  is  free  to  move  in  any 
radial  direction  on  the  front  side  65  of  the  support 
plate,  and  is  limited  in  its  radial  movement  by  the 

20  difference  between  the  diameters  of  the  support 
plate  opening  70  and  the  stem  portion  80. 

For  example,  if  the  support  plate  opening  70  is 
formed  with  a  diameter  of  3.2mm  (.127  inches)  and 
the  valve  plug  stem  portion  80  is  formed  with  a 

25  diameter  of  2.4mm(.095inches),  then  the  valve  plug 
will  be  able  to  travel  O.4mm(.016  inches)  from  the 
center  of  the  support  plate  opening  in  any  radial 
direction. 

The  valve  plug  34  is  thus  free  to  "float"  on  the 
30  surface  of  the  support  plate  54  in  any  radial  direc- 

tion,  and  to  align  itself  with  the  central  opening  48 
formed  in  the  valve  seat  32.  When  the  valve 
closes,  the  engagement  of  the  valve  seat  32  with 
the  frusto-conical  front  face  of  the  valve  plug  34 

35  forces  the  valve  plug  into  proper  alignment  with  the 
valve  seat  to  effect  a  gas  tight  seal. 

The  rear  face  74  of  the  valve  plug  34  is  also 
formed  with  a  recessed  portion  84  concentrically 
surrounding  the  stem  portion  80.  This  recessed 

40  portion  84  is  provided  basically  for  two  reasons. 
First,  it  provides  the  plug  with  less  surface  area  on 
its  rear  face  73  to  contact  the  front  side  65  of  the 
support  plate.  This  reduces  the  drag  or  friction 
between  the  two  and  allows  free  movement  of  the 

45  valve  plug  34  on  the  support  plate  54. 
Second,  if  desired,  the  recessed  portion  84 

may  serve  to  receive  a  silicone  grease  or  other 
lubricant  to  lubricate  the  interface  between  the 
valve  plug  and  the  support  plate,  which  also  mini- 

50  mizes  friction  between  the  two. 
If  desired,  the  front  face  72  of  the  valve  plug  34 

may  be  formed  from  an  inelastic  material  such  as  a 
plastics  material  aluminum,  stainless  steel  or  the 
like.  The  retaining  head  82  may  be  formed  from 

55  the  same  or  other  material  as'  the  front  face  72  of 
the  valve  plug  and  joined  to  the  end  of  stem 
portion  80  after  the  stem  portion  has  been  mounted 
in  the  support  plate  opening  70,  or  may  be  formed 
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ram  an  elastic  material  and  force-fitted  through 
slate  opening  70.  The  retaining  head  82,  formed  of 
slastic  material,  can  compress  and  then  expand 
after  its  insertion  through  the  support  plate  open- 
ng,  and  thereby  return  to  an  intentional  interfer- 
3nce. 

The  vaive  seat  32,  being  molded  of  rubber  or 
Dther  elastomeric  material,  conforms  by  stretching 
and  compressing  to  the  shape  of  the  valve  plug  34 
when  the  valve  plug  is  wedged  in  the  valve  seat 
opening  48.  Thus,  the  valve  seat  surrounding  the 
opening  48  can  engage  the  valve  plug  34  over 
substantially  all  of  its  entire  thickness  to  form  an 
effective  gas  tight  seal. 

The  valve  plug  34  may  be  mounted  in  a  cir- 
cular  recess  86  (see  Fig.  8)  formed  in  the  front  side 
35  of  the  support  plate  54,  the  diameter  of  the 
circular  recess  86  being  made  sufficiently  large  so 
as  not  to  limit  the  radial  movement  of  the  valve 
plug  on  the  support  plate. 

The  flapper  valve  of  the  present  invention  pro- 
vides  an  enhanced  gas  tight  seal  by  its  capability 
of  being  self-seating.  More  specifically,  the  frusto- 
conicai  shape  of  the  valve  plug  34  and  its  ability  to 
"float"  on  the  support  plate.  54  allow  it  to  come  into 
proper  alignment  with  the  valve  seat  32  when  the 
two  engage.  Furthermore,  the  configuration  and 
elasticity  of  the  vaive  seat  32  and  the  particular 
shape  of  the  valve  plug  34  permit  the  two  to 
contact  each  other  over  a  greater  surface  area, 
thus  ensuring  an  effective  seal. 

Claims 

1.  A  flapper  valve  for  an  insufflation  cannula 
assembly,  the  cannula  assembly  (2)  including  a 
cannula  (4)  defining  a  cannula  passage  (8)  and  a 
housing  (6)  mounted  on  one  end  of  the  cannula  (4) 
and  having  an  opening  (10)  formed  therein,  the 
flapper  valve  being  mounted  in  the  housing  (6)  of 
the  assembly  (2),  the  flapper  valve  comprising: 
a  valve  seat  (32)  situated  at  the  housing  opening 
(10),  the  vaive  seat  (32)  having  an  opening  (48) 
formed  therein,  the  valve  seat  opening  '(48)  being 
in  communication  with  the  cannula  passage  (8)  and 
being  adapted  to  allow  a  surgical  instrument  to 
pass  therethrough  and  into  the  cannula  passage 
(8); 
a  vaive  plug  (34),  the  valve  plug  (34)  being  adapted 
to  engage  the  valve  seat  (32)  at  the  opening  (48) 
thereof  and  to  form  therewith  a  substantially  gas 
tight  seal; 
biasing  means  (58)  for  biasing  the  valve  plug  (34) 
into  engagement  with  the  valve  seat  (32);  and 
means  (36)  for  mounting  the  valve  plug  (34)  in  the 
housing  (6)  and  for  pivoting  the  plug  (34)  into  and 
out  of  engagement  with  the  valve  seat  (32),  the 

valve  plug  (34)  being  movable  on  the  plug  mount- 
ing  means  (36)  so  as  to  be  self-aligning  with  the 
valve  seat  opening  (48)  when  the  plug  (34)  and- 
seat  (32)  are  in  engagement. 

5  2.  A  flapper  valve  as  claimed  in  claim  1, 
wherein  the  valve  plug  (34)  has  a  frusto-conically 
shaped  front  face  (76)  which  engages  the  valve 
seat  (32). 

3.  A  flapper  valve  as  claimed  in  claim  1  or  2, 
w  wherein  the  valve  plug  (34)  includes  a  front  face 

(72)  which  engages  the  valve  seat  (32),  and  a  rear 
face  (74)  opposite  the  front  face  (72),  and  further 
includes  a  stem  portion  (80)  extending  outwardly 
from  the  rear  face  thereof;  and  wherein  the  plug 

is  mounting  means  (36)  includes  a  support  plate  (54), 
the  support  plate  having  an  opening  (70)  formed 
therein,  the  opening  (70)  being  adapted  to  receive 
the  stem  portion  (80)  of  the  valve  plug  (34)  to  allow 
the  plug  (34)  to  be  mounted  on  the  surface  of  the 

20  plate,  the  diameter  of  the  support  plate  opening 
(70)  being  greater  than  the  diameter  of  the  plug 
stem  portion  (80);  and  wherein  the  flapper  valve 
further  includes  means  (82)  for  securing  the  stem 
portion  (80)  within  the  support  plate  opening. 

25  4.  A  flapper  valve  as  claimed  in  claim  3, 
wherein  the  stem  portion  (80)  of  the  valve  plug  (34) 
includes  a  free  end;  and  wherein  the  plug  (34) 
further  includes  a  retaining  head  (82),  the*  retaining 
head  (82)  being  mounted  on  the  free  end  of  the 

30  plug  stem  portion  (80),  the  retaining  head  (82) 
having  a  greater  diameter  than  that  of  the  support 
plate  opening  (70). 

5.  A  flapper  valve  as  claimed  in  claim  1  or  2, 
wherein  the  valve  plug  (34)  includes  a  front  face 

35  (72)  which  engages  the  valve  seat  (32),  and  a  rear 
face  (74)  opposite  the  front  face  (72),  and  further 
includes  a  stem  portion  (80)  extending  outwardly 
from  the  rear  face  (74)  thereof,  the  stem  portion 
(80)  having  a  free  end,  and  a  retaining  head  (82) 

40  mounted  on  the  free  end  of  the  plug  stem  portion 
(80);  and  wherein  the  support  plate  (54)  has  two 
opposite  sides  (63,65)  and  has  an  opening  formed 
(70)  through  the  thickness  thereof,  the  opening  (70) 
receiving  the  valve  plug  stem  portion  (80)  so  that 

45  the  retaining  head  (82)  and  front  face  (72)  are 
disposed  on  opposite  sides  of  the  support  plate 
(54),  the  diameter  of  the  support  plate  opening  (70) 
being  greater  that  that  of  the  stem  portion  (80)  and 
being  less  than  that  of  the  retaining  head  (82). 

so  6.  A  flapper  vaive  as  claimed  in  claim  3,  4  or  5, 
wherein  the  front  face  (72)  of  the  valve  plug  (34)  is 
formed  from  a  substantially  inelastic  material. 

7.  A  flapper  valve  as  claimed  in  any  one  of  the 
preceding  claims,  wherein  the  valve  seat  (32)  is 

55  formed  from  an  elastic  material. 
8.  A  flapper  valve  as  claimed  in  claim  1  or  2, 

wherein  the  valve  plug  (34)  includes  a  front  face 
(72)  having  a  conically-shaped  portion  (76)  and  a 

6 



1  EP  0  323  018  A2  12 

lange  (78)  surrounding  the  conically-shaped  por- 
:ion  (76),  and  further  includes  a  rear  face  (74) 
apposite  the  front  face  72),  the  front  face  (72) 
ceing  adapted  to  engage  the  valve  seat  (32). 

9.  A  flapper  valve  as  claimed  in  any  one  of  5 
claims  3,  4  or  5,  wherein  the  rear  face  (74)  of  the 
/alve  plug  (34)  includes  a  recessed  portion  (84). 

10.  A  flapper  valve  as  claimed  in  any  one  of 
claims  1  ,  2  or  8,  wherein  the  plug  mounting  means 
ncludes  a  support  plate  (54),  the  support  plate  (54)  io 
ceing  pivotally  mounted  in  the  housing  (6)  and 
naving  the  valve  plug  (34)  mounted  thereon,  and 
ceing  biased  to  pivot  the  valve  plug  into  engage- 
ment  with  the  valve  seat  (32). 

11.  A  flapper  valve  as  claimed  in  any  one  of  75 
claims  1,  2,  8  or  9,  wherein  the  valve  plug  (34) 
ncludes  a  stem  portion  (80)  extending  from  a  sur- 
face  thereof,  the  stem  portion  (80)  being  loosely 
-eceived  in  an  opening  (70)  formed  in  the  plug 
mounting  means  (36).  12.  A  flapper  valve  as  20 
claimed  in  any  one  of  the  preceding  claims, 
wherein  the  valve  seat  (32)  has  a  reduced  thick- 
ness  portion  (50)  surrounding  the  opening.  13.  A 
flapper  valve  as  claimed  in  any  one  of  the  preced- 
ing  claims,  wherein  the  valve  seat  (32)  is  situated  25 
in  the  housing  (6)  such  that  the  valve  seat  opening 
[48)  is  co-axial  with  the  cannula  (4). 

14.  An  insufflation  cannula  assembly  (2),  which 
comprises: 
a  cannula  (4),  the  cannula  having  opposite  ends;  30 
a  housing  (6)  mounted  on  one  end  of  the  cannula, 
the  housing  having  an  opening  (10)  formed  therein; 
and  a  flapper  valve  mounted  in  the  housing  (6),  the 
flapper  valve  including  a  valve  seat  (32)  disposed 
at  the  housing  opening  (10)  and  having  opening  35 
(48)  formed  therein  to  allow  a  surgical  instrument  to 
pass  therethrough  and  into  the  cannula  (4),  a  valve 
plug  (34)  adapted  to  engage  the  valve  seat  (32)  at 
the  opening  (48)  thereof  and  to  form  with  the  valve 
seat  (32)  a  substantially  gas  tight  seal;,  and  means  40 
(36)  for  mounting  the  valve  plug  (34)  and  for  pivot- 
ing  the  plug  (34)  into  and  out  of  engagement  with 
the  valve  seat  (32),  the  valve  plug  (34)  being  mov- 
able  on  the  plug  mounting  means  (36)  so  as  to  be 
self-aligning  with  the  valve  seat  opening  (48)  when  45 
the  plug  (34)  and  valve  seat  (32)  are  in  engage- 
ment. 
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