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Instrument  for  closing  trocar  puncture  wounds. 

©  A  surgical  instrument  10  for  applying  sutures 
through  body  tissue  including  a  handle  assembly,  an 
elongated  housing  16  removably  mounted  to  said 
handle  assembly  and  having  a  proximal  end  portion 
and  a  distal  end  portion,  at  least  one  needle  carrier 
24,  26  operatively  mounted  in  the  distal  end  portion 
and  movable  between  a  retracted  position  and  a 
deployed  position,  and  a  needle  12,  14  releasably 
retained  in  the  needle  carrier  member.  The  instru- 
ment  may  also  include  a  retaining  mechanism  68, 
70,  72,  adapted  to  retain  the  at  least  one  needle 
carrier  in  the  partially  deployed  position. 

FIG.  3  

CM 

CO 

Rank  Xerox  (UK)  Business  Services 
(3.10/3.09/3.3.4) 



EP  0  647  430  A2 

least  one  needle  carrier  member  operatively  moun- 
ted  in  the  distal  end  portion  and  movable  between 
at  least  a  retracted  position  and  a  deployed  posi- 
tion,  a  needle  releasably  retained  in  the  at  least 

5  one  needle  carrier  member,  a  predetermined 
length  of  suture  material  having  one  end  affixed  to 
the  needle.  The  instrument  may  include  a  suture 
material  tensioning  member  disposed  within  the 
elongated  body  for  maintaining  the  suture  material 

w  in  tension  during  movement  of  the  at  least  one 
needle  carrier  member  from  the  retracted  position 
to  the  deployed  position. 

The  instrument  may  also  include  a  retaining 
mechanism  adapted  to  retain  the  at  least  one  nee- 

75  die  carrier  in  the  partially  deployed  position. 
In  another  aspect  of  the  present  invention,  the 

instrument  includes  an  actuator  member  opera- 
tively  associated  with  the  at  least  one  needle  car- 
rier  member,  the  actuator  member  being  movable 

20  between  at  least  a  first  position  and  a  second 
position  to  move  the  at  least  one  needle  carrier 
from  the  initial  position  to  the  deployed  position,  a 
needle  retaining  member  disposed  in  the  elongated 
body  and  adapted  to  retain  the  needle  therein 

25  when  the  at  least  one  needle  carrier  member  is  in 
the  deployed  position,  and  a  needle  skewing 
mechanism  operatively  associated  with  the  actuator 
member  such  that  upon  movement  of  the  actuator 
member  from  the  first  position  to  the  second  posi- 

30  tion  the  needle  skewing  mechanism  contacts  a 
tapered  portion  of  the  needle  to  change  the  align- 
ment  thereof  relative  to  the  retaining  member. 

A  deployment  indicator  may  be  included  in  the 
instrument  to  provide  an  indication  to  an  operator 

35  of  the  instrument  when  the  at  least  one  needle 
carrier  member  is  in  the  second  position. 

In  alternate  embodiments,  the  instrument  is 
reloadable  to  provide  replacement  with  fresh  nee- 
dles  and  sutures  to  close  several  trocar  wounds  in 

40  the  patient.  The  elongated  housing  portion,  in  one 
embodiment,  is  removably  mounted  to  a  pistol  grip 
handle  housing  to  intermesh  with  a  gear  mecha- 
nism  for  movement  between  a  proximal  and  distal 
position  to  deploy  the  needle  structure.  In  an  al- 

45  ternate  embodiment,  the  instrument  comprises  a 
pair  of  flexible  curved  members  mounted  to  a  grip 
portion  and  a  pair  of  levers  mounted  to  the  curved 
members.  The  elongated  member  has  a  groove  to 
receive  the  levers  to  provide  for  distal  movement  to 

50  deploy  the  needle  structure.  In  another  embodi- 
ment,  the  elongated  housing  is  removably  mounted 
by  a  bayonet  mount  to  the  handle  portion.  The 
inner  rod  is  deployed  by  depression  of  a  push 
button  mechanism.  These  instruments  can  incor- 

55  porate  the  different  aspects  described  above. 

1  .  Field  of  the  Invention 

This  invention  relates  to  instruments  for  sutur- 
ing  puncture  wounds  and  more  particularly  to  in- 
struments  for  closing  trocar  puncture  wounds 
formed  during  endoscopic  surgical  procedures. 

2.  Description  of  the  Related  Art 

With  laparoscopic  and  endoscopic  surgery,  a 
small  incision  or  puncture  is  made  in  the  patient's 
body  to  provide  access  for  a  tube  or  a  cannula 
device.  Once  extended  into  the  patient's  body,  the 
cannula  allows  for  insertion  of  various  surgical  in- 
struments  such  as  scissors,  dissectors,  retractors, 
or  biopsy  instruments  to  perform  diagnostics  and/or 
surgery.  Upon  completion  of  the  surgical  proce- 
dure,  the  remaining  trocar  wound  may  require 
some  attention,  e.g.,  in  the  form  of  placing  sutures 
to  close  the  wound.  In  certain  cases  it  may  be 
desirable  to  close  the  wound  from  within. 

A  device  which  forms  sutures  from  within  the 
urethra  is  shown  in  Soviet  Patent  SU  1093329.  The 
device  is  inserted  into  the  urethra  and  pivotally 
deploys  needles  from  which  sutures  are  subse- 
quently  pulled  through  the  side  walls  of  the  urethra. 

Other  devices  have  been  developed  which  are 
used  to  place  sutures  from  within  a  wound.  For 
example,  co-pending  commonly  assigned  US  Pat- 
ent  Applications  Serial  No.  07/950,073  filed  Sep- 
tember  23,  1992  and  Serial  No.  08/013,244  filed 
February  23,  1993  as  well  as  co-pending  applica- 
tion  Serial  No.  07/876,511  relate  to  different  sur- 
gical  instruments  for  placing  sutures  from  within  a 
trocar  wound.  U.S.  Patent  Application  Serial  No. 
08/091,793,  filed  July  14,  1993  also  discloses  a 
surgical  instrument  for  placing  suture.  Also,  a  de- 
vice  has  been  developed  for  placing  sutures  from 
within  a  trocar  wound  which  includes  a  needle 
clamping  device  for  capturing  the  needles  upon 
deployment  thereof.  Such  a  device  is  shown  in  a 
product  brochure  of  REMA-Medizintechnik  GmbH 
of  Germany. 

It  would  be  advantageous  to  provide  a  re- 
loadable  instrument  which  would  allow  replacement 
of  fresh  needles  and  sutures  to  close  several  trocar 
wounds  in  the  patient. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  a  novel  surgical 
instrument  for  applying  sutures  through  body  tissue 
and  includes  a  lightweight  and  easy  to  use  instru- 
ment  which  may  be  operated  quickly  and  effi- 
ciently. 

In  one  aspect  of  the  present  invention,  the 
instrument  includes  an  elongated  body  having  a 
proximal  end  portion  and  a  distal  end  portion,  at 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Preferred  embodiments  of  the  invention  are 
described  herein  below  with  reference  to  the  draw- 
ings  wherein:  5 

Fig.  1  is  a  perspective  view  of  one  embodiment 
of  the  instrument  of  the  present  invention; 
Fig.  2  is  a  partial  cross-sectional  view  taken 
along  section  line  2-2  of  Fig.  1; 
Fig.  3  is  an  exploded  partial-view  with  parts  w 
separated  of  the  distal  end  of  the  instrument  of 
Fig.1; 
Fig.  4  is  a  cross-sectional  view  taken  along 
section  line  4-4  of  Fig.  1; 
Fig.  5  is  a  cross-sectional  view  taken  along  line  75 
5-5  of  Fig.  4; 
Figs.  6-8  are  views  similar  to  Fig.  5,  which  show 
the  sequential  operation  of  the  needle  deploy- 
ment  actuating  mechanism  of  the  instrument  of 
Fig.  1;  20 
Fig.  9  is  a  cross-sectional  view  of  the  distal  end 
of  the  instrument  taken  along  section  line  9-9  of 
Fig.  1  and  showing  the  needle  carriers  in  the 
intermediate  position  in  phantom  lines; 
Fig.  10  is  an  enlarged  view  of  the  needle  de-  25 
ployment  mechanism  showing  the  needle  car- 
riers  in  the  fully  deployed  position; 
Fig.  11  is  an  enlarged  view  similar  to  Fig.  10, 
which  shows  the  needle  carriers  retracting  after 
the  needles  have  become  embedded  in  the  nee-  30 
die  retaining  members; 
Fig.  12  is  a  partial  plan  view  of  the  instrument  of 
the  present  invention  with  one  half  of  the  elon- 
gated  body  removed  to  illustrate  the  suture  ma- 
terial  tensioning  system;  35 
Fig.  13  is  a  cross-sectional  view  taken  along 
section  line  13-13  of  Fig.  12; 
Fig.  14  is  a  view  similar  to  Fig.  12,  which  shows 
the  suture  tensioning  system  after  the  deploy- 
ment  of  the  needles;  40 
Fig.  15  is  a  cross-sectional  view  taken  along 
section  line  15-15  of  Fig.  14; 
Figs.  16-19  illustrate  two  alternative  needle  re- 
taining  members  for  use  with  the  instrument  of 
the  present  invention;  45 
Fig.  20  is  another  embodiment  of  the  needle 
skewing  mechanism  for  use  with  the  instrument 
of  the  present  invention;  and 
Fig.  21  illustrates  the  deployment  indicator  for 
the  instrument  of  the  present  invention.  50 
Fig.  22  is  a  perspective  view  of  a  first  embodi- 
ment  of  the  apparatus  of  the  present  invention 
having  a  reloadable  needle  and  suture  housing 
and  utilizing  a  pistol  grip  for  deploying  the  nee- 
dle  carriers;  55 
Fig.  23  is  a  side  view  of  the  apparatus  of  Fig. 
22; 

Fig.  24  is  a  partial  cross-sectional  view  of  the 
apparatus  of  Fig.  22  prior  to  deployment  of  the 
needle  carriers; 
Fig.  25  is  a  partial  cross-sectional  view  of  the 
apparatus  of  Fig.  22  showing  the  handle 
squeezed  to  deploy  the  needle  carriers; 
Fig.  26  is  a  perspective  view  of  an  alternate 
embodiment  of  the  apparatus  of  the  present 
invention  having  a  reloadable  needle  and  suture 
housing  and  utilizing  a  pair  of  flexible  handle 
members  for  deploying  the  needle  carriers; 
Fig.  27  is  a  partial  cross-sectional  view  of  the 
apparatus  of  Fig.  26  prior  to  deployment  of  the 
needle  carriers; 
Fig.  28  is  a  partial  cross-sectional  view  of  the 
apparatus  of  Fig.  26  showing  the  handles 
squeezed  to  deploy  the  needle  carriers; 
Fig.  29  is  a  perspective  view  of  another  alternate 
embodiment  of  the  apparatus  of  the  present 
invention  having  a  reloadable  needle  and  suture 
housing  and  utilizing  a  push  button  mechanism 
for  deploying  the  needle  carriers; 
Fig.  30  is  a  top  view  of  the  apparatus  of  Fig.  29; 
Figs.  31  and  32  are  rear  and  front  views,  re- 
spectively,  of  the  apparatus  of  Fig.  29; 
Fig.  33  is  an  side  view  of  the  apparatus  of  Fig. 
29,  showing  the  elongated  needle  and  suture 
housing  separated  from  the  handle  portion; 
Fig.  34  is  a  perspective  view  of  the  elongated 
needle  and  suture  housing; 
Fig.  35  is  a  partial  cross-sectional  view  of  the 
apparatus  of  Fig.  29  prior  to  deployment  of  the 
needle  carriers;  and 
Fig.  36  is  a  partial  cross-sectional  view  showing 
the  button  depressed  and  the  needle  carriers 
deployed. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  now  in  specific  detail  to  the  drawings, 
in  which  like  reference  numerals  identify  similar  or 
identical  elements  throughout  the  several  views, 
and  initially  to  Figs.  1-3,  one  embodiment  of  a 
suturing  instrument  for  closing  puncture  wounds  in 
accordance  with  the  present  invention  is  shown 
generally  at  10.  Suturing  instrument  10  is  particu- 
larly  adapted  for  driving  a  pair  of  needles  12  and 
14  from  within  the  endoscopic  cavity  of  a  patient 
into  the  peripheral  tissue  adjacent  an  endoscopic 
puncture  wound  and  placing  a  suture  therein.  How- 
ever,  instruments  which  utilize  more  or  less  than 
two  needles  are  also  within  the  scope  of  the 
present  invention. 

Generally,  suturing  instrument  10  includes  an 
elongated  housing  portion,  for  example,  elongated 
tubular  body  16  having  actuator  button  18  slidably 
disposed  at  proximal  end  20  and  needle  deploying 
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means  such  as  needle  carrier  arms  24  and  26 
mounted  adjacent  distal  end  28.  Elongated  tubular 
body  16  is  suitable  for  insertion  preferably  through 
a  trocar  cannula  or  alternately  directly  into  a  punc- 
ture  wound  such  as  a  trocar  incision  wound  formed 
during  an  endoscopic  or  laparoscopic  surgical  pro- 
cedure.  Except  where  noted  otherwise,  the  materi- 
als  utilized  in  the  components  of  the  instrument 
generally  include  such  materials  as  polycarbonate 
for  housing  sections  and  related  components,  and 
stainless  steel,  particularly  for  components  which 
transmit  forces.  One  preferred  material  is  a  poly- 
carbonate  material  available  from  General  Electric 
Company  under  the  trade  name  LEXAN.  Other 
specific  preferred  materials  such  as  nylon  or  glass 
filled  nylon  (for  strength)  may  also  be  utilized. 
However,  equivalent  alternative  materials  will  read- 
ily  come  to  the  mind  of  those  skilled  in  the  art. 

In  Fig.  3,  distal  end  28  of  instrument  10  is 
shown  with  the  component  parts  separated  for  il- 
lustration  purposes.  Elongated  housing  portion  16 
includes  housing  half-sections  16a  and  16b  which 
are  attached  by  any  suitable  means,  such  as  for 
example,  fasteners,  adhesives,  welding,  etc.  A  pair 
of  needles  such  as  needles  12  and  14  are  remov- 
ably  mounted  such  as  by  slip  fitting  them  to  carrier 
arms  24  and  26,  respectively.  Carrier  arms  24  and 
26  are  mounted  on  gear  members  25  and  27, 
respectively,  which  are  operatively  mounted  on 
elongated  housing  portion  16  in  cut  out  portions 
30a  and  30b  formed  in  housing  half  sections  16a 
and  16b,  respectively.  Gear  members  25  and  27 
are  preferably  pivotally  mounted  on  posts  32  and 
34  respectively.  A  boss  (not  shown)  is  mounted  on 
post  32  below  gear  member  25  and  another  boss 
(not  shown)  is  mounted  on  post  34  above  gear 
member  27.  These  bosses  maintain  gear  members 
25,  27  in  the  same  plane. 

An  actuating  member  is  provided,  in  the  form 
of  elongated  rod  36  which  is  slidably  positioned  in 
a  bore  formed  through  elongated  housing  portion 
16  and  made  up  of  grooves  38a  (not  shown)  and 
38b  formed  in  housing  half-sections  16a  and  16b, 
respectively.  Preferably,  grooves  38a  and  38b  con- 
form  in  shape  to  the  outer  surface  of  elongated  rod 
36  so  as  to  facilitate  sliding  motion  of  elongated 
rod  36  within  elongated  housing  portion  16.  Elon- 
gated  rod  36  is  provided  with  teeth  40  formed  on 
both  side  edges  of  flattened  distal  end  portion  42. 
In  the  illustrated  embodiment,  distal  end  portion  42 
is  shown  as  being  flattened,  having  a  rectangular 
cross-section.  Clearly,  any  suitable  cross-section 
may  be  substituted  for  flattened  distal  end  portion 
42  or  for  rod  36. 

Teeth  40  of  elongated  rod  36  cooperate,  i.e. 
mesh,  with  teeth  44  of  gear  members  25  and  27  in 
a  rack  and  pinion  fashion  so  as  to  cause  carrier 
arms  24  and  26  to  pivot  about  posts  32  and  34, 

respectively.  Needle  retaining  means  are  also  pro- 
vided  in  the  form  of  latch  members  46  which  are 
inserted  in  slots  formed  in  the  walls  of  housing  half 
sections  16a  and  16b  on  either  side  of  cutout 

5  portions  48a  and  48b  formed  in  housing  half-sec- 
tions  16a  and  16b,  respectively.  Referring  to  Figs. 
12  and  13,  a  suture  passageway  is  provided  in 
elongated  rod  36,  shown  as  bore  50  formed  along 
the  central  longitudinal  axis  of  elongated  rod  36 

w  and  passing  partially  therethrough.  A  suture  ten- 
sioning  member,  shown  as  rolled  constant  force 
spring  element  51,  has  tab  portion  51a  press  fit 
into  a  cut-out  portion  55  of  elongated  rod  36  so  that 
tab  51a  will  remain  fixed  relative  to  elongated  rod 

75  36  upon  actuation  of  instrument  10.  Referring  once 
again  to  Fig.  3,  a  suitable  suture  material  such  as 
suture  52  is  thereby  stored  and  fed  through  bore 
50  (Fig.  15)  and  passes  around  suture  guides  53a 
and  53b  (Fig.  3)  mounted  between  housing  half- 

20  sections  16a  and  16b,  respectively,  and  spaced 
from  the  end  of  instrument  10  so  that  suture  ma- 
terial  52  is  not  exposed  at  the  bottom  of  the  instru- 
ment.  Suture  52  is  attached  to  proximal  ends  54 
and  56  of  needles  12  and  14,  respectively. 

25  Also  mounted  on  elongated  body  16  are  nee- 
dle  kinking  members  such  as  arms  57  and  59 
which  are  preferably  pivotably  mounted  to  housing 
half-section  16b.  Clearly  arms  57  and  59  could  also 
be  mounted  one  on  each  housing  half  section  16a 

30  and  16b  or  both  on  housing  half-section  16a.  Arms 
57  and  59  have  needle  contacting  surfaces  extend- 
ing  therefrom  such  as  extended  portions  61  and 
63,  respectively.  Camming  pins  64  and  66  are 
preferably  press  fit  into  bores  formed  on  opposite 

35  sides  of  elongated  rod  36,  as  shown  in  Fig.  3.  The 
operation  of  arms  57  and  59  in  cooperation  with 
camming  pins  64  and  66  will  be  explained  in  detail 
further  herein  below. 

As  shown  in  Fig.  2,  elongated  rod  36  is  spring 
40  biased  in  a  proximal  direction  corresponding  to  a 

retracted  position  of  needles  12  and  14,  illustrated 
in  Figs.  1  and  9.  In  the  retracted  position,  needles 
12  and  14  are  preferably  disposed  completely  with- 
in  elongated  housing  portion  16.  This  facilitates 

45  insertion  and  removal  of  suturing  instrument  10 
without  undesired  contact  of  needle  12  and  14  with 
either  the  patient's  tissue  or  that  of  the  operating 
room  personnel. 

Referring  now  to  Figs.  4-8,  the  mechanism  for 
50  retaining  needle  carriers  24  and  26  in  the  partially 

deployed  position  as  shown  in  phantom  lines  in 
Fig.  9.  will  now  be  described.  Figs.  4  and  5  illus- 
trate  the  various  structural  components  of  the  re- 
taining  mechanism.  Pivot  arm  68  is  pivotably 

55  mounted  on  housing  half-section  16a  and  is  spring 
biased  to  align  parallel  with  a  longitudinal  axis  of 
housing  half-section  16a.  Latch  member  70  is  se- 
curely  mounted  to  the  proximal  end  of  pivot  arm  68 
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or  alternatively  can  be  integral  therewith.  Post 
member  72  is  mounted  on  elongated  rod  36,  pref- 
erably  in  line  with  the  central  longitudinal  axis  of 
pivot  arm  68,  so  that  post  member  72  is  situated 
immediately  proximal  to  the  proximal  end  of  pivot 
arm  68  when  the  instrument  is  in  the  fully  retracted 
position. 

In  operation,  suturing  instrument  10  is  inserted, 
in  its  initial  or  fully  retracted  position,  as  shown  in 
Fig.  9,  in  a  puncture  wound  such  as  the  type 
created  by  a  trocar  during  endoscopic  or 
laparoscopic  surgical  procedures.  Preferably  the 
instrument  is  inserted  into  the  incision  wound  (in 
the  direction  of  arrow  A  in  Fig.  9)  so  that  proximal 
end  58  of  the  opening  formed  by  cutouts  30a  and 
30b  is  situated  immediately  below  the  fascia,  des- 
ignated  as  60  in  Fig.  9.  Separate  indicating  means 
(not  shown)  may  be  provided  on  suturing  instru- 
ment  10  to  apprise  the  user  as  to  when  suturing 
instrument  10  is  in  the  preferred  position. 

Alternatively,  suturing  instrument  10  may  be 
inserted  through  an  appropriately  sized  trocar  situ- 
ated  in  a  body  wall.  Once  suturing  instrument  10  is 
adequately  inserted,  the  trocar  may  be  removed 
leaving  suturing  instrument  10  in  place. 

With  suturing  instrument  10  situated  in  the 
appropriate  position,  actuating  button  18  (Fig.  1)  is 
depressed  thereby  urging  elongated  rod  36  in  a 
distal  direction  causing  teeth  40  to  rotate  carrier 
arms  24  and  26,  due  to  the  meshing  of  teeth  40 
with  teeth  44  of  the  gear  members  25  and  27.  As 
actuator  button  18  is  depressed,  post  member  72, 
which  as  noted  above  is  mounted  to  elongated  rod 
36,  moves  distally,  as  shown  in  Fig.  6.  Post  mem- 
ber  72  contacts  leading  edge  74  of  latch  member 
70  and  the  camming  action  resulting  from  the  slid- 
ing  contact  between  the  continued  distal  motion  of 
post  member  72  and  leading  edge  74  causes  pivot 
arm  to  rotate  counter-clockwise  in  the  direction  of 
Arrow  A  of  Fig.  6.  With  continued  distal  motion  of 
elongated  rod  36,  post  member  72  passes  be- 
comes  latched,  as  shown  in  Fig.  7.  This  position 
corresponds  with  the  intermediate  position  of  nee- 
dle  carrier  arms  24  and  26  as  shown  in  phantom 
lines  in  Fig.  9. 

The  initial  rotation  of  needle  carrier  arms  to 
their  intermediate  position  causes  suture  material 
52  to  pull  in  a  distal  direction  consequently  causing 
rolled  spring  element  51  (Figs.  12  and  13)  to  un- 
ravel  slightly  while  maintaining  tension  in  suture 
material  52. 

With  the  carrier  arms  disposed  in  the  inter- 
mediate  position,  the  user  can  then  pull  the  instru- 
ment  proximally  toward  the  surface  of  the  trocar 
incision  and  embed  the  needles  in  the  fascia.  Once 
the  needles  have  been  embedded  in  fascia  60,  the 
instrument  is  then  preferably  fully  deployed  by 
depressing  actuator  button  18  to  its  distal-most 

position.  Needles  12  and  14  are  thereby  rotated  on 
carrier  arms  24  and  26  such  that  needles  12  and 
14  continue  through  fascia  60  allowing  the  needles 
to  pass  through  a  portion  of  the  fascia  and  sur- 

5  rounding  tissue.  (See  arrow  B  in  Fig  10).  The 
complete  depression  of  actuator  button  18  causes 
post  member  72  to  move  distally  to  disengage  with 
latch  member  74  enough  so  that  the  spring  biased 
pivot  arm  68  returns  to  its  centrally  aligned  orienta- 

w  tion,  which  causes  latch  member  74  to  drop  below 
post  member  72,  as  shown  in  Fig  8.  Thus,  when 
the  appropriate  time  occurs,  the  release  of  actuator 
button  and  the  resulting  proximal  movement  of  the 
spring  biased  elongated  rod  36  will  cause  post 

75  member  72  to  cam  trailing  edge  76  of  latch  mem- 
ber  70  such  that  post  member  70  passes  around 
latch  member  70  and  returns  to  its  proximal-most 
position. 

Upon  complete  depression  of  actuator  button 
20  18,  needles  12  and  14  become  latched  in  latch 

members  46.  One  way  of  achieving  the  latching  is 
shown  as  the  pointed  end  passes  through  the  gap 
between  flap  portions  65  and  67  and  cam  flap 
portions  open  until  they  seat  in  annular  groove 

25  portions  65  and  67  of  needles  12  and  14,  as  best 
shown  in  Fig.  10.  To  insure  that  needles  12  and  14 
are  retained  in  latch  members  46,  a  needle  kinking 
mechanism  is  preferably  incorporated  in  the  instru- 
ment  and  constructed  to  automatically  strike  the 

30  pointed  ends  of  the  needles  as  soon  as  they  are 
completely  within  latch  members  46.  When  ac- 
tuator  button  18  is  completely  depressed,  camming 
pins  66  and  64,  which  are  mounted  on  elongated 
rod  36,  contact  pivot  arms  57  and  59  causing  them 

35  to  pivot  distally  and  thus  strike  the  pointed  ends  of 
needles  12  and  14,  thereby  deforming  them,  as 
shown  in  Fig.  10. 

The  complete  depression  of  actuator  button  18 
and  the  corresponding  distal  movement  of  elon- 

40  gated  rod  36  and  fully  deployed  position  of  needle 
carrier  arms  24  and  26  causes  suture  material  52 
to  pull  rolled  spring  element  51  (Figs.  14  and  15)  to 
completely  unravel  and  release  suture  material  52 
therefrom.  In  Fig.  15  rolled  spring  element  is  shown 

45  an  instant  before  needle  carrier  arms  reach  their 
fully  deployed  position.  At  true  full  deployment  of 
needle  carrier  arms  24  and  26,  end  51b  of  rolled 
spring  element  releases  suture  material  52  so  that 
it  may  be  passed  through  the  path  created  in  fascia 

50  60  by  needles  12  and  14. 
Actuator  button  18  is  released  allowing  elon- 

gated  rod  36  to  return  to  its  proximal  or  initial 
position  and  needle  carrier  arms  24  and  26  to 
return  to  their  retracted  positions  within  elongated 

55  housing  portion  16  leaving  needles  12  and  14 
attached  to  latch  members  46,  as  shown  in  Fig.  11. 
Suturing  instrument  10  is  pulled  out  of  the  trocar 
incision  causing  suture  52  (still  attached  to  needles 
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12  and  14  which  are  latched  onto  suturing  instru- 
ment  10)  to  be  pulled  through  fascia  60  following 
the  path  taken  by  needles  12  and  14  and  up 
through  the  remainder  of  the  trocar  incision  until 
exiting  the  opening  at  the  surface  of  the  skin. 
Suture  52  is  grasped  and  preferably  cut  away  from 
needles  12  and  14  and  thereafter  tied  off  in  the 
appropriate  surgeon's  knot. 

Figs.  16-19  illustrate  alternative  embodiments 
of  the  needle  latch  member  of  the  present  inven- 
tion.  In  Figs.  16  and  17  latch  member  146  is  shown 
having  flap  portions  169  and  171  which  are  ori- 
ented  at  90  degrees  relative  to  flap  members  69 
and  71  of  latch  member  46.  Figs.  18  and  19 
illustrate  latch  member  246  having  four  flap  por- 
tions  273  orthogonally  situated  so  as  to  receive  the 
pointed  end  of  needles  12  and  14  through  the 
central  region  thereof. 

Fig.  20  illustrates  an  alternative  embodiment  of 
the  arm  component  of  the  needle  skewing  mecha- 
nism  of  the  present  invention.  Arm  157  is  shown 
having  camming  slot  161  formed  thereon  so  that 
camming  pin  166  is  in  constant  sliding  contact  with 
arm  157  as  compared  with  the  momentary  sliding 
contact  camming  pins  64  and  66  have  with  arms 
57  and  59. 

In  Fig.  21  a  needle  deployment  indicator  is 
illustrated  schematically  with  indicator  light  302  be- 
ing  connected  in  a  simple  series  circuit  by  wire  303 
with  a  power  source,  such  as  battery  304  and  latch 
members  46.  The  circuit  is  complete  when  the 
pointed  ends  of  needles  12  and  14,  which  are 
electrically  conductive,  contact  the  electrically  con- 
ductive  plates  306  which  are  in  turn  connected  by 
bridge  wire  308. 

The  indicator  light  302  is  preferably  positioned 
adjacent  a  proximal  portion  of  the  instrument  to 
visually  indicate  to  the  user  that  the  needles  are 
securely  embedded  in  latch  members  46.  Thus  the 
connecting  wires  303  would  extend  the  length  of 
the  elongated  body  16.  Alternately,  the  indicator 
can  be  positioned  adjacent  a  distal  end  of  the 
elongated  body  16,  and  if  a  visual  indicator  is 
provided,  it  can  be  viewed  on  the  TV  monitor  used 
in  the  laparoscopic  procedure. 

The  indicator  is  preferably  an  LED,  however 
other  devices  which  emit  a  detectable  response  to 
an  electrical  current  can  also  be  utilized,  such  as 
incandescent  lamps,  liquid  crystal  displays  (LCD's), 
audible  indicators,  tactile  indicators  and 
light/temperature  responsive  materials. 

Figures  22-36  illustrate  three  different  embodi- 
ments  wherein  the  elongated  housing  portion  is 
removably  mounted  to  the  handle  portion  of  the 
instrument  to  enable  reloading  the  instrument  with 
fresh  needles  and  suture.  Consequently  the  instru- 
ment  can  be  used  to  close  several  trocar  puncture 
wounds  in  the  patient. 

Turning  to  the  first  embodiment  of  the  reloada- 
ble  instrument,  and  more  particularly  to  Figs.  22- 
25,  instrument  600  includes  elongated  housing  por- 
tion  or  tubular  body  610  and  handle  assembly  612 

5  having  a  stationary  grip  portion  614  and  a  movable 
handle  616  pivotally  mounted  thereto  by  pivot  pin 
617. 

The  distal  end  portion  of  elongated  housing 
portion  610  is  similar  to  the  elongated  tubular  body 

w  16  of  Figs.  1-3  in  that  it  includes  a  pair  of  needles 
mounted  on  carrier  arms  and  an  inner  elongated 
rod  cooperating  with  the  gear  members  mounted 
on  the  carrier  arms.  Cut-out  portions  61  8A  and 
620A  are  identical  to  cut-out  portions  30B  and  48B 

75  of  Fig.  2,  respectively,  and  the  actuation  of  the 
carrier  arms,  i.e.  deployment  and  subsequent  latch- 
ing  of  the  needles  within  the  housing,  occurs  in  an 
identical  manner.  Therefore,  these  features  will  not 
be  discussed  in  detail  again.  However,  the  mecha- 

20  nism  for  actuating  the  inner  elongated  rod  in  Figs. 
22-25  differs  from  that  of  Figs.  1-3.  The  proximal 
end  portion  of  the  inner  elongated  rod  terminates  in 
a  plurality  of  teeth  624.  These  teeth  624  cooperate 
with  gear  626  which  is  interposed  between  teeth 

25  624  and  teeth  628  on  handle  616.  Thus,  movement 
of  handle  616  towards  handle  614  rotates  gear  626 
counterclockwise  which  moves  the  elongated  inner 
rod  from  its  proximal  position  of  Fig.  24  to  its  distal 
position  shown  in  Fig.  25.  This  deploys  the  carrier 

30  arms  and  moves  the  needles  into  engagement  with 
the  latch  member  as  described  in  detail  above  with 
respect  to  Figures  1-3. 

When  the  handle  616  is  released,  the  inner 
elongated  rod  returns  to  its  proximal  position  (Fig. 

35  24)  and  carrier  arms  return  to  their  retracted  posi- 
tions  within  the  elongated  housing  portion  610, 
leaving  the  needles  latched  in  the  latch  member 
(see  e.g.  Fig.  11).  The  suturing  instrument  is  pulled 
out  of  the  trocar  incision,  causing  the  suture  to  be 

40  pulled  through  the  fascia,  and  the  suture  is  grasped 
and  preferably  cut  away  from  the  needles  and  tied 
off  as  described  above.  If  the  user  desires  to  close 
another  trocar  wound  with  the  instrument,  screw 
630  is  rotated  to  release  the  pressure,  i.e.  frictional 

45  engagement,  of  retainer  member  632  on  elongated 
housing  portion  610.  This  allows  the  elongated 
housing  portion  610  to  be  pulled  distally  and  re- 
moved  from  the  handle  portion  of  the  instrument.  A 
fresh  tubular  body  610,  having  a  fresh  pair  of 

50  needles  and  a  suture,  (as  well  as  carrier  arms,  gear 
mechanism  and  the  other  components  as  de- 
scribed  above)  can  then  be  inserted  into  the  handle 
portion  612  and  secured  therein  by  tightening  of 
screw  630  to  force  retaining  member  632  to  clamp 

55  down  on  tubular  body  610.  The  instrument  is  then 
ready  to  be  used  again,  i.e.  inserted  into  the  body 
to  close  another  trocar  puncture  wound. 
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Figures.  26-28  illustrate  an  alternate  embodi- 
ment  of  the  instrument  of  the  present  invention 
having  a  removable/replaceable  elongated  housing 
portion.  The  instrument  700  includes  a  tubular  han- 
dle  housing  portion  712,  a  pair  of  flexible  curved 
handle  members  714  and  an  outer  tubular  body 
710.  The  tubular  body  710  is  identical  to  the  elon- 
gated  tubular  body  610  of  Figures  22-26,  except  an 
elongated  inner  rod  723  has  a  proximally  posi- 
tioned  circumferential  recess  716  (instead  of  teeth) 
dimensioned  to  receive  lever  arms  718.  A  pair  of 
compression  rings  725  are  provided  within  housing 
portion  712  to  help  retain  the  tubular  body  710. 

In  use,  squeezing  handles  714  towards  tubular 
handle  housing  portion  712,  causes  pins  719  to 
slide  proximally  in  slots  720  and  lever  arms  718  to 
pivot  clockwise.  The  engagement  of  the  fingers  721 
of  lever  arms  718  in  recess  716  forces  the  inner 
elongated  rod  723  distally  (Fig.  28)  to  deploy  the 
carrier  arms  and  needles  as  described  above.  After 
use,  the  handles  714  are  released,  thereby  spring- 
ing  back  to  their  original  position  (Fig.  27)  and 
returning  the  elongated  inner  rod  723  to  its  initial 
position.  To  remove  outer  tubular  body  710,  it  is 
rotated  so  upper  and  lower  slots  (not  shown) 
formed  in  inner  rod  723  are  aligned  with  the  finger 
721  of  each  lever  arm  18,  and  then  pulled  distally 
away  from  handle  housing  portion  712.  A  fresh 
tubular  body  with  fresh  needles  and  suture  can 
then  be  inserted. 

Figures.  29-36  illustrate  an  alternate  handle  de- 
sign  for  actuating  the  inner  rod.  Instrument  800 
includes  elongated  tubular  handle  housing  812, 
outer  tubular  body  810,  and  push  button  814  for 
actuating  the  elongated  inner  rod  827.  Except  for 
the  slot  arrangement  818  described  below,  the 
outer  tubular  body  810  and  the  components  con- 
tained  therein  are  identical  to  that  described  in 
reference  to  Figs.  22-26.  Slot  arrangement  818, 
which  provides  a  bayonet  type  mount,  includes  a 
distal  recess  820  and  a  proximal  recess  822.  Push 
button  814  is  biased  outwardly  through  handle 
housing  812  by  spring  816.  Projection  824  of  push 
button  814  is  adapted  to  cooperate  with  proximal 
recess  822.  Projection  826  of  tubular  housing  812 
cooperates  with  distal  recess  820  to  prevent  distal 
movement  of  outer  tubular  body  810. 

In  operation,  when  push  button  814  is  pressed 
inwardly,  from  the  position  of  Fig.  35  to  the  position 
of  Fig.  36,  projection  824  forces  the  elongated 
inner  rod  827  distally  to  actuate  the  needle  carriers 
and  needles  as  described  in  detail  above.  After 
use,  button  814  is  released  allowing  inner  elon- 
gated  rod  827  to  return  to  its  initial  proximal  posi- 
tion  of  Fig.  35.  To  remove  outer  tubular  body  810 
to  allow  replacement  with  a  fresh  needle  and  suture 
arrangement,  tubular  body  18  is  rotated  so  that 
projection  824  of  button  814  and  projection  826  of 

tubular  housing  812  are  in  alignment  with  elon- 
gated  slot  818.  Tubular  body  810  can  then  be 
removed  and  a  new  tubular  body  initially  inserted 
so  that  elongated  slot  818  aligns  with  projections 

5  824,  826  and  then  rotated  so  the  projections  824, 
826  are  positioned  within  recesses  822,  820  re- 
spectively. 

It  should  be  understood  that  the  embodiments 
of  Figs.  22-36  may  optionally  include  a  suture 

w  tension  member,  a  retaining  mechanism  to  retain 
the  needle  carrier  in  the  partially  deployed  position, 
a  needle  skewing  mechanism  and/or  an  indicator  to 
inform  the  user  that  the  needles  are  securely 
latched. 

75  The  claims  which  follow  identify  embodiments 
of  the  invention  additional  to  those  described  in 
detail  above. 

Claims 
20 

1.  A  surgical  instrument  for  applying  sutures 
through  body  tissue,  which  comprises: 

(a)  an  elongate  body  having  a  proximal  por- 
tion  and  a  distal  portion, 

25  (b)  at  least  one  needle  carrier  member  op- 
eratively  mounted  in  said  distal  end  portion 
and  movable  between  at  least  an  initial  po- 
sition,  a  partially  deployed  position  and  a 
fully  deployed  position; 

30  (c)  a  needle  releasably  retained  in  said  at 
least  one  needle  carrier; 
(d)  a  predetermined  length  of  suture  ma- 
terial  having  one  end  thereof  affixed  to  said 
needle;  and 

35  (e)  a  retaining  mechanism  operatively  asso- 
ciated  with  said  at  least  one  needle  carrier 
member,  said  retaining  mechanism  being 
adapted  to  retain  said  at  least  one  needle 
carrier  in  said  partially  deployed  position. 

40 
2.  A  surgical  instrument  as  recited  in  claim  1, 

wherein  said  retaining  mechanism  includes  a 
latch  member  mounted  on  said  elongate  body 
and  a  post  member  operatively  associated  with 

45  said  at  least  one  needle  carrier  member  and 
movable  in  relation  to  said  latch  member, 
whereby  upon  movement  of  said  at  least  one 
needle  carrier  member  to  said  partially  de- 
ployed  position,  said  post  member  engages 

50  said  latch  member  and  is  releasably  retained 
therein  such  that  said  at  least  one  needle  car- 
rier  member  is  releasably  retained  in  said  par- 
tially  deployed  position. 

55  3.  A  surgical  instrument  as  recited  in  claim  1  or 
2,  further  comprising  an  actuator  member  op- 
eratively  associated  with  said  at  least  one  nee- 
dle  carrier  member  and  said  retaining  mecha- 
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nism,  said  actuator  member  being  movable 
between  at  least  a  first  position  and  a  second 
position  to  move  said  at  least  one  needle  car- 
rier  member  into  said  initial  position,  said  par- 
tially  deployed  position  and  said  fully  deployed 
position. 

4.  A  surgical  instrument  as  recited  in  claim  1,  2 
or  3,  wherein  said  actuator  member  is  biased 
toward  said  first  position. 

5.  A  surgical  instrument  as  recited  in  any  one  of 
the  preceeding  claims,  further  comprising  a 
needle  retaining  mechanism  disposed  in  said 
elongate  body  and  adapted  to  retain  said  nee- 
dle  therein  when  said  at  least  one  needle  car- 
rier  member  is  in  said  deployed  position. 

6.  A  surgical  instrument  recited  in  any  one  of  the 
preceding  claims,  further  comprising  a  needle 
skewing  mechanism  movable  from  a  first  posi- 
tion  to  a  second  position  to  change  the  align- 
ment  of  said  needle  relative  to  said  retaining 
member. 

7.  A  surgical  instrument  as  recited  in  claim  6, 
wherein  said  needle  skewing  mechanism  in- 
cludes  at  least  one  arm  member  moveable 
between  at  least  an  initial  position  and  a  final 
position,  said  arm  member  being  operatively 
associated  with  said  actuator  member,  where- 
by  upon  movement  of  said  actuator  member 
from  said  first  position  to  said  second  position 
said  arm  member  is  moved  from  said  initial 
position  to  said  final  position. 

8.  A  surgical  instrument  as  recited  in  any  one  of 
the  preceding  claims,  further  comprising  a  de- 
ployment  indicator  adapted  to  provide  an  in- 
dication  to  an  operator  of  said  instrument  when 
said  at  least  one  needle  carrier  member  is  in 
said  second  position. 

9.  A  surgical  instrument  for  applying  sutures 
through  body  tissue,  which  comprises: 

(a)  an  elongate  body  having  a  proximal  por- 
tion  and  a  distal  portion; 
(b)  at  least  one  needle  carrier  member  op- 
eratively  associated  with  said  distal  portion 
of  said  body  portion,  said  at  least  one  nee- 
dle  carrier  member  movable  between  at 
least  a  first  position  and  a  second  position; 
(c)  a  needle  member  releasably  retained  in 
said  at  least  one  needle  carrier  member; 
and 
(d)  an  indicator  adapted  to  provide  an  in- 
dication  to  an  operator  of  said  instrument 
when  said  at  least  one  needle  carrier  mem- 

ber  is  in  said  second  position. 

10.  A  surgical  instrument  as  recited  in  claim  9, 
wherein  said  indicator  is  a  deployment  indica- 
tor  and  includes  an  illuminating  member  which 
illuminates  when  said  at  least  one  needle  car- 
rier  member  is  moved  to  said  second  position. 

11.  A  surgical  instrument  as  recited  in  claim  10, 
wherein  said  illuminating  member  is  a  light 
bulb  connected  in  a  series  circuit  with  a  power 
source,  said  circuit  being  closed  when  said  at 
least  one  needle  carrier  member  is  in  said 
second  position. 

w 

75 
12.  A  surgical  instrument  recited  in  any  one  of  the 

preceding  claims,  further  comprising  a  suture 
material  tensioning  member  disposed  within 
said  elongated  body  for  maintaining  said  su- 

20  ture  material  in  tension  during  movement  of 
said  at  least  one  needle  carrier  member  from 
said  retracted  position  to  said  deployed  posi- 
tion. 

25  13.  A  surgical  instrument  for  applying  sutures 
through  body  tissue,  which  comprises: 

(a)  a  handle  assembly; 
(b)  an  elongate  housing  extending  from  said 
handle  assembly  and  having  a  proximal  end 

30  portion  and  a  distal  end  portion,  said  elon- 
gate  housing  being  removably  mounted  to 
said  handle  assembly; 
(c)  at  least  one  needle  carrier  associated 
with  said  distal  end  portion  of  said  elongate 

35  housing  for  carrying  at  least  one  needle, 
said  needle  carrier  being  movable  between 
a  retracted  position  and  an  extended  posi- 
tion;  and 
(d)  at  least  one  needle  positioned  on  said  at 

40  least  one  needle  carrier. 

14.  A  surgical  instrument  for  applying  sutures 
through  body  tissue  according  to  claim  13, 
further  comprising  an  elongate  member  slidab- 

45  ly  disposed  within  said  elongate  housing  and 
operable  from  said  proximal  end  thereof  to 
actuate  said  at  least  one  needle  carrier. 

15.  A  surgical  instrument  for  applying  sutures 
50  through  body  tissue  according  to  claim  14, 

wherein  said  handle  assembly  comprises  at 
least  one  pivotable  handle,  said  pivotable  han- 
dle  cooperating  with  said  elongate  member 
such  that  movement  of  said  pivotable  handle 

55  actuates  said  elongate  member. 

16.  A  surgical  instrument  for  applying  sutures 
through  body  tissue  according  to  claim  15, 
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further  comprising  a  gear  associated  with  said 
pivotable  handle  for  actuating  said  elongate 
member. 

17.  A  surgical  instrument  for  applying  sutures  5 
through  body  tissue  according  to  claim  15,  16 
or  17,  wherein  said  needle  carrier  includes  at 
least  one  arm  member  for  holding  said  at  least 
one  needle,  said  at  least  one  arm  member 
releasably  holding  said  at  least  one  needle.  w 

18.  A  surgical  instrument  for  applying  sutures 
through  body  tissue  according  to  any  one  of 
claims  13  to  17,  further  comprising  a  rotatable 
screw  for  releasably  securing  said  elongate  75 
housing  within  a  longitudinal  bore  of  said  han- 
dle  assembly. 

19.  A  surgical  instrument  for  applying  sutures 
through  body  tissue  according  to  any  one  of  20 
claims  13  to  18,  wherein  said  handle  assembly 
comprises  a  pair  of  flexible  members  for  mov- 
ing  the  needle  carrier. 

20.  A  surgical  instrument  for  applying  sutures  25 
through  body  tissue  according  to  claim  19,  as 
dependent  on  claim  14,  wherein  said  elongate 
member  includes  a  recess  and  said  handle 
assembly  further  comprises  a  lever  operatively 
associated  with  each  of  said  flexible  members  30 
and  engagable  with  said  recess  to  drive  said 
elongate  member  wherein  squeezing  of  said 
flexible  members  towards  a  longitudinal  axis  of 
said  handle  assembly  moves  said  elongate 
member  distally.  35 

21.  A  surgical  instrument  for  applying  sutures 
through  body  tissue  according  to  any  one  of 
claims  13  to  20,  wherein  said  handle  assembly 
comprises  an  elongate  body  portion  and  a  40 
button  protruding  therefrom,  said  button  oper- 
atively  associated  with  said  elongate  member. 

22.  A  surgical  instrument  for  applying  sutures 
through  body  tissue  according  to  claim  21,  45 
wherein  said  button  comprises  a  pivotable  le- 
ver  having  a  projecting  surface  for  engaging 
and  driving  said  elongated  inner  member  dis- 
tally. 

50 
23.  A  surgical  instrument  for  applying  sutures 

through  body  tissue  according  to  claim  14,  or 
any  one  of  claims  15  to  22  as  dependent  on 
claim  14,  wherein  said  elongate  member  has 
an  elongate  slot  and  is  mounted  to  said  handle  55 
assembly  by  a  bayonet  mount  arrangement. 
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