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Endoscopy:	
  RevoluKon	
  !	
  

•  Decreased	
  	
  	
  
–  Scars	
  	
  
–  Trauma	
  
–  Pain	
  
–  Hospital	
  stay	
  
–  Costs	
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REVOLUTION	
  ??	
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Adhesiolysis	
  incidence	
  ;	
  USA	
  1988	
  =	
  1994	
  
Ray	
  et	
  al.,	
  J	
  Am	
  Coll	
  Surg	
  186:	
  1–9.	
  1998	
  

Mais !! 
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But!!	
  

Laparoscopy 

Laparotomy 
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RévoluKon	
  ?	
  

Open  
 difficult to change 

Closed  
easy to adapt 
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Peritoneal	
  Membrane	
  

novembre	
  13	
  



Peritoneal	
  Histology	
  

1: cellules mésothéliales, 2: membrane basale, 3: Fibroblaste, 
4 : capillaires sanguins, 5: muscle, 6: fibres elastiques, 7 collagène 
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Which	
  peritoneal	
  surface	
  area	
  is	
  
important	
  ?	
  

•  The	
  anatomical	
  area	
  
•  The	
  area	
  accounKng	
  for	
  microvilli	
  
•  The	
  area	
  of	
  peritoneal	
  vessels	
  (capillaries	
  
which	
  is	
  essenKal	
  for	
  exchanges)	
  

•  The	
  volume	
  of	
  the	
  inter	
  cellular	
  matrix	
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Peritoneal	
  surface	
  area	
  

•  It	
  was	
  recently	
  measured	
  in	
  10	
  non	
  eviscerated	
  
cadavers	
  

•  The	
  result	
  was	
  14	
  323	
  ±	
  824	
  cm2	
  

Albanese et al Surgical and Radiologic Anatomy 2009 novembre	
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Peritoneal	
  surface	
  area	
  

•  Among	
  	
  14	
  323	
  ±	
  824	
  cm2	
  

– The	
  visceral	
  peritoneum	
  represented	
  	
  
•  81.89	
  %	
  ±	
  0.99%	
  	
  	
  

– and	
  the	
  parietal	
  peritoneum	
  	
  
•  18.11%	
  ±	
  0.99	
  %	
  

Albanese et al Surgical and Radiologic Anatomy 2009 novembre	
  13	
  



Peritoneal	
  surface	
  area	
  

Explained by the area  
of the diaphragm 

Explained by the area  
of the mesentery 

Albanese et al Surgical and Radiologic Anatomy 2009 
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Peritoneal	
  surface	
  area	
  	
  

•  1	
  –	
  Microscopic	
  peritoneal	
  surface	
  area:	
  ie	
  
accounKng	
  for	
  microvilli	
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Microvilli	
  

•  The	
  luminal	
  surface	
  of	
  mesothelial	
  cells	
  
has	
  numerous	
  microvilli,	
  which	
  vary	
  in	
  
length,	
  density	
  and	
  shape	
  

•  These	
  microvilli	
  increase	
  the	
  mesothelial	
  
surface	
  area	
  up	
  to	
  40m2	
  

•  Microvilli	
  protect	
  the	
  delicate	
  
mesothelial	
  surface	
  from	
  fricKonal	
  injury	
  
by	
  entrapping	
  water,	
  serous	
  exudates,	
  
and	
  phospholids	
  which	
  act	
  as	
  lubricants	
  
for	
  the	
  cells.	
  

novembre	
  13	
  



Microvilli	
  	
  

•  The	
  density	
  of	
  microvilli	
  dépends	
  on	
  the	
  area	
  
studied	
  

•  -­‐	
  230	
  /µ	
  on	
  the	
  bladder	
  
•  -­‐	
  540	
  /µ	
  on	
  the	
  spleen	
  
•  SomeKmes	
  absent	
  on	
  the	
  parietal	
  and	
  the	
  diaphragmaKc	
  
peritoneum	
  (Di	
  Paolo	
  2000)	
  

•  Most	
  importantly	
  ultrastructural	
  changes	
  on	
  the	
  surface	
  of	
  
the	
  cells	
  clearly	
  demonstrate	
  that	
  microvilli	
  are	
  dynamic	
  
structures.	
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Ovaire  

Ligament Large  Trompe   

Utérus  

Vessie  

Rectum  

Michailova 2004, 2006 
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FuncKons	
  of	
  mesothelial	
  cells	
  

•  The	
  primary	
  role	
  of	
  the	
  mesothelium	
  is	
  	
  
–  to	
  maintain	
  serosal	
  integrity	
  and	
  funcKon.	
  
–  provide	
  a	
  protecKve	
  barrier	
  against	
  abrasion	
  and	
  invading	
  pathogens	
  	
  
–  secrete	
  surfactant,	
  proteoglycans	
  and	
  glycosaminoglycans	
  to	
  provide	
  a	
  slippery,	
  

non-­‐adhesive	
  surface	
  to	
  allow	
  intracoelomic	
  movements.	
  	
  
–  Major	
  source	
  of	
  Plasminogen	
  acKvators	
  in	
  serosal	
  fluid	
  which	
  is	
  important	
  in	
  

fibrinolysis	
  and	
  the	
  prevenKon	
  of	
  adhesions	
  	
  
–  secrete	
  hyaluronan	
  and	
  other	
  glycosaminoglycans	
  which	
  may	
  prevent	
  tumour	
  cell	
  

adhesion.	
  

–  They	
  facilitate	
  transport	
  of	
  fluid	
  and	
  cells	
  across	
  the	
  serosal	
  caviKes,	
  	
  
–  present	
  anKgen	
  to	
  T	
  cells	
  	
  
–  secreKng	
  cytokines,	
  growth	
  factors,	
  ECM,	
  proteases	
  and	
  other	
  inflammatory	
  

mediators	
  parKcipate	
  in	
  the	
  inducKon	
  and	
  resoluKon	
  of	
  inflammaKon	
  and	
  Kssue	
  
repair.	
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2	
  main	
  morphologic	
  types	
  of	
  cells	
  

• Nuclear	
  
• Mitochondria	
  
• REG	
  
• Golgi	
  
• Microtubules	
  
• Microfilaments	
  

Ovoid	
  
rare	
  
+	
  
+	
  
+	
  
+	
  

Large 
Numerous 

+++ 
+++ 

+ 
+++ 

Epidermoid Cubic 
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Peritoneal	
  Mesothelium	
  of	
  the	
  Genital	
  Tract	
  

26/11/2013	
  



Rosario	
   Volz	
  J.	
  

Suematsu	
  

Conclusions: The study demonstrated that the morphologic 
integrity of the rat peritoneum is not disturbed when CO2 or helium 
is used for insufflation combined with the intraperitoneal injection of 
carcinoma cells. Pneumoperitoneum therefore probably is not the 
condition causing peritoneal changes that favor intraperitoneal 
tumor growth. novembre	
  13	
  





Groupe	
   Pressure	
  
mm	
  Hg	
  

Time	
  
(h)	
  

Gas	
  flow	
  
(l/min)	
  

Area	
  of	
  basal	
  
lamina	
  exposed	
  

(fracTon)	
  

Diameter	
  of	
  
mesothelial	
  cells	
  

Control	
  	
   0	
   1	
   0	
   0	
  

C02	
  1h	
   5	
   1	
   1.0	
   0.076	
  ±	
  0.002	
   5.652	
  ±	
  0.040	
  

C02	
  2h	
   5	
   2	
   1.0	
   0.197	
  ±	
  0.003	
   4.539	
  ±	
  0.029	
  

CO2	
  3h	
   5	
   3	
   1.0	
   0.752	
  ±	
  0.004	
   4.590	
  ±	
  0.044	
  

He	
  1h	
   5	
   1	
   1.0	
   0.074	
  ±	
  0.001	
   5.708	
  ±	
  0.104	
  

He	
  2h	
   5	
   2	
   1.0	
   0.195	
  ±	
  0.003	
   4.528	
  ±	
  0.048	
  

He	
  3h	
   5	
   3	
   1.0	
   0.751	
  ±	
  0.004	
   4.566	
  ±	
  0.043	
  

CO2	
  8mm	
   8	
   1	
   1.0	
   0.281	
  ±	
  0.008	
   5.358	
  ±	
  0.066	
  

CO2	
  2l/mn	
   5	
   1	
   2.0	
   0.276	
  ±	
  0.009	
   6.036	
  ±	
  0.043	
  

CO2	
  3l/mn	
   5	
   1	
   3.0	
   0.362	
  ±	
  0.003	
   6.268	
  ±	
  0.061	
  

5	
  animals	
  in	
  each	
  group	
  



Control	
  	
  

C02	
  1	
  heure	
  	
   C02	
  2	
  heures	
  	
   C02	
  3	
  heures	
  	
  



Control	
  	
  

C02	
  1	
  heure	
  	
   C02	
  1	
  heure	
  	
  

5	
  mmHg	
  	
   8	
  mmHg	
  	
  



Control	
  	
  

C02	
  1	
  heure	
  	
   C02	
  1	
  heure	
  
2	
  liters	
  /	
  minute	
  	
  

C02	
  1	
  heure	
  
3	
  liters	
  /	
  minute	
  	
  



Control	
  	
  

C02	
  1	
  heure	
  	
   C02	
  1	
  heure	
  
3	
  liters	
  /	
  minute	
  	
  C02	
  1	
  heure	
  	
  

8	
  mmHg	
  	
  



The	
  model	
  is	
  essenKal	
  !!	
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Animal	
  Model	
  	
  

•  Anesthesia	
  
•  VenKlaKon	
  	
  
•  Pressure	
  
•  Surgical	
  model	
  
•  Cancer	
  model	
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Methods 

 
ID 8, Mouse epithelial ovarian cancer cell line 
Dr. K. Roby, University of Kansas Medical Center (Carcinogenesis 
2000)  

1 x106 cells  "

Immunocompetents C57BL/J6 8 weeks, mice,  

intraperitonéal 
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•  InducKon:	
  Isoflurane	
  

•  Videoendoscopic	
  endotracheal	
  intubaKon	
  
–  (rigid	
  2	
  mm	
  endoscope)	
  
–  24	
  gauges	
  tube	
  

•  Analgesia:	
  derivaKve	
  of	
  morphine	
  (sufentanil)	
  

•  Anesthesia:	
  curarisaKon	
  (vecuronium	
  bromide)	
  

•  Homeothermic	
  blanket	
  system,	
  rectal	
  probe	
  

Animals and methods 
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•  	
  Mechanical	
  venKlator	
  	
  
•  	
  Adapted	
  to	
  the	
  type	
  of	
  surgery:	
  	
  

–  Tidal	
  volume	
  (200	
  μl)	
  	
  
–  Strokes	
  per	
  minute	
  (250:	
  laparoscopy;	
  220	
  
laparotomy,	
  control)	
  

•  	
  Values	
  delimited	
  in	
  a	
  preliminary	
  
study	
  to	
  obtain	
  PCO2	
  :	
  25-­‐35	
  mmHg	
  and	
  pH	
  :	
  
7.3-­‐7.4	
  

Animals and methods 



novembre	
  13	
  

•  	
  CO2	
  pneumoperitoneum,	
  two	
  catheters:	
  one	
  for	
  
insufflaKon,	
  one	
  connected	
  to	
  a	
  water	
  valve	
  

•  	
  Laparotomy:	
  3	
  cm	
  abdominal	
  incision	
  

•  	
  Aper	
  1	
  hour:	
  CaroKd	
  blood	
  sample	
  were	
  
analysed	
  to	
  obtain	
  PaO2,	
  PaCO2	
  and	
  pH	
  

Animals and methods 
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PaO2 
(mmHg) 

PaCO2 
(mmHg) 

101.3 ± 5.2 107.2 ± 2.0 70.2 ± 17.7  101.6 ± 3.2 

36.2 ± 3.5 30.9 ± 3.6 

Control   
(Anesthesia) 

 
 (n=5) 

CO2 
Pneumoperitoneum  

2mmHg 
(n=5) 

CO2 
Pneumoperitoneum 

8 mmHg 
(n=5) 

Laparotomy 
 
 

(n=5) 

 Arterial blood gas analysis 
In Mice without intubation  

Data are mean ± SEM 

41.7 ± 2.3  61.8± 4.25  

pH 7.374 ± 0.041 7.260 ± 0.012 7.155± 0.027  7.350 ± 0.032 

Normal value of PaCO2 in mice: 25-35mmHg"
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PaO2 
(mmHg) 

PaCO2 
(mmHg) 

106.6 ± 4.2 106.0 ± 3.2 112.2 ± 3.6 105.4 ± 4.4 

26.8 ± 2.9 28.5 ± 1.9 

Control   
(Anesthesia ) 

 
 (n=5) 

CO2 
Pneumoperitoneum  

2mmHg 
(n=5) 

CO2 
Pneumoperitoneum  

8 mmHg 
(n=5) 

Laparotomy 
 
 

(n=5) 

Arterial blood gas analysis 
In Mice with intubation 

Data are mean ± SEM 

34.2 ± 2.2 32.2 ± 3.6 

pH 7.379 ± 0.037 7.342 ± 0.023 7.269 ± 0.041 7.376 ± 0.022 

Normal value of PaCO2 in mice: 25-35mmHg 

Tidal volume : 200 L  
250 strokes/mn (laparoscopy) ou 220 /mn (laparotomy, anesthesia) 
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Pneumoperitoneum	
  

Results: Peritoneum Dissemination score 

0"

100"

200"

300"

Laparotomy 8mmHg 2mmHg 
Anesthesia 

alone 

Non ventilated animals 

P<0.004 

Ventilated animals 
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Conclusions	
  

•  An	
   adapted	
   pressure	
   must	
   be	
   used	
   (further	
   hemodynamics	
  
studies	
  	
  are	
  necessary)	
  

•  In	
   studies	
   with	
   no	
   CRS,	
   effect	
   of	
   pneumoperKoneum	
  might	
   be	
  
reconsidered	
  	
  

•  CRS	
   is	
   required	
   for	
   operaKve	
   and	
   post-­‐operaKve	
   studies	
   in	
  
animals	
  



HumidificaKon	
  	
  ??	
  

•  Meta	
  analysis	
  are	
  in	
  favour	
  of	
  humidificaKon	
  

–  Sajid	
  MS,	
  Mallick	
  AS,	
  Rimpel	
  J,	
  Bokari	
  SA,	
  Cheek	
  E,	
  Baig	
  MK.	
  Effect	
  of	
  heated	
  and	
  humidified	
  
carbon	
  dioxide	
  on	
  paKents	
  aper	
  laparoscopic	
  procedures:	
  a	
  meta-­‐analysis.	
  Surg	
  Laparosc	
  Endosc	
  
Percutan	
  Tech.	
  2008	
  Dec;18(6):539-­‐46.	
  Review.	
  

–  Sammour	
  T,	
  Kahokehr	
  A,	
  Hill	
  AG.	
  Meta-­‐analysis	
  of	
  the	
  effect	
  of	
  warm	
  humidified	
  insufflaKon	
  on	
  
pain	
  aper	
  laparoscopy.	
  Br	
  J	
  Surg.	
  2008	
  Aug;95(8):950-­‐6.	
  Review	
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HumidificaKon	
  ??	
  

•  Conclusions.	
  Heated-­‐humidified	
  CO2	
  insuffla7on	
  results	
  in	
  significantly	
  
less	
  hypothermia,	
  less	
  peritoneal	
  damage,	
  and	
  decreased	
  adhesion	
  
formaKon	
  as	
  compared	
  with	
  cold-­‐dry	
  CO2	
  insufflaKon.	
  

6 hours after 3 hours of dry CO2 6 hours after 3 hours of humidified CO2 novembre	
  13	
  



Mesothelial	
  stem	
  cells	
  ?!	
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PotenKel	
  fibroblasKque	
  

Epithelioid	
  ,	
  cytokeraKne	
  

FibroblasKque	
  ,	
  vimenKne	
  

Several	
  passages	
  
EGF	
  
PDGF	
  
IL1ß	
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Stem	
  cells	
  ?	
  

novembre	
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26/11/2013	
  

Our	
  data	
  strongly	
  suggest	
  that	
  HMCs	
  contribute	
  to	
  dying	
  cell	
  removal	
  in	
  the	
  
peritoneum,	
  and	
  future	
  studies	
  will	
  elucidate	
  in	
  what	
  manner	
  this	
  influences	
  tumor	
  
cell	
  disseminaKon	
  and	
  the	
  anKtumor	
  immune	
  response.	
  



The	
  mesothelium	
  contributes	
  to:	
  

•  The	
  iniKal	
  response	
  of	
  the	
  peritoneum	
  to	
  infecKon	
  
•  The	
  amplificaKon	
  of	
  this	
  response	
  
•  The	
  recruitment	
  of	
  leucocytes	
  
•  The	
  control	
  and	
  the	
  resoluKon	
  of	
  inflammaKon	
  
•  The	
  control	
  of	
  peritoneal	
  fibrinolysis	
  
•  The	
  control	
  of	
  peritoneal	
  homeostasis	
  and	
  maintenance	
  of	
  

peritoneal	
  membrane	
  structure	
  and	
  funcKon.	
  

novembre	
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Topley et al  



Stoma	
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Les	
  stomas	
  diaphragmaKques	
  
•  Situés	
  à	
  	
  la	
  joncKon	
  de	
  3	
  à	
  5	
  cellules	
  mésothéliales	
  
•  Plus	
  fréquents	
  sur	
  la	
  coupole	
  diaphramaKque	
  droite	
  
•  Leur	
  diamètre	
  varie	
  de	
  4	
  à	
  10	
  microns	
  mais	
  varie	
  en	
  foncKon	
  des	
  

circonstances	
  (tension	
  du	
  diaphragme,	
  pression	
  intrapéritonéale,	
  
circonstances	
  pathologiques)	
  en	
  raison	
  de	
  la	
  présence	
  de	
  filaments	
  
contracKles	
  dans	
  les	
  cellules	
  mésothéliales	
  

•  Ces	
  stomas	
  mewent	
  en	
  communicaKon	
  la	
  cavite	
  péritonéale	
  avec	
  le	
  système	
  
lymphaKque,	
  les	
  membranes	
  basales	
  du	
  mésothélium	
  et	
  de	
  l’endothelium	
  
lymphaKque	
  sont	
  disconKnues	
  à	
  ce	
  niveau.	
  

•  Les	
  lacunes	
  lymphaKques	
  communiquent	
  avec	
  les	
  lymphaKques	
  sous-­‐
pleuraux	
  	
  

•  Des	
  bactéries	
  injectées	
  dans	
  le	
  péritoine	
  de	
  chien	
  sont	
  retrouvées	
  dans	
  le	
  
canal	
  thoracique	
  moins	
  de	
  6	
  minutes	
  après	
  l’injecKon.	
  

•  Ces	
  stomas	
  sont	
  des	
  structures	
  dynamiques	
  dont	
  le	
  diamètre	
  varie	
  en	
  
foncKon	
  des	
  circonstances	
  de	
  4	
  à	
  10µ	
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DiaphragmaKc	
  stoma	
  
•  Dynamic	
  structures	
  +++++++	
  
•  Their	
  diameter	
  may	
  change	
  from	
  4	
  to	
  10	
  microns	
  but	
  depens	
  on	
  the	
  

circumstancies	
  as	
  there	
  are	
  a	
  lot	
  of	
  acKn	
  microfilament	
  inside	
  mesothelial	
  
cells.	
  

•  The	
  diameter	
  also	
  changes	
  in	
  intraperitoneal	
  disease.	
  
•  The	
  study	
  by	
  Tsilibary	
  and	
  Wissig	
  (1983)	
  demonstrated	
  that	
  whether	
  the	
  

lymphaKc	
  stomata	
  of	
  diaphragmaKc	
  peritoneum	
  was	
  open	
  or	
  close	
  depended	
  
on	
  respiratory	
  movement.	
  During	
  inspiraKon,	
  the	
  diaphragmaKc	
  muscles	
  
contract,	
  the	
  number	
  of	
  open	
  lymphaKc	
  stomata	
  was	
  decreased.	
  On	
  the	
  
contrary,	
  during	
  expiraKon,	
  the	
  diaphragmaKc	
  muscles	
  relaxed,	
  the	
  number	
  
of	
  open	
  lymphaKc	
  stomata	
  was	
  increased.	
  

•  The	
  increase	
  of	
  intraabdominal	
  pressure	
  leads	
  to	
  increased	
  number	
  of	
  open	
  
lymphaKc	
  stomata.	
  

•  The	
  diameter	
  of	
  stoma	
  of	
  the	
  pericardium	
  is	
  increased	
  by	
  VEGF	
  and	
  
angiotensin	
  

•  The	
  diameter	
  of	
  peritoneal	
  stoma	
  of	
  the	
  ovarian	
  bursa	
  is	
  ifluenced	
  by	
  
pregnancy.	
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LymphaKques	
  du	
  diaphragme	
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u     Translucent areas (arrows) 

u      Adipose areas (a) 

Omentum	
  	
  

SEM of translucent region of murine (c) and human (d) 
omentum showing numerous fenestrations (f). 
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Gerber SA, Rybalko VY, Bigelow CE, Lugade AA, Foster TH, Frelinger JG, 
Lord EM. "
"
Preferential attachment of peritoneal tumor metastases to omental immune 
aggregates and possible role of a unique vascular microenvironment in 
metastatic survival and growth. "
"
Am J Pathol. 2006;169:1739-52. 
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B CELL Migration in the PERITONEUM 

Berberich et al J Immunol 2008 



26/11/2013	
  

37 patients with 
advanced ovarian cancer 



•  The	
  peritoneum	
  is	
  a	
  secondary	
  lymphoid	
  organ	
  !!	
  

In a rat model of subcutaneous tumor ! 
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The	
  peritoneum	
  is	
  an	
  important	
  lymphoid	
  organ	
  

•  We	
  demonstrate	
  the	
  migraKon	
  of	
  anKgen	
  presenKng	
  cells,	
  macrophages,	
  
and	
  dendriKc	
  cells	
  from	
  the	
  subcutaneous	
  site	
  to	
  the	
  peritoneum	
  aper	
  they	
  
have	
  picked	
  up	
  the	
  anKgen.	
  

•  Our	
  results	
  suggest	
  the	
  peritoneum	
  to	
  funcKon	
  as	
  an	
  organ	
  with	
  
lymphoid	
  characterisKcs,	
  which	
  causes	
  immune	
  cell	
  (APCs	
  and	
  T,	
  B,	
  and	
  
NK	
  cells)	
  migraKon	
  and	
  sKmulaKon,	
  leading	
  to	
  tumor	
  regression.	
  

»  Mitra	
  et	
  al	
  FASEB	
  journal	
  2004	
  

novembre	
  13	
  



novembre	
  13	
  



Hypoxia	
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•  Tissue	
  oxygenaKon	
  is	
  one	
  of	
  the	
  most	
  important	
  
determinants	
  in	
  wound	
  healing,	
  adhesion	
  formaKon,	
  
tumor	
  growth.	
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Adhesions	
  ;	
  Hypoxemia	
  ;	
  DuraKon	
  

Molinas et al Hum reprod 2000	



Rabbbit Model ; Standard laparoscopic Trauma 	



Adhesion Scores 	



P=0.0003	

 P=0.002	





Peritoneal	
  Kssue	
  oxygen	
  tension	
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Peritoneal	
  Kssue	
  oxygen	
  tension	
  (1)	
  

•  PitO2	
  measure	
  
–  Peritoneal	
  Kssue	
  oxygen	
  tension	
  was	
  measured	
  using	
  a	
  polarographic	
  

oxygen	
  electrode	
  placed	
  in	
  the	
  retroperitoneal	
  space	
  using	
  a	
  16	
  gauge	
  
intravenous	
  catheter.	
  

	
  	
  
–  The	
  PitO2	
  level	
  were	
  monitored	
  conKnuously.	
  

–  Following	
  the	
  trauma	
  of	
  implantaKon,	
  the	
  intraoperaKve	
  values	
  were	
  
averaged	
  across	
  the	
  last	
  30	
  minutes	
  of	
  the	
  procedure.	
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Peritoneal	
  Kssue	
  oxygen	
  tension	
  (2)	
  

•  40	
  mice	
  randomized	
  in	
  eight	
  groups	
  
–  Anesthesia	
  alone	
  (4	
  groups)	
  

•  Control	
  
•  2	
  mmHg	
  CO2	
  pneumoperitoneum	
  
•  8	
  mmHg	
  CO2	
  pneumoperitoneum	
  
•  laparotomy	
  

–  Anesthesia	
  with	
  controlled	
  respiratory	
  support	
  (4	
  groups)	
  
•  Control	
  
•  2	
  mmHg	
  CO2	
  pneumoperitoneum	
  
•  8	
  mmHg	
  CO2	
  pneumoperitoneum	
  
•  laparotomy	
  

Normal level of tissue oxygen tension is considered to be around 40 
mmHg Gayton and Hall 2000 
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PaO2 
(mmHg) 

PitO2 
(mmHg) 

106.6 ± 4.2 106.0 ± 3.2 112.2 ± 3.6 105.4 ± 4.4 

45.0 ± 3.5  104.2 ± 7.8 a 61.2 ± 9.6 49.8 ± 15.0 

Control 
(anesthesia alone) 

 
 (n=5) 

C02  
pneumoperitoneum 

2mmHg 
(n=5) 

C02 
pneumoperitoneum 

8 mmHg 
(n=5) 

Laparotomy 
 
 

(n=5) 

Peritoneal tissue oxygen tension (PitO2)  
in mice with controlled respiratory support 

 

Data are mean ± SEM 
a:p< 0.05 vs Control, CO2 pneumoperitoneum at high IPP, Laparotomy 
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Peritoneal	
  Kssue	
  oxygen	
  tension	
  (3)	
  

•  To	
  understand	
  whether	
  this	
  result	
  is	
  related	
  to	
  pressure	
  or	
  to	
  
CO2	
  

•  Two	
  groups	
  of	
  3	
  animal	
  with	
  controlled	
  respiratory	
  support	
  
–  3	
  with	
  C02	
  
–  3	
  with	
  air	
  

–  Each	
  animal	
  had	
  	
  
»  anesthesia	
  for	
  1	
  hour,	
  	
  
»  pneumoperitoneum	
  for	
  1	
  hour	
  	
  
»  and	
  laparotomy	
  for	
  1	
  hour	
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Anesthesia 
alone  
1 hour 

Laparotomy 
 

1 hour 

Peritoneal tissue oxygen tension during  
anesthesia alone, CO2 or Air pneumoperitoneum and laparotomy  

within same mice 

Laparoscopy 
CO2 

1 hour 
"

CO2 

Laparoscopy 
Air 

1 hour 

Anesthesia 
alone 
1 hour 

Laparotomy 
 

1 hour 
"

air 
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Comments	
  

•  Surprising	
  result	
  

•  PitO2	
  depends	
  on	
  the	
  following	
  factors	
  
–  Delivery	
  of	
  oxygen	
  from	
  the	
  lung	
  to	
  the	
  Kssue	
  
–  Transport	
  of	
  oxygen	
  from	
  blood	
  to	
  the	
  Kssue	
  
–  Oxygen	
  consumpKon	
  in	
  the	
  Kssue	
  

•  The	
  peritoneum	
  pH	
  is	
  very	
  low	
  even	
  in	
  animal	
  with	
  control	
  respiratory	
  system	
  
(Hanly	
  et	
  al	
  2005),	
  so	
  CO2	
  pneumoperitoneum	
  could	
  increase	
  the	
  transport	
  of	
  
oxygen	
  through	
  the	
  Bohr	
  effect	
  

•  In	
  venKliated	
  pigs,	
  a	
  CO2	
  pneumoperitoneum	
  5	
  -­‐	
  12	
  mmHg	
  increases	
  peritoneal	
  
blood	
  flow	
  and	
  this	
  may	
  increase	
  the	
  delivery	
  of	
  oxygen	
  to	
  the	
  Kssue	
  

•  This	
  has	
  to	
  be	
  confirmed	
  at	
  the	
  cellular	
  and	
  the	
  molecular	
  level.	
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Model of ovarian rupture 

 
ID 8, Mouse epithelial ovarian cancer cell line 
Dr. K. Roby, University of Kansas Medical Center (Carcinogenesis 
2000)  

1 x106 cells  "

Immunocompetents C57BL/J6 8 weeks, mice,  

intraperitonéal 
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Cyst	
  rupture	
  model	
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Results: Peritoneum 
Dissemination score 

0"

200"

400"

600"

Laparotomy 8mmHg! Anesthesia 2mmHg 

POD 7 

P<0.009"
P<0.009"

Dissemination 
score 

POD 14 

P<0.004"
P<0.004"
"

POD 42 

P<0.002"N.S. 
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The role of pressure was confirmed using pathology 

Muscle tissues: 
 free of cancer cells 

Invasion: negative Invasion: positive 

Muscle tissues:  
invasive cancer cells!



The role of pressure  was confirmed 
using pathologic examination of the 
implants 
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Muscle tissues: 
 free of cancer cells 

Invasion: negative 
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Invasion: Positive Minimal 

Muscle tissues:  
invasive cancer cells!
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Invasive:	
  PosiKve	
  	
  Massive	
  

The structure of the muscle is destroyed 
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Results: Peritoneum 
 Invasion of cells into muscle tissues 

0"

20"

40"

60"

80"

100"

Laparotomy" 8 mmHg"
8mmHg"

2 mmHg"
2mmHg"

Anesthesia"
alone"

Incidence"

(%) P<0.007 
P<0.007 

POD 42 POD 14 

P<0.002 

P<0.007 

POD 7 

P<0.03 
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DisseminaKon	
  to	
  the	
  Diaphragm	
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DisseminaKon	
  to	
  the	
  Bowel	
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DisseminaKon	
  to	
  the	
  liver	
  

novembre	
  13	
  



Molecular	
  analysis	
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Peritoneal "

Carcinomatosis Model"
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ObjecKves	
  	
  

1./  To modelize : surgery performed on a preexisting ovarian 

cancer model 

 

2./  To study : the influence of surgical environment, 

represented by surgical option and insufflation pressure, on 

peritoneal dissemination and tumor growth 

 

 3./To analyze : this impact in early post-operative period 
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Materials	
  and	
  Methods	
  

Preimplanted tumor cells 

Intraperitoneal 
Injection * 

7 days before randomization 

Surgery 
Randomisation : Laparotomy, Low Pressure                                                                                                                                  
Pneumoperitoneum (LPP), High PP (HPP), 
Anesthesia 

Evaluation POD 1-2-7-14 
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Post	
  operaKve	
  	
  
	
  

DisseminaKon	
  scores	
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Intramuscular	
  invasion	
  	
  

Negative 

Positive 

% 
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Intramuscular	
  Invasion	
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Conclusion	
  

§  Surgical environment has a huge influence on peritoneal 
dissemination 

§  On a preimplanted ovarian cancer model, laparoscopy 
performed under low pressures, could create an optimal 
environment to minimize peritoneal dissemination 

§  On a preimplanted tumor model, surgical environment has 
no influence, either on tumor growth or on trocar site 
metastases incidence 
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Conclusion	
  

•  Early post-operative windows has been 
underlined,  

•  Peri-operative treatments could be an 
interesting strategy in oncologic surgery and 
need to be assessed 
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Study design 

Gene	
  expression	
  profile	
  
by	
  PCR	
  based	
  Microarray	
  

PaTents	
   Laparoscopic	
  hysterectomy	
  	
  
with/without	
  promontofixaTon	
  	
  

CO2	
  pneumoperitoneum	
  	
  
8	
  mmHg	
  

CO2	
  pneumoperitoneum	
  	
  
12	
  mmHg	
  

60	
  min	
  	
   Peritoneal	
  Tssue	
  collecTon	
  

60	
  min	
  	
   Peritoneal	
  Tssue	
  collecTon	
  60	
  min	
  	
   Peritoneal	
  Tssue	
  collecTon	
  



Molecular modifications of the 
peritoneum during a CO2 

pneumoperitoneum  

Peritoneal biopsy 



26/11/2013	
  



26/11/2013	
  



tPA/PAI-1 ratio  
during a CO2 pneumoperitoneum 

0 

0.5 

1 

1.5 

2 

2.5 

12 mmHg 
1 hour 

8 mmHg 
1 hour 

12 mmHg 
2 hour 

8mmHg 
2 hour 

  
tP

A
/P

A
I-1

 ra
tio

 

tPA: tissue plasminogen activator, PAI-1: plasminogen activator inhibitor-1 

Initial biopsy: 0 hour 
tPA/PAI-1 ratio=1  
 

P<.001 

P<.001 
P<.01 



Conclusion	
  

•  The	
  increase	
  in	
  tPA/PAI	
  1	
  raKo	
  is	
  explained	
  by	
  an	
  increase	
  in	
  PAI	
  1	
  and	
  
results	
  in	
  a	
  decreased	
  fibrinolyKc	
  acKvity	
  and	
  increased	
  post	
  operaKve	
  
adhesion	
  formaKon	
  

•  In	
  conclusion,	
  the	
  results	
  of	
  the	
  present	
  study	
  suggest	
  that	
  a	
  low	
  IPP	
  (8	
  
mmHg)	
  may	
  be	
  bewer	
  than	
  the	
  standard	
  IPP	
  (12	
  mmHg)	
  to	
  minimize	
  
the	
  impact	
  on	
  the	
  peritoneal	
  fibrinolyKc	
  system	
  during	
  a	
  CO2	
  
pneumoperitoneum.	
  	
  

•  In	
  addiKon,	
  the	
  results	
  of	
  the	
  present	
  mouse	
  study	
  suggest	
  that	
  the	
  
criKcal	
  Kme	
  for	
  the	
  prevenKon	
  of	
  post-­‐operaKve	
  adhesion	
  formaKon	
  by	
  
increasing	
  peritoneal	
  fibrinolyKc	
  acKvity	
  might	
  be	
  during	
  surgery	
  and	
  
up	
  to	
  4	
  h	
  aper	
  surgery.	
  

26/11/2013	
  



26/11/2013	
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Conclusions	
  12	
  mmHg	
  group	
  

•  In	
  vivo	
  	
  
•  HAS	
  1	
  and	
  3	
  decreased	
  
•  Hyal	
  1	
  and	
  2	
  Increased	
  

•  In	
  vitro	
  
•  HAS	
  123	
  decreased	
  
•  Hyal	
  2	
  Increased	
  
•  HA	
  synthesis	
  decreased	
  

	
  

26/11/2013	
  

Hyaluronan	
  synthesis	
  is	
  increased	
  at	
  8	
  mmHg	
  suggesKng	
  a	
  
bewer	
  regeneraKon	
  of	
  the	
  peritoneum	
  
	
  



Conclusion	
  12	
  mmHg	
  increased	
  Fibrosis	
  ?	
  

•  Increased	
  MMP9	
  
•  Increased	
  CTGF	
  
•  Decreased	
  TSP-­‐2	
  

26/11/2013	
  

MMP9 cleaves latent TGFß which a central role in peritoneal 
fibrosis and induces CTGF which was increased in the 12 mmHg 
group 
 
TGFß is activated by TSP-1 and this is inhibited by TSP-2 which 
was decreased 
 
Increased PAI 1, decreased tPA/PAI 1 



Intraperitoneal pressure 

•  No additional cost 
•  No additional instrument 
•  No additional time 
•  However, skilled hands  

–  Dr. Revaz Botchorhisvili , personal communication 

From 12mmHg to 8mmHg 



Epithelial-to-mesenchymal transition 
(EMT) 

& 
 Mesenchymal-to-epithelial transition  

(MET)	


Progression of solid tumors 

However, still controversial 



Primary tumor 

EMT & MET in progression of solid tumors 

Invasion 
Metastasis 

EMT 
Micrometastasis 

MET 

Macrometastasis 

Growth 

?? 

Macrometastasis 
 
Less sensitive to  
the anti-cancer agents 
 
Restrict access of drugs? 



 

Does surgical peritoneal environment 
affect Epithelial-to-mesenchymal 

transition in disseminated nodules? 
 

Cadherin-11 (mesenchymal marker)  
E-cadherin (epithelial marker)  
 in disseminated nodules 



 
 

Tumor cell spillage model 
 When tumor cells are spilled during surgery 



POD14 
Cadherin-11/E-cadherin mRNA expression  

Ex
pr

es
si

on
 le

ve
ls

 

A: Anesthesia alone 
Low IPP: CO2 pneuoperitoneum at a low intraperitoneal pressure 
High IPP: CO2 pneuoperitoneum at a high intraperitoneal pressure 
L: Laparotomy 

P<.05 Cadherin-­‐11	
  (mesenchymal	
  marker)	
  	
  
E-­‐cadherin	
  (epithelial	
  marker)	
  	
  



POD42 
Cadherin-11/E-cadherin mRNA expression  

A: Anesthesia alone 
Low IPP: CO2 pneuoperitoneum at a low intraperitoneal pressure 
High IPP: CO2 pneuoperitoneum at a high intraperitoneal pressure 
L: Laparotomy 

Ex
pr

es
si

on
 le

ve
ls

 
P<.05	
Cadherin-­‐11	
  (mesenchymal	
  marker)	
  	
  

E-­‐cadherin	
  (epithelial	
  marker)	
  	
  



E-cadherin Cadherin-11 

Laparoscopy 
High Pessure 

Laparotomy 

POD 42 

More mesenchymal 
phenotype 

Cadherin-­‐11	
  (mesenchymal	
  marker)	
  	
  
E-­‐cadherin	
  (epithelial	
  marker)	
  	
  



When tumor cells were spilled 
during surgery	


•  Less differentiated and more aggressive 
disseminated tumors after laparotomy 
– More drug resistant? 

Laparotomy 

E-cadherin 
	


Cadherin-11 

More  
mesenchymal 
phenotype 



RévoluKon	
  ?	
  

Open Closed 
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Tomorrow	
  ….	
  

•  Lparoscopic	
  picture	
  will	
  improve,	
  access	
  to	
  the	
  peritoneum	
  will	
  
change	
  …	
  

•  Peritoneal	
  atmosphere	
  will	
  become	
  a	
  surgical	
  tool	
  

•  Those	
  who	
  are	
  working	
  in	
  open	
  incision	
  with	
  their	
  eyes	
  will	
  have	
  
to	
  change	
  their	
  pracKce	
  closing	
  their	
  spaces	
  and	
  using	
  video	
  
camera	
  ……..	
  

•  But	
  to	
  use	
  this	
  new	
  surgical	
  tool	
  we	
  have	
  to	
  improve	
  our	
  
knowledge	
  of	
  peritoneal	
  and	
  retroperitoneal	
  perioperaKve	
  
pathophysiology.	
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THE	
  REVOLUTION	
  IS	
  STILL	
  AHEAD	
  !!	
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