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Abstract iodine caused significant decrease of tumor growth in com-
Background:A generally accepted approach to prevent tu-bination with CQ,. The combination of xenon and
mor implantation with laparoscopic surgery does not existpovidone-iodine should not be used in patients with cancer
Alternative gases in combination with intraperitoneal instil- because of increased tumor growth.
lation of different antiadherent or cytotoxic agents have not
been evaluated. Key words: Gas — Heparin — Laparoscopy — Povidone-
Methods:The effect of taurolidine, heparin, and povidone- iodine — Taurolidine — Tumor cell growth
iodine on the growth of colon adenocarcinoma DHD/K12/
TRb was measured in rats undergoing laparoscopy with
carbon dioxiderf = 40), helium 6 = 40), or xenontf =
40). In the procedure, f0umor cells were administered Laparoscopic surgery in patients with cancer has been dis-
intraperitoneally, and pneumoperitoneum was establishedussed controversially because of the high susceptibility of
over 30 min at 8 mmHg with the different gases. The ratdaparoscopic incisions for metastatic tumor growth and the
additionally received intraperitoneal instillation with one of development of port-site metastases [4, 17, 18, 27, 28, 30].
the following: 1 ml of Ringer's solution, 1 ml of 0.5% Although simple spreading of tumor cells might be an ex-
taurolidine, 1 ml 0.5% taurolidine with heparin (10 U/ml), planation for this phenomenon, different studies have
or 1 ml 0.25% of povidone-iodine. Tumor growth was mea-shown that insufflation of different gases significantly in-
sured after 4 weeks. fluences tumor cell growth and may stimulate the develop-
Results:Median intraperitoneal tumor weight was lower in ment of metastases. In recent experimental studies carbon
rats receiving taurolidine (CO 10 mg; helium: 50 mg; dioxide (CQ) insufflation led to significant stimulation of
xenon: 39.5 mg) or taurolidine with heparin (GG mg;  extra- and intraperitoneal tumor growth, whereas helium did
helium: 4.5 mg; xenon: 46.5 mg) in all gas groups than innot influence tumor growttn vivo [15, 22, 32].
the control groups (CQ 427 mg; helium: 268 mg; xenon: Nevertheless, tumor cells need distinct steps of adhesion
345 mg) p < 0.001). Whereas povidone-iodine caused sig-and implantation in an appropriate tissue to survive and
nificantly lower tumor growth in the COgroup (56.5 mg)  grow. Injury of the peritoneum and exposure of extracellular
(p < 0.01), the combination of helium (145 mg) and xenonmatrix proteins to tumor cell surface also may be important
(457 mg) with povidone-iodine produced no reduction offor metastatic tumor growth in the peritoneal cavity after
tumor growth as compared with the control groups (helium:open and laparoscopic surgery [7, 29, 33].
268 mg; xenon: 345 mg). Besides the pathomechanisms of intraoperative tumor
Conclusions:Taurolidine and taurolidine with heparin sig- cell attachment, little is known about possible therapeutic
nificantly inhibit intraperitoneal tumor growth, with differ- interventions to prevent tumor metastases in laparoscopic
ent gases used for pneumoperitoneum. Only povidonesurgery. It has been demonstrated that tumor cell attachment
is suppressed by binding domains of the extracellular matrix
after intraperitoneal instillation of heparin in a murine
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acid taurine, in combination with heparin using £for the ney U test for continuous data and the Fisher's exact test for categorical
establishment of pneumoperitoneum [13, 14, 16]. Taurolj-data, if appropriate. Alp values less than 0.05 were considered significant.
dine inhibits the production of interleukinB1(IL-1B), a
strong growth-promoting cytokine [19], in peripheral blood Regyits
mononuclear cells (PBMC) and peritoneal macrophages and
has a significant antiadherence effect on pathogen microofhcidence of intraperitoneal tumor growth significantly dif-
ganisms and tumor cells in the abdominal cavity [2, 3, 13].fered among all groupp(< 0.00001). Furthermore, the total
The instillation of cytotoxic agent povidone-iodine also intraperitoneal tumor weights were lowgr< 0.001) in rats
has been reported to cause significant decrease of port-siteceiving taurolidine (CQ 10 mg [95% confidence inter-
metastases after laparoscopy with O@®rats [25]. Never-  Vval, 10.3-85.5 mg]; helium: 50 mg [95% confidence inter-
theless, all antiadherent or cytotoxic agents were used iMal, 15-190 mg]; xenon: 39.5 mg [95% confidence interval,
animals undergoing CQinsufflation, although this gas it- 5.5-159 mg]) or taurolidine with heparin (GO} mg [95%
self might stimulate tumor growth. So far, the combinationconfidence interval, -28-113 mg]; helium: 4.5 mg [95%
of these agents with different insufflation gases such agonfidence interval, 1.2-22 mg]; xenon: 46.5 mg [95% con-
helium or xenon has not been evaluated. Therefore, théidence interval, 25-84 mg]) in all gas groups than in
different influences of intra-abdominal application of hep-the control groups (C©O 427 mg [95% confidence inter-
arin, taurolidine, and povidone-iodine in combination with val, 237—707 mg]; helium: 268 mg [95% confidence in-
various gases (CQ helium, xenon) on intraperitoneal tu- terval, 105-570 mg]; xenon: 345 mg [95% confidence
mor growth were evaluated in a rat model. interval, 194-984 mg])( < 0.001) (Figs. 1-3).
The lowest tumor weights were found in rats having the
combination of taurolidine or taurolidine with heparin and

Methods either CQ or helium, whereas xenon led to increased tumor
_ growth compared with the other gases & 0.018).
Animals Whereas povidone-iodine also caused significant lower tu-

) ) mor growth in the CQ group (56 mg [95% confidence
For the animal model, 120 male inbred BD IX 2-month-old rats (Iffa- . .
Credo, L'Arbresle, France) were acclimated to a climate- and light t(:ycle-'_merval’ 17.7-178 mg])p(< 0'01)'_ the combination of he-
controlled environment for at least 7 days before investigations. The anilium (145.5 mg [95% confidence interval, 41-280 mg]) and
mals were allowed standard laboratory food and watkrlibitum. All xenon (457.5 mg [95% confidence interval, 275-646 mq])
studies were performed under protocols approved by the local Committegyjith povidone-iodine produced no reduction of tumor
for Animal Use and Care. ; e
growth compared with the control groups (helium: 268 mg
[95% confidence interval, 105-570 mg]; xenon: 345 mg
Cell line [95% confidence interval, 193-984 mg]).
In comparison with the control group, tumor growth was
DHD/K12/TRb (ECACC) cells were cultured in Dulbeccos MEM (Bio- even higher when povidone-iodine was combined with xe-
chrom, Germany) and Hams F10 medium (Biochrom, Germany) 1:1non (© = 0.018) (Figs. 1-3). Interestingly, fibrin layers on

supplemented with 10% fetal bovine serum (Gibco BRL, Germany), 2 ; ; ;
mmol/l glutamine (Biochrom, Germany) and 1.000 IU/ml penicillin- the peritoneal surface, liver, and spleen were found in all

streptomycin (Gibco BRL, Germany). Cells were removed from the plates‘e‘nimaIS undergomg pov!done-iodine instillation indepen-
with 0.25% trypsin/0.02% EDTA (Biochrom, Germany), washed twice dent of the gas used during laparoscopy.

with PBS (ChariteBerlin), suspended in medium, centrifuged at 1,000 rpm Incidence of port-site metastases also differed between
for 10 min, and resuspended in medium to the desired concentration. the groups lﬁ — 0.003)_ Incidence was lower at trocar in-
cisions in the taurolidine (C9 1/10; helium: 1/10; xenon:
1/10) and taurolidine with heparin groups (€®/10; he-
lium: 0/10; xenon: 1/10) compared with the control group
The influence of intra-abdominal application of taurolidine, taurolidine (CO,: 7/10; helium: 3/10; xenon: 7/10) for all gas groups.
with heparin, or povidone-iodine on intraperitoneal tumor growth during Instillation of povidone-iodine produced no significant

laparoscopy with either CO helium or xenon was invest_igated in a rat therapeutic effect at trocar sites in any of the three gas
model. In the procedure, 120 rats underwent pneumoperitoneum with CO

(n — 40), helium (1 — 40). or xenon 1§ — 40) for 30 min at 8 mmHg.  9'OUPS (CQ: 4/10; helium: 3/10; xenon: 4/10) (Table 1).
Laparoscopy was accomplished through three cannulas, each 5 mm in

diameter. One hour before establishment of the pneumoperitoneum, 1 x . .

10" cancer cells in 1 ml of culture medium were administered intraperito-DISCUSSION

neally in each animal. Directly after establishment of pneumoperitoneum igE t-sit tast dt il h b
each gas group, the rats additionally received intraperitoneal application ecause port-site metas ases an . umor spi _age ave been
one of the following: 1 ml of Ringer's solutiom(= 10), 1 ml of 0.5%  reported after laparoscopic resections of malignant tumors,

taurolidine, 1 ml of 0.5% taurolidine with heparin (10 U/mij € 10), or  the use of laparoscopic procedures in oncologic surgery has
1 ml of 0.25% povidone-iodinen(= 10). Abdominal incisions were closed pheen discussed controversially [9, 18, 26, 30]_ Nevertheless,

with a single suture after laparoscopy. : : g :
After 4 weeks, the animals were killed, and intraperitoneal tumors anu]t remains unclear whether the incidence of metastases is

trocar sites were excised. Metastatic tumor growth at the abdominal incill'Ore likely to occur after laparoscopy than after conven-
sions was identified histologically, and intra-abdominal tumor weight wastional open surgery. It has been proved that surgical tech-

Study design

measured on a balance. nique and experience play a major role in tumor metastases
with either laparoscopic or conventional cancer surgery [17,
- 18, 20, 21, 28].
Statistics

The large difference (0—25%) in the incidence of port-

Data are given as medians (95% confidence interval). Data between thdit€ metastases reported after colorectal surgery also might
different groups were compared using the Kruskal-Wallis or Mann Whit- be explained by the experience of the surgical team, and the
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Tumor weight after xenon insufflation
1600 Fig. 1. Tumor weight after intraperitoneal instillation of Ringer’s solution
(n = 10), taurolidine § = 10), taurolidine with heparim(= 10), and
povidone iodinerf = 10) combined with carbon dioxide insufflation (box
plot: median and percentiles). In comparison with Ringer’s solution, tumor
growth was significantly decreased after instillation of taurolidine,
taurolidine with heparin, and povidone-iodine (asterisk indicates0.01).
In comparison with povidone-iodine, tumor growth was significantly lower
after instillation of taurolidine ($ indicatgs< 0.05).
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800+ Fig. 2. Tumor weight after intraperitoneal instillation of Ringer’s solution

(n = 10), taurolidine § = 10), taurolidine with heparim(= 10), and
povidone iodinerf = 10) combined with helium insufflation (box plot:
median and percentiles). In comparison with Ringer’s solution and
povidone-iodine, tumor growth was significantly decreased after instillation
of taurolidine and taurolidine with heparin (asterisk indicaies0.01).
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Fig. 3. Tumor weight after intraperitoneal instillation of Ringer’s solution
(n = 10), taurolidine § = 10), taurolidine with heparimn(= 10), and
povidone iodinerf = 10) combined with xenon insufflation (box plot:
-200 . . . . median and percentiles). In comparison with Ringer’s solution and
ringer taurolidine/heparin povidone iodine, tumor growth was significantly decreased after instillation
3 taurolidine povidone-iodine of taurolidine and taurolidine with heparin (asterisk indicaies0.01).

Table 1.Incidence of port-site metastases in the different groaps (10 tive effects of pneumoperitoneum in cancer surgery [5, 14,

in each group, Fisher's exact test) 15, 23, 25, 26]. Although these models can be used to simu-
Carbon dioxide  Helium  Xenon p late intraoperative tumor spillage during laparoscopy, the

number of free tumor cells after instrumental manipulation

Ringer’s solution 10 310 7\10 0.06 in patients is still unknown. Furthermore, the number of
E‘lﬂ:g::g:zg with heparin wo Mo MO0 1 injected cells certainly does influence the tumor weight and
Povidone-iodine 0 310 210 09 development of port-site metastases, and controversial re-
p 0.002 0.1 0.004 sults might be the consequence [32]. Nevertheless, influ-

ences of carbon dioxide and elevated intraperitoneal pres-
sure on tumor growth can be investigated in these models.
Other models have used retroperitoneal tumor cell in-
decrease of tumor recurrency reported from 1994 to 199%ection and solid tumor models of the spleen, liver, and renal
seems to be caused by the learning curve of the surgeons [dapsula [5, 10, 21]. Instrumental manipulation can be evalu-
9, 24, 27, 28, 30]. In an experimental setting, Lee et al. [21jated during open and laparoscopic procedures in these mod-
could demonstrate that traumatic handling of a splenic tuels, but resection of tumor-bearing organs also might lead to
mor leads to significant higher numbers of port-site metaschanges in immunologic (spleen) or renal (kidney) func-
tases than meticulous resection technique with and withouions. Furthermore, all models have been established in ro-
pneumoperitoneum. Nevertheless, metastases also hawents, whose immunologic functions and perioperative
been reported after laparoscopic resection during early tuiechanges are different from those in human beings. There-
mor stages. Thus, development of port-site metastases fgre, results of tumor models in rodents may be different
caused not only by surgeon-related factors, but might alsérom clinical findings in cancer patients.
by other factors related to the pneumoperitoneum itself. Besides the general problems of experimental models,
Tumor cell suspension models have been used in ratgarbon dioxide has been shown to stimulate the growth of
mice, and hamsters to evaluate the possible benefits or negaifferent colon cancer cell lineim vitro as well asin vivo
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[15, 22, 23, 31]. Helium, as an alternate gas, reduced thewo agents were used for intraperitoneal application. Al-
risk of intra- and extraperitoneal metastases in different anithough insufflation of xenon did not lead to stimulation of
mal models and therefore might be used in patients withumor growth in the Ringer’s solution (control) group, it
cancer [15, 26]. caused significant increase when combined with povidone-

Further investigations concerning the prevention ofiodine. Povidone-iodine was used for intraperitoneal instil-
port-site metastases are rare. Neuhaus et al. [25] evaluatéation because it has potential cytotoxic effects on different
the therapeutic effects of intraperitoneal instillation of 10%tumor cells, and it often has been used for intraperitoneal
povidone-iodine solution in rats undergoing laparoscopylavage in septic patients without major side effects [8, 25].
and found a significant decrease of port-site metastaseslthough povidone-iodine caused significant tumor cell
without systemic side effects. Unfortunately, neither tumordeathin vitro [14], intraperitoneal tumor weight was sig-
size nor tumor growth was influenced by povidone-iodine.nificantly reduced only in the COgroup by this agent.
The intraperitoneal or intravenous application of cyclophosNevertheless, total intraperitoneal tumor weight was signifi-
phamide, as described by Iwanaka et al. [12] in a murineantly higher than in the taurolidine or taurolidine with hep-
model, seems to reduce tumor growth at port site, but cannatrin groups independent of the different gases. One possible
be generally advocated in laparoscopic cancer surgery bexplanation for the differences between the agents may be
cause of the negative side effects of chemotherapy. Previouke increased IL{d levels after incubation of peritoneal
work from our department shows that intraperitoneal instil-macrophages with povidone-iodine [14]. Povidone-iodine
lation of taurolidine or taurolidine with heparin causes sig-seems to cause release of intracellular cytokines by cell
nificant reduction of either intraperitoneal tumor growth or death and destruction of cell membrane structure, leading to
development of port-site metastases in rats after laparoscpromotion of viable tumor cellsn vivo. Furthermore,
py with carbon dioxide [13, 14, 16]. adhanced fibrin layers on the peritoneal surface were found

These findings can be explained partly by the inhibitionin all animals undergoing povidone-iodine instillation. The
of IL-18 production in peritoneal macrophages, a signifi-increased fibrin production after povidone-iodine instilla-
cant antiadherence activity, and a direct suppression of cetlon remains unclear, but may be related to mesothelial cell
growth by taurolidin [2, 3, 13, 19]. Heparin seems to act ondamage. Therefore, povidone-iodine seems not to be the
the peritoneal surface by binding domains of the extracelideal agent for intraperitoneal instillation during cancer sur-
lular matrix which might reduce tumor cell adherence [11].gery.
However, all therapeutic approaches in the prevention of Although further prospective clinical studies are needed
metastases with laparoscopic surgery have been performed confirm these experimental results, application of tauro-
only under the condition of carbon dioxide insufflation [12, lidine with heparin during laparoscopic surgery should be
14, 15, 16, 26]. Helium, which does not increase tumor cellused either with CQor helium insufflation. Because of the
growth, has not been combined with antiadherent or cytopresented results, standardized intraoperative lavage with
toxic agents to prevent perioperative metastases. Moreovet,51 taurolidine 0.5% and heparin 5,000 i.E./l is performed
xenon has not been used in laparoscopy for malignant neageutinely in all patients undergoing open and laparoscopic
plasms. resection of malignancies in our department.

In the current study, a tumor cell suspension model was
used to investigate therapeutic approaches dealing with tLI:i
mor cells spilled during laparoscopy. Tumor growth was eferences
suppressed significantly after intraperitoneal instillation of 1. Balli JE, Franklin ME, Almeida JA, Glass JL, Kazantsev G, Diaz JA

either taurolidine or taurolidine with heparin as compared
with the control group for all gas groups. Because -1
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application of taurolidine indirectly causes decreased tumor

growth by inhibiting the IL-B production of intraperitoneal

(1999) How to prevent port-site metastasis in laparoscopic colorectal
surgery. Surg Endosc 13 (Suppl 1): 4

. Bedrosian |, Sofia RD, Wolff SM, Dinarello CA (1991) Taurolidine,

an analogue of the amino acid taurine, suppresses interleukin-1 and
tumor necrosis factor synthesis in human peripheral blood mono-
nuclear cells. Cytokine 3: 568-575

3. Blenkharn JJ (1988) Sustained antiadherence activity of taurolidine

macrophages, as shown in previous experimémtsitro ¢ S
(Taurolin) and noxythiolin (Noxyflex S). J Pharm Pharmacol 40: 509—

[14]. Furthermore, it seems that taurolidine acts directly on 511

the tumor ce_lls, inhibiting tumor cell growth itself. This , Bonjer HJ, Gutt CN, Hubens G, Krahenbuhl L, Kim SH, Bouvy ND,
suppression Is not beCaL_lse Of increased cell death, _bUt be- Tseng LN, Paolucci V, Whelan R, Jacobi CA (1998) Port-site metas-
cause of decreased proliferation [13, 16]. Although it has tases in laparoscopic surgery: first workshop on experimental laparo-

been reported that taurolidine releases “methylol” groups _ Ecgpic Sﬁge%ga&kgﬁ 13’2;'( eSIULQ 'g;dn‘?esrc E':Jl(lfgg‘élﬁpact of
. . uvy , u , ) ]
(hydroxymethyl groups), becommg attached to the cell wall gas(less) laparoscopy and laparotomy on peritoneal tumor growth and

of bacteria and causjn_g death of the bgcteria [6],. it remains  apdominal wall metastases. Ann Surg 224: 694-700

unclear whether a similar mechanism is responsible for de-6. Brodhage H, Pfirmann RW (1985) Taurolin- Bakterioldgeitro. In:
creased tumor cell growth. The combination of taurolidine  Bruckner WL, Pfirmann RW (eds) Taurolin. Ein neuesKonzept zur
and heparin showed significant synergistic effects on sup- antimikrobiellen Chemotherapie chirugischer Infektionen 1th ed. Ur-

. . . S ban und Schwarzenberg, Baltimore, pp 38-47
pression of tumor growti vivo. It might be that taurolidine 7 casironovo v, Tarabolleti G, Sobel ME (1991) Laminin receptor

is acting more on tumor cells and peritoneal macrophages, complementary DNA-deduced synthetic peptide inhibits cancer cell
whereas heparin is acting on the peritoneal surface. These attachment to endothelium. Cancer Res 51: 5672-5678
results are not cell specific but have been confirmed in 8. Fisher B, Gunduz N, Saffer EA (1983) Influence of the interval be-

. . tween primary tumor removal and chemotherapy on kinetics and
different human and rat cancer cell lines [14]. arowth B stanos. Cance: Ros 43: 1488 1495

Interestingly, tumor growth was higher in the xenon g Frankiin ME, Rosenthal D, Abrego-Medina D, Glass JL, Norem R,
group than in the helium and G@roups, even when these Diaz A (1996) Prospective comparison of open versus laparoscopic



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

colon surgery for carcinoma: five-year results. Dis Colon Rectum 39:
35-46

Giuffrida MC, Marquet RL, Kazemier G, Wittich P, Bouvy ND, Bru-
ining HA, Bonjer HJ (1997) Laparoscopic splenectomy and nephrec-
tomy in a rat model: description of a new technique. Surg Endosc 11:
491-494

Goldstein DS, Lu ML, Hattori T (1993) Inhibition of peritoneal tumor 22.

cell implantation: model for laparoscopic cancer surgery. J Endourol 7:
237-241

Iwanaka T, Arya G, Ziegler MM (1998) Mechanism and prevention of 23.

port-site tumor recurrence after laparoscopy in a murine model. J
Pediatr Surg 33: 457-461

Jacobi CA, Ordemann J, Bohm B, Zieren HU, Sabat R, Muller JM24.

(1997) Inhibition of peritoneal tumor cell growth and implantation in
laparoscopic surgery in a rat model. Am J Surg 174: 359-363
Jacobi CA, Peter FJ, Wenger FA, Ordemann JjévdM (1999) New

therapeutic strategies to avoid intra- and extraperitoneal metastases.

during laparoscopy: results of a tumor model in the rat. Dig Surg (in
press)

Jacobi CA, Sabat R, Bohm B, Zieren HU, Volk HD, Muller JM (1997) 26.

Pneumoperitoneum with carbon dioxide stimulates growth of malig-
nant colonic cells. Surgery 121: 72-78

Jacobi CA, Sabat R, Ordemann J, Wenger F, Volk HD, Muller JM 27.

(1997) Peritoneal instillation of taurolidine and heparin for preventing

intraperitoneal tumor growth and trocar metastases in laparoscopi@8.

operations in the rat model. Langenbecks Arch Chir 382: 31-36
Johnstone PAS, Rohde DC, Swartz E, Fetter JE, Wexner SD (1996)

Port-site recurrences after laparoscopic and thoracoscopic procedur@®.

in malignancy. J Clin Oncol 14: 1950-1956
Lacy AM, Delgado S, Garcia-Valdecasas JC, Castells A, Pitie
Grande L, Fuster J, Targarona EM, Pera M, Visa J (1998) Port-site

metastases and recurrence after laparoscopic colectomy: a randomizé&d.

trial. Surg Endosc 12: 1039-1042
Lanfrancone L, Boraschi D, Ghiara P (1992) Human peritoneal me-
sothelial cells produce many cytokines (granulocyte colony-

stimulating factor, granulocyte-monocyte CSF, macrophage-CSF, in32.

terleukin-1 and IL-2) and are activated and stimulated to grow by IL-1.
Blood 80: 2835-2842

Leather AJM, Kocjan G, Savage F, Hu W, Yiu CY, Boulos PB, 33.

Northover MA, Phillips RKS (1994) Detection of free malignant cells

21.

30.

1025

in the peritoneal cavity before and after resection of colorectal cancer.
Dis Colon Rectum 37: 814-819

Lee SW, Southall JC, Allendorf JD, Bessler M, Whelan RL (1998)
Traumatic handling of the tumor independent of pneumoperitoneum
increases port-site implantation rate of colon cancer in a murine model.
Surg Endosc 12: 828-834

Le Moine MC, Navarro F, Burgel JS, Pellegrin A, Khiari, Pourquier D,
Fabre JM, Domergue J (1998) Experimental assessment of the risk of
tumor recurrence after laparoscopic surgery. Surgery 123: 427-431
Mathew G, Watson DI, Rofe AM, Baigrie CF, Ellis T, Jamieson GG
(1996) Wound metastases following laparoscopic and open surgery for
abdominal cancer in a rat model. Br J Surg 83: 1087-1090

Milsom JW, Béim B, Hammerhofer KA, Faszio VW, Steiger E, Elson

P (1998) A prospective, randomized trial comparing laparoscopic ver-
sus conventional techniques in colorectal cancer surgery: a preliminary
report. J Am Coll Surg 187: 46-57

Neuhaus SJ, Watson DI, Ellis T, Dodd T, Rofe AM, Jamieson GG
(1998) Efficacy of cytotoxic agents for the prevention of laparoscopic
port-site metastases. Arch Surg 133: 762—-766

Neuhaus SJ, Watson DI, Ellis T, Rowland R, Rofe AM, Pike GK,
Mathey G, Jamieson GG (1998) Wound metastasis after laparoscopy
with different insufflation gases. Surgery 123: 579-583

Pahlman L (1997) The problem of port-site metastases after laparo-
scopic cancer surgery. Ann Med 29: 477-481

Reymond MA, Schneider C, Hohenberger W,cKerling F (1998)

The pneumoperitoneum and its role in tumor seeding. Dig Surg 15:
105-109

Ruoslahti E, Pierschbacher D (1987) New perspectives in cell adhe-
sion: RGD and intergins. Science 238: 491-497

Wexner SD, Latulippe J-F (1997) Laparoscopic colorectal surgery and
cancer. Swiss Surg 3: 266-273

Wu JS, Brasfield EB, Guo LW, Ruiz M, Connet JM, Philpott GW,
Jones DB, Fleshmann JW (1997) Implantation of colon cancer at tro-
car sites is increased by low pressure pneumoperitoneum. Surgery 122:
1-7

Wu JS, Jones DB, Guo LW, Brasfield EB, Ruiz M, Connet JM, Flesh-
mann JW (1998) Effects of pneumoperitoneum on tumor implantation
with decreasing tumor inoculum. Dis Colon Rectum 41: 141-146
Yamada KM (1983) Cell surface interactions with extracellular mate-
rials. Annu Rev Biochem 52: 761-799



