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Abstract

Aim of the study: To compare intraperitoneal tumor
growth after CO, laparoscopy (L), gasless laparoscopy
(GL), midline laparotomy (ML), and general anesthesia
(GA) as a control.

Materials and methods: A prospective randomized trial
was carried out in nude rats. A carcinomatosis was
obtained by intraperitoneal injection of either one of the
two human ovarian cancer cell lines IGR-OV1 or
NIH:OVCAR-3. Rats secondly underwent randomly
different kind of procedures: CO, L (8 mmHg, 60 min),
GL (traction by a balloon for 60 min), ML (bowel re-
moved and let on a mesh for 60 min), or GA. The rats
were finally killed 10 or 35 days after surgery (respec-
tively in IGR-OV1, or NIH:OVCAR-3 models). Tumor
growth was assessed by the weight of the omental me-
tastasis and MIB1 immunostaining. Peritoneal dissemi-
nation as well as abdominal wall metastases were
assessed by pathological examination. Statistical analy-
sis used the chi-square test (or Fisher exact test) and
Bonferroni method for multiple comparison between
groups.

Results: Fifteen rats were included in each group. Mean
omental weight was significantly increased after surgery
(3.1 to 5.6 g), when compared to control (2.4 g), but no
significant difference was recorded between the three
surgical accesses. MIB1 immunostaining was poor in the
PNP group (37%), whereas it was higher after midline
laparotomy (51%), but the difference was not significant
(p = 0.07). Similarly, no significant variation was re-
corded in the NIH:OVCAR-3 model for omental weight
or MIBI staining. CO, pneumoperitoneum significantly
increased right diaphragmatic dome involvement in the
NIH:OVCAR-3 model. Abdominal wall metastases
were significantly more frequent after surgery when
compared to the control group, but no significant dif-
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ference could be demonstrated between surgical groups
in each model.

Conclusion: In these solid tumor models, CO, pneu-
moperitoneum had no deleterious effect on tumor
growth when compared to gasless laparoscopy or mid-
line laparotomy.

Key words: Laparoscopy — Tumor growth — Peri-
toneal carcinomatosis — Gasless laparoscopy —
Randomized trial

A strong debate has arisen since laparoscopy was in-
troduced in oncologic surgery. Many case reports have
been published, presenting evidence of potential adverse
effects of CO, pneumoperitoneum (PNP) in cancerous
patients [5]. It is now admitted that an inappropriate
laparoscopic treatment of early ovarian cancers can
provoke port-site metastases and can worsen the stage
of the disease [14]. Numerous animal experiments have
also demonstrated that CO, PNP enhanced cell seeding
and increased the occurrence of port-site metastases [16,
19].

Effects of surgery on tumor growth is also an old
debate [18]. It has been demonstrated that surgery
could enhance tumor growth and metastasis develop-
ment [4]. Laparoscopy could be less deleterious, since
it gives rise to a lower surgical trauma when compared
to laparotomy. Conversely, laparoscopy creates a
particular peritoneal ambience which could have dele-
terious effects on tumor growth [1, 20]. Some experi-
ments have addressed the problem of implantation of
tumors after different surgical approaches. Conversely,
influence of laparoscopy on preexisting tumor growth
is more obscure.

The aim of this study was to compare tumor growth
after different surgical approaches. We designed a pro-



spective randomized controlled study, in rats. We have
developed two ovarian carcinoma models in rats (xe-
nografts), which have radically different evolutions [12].
The IGR-OV1 model is characterized by a short survival
after IP (mean survival <20 days), giving finally a vo-
luminous solid omental metastasis, with numerous little
peritoneal nodules. We have demonstrated that the
weight of the omental cake was proportional to the time
frame following IP [12]. On the other hand, the
NIH:OVCAR-3 model progresses slowly (mean survival
after IP:60 days). The final presentation gives numerous
peritoneal nodules, with abundant ascites containing
numerous viable neoplastic cells. It seemed interesting to
compare effects of laparoscopy with two different
models.

Materials and methods

Our models were developed with two human ovarian carcinoma cell
lines injected in nude rats (rnu/rnu) (Charles Rivers Deutschland,
Sulzfdeld, Germany). IGR-OV1 and NIH:OVCAR-3 cells have been
previously described and were obtained from IDRS (Institut de Re-
cherche Servier, Suresnes, France) [2, 10]. Lines were maintained in
RPMI 1640 medium with 10% fetal calf serum (virus and mycoplasm
screened) and 5% glutamine (INSERM U 490, Pr Ph Beaune, Paris,
France). Cells were harvested before passage 12 and counted after
viability assessment by trypan blue exclusion. Then, 27 x 10° IGR-
OV cells or 36 x 10° NIH:OVCAR-3 cells were injected intraperi-
toneally (IP) in 28-days-old female nude rats. Natural progression of
those two models has been previously fully described [12].

Rats were operated on day 7 after the IP in the IGR-OV1 model
and on day 14 in the NIH:OVCAR-3 model. Animals were given a
number at their admission to the laboratory (conserved in a sealed
envelope). Allocation to surgical groups was performed by the zoo-
technician who randomly chose envelopes. Surgical steps were as fol-
lows. CO, laparoscopy (L): A standard CO, pneumoperitoneum was
created via a 2.1 mm Veress needle inserted through the umbilicus
(Veress needle and insufflator: Olympus, SCOP, Antony, France). The
pneumoperitoneum was maintained at § mm Hg for 60 min. Skin was
sutured using resorbable suture (VICRYL 000, Ethicon, Neuilly sur
Seine, France). Gasless laparoscopy (GL): The balloon of a No. 18
Foley catheter was used to stretch the anterior abdominal wall to a
tension in proportion with the animal’s weight. The procedure lasted
for 1 h. The abdominal wall was then sutured in two layers with a
resorbable suture (VICRYL 000, Ethicon, Neuilly sur Seine, France).
Laparotomy (ML): Bowels were removed out of the abdomen through
a xyphopubic midline laparotomy and left on a mesh for 1 h. The
abdominal wall was sutured in two layers (one running suture for
peritoneum and muscles and one running suture for the skin) (VIC-
RYL 000, Ethicon, Neuilly sur Seine, France). Control (GA): Rats
were submitted to a general anesthesia for 1 h (subcutaneous injection
of ketamine (160 mg/kg) and chlorepromazine (2 mg/kg)). All surgical
interventions were carried out in aseptic conditions. The time interval
between IP and surgery had been determined in a previous experiment.
It allowed us to perform the surgical step when a microscopic perito-
neal carcinomatosis was already present [12].

Postoperatively, animals were kept under specific pathogen-free
conditions in accord with European standards. A standard laboratory
diet (A-04, rats—mice, UAR, Epinay sur Orge, France) and autoclaved
water were available ad libitum. Rats were systematically sacrificed 10
days after surgery in the IGR-OV1 model and after 35 days in the
NIH:OVCAR-3 model. The anterior abdominal wall was resected by
the zootechnician. Then, necropsy was carried out by the surgeon, who
was blind to the kind of surgery previously performed. The abdominal
cavity was first inspected. Then, the omentum (or the omental cake)
was resected and weighted. We particularly looked for neoplastic
nodules on gross examination in six different sites: pelvis, right and left
colic gutters, right and left diaphragmatic domes, and intestinal mes-
entry. The six sites were then resected for pathological examination.
Specimens were fixed in 10% formalin. Serial sections were studied on
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light microscopy (hematoxylin, eosin, and safran (HES). The pathol-
ogist was blind to the kind of surgery performed.

Immunostaining was performed on formation fixed paraffin em-
bedded tissue sections using Ki67 Antigen lopath+, clone MIBI
(Immunotech SA, Marseille, France). The 4 um thick sections under-
went deparaffinization in xylene and rehydration in decreasing grades
of ethanol (100% to 70%). Endogenous peroxidase activity was
blocked by a 10 min treatment with 3% hydrogen peroxide. Sections
were then incubated with mouse monoclonal antibodies for 30 min at
room temperature. We used microwaving of tissue sections for un-
masking Ki67. The immunostaining was achieved with diam-
inobenzidine as chromogen. Slides were counterstained with
haematoxylin. MIBI staining was then assessed in 200 cells picked up
in an area that was determined by the pathologist to be representative.

We compared the weight of the omental cake, as well as the number
of sites histologically involved within the peritoneal cavity, the rate of
abdominal wall metastases, and the frequency of MIB1 marked cells in
the four experimental groups. We used a chi-squared test (or Fisher
exact test when appropriate) for nominal variables; p-value adjust-
ments by the Bonferroni method in a step-down fashion were used for
multiple comparisons between groups (procedure MULTTEST —
SAS Institute Inc). A p value of 0.05 was considered significant. The
protocol was approved by the Committee on Animal Research of
Faculté de Médecine Necker Enfants Malades and the Veterinary In-
spection of the French Agriculture Ministry.

Results

Animals who failed to respond to tumoral seeding or
that deceased after surgery were excluded from the
analysis. Final populations were as follows: IGR-OV1:
GA=14, L=15, GL=15, ML=13; NIH:OVCAR-3:
GA =13, L=14, GL=13, ML =12. Animal character-
istics were similar between groups at the surgical step
(Table 1). The mean omental weight at the time of
sacrifice is given in Table 2. In the IGR-OVI model,
mean weight of omental cakes ranged from 2.4 g (con-
trol) to 5.6 g (CO, L). Omentum of the control group
were significantly lighter when compared to those ob-
tained from gasless laparoscopy, midline laparotomy,
and CO, pneumoperitoneum (p < 0.05, p < 0.005, and
p < 0.0001, respectively). However, there was no sig-
nificant difference between gasless laparoscopy, midline
laparotomy, and CO, pneumoperitoneum.

In the NIH:OVCAR-3 model, mean omental weights
did not significantly differ between groups (p = 0.7).
Omentums were heavier after GL than in control ani-
mals, but the difference was not significant.

For MIB 1 immunostaining, specimen issued from
the PNP group stained poorly (37%), whereas those
arising from animals operated on by laparotomy ex-
pressed the highest staining potency (51%), but the dif-
ference was not significant (p = 0.07) (Table 3). In the
NIH:OVCAR-3 model, the poorest staining potency
was observed in the gasless group, whereas the highest
potency was observed in the control group; however, the
overall comparison showed no significant difference
(p = 0.6) (Table 3). The spread of the tumor within the
peritoneal cavity is given in Table 4. In the NIH:OV-
CAR-3 model, the right diaphragmatic dome was sig-
nificantly more frequently involved by tumoral locations
after CO, PNP. No other preferential metastatic site has
been recorded in this model. In the IGR-OV1 model, no
significant variation was recorded between groups
(» = 0.4). Abdominal wall metastasis rates are given in
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Table 1. Mean rat weight at surgery

GA L GL ML »
IGR-OV1 110.1 (22.0) 120.1 (8.2) 116.4 (15.2) 118.5 (22.1) 0.9
NIH:OVCAR-3 118.6 (14.4) 122.7 (21.3) 124.0 (21.7) 126.4 (19.5) 0.7

Weights in grams are given in mean (standard deviation)

GA, control; L, CO, laparoscopy; GL, gasless laparoscopy; ML, midline laparotomy

Table 2. Mean omental weight at sacrifice

GA L GL ML p
IGR-OV1 2.4 (1.3) 5.6 (2.4) 42 (2.1 3.1(1.2) <0.05
NIH:OVCAR-3 13.4 (7.5) 15.3 (12.1) 20.2 (10.1) 13.5 (9.3) 0.7

Weights in grams are given in mean (standard deviation)

GA, control; L, CO, laparoscopy; GL, gasless laparoscopy; ML, midline laparotomy

Table 3. MIBI immunostaining (percentage of marked cells/200
counted cells)

GA L GL ML  p
IGR-OV1 41 37 42 51 0.07
NIH:OVCAR-3 56 49 46 52 0.6

GA, control; L, CO, laparoscopy; GL, gasless laparoscopy; ML,
midline laparotomy

Table 5. No metastasis has been observed in the control
group, and surgery significantly increased wound in-
volvement for all surgical groups (p < 0.05).

Discussion

The impact of laparoscopy on tumor growth or dis-
semination is now a major subject of concern, since la-
paroscopy is increasingly used for the staging and the
treatment of cancers. Some aspects have been largely
evaluated by experimental studies, such as port-site
metastasis or cell dissemination after IP inoculation
during a pneumoperitoneum. On the other hand, impact
of laparoscopy on preexisting tumor growth is less well
evaluated.

We have used two ovarian carcinoma models which
have radically different evolutions, because we felt that
differences could be observed because of their different
biological characteristics.

In the IGR-OV1 model, intraperitoneal tumor
weight was increased after surgery, but was similar
among gasless laparoscopy, laparotomy, and CO,
pneumoperitoneum. This result is in contrast with most
published papers, which reported that laparotomy was
significantly more deleterious than CO, laparoscopy. It
has been reported that laparotomy had the worst in-
fluence on final tumor volume or weight, and that air
pneumoperitoneum, CO, pneumoperitoneum, and he-
lium pneumoperitoneum had decreasing impacts [3, 9,
11]. In fact, most of these experiments have been con-
ducted with immunocompetent models and demon-
strated the major detrimental effect of laparotomy on

postoperative immunity [4]. The use of spontaneous T
immunodeficient models tones down the interference of
surgery on postoperative immunity and thus on tumor
growth [8]. Our experiment has focused on the direct
effect of the surgical ambience on cell proliferation. It
demonstrates that CO, pneumoperitoneum, despite the
creation of a very particular ambience with a decreased
temperature, microcirculation alterations, and perito-
neal acidosis [23], had no impact on tumor growth.
Results of MIB1 immunostaining were similar with
those of tumor weight. There was no significant differ-
ence between groups, giving evidence that PNP had no
impact on this parameter. In fact, specimens for MIB1
staining were processed several days after surgery, and
this procedure gives information on cell proliferation on
the day of sacrifice. Postoperative local immunity as well
as peritoneal response to trauma probably plays an
important role in neoplastic cell settling and growth [7,
17, 24, 25].

Surprisingly, the results of gasless laparoscopy were
not better than those of CO, pneumoperitoneum. We
used a model of GL that is quite close to reality (balloon
with a strong traction). This system was probably more
aggressive than those used in previous experiments and
may have deleterious effects on the peritoneum. For
MIBI staining, gasless laparoscopy was also in an in-
termediate position between CO, laparoscopy and la-
parotomy, suggesting that level of local trauma could
linked to the length of the peritoneal incision [22].
However, our results question the enthusiastic reports
that indicated that gasless laparoscopy was oncologi-
cally safer than CO, laparoscopy [16].

The NIH:OVCAR-3 model showed no significant
difference in the final omentum weight as well as in MIB1
immunostaining. Despite different biologic patterns of
each line, surgical results were similar. Finally, we used
human ovarian cancer xenografts which could have dif-
ferent biologic properties from those of colon adenocar-
cinoma or melanoma cell lines which have been
predominantly used in previous studies [22, 25].

Other experiments addressed the question of subcu-
taneous tumor growth. They reported a more detri-
mental effect of laparotomy when compared to
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Table 4. Dissemination of the tumor within the peritoneal cavity for the IGR-OV1 and NIH:OVCAR-3 models

16R-OV1 model

GA L GL ML P

R diaphragmatic dom 100% 100% 83% 83% 0.4
L diaphragmatic dom 85% 100% 67% 100% 0.2
R paracolic gutter 100% 100% 67% 83% 0.1
L paracolic gutter 100% 100% 67% 83% 0.1
Pelvis 85% 100% 83% 67% 0.4
Intestinal mesentery 100% 100% 83% 85% 0.5
NIH:OVCAR-3 model

R diaphragmatic dom 100% 92% 89% 50% 0.04
L diaphragmatic dom 85% 92% 89% 67% 0.5
R paracolic gutter 71% 92% 89% 50% 0.1
L paracolic gutter 71% 92% 89% 67% 0.4
Pelvis 67% 91% 89% 67% 0.4
Intestinal mesentery 100% 91% 89% 100% 0.7

GA, control; L, CO, laparoscopy; GL, gasless laparoscopy; ML, midline laparotomy; R, right; L, left

Table 5. Wound metastasis rate

GA L GL ML V4
IGR-OVI 0% 75% 50% 50% <0.05
NIH:OVCAR-3 0% 81.8% 60% 100 <0.01

GA, control; L, CO, laparoscopy; GL, gasless laparoscopy; ML,
midline laparotomy

laparoscopy [1]. Tumors were heavier and proliferating
cell nuclear antigen assay showed significantly higher
indexes [13]. But, in such models, tumors were not di-
rectly exposed to the surgical ambience and could have
been influenced by metabolic consequences of pneu-
moperitoneum. All those experiments were carried out
on small animals breathing spontaneously during sur-
gery, so metabolic changes interacting with tumor
growth could have occurred.

Finally, intraperitoneal gas could play an important
role. It has been demonstrated in vitro that helium or
NO, had a lower impact on cell proliferation when
compared to CO, [20], but in vivo studies have not
confirmed this fact [6].

Tumor spread within the peritoneal cavity was sim-
ilar for all surgical approaches, except right diaphrag-
matic dome in the NIH:OVCAR-3 model. Previous
papers had reported an increased diffusion of the disease
when IP inoculation was performed simultaneously with
the PNP [16]. In fact, these experiments investigated
early events after intraoperative rupture of a malignant
cyst and studied impact of CO, PNP on cell adhesion
and cell diffusion. Conversely, in our trial, carcinoma-
tosis was already present at the time of surgery and was
not dramatically modified by the surgical approach.
Similar results have been observed after cecal tumor
resection. Laparoscopy enhanced carcinomatosis in an-
imals without serosal involvement (S-) at the time of
surgery, but was without significant effect in S+ rats
[15]. This brings into serious question treatment of stage
I ovarian cancers or suspicious ovarian cysts by lapa-
roscopy, because tumor spillage could alter the stage of
the disease. It has been demonstrated that inappropriate
laparoscopic treatment of stage I ovarian cancers with a

delayed subsequent staging laparotomy significantly
worsened the final stage of the disease [17]. On the other
hand, assessment of advanced ovarian tumors or second
look by laparoscopy appear less hazardous because
disease is already disseminated in the peritoneum.

The increased involvement of the right diaphrag-
matic dome after CO, pneumoperitoneum in the
NIH:OVCAR-3 model can be explained by the natu-
ral history of the model. Peritoneal dissemination of
this gradually developing tumor could be boosted by
PNP.

Our results on port-site metastases call for some
comment. We observed that tumor seeding was fre-
quently present after any kind of surgery. The difference
was not statistically significant between the three surgi-
cal groups. However, there was only one laparoscopic
port by animal in the L and GL groups. Our work was a
simulation of what occurs at the laparoscope site, but
cannot provide conclusions for operative trocars. Sur-
prisingly, GL had worse results than expected [16]. Here
again, a more accurate simulation of GL in our work
than in previous trials could have promoted cell an-
chorage and proliferation. We would like to emphasize
here that recent papers, which were not dedicated to
port-site metastasis assessement, recorded no difference
between laparoscopy and gasless laparoscopy [21].

Conclusion

In this experiment, pneumoperitoneum had no effect on
tumor growth. The ambience created by laparoscopy
with CO, does not seem to be more deleterious than
laparotomy. The real benefit of gasless laparoscopy
should be further assessed.
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