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Objective: To evaluate the metabolic consequences of the addition of oxygen to the CO2-pneumoperitoneum.
Design: Prospective randomized study in rabbits. After 30 minutes of ventilation pneumoperitoneum was main-
tained for 90 minutes with pure CO2 or CO2 with 2% or 6% of oxygen. The intraperitoneal pressure was increased
from 10 to 15 and 20 mm Hg every 30 minutes. Ventilation rate was either fixed or a progressive hyperventilation.
End points were changes in arterial blood gases (PCO2, PO2), pH, acid-base balance (actual base excess [ABE], stan-
dard bicarbonate [SBC], standard base excess [SBE], hydrogen carbonate [HCO3

�], concentration of total carbon
dioxide [TCO2]); oxygen and oximetry (oxyhemoglobin [O2Hb], oxygen saturation [SO2], reduced hemoglobin
[RHb], total oxygen concentration [TO2], and oxygen tension at half saturation assessing hemoglobin oxygen
affinity [p50]); and lactate concentrations assayed every 15 minutes.
Setting: University research center.
Animals: Twenty-four adult female New Zealand white rabbits.
Intervention(s): Anesthesia, mechanical ventilation, and pneumoperitoneum.
Result(s): The effects of CO2-pneumoperitoneum on all end points increased with the elevated intraperitoneal
pressure and were more pronounced when ventilation was fixed. Changes were less when 2% or 6% of oxygen
had been added to the CO2-pneumoperitoneum. With use of logistic regression, the addition of oxygen, intraper-
itoneal pressure, and ventilation were found to be independent variables affecting PCO2, pH, ABE, SBE, HCO3

�,
O2Hb, SO2, p50, and end-tidal CO2.
Conclusion(s): The metabolic consequences of the combined effect of increased intraperitoneal pressure and
CO2-pneumoperitoneum were less when 2% to 6% of oxygen was added or when animals were hyperventilated.
We suggest that metabolic and mesothelial hypoxemia caused by CO2 absorption can be reduced by adding small
amounts of oxygen and by hyperventilation. (Fertil Steril� 2009;92:778–84. �2009 by American Society for Re-
productive Medicine.)

Key Words: CO2-pneumoperitoneum, carboxemia, acidosis, metabolic and mesothelial hypoxemia
During laparoscopic surgery, for safety reasons, CO2 is the
gold standard for the pneumoperitoneum because of its
high solubility in water, thus decreasing the risk of gas embo-
lism, and because of its high exchange capacity in the lungs.
Eventually, hyperventilation permits control of increased
CO2 concentrations, which, moreover, can be monitored
easily by capnography (1, 2). Carbon dioxide absorption in-
creases with the duration of surgery and with insufflation
pressure (intraperitoneal pressure) (3).

Carbon dioxide–pneumoperitoneum through CO2 absorption
is known to affect blood gases and acid-base balance with car-
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boxemia, acidemia, acidosis, and base deficit. In addition,
respiratory and cardiovascular disturbances occur, such as
changes in minuteventilation, peak inspiratory pressure,pulmo-
nary vascular resistance, alveolar CO2 concentration, the calcu-
lated physiologic shunt, central venous pressure, systolic and
diastolic arterial pressure, systemic vascular resistance, and car-
diac output (4–7). If not compensated, in a rabbit model this
carboxemia and acidemia lead to respiratory and later to meta-
bolic acidosis. Finally, metabolic hypoxemia occurs through the
Bohr effect (8). The addition of 6% of oxygen to the CO2-pneu-
moperitoneum strongly attenuated these effects (9).

Carbon dioxide–pneumoperitoneum has a series of local
intraperitoneal effects such as a decrease in peritoneal pH (3,
10–13), a change in tissue O2/CO2 exchange (3, 13, 14), a mor-
phologic disruption of mesothelial integrity (15–17), and
changes in parietal and visceral microcirculation (5). Moreover,
it changes blood microcirculation in splanchnic organs (18), as
well as the circulation of larger vessels of the abdominal cavity
(3). Carbon dioxide–pneumoperitoneum parameters are
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correlated negatively with free radical scavengers and total glu-
tathione levels (19) and in a graded fashion with an increased
level of free radical marker 8-isoprostaglandin F2a, as well as
with lipid peroxidation in the peritoneal tissue (20, 21).

It is shown in animal models and in vitro studies that
CO2-pneumoperitoneum has an impact on tumor implanta-
tion and port-site metastasis (22–25). In mice and rabbits,
adhesion formation increases with the duration of CO2-pneu-
moperitoneum and with intraperitoneal pressure (20, 26, 27).
Because this increase in adhesion formation is prevented by
the addition of >2% and <10% of oxygen to the CO2-pneu-
moperitoneum, and because the effect is absent in HIF knock-
out mice (28), the underlying mechanism was suggested to be
mesothelial hypoxia. We therefore wanted to confirm and
extend the metabolic effects of CO2-pneumoperitoneum (3,
8, 9) by evaluating the effect of different insufflation pres-
sures and their prevention by adding as little as 2% instead
of 6% of oxygen to the CO2-pneumoperitoneum in fixed
and hyperventilated rabbit models.

MATERIALS AND METHODS

Animals

Adult female New Zealand white rabbits (N¼ 24) weighing be-
tween 2.7 and 3.0 kg were used. The animals were kept under
standard laboratory conditions at a temperature between 20�C
and 25�C and a relative humidity of 40% to 70%. They had
a day cycle of 14 hours light and 10 hours dark, a standard lab-
oratory diet (Hope Farms, Woerden, the Netherlands), and free
access to food and water. The animals were housed at the Centre
for Laboratory Animal Care of the Catholic University of
Leuven (Animalium, St. Rafael Hospital, Katholieke Universi-
teit Leuven, Leuven, Belgium). The experiment was approved
by the Institutional Review Board and Animal Care Committee.

Experimental Design

After a baseline (control) period of 30 minutes with ventila-
tion, pneumoperitoneum started at the intraperitoneal pres-
sure of 10 mm Hg, then every 30 minutes the intraperitoneal
pressure was subsequently increased to 15 and 20 mm Hg.
As insufflation gas, pure CO2 (group 1; n ¼ 8), CO2 with
2% of oxygen (group 2, n ¼ 8), or CO2 with 6% of oxygen
(group 3, n¼ 8) was used, and in each group half of the rabbits
were ventilated with a continuously fixed ventilation (series a)
and the other half with progressive hyperventilation (series b).
Animals were block randomized by day. Two animals died,
one in group 1a and one in group 1b, at the beginning of the
experiment. In the absence of data, they were excluded from
the analysis. The three rabbits with pure CO2-pneumoperito-
neum and fixed ventilation died some 15 minutes after the in-
traperitoneal pressure had been elevated to 20 mm Hg. As
a result, last end points at 120 minutes are absent in this group.
At the end of the experiments, all animals were killed with an
IV injection of 0.3 mL/kg T61 (Hoechst Roussel Vet GmbH,
Frankfurt, Germany).

The animals were premedicated with an IM injection of
30 mg/kg ketamine 1000 (Sanofi, Sante Animale Benelux, Bel-
Fertility and Sterility�
gium) and 6 mg/kg of 2% xylazine hydrochloride solution
(VMD NV, Berendonk, Belgium). After intubation (a 3.5 mm
endotracheal tube; Sheridan Catheter Corp., New York, NY),
anesthesia was performed with 2.5% halothane (Fluothane;
Zeneca, Destelbergen, Belgium) mixed with oxygen and
room air, with use of the vaporizer connected to a small animal
ventilator (model 683; Harvard Apparatus Inc., Holliston, MA).
The oxygen concentration in the inspired gas (FIO2) was 70%.
In the fixed ventilation series, the tidal volume was 7 mL/kg
and was kept constant during the experiment. In the hyperven-
tilated series, the baseline tidal volume of 7 mL/kg was in-
creased to 8.33, 9.66, and 11 mL/kg at the 30th, 60th, and
90th minute, that is, when the intraperitoneal pressure was in-
creased to 10, 15, or 20 mm Hg, respectively. These respiratory
rates had been established during pilot experiments to obtain an
arterial PCO2 <45 mm Hg as described by Liem et al. (29) and
Steinman et al. (30). The pulse rate and oxygen saturation
(SpO2, in percentage) in peripheral blood (ear vessels and capil-
laries), end-tidal CO2 (PETCO2), and respiratory pressure were
monitored continuously with use of a pulse oximeter (Nellcor,
Boulder, CO), a capnograph (Capnomac; Datex, Finland), and
a manometer, respectively. To monitor arterial blood pressure,
a 20-gauge (1.1� 48 mm) catheter (Insyte-W; Becton Dickin-
son, Madrid, Spain) was inserted into the ear artery and con-
nected to the blood pressure monitor (HP78304A; Hewlett-
Packard, Palo Alto, CA). Electrocardiographic monitoring
was performed with use of standard animal probes and the elec-
trocardiograph (Soxil MRC 3277; Loxley Medical Supplies
Ltd., London, UK). Parietal peritoneum surface temperature
was monitored with use of the flexible temperature-sensing
probe inserted and fixed in the abdominal cavity near the trocar,
and it was connected to the extra blood pressure monitor line
(HP78304A; Hewlett-Packard). Arterial blood pressure, pulse
rate, electrocardiogram, and parietal peritoneum surface tem-
perature parameters were continuously registered and stored
in a personal computer with use of a special device and program
(Dataq Instruments Inc., Akron, OH).

Surgical Protocol

The animals were placed in supine position, and the abdomen
was shaved and disinfected with povidone-iodine (Iso-Beta-
dine; Asta Medica, Brussels, Belgium). A 10-mm trocar
(Apple Medical Corporation, Marlborough, MA) was placed
caudally to the sternum, and the pneumoperitoneum was cre-
ated with a Thermoflator Plus (Karl Storz, T€uttlingen,
Germany), a humidifier (Aquapor; Dr€ager, L€ubeck,
Germany) and a heating device (Opti Therm; Karl Storz)
keeping insufflation temperature between 35�C and 37�C.
In addition, a water valve was used to dampen insufflation
pressure changes. The intraperitoneal pressure was con-
trolled with a manometer, connected to an 18-gauge (1.3 �
45 mm) catheter (Insyte-W) inserted in the abdominal cavity
near the trocar. A 22-gauge (0.9 � 25 mm) catheter (Insyte-
W, Vialon; Becton Dickinson) inserted through the abdomi-
nal wall allowed us to obtain a continuous (120 mL/min)
flow (26) through the abdominal wall.
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Assays

The ear artery was catheterized with a 20-gauge (1.1 � 48
mm) catheter (Insyte-W) for blood sampling. Before each
blood sample, the syringe and catheters were rinsed with
a mixture of saline solution and heparin (Heparine Rorer;
Rhône-Poulenc Rorer, Brussels, Belgium) to prevent clot-
ting. Blood samples were taken every 15 minutes, from the
beginning of the experiment up to 120 minutes later (n ¼ 9
samples). They were immediately put on ice pending analysis
in duplicate in the blood gas analyzer (ABL system 525/620;
Radiometer, Copenhagen, Denmark). Results covered arte-
rial blood gas parameters such as partial pressures of oxygen
(PO2) and carbon dioxide (PCO2); pH; acid-base parameters
such as concentrations of hydrogen carbonate (HCO3

�), stan-
dard bicarbonate (SBC), actual base excess (ABE), standard
base excess (SBE), and the concentration of total carbon
dioxide (TCO2); lactate concentrations; blood oximetry pa-
rameters such as oxygen saturation (SO2), oxyhemoglobin
(O2Hb), and reduced hemoglobin (RHb); oxygen status
parameters such as total oxygen concentration (TO2) and ox-
ygen tension at half saturation assessing hemoglobin oxygen
affinity (p50).

Data Analysis and Statistical Methods

The factorial design of the experiments enabled us to simul-
taneously evaluate these variables: ventilation effects (fixed
or hyperventilated), the pneumoperitoneum gas used (100%
CO2, 98% CO2 þ 2% O2, or 94% CO2þ 6% O2), and the in-
traperitoneal pressure (0, 10, 15, or 20 mm Hg). Considered
as a 2*2*2 factorial design with 4 rabbits in each cell, the sta-
tistical power is only slightly less for each factor than if two
groups of 16 rabbits were used. Considered as a 2*3*4 facto-
rial design, the power becomes even much higher, that is,
close to a 96-rabbit experiment. Because the intraperitoneal
pressure was, however, sequentially increased, the design
was not a pure factorial for pressure, and when interpreting
the results it should be taken into account that the observed
metabolic effects might be influenced by the metabolic
effects induced by the previous pressure. This might affect
the magnitude of the observed effect but will not affect the
overall conclusions. Considering the effects and variability
observed in the previous experiments, the power of two
groups of 16 rabbits was >90% at the .05 level.

Data were analyzed by using logistic regression (Proc LO-
GISTIC; SAS, Inc., Chicago, IL) to simultaneously evaluate
the effects of ventilation, of the pneumoperitoneum gas used,
and of the intraperitoneal pressure on each end point. Sam-
ples were analyzed as if each pressure increase were investi-
gated in a different rabbit, thus disregarding the sequential
pressure increase. Strictly speaking, the results are therefore
valid only for the gas mixture and for the type of ventilation
used because insufflation pressures were increased sequen-
tially, and some carryover effect cannot be ruled out because
the statistical significances for each intraperitoneal pressure
might be influenced by the previous pressures. The results es-
timating the overall pressure effect, however, remain valid.
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We thought it preferable to list intraperitoneal pressure sig-
nificances in the Results but acknowledge their potential lim-
itations. Mean � SD is indicated unless stated otherwise.

RESULTS

The three rabbits with pure CO2-pneumoperitoneum and
fixed ventilation died approximately 15 minutes after the in-
traperitoneal pressure had been raised from 15 to 20 mm Hg,
that is, after approximately 105 minutes. All other animals
survived. The parietal peritoneum surface temperature was
decreased in both the fixed and hyperventilated series, and
there were no differences between the pure CO2 groups and
the oxygen-added groups (results are not shown).

The metabolic effects of CO2 adsorption increased with
intraperitoneal pressure, were lower when the rabbits were
hyperventilated, and were much lower when 2% or 6% of
oxygen had been added to the CO2-pneumoperitoneum
(Figs. 1 and 2). By logistic regression, the three variables:
ventilation, intraperitoneal pressure, and the addition of
oxygen to the CO2-pneumoperitoneum, were found to be
independent variables predicting the metabolic changes. In-
teraction between the three factors was not observed. Venti-
lation, intraperitoneal pressure, and the addition of small
amounts of oxygen to the CO2-pneumoperitoneum simulta-
neously influenced blood gas values such as PCO2 (P value
for ventilation not significant [NS]; for intraperitoneal pres-
sure < .0001; for oxygen 2% or 6% < .01), pH (P<.0001;
< .0001; < .0001), acid-base parameters such as ABE
(P<.0001; < .0001; < .0001), SBE (P<.0001; < .0001;
< .0001), HCO3

� (P¼NS; < .0001; < .0001;), and oxygen
and oximetry indicators such as O2Hb (P<.0001; < .001;
< .0003), SO2 (P<.001; < .01; < .003), p50 (P<.0001;
< .0001; < .0001), and concentrations of PETCO2 (P<.0001;
< .05; < .0002).

To evaluate whether the effects of intraperitoneal pressure
occurred between 10 and 15 mm Hg or between 15 and 20
mm Hg, we analyzed both increases in intraperitoneal
pressure separately. They both were found to affect PCO2 (P
for 10 vs. 15 mm Hg < .03 and 15 vs. 20 mm Hg < .003),
p50 (P<.0001 and < .0001), and PETCO2 (P<.04 and
< .001) and to decrease pH (P<.0001 and < .0001), ABE
and SBE (P<.0001 and < .0001), O2Hb (P¼NS and < .04),
and SO2 (P<.05 and < .01).

Subsequently, we evaluated whether the effect of adding
oxygen occurred between 0% and 2% or between 2% and
6%. Increasing oxygen from 0% to 2% and from 2% to 6%
both decreased the metabolic effects, but the effects of raising
oxygen from 0 to 2% were slightly less pronounced than the
raising of oxygen from 2% to 6%, for ABE (P for 0 vs. 2%
< .003 and 2% vs. 6% < .0006), SBE (P<.003 and
< .0006), O2Hb (P<.05 and < .006), SO2 (P<.05 and
< .006), and PETCO2 (P<.01 and < .03), For the other param-
eters, differences between 0 to 2% and 2% to 6% of oxygen
were comparable for PCO2 (P for 0 vs. 2% < .001 and 2% vs.
s Vol. 92, No. 2, August 2009



FIGURE 1

Effect of the ventilation (vent), pneumoperitoneum pressures (10, 15, and 20 mm Hg), and insufflation gas used on
the arterial PCO2 and pH values: 100% CO2, group 1a (closed triangles) and group 1b (open triangles); 98% CO2þ
2% O2, group 2a (closed squares) and group 2b (open squares); 94% CO2þ 6% O2, group 3a (closed diamonds)
and group 3b (open diamonds). Means � SD are given. *At this point all animals in pure CO2 group with fixed
ventilation died.

Mynbaev. Ventilation-related metabolic changes. Fertil Steril 2009.
6% < .001), pH (P<.0001 and < .0001), and p50 (P<.0001
and < .0001).

To ascertain that these effects were observed in both series,
that is, with fixed ventilation and with hyperventilation, we
analyzed both ventilation series separately. The previous re-
sults were confirmed for both ventilation types. Moreover,
this can be observed visually in Figures 1 and 2.

DISCUSSION

These results confirm and extend (1, 2, 31, 32) the observa-
tions that CO2-pneumoperitoneum induces systemic meta-
bolic effects such as hypercarbia, acidemia, and acidosis
through CO2 absorption. The data confirm our previous re-
sults, describing in detail the pathophysiology of CO2 adsorp-
tion and its metabolic and local circulatory consequences (3,
8). This model can be summarized as follows: during CO2-
pneumoperitoneum, the mesothelial surface CO2 tension of
the parietal peritoneum is considerably higher than in both
Fertility and Sterility�
venous and arterial blood. This tension gap between the me-
sothelial surface of the parietal peritoneum and the blood
makes CO2 pass into the blood through the parietal perito-
neum tissue and the capillaries. Subsequently, partial pres-
sure of arterial CO2 increases to establish blood gas and
acid-base equilibrium (3). Carboxemia and acidosis are the
key events, as reflected in increases in PCO2, PETCO2, and
HCO3

� and in a decrease in pH. These changes subsequently
lead to metabolic acidosis reflected in an increase of PETCO2,
PCO2, TCO2, HCO3

�, and lactate concentrations and in a de-
crease of pH, ABE, SBE, and SBC. Finally, because of the
Bohr effect, the changes lead to metabolic hypoxemia,
reflected in increases in RHb and p50 and in decreases in
PO2, TO2, and O2Hb. The latter changes are indeed associated
with a desaturation and a decreased oxygen availability in tis-
sue, caused by increased RHb and decreased hemoglobin ox-
ygen affinity and, hence, decreased O2Hb (8).

Hyperventilation eliminates CO2 and decreases the meta-
bolic consequences of CO2 absorption. Because of
781



FIGURE 2

Effect of the ventilation (vent), pneumoperitoneum pressures (10, 15, and 20 mm Hg) and insufflation gas used on
the concentrations of hydrogen carbonate (bicarbonate, HCO3

�) and oxygen tension at half saturation (p50)
assessing the hemoglobin oxygen affinity: 100% CO2, group 1a (closed triangles) and group 1b (open triangles);
98% CO2 þ 2% O2, group 2a (closed squares) and group 2b (open squares); 94% CO2 þ 6% O2, group 3a
(closed diamonds) and group 3b (open diamonds). Means � SD are given. *At this point all animals in pure CO2

group with fixed ventilation died.

Mynbaev. Ventilation-related metabolic changes. Fertil Steril 2009.
anesthesiologic monitoring and assistance during laparo-
scopic surgery (33) this is a well-known fact in humans and
was demonstrated previously in our rabbit model where we
compared superficial ventilation with more adequate ventila-
tion (8). In this study, the effect of ventilation is confirmed
through changes in arterial PCO2, pH, ABE, SBE, HCO3

�,
O2Hb, p50, and SO2 parameters during CO2-pneumoperito-
neum with sequentially increased intraperitoneal pressure.

The metabolic consequences of CO2 absorption increase
with intraperitoneal pressure increase. This was shown
previously for 6 to 10 mm Hg (8) and is now confirmed
for 10 to 15 mm Hg and 15 to 20 mm Hg. It is suggested
that excessive CO2 absorption is severe enough to become
fatal when the intraperitoneal pressure is increased to 20
mm Hg in the animals with pure CO2 for the pneumoperito-
neum and with fixed ventilation. Besides increased CO2
782 Mynbaev et al. Ventilation-related metabolic changes
absorption, blood flow in the vena cava inferior was arrested
from 10 mm Hg intraperitoneal pressure onward (3), proba-
bly because of mechanical pressure. Moreover, the parietal
peritoneum and the abdominal wall are mechanically com-
pressed and stretched (3). These changes in blood flow (3,
5, 18) probably also contributed to decreased blood pH
(11, 12) and increased lactate production (3, 8), indicating
anaerobic metabolism and tissue ischemia in inadequately
ventilated animals.

The addition of 6% of oxygen to the CO2-pneumoperito-
neum was shown to decrease the consequences of CO2 ab-
sorption, as well as to reduce metabolic hypoxemia in blood
(9). Indeed, PCO2 increase and the corresponding pH de-
crease were much less pronounced. Moreover, a plateau
was reached after some 60 minutes whereas with pure
CO2 the increase continued up to the end of the experiment.
Vol. 92, No. 2, August 2009



All subsequent effects such as an increase in HCO3
� and

a decrease in ABE, SBE, SBC, PO2, SO2, O2Hb, and hemo-
globin oxygen affinity were much less pronounced and the
increase in lactate concentrations occurred much later (in
superficially ventilated rabbits) or became nonexistent (in
optimally ventilated rabbits). We now confirm the effect
of adding 6% of oxygen to the CO2-pneumoperitoneum.
In addition, we demonstrate that even as little as 2% of ox-
ygen added to the CO2 has significant effects on blood
gases, acid-base balance, and oxygen and oximetry values,
although the effect is less pronounced than after the addition
of 6% of oxygen.

To explain the metabolic effect of prolonged CO2-
pneumoperitoneum and of adding small amounts of oxygen
to the CO2-pneumoperitoneum, the following mechanisms
are suggested. First, pure CO2-pneumoperitoneum affects
the mesothelial cells, which retract, that is, cell bulging
(15–17), directly exposing the extracellular matrix. From
adhesion formation experiments in rabbits and mice, we sug-
gested that this effect is mainly a consequence of mesothelial
hypoxia (26, 27). Indeed, adhesion formation increased with
CO2-pneumoperitoneum duration and with intraperitoneal
pressure. It decreased after the addition of >2% and <10%
of oxygen to the CO2-pneumoperitoneum. This effect of
CO2-pneumoperitoneum–enhanced adhesions is absent in
HIF and PlGF knockout mice (28), lending further support
to hypoxia. Because CO2 and helium have similar conse-
quences in tissue oxygen partial pressure (34), these results
are in line with our hypothesis that the pneumoperitoneum
is a cofactor in adhesion formation, probably via peritoneal
mesothelial hypoxia (26, 27). Moreover, the effect of adding
oxygen to the CO2-pneumoperitoneum (2% and 6% O2 y
PO2 of 15 to 45 mm Hg at atmospheric pressure) is consistent
with the well-known oxygen cascade (35) leading to a physi-
ologic PO2 of 20 to 40 mm Hg in peripheral tissue. Therefore,
direct diffusion of small amounts of oxygen added to the
CO2-pneumoperitoneum can have an important tissue-
preserving effect in the hypoxic mesothelial layers of the
peritoneal cavity. Recent data (36), demonstrating that
controlled respiratory support decreases the impact of
CO2-pneumoperitoneum on tissue-oxygen tension in the ret-
roperitoneal space, present underlying mechanisms of oxy-
gen-tissue metabolism deteriorations during laparoscopic
surgery. Moreover, controlled respiratory support impact
was significantly pronounced only in mice with high insuffla-
tion pressure, and these findings bear comparison with our
previous results (8) and present data. Second, in rabbits
with fixed ventilation, the metabolic consequences of CO2

absorption increase progressively over time, whereas after
the addition of 6% of oxygen this effect is attenuated. More-
over, the metabolic effects reach a plateau after 45 to 60 min-
utes. Indeed, the huge differences in metabolic effects
between 100% and 94% of CO2 can be explained by the met-
abolic impact of oxygen added to the CO2-pneumoperito-
neum. Furthermore, this is consistent with the observed
hypoxic retraction of the mesothelial cells and the prevention
of this by adding small amounts of oxygen. Because CO2
Fertility and Sterility�
absorption increases over time and because in this experi-
ment intraperitoneal pressure was sequentially increased, be-
sides intraperitoneal pressure, the metabolic effects also
reflect the duration of pneumoperitoneum, thus magnifying
the statistical differences found.

The hypothesis of hypoxic damage to the mesothelial cells
due to prolonged CO2-pneumoperitoneum and the prevention
of it by adding>2% and<10% of oxygen could explain both
the metabolic consequences and the effects on adhesion
formation. However, we cannot exclude other oxygen effects
because enhanced ventilation was recently shown to reduce
adhesion formation in the laparotomy mouse model (37).

In conclusion, these experiments confirm previous
observations on the pathophysiology of metabolic changes
induced by CO2 absorption during pneumoperitoneum. We
also confirm that the metabolic effects were lower when the
intraperitoneal pressure was lower and/or animals were hy-
perventilated. Most important, the effect of adding as little
as 2% of oxygen to the CO2-pneumoperitoneum, although ef-
fective, was less pronounced than after adding 6% of oxygen.

Acknowledgments: The authors acknowledge their technical assistants Mr.

Ivan Laermans from the Centre for Surgical Technologies and Ms. Veerle

Leunens, Mr. Andre Berghen, and Ms. Magda Mathys from the Centre for

Experimental Surgery and Anaesthesiology for their assistance and help.

The authors sincerely thank Ms. Veronique Berkein, M.A., for her help dur-

ing preparation of this manuscript. The authors thank Storz AG, T€uttlingen,

Germany, for supplying the Thermoflator Plus.

REFERENCES
1. Wright DM, Serpell MG, Baxter JN, O’Dwyer PJ. Effect of extraperito-

neal carbon dioxide insufflation on intraoperative blood gas and hemody-

namic changes. Surg Endosc 1995;9:1169–72.

2. Gebhardt H, Bautz A, Ross M, Loose D, Wulf H, Schaube H. Pathophys-

iological and clinical aspects of the CO2 pneumoperitoneum (CO2-PP).

Surg Endosc 1997;11:864–7.

3. Mynbaev OA, Koninckx PR, Bracke M. A possible mechanism of peri-

toneal pH changes during carbon dioxide pneumoperitoneum [letter].

Surg Endosc 2007;21:489–91.

4. Knolmayer TJ, Bowyer MW, Egan JC, Asbun HJ. The effects of pneumo-

peritoneum on gastric blood flow and traditional hemodynamic measure-

ments. Surg Endosc 1998;12:115–8.

5. Caldwell CB, Ricotta JJ. Changes in visceral blood flow with elevated

intraabdominal pressure. J Surg Res 1987;43:14–20.

6. Shuto K, Kitano S, Yoshida T, Bandoh T, Mitarai Y, Kobayashi M. He-

modynamic and arterial blood gas changes during carbon dioxide and he-

lium pneumoperitoneum in pigs. Surg Endosc 1995;9:1173–8.

7. Kotzampassi K, Kapanidis N, Kazamias P, Eleftheriadis E. Hemody-

namic events in the peritoneal environment during pneumoperitoneum

in dogs. Surg Endosc 1993;7:494–9.

8. Mynbaev OA, Molinas CR, Adamyan LV, Vanacker B, Koninckx PR.

Pathogenesis of CO2 pneumoperitoneum-induced metabolic hypoxemia

in a rabbit model. J Am Assoc Gynecol Laparosc 2002;9:306–14.

9. Mynbaev OA, Molinas CR, Adamyan LV, Vanacker B, Koninckx PR. Re-

duction of CO2-pneumoperitoneum-induced metabolic hypoxaemia by

the addition of small amounts of O2 to the CO2 in a rabbit ventilated

model. A preliminary study. Hum Reprod 2002;17:1623–9.

10. Corsale I, Fantini C, Gentili C, Sapere P, Garruto O, Conte R. [Peritoneal

innervation and post-laparoscopic course. Role of CO2]. Minerva Chir

2000;55:205–10.

11. Wong YT, Shah PC, Birkett DH, Brams DM. Carbon dioxide pneumo-

peritoneum causes severe peritoneal acidosis, unaltered by heating,
783



humidification, or bicarbonate in a porcine model. Surg Endosc 2004;18:

1498–503.

12. Wong YT, Shah PC, Birkett DH, Brams DM. Peritoneal pH during

laparoscopy is dependent on ambient gas environment: helium and

nitrous oxide do not cause peritoneal acidosis. Surg Endosc 2005;19:

60–4.

13. Collins JM. Inert gas exchange of subcutaneous and intraperitoneal gas

pockets in piglets. Respir Physiol 1981;46:391–404.

14. Tan PL, Lee TL, Tweed WA. Carbon dioxide absorption and gas ex-

change during pelvic laparoscopy. Can J Anaesth 1992;39:677–81.

15. Volz J, Koster S, Spacek Z, Paweletz N. Characteristic alterations of the

peritoneum after carbon dioxide pneumoperitoneum. Surg Endosc

1999;13:611–4.

16. Koster S, Spacek Z, Paweletz N, Volz J. [A scanning microscopy study of

the peritoneum in mice after application of a CO2-pneumoperitoneum].

Zentralbl Gynakol 1999;121:244–7.

17. Suematsu T, Hirabayashi Y, Shiraishi N, Adachi Y, Kitamura H,

Kitano S. Morphology of the murine peritoneum after pneumoperito-

neum vs laparotomy. Surg Endosc 2001;15:954–8.

18. Schilling M, Redaelli C, Krahenbuhl L, Signer C, Buchler MW. Splanch-

nic microcirculatory changes during CO2 laparoscopy. J Am Coll Surg

1997;184:378–82.

19. Taskin O, Buhur A, Birincioglu M, Burak F, Atmaca R, Yilmaz I, et al.

The effects of duration of CO2 insufflation and irrigation on peritoneal

microcirculation assessed by free radical scavengers and total glutathi-

one levels during operative laparoscopy. J Am Assoc Gynecol Laparosc

1998;5:129–33.

20. de Souza AM, Wang CC, Chu CY, Lam PM, Rogers MS. The effect of

intra-abdominal pressure on the generation of 8-iso prostaglandin F2al-

pha during laparoscopy in rabbits. Hum Reprod 2003;18:2181–8.

21. de Souza AM, Rogers MS, Wang CC, Yuen PM, Ng PS. Comparison of

peritoneal oxidative stress during laparoscopy and laparotomy. J Am As-

soc Gynecol Laparosc 2003;10:65–74.

22. Jacobi CA, Sabat R, Bohm B, Zieren HU, Volk HD, Muller JM. Pneumo-

peritoneum with carbon dioxide stimulates growth of malignant colonic

cells. Surgery 1997;121:72–8.

23. Paolucci V. Port site recurrences after laparoscopic cholecystectomy.

J Hepatobiliary Pancreat Surg 2001;8:535–43.

24. Vergote I, Marquette S, Amant F, Berteloot P, Neven P. Port-site metas-

tases after open laparoscopy: a study in 173 patients with advanced ovar-

ian carcinoma. Int J Gynecol Cancer 2005;15:776–9.

25. Mynbaev OA. Transplanted cancer cell metastatic syndrome in the peri-

toneum wounds or/and port-sites: Russian roulette in surgical oncology
784 Mynbaev et al. Ventilation-related metabolic changes
[thesis]. Vrij Universiteit Brussel (VUB) and Ghent University. Brussels-

Ghent, Belgium 2006;1–87.

26. Molinas CR, Koninckx PR. Hypoxaemia induced by CO2 or helium

pneumoperitoneum is a cofactor in adhesion formation in rabbits. Hum

Reprod 2000;15:1758–63.

27. Molinas CR, Mynbaev OA, Pauwels A, Novak P, Koninckx PR. Perito-

neal mesothelial hypoxia during pneumoperitoneum is a cofactor in ad-

hesion formation in a laparoscopic mouse model. Fertil Steril 2001;76:

560–7.

28. Molinas CR, Campo R, Dewerchin M, Eriksson U, Carmeliet P,

Koninckx PR. Role of vascular endothelial growth factor and placental

growth factor in basal adhesion formation and in carbon dioxide pneu-

moperitoneum-enhanced adhesion formation after laparoscopic surgery

in transgenic mice. Fertil Steril 2003;80(Suppl 2):803–11.

29. Liem TK, Krishnamoorthy M, Applebaum H, Kolata R, Rudd RG,

Chen W. A comparison of the hemodynamic and ventilatory effects of

abdominal insufflation with helium and carbon dioxide in young swine.

J Pediatr Surg 1996;31:297–300.

30. Steinman M, da Silva LE, Coelho IJ, Poggetti RS, Bevilacqua RG,

Birolini D, et al. Hemodynamic and metabolic effects of CO2 pneumo-

peritoneum in an experimental model of hemorrhagic shock due to retro-

peritoneal hematoma. Surg Endosc 1998;12:416–20.

31. Leighton TA, Liu SY, Bongard FS. Comparative cardiopulmonary effects

of carbon dioxide versus helium pneumoperitoneum. Surgery 1993;113:

527–31.

32. Taura P, Lopez A, Lacy AM, Anglada T, Beltran J, Fernandez-Cruz L,

et al. Prolonged pneumoperitoneum at 15 mmHg causes lactic acidosis.

Surg Endosc 1998;12:198–201.

33. Joshi GP. Anesthesia for laparoscopic surgery. Can J Anaesth 2002;49:

R1–5.

34. Wildbrett P, Oh A, Naundorf D, Volk T, Jacobi CA. Impact of laparo-

scopic gases on peritoneal microenvironment and essential parameters

of cell function. Surg Endosc 2003;17:78–82.

35. Nunn JF. The oxygen cascade. Nunn’s applied respiratory physiology.

4th ed. Oxford: Butterworth-Heinemann, 1993;260–7.

36. Bourdel N, Matsuzaki S, Bazin JE, Pouly JL, Mage G, Canis M. Perito-

neal tissue–oxygen tension during a carbon dioxide pneumoperitoneum

in a mouse laparoscopic model with controlled respiratory support. Hum

Reprod 2007;22:1149–55.

37. Matsuzaki S, Canis M, Bazin JE, Darcha C, Pouly JL, Mage G. Effects of

supplemental perioperative oxygen on post-operative abdominal wound

adhesions in a mouse laparotomy model with controlled respiratory sup-

port. Hum Reprod 2007;22:2702–6.
Vol. 92, No. 2, August 2009


	Effects of adding small amounts of oxygen to a carbon dioxide-pneumoperitoneum of increasing pressure in rabbit ventilation models
	Materials and methods
	Animals
	Experimental Design
	Surgical Protocol
	Assays
	Data Analysis and Statistical Methods

	Results
	Discussion
	Acknowledgments
	References


