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Helium and nitrous oxide do not cause peritoneal acidosis
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Abstract
Background: Little is know about the effects of different
insufflation gases on peritoneal pH during laparoscopy.
However, these changes may influence the intracellular
signalling system, resulting in altered cell growth or
adhesiveness. The aim of this study was to determine
the effects of carbon dioxide (CO2), nitrous oxide
(N2O), and helium (He) on parietal and visceral peri-
toneal pH. The effect of different intraabdominal pres-
sures on parietal and visceral peritoneal pH was also
examined.
Methods: We conducted both an ambient gas study
and a pressure study. For the ambient gas study, 20
pigs were divided into the following four groups: (a)
CO2, (b) He, (c) N2O, and (d) abdominal wall lift (Lift)
laparoscopy. Parietal and visceral peritoneal pH were
measured at 15 min intervals for 180 min. For the
pressure study, 15 pigs were divided into the following
three groups: (a) CO2, (b) He, (c) N2O laparoscopy.
Baseline values were established for parietal and vis-
ceral peritoneal pH. Intraabdominal pressure was then
increased stepwise at 1-mmHg intervals to 15 mmHg.
After pressure was maintained for 15 min at each set-
ting, parietal and visceral peritoneal pH were mea-
sured.
Results: Ambient gas environment was the major
determinant of parietal peritoneal pH. Carbon dioxide
caused parietal peritoneal acidosis. Helium, N2O, and
Lift caused alkalotic parietal peritoneal pH. Intraab-
dominal pressure had a minor effect on parietal peri-
toneal pH. At higher intraabdominal pressure (12–15
vs 5–8 mmHg), CO2 caused a slight decrease in
parietal peritoneal pH, whereas N2O and He caused a
slight increase in parietal peritoneal pH. Visceral

peritoneal pH remained relatively unaffected during all
studies.
Conclusions: Parietal peritoneal pH during laparos-
copy was highly dependent on the ambient gas envi-
ronment. The effect of intraabdominal pressure on
parietal peritoneal pH was of minor significance.
Carbon dioxide caused a slight worsening of parietal
peritoneal acidosis at higher intraabdominal pressure,
whereas, N2O, He, and Lift did not cause parietal
peritoneal acidosis.
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Carbon dioxide (CO2) pneumoperitoneum is known to
cause systemic acidosis [8]. Recently, our research
team and others showed that severe peritoneal aci-
dosis can also occur during CO2 laparoscopy [17, 18,
20]. It was thought that either the nature of the gas
itself or the untoward effects of intraabdominal pres-
sure in causing relative ischemia of the peritoneum
[16, 18] might contribute to the peritoneal acidosis.
Peritoneal acidosis has been proposed as one of the
mechanisms responsible for damaging the mesothelial
lining of the peritoneum, thereby exposing the
underlying basal lamina and providing attachment
sites for spilled tumor cells [17]. Intracellular and
extracellular pH are also important regulators of cell
functions such as adenosine triphosphate (ATP) pro-
duction, cell cycle, cell growth, and apoptosis [18]. It
is therefore plausible that the increased tumor growth
seen after CO2 laparoscopy in some studies [5, 7, 9] is
a consequence of the peritoneal acidosis caused by
CO2. In this series of experiments, we examined the
relative contributions of the effects of the ambient gas
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environment (CO2, nitrous oxide [N2O], and helium
[He]) and intraabdominal pressure on parietal and
visceral peritoneal pH.

Methods

The study was divided into two parts. First, we studied the effects of
different types of gases on parietal and visceral (small bowel serosa)
peritoneal pH. Then we determined how increasing intraabdominal
pressure affects on the pH of the peritoneum.

Ambient gas study

Twenty domestic pigs were divided into four equal groups. Three of
the groups underwent laparoscopy with one of the gases (CO2, N2O, or
He); the fourth group underwent laparoscopy by abdominal wall lift
(Lift). All groups underwent laparoscopy for 180 min. The groups that
underwent laparoscopy with gas received a continuous flow of fresh
gas into the abdomen via an 11-mm port placed in the left upper
quadrant. Intraabdominal pressure was maintained at 5–6 mmHg for
the duration of experiment. In the group that underwent abdominal
wall lift, six heavy silk sutures were inserted circumferentially on their
abdominal wall to lift the anterior abdominal wall. The sutures were
then attached to simple pulley systems and weights. Total weight used
in lifting the abdominal wall was 5 kg. In all groups, parietal and
visceral peritoneal pH was measured at 0, 5, and 15 min after the
commencement of insufflation or lifting. Thereafter, the measurements
were taken at 15-min intervals for 3 h.

Pressure study

Fifteen domestic pigs were divided into three equal groups. All 15
underwent laparoscopy with gas insufflation, using either CO2, He, or
N2O. Gases were insufflated into the abdomen via an 11-mm port in
the left upper quadrant. The Olympus Surgical Insufflator (Olympus,
Hamburg, Germany) was used for insufflation and to measure intra-
abdominal pressure. The intraabdominal pressure was taken inside the
abdomen when the animal was at end exhalation. Intraabdominal
pressures of 0–15 mmHg were achieved by adjusting the control set-
tings on the insufflator. At any particular pressure setting, the pressure
was maintained for 15 min before measurements were taken. Parietal
and visceral peritoneal pH were measured at stepwise increments of 1
mmHg with a HI 1413 pH probe (Hanna Instrument, Woonsocket, RI,

USA). A pH probe was inserted into the abdomen via a left lower
quadrant incision.

In both studies, the animals were ventilated at a fixed tidal volume
of 120 ml/kg/min. Statistical analysis was done using the two-tailed
Student t-test. An independent Student t-test was used for comparisons
between two groups. A paired Student t-test was used for within-group
comparisons.

Results

Parietal peritoneal pH

Ambient gas study

Nitrous oxide and He resulted in alkalotic parietal
peritoneal pH immediately after insufflation (N2O
7.22 fi 6.59; He 7.28 fi 7.64), whereas CO2 resulted
in parietal peritoneal acidosis pH (7.37 fi 6.59). Lift
also resulted in alkalotic parietal peritoneal pH upon
lifting of the abdominal wall (7.26 fi 7.45) (Fig. 1).

After the initial pH changes, parietal peritoneal pH
remained relatively unchanged for 3 h in all groups.

Pressure study

Carbon dioxide pneumoperitoneum resulted in parietal
peritoneal acidosis. Parietal peritoneal pH dropped
immediately after insufflation with CO2. Even at an in-
traabdominal pressure of 2 mmHg, parietal peritoneal
pH had turned significantly acidotic (p < 0.01) (pH
7.41 fi 6.94). It also became increasingly acidotic with
increased pressure up to 15 mmHg (pH 6.94 fi 6.66)
(Fig. 2). When two ranges of intraabdominal pressure
were compared (5–8 vs 12–15 mmHg), CO2 caused
worse parietal peritoneal acidosis at the higher-pressure
range (p < 0.05).

Nitrous oxide and He caused alkalotic parietal
peritoneal pH as intraabdominal pressure rose from 0 to
15 mmHg (N2O pH 7.21 fi 7.65; He pH 7.25 fi 7.65)
(Fig. 2). Both gases also caused progressively more

Fig. 1. Parietal peritoneal pH vs
time. All values are expressed as
mean ± SEM. CO2, carbon
dioxide; N2O, nitrous oxide.
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alkalotic parietal peritoneal pH with increasing intra-
abdominal pressure. Again, when parietal peritoneal pH
values were compared at two different ranges (5–8 vs 12–
15 mmHg), they were significantly more alkalotic at
higher pressure (N2O p < 0.05; He p < 0.05). The in-
creases in parietal peritoneal pH with N2O and He were
more gradual than that observed with CO2, perhaps
reflecting the high solubility of CO2 (Fig. 2)

Visceral peritoneal pH

Ambient gas study

When visceral peritoneal pH was studied over time,
an initial drop was seen in the CO2 group (pH
7.29 fi 7.06) (Fig. 3). All other groups had an
initial increase in pH (N2O pH 7.18 fi 7.25; He pH
7.24 fi 7.35; Lift 7.19 fi 7.25) (Fig. 3). Visceral

peritoneal pH in all groups returned to baseline after
60 min.

Pressure study

Visceral peritoneal pH remained relatively unaffected in
all groups (CO2, N2O, and He) over an intraabdominal
pressure range from 0 to 15 mmHg (Fig. 4). There was
no significant difference in visceral peritoneal pH be-
tween any of the groups.

Discussion

Due to its high solubility and noncombustible proper-
ties, CO2 is the gas most commonly used for insufflation
during laparoscopic procedures. Its wide use in laparo-
scopic surgery, and especially in oncologic procedures,

Fig. 2. Parietal peritoneal pH vs
pressure. All values are expressed as
mean ± SEM. CO2, carbon
dioxide; N2O, nitrous oxide.

Fig. 3. Visceral peritoneal pH vs
time. All values are expressed as
mean ± SEM. CO2, carbon
dioxide; N2O, nitrous oxide.
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began to raise concern after reports of a higher rate of
tumor growth with CO2 laparoscopy [5, 7, 9]. Volz et al.
have proposed that peritoneal acidosis during CO2

laparoscopy may be one of the mechanisms responsible
for damaging the mesothelial lining of the peritoneum
and thereby exposing the underlying basal lamina [17].
Exposed basal lamina provides good attachment sites
for spilled tumor cells [2], thus promoting tumor
implantation and seeding. It was also proposed that pH
changes during laparoscopy may alter the electrical
surface charges present on the mesothelial lining and
underlying connective tissue, enabling the attachment of
tumor cells [11, 17].

In a more recent study, Wildbrett et al. found that
the intracellular and extracellular pH and calcium level
of peritoneum were altered during laparoscopy [18].
Intracellular and extracellular pH and calcium are
important regulators of many cell functions, such as cell
signaling, cell apoptosis, and ATP production [18].
Griffiths et al. had also found that a low extracellular
pH increased tumor cell expression of platelet-derived
endothelial cell growth factor [4]. Endothelial cell
growth factor is an angiogenic factor that is responsible
for the growth and survival of tumor cells [15]. It is
therefore not difficult to conclude that the low peritoneal
pH associated with CO2 laparoscopy could be impli-
cated in tumor metastasis. Although CO2 laparoscopy is
known to be associated with peritoneal acidosis [18, 20],
the effect of other insufflation gases—i.e., He and
N2O—on peritoneal pH is not well understood [18]. We
initially thought that the peritoneal acidosis associated
with CO2 laparoscopy might be the result of intraab-
dominal pressures—induced ischemia [8, 16] or sec-
ondary to the hypoxic gas used for insufflation. This
study, in line with others [18, 20], confirms that CO2

causes parietal peritoneal acidosis; however, the perito-
neal acidosis was likely secondary to CO2 absorption
rather than hypoxia-induced lactate production. Lift,
N2O, and He laparoscopy did not result in parietal
peritoneal acidosis. In fact, the parietal peritoneal pH
turned alkalotic. Wildbrett et al. also reported that He
insufflation resulted in alkalotic pH [18].

The reasons for the alkalotic peritoneal pH with
N2O, He, and Lift laparoscopy are unknown. A search
through the literature suggested that He and N2O are
chemically and biologically inert [3, 6, 10, 12]. During
the Lift procedures, air which is a combination of
nitrogen, oxygen, along with a small amount of CO2

also made the peritoneum alkalotic. It is possible that
the pH of the peritoneum was dependent on the amount
of CO2 present. When CO2 was used for insufflation,
there was an excess of CO2 gas, which displaces other
gases away from the peritoneum. This causes peritoneal
acidosis. On the other hand, when other gases were used
for insufflation, they displaced the small amount of CO2

present in the peritoneum. Lack of CO2 created a situ-
ation where there was excess buffer, making the perito-
neal pH alkalotic. Parietal peritoneal pH was therefore
highly dependent on the ambient gas environment.

The contribution of intraabdominal pressure to
parietal peritoneal pH was a minor one. During CO2

laparoscopy, parietal peritoneal pH turned significantly
acidotic, even at low intraabdominal pressure (2
mmHg). Although a higher degree of acidosis was ob-
served at higher pressure, the change in pH from low
pressure to high pressure was only a minimal one. Most
pH changes occurred initially, with the insufflation of
gas at low pressure. The increased acidosis observed at
higher pressure was likely to be due to the increased
absorption of gas (CO2). Intraabdominal pressure (<15
mmHg) causing relative ischemia of the peritoneum was
less likely. In N2O and He laparoscopy, both gases re-
sulted in increasingly alkalotic parietal peritoneal pH at
higher pressure. If pressure caused ischemia of the
peritoneum, then parietal peritoneal pH in N2O and He
laparoscopy should have decreased with increased
pressure. The fact that peritoneal pH rose rather than
fell in N2O and He laparoscopy suggests that there was
increased absorption of gases at higher pressure. In a
recent study involving CO2 laparoscopy in a porcine
model, blood flow in the peritoneum was found to be
higher at 12 mmHg than at 4 mmHg [1]. This finding
supports our contention that peritoneal acidosis during
CO2 laparoscopy was not the result of peritoneal

Fig. 4. Visceral peritoneal pH vs
pressure. All values are expressed as
mean ± SEM.
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ischemia. The idea that peritoneal acidosis was second-
ary to the hypoxic insufflating gas was also not sup-
ported by this study, given that CO2, He, and N2O are
all hypoxic gases and yet only CO2 caused peritoneal
acidosis.

Visceral peritoneal pH remained relatively un-
changed during laparoscopy with all three gases (CO2,
N2O, He). The visceral peritoneum covering the intra-
abdominal organs and bowel may have a broader cir-
culatory bed and larger-caliber vessels that enable it to
clear the acid load more efficiently. It is unclear what
role peritoneal pH changes plays in mesothelial lining
damage after laparoscopy. Whether the use of the vis-
ceral peritoneum, with its transient and less extreme pH
changes, will translate into less peritoneal damage is not
known. It is, however, interesting to note that most
studies of peritoneal recurrence after laparoscopic pro-
cedure have concentrated on the parietal peritoneum [7,
9, 11, 17, 18].

Despite its current widespread use for laparoscopy,
CO2 is not an ideal insufflation gas. Helium and N2O
have been proposed as alternatives. However, like CO2,
neither of these gases is entirely harmless. Helium is
insoluble in water, and in the rare event of gas embolism
it has been reported to be more dangerous than CO2 [13,
14, 19]. Nevertheless, despite the theoretical risk, there
are no reports in the English-language literature of gas
embolism associated with He use during laparoscopy in
the clinical setting (MEDLINE search from 1966 to
2004). In most studies on He gas embolism, the gas was
injected directly into the circulatory system [13, 14, 19].
In fact, there have been several studies demonstrating
the safe use He during laparoscopy in humans [3, 10].
Nitrous oxide may cause combustion during procedures
performed with electrocautery instruments [12]. How-
ever Hunter et al. have demonstrated that there is no
real risk of explosion when N2O is used during laparo-
scopic gastrointestinal procedures [6]. The search for the
‘‘ideal’’ gas is far from over. Further studies of the ef-
fects of different gases on peritoneal morphology and
physiology will help guide us toward the best gas to use
in the practice of laparoscopic tumor surgery.
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