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Abstract
Pneumoperitoneum using carbon dioxide (CO2) has well-known effects on respiratory system, cardiovascular system, haema-
tological system, pregnancy etc. However, there are no previous published studies regarding the independent effect of CO2

pneumoperitoneum on gastrointestinal dysmotility or post-operative ileus. The purpose of our study was to establish whether
prolonged intra-operative CO2 pneumoperitoneum has a correspondingly prolonged post-operative ileus. This experimental
study was done using 60 adult guinea pigs, randomly divided into 6 batches of test and control. The test group was subjected
to anaesthesia and pneumoperitoneum while the control group was subjected to only anaesthesia for the same duration. Starting
with 15 min, each successive batch received an increment of 15 min of pneumoperitoneum and/or anaesthesia time until a
maximum of 90 min. The animals were observed post procedure period for time duration of recovery from anaesthesia,
ambulation, start of spontaneous feeding and defecation. This study leads us to conclude that the length of CO2 pneumoperito-
neum does contribute to post-operative gastrointestinal dysmotility for prolonged procedures, in addition to the central depressant
effects of anaesthetics and carbon dioxide.
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Introduction

Carbon dioxide (CO2) is the most commonly used gas for
pneumoperitoneum [1]. It has low toxicity and is inexpensive.
However, it can cause hypercapnia, acidaemia, pulmonary
hypertension, cardiovascular and renal impairment [2–6].
Studies have demonstrated changes in normal physiology of
the peritoneal cavity and reduced intestinal oxygenation
which can worsen healing [7].

Several authors showed that early feeding after laparoscop-
ic colectomy is safe and has advantages in reducing septic
complications and overall morbidity when comparedwith par-
enteral nutrition [8].

Even though post-operative ileus is usually of lesser dura-
tion after laparoscopic surgeries, it can sometimes create trou-
blesome abdominal distension and prolong recovery [9]. The
duration of surgery and the specific complexities of individual

operations for similar pathology are considered to influence
post-operative ileus. The pathogenesis of this obligatory peri-
od of gastrointestinal quiescence is complex and incompletely
understood.

Our review of literature revealed studies on the effect of
pneumoperitoneum on respiratory system, cardiovascular sys-
tem, haematological system, effect on pregnancy etc. [4, 10]
However, we could not find any previous studies done on the
effect of pneumoperitoneum on gastrointestinal dysmotility or
post-operative ileus. This may be an important factor in post-
operative recovery after laparoscopic surgeries which are oth-
erwise uncomplicated. Surgeries may take longer than expect-
ed due to multiple factors including inexperienced surgeons.
Such information would be helpful in standardising post-
operative protocols across similar laparoscopic procedures
done by surgical teams who take varying durations for stan-
dard uncomplicated procedures.

Karabicak et al. studied the effect of hypercarbia on healing
of colonic anastomosis during pneumoperitoneum [11]. This
study used forty guinea pigs weighing 500–550 g.
Pneumoperitoneum with CO2 at a pressure of 12 mmHg was
attained in the guinea pigs and maintained for 30 min. Arterial
blood samples showed that hypercarbia, acidosis and hypoxia
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were all present in the pneumoperitoneum groups, and these
levels correlated with the volume of CO2 absorbed which was
dependent on the length of pneumoperitoneum [11].

Waseda et al. compared the effect of CO2 and helium pneu-
moperitoneum and looked at the recovery of post-operative
gastrointestinal motility in male Sprague-Dawley rats [12].
The rats were divided into four groups: control, CO2 insuffla-
tion, helium insufflation and open laparotomy. The insuffla-
tion pressures were 10 mmHg and duration of the insufflation
was 1 h in all the rats. Gastrointestinal motility was evaluated
by quantifying the distribution of markers placed into the
stomach. The authors concluded that gastric emptying and
transit time were significantly prolonged in the CO2 group
compared with the helium insufflation group.

Our study aimed to evaluate the effects of duration of car-
bon dioxide pneumoperitoneum on gastrointestinal motility.
The objectives of our study were (a) to determine whether the
duration of gaseous distention of peritoneal cavity with CO2

during pneumoperitoneum contributes as an independent fac-
tor towards duration of post-operative gastrointestinal
dysmotility and (b) to postulate post-operative feeding proto-
cols on the basis of inference thus derived.

Methodology

This study was conducted in the experimental surgery labora-
tory of our hospital. All animals were inbred according to the
Indian Council of Medical Research (ICMR) and Committee
for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) guidelines for laboratory animals [13,
14]. Institutional animal ethics committee approval was ob-
tained for the study.

A batch of 10 healthy guinea pigs with weight of 500–
800 g was chosen and kept fasting overnight in same environ-
mental condition. The batch was randomly divided into two
groups of five each, test and control. The test group was sub-
jected to anaesthesia and pneumoperitoneumwhile the control
group was subjected to only anaesthesia for the same duration,
to negate the possible confounding effects of anaesthesia on
the experiment.

All the animals were anaesthetized for the duration of test
by intraperitoneal injection of ketamine at the rate of 30mg/kg
and midazolam 2 mg/kg [15]. In the test group, pneumoperi-
toneum was created by insufflating CO2 into the peritoneal
cavity through a Veress needle. The CO2 pressure was main-
tained at 12 mm Hg continuously [11].

The duration of pneumoperitoneum and/or anaesthesia for
the first batch of animals was 15 min. An increment of 15 min
of pneumoperitoneum and/or anaesthesia time was done for
successive batches of animals until a maximum of 90 min, i.e.
6 batches of animals.

The oral cavity of the animals was inspected for any resid-
ual food in their mouth pouches. This was to prevent aspira-
tion of the food particles. After sedation, the eyes of the ani-
mals were protected using sterile lubricating eye drops.

Animals were placed in their earmarked cages and allowed
to recover from anaesthesia spontaneously. A closed circuit
TV camera (CCTV) was attached to each cage and connected
to a central recording device for convenience and clarity of
observation.

They were observed in post procedure period for time du-
ration to:

(a) Recovery from anaesthesia—arousal
(b) Recovery from anaesthesia—ambulation
(c) Start of spontaneous feeding
(d) Defecation.

For the purpose of the study, the recovery durations were
defined as:

Arousal time: Time from completion of procedure to awak-
ening, depicted by opening of eyes and raising of head.

Ambulation: Time taken from cessation of procedure to the
first successful steps with purposeful movement after arousal.

Defecation time: Time from completion of procedure to
defection.

Feeding time: Time from completion of procedure to spon-
taneous feeding.

Statistical Analysis

All values are expressed as mean ± standard deviation. SPSS
software version 22.0 (IBM Armonk, NY, USA) was used for
statistical analysis. Mann-Whitney U and Wilcoxon signed
rank tests were done for the non-parametric variables. P value
< 0.05 was considered statistically significant.

Results

As per the data collected (Table 1), the arousal times are
prolonged in the pneumoperitoneum group across all batches.
After initial arousal, these test animals showed a proportion-
ately delayed ambulation time across batches. This reflects a
central depressant action of carbon dioxide, in addition to the
sedating effects of the anaesthesia drugs. The central sedating
effects of carbon dioxide are more prominent in the longer
duration pneumoperitoneum groups.

The average feeding and defecation durations after anaes-
thesia were also longer in the pneumoperitoneum group. Even
within the control groups, delay in ambulation had reflected in
a proportionate delay in onset of spontaneous feeding.
However, most animals were spontaneously feeding soon af-
ter they could ambulate. These observations show that the
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feeding times correlated with the ambulation times and that
animals were ready for feeding almost as soon as they were
ready for ambulation.

Now, the question was whether the statistical significance
of higher durations of pneumoperitoneum, with respect to
defecation and feeding durations in pneumoperitoneum

group, was due to central effect of CO2 alone or also due to
an added local GI effect of CO2. This was brought out by
comparing the proportionality of the increase in the test
groups for each of the factors. Difference of test minus control
values was calculated for each duration group for each of the
behaviours and plotted as a line diagram (Fig. 1). The test and

Table 1 Results and calculated P
value Time for recovery

from anaesthesia
(in min)

Time from
anaesthesia until
ambulation (in
min)

Time from
anaesthesia until
start of defecation
(in min)

Time from
anaesthesia until
spontaneous
feeding (in min)

Treatment time Control Test Control Test Control Test Control Test

15 min 65 66 85 74 105 114 115 79

40 95 55 100 50 175 73 105

45 48 105 125 50 108 100 158

47 133 69 175 68 388 197 713

121 59 155 65 288 102 502 350

P value 0.222 0.690 0.151 0.690

30 min 90 95 250 135 150 215 370 205

38 65 44 100 56 90 94 105

48 67 98 98 63 127 143 167

62 75 78 112 90 120 122 157

55 71 83 109 77 123 133 130

P value 0.095 0.151 0.095 0.690

45 min 70 95 80 135 95 125 105 195

74 125 127 135 149 175 194 135

60 88 78 100 88 130 91 116

67 85 72 103 105 119 97 122

44 105 64 110 71 131 84 124

P value 0.008* 0.056 0.095 0.095

60 min 62 200 75 250 101 360 87 255

48 105 73 130 62 280 96 190

66 98 81 114 72 150 104 139

41 76 77 87 70 125 92 109

53 100 83 128 99 162 109 148

P value 0.008* 0.008* 0.008* 0.008*

75 min 55 170 68 180 97 240 107 260

30 93 42 193 49 353 53 193

45 98 61 122 60 160 90 163

47 108 70 127 68 162 141 157

60 87 78 101 94 135 92 122

P value 0.008* 0.008* 0.008* 0.016*

90 min 61 105 77 240 89 150 103 280

40 114 49 216 60 389 65 230

54 95 70 142 66 160 89 170

52 100 62 147 77 182 76 179

48 120 72 168 79 210 80 205

P value 0.008* 0.008* 0.008* 0.008*

*Significant P value
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control difference values of all the behaviours show almost
parallel lines up to 60-min procedure. After 60 min, the feed-
ing and defecation lines become steeper than the arousal line.

Discussion

In the 15-min and 30-min procedure group, there was no statis-
tical significance between the test and control groups for all 4
behaviours evaluated. In the 45-min procedure group, only the
arousal durations showed statistically significant difference be-
tween the test and control groups. The ambulation, defecation
and feeding durations did not show any statistical significance in
the 45-min procedure group. In the 60-min, 75-min and 90-min
procedure groups, all four behaviours showed statistically signif-
icant difference between the test and control groups.

Figure 1 shows that CO2 affects the central nervous system
(CNS) and gastrointestinal tract (GIT) in a similar manner up to
60 min durations of pneumoperitoneum, where the depressant
effect on the GIT may or may not be independent of the CNS
depressant effects of CO2. For procedures longer than 60 min,
CO2 pneumoperitoneum affects the GIT independently, in addi-
tion to the CNS depressant effect. However, this independent
effect of CO2 on GIT may not be statistically significant

Conclusion

In this study, animals in the pneumoperitoneum group had
delayed arousal, ambulation, defecation and feeding times.
The delay for these behaviours was more prominent for the
longer pneumoperitoneum groups. Statistical analysis had
shown the delays to be significant with respect to arousal
alone for 45-min procedure group and significant for all eval-
uated behaviours, from the 60-min procedure group onwards.
So, CO2 produces a statistically significant central nervous

system depression if CO2 pneumoperitoneum is given for
45 min or more. Also, CO2 pneumoperitoneum produces a
statistically significant depression of both CNS and GIT if
administered for 60 min or more. For durations of 60 min
and above, it was also shown that the effect of CO2 pneumo-
peritoneum on GI motility is partially independent of central
depressant effects of pneumoperitoneum. However, this inde-
pendent effect on GI motility may not be statistically signifi-
cant. This leads us to conclude that CO2 pneumoperitoneum
does contribute to post-operative GI dysmotility for prolonged
procedures, in addition to the central depressant effects of
anaesthetics and carbon dioxide.

In this study, once ambulant, most animals were seen to feed
soon. The findings of this present study justify the current prac-
tices. Patients after short duration non-gastrointestinal laparo-
scopic surgeries maybe started on oral feeds as soon as they are
deemed to have recovered from the central effects of general
anaesthesia. For procedures longer than 60 min, the ability to
independently ambulate confidently and without support may
be considered a marker for significant recovery from the general
anaesthesia and resolution of post-operative ileus.

Compliance with Ethical Standards Institutional animal
ethics committee approval was obtained for the study.
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