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Abstract

Aim: To assess the effects of pneumoperitoneum on respiratory Mechanics and Hemodynamics in Laparoscopic Cholecystectomy 

Background: Laparoscopic surgeries have been performed now a day’s very frequently. The pneumoperitoneum created in 
these laparoscopic procedures produces various effects on haemodynamic and respiratory parameters of the patients.

Method: 61 patients of ASA grade I and II undergoing laparoscopic cholecystectomy were registered for this study. After 
induction of GA these patients were ventilated mechanically with tidal volume of 8ml/ kg and RR of 18/min. Haemodynamic (HR, 
SBP, DBP and MAP) and respiratory mechanics parameter (Peak inspiratory pressure, peak plateau pressure, et CO2, spO2 and end 
tidal volume) and arterial blood samples (pH, paCO2 and base deficit/excess) were recorded and analyzed at 30min intervals after 
creation of pneumoperitoneum with CO2. Changes in hemodynamic, respiratory mechanics and ABG were compared between the 
different time intervals with the base line values.

Results: 

a) Pneumoperitoneum insufflations produced significant increase of heart rate (HR), systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and mean arterial pressure (MAP). 

b) It produced significant increase in peak inspiratory pressure (PIP), peak plateau pressure (PPP) and end tidal CO2 throughout 
the period of pneumoperitoneum and even after desufflation of pneumoperitoneum. 

c) Arterial blood gas analysis during the period of pneumoperitoneum showed that PaCO2 remain increased even after 30min of 
desufflation of pneumoperitoneum in the recovery room and pH was lowest at 90min after insufflation and remain decreased after 
30min of desufflation of pneumoperitoneum in the recovery room.
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Introduction
Obesity is an important respiratory risk factor after surgery. 

Morbid obesity has deleterious effects on respiratory mechanics, 
decreasing lung volumes, functional residual capacity, compliance 
and arterial oxygenation [1,2]. In a study by casati. it was shown 
that general anesthesia with reverse Trendelenburg position 
and pneumoperitoneum (PPM) improved lung compliance as  

 
well as gaseous exchange in morbidly obese patients undergoing 
surgery [3]. Laparoscopic surgical techniques seem beneficial in 
obese patients in terms of respiratory morbidity with a faster re-
achievement of normal respiratory function. Pneumoperitoneum 
plays a very important role in laparoscopic procedures; it 
provides working space to the surgeons for introduction of 
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instruments intra abdominally. CO2 is the preferred gas for creation 
of pneumoperitoneum, but it is associated with the systemic 
absorption of CO2, which may have detrimental cardio respiratory 
effects. There is not much information about intraoperative 
respiratory mechanics related to pneumoperitoneum in the 
morbidly obese. As a result, there has been renewed interest in 
the anesthetic management of this group of patients. Respiratory 
mechanical properties before or after laparoscopic surgery have 
been studied [4]. However, there is little information in the literature 
about intraoperative changes in respiratory mechanics and patient 
tolerance to pneumoperitoneum (PPM). The aim of this study was 
to evaluate the effects of PPM on respiratory mechanics and blood 
gases in obese patients undergoing laparoscopic cholecystectomy.

Method 
After obtaining the approval from Institutional Ethics 

Committee, the study was carried out on 61 obese patients in the 
age group of 20-50 years of either sex belonging to ASA grade I 
or II, scheduled for elective laparoscopic cholecystectomy under 
general anesthesia. All patients undergo proper preanesthetic 
assessment and an informed written consent taken from all the 
patients. Patients were premedicated with Inj. fentanyl 1-2µg/kg 
BW followed by preoxygenation with 100% oxygen for 3 minutes 
by facemask. Induction of General anesthesia was done with in 
Thiopentone Sodium 5mg/kg BW. Endotracheal intubation was 
facilitated with intravenous Succinylcholine 1.5mg/kg BW and 
ventilation with 100% oxygen for 120 seconds. General anesthesia 
was maintained with nitrous oxide & oxygen (66:33), loading and 
maintenance dosage of inj Atracurium (0.1mg/kg) according to BW 
and halothane 0.5-1.0%. Lungs were mechanically ventilated with 
Mindray Wato Ex-20 Ventillator a volume- cycled ventilator using 
a closed circle system incorporating a carbon dioxide absorber. 
The ventilator was inspected for leak test before each case. Tidal 
volume is set at 8ml/kg, with a rate of 18 breaths/ min during 

surgery. Following variables were recorded i.e. peak inspiratory 
pressure, mean inspiratory pressure, expiratory tidal volume. The 
expired tidal PCO2, oxygen saturation PaO2, NIBP, HR, RR were 
monitored by Mindray Bene View T5 Moniter. During laparoscopy 
intraabdominal pressure was maintained automatically at 
10mm Hg by a CO2 insufflator. Arterial blood sample was drawn 
from the radial artery with a 26G needle in a 2.5ml heparinized 
syringe, and analysis was done with a Eschweiler Combi line 
blood gas analyzer and variable i.e. PaCO2 and pH was recorded. 
Respiratory variables and hemodynamic parameters were 
recorded 15min after induction then 0, 30, 60 and 90min after 
creation of pneumoperitoneum and after desufflation (Ti, T0, T30, 
T60, T90, Td respectively). Arterial blood was sampled 10min after 
the induction and before pneumoperitoneum then 0 ,30, 60 and 
90min after creation of pneumoperitoneum and after desufflation 
(Ti, T0, T30, T60, T90, Td respectively) and in the recovery room 
(30min after tracheal extubation) (Tr). Carbon dioxide was used for 
peritoneal insufflations, and abdominal pressure was maintained 
at 8-10mmHg. Throughout the procedure for any 20% rise in MAP 
above the basal MAP, halothane/ Inj. Dexmeditomidine/ or both was 
given to maintain the basal MAP and the case was excluded from 
the study group. For fall in MAP more than 20% of the basal MAP, 
halothane was decreased or stopped. Heart rate less than 50bpm 
was treated with Atropine 0.6mg intravenously. After surgery, 
patients were reversed with Inj. Glycopyrrolate 0.005mg/kg and 
Neostigmine 0.08mg/kg intravenously. After extubation patients 
were observed for recovery time defined as time to vocalize after 
extubation. The observations were recorded and tabulated. The 
statistical analysis was carried out by using statistical software 
SPSS 17 and paired student ‘t’ test for intra- group comparison 
was applied. P value of p>0.05 and p<0.05 were considered as 
statistically insignificant and significant respectively, and p-value 
<0.01 taken to be statistically highly significant.

Results
Table 1: Effect of Pneumoperitoneum on Haemodynamic Variables.

Ti (After 
Induction)

T0 (0min After 
Insufflation)

T30 (30min After 
Insufflation)

T60 (60min After 
Insufflation)

T90 (90min After 
Insufflation)

Td (Just after 
desufflation)

HR (/min) 94.3±14.45 93.34±12.6 89.2±17.2 86.82±12.37 111.2±11.3 87.98±9.83

SBP (mmHg) 118±18.29 132±13.54 130±14.77 129.4±12.87 135.1±12.05 129.6±12.39

DBP (mmHg) 77.29±11.6 91.03±9.8 85.54±10.5 83.83±9.15 90.62±6.41 82.78±8.77

MAP (mmHg) 89.2±13.9 103.2±9.52 98.52±11.9 98.31±9.49 104.6±6.9 96.6±9.3

There was even distribution of age in study groups with majority 
of patients belonging to the age group of 20-60 years, majority of 
patients were females (M:F was 3:58), having mean weight (in kgs) 
of 56.38±4.71 and mean height 148.2±2.01 (in cms). The mean±SD 
of duration of anaesthesia (min) was 90.8±31.58 minutes and 
duration of pneumoperitoneum (min) was 56.6±23.3 minutes. As 
shown in (Table 1) the mean (±SD) of HR decreased insignificantly 

just after the creation of pneumoperitoneum, which then decreased 
progressively upto 60 minutes after pneumoperitoneum which was 
significant. The mean HR increased significantly 90 minutes after 
pneumoperitoneum but decreases significantly (p<0.05) after 
release of pneumoperitoneum. On comparing the baseline values 
of mean (±SD) systolic blood pressure, diastolic blood pressure 
and mean arterial pressure with values after induction of general 
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anesthesia, there was significant (p<0.05) increase in SBP, DBP 
and MAP was observed immediately, 30min, 60min, 90min after 
insufflation and even after desufflation.

The mean±SD of peak inspiratory pressure (PIP) and peak 
plateau pressure (PPP) after induction was 14.5±2.4cm H2O and 
6.61±1.0cm H2O respectively. When compared with baseline values 
significant (p<0.01) increase in PIP was seen at all time including 
after desufflation. The mean±SD of end tidal CO2 and expiratory tidal 
volume after induction was 29.0±4.1mmHg and 397.16±40.08ml 
respectively. On comparing with baseline values significant 
(p<0.01) increase in end tidal CO2 were observed immediately 
after insufflation, 30 min, 60min, 90min after insufflation and after 
desufflation but insignificant increase was observed in expiratory 
tidal volume. Significant rising trend in PaCO2 was observed 
throughout the period of pneumoperitoneum and remained 
increased even after desufflation of pneumoperitoneum. There 
was significant decreasing trend in pH observed immediately 
after insufflations, 30min, 60min, 90min after insufflation, after 
desufflation and 30min after extubation in the recovery room. It 
was lowest at 90min after insufflation and remained decreased 
after desufflation. The mean±SD of base excess after induction 
was -2.32±4.84mEq/l. As compared to baseline values there was 
insignificantly decrease in base deficit just after insufflation, 
thereafter base excess increases significantly at 30min and at 60min 
after insufflations, after desufflation and 30min after extubation in 
the recovery room, but it decreased insignificantly at 90min after 
insufflation of pneumoperitoneum.

Discussion
This study shows that there was decrease in HR initially 

which further decreased significantly to 60 minutes after 
pneumoperitoneum then increased significantly 90 minutes after 
release of pneumoperitoneum. This may be because of vagal 
stimulation due to peritoneal stretching during pneumoperitoneum 
insufflations later on it increases which may be due to central 
nervous system activation by CO2 accumulation and it evokes 
sympathoadrenal activation causing tachycardia but after release of 
pneumoperitoneum it decreased significantly [5,6]. The significant 
increase in mean MAP values were observed immediately after 
insufflations, 30min, 60min ,90min after insufflation and after 
desufflation. During whole pneumoperitoneum, significant changes 
in MAP were observed. These were due to multifactorial reason 
first by central nervous system mediated increased myocardial 
contractility, tachycardia and hypertension. Secondly, due to 
sympathoadrenal activation by increasing the systemic vascular 
resistance through the potential mediators i.e. catecholamines, 
prostaglandins, the rennin-angiotensin system and vasopressin 
[7-9]. There was significant increase in peak inspiratory pressure 
and peak plateau pressure was observed immediately after 
the insufflations, 30min, and 90min after insufflation and after 
desufflation [10,11]. The reason these changes during laparoscopic 

procedures may be respiratory embarrassment due to mechanical 
effect of increased intra-abdominal pressure by pneumoperitoneum. 
Abdominal distenstion markedly alters respiratory system 
mechanics, primarily by the abdominal expansion [12,13]. Changes 
in End tidal CO2 shows a significant increase immediately after 
insufflation 30min 60min, 90min after insufflations and after 
desufflation. The Increment of end tidal CO2 may attribute to 
increase absorption of CO2 into the systemic circulation through the 
peritoneal surface during pneumoperitoneum and hypoventilation 
due to elevated diaphragm, if ventilatory parameters were not 
adjusted accordingly it may lead to hypercabia and acidosis [14]. 
Significant rising trend in PaCO2 was observed immediately after 
insufflations 30min, 60min, 90min after insufflations, just after 
desufflation and 30min after extubation in the recovery room. The 
pathophysiology of these effects is mainly due to the consistent 
increase in paCO2 because of CO2 absorption from peritoneal 
cavity and hypoventilation due to elevated diaphragm. There was 
significant decreasing trend in pH observed immediately after 
insufflations 30min, 60min, 90min after insufflations and 30min 
after extubation in the recovery room after desufflation. The 
consistent decreasing trend in pH was due to significant absorption 
of CO2 from the peritoneal cavity and increased metabolic CO2 
production after the release of pneumoperitoneum [15]. There 
was insignificantly decrease in base deficit just after insufflation 
thereafter base excess increased significantly at 30min and at 
60min after insufflations after desufflation and 30min after 
extubation in the recovery room, but it decreased insignificantly at 
90min (0.27±2.82mEq/l) after insufflation of pneumoperitoneum 
[16,17].

Conclusion
Pneumoperitoneum insufflations with CO2 in laparoscopic 

cholecystectomy in obese patients produces significant 
consequences including increase of heart rate, systolic blood 
pressure, diastolic blood pressure and mean arterial pressure, 
peak inspiratory pressure, peak plateau pressure and end tidal 
CO2. There was increase in PaCO2, decrease in pH but Base excess 
increased significantly. These changes are due to absorption of 
CO2 via the pneumoperitoneum, vagal stimulation, pressure due 
to pneumoperitoneum. The anesthesiologists should carefully 
observe and document respiratory mechanics and arterial blood 
gases in these patients.
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