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INTRODUCTION 

Surgeons use “available tools” to the best of their 

knowledge and skills, with the goal of promoting the 

safest and most rapid return of patient to self-sufficiency 

and return to work while reducing mortality, morbidity, 

dysfunction and pain. Laparoscopy suits these 

requirements and currently holds the centre stage. 

Pneumoperitoneum for laparoscopic cholecystectomy is 

created by insufflating carbon dioxide gas into the 

peritoneal cavity and then holding it at constant pressure 

till the end of surgery.1  

Pneumoperitoneum, has been associated with adverse 

effects such as decreased pulmonary compliance, altered 

blood gas parameters, impaired functioning of the 
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circulatory system, raised liver enzymes and renal 

dysfunction and even increased intra-abdominal venous 

pressures.2,3 The duration of convalescence after 

uncomplicated laparoscopic cholecystectomy depend on 

several factors of which shoulder tip pain is more 

important.4  

Other are nausea, vomiting, ileus, postoperative fatigue, 

postoperative hospital stays, recovery time. Shoulder tip 

pain frequently occurs after laparoscopic 

cholecystectomy making postoperative recovery less 

comfortable. The etiology of postoperative pain is 

extremely complex, and a precise evaluation of the 

various causes is still difficult to achieve. Carbon dioxide 

insufflation is the commonest means of achieving 

pneumoperitoneum and carbon dioxide gas is widely 

considered to be responsible for postoperative pain. In 

particular shoulder tip pain is presumed to be linked to 

carbon dioxide insufflation and its intensity is so strong 

that analgesics must be administered frequently. The 

reported incidence of this particular, uncomfortable type 

of pain varies from 35 to 63% following gynaecological 

procedures.5 In addition, the reported incidence of 

shoulder tip pain following laparoscopic cholecystectomy 

varies between 30 to 50%.6 

Therefore, a trend has been the use of low pressures for 

pneumoperitoneum in the range of 8-10 mm Hg in an 

attempt not to alter the physiological parameters. This 

prospective randomized study compared the use of the 

low-pressure pneumoperitoneum (LPP defined as <10mm 

Hg) to high pressure pneumoperitoneum (HPP defined as 

>14mm Hg) in patients undergoing laparoscopic 

cholecystectomy. The main areas of interest were 

operative duration, intraoperative gas consumption, bile 

spillage, post-operative shoulder tip and abdominal pain 

and postoperative ileus assessed by return of bowel 

sounds, passage of flatus and tolerance of oral feed. 

METHODS 

The study was carried out in the Department of minimal 

access and general surgery, Fortis Escorts hospital and 

research centre, Faridabad, Haryana in India, over a 

period of 13 months duration. All consecutive patients in 

age group from 18 to 70 years, with uncomplicated 

symptomatic gallstone disease and ASA Grade I to IV 

were included in the study. Exclusion criteria included 

BMI >30kg/m2, history of ERCP and stent in situ, known 

shoulder disease, empyema gallbladder, prior history of 

acute cholecystitis, cholangitis and pancreatitis, history of 

multiple abdominal surgery, coagulopathy, previous 

malignancy, patients requiring other concomitant 

procedures, patients who do not give consent for 

participation in the study or patient with cognitive 

impairments and patients on chronic analgesic use or 

history of addiction to alcohol.  

Ethical clearance from the Institute Ethics Committee 

was taken. The details of procedure were explained and 

informed consent taken before enrolment. 120 

prospective patients, who satisfied the inclusion-

exclusion criteria, were randomized into two groups 

using the random number table. The general anesthesia 

protocol was the same for both groups.  

A standard laparoscopic cholecystectomy was performed 

according to the American ‘four punctures’ technique 

described by Dubois et al. A single experienced 

consultant surgeon performed all surgeries. After 

induction of general anesthesia, open method was used to 

gain entry into the abdomen in all patients in both study 

groups and a 10-mm laparoscope was inserted into the 

abdomen through the umbilical port. Pneumoperitoneum 

was created and intra-abdominal pressure of <=10mmHg 

was kept in low pressure group and intra-abdominal 

pressure of 14mmHg was kept in high pressure group and 

the whole surgery was carried out at those pressures in 

both groups. Intra-operative monitoring was performed 

by monitoring heart rate and blood pressure non-

invasively every 5 minutes. The fascial defect of the 

umbilical incision was closed with No 1 Vicryl. The skin 

of the incisions was closed with Nylon sutures. Following 

extubation, patients were shifted to the recovery room: 

For comparison between groups special attention was 

paid on following outcomes 

• Operative time was noted starting from time of 

making the incision to time of closure of skin 

• Post-operative shoulder tip pain and abdominal pain 

using Numeric Pain Rating Scale (NRS). This was 

done at 2 hours, 8 hours,24 hours and 48 hours after 

surgery. Both groups were administered equal dose 

of analgesia. Any additional analgesic requirement 

was noted  

• Post-Operative Ileus was measured with three 

parameters taking Return of Bowel Sounds, Passing 

of Flatus and Tolerance of Oral Feeds as three 

independent parameters at 6 hours, 12 hrs., 24 hrs. 

and 48 hrs. post-surgery in both groups. Any episode 

of vomiting, abdominal distension within 48 hrs. post 

operatively was noted 

• Intraoperative carbon dioxide (CO2) consumption, 

bile spillage, visceral/vessel injury during operation 

were noted. 

Statistical analysis 

• Quantitative variables were compared using 

Unpaired t-test/Mann-Whitney Test (when the data 

sets were not normally distributed) between the two 

groups 

• Qualitative variable was compared using Chi-Square 

test /Fisher’s exact test 

• Regression analysis was used to assess the effect of 

pressure on duration of surgery. 

A p value of <0.05 was considered statistically 

significant. The data was entered in MS EXCEL 
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spreadsheet and analyzed using Statistical Package for 

Social Sciences (SPSS) version 21.0. 

RESULTS 

Both groups were matched for age, sex and BMI (Table 

1). There were no conversions to open surgery. 

Laparoscopic cholecystectomy with HPP took an average 

of 62±9.4 minutes (range 45-85 minutes) compared to 

63.17±7.7 minutes (range 45-90 minutes) for LPP, but 

this difference was not statistically significant (p>0.05). 

However, mean consumption of CO2 gas was less in LPP 

compared to HPP laparoscopic cholecystectomy with no 

statistical difference (103±11.5liters versus 

108±14.5liters; p>0.05). There was no statistical 

difference in terms of bile spillage and visceral/vessel 

injury in between the groups (Table 2). 

Table 1: Baseline characteristics of two groups. 

  HPP (n=60) LPP (n=60) p value 

Age       

Mean±SD 40.32±9.89 38.32±8.78 n.s 

BMI   

Mean±SD 23.12±2.37 23.68±2.5 n.s 

Sex (M:F) 15:45 20:40 n.s 
 

Table 2: Comparison of outcome variables between two groups. 

  HP (n=60) LP (n=60) P value 

Operative time (in minutes) 

Mean±St dev 62±9.4 63.17±7.7 n.s 

Total gas consumption (in litters) 

Mean±St dev 108±14.5 103±11.5 n.s 

Visceral injury/vessel injury 

yes 0 0 n.s 

Postoperative shoulder tip pain 

2 hours 4.2 2.5 <0.005 

8 hours 3.5 1.9 <0.005 

24 hours 2.5 1.2 <0.005 

48 hours 1 0 <0.005 

Postoperative abdominal pain 

2 hours 5 2.47 <0.005 

8 hours 3.5 1.5 <0.005 

24 hours 2.5 1 <0.005 

48 hours 1 0 <0.005 

Post-operative ileus 

Return of bowel sounds Yes Yes   

6 hours 0 21 <0.005 

12 hours 30 45 <0.005 

24 hours 50 58 n.s 

48 hours 60 60 n.s 

Passage of flatus 

6 hours 5 20 <0.005 

12 hours 15 30 <0.005 

24 hours 55 60 n.s 

48 hours 60 60 n.s 

Tolerance of oral feed 

6 hours 60 60 n.s 

12 hours 60 60 n.s 

24 hours 60 60 n.s 

48 hours 60 60 n.s 

Bile spillage   

Yes 3 1 
n.s 

No 57 59 

Need for additional analgesia 

Yes 0 0 n.s 
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Five patients (8%) who underwent LPP laparoscopic 

cholecystectomy and eighteen patients (30%) who 

underwent HPP laparoscopic cholecystectomy had 

postoperative shoulder tip pain at any point in time 

during the peri-operative period (p<0.05). Amongst these 

right-sided shoulder tip pain occurred in 19 patients and 

pain on both sides, moving from one shoulder to the other 

in 4 patients. Shoulder tip pain was present at 2 hours 

postoperatively and peaked in both the groups at 8 hours 

with significant improvement after this time. The 

frequency of shoulder-tip pain was significantly lower in 

patients with LPP laparoscopic cholecystectomy at 2, 8, 

24 and 48 hours in the postoperative period. Pain scores 

as recorded on NRS revealed that postoperative shoulder-

tip pain was significantly less intense at 12 and 24 hours 

in the LPP group. Mean scores approached zero in LPP 

laparoscopic cholecystectomy at end of observed 

postoperative period whereas patients who underwent 

HPP laparoscopic cholecystectomy, reported comparative 

higher score. The frequency of abdominal pain was less 

in patients who underwent LPP cholecystectomy at 2, 8, 

24 and 48 hours in the postoperative period which was 

statistically significant and mean scores approached zero 

at the end of observed postoperative period in low 

pressure group. Abdominal pain was present in upper 

abdomen above umbilicus and at the port sites in all 

patients in both groups. Standard diclofenac sodium in 

dose of 225mg/day (75 mg i.v 8hourly) was given to all 

patients in both groups starting immediately 

postoperatively. There was no requirement of additional 

analgesia in either groups. 

There was early return of bowel sounds in LPP group at 

6-hour post operatively in twenty-one patients and 

compared to none in HPP cholecystectomy group. This 

reduced post-operative ileus was statistically significant 

at 12 hours and 24 hours also with p value>0.005. All 

patients in both groups had return of their bowel sounds 

at 48 hours postoperatively. The similar trend was 

observed for early passage of flatus in LPP group at 6, 12 

and 24 hours. Patients were started orally at 6 hours in 

both groups, which was accepted well by all patients. 

There was no episode of vomiting and abdominal 

distention in any patient in either study groups. 

DISCUSSION 

Post-laparoscopy pain syndrome is well recognized and is 

characterized by abdominal and particularly shoulder tip 

pain; it occurs frequently following laparoscopic 

cholecystectomy. The etiology of post-laparoscopic pain 

can be classified into three aspects: visceral, incision, and 

shoulder. Lower pressures were used in many studies for 

their effect on shoulder tip pain. An emerging trend has 

been the use of low pressure pneumoperitoneum in the 

range of 7-10 mm Hg to lower the impact of 

pneumoperitoneum on the human physiology while 

providing adequate working space.7 With the 

establishment of laparoscopic cholecystectomy as gold 

standard for the management of cholelithiasis, there has 

been a series of untiring efforts to evolve and increase its 

safety. The aim has been to reduce the trauma especially 

during access, increasing surgeon and patient satisfaction 

and decreasing operative difficulty during the procedure.1 

The increased intra-abdominal pressure due to the 

pneumoperitoneum causes several cardiopulmonary 

changes. The increased intra-abdominal pressure 

increases the absorption of CO2, causing hypercapnia and 

acidosis, which has to be avoided by hyperventilation. It 

pushes the diaphragm upwards decreasing the pulmonary 

compliance and increases the peak airway pressure. 

Pneumoperitoneum increases the systemic vascular 

resistance and pulmonary vascular resistance.  

Carbon-dioxide pneumoperitoneum also predisposes to 

cardiac arrhythmias. During the early phase of 

pneumoperitoneum, there is a reduction in the cardiac 

output by decreasing the venous return. While these 

cardio-respiratory changes may be tolerated by healthy 

adults with adequate cardiopulmonary reserve, people 

with cardiopulmonary diseases may not tolerate these 

changes. To negate these specific problems, the idea of 

LPP with carbon dioxide was introduced. Research 

studies have indicated that the use of LPP is associated 

with better intra-operative tolerance (including anesthesia 

tolerance) and improved postoperative recovery with 

reduced intensity of the surgical pain. Various authors 

have reported that laparoscopic cholecystectomy 

performed with LPP resulted in a better postoperative 

quality of life as compared to laparoscopic 

cholecystectomy performed with HPP.7-18 

The proposed causes of post laparoscopy shoulder pain 

are peritoneal stretching, chemical irritation by CO2 and 

overstretching of diaphragmatic muscles owing to high 

rate of insufflation. Wallace, Kandil TS, demonstrated 

that the degree of stretching in the intra-abdominal cavity 

is a significant source of postoperative pain and it has 

been shown that a low insufflation rate significantly 

reduces shoulder tip pain.12,17,19 In our study mean post-

operative shoulder and abdominal pain were lower in low 

pressure group, the difference was statistically significant 

postoperatively at 2, 8, 24 and 48 hours. These findings 

were in accordance with Sarli L et al where low post-

operative shoulder tip pain score at 6 hrs and 12 hrs were 

present (P value<0.001).15 Yasir M et al assessed post-

operative shoulder tip pain at 4, 8 and 24 h which was 

less in low pressure group, although statistical 

significance was seen only at 4 h.20 Sandhu T et al 

observed higher incidence of shoulder pain in standard 

group (27.9% low pressure versus 44.3% standard 

pressure) (p=0.100).17 Barczynski M, Herman RM8 

reported 2.1 times lower incidence of shoulder pain after 

LPP than HPP (p <0.05).  

In our study post-operative abdominal pain scores were 

less in low pressure group and the difference was 

statistically significant. These findings were in 

accordance with findings in studies by Kanwar et al and 

Topcu HO et al.16,21 How far this would go in overall 
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recovery is debatable, but definitely would prove that 

patients following a fast track/day care protocol for 

laparoscopic cholecystectomy should be operated at low 

pressure. Guruswamy KS et al searched Cochrane central 

register of trials and collected data from fifteen 

randomized trials.15,21 They found that intensity of pain 

was lower in low pressure Group.  

In our study majority of the patient’s post-operative pain 

could be managed by injection Diclofenac sodium 75 mg 

IV given 8 hourly. There was no need for any additional 

analgesia in both study groups. Similar was seen by Sarli 

L et al, Yasir M et al, Singhla S et al, Vijayaraghavan N 

et al.5,15,20,22  

Postoperative ileus has traditionally been accepted as a 

normal response to tissue injury. Postoperative ileus after 

abdominal operations is thought to be related to the 

degree of surgical trauma, and it has been shown that the 

simple act of opening the peritoneum can decrease 

gastrointestinal motility. Pathogenesis mainly involves 

inhibitory neural reflexes and inflammatory mediators 

released from the site of injury.  

Accordingly, some investigators have shown a reduction 

in the duration of postoperative ileus after laparoscopic 

procedures.23 Post-operative ileus is characterized by the 

inability to tolerate a solid diet, delayed passage of flatus 

and formed stool and abdominal distention, nausea, 

vomiting, and accumulation of gas or fluids in the 

bowel.24 Intestinal handling triggers mast cell activation 

and inflammation which is associated with prolonged 

postoperative ileus. This partly explain the faster 

recovery after minimal invasive surgery.25 

In our study there was early return of bowel sound in LPP 

at 6 and 12 hours. All patients in both groups had return 

of their bowel sounds at 48 hours postoperatively. There 

was statistically significant early passage of flatus LPP 

cholecystectomy group. All the patients accepted oral 

feeds well without complaining of any nausea, vomiting 

or abdominal distension. at 6 hours, 12 hours, 24 hours 

and 48 hours of the surgery in both groups. From these 

findings it is clear that pneumoperitoneum does have 

effect on the gastrointestinal transit and post-operative 

ileus. Low pressure pneumoperitoneum causes early 

recovery of gastrointestinal system from the ileus and 

must be recommended as a standard procedure.  

However, the fact needs to be considered that although 

not many had return of bowel sounds at 6 hrs, all the 

patients tolerated their feeds at 6 hrs. Studies need to be 

conducted whether this standard 6 hr post-operative 

fasting is essential or not. Infact, the fast-track protocol 

has tried to question this fact and has become the 

standard of care for Colo-rectal surgeries.26 In our 

knowledge no study in literature has measured post-

operative ileus by using return of bowel sounds, passage 

of flatus and acceptance of first oral feed. 

CONCLUSION 

This study demonstrates that use of the simple expedient 

of reducing the pressure of pneumoperitoneum to equal to 

or less than 10 mm Hg results in a significant reduction in 

both the intensity and frequency of postoperative 

shoulder tip pain and postoperative abdominal pain with 

early return of bowel activity in low pressure group. On 

the basis of these results, the widespread use of low 

pressure pneumoperitoneum can be used in laparoscopic 

cholecystectomy. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

institutional ethics committee 

REFERENCES 

1. Chok KS, Yuen WK, Lau H, Fan ST. Prospective 

randomized trial on low-pressure versus standard-

pressure pneumoperitoneum in outpatient 

laparoscopic cholecystectomy Surg Laparosc 

Endosc Percutan Tech. 2006;16(6):383-6.  

2. Joris J, Cigarini I, Legrand M, Jacquet N, De Groote 

D, FranchimontP, et al. Metabolic and respiratory 

changes after cholecystectomy performed via 

laparotomy or laparoscopy. Br J Anaesth. 

1992;63:341-5.  

3. Hasukiae S. Postoperative changes in liver function 

tests: randomized comparisons of low and high 

pressure laparoscopic cholecystectomy. Surg 

Endosc. 2005;19:1451-5.  

4. Cunnife MG, McAnena OJ, Dar MA, Flyn CJ. 

prospective randomized trial of intraoperative 

bupivacaine irrigation for management of shoulder-

tip pain after laparoscopic cholecystectomy. Surg 

Laparoscopy. Am J Surg. 1998;176;258-61. 

5. Dobbs FF, Kumar V, Alexander JI, Hull MGR. Pain 

after laparoscopy related to posture and ring versus 

clip sterilization. Br J Obstect Gynaecol. 

1987;94:262-6. 

6. Tsimoyiannis EC, Semm K. Das pospeviskopische 

(laparoskopische) Schmerzsyndrom. Geburtbilfe 

Frauenbeil. 1980;40:635-43. 

7. Rosenthal RJ, Friedman RL, Kahn AM, Martz J, 

Thiagarajah S, Cohen D, Shi Q, Nussbaum M. 

Reasons for intracranial hypertension and 

hemodynamic instability during acute elevations of 

intra-abdominal pressure: observations in a large 

animal model. J Gastrointest Surg. 1998 Sep-

Oct;2(5):415-2. 

8. Barczynski M, Herman RM. A prospective 

randomized trial on comparison of low pressure and 

standard pressure pneumoperitoneum for 

laparoscopic cholecystectomy. Surg Endosc. 

2003;17:533-8. 

9. Davidas D, Birbs K, Vezakis A, Mcmohan MJ. 

Routine low-pressure pneumoperitoneum during 



Mahajan S et al. Int Surg J. 2017 Nov;4(11):3740-3745 

                                                                                              
                                                                                               International Surgery Journal | November 2017 | Vol 4 | Issue 11    Page 3745 

laparoscopic cholecystectomy. Surg Endosc. 

1999:13:87-9. 

10. Barczynski M, Herman RM. The usefulness of low 

pressure pneumoperitoneum in laparoscopic 

surgery. Folia Med Cracow. 2002;43:43-50. 

(Abstract) 

11. Vezakis A, Davides D, Gibson JS, Moore MR, Shah 

H, Larvin M, et al. Randomized comparison 

between laparoscopic cholecystectomy and gasless 

laparoscopic cholecystectomy. Surg Endosc. 

1999;13:890-3. 

12. Wallace DH, Serpell MG, Baxter JN, O’Dwyer PJ. 

Randomized trial of different insufflation pressures 

for laparoscopic cholecystectomy. Br J Surg. 

1997;84:455-8. 

13. Perrakis E, Vezakis A, Velimexis G, Savanis G, 

Deverakis S, Antoniades J, et al. Randomized 

comparison between different insufflation pressure 

for laparoscopic cholecystectomy. Surg Laparo 

Endosc Percutan Tech. 2003;13:245-9. 

14. Dexter SP, Vucevic M, Gibson J, McMahon MJ. 

Hemodynamic consequences of high and low 

pressure capnoperitoneum during laparoscopic 

cholecystectomy. Surg Endosc. 1999;13:376-81. 

15. Sarli L, Costi R, Sansebastiano G, Trivelli M, 

Roncoroni L. Prospective randomized trial of low 

pressure pneumoperitoneum for the reduction of 

shoulder tip pain following laparoscopy. Br J Surg. 

2000;87:1161-5. 

16. Kanwer DB, Kaman L, Nedounsejiane M, Medhi B, 

Verma GR, Bala I. Comparative study of low 

pressure versus standard pressure 

pneumoperitoneum in laparoscopic 

cholecystectomy- a randomized  controlled trial. 

Tropical Gastroenterology. 2009;30(3):171-4. 

17. Sandhu T, Yamada S, Ariyakachon V, 

Chakrabandhu T, Chongruksut W, Ko-iam W. Low-

pressure pneumoperitoneum versus standard 

pneumoperitoneum in laparoscopic 

cholecystectomy, a prospective randomized clinical 

trial. Surg Endosc. 2009 (5):1044-7. 

18. Vijayaraghavan N, Sistla SC, Kundra P, 

Ananthanarayan PH, Karthikeyan VS, Ali SM, Sasi 

SP, Vikram K, et al. Comparison of standard-

pressure and low-pressure pneumoperitoneum in 

laparoscopic cholecystectomy: a double blinded 

randomized controlled study. Surg Laparosc Endosc 

Percutan Tech. 2014;24(2):127-33. 

19. Kandil TS, El Hefnawy E. Shoulder pain following 

laparoscopic cholecystectomy: factors affecting the 

incidence and severity. J Laparoendosc Adv Surg 

Tech A. 2010 Oct;20(8):677-82.  

20. Yasir M, Mehta KS, Banday VH, Aiman A, Masood 

I, Iqbal B. Evaluation of post-operative shoulder tip 

pain in low pressure versus standard pressure 

pneumoperitoneum during laparoscopic 

cholecystectomy. Surgeon. 2012 Apr;10(2):71-4. 

21. Topcu HO, Cavkaytar S, Kokanalı K, Guzel AI, 

Islimye M, Doganay M.   A prospective randomized 

trial of postoperative pain following different 

insufflation pressures during gynecologic 

laparoscopy. Eur J Obstet Gynecol Reprod Biol. 

2014 Nov;182:81-5. 

22. Singla S, Mittal G, Raghav, Mittal RK Pain 

management after laparoscopic cholecystectomy-a 

randomized prospective trial of low pressure and 

standard pressure pneumoperitoneum. J Clin Diagn 

Res. 2014 Feb;8(2):92-4.  

23. Bustorff-Silva J, Perez CA, Atkinson JB, Raybould 

HE. Effects of intraabdominally insufflate carbon 

dioxide and elevated intraabdominal pressure on 

postoperative gastrointestinal transit: an 

experimental study in mice. J Pediatr Surg. 1999 

Oct;34(10):1482-5. 

24. Augestad KM, Delaney CP. Postoperative ileus: 

impact of pharmacological treatment, laparoscopic 

surgery and enhanced recovery pathways. World 

journal of gastroenterology: WJG. 2010 May 

7;16(17):2067. 

 

 

 

 

 

 

 

 

 

   

 

Cite this article as: Mahajan S, Shankar M, Garg 

VK, Gupta V, Sorout J. Intraoperative safety of low 

pressure pneumoperitoneum cholecystectomy: a 

comparative study. Int Surg J 2017;4:3740-5. 


