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ABSTRACT 

Introduction: shoulder pain following laparoscopic surgery is one of the common complaints in these patients. There are many 

reasons to justify shoulder pain following the inhalation of carbon dioxide during laparoscopic surgery. In the present study, the 

effect of different CO2 insufflation rates on laparoscopic cholecystectomy on shoulder pain was investigated. Materials and methods: 

in this clinical trial study, 26 patients with gallbladder candidate for laparoscopic cholecystectomy who met the inclusion criteria 

were selected using convenience sampling and randomly divided into two groups of 13 each. The first group was "case" (high CO2 

flow rate: 7.5 L/min) and the second group was "control" (low CO2 gas flow rate: 2.5 L/min) were divided. Shoulder pain at 1, 6, 12 

and 24 after surgery was compared with verbal rating scale and frequency of opiate analgesic seeking in the first 24 hours. Result: 

according to the results of the present study, the shoulder pain scores in the case group compared to the control group (6.38 ± 3.15 

vs. 3.69 ± 1.75 and p=0.006) and also at 1 o'clock (2.69 ± %75 vs. 2.00 ± 1.00 and p=0.029) and 12 o'clock (1.15 ± 1.21 vs. %38 ± 

%65 and p=0.029) postoperatively it was significantly higher than the control group. Frequency of analgesic application at 24 hours 

postoperatively was significantly higher in case group than in control group (1.38 ± 1.04 vs. %76 ± %59 and p=0.036). Conclusion: 

Patients feel less shoulder pain if carbon dioxide gas is injected into the abdominal cavity, therefore, for laparoscopic 

cholecystectomy, low-speed gas blowing is recommended. 

 

Keywords: cholecystectomy, laparoscopy, insufflation, shoulder pain, CO2. 

 

 

1. INTRODUCTION 

Gallstones are one of the most common gastrointestinal diseases (Portincasa et al., 2019). Gallstones consist of solids in the bile and 

vary greatly in shape, size and composition (Reshetnyak, 2012). Some patients may develop acute and chronic cholecystitis    

following biliary obstruction, which may require cholecystectomy surgery (Lee et al., 2011). According to studies, the prevalence of 

gallstones in women is %84.9 and in men it is %15.1 (Zhu et al., 2014 and Peters et al., 1991). In acute cholecystitis, patients present 

with symptoms such as colic in the upper right abdomen and occasionally with shoulder spreading with fever and leukocytosis 

(Sipahi et al., 2015). Gallbladder removal is performed by either open cholecystectomy or laparoscopic cholecystectomy. The first 

method is to remove the gallbladder by cutting it under the right rib or midline. In the second method, after blowing carbon dioxide 

(CO2) into the peritoneal cavity, four trocars are directed into the peritoneal cavity using four holes in the peritoneal cavity and the 

gallbladder is removed. Currently the gold standard treatment for gallstones is laparoscopic cholecystectomy (Hassler and Jones, 

2019 and Bittner, 2004). Given the many advantages that laparoscopic surgery has over open surgery, such as limited incisions, short 

hospital stay, no drainage and gastric tube use, fewer painkillers and fewer complications, and faster resumption of surgery, the use 

of this method has been growing increasingly as an alternative to the open surgical procedure (Poon et al., 2012 and Jatzko et al., 

1995). In this method, it is necessary to dilate the space inside the abdomen to create the proper space for working with the 

required devices and tools. Therefore, nitrogen, helium and various gases such as CO2 are used, each with its own advantages and 

disadvantages. The most common gas used in laparoscopic is carbon dioxide. Because it is non-combustible, it is completely 

dissolved in the blood and is rapidly absorbed and excreted through the respiratory tract (Asghari et al., 2011). One of the most 

important complications after cholecystectomy is postoperative pain which in the laparoscopic method due to smaller incisions, lack 

of intercostal nerve and abdominal wall muscles is less pain than open method, However, postoperative pain is still less common in 

these patients for various reasons (Louizos et al., 2005). Pain in these patients may be at the site of surgery or spread to the 

shoulder. There are many reasons to justify shoulder pain following the inhalation of carbon dioxide during laparoscopic surgery. 

Direct stimulation of the peritoneum with CO2 gas, excessive diaphragm muscle stretching is followed by high CO2 gas blowing 

speed (Berberoǧlu et al., 1998 and Binda, 2015). Due to the prevalence of shoulder pain after laparoscopic surgery and the lack of 

studies on the rate of CO2 gastric input into the abdomen, this study aimed to investigate the different rates of CO2 gastric 

insufflation at the beginning of laparoscopic cholecystectomy surgery.  

 

2. MATERIAL & METHODS 

In this Clinical Trial study, patients with gallbladder who were a candidate for laparoscopic cholecystectomy in 2016 in the general 

operating room of Kowsar hospital of Semnan, Iran, were evaluated. Inclusion criteria included all patients 18 years of age and older, 

as well as patient or peer constant to participate in the study. Exclusion criteria were also history-dependent drug abusers, receiving 

painkillers due to abdominal pain in addition to painkillers listed in the procedure, cases requiring drainage after surgery, cases with 
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bleeding or bile leak during surgery, laparoscopic conversion to open surgery and other surgeries were determined concurrently 

with cholecystectomy. In the present study, patients were divided into two groups: case (high speed gas inlet CO2: 7.5 L/min) and 

control (low speed gas entry CO2: 2.5 L/min) and systematic randomization was used to select patients. Thus, it was determined by 

milk and line that the first patient was a case or control and then one patient was divided into two groups of case and control. 

Finally, based on the exclusion criteria, 26 patients were divided into two groups of 13 each. After approving the pattern and 

receiving the code of ethics from the ethics committee, a written consent to enter this study was given to individuals or their first 

degree relatives and after providing a description and significance of the study and giving complete descriptions of the process 

were completed and approved by them. 

In the present study, initial data was collected using a checklist containing questions about demographic information (gender 

and age), duration of surgery, and duration of anesthesia, using questionnaires and individual clinical records, pain intensity was also 

measured using a verbal rating scale. Then, in both groups, gas was entered the peritoneum until the pressure required to initiate 

surgery, 14 mm Hg. Postoperative pain relief was first used with paracetamol (Apotel), in which 1 gr dissolved in 100 cc normal 

saline and infused with Infusion Sets with Burettes within 15 minutes. In the absence of pain relief with Apotel, opiate analgesics (5 

mg morphine) were used.  

 

Postoperative shoulder pain assessment was performed in two groups 

1-At 1, 6, 12 and 24 o'clock postoperatively by verbal rating scale [11&24]: The patient was asked to rate his pain from zero to 4 (No 

pain=0, Mild pain=1, Moderate pain=2, Severe pain=3, Very severe pain=4) [24]. 

2-Frequency of narcotic painkillers to relieve shoulder pain 24 hours after surgery [24] 

At the end, the two groups were compared in terms of pain score and frequency of demand for opiate analgesics. It should be 

noted that all surgeries were performed by one person and in all patient's intra-abdominal pressure was maintained at 14 mm Hg 

during surgery. 

 

Data analysis 

Data were analyzed by SPSS software version 23. In this study, T-test (or nonparametric equivalent) was used for quantitative and 

Chi-square variables and Fisher-exact test for qualitative variables, respectively. Multivariate linear regression analysis or logistic 

regression was used if necessary to investigate the possible confounding role of these variables. In all cases P<0.05 was considered 

for statistical significance. 

 

Ethical Consideration 

The ethical code is IR.SEMUMS.REC.1395.158 by Semnan University of Medical Science and also the IRCT code is 

IRCT2017060125732N17.  

 

3. RESULTS 

In this study, 26 patients with gallbladder who were candidates for laparoscopic cholecystectomy and met the inclusion criteria were 

selected and divided into two groups of 13 persons: control group with low CO2 blowing rate: 2.5 L/min and the case group were 

compared with high CO2 blowing: 7.5 L/min. 

According to table 1, demographic information of the patients is mentioned. Mean age of patients was 16.24 ± 47.19 years and 

most of the patients were female (%80.8). Also, it was shown that the underlying variables (sex and age) and possible confounders 

(duration of operation and anesthesia) did not show significant differences in case and control groups (P>0.05). 

 

Table 1 Demographic information of patients 

variable Control Case Total P value 

Sex 
Male 3(23.08) 2(15.39) 5(19.2) 

>0.05 
Female 10(76.92) 11(84.61) 21(80.8) 

Age(year) 50.07±17.54 44.3±14.96 47.19±16.24 >0.05 

Duration of surgery(min) 33.46±16.17 43.84±18.16 38.65±17.66 >0.05 

Duration of anesthesia(min) 63.64±15.73 75.38±16.51 69.42±16.93 >0.05 
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The mean and standard deviation of shoulder pain scores in the two groups at different hours after surgery are listed in table 2 

& figure 1. In the case group, the shoulder pain scores were totally higher than the control group and also at 1 and 12 o'clock after 

surgery were significantly higher than the control group. This was more in case group at 6 and 24 o'clock than in control group but 

wasn’t statistically significant. 

 

Table 2 Shoulder pain scores in patients 

Shoulder pain Control Case Total  P value 

Hour 1 2.00±1.00 2.69±0.75 2.34±0.93 0.029 

Hour 6 0.53±0.87 1.15±1.21 0.84±1.08 0.074 

Hour 12 0.38±0.65 1.15±1.21 0.76±1.03 0.029 

Hour 24 0.76±1.16 1.38±0.96 1.07±1.09 0.086 

Total 3.69±1.75 6.38±3.15 5.03±2.84 0.006 

 

 

Figure 1 Shoulder pain scores in Case and Control patients in 1, 6, 12, and 24 Hour 

 

According to table 3, the frequency of need for opiate analgesics within 24 hours after surgery was evaluated in both control and 

case groups. Results showed that in the case group the number of requests for narcotic analgesics was higher than the control 

group, which was statistically significant (P=0.036). This may indicate less pain in the control group than in the case group. 

 

Table 3 Frequency of drug request within 24 hours after surgery in patients 

Number of Drug Request  Control Case Total P value 

0 4 3 7  

 

0.072 

 

1 8 4 12 

2 1 4 5 

3 0 2 2 

Mean±SD 0.76±0.59 1.38±1.04 1.07±0.89 0.036 

 

4. DISCUSSION 

Impact of laparoscopic surgery the impact on cardiovascular, metabolic and endocrine changes as well as the severity of 

postoperative pain has been studied (Van Dijk et al., 2003). Post-laparoscopic pain can be divided into several components, such as 

parietal, visceral and shoulder pain, and all have varying degrees of severity early in the course of surgery (Choi et al., 2015). 

According to studies, shoulder pain is negligible in the first hours after surgery, but then increases until it becomes the main 

complaint of the patient on the day after surgery (Berberoǧlu et al., 1998). Carbon dioxide (CO2) is now widely used to provide the 

Hour 1 Hour 6 Hour 12 Hour 24

Control 2 0.53 0.38 0.76

Case 2.69 1.15 1.15 1.38
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space for vision and laparoscopic surgery (Yu et al., 2017). In the present study, due to the importance of pain reduction in these 

patients, the effect of different rate of carbon dioxide in the abdominal space on shoulder pain after laparoscopic cholecystectomy 

was investigated. 

The results of the present study showed that the underlying variables including sex and age and possible confounding variables 

including duration of operation and anesthesia did not show significant differences in the case and control groups and their 

confounding role was excluded, the case and control groups were independent of these variables. In the study of Berberoglu et al. 

there was no significant difference between the two groups in terms of confounding variables, especially surgical time (Berberoǧlu 

et al., 1998), which is similar to the results of the present study.  

In this study, postoperative shoulder pain assessment was performed in two groups, first, using verbal rating scale at 1, 6, 12 and 

24 o'clock postoperatively and second, by using opiate analgesics. The results of our study showed that in the case group, the 

shoulder pain scores were significantly higher in the case group than in the control group at 1 and 12 o'clock after surgery. Second, 

in the case group, the number of drug-seeking cases was higher than in control group. In other words, this study showed that after 

laparoscopic cholecystectomy surgery, postoperative shoulder pain is associated with CO2 in the abdominal space and if CO2 is 7.5 

Liters per minute, postoperative pain was higher and when the CO2 was lower (2.5 Liters per minute) patients felt less pain. Few 

studies have been performed on the relationship between gas blowing rate and shoulder pain after laparoscopic cholecystectomy. A 

study by Berberoglu et al. investigated the effect of CO2 gas blowing rate on shoulder pain after laparoscopy. The results of their 

study showed that reducing the rate of blown per unit time significantly reduces postoperative shoulder pain (Berberoǧlu et al., 

1998), which is similar to the result of our study.  

Possible causes of shoulder pain in the studied studies include CO2 pressure in the pneumoperitoneum during surgery. For 

example, in the study of sarli et al. pneumoperitoneum was developed in 90 patients in two randomized groups with pressures of 3 

and 9 mm Hg of CO2 and shoulder pain was assessed at 1, 3, 6, 12, 24 and 48 hours after surgery. Results showed lower mean pain 

in the low-pressure group compared to the other group (Sarli et al., 2000). In another study, Esmet et al, investigated the effect of 

carbon dioxide gas pressure in the pneumoperitoneum and normal saline injection on peritoneum on shoulder pain after 

laparoscopic cholecystectomy, 109 patients in three groups received carbon dioxide gas with a pressure of 14 mm Hg and 10 mm 

Hg and 10 mm Hg carbon dioxide intake were divided with normal saline in the peritoneum and shoulder pain was evaluated after 

surgery. The results showed that in the second and third groups the pain was lower than the first group, but there was no difference 

between the second and third groups regarding shoulder pain (Esmat et al., 2006). It should be noted that in our study the rate of 

carbon dioxide gas blowing and not gas pressure was investigated, in order to eliminate the interfering effect of pressure, in all 

patients in both groups, intraoperative CO2 pressure was retained 14 mm Hg approximately. In one study Vecchio et al. showed that 

there was no difference in the pain of patients who underwent less than 60 minutes or more than 60 minutes (Vecchio et al., 2002). 

However, in the present study, duration of surgery was considered as a confounding factor and the two groups were similar.  

The exact mechanism of postoperative shoulder pain in laparoscopic cholecystectomy patients has not been established yet, and 

in this study, as in other similar studies, only the relationship between the rate of CO2 inhalation during laparoscopic surgery and 

postoperative shoulder pain in laparoscopic cholecystectomy patients was investigated. Studies investigating the causes of shoulder 

pain in patients undergoing laparoscopic cholecystectomy have found the nature of carbon dioxide gas to be ineffective and have 

investigated the cause of the pain in mechanical measures. In a study of shoulder pain after cholecystectomy, Wang et al, stated that 

direct stimulation of the diaphragm due to residual CO2 pneumoperitoneum was not the primary cause of shoulder pain. Rather, the 

triangular ligament over-stretch and the diaphragm over-stretch due to insufflation is the main cause of shoulder pain (Wang et al., 

2001). Donatsky et al, investigated surgical techniques to relieve shoulder pain after laparoscopic cholecystectomy. They evaluated 

the effects of drainage, abdominal wall lift and low airway velocity on the peritoneum, and stated that drainage and abdominal wall 

lift had no effects on pain relief, but low CO2 pressure reduced the severity and occurrence of pain (Donatsky et al., 2013).  

In other studies, in addition to carbon dioxide gas, other applied gases have also been studied and compared, in the study of 

Aitola et al. pain reported by patients on the basis of visual analogue scale in the nitric oxide and carbon dioxide group compared it 

placed. Their results showed that there was no statistically significant difference in the amount of analgesia required between the 

two groups (Aitola et al., 1998). Lipscomb et al. in a similar study investigating intraoperative pain during laparoscopic sterilization 

under local anesthesia, between the CO2 and nitric oxide groups reported that the results of intraoperative pain and opioid use in 

both there was no similarity between the two groups (Lipscomb et al., 1994). These studies show that carbon dioxide gas in our 

study seems reasonable in view of the lack of significant difference between the severity of pain in common gases used in 

laparoscopic cholecystectomy.  



                                                                                                                      

 

© 2020 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

P
ag

e8
3

7
 

ARTICLE ANALYSIS 

Overall, along with the strengths, this study like any other study had a number of limitations. One of these was the (single-

center) study, which inevitably imposed a (selection bias) on the study. On the other hand, due to the limitations of the measuring 

instruments, the possibility or investigating other factors related to shoulder pain after laparoscopic cholecystectomy was limited. 

Also screening for the prevalence of postoperative shoulder pain in patients undergoing laparoscopic cholecystectomy and its 

association with different CO2 gastric velocities, different surgical techniques as well as different gases, in order to identify more 

accurate physiopathology of this pain, to be addressed more rapidly and to cure it faster future studies are suggested for faster 

control and greater satisfaction of individuals.  

 

5. CONCLUSION  

The results of this study showed that if the carbon dioxide gas was blown into the abdominal cavity at a lower speed, patients would 

feel less shoulder pain. Therefore, low-speed carbon dioxide gas blowing in laparoscopic cholecystectomy is recommended to 

reduce the severity of shoulder pain after surgery.    

 

Funding: This research received no external funding. 

 

Conflicts of Interest: The authors declare no conflict of interest. 
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