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Abstract
Introduction
The injury and detrimental effects of carbon dioxide (CO2) insufflation during laparoscopic surgeries may be
due to the higher flow rates used during insufflation. The aim of our study was to study the effects of
different CO2 insufflation flow rates on hemodynamic parameters in laparoscopic surgeries. The secondary
objectives were to compare the patient and surgeon satisfaction scores, postoperative shoulder scores, and
surgical site pain scores.

Methods
This prospective, randomized, double-blinded trial was commenced after institutional ethical committee
approval and The Clinical Trials Registry- India (CTRI) registration (CTRI 2021/10/037595). Ninety patients
scheduled for laparoscopic cholecystectomy were randomly divided into three groups based on CO2
insufflation flow rate by computer-generated random numbers and the sealed envelope method: Group-A: 5
L/min; Group-B: 10 L/min; and Group-C: 15 L/min. General anesthesia was standardized in all three groups.
Mean arterial pressure (MAP) and heart rate were recorded at different timelines, which included the arrival
in the operating room (T0), just before the induction of anesthesia (T1), at the beginning of
pneumoperitoneum (T2), 10 minutes (T3), 20 minutes (T4), 30 minutes (T5), and 60 minutes (T6) after the
pneumoperitoneum, at the end of the operation (T7), five minutes (T8), and 15 minutes (T9) after arriving at
the recovery room. The patient and surgeon satisfaction scores were assessed on a 5-point Likert scale. The
visual analog score (VAS) was used to assess the surgical site pain and shoulder pain every four hours for 24
hours. The continuous data were assessed by one-way analysis of variance (ANOVA), and the categorical
data were assessed by the Chi-square test. The sample size was estimated based on a pilot study and using
the G Power 3.1.9.2 Program (Universitat Kiel, Germany) calculator.

Results
There was an increase in the mean arterial pressure (MAP) between the groups 60 min after
pneumoperitoneum creation with higher flow rates. The baseline MAP was 85.76± 10.11 in group A, 86.03±
9.79 in group B, and 88.13± 8.46 in group C. At 60 min from the creation of the pneumoperitoneum, the MAP
increased significantly from 99.17 ± 9.35 in group A, 102.43 ± 8.24 in group B, to 106.83 ± 8.31 in group C.
This was statistically significant with a p-value of 0.004. There was a statistically significant difference in
heart rate between the groups 10 minutes after pneumoperitoneum creation. No complications were
reported in any of the groups. The postoperative shoulder pain was more severe when higher flows were
used at 20 and 24 hours. The surgical site pain was also significantly more for up to 12 hours following
surgery with higher flows.

Conclusion
We conclude that low-flow CO2 insufflation during laparoscopic surgeries is associated with fewer
hemodynamic changes, better patient satisfaction scores, and lower postoperative pain scores.

Categories: Anesthesiology, Gastroenterology, General Surgery
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Introduction
Laparoscopic surgeries have become the gold standard in the management of many gastrointestinal,
urological, and gynecological surgeries [1]. They provide multiple advantages, like smaller incision sizes,
lesser trauma, and faster recovery rates. better postoperative comfort and fewer postoperative wound
infections with better cosmetic results [2-4].
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The creation of carbon dioxide (CO2) pneumoperitoneum may result in increased blood pressure [5]. The
hemodynamic changes include increased preload and afterload and decreased cardiac output. These
hemodynamic insults may be severe in old age, in cardiac patients, or in patients with other systemic
disorders and may even be life-threatening [6]. This is due to the absorption of CO2 from the peritoneal
cavity into the bloodstream, resulting in hypercarbia. Hypercarbia can cause increased systemic vascular
resistance and reduced left ventricular function with negative inotropic action on the heart [7]. The
mechanical compression or tamponade effect of pneumoperitoneum on great vessels may decrease the
preload, leading to reduced cardiac output.

We hypothesized that a low CO2 insufflation flow rate would result in fewer hemodynamic disturbances. We
could not find any studies available comparing CO2 insufflation flow rates and blood pressure changes in the
literature. Hence, we decided to study the different carbon dioxide insufflation rates and hemodynamic
changes in laparoscopic surgeries. The primary objective was to study the changes in mean arterial pressure
with different CO2 insufflation flow rates in laparoscopic cholecystectomy. The secondary objectives were to
compare changes in heart rate, surgeon and patient satisfaction scores, postoperative shoulder pain, and
surgical site pain postoperatively for 24 hours.

Materials And Methods
This double-blinded, randomized, controlled trial was done prospectively after Institutional Ethical
Committee approval and Clinical Trials Registry-India (CTRI/2021/10/037595) registration. The patients in
the age group between 18 and 60 years with a body mass index (BMI) between 18.5 and 24.99 and belonging
to the American Society of Anesthesiologists (ASA) physical status I or II scheduled for elective laparoscopic
cholecystectomy were incorporated in the study. Patients with hypertension, cardiac, renal, or liver diseases,
pregnancy, or those who refused to participate in the study were excluded from the study. All the patients
enrolled in the study gave written, informed consent.

Ninety patients scheduled for laparoscopic cholecystectomy were randomly divided into three groups: Group
A: CO2 insufflation flow rate of 5 liters/minute (L/min); Group B: CO2 insufflation flow rate of 10 L/min;
and Group C: CO2 insufflation flow rate of 15 L/min. The computer-generated random number table was
used for the randomization of patients. The block randomization was done with random block sizes of four.
To ensure allocation concealment, patients were allotted a unique number, written on a piece of paper with
the group allocated, and placed inside an opaque envelope and sealed. The envelopes enclosed with the
study group allocation were opened on the day of the surgery by an individual not associated with the study.
The person opening the envelope sets the CO2 insufflation flow rate according to the group involved and
takes no further part in the study. The surgeon and the anesthesiologist were blinded to the flow rate used
during surgery.

All the patients received alprazolam 0.25 mg, ranitidine 150 mg, and metoclopramide 10 mg orally on the
previous night and two hours before surgery. The intraoperative monitoring used included non-invasive
blood pressure, a pulse oximeter, an electrocardiograph, capnography, and temperature. The mean arterial
pressure (MAP) and heart rate were recorded from the time of arrival in the operating room (T0), just before
the induction of anesthesia (T1), at the beginning of pneumoperitoneum (T2), 10 minutes later (T3), 20
minutes later (T4), 30 minutes later (T5), and 60 minutes later (T6) after the pneumoperitoneum, at the end
of the operation (T7), and five minutes later (T8) and 15 minutes later (T9) after arriving at the recovery
room. General anesthesia was standardized in all the groups and included glycopyrrolate 0.2 mg as an anti-
sialagogue, fentanyl 2 mcg/kg as an intraoperative analgesic, propofol 2 mg/kg as an induction agent, and
vecuronium 0.1 mg/kg for intubation and one-fifth of the dose for maintenance. The patients were intubated
with appropriate endotracheal tube sizes, and anesthesia was maintained with oxygen, nitrous oxide, and
sevoflurane.

Under the Veress needle insufflation technique, a pneumoperitoneum is created, and intraperitoneal
pressure is set to 15 mm of Hg with flow rates set to 5 L/min, 10 L/min, and 15 L/min in Groups A, B, and C,
respectively. Following port placement, the patient was placed in a 30° reverse Trendelenburg and 20° left
lateral position, and the procedure commenced. The hemodynamic changes throughout the entire surgery
were recorded and analyzed. No alterations were made to the pressure or flow rate throughout the
procedure. In case of any hemodynamic instability during the procedure or any situation warranting
manipulation of the pressure and flow rates, the subjects were withdrawn from the study. They were
considered failures and recorded. The surgery proceeded at the flow rate needed by the surgeon.

A single, experienced surgeon performed all the surgeries. If there was an increase in mean arterial pressure
of 20%, nitroglycerin (NTG) intravenous (IV) infusion was initiated with a dose of 0.05 mcg/kg and titrated
accordingly. The patient was extubated at the end of the surgery, after reversal with neostigmine and
glycopyrrolate, and shifted to the recovery room. The patients received paracetamol 1g IV before extubation
and sixth hourly for 24h. The pain at the surgical site and shoulder pain were assessed using the Visual
Analog Scale (VAS), with 0 being no pain and 10 being the worst possible pain [8]. If VAS > 6, tramadol 100
mg IV was administered along with ondansetron 4 mg IV. The total consumption of analgesics was recorded.
The surgeon and patient satisfaction scores were recorded on a five-point Likert scale: five = excellent, four
= adequate, three = cannot say, two = inadequate, and one = poor [9].
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A G Power 3.1.9.2 program (Universitat Kiel, Germany) calculator was used for sample size estimation. We
conducted a pilot study of 15 patients and obtained a mean MAP of 86.61, 87.6, and 87.8 in groups A, B, and
C, respectively. Assuming a 95% significance level and 95% power, we obtained a sample size of 85. The total
sample size was taken as 90, assuming 5% dropouts. Patients from the pilot study were not included in the
final analysis. The data were entered into an MS Excel spreadsheet (2021) and were analyzed using the
statistical package for social sciences version 22 (trial version). Descriptive statistics, including proportions,
measures of central tendency, and measures of dispersion, were used to describe the data. The Skewness-
Kurtosis All test were used to determine the normalcy of the distribution. The categorical variables were
analyzed using the Chi-square test. The comparison of continuous variables was carried out by the one-way
analysis of variance (ANOVA) test. A p-value of < 0.05 was considered to be statistically significant.

Results
A total of 90 patients meeting the inclusion and exclusion criteria were enrolled in the study. All the patients
were analyzed, and there was no loss to follow-up (Figure 1).

FIGURE 1: The Consolidated Standards of Reporting Trials (CONSORT)
flow chart

The distribution of patients entrenched in age, sex, BMI, and ASA physical status was comparable among the
three groups. The duration of surgery was also insignificant between the groups (Table 1).
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Parameters     Group A     Group B     Group C     p-value

Age (years)   39.56 ± 10.77   39.5 ± 10.8   33.6 ± 10.58   0.052*

Sex (Male/Female)     16/14     15/15     11/19     0.391*

ASA PS I/II   9/21   8/22   12/18   0.516*

Duration of Surgery (in minutes)   91.83 ± 17.24   85.93 ± 15.21   90.26 ± 8.65   0.254*      

TABLE 1: Demographic characteristics
Values are in mean ± standard deviation (SD) or number of patients; *p is not significant; ASA PS: American Society of Anesthesiologists physical status

All the surgeries were successfully done under laparoscopy with the set flow rate, and no patients needed
conversion to different flow rates or open procedures.

There was no significant difference in mean arterial pressure until 30 min after the creation of
pneumoperitoneum among the three groups. The baseline MAP was 85.76± 10.11 in group A, 86.03± 9.79 in
group B, and 88.13± 8.46 in group C. At 60 min from the creation of the pneumoperitoneum, the MAP
increased significantly from 99.17 ± 9.35 in group A, 102.43 ± 8.24 in group B, and 106.83 ± 8.31 in group C.
This was statistically significant with a p-value of 0.004. The MAP was also significantly increased at the end
of surgery (p-value = 0.004) and 15 min following extubation (p-value = 0.027). The intergroup comparison
revealed a significant increase in MAP in group C compared with group A 60 minutes after
pneumoperitoneum. The results are summarized in Table 2.

Timeline     Group A     Group B     Group C
   p-
value

  Group A vs. Group
B

Group A vs.Group
C

   Group B vs.
Group C

T0
  83.23± 9.96
 

  84.46±
10.21

  83.56± 9.09   0.88O*   0.876*   0.990*   0.932*

T1  
  85.76±
10.11  

  86.03± 9.79
 

  88.13± 8.46
 

  0.573*   0.993*   0.599*      0.668*

T2   93.6± 7.33    90.5± 10.05   90.13± 9.29   0.263*   0.377*   0.296*   0.986*

T3
  91.67±
10.82  

  93.3± 10.57   96.6± 8.07   0.151*   0.7997*   0.137*   0.404*

T4    95.96± 9.94   96.93± 9.47   99.3± 7.05   0.332*   0.907*   0.319*   0.560*

T5
  100.03±
11.55

  100.53±
10.37

  102.6± 8.15   0.583*   0.980*   0.589*   0.709*

T6
  99.17± 9.35
 

  102.43±
8.24

  106.83±
8.31

  0.004 Ϯ   0.3152*   0.003 Ϯ   0.126*

T7
  97.86± 9.37
 

  99.76± 7.31   104.3± 8.79   0.004 Ϯ   0.133*   0.003 Ϯ   0.302*

T8   99.23± 9.30
  102.26±
8.12

  105.63±
±8.79   0.022*   0.377*   0.016 Ϯ    0.299*

T9    99.7± 12.39
  104.16±
10.71

  107.5± 9.80
    0.027
Ϯ  

  0.3765*   0.016*   0.299*

TABLE 2: Changes in the mean arterial pressure (MAP)
Values are in mean ± standard deviation (SD) or the number of patients; * p-value not significant; Ϯ p-value significant

The baseline heart rate and the heart rate at the beginning of pneumoperitoneum were similar between the
groups. At 10 minutes after pneumoperitoneum, the heart rate increased from 86.7 ± 10.02 in group A, 91.5 ±
11.43 in group B, to 98.03 ± 8.79 in group C (p-value = 0.0002). At 20 minutes following pneumoperitoneum,
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the heart rate was 88.46 ± 10.75 in group A, 93.53 ± 12.28 in group B, and 100.56 ± 6.82 in group C (p-value <
0.0001). There was a significant increase in heart rate five minutes after arrival in the recovery room (p-
value = 0.003). In other timelines (Table 3), there was no significant difference in heart rate among the
groups.

Timeline Group A Group B Group C p-value
Group A vs. Group
B

Group A vs. Group
C

Group B vs. Group
C

  T0 85.1 ± 10.49
83.03 ±
12.20

86.73 ±
10.71

0.440* 0.753* 0.839* 0.408*

  T1  86.56 ± 12.91 86.2 ± 12.20
89.03 ±
11.55

0.623* 0.992* 0.715* 0.644*

  T2 91.16 ± 8.27
92.86 ±
10.92

96.03 ± 8.68 0.130* 0.762* 0.114* 0.392*

  T3 86.7 ± 10.02 91.5 ± 11.43 98.03 ± 8.79 0.0002 Ϯ 0.164* <0.0001 Ϯ 0.0382 Ϯ

  T4  
88.46 ± 10.75
 

93.53 ±
12.28

100.56 ±
6.82

<0.0001
Ϯ

0.1384* < 0.0001 Ϯ 0.0246 Ϯ

  T5 92.56 ± 12.72
93.57 ±
12.52

97.33 ± 8.93 0.245* 0.939* 0.250* 0.420*

  T6 92.1 ± 10.27 91.1 ± 9.45 95.23 ± 8.04 0.206* 0.909* 0.397* 0.204*

  T7 88.43 ± 9.85 88.84 ± 9.46 94.36 ± 7.67 0.021* 0.983* 0.034* 0.052*

  T8 87.07±7.72 92.77±10.93 95.23±8.19 0.003 Ϯ 0.044* 0.002 Ϯ 0.547*

  T9  99.7± 12.39
104.16±
10.71

107.5± 9.80 0.027 Ϯ    0.3765* 0.016* 0.299*

TABLE 3: Changes in the heart rate
Values are in mean ± standard deviation (SD) or the number of patients; *p- value not significant; Ϯ p-value significant.

The nitroglycerin usage was higher in group C (63.3%) than in group B (36.6%) or group A (23.3%). This was
statistically significant with a p-value of 0.005. The surgeon satisfaction scores (median, interquartile range)
were better in group C (4(5-3)) than in group B (4(5-4)) and group A (4(5-3)). The p-value was 0.009, which
was significant statistically. The patient satisfaction scores were higher in group A (4(4-4)) than group B
(4(4-3)) and group C (3(4-3)) (p-value < 0.0001).

There was no significant difference in shoulder pain until 16 hours after surgery. The shoulder pain scores
were better in group A than in groups B and C after 16 hours (Table 4).

Time (in hours) Group A Group B Group C p-value

4 0(0-0) 0(1-0) 0(0.25-0) 0.903*

8 0(0-0) 0(0.25-0) 0(1-0) 0.788*

12 0(0-0) 0(1-0) 0(1-0) 0.398*

16 0(0-0) 0(1-0) 0(1-0) 0.125*

20 0(0-0) 0.5(1-0) 1(1-0) 0.013 Ϯ

24 0(0-0) 0.5(1-0) 1(1-0) 0.011 Ϯ

TABLE 4: Postoperative shoulder pain: VAS scores
Values are in the median and interquartile range; *p- value not significant; Ϯ p-value significant; VAS – visual analog scale
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The surgical site pain scores were also higher in group A than in groups B and C during the first 12 hours
postoperatively (Table 5).

Time (in hours)  Group A Group B Group C p-value

  4    4(4-3)   3(4-2)   6(4-2)   0.005 Ϯ

  8    4(4-3)   3(4-2)   6(4-3)   <0.00001 Ϯ

  12    3(4-3)   3(4-2)   7(4-3)   0.011 Ϯ

  16    3(4-3)   4(4-3)   8(4-3)   0.092*

  20    3(4-3)   4(4-3)   8(4-3)   0.074*

  24    3(4-3)   4(4-3)   10(4-3)   0.109*

TABLE 5: Surgical site pain: VAS score
Values are in median and quartile; *p-value not significant; Ϯ p-value significant

No complications like bradycardia, hypotension, pneumoperitoneum or surgical bleeding were encountered
during the study.

Discussion
Our study shows that the use of low flow during CO2 insufflation resulted in less severe hemodynamic
changes than higher flow rates. The postoperative pain scores were also better with low-flow CO2
insufflation, resulting in better patient satisfaction. The surgeon's satisfaction was better when a higher flow
rate was used due to easier operating conditions.

The creation of pneumoperitoneum using CO2 during laparoscopic surgeries has resulted in severe
cardiovascular adverse effects, including bradycardia, arrhythmias, or even cardiac arrest [10, 11]. The rapid
peritoneal insufflation due to CO2 insufflation may trigger vagal stimulation, resulting in these adverse
effects [12]. Several studies have been published about the use of reduced intraperitoneal pressure causing
fewer hemodynamic changes during laparoscopic surgeries [13-16]. However, we could not find any studies
studying the effects of different CO2 insufflations on hemodynamic changes and postoperative pain scores.

The mean arterial pressure (MAP) increased after CO2 insufflation in all three groups. This increase in MAP
was greater in group C than in groups A and B, to a greater extent after 30 minutes. The number of patients
requiring nitroglycerin usage due to increased MAP was significantly higher in group C in our study. Since
we used nitroglycerin in our study, MAP did not increase much. There was a significant increase in heart
rate following CO2 insufflation in our study. Hsu et al. reported four cases (17.5%) of bradycardia following
CO2 insufflation at 10 L/min. We did not face any bradycardia in any of the study groups as we used
glycopyrrolate in all the patients [17].

The shoulder pain and port site pain were better when low-flow insufflation was used. Hsu et al. showed that
a low flow rate of 1 L/min was associated with reduced severity of pain compared to a high flow rate of 10
L/min [17]. The strategy employed by them was to create a pneumoperitoneum with a low flow rate and
maintain pressure with a high flow rate. Donatsky et al., in their systematic review of 31 articles, observed
that low-pressure pneumoperitoneum minimizes the incidence and severity of shoulder pain [18].

Limitations 
We performed this study without any randomized controlled trials (RCTs) to compare. The fact that all the
surgeries were completed with low-flow rate insufflation was a major strength of our study. There are a few
limitations to our study. All the surgeries were performed by a single experienced surgeon. An inexperienced
surgeon may find it difficult to manage, especially with surgically difficult cases. Secondly, we included only
laparoscopic cholecystectomy in our surgery. The reverse Trendelenburg position used in all the patients
may have prevented a steep increase in blood pressure. If Trendelenburg positioning is required, as in
laparoscopic appendicectomy, the changes in blood pressure may be more pronounced. Finally, though the
surgeon was blinded to the groups involved, the difference between different CO2 insufflation flow rates
would have been appreciated by the surgeon. This would have affected the surgeon's satisfaction scores.

Conclusions
The rate of CO2 insufflation during the creation of the pneumoperitoneum in laparoscopic surgeries affects
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the hemodynamic parameters and postoperative pain. In patients with higher CO2 insufflation, the MAP was
significantly increased 60 min after the creation of the pneumoperitoneum and until the end of surgery. The
increases in heart rate were significant at 10 and 20 minutes following pneumoperitoneum creation with a
higher flow rate.

The patients in group C encountered more severe shoulder pain and surgical sites than the other two groups.
The patient satisfaction scores were better with low-flow CO2 insufflation. But surgeon satisfaction was
better with higher flow rates. We conclude that low-flow CO2 insufflation during laparoscopic surgeries is
associated with fewer hemodynamic changes, lower postoperative port site pain and shoulder pain scores,
and better patient satisfaction scores than increased insufflation flow rate.
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Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. SRM Medical College
Hospital and Research Centre issued approval 2880/IEC/2021. The study was approved by the Institutional
Ethics Committee and registered with the Clinical Trial Registry-India. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References
1. Harrell AG, Heniford BT: Minimally invasive abdominal surgery: lux et veritas past, present, and future . Am

J Surg. 2005, 190:239-43. 10.1016/j.amjsurg.2005.05.019
2. Venkatraman R, Saravanan R, Dhas M, Pushparani A: Comparison of laparoscopy-guided with ultrasound-

guided subcostal transversus abdominis plane block in laparoscopic cholecystectomy - a prospective,
randomised study. Indian J Anaesth. 2020, 64:1012-7. 10.4103/ija.IJA_528_20

3. Hong TH, You YK, Lee KH: Transumbilical single-port laparoscopic cholecystectomy : scarless
cholecystectomy. Surg Endosc. 2009, 23:1393-7. 10.1007/s00464-008-0252-y

4. Klugsberger B, Schreiner M, Rothe A, Haas D, Oppelt P, Shamiyeh A: Warmed, humidified carbon dioxide
insufflation versus standard carbon dioxide in laparoscopic cholecystectomy: a double-blinded randomized
controlled trial. Surg Endosc. 2014, 28:2656-60. 10.1007/s00464-014-3522-x

5. Daskalakis M, Scheffel O, Weiner RA: High flow insufflation for the maintenance of the pneumoperitoneum
during bariatric surgery. Obes Facts. 2009, 2 Suppl 1:37-40. 10.1159/000198252

6. Atkinson TM, Giraud GD, Togioka BM, Jones DB, Cigarroa JE: Cardiovascular and ventilatory consequences
of laparoscopic surgery. Circulation. 2017, 135:700-10. 10.1161/CIRCULATIONAHA.116.023262

7. Singh SP, Verma S, Pandey A, Shukla U, Gupta V, Singh P, Saini V: Comparative evaluation of hemodynamic
and capnographic changes in low pressure versus normal pressure pneumoperitoneum in laparoscopic
cholecystectomy. Int Surg J. 2017, 4:2642-7. 10.18203/2349-2902.isj20173186

8. Venkatraman R, Karthik K, Belinda C, Balaji R: A randomized observer-blinded controlled trial to compare
pre-emptive with postoperative ultrasound-guided mandibular nerve block for postoperative analgesia in
mandibular fracture surgeries. Local Reg Anesth. 2021, 14:13-20. 10.2147/LRA.S290462

9. Nuyen B, Altamirano J, Fassiotto M, Alyono J: Effects of surgeon sociodemographics on patient-reported
satisfaction. Surgery. 2021, 169:1441-5. 10.1016/j.surg.2020.12.006

10. Jung KT, Kim SH, Kim JW, So KY: Bradycardia during laparoscopic surgery due to high flow rate of CO2
insufflation. Korean J Anesthesiol. 2013, 65:276-7. 10.4097/kjae.2013.65.3.276

11. Cho EJ, Min TK: Cardiac arrest after gas insufflation for laparoscopic surgery: two case reports . Korean J
Anesthesiol. 2005, 49:712-5.

12. Myles PS: Bradyarrhythmias and laparoscopy: a prospective study of heart rate changes with laparoscopy .
Aust N Z J Obstet Gynaecol. 1991, 31:171-3. 10.1111/j.1479-828x.1991.tb01811.x

13. Matsuzaki S, Vernis L, Bonnin M, et al.: Effects of low intraperitoneal pressure and a warmed, humidified
carbon dioxide gas in laparoscopic surgery: a randomized clinical trial. Sci Rep. 2017, 7:11287.
10.1038/s41598-017-10769-1

14. Gurusamy KS, Vaughan J, Davidson BR: Low pressure versus standard pressure pneumoperitoneum in
laparoscopic cholecystectomy. Cochrane Database Syst Rev. 2014, CD006930.
10.1002/14651858.CD006930.pub3

15. Hua J, Gong J, Yao L, Zhou B, Song Z: Low-pressure versus standard-pressure pneumoperitoneum for
laparoscopic cholecystectomy: a systematic review and meta-analysis. Am J Surg. 2014, 208:143-50.
10.1016/j.amjsurg.2013.09.027

16. Özdemir-van Brunschot DM, van Laarhoven KC, Scheffer GJ, Pouwels S, Wever KE, Warlé MC: What is the
evidence for the use of low-pressure pneumoperitoneum? A systematic review. Surg Endosc. 2016, 30:2049-
65. 10.1007/s00464-015-4454-9

17. Hsu KF, Chen CJ, Yu JC, et al.: A novel strategy of laparoscopic insufflation rate improving shoulder pain:
prospective randomized study. J Gastrointest Surg. 2019, 23:2049-53. 10.1007/s11605-018-3896-5

18. Donatsky AM, Bjerrum F, Gögenur I: Surgical techniques to minimize shoulder pain after laparoscopic
cholecystectomy. A systematic review. Surg Endosc. 2013, 27:2275-82. 10.1007/s00464-012-2759-5

2023 Venkatraman et al. Cureus 15(1): e34071. DOI 10.7759/cureus.34071 7 of 7

https://dx.doi.org/10.1016/j.amjsurg.2005.05.019
https://dx.doi.org/10.1016/j.amjsurg.2005.05.019
https://dx.doi.org/10.4103/ija.IJA_528_20
https://dx.doi.org/10.4103/ija.IJA_528_20
https://dx.doi.org/10.1007/s00464-008-0252-y
https://dx.doi.org/10.1007/s00464-008-0252-y
https://dx.doi.org/10.1007/s00464-014-3522-x
https://dx.doi.org/10.1007/s00464-014-3522-x
https://dx.doi.org/10.1159/000198252
https://dx.doi.org/10.1159/000198252
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.023262
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.023262
https://dx.doi.org/10.18203/2349-2902.isj20173186
https://dx.doi.org/10.18203/2349-2902.isj20173186
https://dx.doi.org/10.2147/LRA.S290462
https://dx.doi.org/10.2147/LRA.S290462
https://dx.doi.org/10.1016/j.surg.2020.12.006
https://dx.doi.org/10.1016/j.surg.2020.12.006
https://dx.doi.org/10.4097/kjae.2013.65.3.276
https://dx.doi.org/10.4097/kjae.2013.65.3.276
https://doi.org/10.4097/kjae.2005.49.5.712 
https://dx.doi.org/10.1111/j.1479-828x.1991.tb01811.x
https://dx.doi.org/10.1111/j.1479-828x.1991.tb01811.x
https://dx.doi.org/10.1038/s41598-017-10769-1
https://dx.doi.org/10.1038/s41598-017-10769-1
https://dx.doi.org/10.1002/14651858.CD006930.pub3
https://dx.doi.org/10.1002/14651858.CD006930.pub3
https://dx.doi.org/10.1016/j.amjsurg.2013.09.027
https://dx.doi.org/10.1016/j.amjsurg.2013.09.027
https://dx.doi.org/10.1007/s00464-015-4454-9
https://dx.doi.org/10.1007/s00464-015-4454-9
https://dx.doi.org/10.1007/s11605-018-3896-5
https://dx.doi.org/10.1007/s11605-018-3896-5
https://dx.doi.org/10.1007/s00464-012-2759-5
https://dx.doi.org/10.1007/s00464-012-2759-5

	Comparison of Different Carbon Dioxide Insufflation Rates on Hemodynamic Changes in Laparoscopic Surgeries: A Randomized Controlled Trial
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	FIGURE 1: The Consolidated Standards of Reporting Trials (CONSORT) flow chart
	TABLE 1: Demographic characteristics
	TABLE 2: Changes in the mean arterial pressure (MAP)
	TABLE 3: Changes in the heart rate
	TABLE 4: Postoperative shoulder pain: VAS scores
	TABLE 5: Surgical site pain: VAS score

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures

	References


