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Abstract: Background: This study aimed to evaluate whether a low- or high-pressure alveolar
recruitment maneuver (ARM) might reduce postoperative pain and improve the quality of recovery
after laparoscopic bariatric surgery. Methods: 90 patients with a body mass index > 30 kg/m2

scheduled for laparoscopic sleeve gastrectomy were randomly assigned to control (n = 30), low ARM
(n = 30), or high ARM groups (n = 30). For the low and high ARM groups, ARM was repeated five
times to hold the peak airway pressure at 30 cmH2O and 60 cmH2O for 5 s, respectively, before
removal of the trocar. Conventional methods to reduce post-laparoscopic pain, such as intraperitoneal
saline irrigation, hemovac drainage, and gentle abdominal compression were performed in all
patients, regardless of the assigned group. Results: Shoulder and surgical site pain scores 24 h
postoperatively and rescue meperidine requirement were similar between the groups (p = 0.141,
0.101, and 0.82, respectively). The quality of recovery 40 (QoR40) score 24 h postoperatively was
similar between the groups (p = 0.755). Postoperative pulmonary complications were similar between
the groups (p = 0.124). Conclusion: Application of a low- or high-pressure ARM in addition to
conventional methods to remove remnant peritoneal CO2 gas did not reduce postoperative shoulder
or surgical site pain or improve the quality of recovery after laparoscopic sleeve gastrectomy.

Keywords: laparoscopic bariatric surgery; alveolar recruitment maneuver; postoperative pain

1. Introduction

Laparoscopic surgery has become the mainstream abdominal surgery owing to its
advantages of being less invasive and offering faster recovery for patients. However,
although the pain at the surgical site is less than that of laparotomy, a large number of
patients suffer from shoulder pain after surgery. The incidence of shoulder pain after
laparoscopic surgery is reported to be high, at 60–80%, and it is known that the intensity
is most severe on the first day after surgery [1–3]. In a previous study on gynecological
laparoscopy, 80% of patients complained of shoulder pain after surgery, and the use of
analgesics did not relieve the shoulder pain as effectively as pain at the surgical site [2].
Shoulder pain after laparoscopy is thought to be referred pain caused by the connection
of the phrenic nerve (C3-5) that innervates the pleural surface of the diaphragm and the
supraclavicular nerve (C3-4), which is responsible for the sensory input of the shoulder’s
acromion process [4,5]. Shoulder pain may occur due to diaphragmatic irritation by carbon
dioxide (CO2) insufflation or blood collection, extensive diaphragmatic stretching, or
surgical manipulation to touch the diaphragm during laparoscopic surgery [5].

The alveolar recruitment maneuver (ARM) activates alveolar mobilization by tem-
porarily applying high airway pressure as part of a lung-protection strategy. Studies have
shown that the application of ARMs at the end of surgery can promote the emission of
remnant CO2 in the peritoneal cavity, thus, reducing shoulder pain after laparoscopy [6,7].
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A randomized clinical trial of laparoscopic surgery reported that applying ARM at a maxi-
mal airway pressure of 40 cmH2O could significantly reduce postoperative shoulder and
upper abdominal pain at 12 and 24 h after surgery compared with the control group [6]. In
another study comparing the ARM effect in patients undergoing laparoscopic gynecologic
surgery using maximal airway pressure of 40 cmH2O and 60 cmH2O, both ARM methods
significantly reduced shoulder pain compared with the control group [7]. In addition, a
meta-analysis involving 571 patients reported that ARMs were effective in both reducing
shoulder and upper abdominal pain after laparoscopic procedures [5].

In laparoscopic bariatric surgery, shoulder pain after surgery is reported to be close
to 70% [8]. However, few studies have been conducted to determine whether ARMs
relieve postoperative pain in laparoscopic bariatric surgery. Performing ARM at the end
of laparoscopy could reduce postoperative pain and improve the quality of recovery
after anesthesia in patients with obesity. This study aimed to evaluate the effect of ARM
using 30 cmH2O and 60 cmH2O of peak airway pressure on postoperative shoulder and
abdominal pain and the quality of recovery score after anesthesia in patients undergoing
laparoscopic bariatric surgery.

2. Materials and Methods

Permission from the Institutional Review Board of Gachon University Gil Hospital
was obtained prior to proceeding with this study (GDIRB2019-360) which was registered
at clinicaltrial.gov (NCT04259918) prior to patient recruitment. Written informed consent
was obtained from all participants. This study included 90 patients scheduled for elective
laparoscopic sleeve gastrectomy and aged 20–65 years, with an American Society of Anes-
thesiologists physical status of 2 and a body mass index (BMI) over 30 kg/m2. Patients
with a history of uncontrolled respiratory and/or cardiovascular morbidity, restrictive
pulmonary disease, uncontrolled metabolic disorders, cerebrovascular disease, cognitive
impairment, chronic pain, or those taking painkillers and/or steroids were excluded. Pa-
tients undergoing combined laparoscopic sleeve gastrectomy and hiatal hernia repairs were
excluded. Patients were randomly assigned to a control group (n = 30), a low ARM group
(n = 30), or a high ARM group (n = 30) using a randomized list generated by Excel 2017
(Microsoft Office, Redmond, WA, USA) without stratification. Patients, care providers,
and the postoperative outcome assessor were unaware of the group assignment except
anesthesiologists conducting the study.

No sedatives or analgesics were administered as premedication. Standard anesthetic
monitoring, including a non-invasive blood pressure monitor, electrocardiogram (ECG),
pulse oximeter, and bispectral index (BIS) were employed in the operating room. For
anesthetic induction, lidocaine, propofol, remifentanil, and rocuronium were adminis-
tered, and for maintenance of anesthesia, sevoflurane and remifentanil were used while
targeting a BIS of 40–60. The mechanical ventilator setting was s volume-controlled mode
with an inspired oxygen fraction (FiO2) of 0.6, a tidal volume of 8 mL/kg of ideal body
weight [0.919 × (height in cm − 152.4) + 50 for men, or 45.5 for women], an inspiratory
to expiratory (I/E) ratio of 1:2, a positive end-expiratory pressure (PEEP) of 5 cmH2O,
and a respiratory rate adjusted to a target end-tidal carbon dioxide tension (ETCO2) of
40 ± 5 mmHg. Carbon dioxide insufflation for pneumoperitoneum at 16–18 mmHg and a
60◦ reverse-Trendelenburg position was adopted.

All patients underwent an intraperitoneal saline irrigation before trocar removal, and
a hemovac drainage tube was placed through the trocar site. At the end of the surgery,
the abdomen was gently compressed to remove CO2 gas. In the control group, initial
ventilator settings were maintained. With the trocar open before removal of the trocar,
ARM was repeated five times for the low and high ARM groups, maintaining the peak
airway pressure at 30 cmH2O and 60 cmH2O for 5 s, respectively. When the systolic
blood pressure dropped below 90 mm Hg or mean arterial pressure below 80% of the
baseline value, phenylephrine 100 µg i.v. or ephedrine 5 mg i.v. was administered as
appropriate. Patient-controlled analgesia (PCA) was provided for 48 h with fentanyl
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0.15 µg × [ideal body weight + (0.4 × excess weight)]/cc in normal saline 100 mL, (basal in-
fusion rate, 2 mL/h, 0.5 mL intermittent bolus with a 15 min lock-out interval). Ramosetron
0.3 mg was administered intravenously before the end of surgery to prevent postoperative
nausea and vomiting.

Mean arterial pressure, heart rate, oxygen saturation, and vasopressor use were
recorded pre-induction immediately before ARM, and 1, 3, and 5 min after ARM during la-
paroscopy. In the postanesthetic care unit (PACU), overall postoperative pain was assessed
using an 11-point numerical rating scale (NRS) (0 = no pain, 10 = the worst imaginable
pain) at 30 min after arrival. Because it was difficult for patients to express the pain area in
detail immediately after anesthesia emergence, the severity of overall pain was investigated
without dividing it into shoulder and abdominal pain (surgical site pain). The severity of
nausea, frequency of vomiting, rescue antiemetics, and requirement for rescue fentanyl
were assessed. A rescue fentanyl 50 µg intravenous bolus was administered when the NRS
pain score was greater than five points or as needed by the patient.

At 24 h after surgery, the pain score (NRS) of postoperative shoulder pain and ab-
dominal pain, total infused PCA volume for 24 h, and rescue analgesic requirement were
evaluated. The quality of recovery (QoR) score was assessed using the 40-item multidi-
mensional questionnaire [9] by one of the investigators. This questionnaire pertains to five
dimensions of the recovery profile, as follows: physical comfort (12 questions), emotional
state (9 questions), psychological support (7 questions), physical independence (5 ques-
tions), and pain (7 questions) [9]. Each question is equivalent to five points, and the global
score ranges from 40 to 200 [9].

The low and high ARM groups might have similar effectiveness in reducing post-
laparoscopic shoulder pain compared to the control group, based on a previous study [7].
The sample size was calculated based on earlier data, which reported that the standard
deviation of the post-laparoscopic shoulder pain score was 1.3 at 24 h after the surgery [6,7].
To detect a one-point difference between the groups, 30 patients per group would be
required when an alpha error of 0.05 and a 1-beta of 80% were set with 10% of possible
drop-out rate.

In this study, SPSS software ver. 22.0 (SPSS Inc., Chicago, IL, USA) was used for the
statistical analysis. The results are presented as mean [95% confidence interval], median
[interquartile range], or number of patients. The Kolmogorov–Smirnov test was used
to assess the normality of the continuous variable distribution. One-way ANOVA or a
Kruskal–Wallis test with Bonferroni correction was used according to the normality test.
Categorical variables were analyzed using the chi-squared test. A p-value < 0.05 was
considered statistically significant except for in pairwise comparisons between the two
groups. For Bonferroni-corrected significance level for multiple pairwise comparisons, a
p-value < 0.05/3, was considered statistically significant.

3. Results
3.1. Participants

Among the 90 enrolled patients, one in the high ARM group was excluded from the
analysis because of patient refusal (Figure 1). The patient characteristics and perioperative
data are presented in Table 1. Perioperative data, including pneumoperitoneum time, were
similar between groups.
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Anesthesia time (min) 143 [125–161] 153 [128–178] 140 [124–156] 0.615 
Operation time (min) 115 [97–132] 122 [99–146] 109 [94–125] 0.617 
Pneumoperitoneum time (min) 89 [73–105] 97 [74–121] 89 [68–93] 0.432 
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Low ARM 97 [91–102] 91 [84–98] 90 [83–96] 88 [83–94] 89 [83–95] 
High ARM 100 [93–107] 88 [82–94] 87 [80–94] 87 [81–93] 87 [81–92] 

Heart rate 
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Control 80 [76–85] 84 [79–89] 82 [77–87] 82 [77–87] 83 [78–88] 
Low ARM 77 [73–81] 83 [78–88] 81 [75–86] 79 [75–84] 80 [75–85] 
High ARM 82 [78–87] 78 [74–83] 81 [76–85] 80 [76–85] 81 [77–85] 
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Control 99 [99–100] 99 [98–99] 99 [99–99] 99 [98–99] 99 [98–99] 
Low ARM 99 [99–100] 99 [99–100] 100 [99–100] 100 [99–100] 100 [99–100] 

Figure 1. Flow diagram of patient allocation.

Table 1. Patient characteristics and perioperative data.

Control
(n = 30)

Low ARM
(n = 30)

High ARM
(n = 29) p Value

Age (years) 36 [33–39] 35 [32–39] 33 [30–36] 0.530
Gender (M/F) 3/27 5/25 4/25 0.750
Body mass index (kg/m2) 38 [36–41] 38 [36–40] 37 [36–39] 0.826
Diabetes mellitus (n) 12 8 10 0.547
Hypertension (n) 16 8 13 0.101
Anesthesia time (min) 143 [125–161] 153 [128–178] 140 [124–156] 0.615
Operation time (min) 115 [97–132] 122 [99–146] 109 [94–125] 0.617
Pneumoperitoneum time (min) 89 [73–105] 97 [74–121] 89 [68–93] 0.432

Values are presented as mean [95% confidence interval] or the number of patients. Control, not applying alveolar
recruitment maneuver (ARM); low and high ARM, applying peak airway pressure 30 cmH2O and 60 cmH2O of
ARM, respectively.

3.2. Intraoperative Hemodynamic Changes

The intraoperative hemodynamic changes and vasopressor requirements are shown
in Table 2. There were no intergroup differences in mean arterial pressure, heart rate, SpO2,
or the frequency of vasopressor use during surgery.
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Table 2. Intraoperative hemodynamic changes and vasopressor requirements.

Variables Group Baseline Before
ARM

ARM
1 min ARM 3 min ARM 5 min

Mean BP
(mmHg)

Control 101 [94–107] 85 [81–89] 87 [84–91] 86 [83–90] 87 [82–91]
Low ARM 97 [91–102] 91 [84–98] 90 [83–96] 88 [83–94] 89 [83–95]
High ARM 100 [93–107] 88 [82–94] 87 [80–94] 87 [81–93] 87 [81–92]

Heart rate
(beats/min)

Control 80 [76–85] 84 [79–89] 82 [77–87] 82 [77–87] 83 [78–88]
Low ARM 77 [73–81] 83 [78–88] 81 [75–86] 79 [75–84] 80 [75–85]
High ARM 82 [78–87] 78 [74–83] 81 [76–85] 80 [76–85] 81 [77–85]

SpO2
(%)

Control 99 [99–100] 99 [98–99] 99 [99–99] 99 [98–99] 99 [98–99]
Low ARM 99 [99–100] 99 [99–100] 100 [99–100] 100 [99–100] 100 [99–100]
High ARM 99 [98–99] 99 [98–99] 99 [99–100] 99 [99–100] 99 [99–100]

Vasopressor
use (n)

Control 1 1 0 0 0
Low ARM 1 1 0 0 0
High ARM 1 0 0 0 0

Values are presented as mean [95% confidence interval]. Control, not applying alveolar recruitment maneuver
(ARM); low and high ARM, applying peak airway pressure 30 cmH2O and 60 cmH2O of ARM, respectively;
Baseline, before anesthetic induction; Before ARM, ARM 1 min, ARM 3 min, ARM 5 min, immediately before
alveolar recruitment maneuver (ARM), 1, 3, and 5 min after ARM at the end of the pneumoperitoneum; mean BP,
mean blood pressure.

3.3. PACU Data

The data in the PACU are presented in Table 3. The overall pain score and rescue
fentanyl requirement were similar between the groups (p = 318 and 0.993, respectively).
The severity of postoperative nausea and the frequency of vomiting and rescue antiemetic
use were similar between the groups (p = 0.245, 0.835, and 0.469, respectively).

Table 3. Data in the postanesthetic care unit.

Control
(n = 30)

Low ARM
(n = 30)

High ARM
(n = 29) p Value

Pain score (NRS) 5 [4–6] 5 [4–7] 6 [3–7] 0.318
Rescue fentanyl (µg) 50 [0–100] 50 [0–100] 50 [0–88] 0.993
Nausea (n) 16 11 9 0.191
Nausea (NRS) 3 [0–5] 1 [0–5] 1 [0–4] 0.245
Vomiting (n) 2 2 3 0.833
Rescue antiemetics use (n) 8 6 4 0.469

Values are presented as median [interquartile range], or number of patients. Control, not applying alveolar
recruitment maneuver (ARM); low and high ARM, applying peak airway pressure 30 cmH2O and 60 cmH2O of
ARM, respectively; NRS, 11-points numerical rating scale (0 = no pain, 10 = the worst imaginable pain).

3.4. Postoperative Pain and QoR40 Scores

Postoperative pain and QoR scores during the postoperative 24 h are demonstrated in
Table 4. There were no intergroup differences in post-laparoscopic shoulder and abdominal
pain (p = 0.141 and 0.101, respectively). The number of patients with shoulder pain that was
more severe than abdominal pain was not statistically significant (p = 0.196). The rescue
meperidine requirement and total infused PCA volume for 24 h were also similar between
the groups (p = 0.820 and 0.591, respectively). The total score and each dimension score of
QoR at 24 h postoperatively were similar between the groups. Postoperative pulmonary
complications, including atelectasis and pulmonary edema, were observed in 4 patients in
the control group, 2 patients in the low ARM group, and 0 in the high ARM group, without
statistically significant difference (p = 0.124). There were no patients whose symptoms
were severe enough to delay discharge or require additional treatment, and the length of
hospital stay did not differ between the groups (p = 0.339).
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Table 4. Postoperative data and the quality of recovery (QoR) score at postoperative 24 h.

Control
(n = 30)

Low ARM
(n = 30)

High ARM
(n = 29) p Value

Shoulder pain (NRS) 3 [1–3] 2 [0–3] 2 [0–2] 0.141
Abdominal pain (NRS) 3 [2–5] 3 [3–5] 3 [2–3] 0.101
Shoulder pain > abdominal pain (n) 8 3 4 0.196
Rescue meperidine (mg) 50 [25–50] 50 [25–50] 50 [25–50] 0.820
Infused PCA (mL) 55 [40–75] 64 [51–76] 60 [42–80] 0.591

Total QoR score 149 [138–160] 152 [143–160] 155 [142–167] 0.755
Physical comfort 46 [43–49] 46 [43–48] 46 [43–50] 0.935
Emotional state 36 [34–39] 36 [34–38] 37 [34–39] 0.904
Psychological support 27 [25–30] 28 [26–30] 28 [26–31] 0.818
Physical independence 14 [12–16] 14 [12–16] 16 [14–18] 0.374
Pain 27 [25–29] 28 [27–30] 28 [25–30] 0.589

Postoperative complications (n) 4 1 0 0.124
Hospital stay (day) 5 [5–6] 5 [5–7] 5 [5–7] 0.339

Values are presented as mean [95% confidence interval], median [interquartile range (IQR)], or number of patients.
Control, not applying alveolar recruitment maneuver (ARM); low and high ARM, applying peak airway pressure
30 cmH2O and 60 cmH2O of ARM, respectively; NRS, 11-points numerical rating scale (0 = no pain, 10 = the worst
imaginable pain); PCA, patient-controlled analgesia; QoR, quality of recovery questionnaire.

4. Discussion

In this prospective study, additional application of ARM with a peak airway pressure
of 30 cmH2O or 60 cmH2O at the end of laparoscopy was found to neither reduce postoper-
ative shoulder nor abdominal pain, and did not improve QoR after anesthesia, in patients
undergoing laparoscopic bariatric surgery.

A previous study comparing ARM with multiple levels of peak inspiratory pressure
with no ARM demonstrated that all levels of ARM had a beneficial effect in improving post-
laparoscopic shoulder pain [7]. In addition, in a recent meta-analysis involving 571 patients,
wherein ARM was applied in 291 (51%) patients and conventional treatments, such as
passive evacuation of CO2 gas were employed in 280 (49%) patients, ARM application
significantly decreased shoulder pain for postoperative patients at 48 h [10]. Another
meta-analysis reported that ARM could reduce the severity of shoulder pain and decrease
the requirement of analgesics after laparoscopy for 24 h postoperatively [11].

Contrary to the aforementioned studies in patients without obesity, the current study
on patients with obesity did not demonstrate any beneficial effects of ARM in decreasing
postoperative shoulder or abdominal pain or improving QoR, even when low or high peak
airway pressure was applied. In a risk analysis of shoulder pain after laparoscopic infer-
tility surgery, postoperative shoulder pain showed a negative correlation with BMI (odds
ratio = 0.815; 95% confidence interval 0.767–0.866), and the pain score was significantly
higher in BMI of 30 kg/m2 or less than in BMI > 30 kg/m2 [4]. Patients without obesity
were observed to have enough space in the upper abdomen to store CO2 gas, so that the
anatomy of the liver and diaphragm could be clearly seen, whereas patients with obesity
had less space for storing gas because the anatomy in the same location was covered by the
omentum [4]. As such, since postoperative pain related to CO2 pneumoperitoneum occurs
less in patients with obesity, it can be assumed that the pain-reducing effect of ARM was
also attenuated in this study.

Several strategies have been suggested to reduce the need for post-laparoscopic
surgery. Intraperitoneal saline irrigation during laparoscopic cholecystectomy reduced the
concentration of CO2 remaining in the abdominal cavity, which may decrease postoperative
pain on the day of surgery; however, the use of rescue analgesics did not decrease [12]. Ac-
etazolamide, a carbonic anhydrase inhibitor, can also effectively reduce post-laparoscopic
referred pain by promoting the diffusion of intraperitoneal CO2 into the blood stream [13].
From these results, it can be concluded that CO2 remaining in the abdominal cavity causes
pain after laparoscopic surgery. Another study showed that intraperitoneal saline irri-
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gation was superior to preoperative oral acetazolamide administration in reducing post-
laparoscopic pain and rescue fentanyl use [14]. Hemovac drainage through the trocar
site may improve shoulder pain after laparoscopic gynecologic surgery when compared
with postoperative deep breathing or controls [15], and intraperitoneal drainage has been
shown to reduce the incidence and severity of shoulder pain during the early postoperative
period [11]. Gentle abdominal compression during trocar opening is an easy and safe
procedure for expelling residual intraperitoneal CO2 [16]. Rettenmaier et al. reported that
the postoperative pain score declined steadily at 12, 24, and 48 h postoperatively in patients
who underwent abdominal compression at the end of the laparoscopic procedure [16].

In this study, conventional methods to reduce post-laparoscopic pain, such as intraperi-
toneal saline irrigation, hemovac drainage through the trocar site, and gentle abdominal
compression during trocar opening, were performed in all patients, regardless of the as-
signed group. It can be considered that these procedures not only reduced the postoperative
pain score of the control group, but also reduced the pain score differences between the
control and the ARM groups. The reason for reducing postoperative pain with ARM may
be to evacuate as much CO2 gas as possible, and how this is achieved does not seem to
matter. There are studies showing that ARM reduces postoperative pain in laparoscopic
surgery for non-obese patients [3,6,7]. However, because it is not known whether ARM
alone without other conventional methods would be effective in obese patients, additional
research may be needed.

The QoR questionnaire, a widely used self-report questionnaire, was used to evaluate
the quality of postoperative recovery, and includes emotional and psychological status as
well as the most uncomfortable postoperative situations, such as pain, nausea, vomiting,
and possible breathing problems [9]. In this study, differences between the groups could not
be determined using this questionnaire. In addition, there were no clinically or statistically
significant differences in postoperative pulmonary complications. This result is consistent
with that of a previous study that reported that the application of ARM did not improve
functional residual capacity and arterial oxygenation after laparoscopic gastric bypass in
patients with morbid obesity [17]. Meanwhile, the median NRS of nausea was three times
higher in the control group than in the high ARM group, although the difference was not
statistically significant. The lack of statistical significance may be due to the insufficient
number of patients, so a large-scale studies of the relationship between nausea and ARM
might be needed.

5. Conclusions

In conclusion, the application of a low- or high-pressure ARM in addition to con-
ventional methods to remove remnant peritoneal CO2 gas did not reduce postoperative
shoulder or surgical site pain or improve the quality of recovery after laparoscopic sleeve
gastrectomy in patients with obesity. Thus, ARM application may have no additional
benefit after laparoscopic bariatric surgery if safe and effective methods to remove remnant
CO2 from the abdominal cavity are included.

Author Contributions: Conceptualization, Y.-Y.J. and H.-J.K.; methodology, Y.-Y.J. and H.-J.K.; formal
analysis, Y.-Y.J.; investigation, Y.-Y.J.; data curation, Y.-Y.J.; writing—original draft preparation, Y.-Y.J.
and H.-J.K.; writing—review and editing, Y.-Y.J., S.-M.K., D.L., Y.-B.K., J.C. and H.-J.K.; supervision,
H.-J.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Gachon University Gil Hospital
(GDIRB2019-360).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article.

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



J. Pers. Med. 2022, 12, 1550 8 of 8

References
1. Li, X.; Li, K. Time characteristics of shoulder pain after laparoscopic surgery. JSLS 2021, 25, e2021.00027. [CrossRef] [PubMed]
2. Lee, D.H.; Song, T.; Kim, K.H.; Lee, K.W. Incidence, natural course, and characteristics of postlaparoscopic shoulder pain. Surg.

Endosc. 2018, 32, 160–165. [CrossRef] [PubMed]
3. Pasquier, E.K.; Andersson, E. Pulmonary recruitment maneuver reduces shoulder pain and nausea after laparoscopic cholecystec-

tomy: A randomized controlled trial. World J. Surg. 2021, 45, 3575–3583. [CrossRef] [PubMed]
4. Li, X.Y.; Tian, M.; Li, A.Z.; Han, C.L.; Li, K.Z. The risk of shoulder pain after laparoscopic surgery for infertility is higher in thin

patients. Sci. Rep. 2021, 11, 13421. [CrossRef] [PubMed]
5. Choi, J.B.; Kang, K.; Song, M.K.; Seok, S.; Kim, Y.H.; Kim, J.E. Pain characteristics after total laparoscopic hysterectomy. Int. J. Med.

Sci. 2016, 13, 562–568. [CrossRef] [PubMed]
6. Sharami, S.H.; Sharami, M.B.; Abdollahzadeh, M.; Keyvan, A. Randomised clinical trial of the influence of pulmonary recruitment

manoeuvre on reducing shoulder pain after laparoscopy. J. Obstet. Gynaecol. 2010, 30, 505–510. [CrossRef] [PubMed]
7. Ryu, K.; Choi, W.; Shim, J.; Song, T. The impact of a pulmonary recruitment maneuver to reduce post-laparoscopic shoulder pain:

A randomized controlled trial. Eur. J. Obstet. Gynecol. Reprod. Biol. 2017, 208, 55–60. [CrossRef] [PubMed]
8. Dixon, J.B.; Reuben, Y.; Halket, C.; O’Brien, P.E. Shoulder pain is a common problem following laparoscopic adjustable gastric

band surgery. Obes. Surg. 2005, 15, 1111–1117. [CrossRef] [PubMed]
9. Lee, J.H.; Kim, D.; Seo, D.; Son, J.S.; Kim, D.C. Validity and reliability of the Korean version of the Quality of Recovery-40

questionnaire. Korean J. Anesthesiol. 2018, 71, 467–475. [CrossRef] [PubMed]
10. Pergialiotis, V.; Vlachos, D.E.; Kontzoglou, K.; Perrea, D.; Vlachos, G.D. Pulmonary recruitment maneuver to reduce pain after

laparoscopy: A meta-analysis of randomized controlled trials. Surg. Endosc. 2015, 29, 2101–2108. [CrossRef] [PubMed]
11. Kaloo, P.; Armstrong, S.; Kaloo, C.; Jordan, V. Interventions to reduce shoulder pain following gynaecological laparoscopic

procedures. Cochrane Database Syst. Rev. 2019, 1, CD011101. [CrossRef]
12. Chung, J.W.; Kang, K.S.; Park, S.H.; Kim, C.S.; Chung, J.H.; Yoo, S.H.; Kim, N.S.; Seo, Y.H.; Jung, H.S.; Chun, H.R.; et al. Effect

of intraperitoneal CO2 concentration on postoperative pain after laparoscopic cholecystectomy. Ann. Surg. Treat. Res. 2017, 93,
181–185. [CrossRef] [PubMed]

13. Woehlck, H.J.; Otterson, M.; Yun, H.; Connolly, L.A.; Eastwood, D.; Colpaert, K. Acetazolamide reduces referred postoperative
pain after laparoscopic surgery with carbon dioxide insufflation. Anesthesiology 2003, 99, 924–928. [CrossRef]

14. Bala, I.; Bhatia, N.; Mishra, P.; Verma, G.R.; Kaman, L. Comparison of preoperative oral acetazolamide and intraperitoneal normal
saline irrigation for reduction of postoperative pain after laparoscopic cholecystectomy. J. Laparoendosc. Adv. Surg. Tech. A 2015,
25, 285–290. [CrossRef] [PubMed]

15. Hosseinzadeh, F.; Nasiri, E.; Behroozi, T. Investigating the effects of drainage by hemovac drain on shoulder pain after female
laparoscopic surgery and comparison with deep breathing technique: A randomized clinical trial study. Surg. Endosc. 2020, 34,
5439–5446. [CrossRef] [PubMed]

16. Rettenmaier, M.A.; Micha, J.P.; Lopez, K.L.; Wilcox, A.M.; Goldstein, B.H. A prospective, observational trial assessing the efficacy
of abdominal compression in reducing laparoscopic-induced shoulder pain. Surg. Innov. 2017, 24, 552–556. [CrossRef] [PubMed]

17. Defresne, A.A.; Hans, G.A.; Goffin, P.J.; Bindelle, S.P.; Amabili, P.J.; DeRoover, A.M.; Poirrier, R.; Brichant, J.F.; Joris, J.L.
Recruitment of lung volume during surgery neither affects the postoperative spirometry nor the risk of hypoxaemia after
laparoscopic gastric bypass in morbidly obese patients: A randomized controlled study. Br. J. Anaesth. 2014, 113, 501–507.
[CrossRef] [PubMed]

http://doi.org/10.4293/JSLS.2021.00027
http://www.ncbi.nlm.nih.gov/pubmed/34248341
http://doi.org/10.1007/s00464-017-5651-5
http://www.ncbi.nlm.nih.gov/pubmed/28643053
http://doi.org/10.1007/s00268-021-06262-6
http://www.ncbi.nlm.nih.gov/pubmed/34482412
http://doi.org/10.1038/s41598-021-92762-3
http://www.ncbi.nlm.nih.gov/pubmed/34183708
http://doi.org/10.7150/ijms.15875
http://www.ncbi.nlm.nih.gov/pubmed/27499688
http://doi.org/10.3109/01443611003802313
http://www.ncbi.nlm.nih.gov/pubmed/20604657
http://doi.org/10.1016/j.ejogrb.2016.11.014
http://www.ncbi.nlm.nih.gov/pubmed/27889667
http://doi.org/10.1381/0960892055002149
http://www.ncbi.nlm.nih.gov/pubmed/16197781
http://doi.org/10.4097/kja.d.18.27188
http://www.ncbi.nlm.nih.gov/pubmed/29684992
http://doi.org/10.1007/s00464-014-3934-7
http://www.ncbi.nlm.nih.gov/pubmed/25361653
http://doi.org/10.1002/14651858.CD011101.pub2
http://doi.org/10.4174/astr.2017.93.4.181
http://www.ncbi.nlm.nih.gov/pubmed/29094027
http://doi.org/10.1097/00000542-200310000-00027
http://doi.org/10.1089/lap.2014.0507
http://www.ncbi.nlm.nih.gov/pubmed/25768238
http://doi.org/10.1007/s00464-019-07339-z
http://www.ncbi.nlm.nih.gov/pubmed/31932939
http://doi.org/10.1177/1553350617718080
http://www.ncbi.nlm.nih.gov/pubmed/28677420
http://doi.org/10.1093/bja/aeu101
http://www.ncbi.nlm.nih.gov/pubmed/24833726

	Introduction 
	Materials and Methods 
	Results 
	Participants 
	Intraoperative Hemodynamic Changes 
	PACU Data 
	Postoperative Pain and QoR40 Scores 

	Discussion 
	Conclusions 
	References

