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Introduction

Although the pain following laparoscopic surgery is usually 
milder and easier to resolve than that after a laparotomy [1,2], 
shoulder pain is a very common presentation that may cause 
even more discomfort than the pain at the incision site. The 
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Objective
To compare the efficacy of a pulmonary recruitment maneuver using lower airway pressure (30 cm H2O) and 
intraperitoneal bupivacaine, alone or in combination, for reducing shoulder pain after gynecologic laparoscopy.

Methods
A prospective controlled study was performed in a teaching hospital with patients who underwent elective 
gynecologic laparoscopic surgery. Two hundred eighty-seven patients were randomized into 1 of 4 groups: group 
A, placebo; group B, intraperitoneal instillation of bupivacaine; group C, CO2 removal by a pulmonary recruitment 
maneuver; group D, combination of intraperitoneal bupivacaine and pulmonary recruitment maneuver. The 
interventions were performed at the end of surgery. Shoulder pain was recorded on a visual analog scale (VAS) at 1, 6, 
12, and 24 hours postoperatively.

Results
The overall incidence of shoulder pain was 49.8% and the incidence tended to gradually decrease from group A to 
group D (59.0% in group A, 54.8% in group B, 44.4% in group C, and 41.5% in group D; P=0.026). In addition, the 
VAS scores gradually decreased from group A to D, although a statistically significant difference was only found at  
6 hours postoperatively (P=0.03). There were no complications related to the interventions.

Conclusion
The combination of a pulmonary recruitment maneuver with intraperitoneal bupivacaine significantly reduced 
shoulder pain after gynecologic laparoscopy.
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incidence of shoulder pain following laparoscopy ranges 
from 35% to 65% and the severity of pain varies [3-6]. The 
pain intensity peaks during the first few hours after surgery 
and usually declines over the ensuing 2–3 days [7,8].

Even though it remains unclear why a considerable number 
of patients experience shoulder pain after laparoscopy, peri-
toneal stretching and diaphragmatic irritation caused by CO2 
gas seem to play a significant role in its mechanism [9-12]. 
Thus, several trials have assessed the use of intraperitoneal 
local anesthetics with controversial results [13-20].

In 2008, Phelps et al. [21] reported that a pulmonary re-
cruitment maneuver that removed residual abdominal CO2 
after laparoscopy reduced shoulder pain by more than half. 
The maneuver they used consisted of 5 manual pulmonary 
inflations with a peak pressure of 60 cm H2O. Although there 
were no adverse pulmonary effects, the risk of pneumotho-
rax associated with high airway pressure remains question-
able. 

The purpose of this randomized controlled trial was to 
compare the effectiveness of pulmonary recruitment maneu-
ver with relatively lower airway pressure (30 cm H2O) and 
subdiaphragmatic instillation of bupivacaine, either alone or 
in combination, for minimizing shoulder pain after gyneco-
logic laparoscopy. 

Materials and methods

The information regarding clinical trial registration was post-
ed on ClinicalTrials.gov (url: http://www.clinicaltrials.gov, reg-
istration identifier: NCT01039441). Patients presenting to our 
institution for elective gynecologic laparoscopic surgery were 
asked to participate and informed consent was obtained. 
Patients with scheduled laparoscopic surgery for benign ad-
nexal disease were eligible for the study. The age of enrolled 
patients was between 15 and 65 years. The exclusion criteria 
were as follows: 1) conversion to a laparotomy, 2) an opera-
tive time of more than 3 hours, and 3) serious adverse effects 
which made it impossible to score pain. 

Patients were randomly assigned at a 1:1:1:1 ratio to the 
A, B, C, or D groups, according to a computer-generated 
random number-selected list that had been set prior to the 
initiation of the trial. The surgeons and patients were blinded 
to the group allocation. The group allocation was known 
only to the anesthesiologist and scrub nurse for the specific 

case until the end of the entire surgical procedure.
A standardized, general anesthetic regimen was applied 

to every patient. The induction of anesthesia was performed 
with Fresofol (2 mg/kg) and fentanyl (1.5 µg/kg). Rocuronium 
was used as a muscle relaxant to facilitate endotracheal in-
tubation. Along with mechanical ventilation, the anesthesia 
was sustained with a continuous infusion of Fresofol and 
fentanyl. 

With an infraumbilical Veress needle, the distension medi-
um (CO2) was introduced into the abdominal cavity. A 5-mm 
trocar was inserted at the infraumbilical area when abdomi-
nal pressure reached >10 mmHg. A 0-degree laparoscope 
was introduced through the trocar. Two additional 5-mm 
and one 10-mm trocars were inserted under direct visualiza-
tion in the left/right iliac fossa and suprasymphyseal midline, 
respectively. The intra-abdominal pressure was monitored 
throughout the procedure and was maintained at a maxi-
mum pressure of 15 mmHg.

The patient was placed in the Trendelenburg position  
(30 degrees) after completion of the surgery. According to 
the group allocation, one of four procedures was performed. 
50 mL of normal saline was instilled under the diaphragm for 
the patients in group A (control). The patients in group B had 
a mixed solution (0.5% bupivacaine 20 mL + normal saline 
30 mL) instilled under the diaphragm. In group C, after ap-
plying 50 mL of normal saline using the same method, CO2 
was removed by performing a pulmonary recruitment ma-
neuver. The procedure consists of 5 manual lung inflations in 
which the peak pressure was less than 30 cm H2O. The fifth 
positive pressure inflation lasted for approximately 5 seconds. 
While the anesthesiologist was performing the pulmonary 
recruitment maneuver, the surgeon was instructed to open 
the trocar valve fully to remove intraperitoneal CO2 gas. Sub-
diaphragmatic instillation of the mixed solution (0.5% bupi-
vacaine 20 mL + normal saline 30 mL) in combination with 
the pulmonary recruitment maneuver was applied to patients 
in group D. During the procedure, saline or bupivacaine was 
sprayed subdiaphragmatically via a laparoscopic approach.

Postoperative analgesia was provided with intravenous ke-
tolac/demerol when a patient complained of postoperative 
pain greater than 4 on a numeric pain rating scale. Postop-
erative patient-controlled analgesia (PCA) was not applied 
and routine non-steroidal anti-inflammatory drugs (NSAIDs) 
were administered when the patient restarted oral feeding.

Questionnaires asking about shoulder pain were distrib-
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uted to patients after each surgery. Patients completed the 
questionnaires by describing the frequency and severity of 
pain during the first 24 hours after the surgery using a visual 
analog scale (VAS). The patients themselves marked a point 
along the visual scale ranging from 0 (no pain) to 10 (extreme 
pain) that best described their pain at 1, 6, 12, and 24 hours 
postoperatively. In addition, the investigators recorded 5 
parameters on the case report forms: operation time, blood 
loss, duration of hospitalization, use of analgesics, and inci-
dence of postoperative events.

With the pain score as the primary endpoint, the sample 
size calculation was based on the assumption that the pain 
score (VAS) would be different between groups at any post-
operative timepoint (1, 6, 12, and 24 hour) and the differ-
ence in pain score would be lower by 0.5 in groups B and C 
and lower by 1.0 in group D than in group A (control) with 
SDs (1.30, 0.75, 0.74, and 1.20, respectively, in a previous 
study). Therefore, 59 patients per group were allocated to 
the 4 groups at a significance level of 0.05 and 90% power 
to detect any difference.

In this study, a per-protocol analysis was adopted, because 
dropouts were expected due to the possibility of conver-
sion to laparotomy for various surgical reasons. The Kruskal-
Wallis test for continuous variables and χ2 test for categorical 

variables were used to analyze differences between patient 
groups. A P-value of less than 0.05 was regarded as statisti-
cally significant. The analysis in this trial was performed using 
SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA).

Results

Between December 2008 and July 2009, 291 patients agreed 
to participate in the clinical trial. Of those who were excluded 
from the final analysis, 4 patients were not randomized due 
to lost randomization identification, 10 patients were con-
verted to laparotomy, 7 patients had severe endometriosis,  
4 patients had an operative time of more than 3 hours, and 
15 patients did not submit responses to the questionnaire 
(Fig. 1). Therefore, 251 randomly assigned patients with 
analyzable data (61 in group A, 62 in group B, 63 in group 
C, and 65 in group D) were obtained. The patients’ charac-
teristics were similar with respect to age, body mass index 
(BMI), type of surgery, operative time, blood loss, and length 
of hospital stay (Table 1).

Overall, 49.8% (125 of 251) of patients reported postop-
erative shoulder pain during the first 24 hours. The incidence 
of shoulder pain tended to gradually decrease from group A 

Fig. 1. Flowchart of randomization and group allocation.
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to group D (59.0% in group A, 54.8% in group B, 44.4% in 
group C, and 41.5% in group D; P=0.026; Table 1).

The postoperative pain scores are shown in Table 2 and  
Fig. 2. The highest VAS score was 6 hours after surgery and 
the scores tended to decrease in the following hours among 
all groups. The VAS scores tended to be gradually decrease 
from group A to D at any postoperative time interval. How-
ever, only at 6 hours postoperatively was there a statistically 
significant difference (P=0.03). Patients in group D reported 
significantly less shoulder pain than group A at 1 hour 
(1.02±1.59 vs. 1.74±1.97, P=0.021), 6 hours (1.18±1.74 
vs. 2.23±2.30, P=0.005), and 12 hours (0.88±1.45 vs. 
1.61±1.99, P=0.032) postoperatively.

The 4 groups were similar in terms of the incidence of nau-
sea and vomiting after surgery. No complications related to 
the interventions were noted. Cardiovascular or pulmonary 

complications were not found as a result of the maneuver.

Discussion

This study was performed to assess the efficacy of a pulmo-
nary recruitment maneuver and intraperitoneal instillation of 
bupivacaine to reduce shoulder pain after gynecologic lapa-
roscopy. Compared with the control group, the VAS scores 
for shoulder pain tended to gradually decrease from groups 
B to D at any of the postoperative time intervals. Of interest, 
the combination therapy group (group D) showed the most 
significant decrease in shoulder pain at 1, 6, and 12 hours 
postoperatively. 

For the binomial analysis, we combined the groups accord-
ing to the intervention; pulmonary recruitment maneuver 

Table 1. Patient characteristics (n=251)

Characteristic
Group A 
(n=61)

Group B
(n=62)

Group C
(n=63)

Group D
(n=65)

P-valuea)

Age (yr) 41.2±12.4 37.8±12.0 38.5±12.4 38.7±10.6 0.42

Body mass index (kg/m2) 22.4±2.7 23.1±3.4 22.9±2.8 23.4±3.6 0.69

Type of surgery 0.96

Ovarian cystectomy 30 35 31 32

Salpingo-oophorectomy 26 23 26 29

Others 5 4 6 4

Diagnosis 0.99

Mature cystic teratoma 18 20 20 17

Endometriosis 20 18 23 23

Benign cystadenoma 15 16 15 17

Others 8 8 5 8

Previous abdominal surgery 23 (37.7%) 20 (32.3%) 22 (34.9%) 24 (36.9%) 0.92

Adhesion 0.79

Present 22 23 20 19

Absent 39 39 43 45

Operative time (min) 68.6±28.8 68.9±29.7 66.8±25.5 61.5±23.6 0.37

Mean blood loss (mL) 69.3±54.1 68.9±44.8 62.9±42.9 68.6±41.6 0.84

Hospital stay (hr) 49.3±12.2 47.6±13.5 46.3±13.2 50.3±14.2 0.31

Shoulder pain 0.026b)

Present 36 34 28 27

Absent 25 28 35 38

Group A, placebo; group B, intraoperative intraperitoneal bupivacaine administration alone; group C, pulmonary recruitment maneuver; and 
group D, intraoperative intraperitoneal bupivacaine administration combined with pulmonary recruitment maneuver.
a)Kruskall-Wallis test or χ2 test; b)Linear-by-Linear Association.
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(groups A and B vs. groups C and D), and intraperitoneal bu-
pivacaine (groups A and C vs. groups B and D). The postop-
erative pain scores were significantly lower in the pulmonary 
recruitment maneuver group (groups C and D) compared 
with those in the control group (groups A and B) at 1 hours 
(1.04±1.62 vs. 1.50±1.72, P=0.03), 6 hours (1.34±1.89 
vs. 2.03±2.22, P=0.007), and 12 hours (1.01±1.58 vs. 
1.52±1.95, P=0.03) after surgery. However, there was no 
statistically significant difference between the intraperito-
neal bupivacaine group (groups A and C) and control group 
(groups B and D) (data not shown).

One of the major limitations of the study is that we cannot 
explain the precise pathophysiology of postoperative shoul-
der pain. It is widely accepted that phrenic nerve stimulation 
causes referred pain of C4, which projects to the shoulder 
[9,11,22]. The irritation of the phrenic nerve might be caused 
by two main etiologies consisting of distension of the dia-
phragm [10,11] and residual intra-abdominal CO2 gas that 
could induce intra-abdominal acidosis [9,23,24]. Therefore, 
diverse maneuvers have been suggested to minimize the 
shoulder pain caused by CO2-related irritation of the phrenic 
nerve [25-30]. For example, for the relief of phrenic nerve 
damage, the use of sub-diaphragmatically administered local 
anesthetics have been studied, providing conflicting results 
[13-19]. Furthermore, several studies have suggested that 
evacuation of intraperitoneal CO2 gas at the end of surgery 
[22,31], either by draining or aspirating remaining gas, sig-
nificantly reduced the severity of shoulder pain and use of 

postoperative analgesics [3,23,25].
The suboptimal effect of bupivacaine in our study might be 

due to the timing of the administration of the local anesthet-
ic. One study claimed that the timing of the administration 
of local anesthetic agent is crucial to reducing postoperative 
pain [32]. In their study, those who received intraperitoneal 
bupivacaine immediately after establishment of pneumoperi-
toneum reported significantly lower pain scores than those 
who received it at the end of surgery. Another explanation 

Table 2. Intensity of shoulder pain recorded on a visual analog scale (VAS) at each postoperative time interval (n=251)

Time interval
VAS score (95% CI)

P-valuea)

Group A (n=61) Group B (n=62) Group C (n=63) Group D (n=65)

1 hour Mean±SD 1.74±1.97 1.26±1.79 1.08±1.67 1.02±1.59 0.08

Median (IQR) 1 (0–3) 0 (0–2.75) 0 (0–2) 0 (0–2)

6 hours Mean±SD 2.23±2.30 1.84±2.14 1.51±2.03 1.18±1.74 0.03

Median (IQR) 2 (0–4) 1 (0–3.75) 0 (0–3) 0 (0–3)

12 hours Mean±SD 1.61±1.99 1.44±1.92 1.14±1.70 0.88±1.45 0.14

Median (IQR) 0 (0–3) 0 (0–2.75) 0 (0–2) 0 (0–2)

24 hours Mean±SD 0.85±1.46 0.73±1.33 0.56±1.12 0.57±1.03 0.76

Median (IQR) 0 (0–1) 0 (0–1) 0 (0–0.5) 0 (0–1)

Group A, placebo; group B, intraperitoneal instillation of bupivacaine alone; group C, pulmonary recruitment maneuver; and group D, intra-
peritoneal instillation of bupivacaine combined with pulmonary recruitment maneuver.
CI, confidence interval; SD, standard deviation; IQR, interquartile range.
a)Kruskall-Wallis test 

Fig. 2. Intensity of shoulder pain recorded using a visual analogue 
scale (VAS) at 1, 6, 12, and 24 hours after surgery in group A (con-
trol); group B (intraperitoneal instillation of bupivacaine alone); 
group C (pulmonary recruitment maneuver alone); and group D 
(intraperitoneal instillation of bupivacaine combined with pulmo-
nary recruitment maneuver).
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for our findings may be that the duration of pain suppres-
sion was limited; the half-life of bupivacaine is 3.5 hours 
with 3- to 10-hours duration of action, such that no ben-
efit would be expected with respect to shoulder pain up to  
24 hours after surgery. In this study, 50 mL of saline was in-
stilled under the diaphragm as a control for the bupivacaine 
group. Tsimoyiannis et al. [33] suggested that instillation of 
normal saline under the diaphragm induced significantly less 
shoulder pain after laparoscopic cholecystectomy. Presum-
ably, the decrease in CO2 between the liver and diaphragm 
resulted in limited irritation [33]. Thus, the reduced efficacy 
of bupivacaine herein may have been due to the intervention 
in control group (A and C), which also had similar or some 
efficacy in reducing shoulder pain. Therefore, there was no 
statistically significant difference between the bupivacaine 
group (B and D) and control group (A and C) in the binomial 
analysis in this study.

The pulmonary recruitment maneuver in the current study, 
as proposed by Phelps et al. [21], has some definite advan-
tages; the maneuver is readily available without extra de-
vices or resources and is time-saving compared to previous 
techniques. When positive pressure ventilation is applied, 
it inflates the lungs, which in turn, lowers the diaphragm. 
Therefore, increased intraperitoneal pressure forces the CO2 
gas to escape the peritoneal cavity. The decrease in intra-ab-
dominal acidosis results in diminished phrenic nerve or peri-
toneal irritation [21]. In this study, the maximum pressure of 
the pulmonary recruitment maneuver was 30 cm H2O, which 
was lower than that reported by Phelps et al. (60 cm H2O) 
[21]. In Phelps’s study, cardiovascular or pulmonary complica-
tions related to the pulmonary recruitment maneuver were 
not reported. However, inflation with a maximum pressure of  
60 cm H2O may carry a risk of pneumothorax. In fact, the 
literature suggests that a pulmonary recruitment maneuver 
with a peak pressure of 40 cm H2O is a safe and effective 
way of improving arterial oxygenation during anesthesia 
[34-38]. It is meaningful that our study showed that the pul-
monary recruitment maneuver significantly reduces shoulder 
pain in more than triple the number of patients and using a 
lower pressure than that in the study of Phelps et al. [21].

One of major limitations of our study is its relatively high 
dropout rate. 40 out of 291 patients were excluded due to a 
longer operation time, conversion, severe endometriosis, loss 
of identification, or for not responding to the questionnaire. 
Even though we anticipated dropouts due to surgical con-

version, the high dropout rate resulted in a minor disparity 
between the number of patients in each group.

There were no statistically significant differences in postop-
erative pain, analgesic use, nausea, or vomiting in this study. 
This may be because of the routine use of oral NSAIDs and 
an oral prokinetic agent (mosapride). Previous studies have 
shown that the intervention group, when compared to the 
control group, showed a significantly lower incidence of 
postoperative nausea and vomiting. Moreover, the frequency 
of analgesic use was significantly lower in patients receiv-
ing intraperitoneal bupivacaine [21,32]. Routine medication 
might mask the effect of the intervention on those above-
mentioned measures. Since patients were freely given extra 
painkillers on demand, the inability to control postoperative 
analgesic use was one of our study limitations. However, 
since no significant difference in postoperative analgesic use 
between study groups was found, we can assume that the 
result of the investigation is still reliable.

In conclusion, our study demonstrates that performing 
a pulmonary recruitment maneuver at the completion of 
laparoscopic surgery significantly reduces shoulder pain af-
ter gynecologic laparoscopy. Its use in combination with the 
intraperitoneal instillation of bupivacaine further decreased 
shoulder pain. 
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