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Purpose: Appendectomy, which comprises most benign intra-abdominal surgeries, is currently
assisted by laparoscopy in most cases. However, many patients complain of postoperative shoulder or

subcostal pain after laparoscopic surgery. In some cases, the pain lasts even several weeks after
surgery. This study aimed to analyze unmodifiable clinicopathological factors of patients who
underwent laparoscopic appendectomy and to minimize preoperative and postoperative discomfort.

Methods: Patients admitted for laparoscopic appendectomy for acute appendicitis with an American
Society of Anesthesiology (ASA) grades I and II, and ages 12~70 years were enrolled in the study.
Postoperative shoulder or subcostal pain was assessed using the visual analogue scale (VAS) for pain
and analyzed with the clinicopathological factors of the patients, including age, sex, weight, height,
body mass index (BMI), and abdominal circumference (AC) difference.

Results: Of the 124 patients, 40 complained of postoperative shoulder or subcostal pain with a VAS
score of >4. The risk of the postoperative shoulder or subcostal pain increased in women (p=0.001).
From a univariate analysis, the risk of postoperative shoulder or subcostal pain increased with lower
height, weight and BMI (p=0.002, p=0.001, p=0.012) and with greater AC difference (p=0.012).
However, a multivariate analysis showed that lower weight was the only risk factor of postoperative
pain (p=0.005).

Conclusion: The risk of postoperative shoulder or subcostal pain after laparoscopic appendectomy
was significantly increased with lower weight.
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INTRODUCTION

Appendectomy is one of the most frequently performed sur—
gical procedure.” Although the open method was considered
the treatment of choice for acute appendicitis, laparoscopic
appendectomy has gained much popularity since Semm’ in-
troduced the procedure and is widely performed nowadays,’z'4
Compared with open appendectomy, several meta—analyses
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have confirmed that laparoscopic appendectomy has its effi-
clency and superiority in terms of less postoperative pain and
faster return to daily activities with fewer wound complica-
tions.””

During the laparoscopic procedure, a pneumoperitoneum at
12 mmHg was induced with a short duration followed by car—
bon dioxide gas automatically regulated by a high—flow insuf-
flator, Many patients complain of post-laparoscopic shoulder
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or subcostal pain. In some cases, the pain has been reported
to last as long as 7 days or even 5 weeks after surgery. ™ Its
mechanism is commonly assumed to be overstretching of the
diaphragmatic muscle fibers due to the pressure of a pneumo-
peritoneum or increasing intra—abdominal pressure by CO,,
which causes diaphragmatic irritation.""” However, under the
same surgical settings, the frequency and intensity of the post—
operative shoulder or subcostal pain are considered to differ
among patients according to their innate clinicopathological
factors. This study aimed to analyze the clinicopathological
factors of patients who underwent laparoscopic appendectomy
and suggest measures for minimizing preoperative and post—
operative discomfort.

MATERIALS AND METHODS

The study protocol was approved by the Inje University
Sanggye Paik Hospital Institutional Review Board (IRB; SGP
IRB NO.2015-07-007), and informed consent was obtained
from all the patients before participation. From October 2015
to September 2016, all consecutive patients who underwent
emergency or elective laparoscopic appendectomy were re-
cruited for this prospective study. The primary end point of
our study was the relationship between postoperative pain and
the clinicopathological characteristics of patients. A sample
size of 124 patients was estimated to obtain a power of 90%
with o of 0.05, B of 0.10 (correlation coefficient, 0.3), and drop-
out rate of 10%.

The inclusion criteria were as follows: (1) patients with ASA
grade 1 or 2, and (2) patients aged between 12 and 70 years.
The exclusion criteria ruled out the patients who were un—
able to provide informed consent, and those with a previous
abdominal surgery, medication history of analgesics including
NSAIDs, previous shoulder or subcostal pain before surgery,
and pregnancy. Patients who required conversion to laparoto—
my and who had operative findings of appendiceal perforation
with peritonitis or abscess that required drainage postopera—
tively were excluded from the analysis (Fig. 1).

Patients were asked preoperatively about the presence of
shoulder or subcostal pain and again on postoperative days 1
and 2. If they had pain, they were asked to quantify it on a
visual analogue scale (VAS) between 0 and 10 using a question—
naire. Pain management was deemed necessary with a mini—
mum score of 4. Patients were divided into two groups, one
with a VAS score of <4 and one with a VAS score of >4. All
patients who had postoperative pain were administered intra-
venous ketorolac tromethamine (Ketolan® 30 mg) or tramadol
hydrochloride (Tridol® 50 mg) every 8 hours from the operation
date to postoperative day 2.

In all the patients, 12 mmHg of CO, was insufflated dur—
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ing surgery. The patients” clinicopathological characteristics
included age, sex, body weight, height, pneumoperitoneum
on abdominal radiography, and abdominal circumference
(AC) difference before and after the surgery. The end-tidal
CO, (ETCO,) level was recorded according to end-expiratory
PaCQO, level on mechanical ventilation monitoring. Vital sign,
blood test results, including hemoglobin, white blood cell
count, and C-reactive protein level were recorded preopera—
tively and postoperatively for all the patients. Postoperative
pain and associated problems such as nausea and vomiting
were also recorded.

The categorical variables included sex, ASA grade, and
postoperative pneumoperitoneum on plain radiography. The
relationship between these variables and postoperative sub-
costal or shoulder pain was analyzed using the Pearson x2 test.
Numerical data including age, height, weight, BMI, AC dif-
ference, operation time, and ETCO,, and were analyzed using
analysis of variance with multivariate logistic regression anal—-
ysis. Statistical significance was defined as a p value of <0.05.

RESULTS

Of the 124 patients who participated in this study, 61 were
male and 63 were female, with a sex ratio of 1:1.03. The age
range was 12~64 years, with a median of 35 years. The height
ranged from 143 to 186 cm, with a median of 164 cm. The
weight ranged from 35 to 1204 kg, with a median of 64 kg.
The median BMI was 23.4 kg/m’ (range, 15.4~38.4 kg/m?).
Changes in abdominal circumference after the surgery ranged
from -1 to 3 cm, with a median of 1 cm. The surgery dura-
tion ranged from 12 to 130 minutes, with a median value of

156 patients underwent
laparoscopic appendectomy

—{ 2 patients older than 70 excluded

19 patients with pre-operative
subcostal or shoulder pain excluded

11 patients having pre-operative
analgesic medication excluded

124 patients included

Under VAS 4
(n=84)

VAS 4 or higher
(n=40)

Fig. 1. Flowchart on patient selection. VAS = Visual analogue scale.
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50 minutes. Postoperative abdominal radiography revealed
to have no pneumoperitoneum in 92 patients (74%). ETCO,
ranged from 25 to 45 mmHg with a median value of 33
mmHg. Forty patients complained of pain with a VAS score
of >4 at some point postoperatively (32.3%; Table 1): Of the
124 patients, 87 (70.2%) had postoperative pain with a VAS
score of <4 on day 1; of these 87 patients, 3 (3.4%) complained
of postoperative shoulder or subcostal pain with a VAS score
of >4 on day 2. Thirty—-seven patients (29.8%) had postopera-
tive pain with a VAS score of >4 on day 1; of these, 20 (54.1%)
had pain with a VAS score of <4 and 17 out of 37 (45.9%) still
complained of pain with a VAS score of >4 on day 2.

Patients were controlled by routine IV analgesic medica—
tions, with ketorolac tromethamine (Ketolan” 30 mg) being
administered every 8 hours. For 40 patients who complained
of postoperative shoulder or subcostal pain with a VAS score
of >4, tramadol hydrochloride (Tridol® 50 mg) was injected
intravenously as needed. All participants were discharged
from the hospital after 2 nights and 3 days.

Table 1. Clinicopathologic characteristics and demographics of patients

Characteristic
Sex: n (%)

Male 61(49.2)

Female 63 (50.8)

Age: years (range) 35 (12~ 76)
ASA grade: n (%)

I 97(78.2)

| 27(21.8)
Height: cm (range) 164 (143 ~ 186)
Weight: cm (range) 63 (35~ 120.4)
BMI: m’/kg (range) 23.4(15.4~38.4)
AC difference: cm (range) 1(-1.0~3.0
Duration of operation: minutes (range) 50 (12 ~130)
Pneumoperitoneum on X-ray: n (%)

(+) 92 (74.2)

(-) 32(25.8)
ETCO,: mmHg (range) 33 (25 ~ 45)
VAS: n (%)

Under VAS 4 84 (67.7)

VAS 4 or higher 40 (32.3)

Values are presented as the median range or number (%). ASA = Ameri-
can Society of Anesthesiology; AC = Abdominal circumference; BMI =
Body mass index; ETCO, = End-Tidal CO,; VAS = Visual analogue scale.
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According to the study results, the risk of postopera-
tive shoulder or subcostal pain is higher among women than
among men (p=0.001; Table 2). Patients who did not show
pneumoperitoneum on postoperative abdominal radiography

Table 2. Comparison between categorical factors and post-operative

pain
Under VAS 4
Characteristics VAS 4 or higher  p value OR
(n=84) (n=40)
Sex 0.001  0.258
Male 50(82.00  11(18.0)
Female 34(64.00  29(46.0
ASA grade 0.028  0.29%
| 61(62.9)  36(37.1)
| 23 (85.2) 4(14.8)
Pneumoperitoneum 0.003  5.830
(-) 65(69.8)  37140.2)
(+) 29190.6) 31(9.4)

Values are presented as the number (%). ASA = American Society of
Anesthesiology; VAS = Visual analogue scale.

Table 3. Comparison between numerical variables and post-operative
pain by univariate analysis

Correlation

Characteristics coefficient p value 95% Cl
Age -0.10056  0.2670 -0.2720 ~0.07723
Height -0.2711 0.002  -0.4270 ~-0.09958
Weight -0.2949 0001  -0.4479~-0.1251
BMI -0.2257  0.012  -0.3866 ~-0.05138
AC difference 0.1883  0.011  0.01238~0.3529
Duration of operation  -0.01975  0.8277  -0.1954 ~ 0.1571

AC = Abdominal circumference; BMI = Body mass index.

Table 4. Comparison between numerical variables and post-operative
pain by multivariate analysis

Characteristics OR 95% CI p value
Height 1.019 0.778~1.333 0.893
Weight 0.954 0.923 ~0.986 0.005
BMI 1.151 0.439~3.013 0.775

AC difference 1.540 0.979~2.429 0.064
AC = Abdominal circumference; BMI = Body mass index.
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were more likely to have postoperative pain (p=0.003; Table
2). A univariate analysis showed that the risk of postoperative
shoulder or subcostal pain increased with lower height, weight
and BMI (p=0.002, p=0.001, p=0.012, respectively) and greater
AC difference (p=0.011; Table 3). However, a multivariate
analysis showed that lower weight was the only risk factor of
postoperative pain (p=0.005; Table 4).

DISCUSSION

Compared with open surgeries, laparoscopic appendecto—
mies have relatively faster recovery, shorter admission dura-
tion, and faster return to daily activities."® However, patients
who have received laparoscopic appendectomies have com—
plained of postoperative shoulder and subcostal pain. These
pains occur 1 or 2 days after the procedure and last between
7 days to 5 weeks. In some cases, the shoulder or subcostal
pain was reported to be greater in intensity than the incisional
pain.” According to Boonstra," VAS scores of 3.5~6.4 implied
moderate pain with moderate interference with functioning.
We defined a VAS score of 4 as the minimum pain that was
necessary for pain management. In general, postoperative
shoulder or subcostal pain is minimal, especially in laparo-
scopic appendectomy. However, in this study, 32.3% of patients
complained of postoperative pain with a VAS score of >4. We
excluded patients who had operative findings of perforated
appendix or abscess, but patients were not otherwise divided
according to the type of appendicitis as the final pathology
(acute appendicitis with suppurative or gangrenous change)
were not reported until approximately 7 days after the surgery.

Several studies have investigated the pathophysiology of the
postoperative shoulder and subcostal pains after laparoscopic
surgeries. The most accepted explanation states that insuf-
flation of the abdominal cavity with carbon dioxide causes
excessive stretching of the muscle fibers of the diaphragm,
which causes stretch injury on the diaphragmatic nerves and
leads to referred pain on the shoulder.**" A study by Shin in
2010 reported that respiratory volume, that is, the tidal volume
for each respiration, increases with insufflation. Increased
stretching of the abdominal cavity leads to increased stretch-
ing of the diaphragm, where the phrenic nerve is compressed,
and the shoulder pain is exacerbated.”® One study reports that
the abdominal wall curvature expands in the sagittal plane
rather than in the transverse plane during laparoscopic appen-
dectomy. This characteristic causes a significant diaphragmat-
ic overstretching during insufflation.” In this study, as direct
measurement of the sagittal plane of the abdomen is impos—
sible, the transverse plane was measured to indirectly measure
changes in abdominal circumference after the surgery. We
predicted that as the magnitude of abdominal cavity stretching
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increased, the postoperative abdominal circumference would
increase.™ When the postoperative abdominal circumference
was greater than the pre—operative circumference, the inci—
dence rates of postoperative shoulder and subcostal pains were
increased. This observation corroborates the fact that the pain
is caused by diaphragmatic nerve damage secondary to exces—
sive stretching (Table 3).

Relative muscle mass (%) is widely known to decrease
with age in the 30s.”* Initially, postoperative pain intensity
was predicted to increase with increasing age because the
decreased muscle mass predisposes the abdominal wall to
overstretching. However, this theory was found statistically
insignificant in this study (Table 2). Hence, we can infer that
other clinicopathological factors, such as height, weight, and
BMI play a role in determining the intensity of postoperative
shoulder or subcostal pain.

Men are known to have more lean mass than women, and
women are known to have more fat mass than men. Men are
known to have accumulation of adipose tissue in the trunk
and abdomen, while women have accumulation of adipose tis—
sue in the hip and thigh.”** This study showed that the me-
dian body weights of the men and women were 74 and 55 kg,
respectively. The incidence of abdominal overstretching was
relatively lower in the men than in the women, and the mean
was predicted to have less—intense postoperative pain. There—
fore, significant correlation between sex and pain intensity
was observed in this study (Table 2).

When the patients were insufflated with identical CO, pres-—
sure, higher incidence rates of postoperative shoulder and sub-
costal pains were observed in the patients with lower height,
weight, or BMI. Abdominal stretching can be predicted to be
higher in patients with lower BMI than in patients with higher
BMI when insufflated with identical CO, pressure.

Another theory states that the postoperative shoulder and
subcostal pains are caused by the chemical irritation on the
diaphragm due to the insufflation agent, CO,.” Another study
that investigated the correlation between residual CO, gas
volume and postoperative shoulder pain reported that patients
who received gas drainage showed a significant decrease in
pain intensity.”* In this study, the amount of residual CO, gas
volume was not measured because the patients did not have
a drainage. The presence of pneumoperitoneum in patients
was determined using abdominal radiography on postopera—
tive day 1, and patients who did not show pneumoperitoneum
were more likely to have postoperative pain (p=0.003; Table 2).
However, as the exact amount of pneumoperitoneum was not
measured, quantification of insufflation through postopera—
tive radiography would be necessary to explain the correlation
between residual CO, gas volume and postoperative shoulder
or subcostal pain. In addition, the amount of CO, gas insuf-
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flation, insufflation rate, size of the postoperative pneumo—
peritoneum, residual gas, and the operator’s surgical technique
should be further controlled for better results.

Correlation between the surgery duration and postopera—
tive shoulder/subcostal pain was investigated. Although longer
surgery duration was predicted to increase the incidence of
postoperative shoulder/subcostal pain because it increases the
time of overstretching of the abdominal cavity and exposure
to CO, gas irritation, no significant correlation was confirmed
(Table 3). The median durations of the laparoscopic appendec—
tomy were 50 and 45 minutes in the two groups, respectively,
which are insufficient to trigger postoperative pain.”

This study investigated the correlation between postop—
erative shoulder or subcostal pain and unmodifiable factors
such as height, weight, and BMI. On the basis of the results
of the patient’s physical characteristics shown in this study,
whether the patient will experience postoperative pain could
be predicted. In the future, the insufflation pressure could be
adjusted on the basis of the patient’s clinicopathological char-
acteristics, thereby, the incidence of postoperative shoulder or
subcostal pain will be reduced.

CONCLUSION

The risk of postoperative shoulder or subcostal pain after
laparoscopic appendectomy was significantly increased with
lower weight.
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