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Purpose: Local anesthetics can decrease postoperative pain after appendectomy. This study sought to verify the efficacy of
bupivacaine on postoperative pain and analgesics use after single-incision laparoscopic appendectomy (SILA).

Methods: Between March 2014 and October 2015, 68 patients with appendicitis agreed to participate in this study. After
general anesthesia, patients were randomized to bupivacaine or control (normal saline) groups. The assigned drugs
were infiltrated into subcutaneous tissue and deep into anterior rectus fascia. Postoperative analgesics use and pain
scores were recorded using visual analogue scale (VAS) by investigators at 1, 8, and 24 hours and on day 7. All surgeons,
investigators and patients were blinded to group allocation.

Results: Thirty patients were allocated into the control group and 37 patients into bupivacaine group (one patient withdrew
consent before starting anesthesia). Seven from the control group and 4 from the bupivacaine group were excluded. Thus,
23 patients in the control group and 33 in the bupivacaine group completed the study. Preoperative demographics and
operative findings were similar. Postoperative pain and analgesics use were not different between the 2 groups. Subgroup
analysis determined that VAS pain score at 24 hours was significantly lower in the bupivacaine group (2.1) than in the
control group (3.8, P = 0.007) when surgery exceeded 40 minutes. During immediate postoperative period, bupivacaine
group needed less opioids (9.1 mg) than control (10.4 mg].

Conclusion: Bupivacaine did not decrease pain and analgesics use. When surgery exceeded 40 minutes, bupivacaine use

might be associated with less pain and less analgesics use.
[Ann Surg Treat Res 2020;98(2):96-101]
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INTRODUCTION

Laparoscopic appendectomy has advantages of less post-
operative pain, less wound infection and better cosmetic results
than open appendectomy (OA) [1,2]. Single-incision laparoscopic
appendectomy (SILA) is safe and feasible for performing
appendectomy and can be an alternative to conventional

3-port laparoscopic appendectomy (CLA), even with enhanced
cosmetic effects [34]. Concerning postoperative pain, SILA was
superior or equal to CLA [4]. However, other authors reported
that SILA was associated with greater pain and required more
analgesics on exertion [5,6]. Greater postoperative pain might
be a limitation to SILA. To maximize the advantages of SILA,
we sought methods to decrease postoperative pain.

Received August 14,2019, Revised November 1, 2019,
Accepted November 15,2019

Corresponding Author: Kyung-Goo Lee

Department of Surgery, Myongji Hospital, 55 Hwasu-ro 14beon-gil,
Deokyang-gu, Goyang 10475, Korea

Tel: +82-31-810-5425, Fax: +82-31-969-0500

E-mail: hashimot@naver.com

ORCID: https://orcid.org/0000-0003-3980-3639

«This article was presented as an oral poster at European Association of
Endoscopic Surgery on June 17, 2016.

Copyright (©) 2020, the Korean Surgical Society

(€O Annals of Surgical Treatment and Research is an Open Access Journal. All
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.



Heon-Kyun Ha, et al: Bupivacaine for single-incision laparoscopic appendectomy

Because an appendectomy incision is small, local anesthetic
agents are used to decrease wound pain. Local anesthesia
has been effective in some studies [7-9] but not others [10-
12]. These studies included OA, CLA, and SILA. Because OA is
performed after splitting multiple muscle layers, and CLA has 3
incisions, local anesthesia may not be enough to decrease pain.
For SILA, the involved abdominal wall layers consist of skin,
subcutaneous fat, linea alba, and peritoneum. Entering the
peritoneal cavity is much easier with SILA than OA.

To the best of our knowledge, only one report has addressed
postoperative pain control with local anesthesia after SILA,
though it was a retrospective study [7]. This study sought to
verify the efficacy of bupivacaine on postoperative pain and
analgesics use after SILA using a prospective double-blind
randomized study design.

METHODS

Patients
Between March 2014 and October 2015, 68 patients agreed

to participate. All included patients met the following criteria:
clinically or radiologically suspicious uncomplicated acute
appendicitis; 19-60 years of age; normal hematologic, hepatic
and renal function; understanding of the process and aim of
this study, with voluntary signed informed consent.

The exclusion criteria were: clinically or radiologically
suspicious periappendiceal abscess or perforation; abscess
or perforation identified during surgery; additional trocar
insertion during surgery; patients unfit for SILA as determined
by the surgeon; previous abdominal surgery with periumbilical
scar; patients with allergy or hypersensitivity to bupivacaine or
other amide drugs; combined resection of other organs; patients
with serious medical comorbidities; pregnancy; and, inability/
refusal to sign the informed consent form.

Once patients were enrolled, they were sent to the operating
room and underwent general anesthesia. During induction,
fentanyl and other drugs, including lidocaine, propofol, and
muscle relaxant were administered intravenously. Doses were
determined by anesthesiologist according to the patients’
weight. After intubation, the circulating nurse removed the seal
of a premade randomization table and assigned the patients to
the control or bupivacaine group. The drug was delivered in an
unmarked 10-mL syringe. None of the surgeons, patients, nor
the investigator, in the ward knew which drug was used until
the final survey.

Local anesthetic intervention protocol and surgical

procedure
Under general anesthesia, after complete preparation of the

operation field, intervening drugs (10 mL of 0.25% bupivacaine
or normal saline) were infiltrated into the subcutaneous tis-

sue around the umbilicus just before the incision [13,14]. The
incision was made transumbilically from the upper to lower
edge. Subcutaneous fat was divided bluntly down to the fascia.
After identifying the linea alba, the needle was advanced
deep to anterior rectus fascia about 2-3 mm on both sides
and another 10 mL of drugs was infiltrated [13,15]. The fascia
incision was made by electrocautery down to the peritoneum.
The typical length of the fascia incision was 25-30 mm. A
single-incision laparoscopy port was inserted. Entering the
abdominal cavity, appendiceal vessels were ligated with a
surgical clip and divided. Appendix bases were ligated with an
endo-loop or surgical clip according to the surgeon's preferences.
Appendix bases were transected and extracted through the
umbilicus. Peritoneal fluid was aspirated and irrigated with
normal saline, if needed. An additional trocar was inserted
for difficult cases, which were excluded from the analysis. The
fascia was closed with 1-0 polyglactin interrupted sutures.
Subcutaneous tissue and dermis were approximated with 3-0
polyglactin sutures. Aseptic dressing was applied.

Postoperative protocol
In the postanesthetic care unit (PACU), fentanyl was used

intravenously for postoperative pain control. It was given every
10 minutes in 50-ug increments until the visual analogue scale
(VAS) rating of pain was less than 3. Fentanyl titration was
discontinued if the patient had peripheral oxygen saturation
<94% or a respiratory rate <10 breaths/min. If severe pain
persisted or there were chills, 25 mg of pethidine was injected
intravenously up to 2 times every 10 minutes. When the pain
could be tolerated and the vital signs were stable, the patient
was transferred from the PACU to the general ward. After
transfer, 30 mg of ketorolac was administered intravenously,
if needed. If the pain was not controlled (VAS = 5) with the
initial dose, further doses were given and these were recorded
with time. No patient used patient-controlled analgesia.

The patients were permitted to drink 6 to 8 hours after
surgery, and resumed a soft blended diet 12 hours after surgery.
Patients were discharged when diet and pain were tolerated,
which was usually 2 days after surgery. If pain persisted at the
time of discharge, oral analgesics were given for 3 or 4 days.
Follow-up examination was done on postoperative day 7.

Outcome assessment
Primary outcome was postoperative pain. Secondary outcome

was postoperative analgesics use, Overall dose of opioids used
in PACU was converted into equianalgesic dose of morphine
by potency [16]. Pain scores were recorded at 1, 8, and 24 hours
using a VAS [17]. After discharge, the pain score was recorded
at outpatient department on postoperative day 7 in the same
manner. Postoperative wound state and other complications
were evaluated. The analgesics used in the PACU and general
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ward were recorded.

Statistical analyses
The data were analyzed using IBM SPSS ver. 18.0 (IBM Co.,

Armonk, NY, USA). Nominal variables were analyzed with chi-
square test or Fisher exact test. Ordinal variables were analyzed
with Mann-Whitney U-test and numerical variables were
analyzed with Student t-test.

Ethical approval

This study was conducted under the approval of the Insti-
tutional Review Board (IRB No. 13-054). All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards.

Table 1. Preoperative demographics and operative findings
comparing control and bupivacaine groups

Variable (io:ntngl) Bu(;;n;aggl)ne P-value

Sex 0.884
Male 10 (40) 15 (60)

Female 13 (42) 18 (58)

Age (yr) 349+10.2 329+9.6 0.444

Body mass index (kg/m*)  22.6 +4.1 23.7+4.0  0.308

Medical comorbidities 0.449
None 21 (44) 27 (56)

Present 2 (25) 6 (75)

Past abdomen surgery >0.999
None 20 (42) 28 (58)

Present 3(38) 5(62)

Abdomen tenderness >0.999
None 2 (40) 3 (60)

Present 20 (41) 29 (59)

Fever (237.5C) 0.686
None 20 (44) 26 (56)

Present 2 (29) 51

Leukocytosis (>11,000/uL) 0.838
None 6 (46) 7 (54)

Present 15 (43) 20 (57)

Operation time (min) 42.1+11.6 39.6£13.7 0.468

Severity of appendicitis 0.632
Mild 4 (36) 7 (64)
Suppurative 17 (41 25 (59)
Gangrenous 2 (67) 1(33)

Hospital stay (day) 24+057 23+0.63 0.649
Wound complication >0.999
None 21 (40) 31 (60)

Present 1(33) 2 (67)

Values are presented as number (%) or mean + standard devi-
ation.

RESULTS

Sixty-eight patients were enrolled. One patient withdrew
consent before starting anesthesia. The 67 patients were
randomized into the control group (n = 30) and bupivacaine
group (n = 37). Eleven patients were excluded due to abscess/
perforation (n = 2), additional trocar insertion (n = 3),
combined resection (n = 1), protocol violation (n = 4), and
consent withdrawal (n = 1). Finally, 56 patients (23 in the
control group and 33 in the bupivacaine group) were analyzed.
Demographic data showed no significant difference for sex, age,
body mass index (BMI), medical comorbidities, past abdominal
surgery, abdominal tenderness, fever (=375C), and leukocytosis
(>11,000 uL). Operative results showed no difference for
operation time, severity of appendicitis, postoperative hospital
stay, and wound complications, which were seroma in 1
patient in the bupivacaine group and 2 superficial surgical site
infections in both groups (Table 1).

Control patients stayed in the PACU for 35 + 6.0 minutes and
bupivacaine for 34 = 74 minutes (P = 0.643). In the PACU, the
control and bupivacaine group needed 104 + 4.0 mg and 9.1
+ 3.2 mg of morphine, respectively (P = 0.183) (Table 2). In the
general ward, the first dose of ketorolac was given in 15 + 19
hours and 1.6 = 35 hours after transfer, in the same respective
group order (P = 0.877). The second doses were given after
12.1 = 9.8 hours and 129 + 7.6 hours, respectively (P = 0.818).
The overall use of ketorolac in the general ward did not differ
between the 2 groups (54.5 = 36.6 mg vs. 49.1 = 33.4 mg, P
= 0570). VAS pain scores were 6.3 = 23 in the control group
and 6.7 = 2.3 in the bupivacaine group 1 hour after transfer
to the general ward (P = 0595) (Table 3). The scores decreased
gradually after 8 and 24 hours, and on postoperative day 7 in
both groups. There were no statistically significant differences
between the control and bupivacaine groups.

In subgroup analysis, when the operation time exceeded 40
minutes (12 patients in the control group and 10 patients in

Table 2. Postoperative use of analgesics and subgroup ana-
lysis in patients with operation time exceeding 40 minutes

Variable Control Bupivacaine P-value

Postoperative analgesics (n=23) (n=33)
use (mg)

Opioid use” in PACU ~ 10.4 + 4.0 9.1+3.2 0.183

Ketorolac use in ward ~ 54.5 +36.6 49.1 £33.4 0.570
Operation time > 40 min (n=12) (n=10)

Opioid use” in PACU ~ 11.8+3.3 85+4.1 0.049

Ketorolac use in ward ~ 60.0 +35.5 42.0£35.2 0.258

Values are presented as mean + standard deviation.

PACU, postanesthesia care unit.

“Total doses of opioids were converted into morphine doses by
potency.
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Table 3. Postoperative pain scores and subgroup analysis in
patients with operation time exceeds 40 minutes

Variable Control  Bupivacaine P-value
Visual analogue scale (n=23) (n=33)
1 Hour 6.3+23 6.7+23  0.595
8 Hours 43+2.0 40+2.0 0.572
24 Hours 32+1.2 3.6 +2.1 0.792
7 Days 0.7+0.9 09+1.1 0.659
Operation time > 40 min (n=12) (n=10)
1 Hour 6.1 +1.5 6.2+29 0517
8 Hours 46«20 3.1x17 0.087
24 Hours 3.8+0.9 21+1.4 0.007
7 Days 0.6+1.0 0.8+1.1 0.730

Values are presented as mean + standard deviation.

the bupivacaine group), the control group required significantly
more opioids (11.8 = 3.3 mg) in the PACU than the bupivacaine
group (85 * 4.1 mg) (P = 0.049). At 24 hours, VAS in the control
group (3.8) was significantly higher than in the bupivacaine
group (2.1) (P = 0.007). The overall doses of ketorolac in the
general ward were not significantly different (60.0 = 355 mg
in control and 42.0 = 35.2 mg in bupivacaine, P = 0.258). VAS
at 1 and 8 hours, and on postoperative day 7 did not differ
significantly.

DISCUSSION

To reduce abdominal wound pain, the infiltration of local
anesthetics was investigated after various types of appen-
dectomy. In a randomized clinical trial (RCT), pain scores
and analgesics requirement were reduced with bupivacaine
in children after OA [9]. On the contrary, other RCTs did not
demonstrate reduction of analgesics use with subcutaneous
bupivacaine infiltration in children after OA [10,11]. Two
retrospective studies reported decreased use of analgesics
with bupivacaine infiltration in adults after laparoscopic
appendectomy [7,8]. Our study differs from these 2 prior
retrospective studies in that we used local anesthesia for SILA
in adults in a prospective, randomized setting. We sought the
most effective method of infiltration. Ke et al. [14] showed
that preincisional infiltration was more effective in decreasing
pain than postincisional infiltration. Although other studies
showed no difference between pre- and postincisional infil-
tration [18,19], there was no study that preferred postincisional
infiltration. Consequentially, we chose preincisional infil-
tration. Subcutaneous and simultaneous infiltration into the
fascia were known as more effective methods of decreasing
postoperative pain [15,20]. However, with these efforts to
decrease postoperative wound pain after SILA, bupivacaine did
not decrease postoperative pain or analgesics use, generally.

In the PACU, intravenous opioids were used and the patients
were transferred to general ward with VAS scores <3. However,
the effect of the opioids did not last long. The postoperative
pain scores in the general ward at 1 hour were high (VAS >
5) in both groups, which was an indication for additional
intervention for pain control. The VAS scores decreased
gradually with time and the overall doses of ketorolac did not
different between the 2 groups.

Bupivacaine was infiltrated at the beginning of surgery.
Thirty to 45 minutes after infiltration, the drug attains peak
levels. Because the surgery ends around this time, we expected
that analgesic use would be diminished during the immediate
postoperative period. However, both groups needed similar
doses of opioids in PACU. Bupivacaine infiltration was not
enough to decrease immediate postoperative pain. The effect
of fentanyl persists for a few hours [21] after administration in
PACU. Even when the effect of local infiltration was masked by
fentanyl, most patients needed an additional dose of analgesia
1 hour after transfer to the general ward. This means that the
benefits of bupivacaine lacked clinical significance.

Although the overall pain score at 1, 8 and 24 hours and
on postoperative day 7 did not differ significantly, use of
opioids in the PACU and the pain scores at 24 hours were
significantly lower in the bupivacaine group in patients with
a longer operation time. And although it was not statistically
significant, less analgesics were used in the bupivacaine group.
Because the mean operation time was 41.2 + 133 minutes, we
performed subgroup analysis by operation times of 40 minutes.
In longer operations, the wound would be stretched for a
longer time. This can induce traction or ischemic nerve injury
around the surgical incision causing neuropathic pain. It could
produce more pain for longer periods. In this circumstance,
bupivacaine prevented peripheral nerve sensitization,
resulting in postoperative pain reduction for longer times
than the pharmacological reaction [22]. However, we did not
find a significant relation between operation time and pain.
Operation time might be affected by other factors including
the surgeon. In this study, 4 surgeons performed the surgeries
and the operation time was different between surgeons.
However, there was no significant difference in pain scores or
other demographic characteristics. Although longer operation
time showed a tendency for more effectiveness of bupivacaine,
further study with more patients is needed to determine the
relation to the effectiveness of bupivacaine. Since the subgroup
analysis involved only 23 patients, this small number is one of
the limitations of our study.

Although we randomized and monitored patients in a double-
blind manner, the study population was not calculated prior
to the study, which could make our results underpowered.
We calculated the sample size retrospectively. Using the
postoperative VAS score as the primary outcome for detecting
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one point of difference, an alpha value of 0.05, a beta value of
0.20, and statistical power of 80%, we got the sample numbers
of 24 and 25 in each group (the drop rate was not considered)
(23].

Drugs used for pain control varied. In the PACU, fentanyl and
pethidine were used, and in the general ward, ketorolac was
used. The total dose of analgesics in the PACU was converted
into equianalgesic dose of morphine by potency for statistical
convenience [16]. This is a reasonable and common approach.
Pain was more severe during the immediate postoperative
period, necessitating stronger analgesics. On the contrary, in
the general ward, ketorolac was sufficient to control the pain.
The doses of drugs used in the PACU and general ward were
compared separately.

We used bupivacaine hydrochloride in this study. Bupi-
vacaine liposome provides prolonged pain relief [24], and
reduce opioid requirement in the first 72 hours after surgery
[25]. Although the superiority of liposomal bupivacaine over
bupivacaine hydrochloride has not been adequately established
[24], the results might have differed if we had used liposomal
bupivacaine. We injected 10 mL of 0.25% bupivacaine in the
subcutaneous fatty tissue and another dose in the rectus fascia
regardless of body weight. This dose was chosen because 20 mL
of bupivacaine was sufficient for local excisions of small masses
involving muscle fascia. In this study, the mean BMI was 233 =
3.6 kg/m’, and there were 18 overweight patients (BMI 25-29.9
kg/m?). In obese patients (BMI > 30 kg/m?), this dose might
not be enough for pain control. However, only 3 obese patients
were included in the study.

According to our study protocol, complicated appendicitis
including periappendiceal abscess or perforated appendicitis
should be excluded. Generally, gangrenous appendicitis is
classified into complicated appendicitis. In this study, if the
appendices showed gangrenous change during surgery despite
preoperative images, that cases were excluded. However, if
the pathologic reports were gangrenous, in contrast to the
surgeon's gross findings, the cases were included. We excluded
complicated appendicitis because it could cause generalized
abdominal pain and make it difficult to distinguish from
wound pain, which was assumed to be decreased by local
anesthesia. However, we thought microscopic gangrenous
appendicitis would not cause generalized abdominal pain
and could be distinguished from wound pain. There were 3
pathologically proven gangrenous appendices.

In conclusion, bupivacaine was not efficient in decreasing
pain and analgesics use after SILA. When surgery exceeded 40
minutes, bupivacaine use had greater association with less pain
and less analgesics use.
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