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Purpose: Pain after single-incision laparoscopic cholecystectomy (SILC), especially visc-
eral pain, often troubles patients and doctors. Whether preemptive butorphanol can relieve
visceral pain in patients undergoing SILC remains unknown. The goal of this study was to
assess the efficacy of ultrasound-guided bilateral rectus sheath block (RSB) and butorphanol
for perioperative analgesia in patients undergoing SILC.

Patients and Methods: Fifty-eight patients who met the criteria were randomly divided
into two groups, both of which were given preemptive RSB. Patients were given either
butorphanol 0.02mg/kg (group B, n=29) or sufentanil 0.1 ug/kg (group S, n=29) as pre-
emptive analgesia. The primary outcome was the cumulative frequency of rescue analgesic
request within 24 hours after operation. Secondary outcomes were numeric rating scale
(NRS) scores (from 0 to 10) of incisional pain and visceral pain, the length of hospital
stay and the incidence of postoperative adverse events.

Results: The frequency of postoperative rescue analgesic request of group S was signifi-
cantly higher than that of group B (P=0.021). The NRS scores for visceral pain were lower in
group B at 2, 6 and 12 hours after surgery than in group S (both P<0.001). The occurrence of
postoperative nausea and vomiting (PONV) was significantly higher in group S. There were
no significant differences between two groups for other outcomes.

Conclusion: Butorphanol can provide sufficient visceral pain treatment after SILC than the
dose of sufentanil in equal analgesic effect.

Keywords: rectus sheath block, butorphanol, single-incision laparoscopic cholecystectomy,

incisional pain, visceral pain, preemptive analgesia

Introduction

Currently, opioids are widely used for postoperative analgesia, and postoperative
pain management has been suggested to be insufficient."* First, opioids are
associated with side effects, such as somnolence, postoperative nausea and vomit-
ing (PONV), constipation, uroschesis, pruritus and respiratory depression, resulting
in delayed discharge; > Second, even though opioid drugs are a primary choice for
the management of patients experiencing severe visceral pain;® Third, with the
extensive use of opioids, more and more opioid tolerance and opioid-induced
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hyperalgesia have made severe effects. Sufentanil, as
a kind of opioids, is a p receptor agonist with highly fat
solubility and easy to pass through the blood-brain barrier,
yet it cannot produce adequate pain relief.” If the acute
postsurgical pain is not well treated, it may develop into
chronic pain. To improve postoperative pain management,
multimodal analgesic regimens that include regional block
and non-steroidal anti-inflammatory drugs (NSAIDs) are
increasingly used. With the application of ultrasound tech-
nology in analgesia, body pain can be controlled effec-
tively, but visceral pain is not satisfactory.® Visceral pain is
a complex disorder, that can be caused by mechanical
traction, dilation, spasm, inflammation, ischemia and che-
mical stimulation.” Some studies have suggested that
butorphanol, a «-agonist, produces profound visceral
analgesia.10 Schleich first used rectus sheath block (RSB)
in 1899 to provide muscle relaxation and analgesia.
Formerly, RSB was not extensively used because its non-
visualization leads to a high incidence of complications,
such as neurologic injury, inadvertent peritoneal injury,
visceral trauma, and block failure. Nevertheless, with the
introduction of ultrasound into regional anaesthesia prac-
tice, tissue planes, the bowel and the spread of local
anaesthetics can be seen, which may decrease accidental
puncture. RSB is mainly used for postoperative analgesia
after abdominal surgery.'""'? Studies have shown that
10 mL of 0.5% ropivacaine is usually appropriate."
Recently, an increasing number of studies have empha-
sized the clinical value of RSB for pain relief related to
midline abdominal incisions and laparoscopic and umbili-
cal surgery.'* The efficacy of RSB has been reported for
postoperative analgesia after single-incision laparoscopic
cholecystectomy (SILC).'* The efficacy of RSB has been
reported for postoperative analgesia after SILC, according
to our clinical experience, the incision pain can be relieved
by RSB, but the effect of visceral pain is depressing. To
mitigate visceral pain in patients undergoing SILC has not
been studied. Accordingly, we decided to assess the effi-
ciency of ultrasound-guided RSB with butorphanol for
incisional pain and visceral pain in patients undergoing
SILC.

Methods
Patients and Study Design

Patients undergoing elective SILC were enrolled in this
study from February 2019 to April 2019 at the Affiliated
Hospital of Nantong University. The study was carried out

in accordance with the Declaration of Helsinki, registered
prospectively with the Chinese Clinical Trial Registry (reg
n0.ChiCTR1900020738) and approved by the ethics com-
mittee of Affiliated Hospital of Nantong University
(approval number: 2018-K067), and written informed con-
sent was obtained. This study adheres to the CONSORT
2010 statement.

The inclusion criteria were as follows: male and female
patients between 18 and 59 years of age with an American
Society of Anesthesiology (ASA) score of I or II and
a body mass index (BMI) of 18-30 kg/m’. Patients with
preexisting neuropathy, coagulopathy, local skin infection,
hepatic, renal or cardiorespiratory failure, local anaesthetic
allergy, pregnancy, complications of gallstones with gall-
bladder perforation, diffuse peritonitis or acute pyogenic
cholangitis were excluded.

Visceral pain is different from incisional pain, the
incisional pain was defined as superficial pain on the
abdominal wall, the visceral pain was defined as pain
inside the abdomen, which may be deep, dull, and more
difficult to localize. During a preoperative visit, patients
were adequately informed about the concept of the visceral
pain, incisional pain and NRS.

Randomization and Blinding

All patients scheduled for elective SILC were randomly
divided into two groups using a computer-generated ran-
dom sequence concealed in consecutively numbered, opa-
que, sealed envelopes, which were opened on the morning
of surgery. All patients were randomly allocated to two
groups: group B (n=29) patients were given butorphanol
Medicine Co.,
Jiangsu, China) as preemptive analgesia; group S (n=29)

(Jiangsu Hengrui Ltd, Lianyungang,
patients were given sufentanil (Yichang Humanwell
Pharmaceutical Co., Ltd, Yichang, Hubei, China) for pre-
emptive analgesia. It is worth noting that the two groups
underwent RSB 30 minutes before anesthetic induction.

All patients were treated by the same experienced
anaesthesiologist, who specialized in ultrasound-guided
regional anaesthesia and did not participate in the data
collection. Another anesthesiologist, blinded to the group
allocation, performed the postoperative data collection.

Group assignment and types of pain killer were also
blinded to patients, surgeons and nurses.

Anesthesia
In the anesthesia preparation room, heart rate (HR), blood
pressure (BP), electrocardiogram (ECG) and blood oxygen
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saturation (Spo2) were monitored, the vein access was
opened, then all patients were underwent RSB 30 minutes
before anesthesia induction, the probe (HFL38x/13—
6MHzTransducer, SonoSite Inc., Bothell, WA, USA) was
transversely placed at the lateral level of the umbilicus
[Figure 1A]. Using the in-plane technique, the needle was
advanced until the posterior aspect of the rectus muscle was
penetrated. No blood and no gas were drawn back; further-
more, a small volume of saline (<2 mL) was initially
injected to ensure that the needle tip was correctly posi-
tioned. When the needle was located between the posterior
rectus muscle and posterior sheath, 20 mL of 0.5% ropiva-
caine (LBKL, AstraZeneca AB, Sweden) was injected bilat-
erally [Figure 1B]. After entering into the operating room,
patients in group B and group S were administered butor-
phanol 0.02 mg/kg and sufentanil 0.1 pg/kg, respectively.
Then anesthesia was induced with intravenous midazolam
0.1 mg/kg, propofol 2 mg/kg, sufentanil 0.2 pg/kg and
cisatracurium 0.15 mg/kg. Anaesthesia was maintained
with 10 mg/mL propofol at 4 mg/kg/h, 50 pg/mL remifen-
tanil at 0.2 pg/kg/min and sevoflurane at 1%. To ensure an
adequate depth of anaesthesia, response entropy indexes
were kept between 40 and 60 during the entire anaesthesia
period by adjusting the rate of infusion of propofol and
concentration of sevoflurane.

After surgery, butorphanol 1 mg was administered
intravenously as rescue analgesia in patients with a NRS
score>3 in group B, or sufentanil 5 pg in group S.

Data Collection

Primary outcome: In both groups, a blinded investigator
who was not involved in patient recruitment or the anaes-
thesia procedure recorded the incisional pain at rest and
during cough and the visceral pain using a NRS score
(NRS; 0 =no pain; 10 =worst pain) at 2, 6,12 and 24
h after the operation.

Secondary outcomes: PONV, somnolence, constipation,
uroschesis, pruritus, and respiratory depression were sepa-
rately assessed by a blinded observer. Butorphanol 1 mg was
administered intravenously as rescue analgesia in patients
with a NRS score>3 in group B, or sufentanil 5 pg in group
S. The blinded observer recorded the frequency of post-
operative rescue analgesic request. Vital signs, such as BP,
HR, Spo2, and ECG, were recorded during the operation.
The operative duration, haemorrhage volume and consump-
tion of remifentanil and propofol were also recorded.

Statistical Analyses
The results of preliminary study were used as a reference
standard of calculation of sample size. Assuming a power
of 80% and a=0.05 (2-tailed), formula n = [Za/2+Zp]2/
(P1-P2)* was estimated that at least 25 patients would be
required for each group. Finally, we chose 30 people in
each group to prevent drop-outs.

Statistical analysis was performed using SPSS 21.0
(IBM Corporation, Armonk, NY, USA). Continuous data
(age, BMI, NRS scores, duration of the operation, bleeding

Figure | Ultrasound images (A) before and (B) after rectus sheath block.
Abbreviations: RAM, rectus abdominal muscle; LA, local anaesthetic.

Journal of Pain Research 2020:13

submit your manuscript

1195

Dove


http://www.dovepress.com
http://www.dovepress.com

Fu et al

Dove

CONSORT

TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

[ Enrollment ]

Assessed for eligibility (n= 60)

Excluded (n=2)
+ Not meeting inclusion criteria (n= 2)

A 4

Randomized (n=58)

Y [ Allocation } v

Group S
Allocated to intervention (n=29)
+ Received allocated intervention (n=29)

Group B
Allocated to intervention (n=29)
+ Received allocated intervention (n=29)

A

v [ Follow-Up ] v

J

Lost to follow-up (n=0)

Lost to follow-up (n=0)

v [ Analysis ] Y

J

Analysed (n=29)

Figure 2 CONSORT flow diagram.

amount, length of stay, frequency of analgesic request) were
presented as the mean + standard deviation (SD) if they are
normally distributed, otherwise, they will be presented as the
mean and interquartile range; Categorical data (sex, ASA,

Analysed (n=29)

adverse events) were expressed as frequency and analyzed
by the chi-squared (x2) test. The patient characteristics,
duration of the operation, bleeding amount and length of
stay were compared by Student ¢ test. NRS scores of
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incisional or visceral pain and frequency of analgesic request ~ Table 2 Comparison of Postoperative Outcomes
are compared by Mann—Whitney U-test. P<0.05 was con- Group Group P-value
sidered statistically significant. S (n=29) | B (n=29)
Duration of the operation (min) 62.2+9.86 61.7+11.0 0.761
Bleeding amount (mL) 13.9+4.66 15.1£5.15 0.341
Results 4
Frequency of postoperative rescue 1.4+1.05 0.76+0.69 0.021
Patlents analgesic request (n)
The study flow diagram is presented in Figure 2. A total of | -ength of sty (days) 259063 | 2342055 ] 0117

60 participants (31 males, 29 females) were recruited into
the study, two of them were excluded from the study,
including one patients due to complications involving
gallstones with gallbladder perforation during surgery,
one patients due to BMI>30 kg/m?. Other patients met
the inclusion criteria. Individual characteristics of patients
are expressed in Table 1. There were no significant differ-

ences between two groups.

Postoperative Outcomes

Frequency of postoperative rescue analgesic request in the
group S was 1.4+1.05 compared with 0.76+0.69 in group
B (P<0.05). The occurrence of postoperative nausea and
vomiting (PONV) was significantly higher in group S. No
significant differences were noted in duration of the opera-
tion, bleeding amount, length of stay, constipation, urosch-
esis, Somnolence, Pruritus and respiratory depression
between two groups (Tables 2 and 3).

Postoperative Pain

There were no significant differences in the time needed
for the block procedure or the quality of ultrasound
images. The pain scores during first 24 hours after the
operation is shown in Figures 3 and 4. By comparisons
between two groups at each time point, we found no
significant difference in NRS scores of incisional pain at
rest or during cough. Group B had significantly lower NRS
scores of visceral pain at 2, 6 and 12 hours compared with
group S (P=0.000, P=0.000 and P=0.002, respectively)

Table | Patient Characteristics

Group S (n=29) | Group B (n=29) | P-value
Age, meantSD, y 388+11.4 41.5%11.4 0.361
Sex, no. male/no. female | 16/13 15/14 0.792
BMI, meanSD, kg/m? 24.8+3.18 23.6%3.13 0.591
ASAI/Il, n 15/14 14/15 0.793
Note: The data are expressed as the meanSD.
Abbreviations: BMI, body mass index; ASA, American Society of

Anesthesiologists.

Note: The data are expressed as the meanSD.

Table 3 Adverse Events During the First 24 h After Surgery

Group Group p-value

S (n=29) B (n=29)
PONV 13 (44.8) 3 (10.3) 0.003
Constipation 0 (0.0) 0 (0.0) >0.05
Uroschesis I (3.45) 2 (6.90) 0.553
Somnolence 5(17.2) 3 (10.3) 0.446
Pruritus | (3.45) 0 (0.0 0.313
Respiratory 0 (0.0) 0 (0.0) >0.05
depression

Note: Values are the number of patients (%).
Abbreviation: PONV, postoperative nausea and vomiting.

Discussion

Cholecystolithiasis is a common and frequently occurring
disease. Laparoscopic cholecystectomy is the “gold stan-
dard” for
Progression to minimally invasive surgery has occurred
surgery,
incision surgery and robotic surgery, and surgeons have

treating cholecystolithiasis. Nevertheless,

from open surgery to laparoscopic single-
embraced the concepts of less invasiveness, less pain,
earlier recovery, and shorter operations.'> Compared with
laparoscopic cholecystectomy, SILC has an outstanding
effect.'® SILC is
popular.'”'® SILC involves only a 2-cm incision into the

cosmetic becoming increasingly
umbilicus between the T7 and T11 intercostal nerves,
incisional pain predominates over visceral pain just at the
time of wake up.'® RSB mainly blocks the sheath nerve
plexus between the rectus abdominis and posterior sheath
of the rectus muscles, which is dominated by the ventral
rami of the 6th to 11th intercostal nerves, providing
analgesia for the peritoneum, muscle and skin involved
in anterior abdominal wall incisions. In the postanesthesia
care unit (PACU), we found that the range of sensory
blockade was measured as a circular area with a radius
of 5 cm centred on the umbilicus. Ropivacaine wears off
after 12 hours, perhaps RSB can effectively relieve inci-
sional pain last for 12 hours.
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Figure 3 NRS scores of incisional pain when resting and moving during 24 hours after operation. The results were represented by bar graph. (A) Incisional pain at rest. (B)

Incisional pain during cough.
Abbreviation: NRS, numeric rating scale.

Theoretically, RSB block should provide excellent
analgesia for the abdominal wall, but unfortunately, visc-
eral pain was still evident in group S.° Visceral pain is
mainly transmitted by unmyelinated C fibres, is a complex
sensory experience caused by trauma and inflammation,
and is generally described as dull, diffuse and poorly
localized.'® Visceral pain is difficult to manage effectively,
largely due to the complexities of visceral innervation,
which leads to the visceral sensory mechanisms and fac-
tors that contribute to the pathogenesis of visceral pain are
poorly understood.”® Visceral hyperalgesia and central
sensitization have been suggested to be part of the

pathophysiology.'**> At present, some studies have

=1 group S
6 =« * * (- group B
) +
£ %
14
zZ
0 T T T T
2 6 12 24

postoperative time (h)

Figure 4 NRS scores of visceral pain during 24 hours after operation. The results
were represented by bar graph. *P<0.05 compared with group B.
Abbreviation: NRS, numeric rating scale.

shown that the management of visceral pain can be
achieved by activating «-receptors.” Opioids have been
reported to have a small effect on visceral pain, which
agrees with our data: the NRS scores of visceral pain were
lower in group II at 2, 6 h after surgery than in group I and
lower in group IV than in group III.° Butorphanol, a mixed
agonist-antagonist opioid, induces analgesia by opioid
pathways.>*> Some studies have shown that butorphanol
relieves visceral pain by indirectly suppressing cyclooxy-
genase activity and thus preventing prostaglandin forma-
tion in response to injury. In addition, the main metabolite
of butorphanol activates K-receptors and has dual effects
of excitation and antagonism on p-receptors.’ In contrast
to p-receptor agonists (such as sufentanil), which cause
side effects, such as respiratory depression, nausea and
vomiting, butorphanol alleviated pruritus, and the inci-
dence of side effects was low. Based on the data we got,
by limiting postoperative opioid use in group B, patients
have fewer adverse biological reactions.

In addition to the effectiveness of the nerve block and
drug treatment, timing of intervention itself is also impor-
tant, butorphanol and sufentanil take effect about 3 min.
The complete onset time of ropivacaine as a local anes-
thetic for RSB is about 30 min.**** RSB and intravenous
administration of butorphanol or sufentanil were started
before anesthesia induction, all of which provides preemp-
tive analgesia and avoids central sensitization caused by
nociceptive stimuli before surgery.

RSB and butorphanol are useful for multimodal post-
operative pain management in SILC patients. This combi-
nation also facilitates earlier mobilization and discharge
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and follows the trend of enhanced recovery after surgery
(ERAS). Indeed, analgesia management has a far-reaching
impact on the perioperative period.

Limitations

Like all research, there are a number of limitations to this
study. First, this study did not examine whether pro-
longed postoperative analgesia could be achieved with
continuous infusion through rectus sheath catheter place-
ment; 25 Second, a link has been found between cytokines
(IL-1B, IL-2, IL-4, IL-5) and pain severity, in our
research the level of inflammatory factors have not been
checked, and the conclusion can be better confirmed by
combining with laboratory examination in the future;
Third, the sample size used in the experiment is limited,
so it may not be able to make a definite answer to these
questions, but according to the existing results, we can
draw a preliminary conclusion, which needs to be further
increased for further study.

Conclusions

Preemptive butorphanol administration can reduce the fre-
quency of postoperative rescue analgesic request in
patients undergoing SILC compared with preemptive
sufentanil administration. Butorphanol may play an impor-
tant role in relieving visceral pain.

Abbreviations

RSB, rectus sheath block; SILC, single-incision laparo-
scopic cholecystectomy; NRS, numeric rating scale; HR,
heart rate; BP, blood pressure; ECG, electrocardiogram;
Spo2, blood oxygen saturation; PONV, postoperative nausea
and vomiting; NSAIDs, non-steroidal anti-inflammatory
drugs; ASA, American Society of Anesthesiology; BMI,
body mass index; PACU, postanesthesia care unit; ERAS,
enhanced recovery after surgery.
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