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Abstract: Postoperative pain is the main obstacle for safely rapid recovery of patients undergoing laparoscopic cho-
lecystectomy (LC). In this study, we systemically evaluated the analgesic efficacy of intraperitoneal and incisional 
ropivacaine injected at the end of the LC. A total of 160 patients, scheduled for elective LC, were allocated into 
four groups. Group Sham received intraperitoneal and incisional normal saline (NS). Group IC received incisional 
ropivacaine and intraperitoneal NS. Group IP received incisional NS and intraperitoneal ropivacaine. Group ICP 
received intraperitoneal and incisional ropivacaine. At the end of the surgery, ropivacaine was injected into the 
surgical bed through the right subcostal port and infiltrated at the four ports. Dynamic pain by a visual analogue 
scale (VAS) and cumulative morphine consumption at 2 h, 6 h, 24 h, and 48 h postoperatively, as well as incidence 
of side-effects over 48 h after LC was recorded. Compared with those in group Sham, the time of post-anesthesia 
care unit (PACU) stay, dynamic VAS score (VAS-D) 2 h and 6 h postoperatively, cumulative morphine consumption 
6 h and 24 h postoperatively, and incidence of nausea and vomiting 48 h after LC in group IC and ICP were less 
(P<0.05). Furthermore, intraperitoneal and incisional ropivacaine exerts more powerful analgesic effect than single 
usage with intraperitoneal or incisional ropivacaine (P<0.05). No patients exhibited signs of local anesthetic toxic-
ity. In conclusion, intraperitoneal and incisional ropivacaine might facilitate PACU transfer and effectively and safely 
reduce pain intensity after LC.
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Introduction

Since the first reported laparoscopic cholecys-
tectomy (LC) was performed by a French sur-
geon, Phillipe Mouret, in 1987, LC has become 
the gold standard of treatment of enlarged gall-
bladder polyps or symptomatic cholelithiasis 
[1]. Though postoperative pain is much less 
severe than that induced by open cholecystec-
tomy, it is still the most important independent 
predictor of patients’ recovery after LC. It may 
considerably affect the recovery process, delay 
the discharge from the hospital and necessi-
tate the use of opioids [2]. Due to side effects 
such as postoperative nausea and vomiting 
(PONV), somnolence, constipation, and respira-

tory depression induced by opioids, the pain 
after LC is often treated without satisfaction 
[3]. Therefore, several alternative means of 
pain relief have been studied over time to 
improve patient recovery and limit the hospital 
stay. 

Local anesthetics (LA) have been widely used 
for control of pain by various routes including 
port-site infiltration and intraperitoneal instilla-
tion. Although a number of recent randomized 
controlled trials reported a considerable reduc-
tion in postoperative pain after the use of LA 
[4-6], others have reported no benefits [7, 8]. 
The reason for this discrepancy might be due to 
variance in the type, dose, and concentration of 
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LA as well as timing and site of administration. 
Ropivacaine is known as a safer agent than 
bupivacaine in terms of its relative lower toxici-
ty in cardiovascular and central nervous sys-
tem (CNS). Its preincisional ports infiltration 
plus intraperitoneal infusion at the beginning of 
LC combined with normal saline (NS) infusion 
at the end of the procedure is a safe and valid 
method for reducing pain after LC [5]. However, 
application of LA before the surgery would not 
preempt the trauma induced by pneumoperito-
neum. Because administration of LA at the end 
of the surgery offers a longer time delay to the 
need for analgesics as well as duration of sur-
gery is variable, the usage of ropivacaine at the 
end of surgery might be more flexible and 
applicable.

Nowadays, we designed this randomized, dou-
ble-blind, placebo-controlled, and single-center 
trial to systemically evaluate the analgesic effi-
cacy of intraperitoneal and incisional ropiva-
caine injected at the end of the LC. Our hypoth-
esis is that this analgesic method is a relatively 
promising approach to pain management and 
produces a good safety profile for postopera-
tive patients.

Material and methods

Study population and study design

After getting approval from the Ethics Com- 
mittee of the affiliated Hexian Memorial 
Hospital of Southern Medical University (IRB 
number: No. HMH-2014-11-2C) and written 
informed consents from the eligible patients, a 
total of 160 patients were enrolled in the pres-
ent study. The inclusion and exclusion criteria 
for study participation are shown in Table 1.

On the day of the surgery, an investigator not 
involved with patients care confirmed patient 
eligibility and written consent. According to the 
different treatments at the end of LC just before 
the deflation of pneumoperitoneum, the eligible 
patients were randomly allocated 1:1:1:1 to 
four groups: group Sham received the bolus 10 
ml of NS instillation intraperitoneally and inci-
sional infiltration of NS 10 ml as well; group IC 
received intraperitoneal instillation of NS 10 ml 
and incisional infiltration of ropivacaine (0.75%, 
10 ml, AstraZeneca AB, Sweden) 10 ml; group 
IP received intraperitoneal instillation of ropiva-
caine 10 ml and incisional infiltration of NS 10 
ml later; and group ICP received 10 ml of intra-

peritoneal and incisional ropivacaine each. 
After gallbladder extraction, ropivacaine was 
intraperitoneally injected into the surgical bed 
using a feeding tube through the right subcos-
tal port. After closure of the surgical wounds, 
the ropivacaine infiltration was conducted by 
the same surgeon at the four ports (epigastric 
port: 4 ml; umbilical and the two 5 mm right 
abdominal ports: 2 ml each).

Randomization and blinding 

Randomization was based on reproducible 
computer-generated codes that were main-
tained in sequentially numbered opaque enve-
lopes. The operating room (OR) nurse staff not 
involved in the study opened the sealed opaque 
envelope containing patient allocation and 
instructions for the solution preparation. One 
research staff blinded to the details of the 
study was scheduled to collect the postopera-
tive data. The patient and surgeon were 
unaware of the given medications.

Surgical technique

According to the standard surgical protocol the 
LC was performed by the same surgical team. 
The patient was placed in the reverse 
Trendelenburg position (angled at nearly 30°) 
with the table tilted downward to the patient’s 
left side. A classical 4-trocar surgical technique 
that consisted of placement of a 12 mm port 
via the umbilical incision, a 10 mm port in the 
epigastric area, and two 5 mm ports on the 
right side of the abdomen was used for all 
patients. Pneumoperitoneum was created and 
maintained by insufflation with non-humidified 
and non-heated CO2 gas at 15 mmHg of the 
intra-abdominal pressure. Clipping and blunt 
transection were conducted until Calot’s trian-
gle was exposed by electrocauterization. The 
gallbladder was dissected from the liver bed by 
a Hook bovie (Covidien, USA) and extracted 
through the epigastric port site. At the end of 
the surgery, CO2 was carefully evacuated by 
manual compression of the abdomen with 
open trocars.

Anesthesia protocol

The patients were fasted for 8 h and trans-
ferred to the preoperative room without pre-
medication. Then a 20-G intravenous cannula 
was inserted into the right forearm and con-
nected to a T-connector for drug administra-
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tion. Upon arrival at the OR, monitoring was 
continuously accomplished by electrocardiog-
raphy (ECG), non-invasive blood pressure 
(NIBP), pulse oxygen saturation (SpO2), and 
heart rate (HR). Lactated Ringer’s solution (6-8 
ml·kg-1·h-1) was infused throughout the surgery. 
General anesthesia was induced with 6 µg/kg 
of fentanyl, 0.05 mg/kg of midazolam, and 2 
mg/kg of propofol i.v. and orotracheal intuba-
tion was facilitated with cisatracurium (0.15 
mg/kg, i.v.). Anesthesia was maintained with 
sevoflurane at 1.5-2.5% end-tidal concentra-
tion. Mechanical ventilation was controlled 
using a ventilator (Aestiva/5, Datex-Ohmeda, 
USA) and respiratory parameters were adjusted 
to keep the end-tidal CO2 at 35-45 mmHg. After 
tracheal intubation, an oesophageal tempera-
ture probe was placed. The OR temperature 
was set at 20°C and patients were kept warm 
using the forced warm-air device. At the end of 
the surgery, residual neuromuscular blockade 
was antagonized with neostigmine 0.03 mg/kg 
and atropine 0.02 mg/kg, and tracheal extuba-
tion was performed once clinical signs were 
observed and a TOF ratio of 0.9 was achieved.

All patients received 4 mg of ondansetron i.v. at 
the end of surgery for preventing from postop-
erative nausea and vomiting (PONV). To control 
the severity of postoperative pain, the patients 
complaining of pain in the post-anesthesia care 
unit (PACU) received a bolus of morphine 3 mg 
i.v. until the visual analogue scale (VAS) score 
was <30 mm. Then the postoperative analge-
sia was continued by the initiation of computer-

ized patient-controlled intravenous analgesia 
(PCIA), morphine 1 mg bolus with a lockout time 
of 15 min. Patients were encouraged to ambu-
late as soon as possible and hospitalized for up 
to 72 h as part of our routine practice.

Outcome measurements 

Before the surgery patient was given an expla-
nation of VAS and familiarized with use of the 
PCIA device. The collected data included 
patient age, gender, weight, American Society 
of Anesthesiologists (ASA) physical status, 
duration of surgery (from incision of skin to clo-
sure of the surgical wounds), temperature in 
the PACU, and duration of PACU stay. The pri-
mary end point is the dynamic pain intensity 2 
h, 6 h, 24 h, and 48 h after the surgery. The 
intensity of dynamic pain was assessed using a 
100-mm VAS (0 mm represents “no pain” and 
100 mm represents “worst unbearable pain”) 
during deep breathing, coughing, or movement 
[9]. The secondary end points are cumulative 
morphine consumption 2 h, 6 h, 24 h, and 48 h 
after the LC and the proportion of patients with 
PONV over 48 h postoperatively. Meanwhile 
intra-operative arrhythmias or delayed awaken-
ing was noted to determine if the patients had 
signs of local anesthetic toxicity.

Statistical analysis

In our pilot study, we found that, compared with 
twenty patients receiving control usage with 
intraperitoneal and incisional NS 10 ml each, 
difference in pain score means 6 h after the LC 

Table 1. Inclusion and exclusion criteria for study participation
Inclusion criteria
    Elective LC for enlarged gallbladder polyps or symptomatic cholelithiasis. 
    Adult patient (18-65 yr).
    ASA physical status I/II.
Exclusion criteria
    Acute pancreatitis or cholecystitis (<6 wk). 
    History of previous abdominal surgery.
    Patients with comorbid diseases (i.e, diabetes mellitus, severe hepatic or renal impairment) or valvular heart 
disease using oral anticoagulant drugs.
    Chronic pain treatment. 
    History of alcohol or drug addiction.
    Extreme overweight (BMI > 35).
    Allergy to the drugs used in the present study.
    Cognitive impairment or communication problems.
    Pregnancy or lactating.
ASA, American Society of Anesthesiologist; BMI, body mass index; LC, laparoscopic cholecystectomy.
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of another twenty patients receiving same vol-
ume of intraperitoneal and incisional ropiva-
caine was 27 points. So we need to recruit 33 
patients in each group to achieve 80% power 
and 0.05 significance level [10]. Assuming a 
compliance rate of 80%, we recruited 40 
patients per group in the formal trial.

Because this study evaluated the effect of 
intraperitoneal and incisional ropivacaine on 
dynamic pain intensity after the LC, conversion 
to the open surgery was considered as protocol 
violation. These patients were excluded from 
data collection. For the safety analysis the 
excluded patients still received the same anes-
thesia and analgesia protocol as well as evalu-
ations until their hospital discharge.

Data were analyzed using the statistical pack-
age SPSS 15.0 for windows (SPSS Inc, Chicago, 

USA). Continuous data (age, weight and dura-
tion of surgery, temperature after surgery, PACU 
stay, dynamic VAS scores, and cumulative mor-
phine consumption) were presented as means 
(SD) and 95% confidence interval and analyzed 
with the two-way analysis of variance or the 
Friedman test as appropriate. Data regarding 
patient gender, ASA physical status, and num-
ber of patients with PONV were presented as 
frequency (percentage) and analyzed with the 
x2 test. Scheffe tests were used for post hoc 
multiple treatment comparisons. A P-value 
<0.05 was considered statistically significant.

Results

Demographic characteristics

Of the total of 174 patients assessed for eligi-
bility in the study, we excluded 14 ones. Eleven 

Figure 1. Flow dia-
gram showing par-
ticipants in this trial.
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patients did not meet inclusive criteria and 5 
ones declined to participate. Then 160 patients 
were recruited into the study, with 152 ones 
included in the final data analysis. Three 
patients in the group Sham, one patient in the 
group IC, two patients in the group IP, and two 
patients in the group ICP were excluded due to 
the conversion to the open surgery (Figure 1).

There were no significant differences among 
the four groups with regard to age, gender, 
weight, ASA physical status, duration of sur-
gery, and temperature after surgery (Table 2). 
However, the time of PACU stay in group IC and 
ICP was less than that in group Sham (P<0.05: 
30.4±12.6, 27.6±10.5 vs. 40.2±19.6).

Dynamic VAS score

With an increase in time following surgery, the 
dynamic pain in each group gradually declined 
(Table 3). At every evaluation 2 h and 6 h after 
the surgery, patients in the group Sham report-
ed higher pain scores compared with those in 
the groups IC and ICP (P<0.05). Furthermore, 
intraperitoneal and incisional ropivacaine 
exerts more powerful analgesic effect 24 h 

after the LC. Meanwhile the dynamic pain 
scores in group ICP were also much less than 
those in groups IC and IP 2 h, 6 h, and 24 after 
the surgery (P<0.05). There were no differenc-
es among the four groups with regard to the 
dynamic pain 48 h after the surgery. 

Cumulative morphine consumption

Cumulative morphine consumption is another 
reflection of pain intensity. As shown in Table 4, 
over the 48 h postoperative period, patients in 
group ICP consumed less dosage of morphine 
than those in the group Sham (P<0.05). The 
cumulative morphine consumption in group IC 
6 h and 24 h after the surgery as well as that in 
group IP 24 h after the LC was also less than 
that in group Sham at the corresponding time-
points. At the evaluation 6 h and 24 h after the 
LC, intraperitoneal and incisional ropivacaine 
further produced a larger reduction in mor-
phine consumption when compared with single 
usage of intraperitoneal ropivacaine (P<0.05). 

Incidence of side effects

As shown in Table 5, the incidence of nausea 
and vomiting in group IC and ICP over 48 h 

Table 2. Demographic data of 152 patients who underwent laparoscopic cholecystectomy

Characteristics Group Sham 
(n = 37)

Group IC  
(n = 39)

Group IP  
(n = 38)

Group ICP  
(n = 38) p-Value

Age (yr) 46.4 (10.6) 42.5 (13.4) 41.2 (12.7) 42.9 (14.2) 0.7338
Gender (M/F) 21/26 18/31 20/28 23/25 0.5679
Weight (kg) 53.5 (13.1) 57.4 (11.1) 50.2 (14.6) 54.3 (15.8) 0.8312
ASA (I/II) 34/13 32/17 30/18 32/16 0.9052
Duration of surgery (min) 21.2 (7.6) 23.9 (9.4) 24.5 (10.6) 25.1 (9.6) 0.7724
Temperature after surgery (°C) 36.3 (0.2) 36.2 (0.2) 36.3 (0.1) 36.2 (0.3) 0.9824
PACU stay (min) 40.2 (19.6) 30.4 (12.6)* 37.2(15.3) 27.6 (10.5)* 0.0232
Sham, no intraperitoneal and incisional ropivacaine use; IC, no intraperitoneal but incisional ropivacaine use; IP, no incisional 
but intraperitoneal ropivacaine use; ICP, incisional and intraperitoneal ropivacaine use; M, male; F, female; ASA, American 
Society of Anesthesiologists; PACU, post-anesthesia care unit. Data are expressed as means (SD) or the number of patients. 
*P<0.05 when compared with group Sham. 

Table 3. Dynamic VAS score (VAS-D) of 152 patients after laparoscopic cholecystectomy
Group Sham (n = 37) Group IC (n = 39) Group IP (n = 38) Group ICP (n = 38)

VAS-D 2 h 46 (24), 95% CI 38-60 27 (13)*,#, 95% CI 24-31 37 (18)#, 95% CI 28-49 12 (8)*, 95% CI 6-13
VAS-D 6 h 42 (18), 95% CI 33-50 22 (12)*,#, 95% CI 17-28 36 (13)#, 95% CI 27-40 10 (9)*, 95% CI 5-10
VAS-D 24 h 27 (13), 95% CI 19-31 23 (14)#, 95% CI 14-29 21 (12)#, 95% CI 14-28 10 (7)*, 95% CI 6-12
VAS-D 48 h 18 (12), 95% CI 14-26 18 (11), 95% CI 12-24 17 (11), 95% CI 12-24 15 (13), 95% CI 10-22
Sham, no intraperitoneal and incisional ropivacaine use; IC, no intraperitoneal but incisional ropivacaine use; IP, no incisional 
but intraperitoneal ropivacaine use; ICP, incisional and intraperitoneal ropivacaine use; VAS-D, Dynamic Visual Analgesia Scale. 
Data are expressed as means (SD) and 95% CI of VAS-D in mm on a 100-mm scale. *P<0.05 when compared with group 
Sham at the same time-point. #P<0.05 when compared with group ICP at the same time-point.
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postoperatively were much less than those in 
group Sham (P<0.05). No patients exhibited 
signs of local anesthetic toxicity during or after 
surgery.

Discussion

The main finding of this trial is that, compared 
with placebo and single usage of intraperitone-
al or incisional ropivacaine, intraperitoneal and 
incisional ropivacaine (0.75%, 10 ml each) at 
the end of the LC significantly reduced the time 
of PACU stay, postoperative dynamic pain, 
cumulative morphine requirements, and inci-
dence of PONV. In a previous study, combined 
usage with incisional ropivacaine (2 mg/ml, 20 
ml) and its intraperitoneal infusion (2 mg/kg, 
100 ml) ahead of the surgical procedure exert-
ed additive effects on decreasing postopera-
tive pain [11]. There is another similar report 
that local skin infiltration of bupivacaine and 
intraperitoneal lidocaine (2%, 10 ml) or bupiva-
caine (0.5%, 10 ml) after LC also were proven to 
lower the intensity of postoperative pain in a 
synergistic fashion [10]. Furthermore, intraperi-
toneal NS infusion at the end of the procedure 
has been proved to achieve postoperative pain 
reduction after LC [12]. To eliminate the influ-
ence of NS on the postoperative pain, we set up 
incisional and/or intraperitoneal NS treatment 
groups for control. 

the very experienced team to perform laparo-
scopic cholecystectomy, because the surgeon 
has specialized in it for more than 10 years. 

Ropivacaine is a long-acting LA that was devel-
oped after the emergence of bupivacaine-relat-
ed severe toxicity. It is a pure left-isomer and 
has less toxic potential on the CNS and the cir-
culatory system [13]. Though peak concentra-
tion of ropivacaine (0.75%, 300 mg) was 3.01-
4.32 μg/ml when injected intraperitoneally at 
immediately after pneumoperitoneum and fol-
lowed by at the end of the surgery, it did not 
induce any clinical evidence of toxicity [14]. The 
large dose of ropivacaine (300 mg) not only 
produced similar analgesia (when compared 
with 100 mg), but also led to large plasma con-
centrations. Considering the patients’ safety, 
the maximum dosage of ropivacaine used in 
the present trial was 150 mg, which is far below 
the maximum dose for infiltration anesthesia 
(200 mg) in an adult patient [15]. 

Following LC the postoperative pain at incision 
sites has the largest component (50%-70%), 
followed by the pneumoperitoneum (20%-30%) 
and cholecystectomy (10%-20%) [16]. Incisional 
pain is usually mild to moderate in intensity, 
maximal immediately postoperatively, subsid-
ing with time, and dominant role during the first 
48 h after LC [17]. For patients undergoing lap-

Table 4. Cumulative morphine consumption (mg) of 152 patients after laparoscopic cholecystectomy
Group Sham (n = 37) Group IC (n = 39) Group IP (n = 38) Group ICP (n = 38)

2 h 9 (3), 95% CI 6-8 5 (4), 95% CI 2-5 6 (4), 95% CI 5-8 2 (3)*, 95% CI 2-3
6 h 14 (9), 95% CI 15-19 6 (6)*, 95% CI 4-8 11 (7)#, 95% CI 9-14 4 (2)*, 95% CI 3-5
24 h 23 (10), 95% CI 18-25 11 (8)*, 95% CI 9-15 12 (11)*, 95% CI 10-14 8 (8)*, 95% CI 6-9
48 h 24 (14), 95% CI 20-28 17 (14), 95% CI 14-22 21 (11)#, 95% CI 17-24 12 (8)*, 95% CI 9-12
Sham, no intraperitoneal and incisional ropivacaine use; IC, no intraperitoneal but incisional ropivacaine use; IP, no incisional 
but intraperitoneal ropivacaine use; ICP, incisional and intraperitoneal ropivacaine use. Data are expressed as means (SD) and 
95% CI for cumulative morphine consumption (mg) after the surgery. *P<0.05 when compared with group Sham at the same 
time-point. #P<0.05 when compared with group ICP at the same time-point.

Table 5. Incidence of side effects of 152 patients 48 h after laparoscop-
ic cholecystectomy

Group Sham 
(n = 37)

Group I  
(n = 39)

Group N 
(n = 38)

Group IN 
(n = 38)

Nausea 21 (56.7) 10 (25.6)* 13 (34.2) 6 (15.8)*
Vomiting 14 (37.8) 6 (15.3)* 9 (23.6) 5 (13.1)*
Signs of local anesthetic toxicity 0 (0) 0 (0) 0 (0) 0 (0)
Sham, no intraperitoneal and incisional ropivacaine use; IC, no intraperitoneal but inci-
sional ropivacaine use; IP, no incisional but intraperitoneal ropivacaine use; ICP, incisional 
and intraperitoneal ropivacaine use; Data are expressed as the number of patients (%). 
*P<0.05 when compared with group Sham. 

In this trial, the duration 
of operation was really 
very short. There are 
two reasons accounting 
for it. First, we excluded 
the patients with acute 
pancreatitis or cholecys-
titis (<6 wk) and the 
ones with history of pre-
vious abdominal sur-
gery. So the surgeries 
were relative easily 
done. Second, it is really 
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aroscopic ventral/incisional hernia repair inci-
sional bupivacaine (0.25%, plus epinephrine) 
immediately before suture placement reduced 
pain at the early postoperative stage [4]. Liu YY 
et al. also reported that, in patients undergoing 
LC, ropivacaine infusion (1.0%, 20 ml) at the 
port sites decreased postoperative pain imme-
diately, reduced the meperidine use and short-
ened hospital stay [18]. Large volume ropiva-
caine at relative lower concentration injected 
into cholecystectomy wounds decreased 
wound pain and prolonged the time of the first 
request for postoperative analgesia [19]. In the 
present study, usage with less volume of ropi-
vacaine also producing promising analgesic 
effect might account for its higher concentra-
tion (0.75% vs. 0.25%) and multiple usages. 

Administration of intraperitoneal LA has been 
used by many surgeons as a method of postop-
erative pain relief. The evidence supporting 
intraperitoneal LA infusion as part of a multi-
modal analgesic regimen for reducing postop-
erative pain and analgesic consumption follow-
ing LC is accumulating [11, 20, 21]. Increasing 
the dose of intraperitoneal LA infusion also 
seems important. The intraperitoneal instilla-
tion of ropivacaine 150 mg at the end of LC was 
more effective on postoperative pain relief than 
either 100 mg of bupivacaine or ropivacaine, 
whereas smaller doses of LA failed to demon-
strate any beneficial efficacy on pain relief [22-
24]. In the present study, intraperitoneal ropiva-
caine injected into the surgical bed after 
gallbladder extraction could not decrease the 
postoperative pain score, which suggested that 
identification of optimal intraperitoneal ropiva-
caine dosage needs to be further investigated. 
Meanwhile, mean morphine consumption in 
the 48 h postoperative period was 21 mg in 
intraperitoneal ropivacaine group, which was 
far from negligible. It demonstrates that, 
although intraperitoneal ropivacaine injection 
has some additive effect on postoperative pain, 
it remains a weak analgesic technique.

Intraperitoneal 5 mg/kg of 1.0% levoropiva-
caine in 200 ml of normal saline ahead of the 
surgery plus incisional 20 ml of 1.0% levoropi-
vacaine at four port sites immediately after 
wound closure decreased the immediate post-
operative pain and the duration of hospital stay 
[25]. But it is not the randomized and double-
blinded trial. In the present study, we designed 
this randomized, double-blind, placebo-con-

trolled trial in order to better evaluate the anal-
gesic efficacy of intraperitoneal and incisional 
ropivacaine. Furthermore, we injected intraper-
itoneal and incisional ropivacaine at the end of 
the surgery without dilution. So it is convenient 
for the surgeon to conduct and helpful to 
decrease the duration of the surgery.

Postoperative analgesic requirement is an 
additional way to quantify the benefit of periop-
erative analgesia. In our study, intraperitoneal 
and incisional ropivacaine produced the largest 
reduction in cumulative morphine consump-
tion. However, postoperative analgesic require-
ment was not the primary outcome measure-
ment in our trial, so the trial was not powered to 
test for this difference. A larger trial focusing on 
the postoperative cumulative analgesic require-
ment may be important. 

Pain and opioids both may induce PONV. For 
patients undergoing LC, a combination of inci-
sional and intraperitoneal ropivacaine (286 mg, 
66 ml) blockade reduced not only overall pain 
score but also the incidence of nausea at the 
early postoperative stage [17]. We got the simi-
lar results, which might attribute for the reduc-
tion in postoperative pain scores and dosage of 
cumulative morphine consumption.  

There are some limitations relevant to our 
study. First, we did not compare the influence 
of the timing of ropivacaine treatment (preop-
erative vs. end of the surgery) on postoperative 
pain relief. Preincisional wound infiltration with 
ropivacaine (10 mg/ml, 20 ml) was reported to 
provide satisfactory postoperative analgesia 
and reduce the rescue analgesic requirements 
for patients undergoing laparoscopic proce-
dures [24]. However, Sozbilen M et al. [26] 
found that administration of ropivacaine preop-
eratively and postoperatively for LC has similar 
effects on postoperative pain over a 24 h post-
operative follow-up. Second, though shoulder 
pain is often mild in intensity, it may occur 35%-
63% and sometimes lasts for 3 d [27, 28]. It is 
a pity for us not to record this parameter. Third, 
earlier mobility is also an important parameter 
to indirectly reflect the recovery of patients. 
Finally, we did not record the duration of hospi-
tal stay and compare them among the four 
groups. It is really a key variable to measure 
here in health economic terms. If we had noted 
them, we might be better to overall judge the 
difference among the four treatment groups. 
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In conclusion, combined usage with intraperito-
neal and incisional ropivacaine at the end of 
the LC might shorten the time of PACU stay and 
effectively reduce postoperative dynamic pain 
scores, cumulative analgesic consumption, and 
incidence of PONV. This analgesic method 
might be a better safety profile for postopera-
tive patients undergoing LC.
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