
Introduction

Laparoscopic colorectal cancer (LCRC) surgery in conjunc-

tion with other fast track modalities is increasingly practiced 

within an early recovery after surgery (ERAS) pathway [1-5]. 

Strategic, multimodal pain management plays an important part 

in the ERAS pathway. �e analgesic method in LCRC surgery 

within ERAS had been adopted initially from that of the open 

colocrectal cancer (CRC) surgical protocol. Therefore, pain 

management needed to be tailored to LCRC surgeries and its ef-
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�cacy needed to be validated [6]. In this regard, local anesthetic 

in�ltration, intravenous patient controlled analgesia (IV PCA), 

non-steroidal anti-in�ammatory drugs or paracetamol, intrave-

nous lidocaine infusion, and neuraxial block have been investi-

gated [5,7-13].

While there is no consensus on the best method of analgesia 

[6,8], recent studies report that epidural analgesia does not have 

a bene�cial outcome in LCRC surgery and could even be delete-

rious [11,14,15]. According to Levi et al. [11], return of bowel 

function was slower and the length of hospital stay and dura-

tion of nausea were longer with epidural analgesia compared to 

spinal anesthesia and IV PCA in LCRC surgery. �ey concluded 

that epidural analgesia may not be a good choice for postopera-

tive pain management in LCRC surgery, unlike in open CRC 

surgery [11]. On the other hand, local anesthetic infiltration 

techniques, including continuous wound infusion [9,12,16] and 

transversus abdominis plane (TAP) block [17], provide safe and 

comparable analgesia as compared to epidural analgesia. In the 

meantime, IV PCA is also a commonly used analgesia in LCRC 

surgery, as is in our institution. IV PCA may be considered suf-

�cient to control postoperative pain, because LCRC surgery is 

relatively less invasive and reportedly provokes less postopera-

tive pain than open CRC surgery [18]. However, systemic opioid 

IV PCA may accompany opioid side e�ects, such as nausea and 

vomiting, pruritus and postoperative ileus, even with the small 

doses required for analgesia.

Two randomized controlled trials in LCRC surgeries found 

that when local anesthetic wound infusion were compared to 

either saline (placebo) wound infusion or epidural analgesia 

the analgesic e�ect was comparable [12,19]. Studies of local an-

esthetics wound infusion in open laparotomy surgeries report 

controversial results and suggest that success lies in the appro-

priate plane of wound catheter placement [20,21]. In the former 

two studies in LCRC surgeries, wound catheters were placed at 

the extraction wound of the specimen [12,19]. In comparison, 

we used a method of placing the catheters at the subfascial layer 

using laparoscopic guidance and compared this method of 

subfascial ropivacaine continuous infusion to IV PCA. �e in-

nervation of the nerves in the abdomen arises from the thoracic 

intercostal nerves T6-12, L1, which course through between the 

internal oblique and the transversus abdominis muscle at the 

lateral side and converge toward the preperitoneal space at the 

midline. With these nerve trajectories in mind, we thought that 

subfascial catheter placement a�er laparoscopic surgery might 

be bene�cial for postoperative surgical pain, because along with 

incisional pain, residual abdominal distension from carbon 

dioxide insufflation and pneumoperitoneum in laparoscopic 

surgery might trigger nociception in the whole peritoneum and 

might cause di�use abdominal pain a�er surgery [22].

In this randomized clinical trial, we aimed to investigate the 

analgesic e�cacy of this novel method of subfascial ropivacaine 

continuous infusion in LCRC surgery, and investigated, in re-

gard to ERAS, the time to �rst �atus, time to �rst rescue meperi-

dine requirement, rescue meperidine consumption, and length 

of hospital stay (LOS). Postoperative side e�ects, including post-

operative nausea and vomiting, sedation, hypotension, dizziness, 

headache, and wound complications were also studied. 

Materials	and	Methods

�is prospective, randomized trial was performed a�er ap-

proval from this Institution’s Review Board of ethical committee 

(IRB �le no. 2010-10-011) and observed ethical standards of the 

Helsinki Declaration. We received an informed consent from all 

patients. The study protocol was prospectively registered with 

the Australia and New Zealand Clinical Trial Registry: ACTRN 

12611000183987. �is study conforms to the CONSORT guide-

line.

Patients aged between 20–65 years undergoing laparoscopic 

colorectal surgeries at our single institution between June 2011 

and April 2013, who agreed to participate, were included in this 

study. Patients who were allergic to study drugs, with pre-exist-

ing coagulopathy, neurologic or cognitive dysfunction, systemic 

or regional infection, previously taking opioids for chronic pain, 

compromised understanding of patient-controlled analgesia, 

obesity (body mass index > 30 kg/m2), and pregnancy were 

excluded from the study. Patients were randomly allocated fol-

lowing a simple randomization procedure to one of two parallel 

groups in 1 : 1 ratio to receive subfascial ropivacaine continuous 

infusion (R group) or fentanyl IV PCA (F group). A random 

sequence was generated by computer-generated allocation 

numbering (www.randomizer.org) and allocation concealment 

was achieved through sequentially numbered concealed sheets. 

Blinding of the operator was not applied in this study because R 

group patients received wound catheters and F group patients 

did not. In an attempt to reduce the risk of bias, the research in-

vestigator who recorded the postoperative study parameters was 

not informed of and was oblivious to the presence of the ropi-

vacaine infusion device. However, blinding was not complete in 

this study.

Patients were anesthetized with thiopental 5 mg/kg, sevo�u-

rane, and rocuronium or vecuronium. A�er tracheal intubation, 

anesthesia was maintained with sevo�urane 2 vol% at 0.5 frac-

tion of inspired oxygen with air. Nitrous oxide was not used. 

Intraoperative analgesia was performed using IV fentanyl. All 

patients received hydromorphone 0.015 mg/kg at the end of 

surgery. In the postanesthetic care unit (PACU) IV meperidine 

0.5 mg/kg was given as a rescue analgesic and IV ketorolac 30 

mg was given as the next rescue analgesics. �e visual analogue 

scale (VAS) at discharge from the PACU was equalized to VAS < 
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40 mm according to PACU discharge criteria. 

All surgical procedures and insertion of continuous infusion 

devices were conducted by one surgeon. Laparoscopic surgical 

procedures were performed with one peri- or trans-umbilical 

camera port and 2–3 mini-incisional laparoscopic ports. The 

specimen was extracted either from the incisional extension 

from the umbilical port site or from the le� lower quadrant inci-

sional wound, ranging 4–6 centimeters in size. 

In the R group, a bolus of 0.5% ropivacaine 10 ml was inject-

ed and a continuous infusion was applied through an elastomet-

ric pump (On-Q PainbusterTM, I-Flow Corp., Lake Forest, CA, 

USA). �e pump was preset to deliver 0.5% ropivacaine through 

two multi-holed catheters at a rate of 2 ml/h per catheter dur-

ing postoperative 72 hours (a total volume of 300 ml, infusion 

rate of 2 + 2 ml/h per catheter, 12.5 cm catheter length). The 

technique of catheter placement was as follows: a tunneling of 

the catheters was made from 1 inch below the xyphoid process 

along the bilateral subcostal margin in the shape of an inverse “v”, 

with a catheter on each side placed at the subfascial layer, deep 

to the transversalis fascia (between the parietal peritoneum and 

the musculo-fascial layer). �e catheters were placed by one sur-

geon under viewing of the laparoscopic images (Fig. 1). In the F 

group, a fentanyl IV PCA pump (AutoMedⓇ3200, Ace Medical, 

Korea) was initiated at the PACU and was maintained for post-

operative 72 hours. �e regimen comprised of 15 μg/ml fentanyl 

in normal saline 100 ml at an infusion rate of basal 0.5 ml/h, a 

bolus of 1 ml with a lock out interval 15 minutes. 

Postoperative checkups included pain scores recorded by the 

VAS (VAS, scale of 0–100 mm, 0 = no pain, 100 = extreme pain) 

at rest and when coughing, postoperative analgesic require-

ments, postoperative nausea and vomiting (PONV), sedation, 

hypotension, dizziness, headache, and wound complications at 

1 (at PACU), 6, 24, 48, and 72 hours postoperatively. Time to 

�rst �atus, time to �rst rescue, IV meperidine requirement, and 

length of hospital stay (LOS) were also recorded. 

For e�ective postoperative analgesia, all patients were made 

feasible to use a bolus of fentanyl IV PCA at bedside, by equip-

ping the patients in R group with a bolus only fentanyl IV PCA 

device (AutoMedⓇ3200, Ace Medical, Seoul, Korea), which was 

set to deliver a bolus of 15 μg fentanyl only at patient’s demand 

(15 μg/ml of fentanyl in 100ml normal saline, at lock out interval 

of 15 minutes). Patients in the F group used their fentanyl IV PCA 

for bolus demand. All patients received meperidine 0.5 mg/kg for 

rescue analgesia if VAS > 40 mm even a�er IV PCA bolus. Me-

peridine was chosen for rescue analgesia according to our hospi-

tal’s analgesia prescription. Oral analgesia on a regular basis was 

withheld for postoperative 72 hours during the study period. 

Antiemetic drugs were given if PONV was moderate or se-

vere (PONV was questioned on a scale of 10; 1–3: mild; 4–6: 

moderate; 7–10: severe). At PACU, IV metoclopramide 10 mg 

was given as a primary antiemetic drug, and IV palonosetron 

0.075 mg was given as a second line drug. At ward, IV metoclo-

pramide 10 mg or granisetron 1 mg was given. Sedation was re-

corded on a scale of 5 (1: completely awake, 2: drowsy, 3: dozing, 

4: mostly sleepy, 5: not responding). Hypotension was recorded 

if systolic blood pressure < 30% of baseline. The presence of 

dizziness was also recorded. �e wound was dressed on postop-

erative day 3 and its condition was made note on the electronic 

medical record.

Statistics

A pilot study showed that the VAS when coughing at post-

operative 24 hours in IV PCA was 60 ± 20 mm. Based on the 

reduction of VAS > 30% perceived to be clinically relevant (80% 

power test and alpha level of 0.05), 21 patients in each group 

were required. Accounting the 10% drop rate, a total of 46 (23 

patients each) patients were planned. 

Demographic and surgical data, the VAS scores, meperidine 

and fentanyl IV PCA consumption, resumption of oral soft 

diet, and satisfaction scores were analyzed by t-test or Wilcoxon 

rank sum test according to normality test results. Cumulative 

meperidine consumption was analyzed a�er natural logarithm 

transformation due to non-normality. The length of hospital 

stay, time to �rst gas out, time to �rst meperidine requirement at 

ward, and time to �rst meperidine requirement including PACU 

were analyzed by log rank test. Categorical variables including 

PONV, use of antiemetic drugs, sedation and percentage of pa-

tients with no rescue meperidine during postoperative 72 hours 

were analyzed by chi square or Fisher’s exact test, as appropriate. 

Continuous variables were displayed as mean ± SD or median 

(interquartile range) after normality test. All values were con-

sidered signi�cant if P < 0.05. Statistical analysis was carried out 

using SAS version 9.3 (SAS Institute Inc, Cary, NC, USA).
Fig. 1. Laparoscopically assisted ropivacaine continuous infusion 
(PainbusterTM) catheter placement at subfascial layer (preperitoneum). 
Arrow indicates a catheter placed just beneath the parietal peritoneum.
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Results

A total of 44 patients were recruited. Among these 44, one 

patient refused to participate and one patient was lost during 

follow up. �us, 42 patients completed the study (Fig. 2, CON-

SORT diagram). Patient demographics and details of surgery 

are listed in Table 1. No significant differences were observed 

between the groups. 

Our primary end point, the VAS when coughing at 24 hours, 

showed no di�erence between the groups. �e VAS scores at rest 

and when coughing at all other time points were also not dif-

ferent between the groups (Table 2). �e time to �rst �atus was 

signi�cantly shorter in the R group compared to the F group (P 

= 0.010) (Table 3). Resumption of oral so� diet was similar be-

tween the groups (P = 0.492). LOS was not di�erent between the 

groups (P = 0.853).

Analgesic consumption of IV fentanyl, rescue IV meperidine, 

the number (%) of patients with no request for rescue IV me-

peridine during 72 hours postoperatively, and time to �rst res-

cue meperidine are displayed in Table 4. Rescue IV meperidine 

requirement was not di�erent between the groups. IV fentanyl 

consumption was significantly less in the R group, because of 

the given protocol (Fentanyl IV PCA group with continuous and 

bolus doses vs. ropicaine continuous infusion group with fen-

tanyl IV PCA bolus only doses). Time to �rst meperidine given 

in the ward was signi�cantly shorter in the R group (P = 0.017), 

but the number of patients who did not request rescue IV me-

peridine during the 72 hour follow up was smaller in the R group, 

although this di�erence was statistically not signi�cant. Rescue IV 

ketorolac at the PACU was given to two patients in the F group.

Adverse e�ects, including PONV and sedation were similar 

between the groups. The incidence of PONV, the use of anti-

emetic drug, and sedation are shown in Table 5. Antiemetic 

drugs were given to moderate to severe PONV patients. How-

ever, at postoperative 1–6 hours in the ward, 18 patients (13 

in F group, 5 in R group) received routine IV antiemetic drug, 

granisetron 1 mg postoperatively. �ere was no report of hypo-

tension, dizziness, or headache in this study.

There was no mortality or morbidity, nor was there any 

wound infection or complication related to the analgesic meth-

od. One patient in the F group showed a leakage in anastomosis 

site and received reoperation without further complications. 

Fig. 2. CONSORT flow diagram. 
LCRC: laparoscopic colorectal cancer.

Assessed for eligibility (n = 44)
Laparoscopic CRC surgery

Excluded (n = 1)
Not meeting inclusion criteria (n = 0)
Declined to participate (n = 1)
Other reasons (n = 0)

Randomized (n = 43)

Allocated to intervention (n = 23)
Received allocated intervention (n = 23)
Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 1)
Discontinued intervention (n = 0)

Analysed (n = 22)

Violation of intervention protocol: IV PCA
regimen set to receive a continuous infusion of
1 ml/hr rather than 0.5 mg/hr (n = 2, included in
the analysis for intention to treat analysis)

Allocated to intervention (n = 20)
Received allocated intervention (n = 20)
Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysed (n = 20)

Allocation

Follow-up

Analysis
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Table 1. Demographic Patient and Surgical Data

Fentanyl IV PCA  
group (n = 22)

Ropivacaine continuous  
infusion group (n = 20)

P value

Age (yr) 55.3 ± 7.0 53.4 ± 8.7 0.605

Gender (M/F) 14/8 12/8 0.808

Weight (kg) 64.5 ± 10.5 64.0 ± 11.4 0.554

Height (cm) 164.4 ± 7.4 158.3 ± 19.9 0.296

ASA PS I/II 12/10 14/6 0.303

DM (Y/N) 2/20 2/18 0.920

HTN (Y/N) 8/14 5/15 0.426

Extraction site of specimen 0.231

    Umbilicus/LLQ 16/6 11/9

Type of laparoscopic surgery (n) 0.438

    Anterior resection/Right hemicolectomy/
      Low anterior resection/Left hemicolectomy

8/7/7/0 11/4/4/1

TNM staging (n) I/II/III 5/3/14 4/5/10

Crystalloid (ml) 1106.8 ± 309.5 1210.0 ± 307.6 0.090

Colloid (ml) 181.8 ± 246.2 75.0 ± 183.2 0.120

EBL (ml) 72.7 ± 39.3 84.0 ± 48.3 0.428

Urine output (ml) 255.7 ± 140.9 277.5 ± 167.4 0.938

Duration of anesthesia (min) 169.6 ± 32.3 181.9 ± 40.6 0.338

Duration of surgery (min) 131.4 ± 36.3 143.8 ± 35.9 0.190

Intraoperatively used fentanyl dose (μg) 30.0 ± 47.0 23.7 ± 42.0 0.792

Values are mean ± SD or numbers of patients. IV PCA: Intravenous patient-controlled analgesia, ASA PS: American society of anesthesiologist 
physical status, DM: diabetes mellitus, HTN: hypertension, LLQ: left lower quadrant, TNM staging: tumor node metastasis staging, EBL: estimated 
blood loss. P values < 0.05 are considered statistically significant.

Table 2. The Visual Analogue Scale at Rest and when Coughing during Postoperative Hours

Fentanyl IV PCA group (n = 22) Ropivacaine continuous infusion group (n = 20) P value

The VAS at rest

    Postoperative 1 h (at PACU) 50 (30–70) 30 (10–65) 0.381

    Postoperative 6 h 30 (20–50) 30 (10–30) < 0.999

    Postoperative 24 h 30 (10–40) 30 (17.5–50.0) < 0.999

    Postoperative 48 h 20 (9–30) 20 (10–35) < 0.999

    Postoperative 72 h 10 (2–20) 17.5 (10–30) < 0.999

The VAS when coughing

    Postoperative 1 h (at PACU) 65 (40–80) 50 (30–80) < 0.999

    Postoperative 6 h 65 (40–80) 50 (30–60) 0.932

    Postoperative 24 h 50 (40–70) 50 (50–70) < 0.999

    Postoperative 48 h 50 (40–60) 50 (30–60) < 0.999

    Postoperative 72 h 40 (30–60) 40 (25–50) < 0.999

Values are median (Q1-Q3). IV PCA:  Intravenous patient-controlled analgesia, VAS: visual analogue scale. P values < 0.05 are considered statistically 
significant.

Table 3. Comparison of Time to Bowel Recovery, Resumption of Oral Soft Diet, and Hospital Discharge

Fentanyl IV PCA group (n = 22) Ropivacaine continuous infusion group (n = 20) P value

Time to first flatus (h) 60.8 ± 17.9 47.5 ± 13.9 0.010

Resumption of oral soft diet (days) 2.5 (2–3) 2 (2–3) 0.492

Discharge from hospital (days) 6 (5–7) 6 (5.0–6.5) 0.853

Values are mean ± SD or median (Q1-Q3). IV PCA: Intravenous patient-controlled analgesia, PACU: postanesthetic care unit. P values < 0.05 are 
considered statistically significant.
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Table 4. Intravenous Patient Controlled Analgesia Fentanyl and Rescue IV Meperidine Consumption during Postoperative Periods

Fentanyl IV PCA group  
(n = 22)

Ropivacaine continuous infusion 
group (n = 20)

P value

Cumulative consumption of intravenous fentanyl (μg) (bolus only)

    Postoperative ~1 h (at PACU) 15.5 ± 16.2 11.9 ± 19.5 0.111

    Postoperative ~6 h 126.8 ± 71.9 50.6 ± 36.5 < 0.001

    Postoperative ~24 h 500.5 ± 257.3 199.4 ± 97.9 < 0.001

    Postoperative ~48 h 850.7 ± 307.8 363.6 ± 157.4 < 0.001

    Postoperative ~72 h 1182.8 ± 339.0 540.6 ± 240.6 < 0.001

Cumulative consumption of rescue intravenous meperidine (mg)

    Postoperative ~1 h (at PACU) 30.7 ± 25.0 15.3 ± 21.7 0.066

    Postoperative ~6 h 35.2 ± 30.1 20.3 ± 23.4 0.159

    Postoperative ~24 h 76.1 ± 81.8 42.8 ± 51.1 0.163

    Postoperative ~48 h 94.3 ± 107.1 70.3 ± 88.8 0.415

    Postoperative ~72 h 105.7 ± 125.4 80.3 ± 103.8 0.328

Number (%) of patients with no request for rescue 
  IV meperidine during postoperative 72 hours 

4/22 (18.2%) 8/20 (40%) 0.175

Time to first meperidine (rescue meperidine 
  given at ward) (h)

12.4 (0.0–27.0) 0.0 (0.0–10.0) 0.061

Time to first meperidine (rescue meperidine 
  given at PACU included) (h)

0.4 (0.2–22.5) 0.2 (0.0–6.3) 0.279

Satisfaction 
    Postoperative 0–24 h
    Postoperative 24–48 h
    Postoperative 48–72 h

(n = 9)
5.3 ± 2.3
6.8 ± 2.0
7.3 ± 1.5
(n = 8)

(n = 15)
6.3 ± 2.4
7.1 ± 1.8
6.6 ± 1.7
(n = 11)

1.000
1.000
0.988

Values are mean ± SD or median (Q1-Q3). IV PCA: Intravenous patient-controlled analgesia, PACU: postanesthetic care unit. P values < 0.05 are 
considered statistically significant.

Table 5. Postoperative Adverse Effects

Fentanyl IV PCA group
(n = 22)

Ropivacaine continuous infusion group  
(n = 20)

P value

PONV incidence (yes/total)

    Postoperative 0–1 h 2/22 3/20 0.555

    Postoperative 1–6 h 1/22 3/20 0.249

    Postoperative 6–24 h 3/22 1/20 0.945

    Postoperative 24–48 h 0/22 0/20 NA

    Postoperative 48–72 h 1/22 0/20 0.335

Use of antiemetic drug (yes)

    Postoperative 0–1 h 2/22 1/20 0.607

    Postoperative 1–6 h 11/22 5/20 0.096

    Postoperative 6–24 h 1/22 0/20 0.335

    Postoperative 24–48 h 0/22 1/20 0.288

    Postoperative 48–72 h 0/22 0/20 NA

Sedation (1: completely awake, 2: drowsy, 3: dozing, 4: mostly sleepy, 5: not responding)

    Postoperative 0–1 h 10/8/1/3/0 11/8/1/0/0 0.219

    Postoperative 1–6 h 16/5/1/0/0 11/8/0/1/0 0.651

    Postoperative 6–24 h 20/0/2/0/0 19/0/0/1/0 0.489

    Postoperative 24–48 h 22/0/0/0/0 20/0/0/0/0 NA

    Postoperative 48–72 h 22/0/0/0/0 20/0/0/0/0 NA

Values are number of patients. IV PCA:  Intravenous patient-controlled analgesia, PONV: postoperative nausea and vomiting.
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Discussion

�is randomized trial compared IV PCA opioid-based anal-

gesic method to continuous local anesthetic-based pain control. 

Our results showed that analgesia with ropivacaine continuous 

infusion a�er LCRC surgery was not di�erent from fentanyl IV 

PCA. �e VAS was not di�erent between the groups throughout 

the study. Bowel recovery manifested by the time to �rst �atus 

was signi�cantly faster in the R group. During the 72 hour fol-

low up, rescue IV meperidine was never requested in 8 out of 20 

patients (40%) in the R group versus 4 out of 22 patients (18.2%) 

in the F group, although the percentage of patient requiring me-

peridine was not significantly different between the groups (P 

= 0.175). Fentanyl IV PCA doses were also less administered in 

the R group. 

Conversely, time to �rst meperidine request in the ward (0.0 

[0.0–10.0] hour) was significantly shorter in the R group (P = 

0.017). However, rescue IV meperidine administration during 

the 72 hour follow up was less in the R group, without statistical 

signi�cance. �ese results signify that patients required rescue 

IV meperidine immediately upon transfer to the ward. Earlier 

requests for rescue meperidine, yet smaller rescue meperidine 

and fentanyl consumption with fast bowel recovery in the R 

group may seem contradictory. However, we reason that pa-

tients in the R group needed earlier meperidine immediately 

a�er transfer to the ward, because ropivacaine infusion required 

time to reach peak e�ect, whereas fentanyl IV PCA had fast on-

set systemic analgesia in patients in the F group. Furthermore, 

transfer to the ward may have caused patients to move from bed 

to bed, and this movement could have made patients in the R 

group request rescue meperidine at that timepoint. We therefore 

think that an earlier request for rescue IV meperidine in the R 

group was as a result of different pain control modalities and 

does not contradict the favorable pain control e�ect of ropiva-

caine continuous infusion with smaller meperidine and fentanyl 

consumption. To overcome an earlier request for IV rescue me-

peridine, local anesthetics with an earlier onset such as lidocaine 

bolus administration may be favorable. 

In perspectives of ERAS, local anesthetics continuous infu-

sion may be an attractive alternative to systemic opioids or 

neuraxial block, especially if neuraxial block is not indicated 

[9,10,20,23], because the former may enable adequate analgesia 

with early return of bowel function and a shorter hospital stay. 

However, di�erent studies yield disparate results on ropivacaine 

wound infusion, with some studies reporting bene�cial e�ects 

and others reporting no beneficial effects [21,24,25]. The dis-

crepancies among the studies were attributed to the anatomical 

plane of catheter insertion and the dose of local anesthetics used 

[9,19,21]. A meta-analysis by Ventham et al. [9] revealed that 

subfascial wound catheters display more consistent analgesic ef-

fect compared to subcutaneous, suprafascial wound catheters. In 

a study by Moore et al. [19], the researchers placed the catheter 

at the neural plane rather than at the muscular plane and it pro-

duced more e�ective analgesia. Proximity to the target nocicep-

tors and nerves was one determining factor for the efficacy of 

local anesthetics wound infusion [19]. In abdominal surgeries, 

proximity to the nerves arising from the thoracic intercostal 

nerves T6-12, L1 may be a rational choice, therefore, placing the 

catheters between the internal oblique and transversus abdomi-

nis muscle at the lateral side or at the preperitoneal space at the 

midline seems reasonable. In this regard, the TAP is known to 

be an e�ective target of nerve blockade in abdominal surgeries 

[17,26]. However, in order to place the catheters at the TAP in 

LCRC surgery, utilization of ultrasonography is prerequisite. In 

our study, we instead placed the ropivacaine continuous cath-

eters at the subfascial layer, i.e., the preperitoneal layer between 

the parietal peritoneum and the musculo-fascial layer, because 

this was technically feasible without the use of ultrasonography 

and safe to approach under laparoscopic guidance in LCRC 

surgery. According to Ventham et al. [9], subfascial catheters 

can provide effective pain control. We therefore thought that 

our method could also be an alternative choice for e�ective pain 

control.

Until recently, pain management in ERAS has been studied 

mainly in open abdominal surgeries [27]. As studies on the 

best methods of pain control in LCRC surgeries emerged, few 

studies described a local anesthetics wound infusion catheter 

at the extraction wound of the specimen [12,19]. Moore et al. 

[19] reported comparable analgesic e�ect of ropivacaine wound 

infusion with early improved respiratory function, compared to 

the placebo. In their study they concluded that wound infusion 

did not offer improved analgesia or beneficial effect in bowel 

recovery. Boulind et al.’s [12] report was a feasibility study, in 

which they did not conclude on the e�cacy of the wound infu-

sion. However, they strongly suggested that local anesthetic is 

a potentially strong alternative analgesic method, and that a 

further large scale double blinded randomized trial was feasible. 

Our study was di�erent from the two studies in several aspects. 

Instead of placing a catheter at the wound, we used two cath-

eters on each side of the subcostal margin at the plane close to 

the peritoneal layer and 0.5% ropivacaine was infused at 2 ml/

h per catheter. In Moore et al.’s study [19], they used a single 

catheter at the extraction wound and used an infusion pump 

to provide 0.5% ropivacaine at 8 ml/h [19]. Their study com-

pared ropivacaine continuous infusion with saline infusion. But 

our study compared different analgesic modalities, comparing 

between opioid-based versus local anesthetic-based analgesia. 

In LCRC surgery, surgical site, laparoscopic port incision, and 

specimen extraction incision are located in the lower abdomen. 

�erefore, we chose to target ropivacaine wound infusion along 
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the subcostal line at subfascial layer, because we wanted to block 

the intercostal nerve trajectory at the upper level to cover anti-

nociception not only at the surgical incision, but also to reduce 

di�use abdominal pain caused by nociceptive triggering in the 

whole peritoneum by CO2 gas insu�ation during laparoscopy 

[22]. We cannot extrapolate which plane of catheter insertion 

is better in pain control between ours or that in the previous 

studies. However, we suggest that incisional pain and pneumo-

peritoneum induced pain may be managed better with bilateral 

subcostal subfascial catheter placement as in our study, rather 

than at the extraction wound.

Early passage of �atus is an important bene�t of local anes-

thetics continuous infusion [9]. Postoperative ileus delays post-

operative recovery, patient discomfort, and hospital discharge. 

Recovery of bowel function after surgery can be affected by 

several factors, such as hypoalbuminemia, narcotics, nasogastric 

tube, and bowel manipulation during surgery [28-30]. In Moore 

et al.’s study [19], they compared ropivacaine wound infusion 

with placebo and despite less consumption of morphine in 

ropivacaine infusion group, the bowel recovery was not di�er-

ent between the groups. We speculated that di�erences in bowel 

recovery between Moore et al.’s study and ours may be explained 

by ERAS programs implemented by each institution. In the 

Moore study, they began a �uid diet on postoperative day (POD) 

1; whereas in our study, a �uid diet was initiated on POD 2–4, 

according to ERAS care (Table 6). �e ERAS management used 

in this study (Table 6) included early enteral feeding postopera-

tively according to surgery type and each patient’s bowel condi-

tion, regardless of the presence of bowel �atus passage. Nonethe-

less, reduced use of perioperative opioid is associated with early 

postoperative bowel recovery, which was in agreement with our 

�ndings. 

Postoperative adverse e�ects including PONV and sedation 

were not different between the groups, and hypotension, diz-

ziness, headache or significant wound complications were not 

present in this study.

�e limitations of our study are the following. First, this study 

was carried out by non-blinding, because patients in the R group 

carried a continuous wound infusion device, but patients in the 

F group did not. We did not use a placebo (saline) based wound 

infusion device in the F group to double blind the study because 

the comparison was between two di�erent modalities of analge-

sia, i.e., systemic IV opioid based analgesia versus local anesthet-

ics based analgesia. In an e�ort to reduce the risk of bias in this 

study, our assessor was not informed of and was oblivious to the 

presence of a wound device, while investigating the pain scores, 

side e�ects, and IV PCA infusion doses. Second, our study was 

conducted in a single institution and by a single surgeon con-

ducting LCRC surgery, limiting the study’s generalizability. Also, 

the sample size may have been too small to demonstrate the sta-

tistical signi�cance in rescue meperidine consumption, although 

clinically, less meperidine was required in the R group. A large-

scale or multicentered investigation needs to be performed to 

validate our results. �ird, long term follow up of patients was 

not conducted. However, electronic chart review from outpa-

tient follow up after surgery showed no incidence of residual 

severe pain after surgery. Fourth, the plasma concentration of 

ropivacaine was not measured. However, there are several other 

studies that con�rm safety and reliable use of 0.5% ropivacaine 

at 4 ml/h in wound in�ltration to support its use. 

In conclusion, subfascial ropivacaine continuous infusion in 

LCRC surgeries, along the subcostal area in an inverse “v” shape 

at the subfascial layer, can provide analgesia not di�erent from 

fentanyl IV PCA, with early bowel recovery. Earlier requests 

for meperidine in the ropivacaine infusion group in the ward 

may be related to the peak e�ect time of ropivacaine continuous 

infusion, so this does not contradict the favorable pain control 

e�ect of the R group with fewer IV meperidine requests. Further 

investigations using or comparing this method of ropivacaine 

continuous infusion at the subfacial layer (preperitoneum) with 

ropivacaine continuous infusion at the extraction wound may be 

considered. 
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Table 6. Early Recovery after Surgery Care Components Used in this 
Study

1. Early enteral feeding

 Initiation postoperative day of enteral feeding in each surgery

      Laparoscopic anterior resection at POD 2 

      Laparoscopic right hemicolectomy at POD 2

      Laparoscopic low anterior resection at POD 3−4 

      Laparoscopic left hemicolectomy at POD 2 

2. No use of nasogastric tube

3.  Minimal bowel preparation, such as laxatives or suppositories 
in laparoscopic anterior resection, right hemicolectomy and left 
hemicolectomy

  Bowel preparation with 2L colonlyte in laparoscopic low anterior 
resection

4. Early ambulation at POD 1

POD: postoperative day.
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