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Abstract 

Background: The study aimed to evaluate the antinociceptive effect of intraperitoneal 
ketorolac combined with bupivacaine in patients undergoing laparoscopic colectomy.

Methods: This prospective randomized double-blind controlled trial included 60 adults 
scheduled for laparoscopic colectomy randomized into one of two groups according to the 
analgesic instilled intraperitoneally at the end of surgery. Group B (n = 30) received 50 ml of 
intraperitoneal (IP) bupivacaine 0.25% + 5 ml of normal saline. Group KB (n=30) received 50 ml 
of intraperitoneal bupivacaine 0.25% + 30 mg ketorolac in 5 ml of normal saline. Postoperative 
pain intensity was measured by visual analogue scale (VAS) score. The time to the first request of 
analgesia and total morphine consumption were recorded in addition to PONV score.

Results: During the whole postoperative period, compared to group B, the VAS score was 
significantly lower (p < 0.001), time to first request of analgesia was significantly longer (p < 0.001) 
and total morphine consumption was significantly lower in KB group (p < 0.001). Postoperative 
nausea and vomiting score was significantly higher in Group B (p = 0.001).

Conclusion: Intraperitoneal instillation of a combination of bupivacaine 0.25% and ketorolac 
is a safe and effective option for postoperative analgesic following laparoscopic colectomy in cases 
colon cancer.
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Introduction

Open colectomy is considered the principal operation for colorectal (CR) cancer. However 
currently laparoscopic surgery is often considered a treatment option for several malignant and 
benign colorectal diseases1. Laparoscopic colectomy has been shown to be associated with less 
postoperative analgesic requirement, more rapid bowel function recovery, and shorter hospital 
stay2.
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Numerous randomized controlled trials (RCTs) 
suggested that the short- and long-term outcomes of 
laparoscopic and open surgery for CR cancer were 
comparable3-6. The Japan Clinical Oncology Group 
(JCOG) reported that the survival outcomes were 
similar following laparoscopic versus open dissection 
for stage II or III colon cancer7.

Optimal postoperative pain control is vital for 
both patients’ comfort and rapid recovery. Return of 
bowel function and consequently tolerance of oral 
feeding is influenced by postoperative pain following 
CR resection8. It is recommended to avoid opioids 
after CR surgery due to their known gastrointestinal 
side effects including nausea and vomiting and delayed 
bowel motility9.

For open CR surgery, pain relief methods include 
thoracic epidural analgesia (TEA), patient-controlled 
analgesia (PCA), intrathecal analgesia, systemic 
lidocaine infusions, wound infiltration, and transversus 
abdominis plane block9. Conversely, there is no 
sufficient evidence for postoperative analgesia after 
laparoscopic CR surgery. A meta-analysis of 7 RCTs 
reported that epidural analgesia is a good analgesic 
option during the initial period after laparoscopic CR 
surgery with no significant benefit in return of bowel 
function10.

Intraperitoneal instillation of local anesthetics 
has been used in other types of laparoscopic surgery. 
A systematic review of 13 trials comparing local 
anesthetics after laparoscopic cholecystectomy showed 
a significant reduction in pain scores in seven studies11. 
A pilot case-control study investigated the analgesic 
efficacy of intraperitoneal irrigation of bupivacaine 
following gynecological operative laparoscopy in 20 
women. The authors found that this method can reduce 
postoperative pain and analgesic requirements at least 
during the first 10 hours after surgery12.

Non-steroidal anti-inflammatory drugs 
(NSAIDs) are potent antinociceptive agents widely 
used as adjuncts in post-surgical pain. According to 
published findings, peripheral and central mechanisms 
are involved in the antinociceptive action of these 
drugs. NSAIDs inhibit prostaglandin synthesis at 
the site of peripheral inflammation and in the CNS 
as well13. Ketorolac, a NSAID with localized anti-
inflammatory and analgesic properties is currently 

used as a perioperative analgesic alone or combined 
with local anesthetics14,15.

Therefore, the aim of this study was to evaluate 
the antinociceptive effects of intraperitoneal ketorolac 
combined with bupivacaine in patients undergoing 
laparoscopic colectomy.

Patients and Methods

This prospective randomized double-blind 
controlled trial was done in the National Cancer 
Institute, Cairo, Egypt during the period from April 
2017 to November 2017. After approval from the 
local Institutional Ethical Committee (IRB approval 
number 201617012.2P), 60 adult patients scheduled 
for laparoscopic colorectal surgery were included in 
the study and all patients provided written informed 
consents before surgery. Patients aged 18-60 years, 
American Society of Anesthesiologists (ASA) 
physical status class I, II or III with satisfactory 
laboratory findings (CBC, liver functions, renal 
functions and coagulation profile) were included in the 
study. Exclusion criteria were allergy to study drugs 
(Bubivacaine and ketorolac), impaired liver or renal 
functions, severe cardiopulmonary impairment and 
patients underwent open colectomy after laparoscopic 
starting.

Preoperatively, in the preparation area, an 
intravenous catheter (18-gauge) was introduced to all 
patients and 500 ml Ringer’s solution were infused, 
then 3 mg midazolam were given before patients being 
transported to the operating room. Intraoperatively, 
basic monitoring was connected to patients (non-
invasive blood pressure, capnography, pulse-oximetry 
and 5-leads ECG), radial artery (in either hand) was 
then cannulated and invasive blood pressure was 
monitored, baseline findings were recorded.

General anesthesia was induced by giving 
fentanyl 1.5 μg/kg, propofol 2.5 mg/kg followed by 
atracurium besylate 0.5 mg/kg to facilitate orotracheal 
intubation with cuffed tube of appropriate size. Patients̕ 
ventilation was then maintained mechanically by GE 
anesthesia machine. Anesthesia was maintained with 
100% oxygen with 1.2-2% isoflurane. Intermittent 
boluses of atracurium 0.1 mg/kg were given to achieve 
muscle relaxation.
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Tidal volume of 6 ml/kg with respiratory rate 14 
per minute was adjusted and manipulated according 
to end-tidal carbon-dioxide (EtCO2) to maintain 
normocapnia, i.e. (EtCO2) between 34 and 38 mmHg. 
A nasogastric tube of appropriate size was then inserted 
and secured in place with plaster tape.

Ringer acetate solution was given to cover 
fasting, deficit and lost fluids. Blood and plasma were 
given if there was major blood loss. Blood pressure 
fluctuations (Hypotension/hypertension) were defined 
as (fall/rise) in mean arterial pressure MAP of >20% 
from the baseline values. These fluctuations were 
managed as per our clinical standard practice.

Patients were placed in supine position with 
legs apart. During laparoscopy, after induction of 
pneumoperitoneum, a 10 mm trocar is inserted in the 
upper midline, and a laparoscopic exploration of the 
abdomen performed in order to choose the most suitable 
procedure and position of the remaining trocars. Other 
trocars were then inserted to facilitate introduction 
of surgical tools until resection is completed. Intra-
abdominal CO2 insufflation was adjusted to maintain 
intra-abdominal pressure at 14 mm Hg.

Patients were randomly grouped into two groups 
according to randomization table. Group B (n = 30) 
received 50 ml of intraperitoneal (IP) bupivacaine 
0.25% + 5 ml of normal saline. Group KB (n=30) 
received 50 ml of intraperitoneal bupivacaine 0.25% 
+ 30 mg ketorolac in 5 ml of normal saline. The 
anesthesiologist who prepared the study drugs was 
not involved in the study. On the other hand the 
anesthesiologist and the surgeon who observed the 
patient were unaware of the study group until the end 
of the study. After removal of the specimen and after 
adequate hemostasis, the prepared solutions of the 
study drugs were instilled diffusely intraperitoneally 
then the trocar was removed and incisions were 
sutured. The neuromuscular blockade was antagonized 
with neostigmine 0.05 mg/kg and atropine 0.01 mg/
kg and endotracheal tube was removed. Patients were 
then transferred to post-anesthesia care unit (PACU) 
until criteria of discharge were fulfilled. Pulse and 
blood pressure were monitored during the first 24 
postoperative hours.

The primary outcome was postoperative pain 
intensity measured by visual analogue scale (VAS) 

score. The secondary outcomes were time to the 
postoperative first analgesic request, total morphine 
dose given in the 1st postoperative day and any adverse 
effects, the percentage increase of MAP compared 
to baseline readings. Postoperative nausea and 
vomiting was evaluated with PONV score (0 none, 1 
mild, 2 moderate, 3 severe).

Before surgery, patients were informed about 
VAS score (VAS score 0 - no pain, VAS score 10 - 
worst possible pain). The VAS score was recorded at 
1, 2, 6, 12, 24 h after surgery.

IV morphine dose of 0.05 mg/kg was given to 
patients who reported VAS score of 3 or more and 
asked for analgesia. Paracetamol 1 gm infusion was 
given to patients who asked for analgesia with VAS 
score less than 3 or as an adjuvant to morphine.

Postoperative nausea and vomiting was observed 
and patients who suffered nausea or vomiting were 
given ondansetron 4 mg IV. Time to the first analgesic 
request (considering the extubation as time 0), total 
dose of morphine given and adverse effects like nausea 
and vomiting, sedation over 24 h postoperatively were 
noted.

Sample Size Estimation

In a previous study16, the addition of ketorolac 
to intraperitoneal bupivacaine reduced VAS score of 
abdominal pain from 4.0±1.5 to 2.7±1.9. Based on the 
results of this study, a sample of 29 patients in each 
group is required to elicit the difference at an alpha 
level of 0.05 and a power of the study of 80%. Sample 
size was calculated using the G*Power© software 
(Institutfür Experimentelle Psychologie, Heinrich 
Heine Universität, Düsseldorf, Germany) version 
3.1.9.2.

Statistical Analysis

Statistical analysis was done using IBM© SPSS© 
Statistics version 22 (IBM© Corp., Armonk, NY, 
USA). Numerical data were expressed as mean and 
standard deviation or median and range as appropriate. 
Comparison between the two groups was done using 
independent sample t-test or Mann-Whitney test as 
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appropriate. All tests were two-tailed. A p-value < 0.05 
was considered significant.

Results

Table (1) shows baseline characteristics of 
the two studied groups. There was no significant 
difference between the two groups regarding age, BMI 
and procedure duration. Left colectomy was done in 22 
patients and the remaining eight had right colectomy.

During the whole postoperative period, the VAS 
score was significantly lower in Group KB compared 
to Group B (Table 2). The time to first request of 
analgesia was significantly longer in Group KB 

compared to Group B (p < 0.001).The total morphine 
consumption during the first postoperative 24 hours 
was significantly lower in Group KB compared to 
group B (p < 0.001).

The percentage increase of MAP compared to 
baseline readings was significantly higher in Group B 
compared to Group KB after 2 and 12 hours (Table 
2). Postoperative nausea and vomiting score was 
significantly higher in Group B compared to Group 
KB (p = 0.001).

Discussion

The results of this study demonstrated analgesic 
effectiveness of intraperitoneal instillation of a 

Table 1 
Age, body mass index, and duration of the procedure of the two studied groups. Data is presented as mean ± standard deviation

Group B
(n=30)

Group KB
(n=30)

p-value

Age (years) 58.4±4.5 59.0±3.7 0.575

Body mass index (kg/m2) 24.4±3.7 24.7±3.1 0.742

Baseline mean arterial pressure (mmHg) 83±8 82±8 0.701

Duration procedure (min.) 145±11 138±19 0.086

Table 2 
Pain score, morphine consumption and PONV score in the two studied groups.  

Data is presented either as median (range) or mean ± standard deviation
Group B
(n=30)

Group KB
(n=30)

p-value

VAS score

After 1 hour 4 (1-8) 2 (1-5) < 0.001
After 2 hours 4 (2-7) 2 (1-4) < 0.001
After 6 hours 4 (2-6) 2 (1-4) < 0.001
After 12 hours 4 (2-6) 2 (1-4) < 0.001
After 24 hours 4 (2-7) 3 (1-6) 0.005
Percentage increase of MAP

After 2 hours 22.1±8.9 15.8±5.9 0.009
After 6 hours 19.2±5.5 15.6±7.0 0.128
After 12 hours 23.7±9.3 17.2±6.2 0.013
After 24 hours 21.9±8.0 23.8±9.4 0.273
Time to first request of analgesia (hrs) 6 (4-18) 16 (4-24) < 0.001
Total Morphine consumption (mg) 5 (0-6) 0 (0-3) < 0.001
PONV score 2 (0-3) 1 (0-3) 0.001
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combination of bupivacaine 0.25% and ketorolac 
following laparoscopic CR surgery for colon cancer. 
The addition of ketorolac to intraperitoneal local 
anesthesia produced better analgesia and more 
reduction of opioid consumption and postoperative 
nausea and vomiting.

The optimal analgesic modality after laparoscopic 
CR surgery is yet to be determined. The most popular 
type used after open CR surgery is TEA. One meta-
analysis included 7 RCTs that compared the effect 
of TEA and PCA following laparoscopic colectomy. 
TEA resulted in significantly lower pain intensity and 
lower risk in nausea and vomiting with no significant 
benefits in return of bowel function10. On the other 
hand, another systematic review of six RCTs for the 
effect of TEA on laparoscopic CR surgery found that 
it significantly reduced pain and improved return of 
bowel function17.

A retrospective review of CR cases managed 
laparoscopically in the United States identified limited 
use of epidural analgesia. But, it was more likely to be 
used in cancer cases. Epidural analgesia was associated 

with a longer hospital stay, higher hospital costs and 
higher rate of urinary tract infection18.

Successful analgesic management is based on 
better understanding of mechanisms of pain. Pain 
after laparoscopy is believed to be multifactorial. 
These factors include the volume of residual gas19, 
the pressure created by the pneumoperitoneum20, and 
the temperature of insufflated gas21. The rate and total 
volume of insufflated carbon dioxide can influence the 
incidence of postoperative pain22,23. Other proposed 
mechanisms include diaphragmatic stretching, with 
phrenic nerve neuropraxia20, neuropathic pain elicited 
by chemical irritation, ischemia and compression, 
Intraperitoneal acidosis has also been documented in 
humans after carbon dioxide pneumoperitoneum24.

Therefore, these suggested mechanisms persuade 
the use of IP analgesics to combat the local effects of 
pneumoperitoneum that may be the principal source of 
pain following laparoscopy. Based on the controversial 
results of analgesic benefit of IP local anesthetics in 
different types of laparoscopic surgery, the current 

Fig. 1 
CONSORT Flow Diagram
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study proposed a multimodal local analgesia using a 
combination of bupivacaine and ketorolac.

Nonsteroidal anti-inflammatory drugs(NSAIDs)
have shown localized anti-inflammatory and analgesic 
properties through the inhibition of prostaglandin 
synthesis directly at the site of tissue trauma25. The 
topical application of NSAIDs was found to inhibit 
peripheral N-methyl D-aspartate (NMDA)activity26.

Elhakim et al.27 have reported comparable pain 
reduction with IP and IV tenoxicam combined with 
lidocaine after laparoscopic cholecystectomy. The IP 
route only reduced the time to first analgesic request. 
However, Jabbour-Khoury et al.16 found IP local 
anesthesia combined with IV ketoprofen was better 
than IP ketoprofenin terms of reduced requirements 
for rescue analgesia and reductions in nausea and 
vomiting.

More recently, Murdoch et al. compared the 
postoperative analgesic effect of 30 mg of ketorolac 

administered IP vs. the same dose intravenously 
following laparoscopic cholecystectomy. The authors 
concluded that IP and IV ketorolac had comparable 
analgesic efficacy28. Compared to control placebo 
group, IP ketorolac reduced opioid consumption and 
delayed the time to first request of analgesia. However, 
the analgesic effect of ketorolac was relatively short 
and reduction of pain score was small.

In conclusion, in cases of colon cancer 
undergoing laparoscopic colectomy, intraperitoneal 
instillation of a combination of bupivacaine 0.25% 
and ketorolac is a safe and effective option to provide 
a good postoperative analgesia along the first 24 
postoperative hours with minimal adverse effects. The 
addition of the NSAID ketorolac to the intraperitoneal 
local anesthetic augments its analgesic efficacy with 
reduced opioid consumption and postoperative nausea 
and vomiting.
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