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Background: Ketorolac has been used as a postoperative analgesia in combination with opioids. However, 
the use of ketorolac may produce serious side effects in vulnerable patients. Propacetamol is known to induce 
fewer side effects than ketorolac because it mainly affects the central nervous system. We compared the 
analgesic effects and patient satisfaction levels of each drug when combined with fentanyl patient-controlled 
analgesia (PCA).

Methods: The patients were divided into two groups, each with n = 46. The patients in each group were 
given 60 mg of ketorolac or 2 g of propacetamol (mixed with fentanyl) for 10 minutes. The patients were then 
given 180 mg of ketorolac or 8 g of propacetamol (mixed with fentanyl and ramosetron) through PCA. We 
assessed the visual analogue pain scale (VAS) at the time point immediately before administration (baseline) 
and at 15, 30, and 60 minutes, and 24 hours after administration. Also, the side effects of each regimen and 
each patient’s degree of satisfaction were assessed.

Results: There was a significant decline in the VAS score in both groups (P ＜ 0.05). However, there were 
no significant differences in the VAS scores between the groups at each time point. Satisfaction scores between 
the groups showed no significant difference.

Conclusions: The efficacy of propacetamol is comparable to that of ketorolac in postoperative PCA with 
fentanyl. (Korean J Pain 2015; 28: 203-209)
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INTRODUCTION

Postoperative pain is an aggravating problem. It can 

be persistent and involve impaired rehabilitation, an in-

creased length of hospital stay and/or readmission, and 

can have adverse events related to excessive analgesic 

use, such as nausea. Opioids are the first line of therapy 

for patients with moderate to severe postoperative pain. 
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However, these drugs do not always provide adequate an-

algesia and their use is associated with dose-related side 

effects [1,2]. For these reasons, non-opioid agents are 

usually added to enhance the analgesic effects while re-

ducing the opioid-induced side effects. 

Non-steroidal anti-inflammatory drugs (NSAIDs) are 

typical non-opioid analgesics. The analgesic effect of 

NSAIDs can be explained in terms of the peripheral in-

hibition of cyclooxygenase 1 or 2 (COX-1, COX-2), which 

reduces postoperative opioid consumption and improves the 

analgesic quality [3-5]. Ketorolac tromethamine (ketorolac), a 

heterocyclic derivative of acetic acid, has been used for 

postoperative analgesia in combination with opioids. Several 

studies have reported that ketorolac is as effective as 

morphine or meperidine for analgesia after some types of 

surgical procedures [6,7]. However, because many studies 

report significant side effects of ketorolac, including coa-

gulopathy, gastrointestinal problems, and nephrotoxicity 

[8,9], there is increasing interest in the use of other 

classes of non-opioid analgesics. 

Propacetamol, an injectable prodrug of acetamino-

phen, is the most commonly prescribed analgesic for the 

treatment of acute pain in North America [10]. Its advant-

age over NSAIDs is its lack of interference with platelet 

functions. Moreover, it is safe to administer to patients 

with a history of peptic ulcers or asthma [11]. Its mecha-

nism of action may involve a central inhibition of COX-2 

[12,13], inhibition of nitric oxide generation via a blockade 

of the N-methyl-D-aspartate (NMDA) receptor [14], and 

activation of the descending serotonergic pathway [15]. 

Propacetamol can cross the blood-brain barrier, producing 

a central analgesic effect [16]. Thanks to this mechanism, 

it is known to have fewer side effects than ketorolac. 

We compared analgesic effects, side effects, and each 

patient’s level of satisfaction for both non-opioids com-

bined with fentanyl through an intravenous patient-con-

trolled analgesic application in postoperative patients. 

MATERIALS AND METHODS

The protocol was approved by the hospital’s Institutio-

nal Review Board (Chonnam National University Medical 

School, Jebongro 42, Dong-gu, Gwangju 501-191, Korea, 

16 May 2013, protocol number CNUH-2013-083) and writ-

ten informed consent was obtained from each patient 

pre-operatively. We used a randomized, active-controlled, 

open-label design in our single-center trial. The study 

took place at the anesthesiology and pain medicine de-

partment of Chonnam National University Hospital in 

Gwang-ju, Korea from May to September 2013. 

Ninety-two patients, aged 20-70 years undergoing 

elective abdominal (including laparoscopic) and gynecologic 

surgery with general anesthesia were enrolled in the study. 

Patients were excluded if they were affected by severe 

hepatic, renal, or gastric disease; if they were given addi-

tional analgesics, anti-inflammatory drugs, or antipyretic 

drugs during the study; or if they had contraindications to 

ketorolac, paracetamol, or fentanyl. Patients were rando-

mized into two groups of 46 patients each using a com-

puter-generated table. All patients received 0.125-0.25 

mg of triazolam as a premedication. General anesthesia 

was induced using a combination of propofol (2 mg/kg), 

rocuronium (0.8 mg/kg), and a remifentanil infusion. 

Anesthesia was maintained with a combination of sevo-

flurane and O2 (FiO2: 0.5, 3 L/min), and the BIS score was 

maintained within the range of 40-60. The end-tidal car-

bon dioxide (ETCO2) level was maintained at 40 mmHg. A 

reversal agent was injected just before the end of the op-

eration, and 0.3 mg of ramosetron (Nasea®, Ramosetron 

HCL, Astellas Korea) was given to prevent postoperative 

nausea and vomiting. After recovering spontaneous respi-

ration, the patients were moved to the recovery room. 

The baseline pain score was assessed just after the 

patients became alert and could recognize their names 

clearly. Ketorolac (Keromin®, Ketorolac tromethamine 30 

mg/ml, Hana medical, Korea) or propacetamol (Denogan®, 
Propacetamol HCL 1 g/ample, Young-Jin medical, Korea) 

was administered using a random-order sheet when the 

patients requested analgesia. The patients in the ketorolac 

group were administered 60 mg of ketorolac (mixed with 

100 μg of fentanyl to a total volume of 100 ml) for 10 

minutes. Additionally, the patients were administrated 180 

mg of ketorolac, 1000 μg of fentanyl, and 0.6 mg of ramo-

setron (mixed in saline, to a total volume of 100 ml) 

through a patient-controlled analgesic application (PCA, 

continuous for 1.5 ml/hr, bolus of 1.5 ml, lock out time of 

10 minutes). The patients in the propacetamol group were 

given 2 g of propacetamol (mixed with 100 μg of fentanyl 

to a total volume of 100 ml) for 10 minutes. Additionally, 

8 g of propacetamol, 1000 μg of fentanyl, and 0.6 mg of 

ramosetron (mixed in saline, to a total volume of 100 ml) 

were administered via PCA in the same manner. When pa-
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Fig. 1. Pain treatment satis-
faction scale.

Table 1. Demographic Data

Ketorolac group
(n = 46)

Propacetamol 
group (n = 46)

M/F 12/34 12/34
Age (yr) 43.5 ± 11.2 48.8 ± 12.8
Weight (kg) 62.1 ± 9.8 58.8 ± 9.2
Height (cm) 162.1 ± 7.2 162.0 ± 6.6
PCA infused dose in 24 hr (ml) 57.4 ± 13.6 56.7 ± 18.6
PCA duration (hr) 52.4 ± 9.1 53.0 ± 12.5

Values expressed as mean ± SD or as the number.

tients requested additional analgesics in the recovery room, 

an amount of 50 mg of tramadol (VAS 5-6) or 12.5-25 mg 

of meperidine (VAS above 6) was administered. Additional-

ly, 10 mg of macperan (metoclopramide, Jeil Pharmaceut-

ical Co., Ltd., Korea) was given within the first 6 hours, 

and 0.3 mg of ramosetron was given after the first 6 hours 

to manage postoperative nausea and vomiting. Pain in-

tensity levels were subjectively measured using a 10 cm 

visual analogue pain scale (VAS, 0 = no pain to 10 = un-

bearable pain). We assessed VAS, the infused volumes of 

drugs, vital signs (mean blood pressure and heart rate) 

and the side effects of the each regimen immediately be-

fore administration (baseline) and at 15, 30, and 60 mi-

nutes, and at 24 hours after administration. During drug 

administration, the presence of injection pain was also 

assessed. Further, each patient’s degree of satisfaction 

was assessed using the pain treatment satisfaction scale 

(PTSS, Fig. 1) at 24 hours after administration [17].

Zhou et al. [18] compared changes in postoperative 

VAS scores of patients with ketorolac and saline. The VAS 

score change in the ketorolac group was 3.03 (± 2.77) 

while in the saline group it was 1.41 (± 2.18). The differ-

ence in the change in the VAS score between the ketorolac 

group and the saline group was 1.62. The determined non- 

inferiority margin in the present study was 1.2. The sample 

size calculation suggested 42 subjects per group (a parallel 

design with α = 0.05, power = 0.8, σ = 2.18, and δ = 1.2 

for pain relief scores). Considering the failure rate, 50 

subjects in each group participated in the present study 

(added 18% to the sample size). SPSS version 15.0 for 

Windows was used for statistical evaluations. The Mann- 

hitney U-test was used to compare demographic data, VAS 

scores, vital signs, and side effects. Repeated measure-

ments were tested within groups using Friedman’s ANOVA 

and the Wilcoxon rank sum test. Values were expressed 

as means ± standard deviations. P ＜ 0.05 was accepted 

as significant except for the repeated measurements, for 

which the accepted significance threshold was P ＜ 0.01.

RESULTS

The demographic data of the two groups was similar, 

and there were no significant differences in the surgery 

time, initial pain intensity, PCA administration dose over 

24 hours or the total maintain time (Table 1). Although 100 

patients were initially randomized into the study groups, 

eight patients were excluded from the main analysis, six 

due to a protocol violation, and two owing to an equipment 

failure (Fig. 2). The types of surgery in each group are 

presented in Table 2. 

Compared with baseline scores, there were significant 

declines in VAS scores in both groups throughout the time 



206 Korean J Pain Vol. 28, No. 3, 2015

www.epain.org

Fig. 2. Flow diagram.

Table 2. Type of Surgery by Group

Ketorolac group 
(n = 46)

Propacetamol 
group (n = 46)

Laparoscopic surgery 36 36
Upper abdominal 22 16
Lower abdominal 14 20

Open abdominal surgery 7 8
Transvaginal surgery 3 2
Surgery time (min) 94.5 ± 32.7 96.7 ± 36.0

Fig. 3. VAS score after operation. There were significant 
VAS score declines in both groups (P < 0.05). But, there 
were no significant differences of VAS score between 
groups at each time point.

sequence (P ＜ 0.05). The statistical VAS score was slightly 

higher in the ketorolac group at most time points, except 

for the time of 15 min. However, the differences between 

groups were not statistically significant (Fig. 3) and the 

values were within the determined non-inferiority margin 

at all of the time points. Also, there were no significant 

differences in vital signs (MBP, HR) between the groups.

There were no significant differences in VAS scores 

and vital signs, or satisfaction scores for different types 

of surgery between the groups. 

The side effects and satisfaction scores for each group 

are presented in Table 3. Seven patients wanted an addi-

tional analgesic (16.7%) in the ketorolac group. Six (14.3%) 

requested an analgesic in the propacetamol group. All pa-

tients who requested additional analgesia in the ketorolac 

group and four patients in the propacetamol group received 

50 mg of tramadol intravenously. Two patients in the prop-

acetamol group received 12.5 mg of meperidine. Five pa-

tients complained of nausea (11.9%) in the ketorolac group 
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Table 3. Adverse Effects and Satisfaction Scores

Ketorolac group 
(n = 46)

Propacetamol 
group 

(n = 46)

Require rescue analgesics 7 (16.7%) 6 (14.3%)
Nausea and vomiting 5 (11.9%) 7 (16.7%)
Injection pain 0 0
Satisfaction score (mean ± SD) 8.33 ± 1.90 7.72 ± 2.49

and seven did so (16.7%) in the propacetamol group. Inter-

estingly, female patients made the majority of nausea 

complaints in both groups. Only one male patient in the 

ketorolac group complained of nausea. Injection pain was 

not reported in either group. 

Satisfaction scores were statistically higher in the ke-

torolac group (8.33 ± 1.90 in the ketorolac group, 7.72 ± 

2.49 in the propacetamol group), but an analysis between 

the groups showed that the difference was not significant. 

No serious adverse drug reactions were reported in either 

group. 

DISCUSSION

Propacetamol, a prodrug of paracetamol, is hydrolyzed 

to acetaminophen and diethylglycerine at a 1：1 ratio by 

plasma esterase within seven minutes after administration. 

Therefore, a dose of 2 g of propacetamol yields 1 g of 

acetaminophen after hydrolysis. There are many reports 

that compare the efficacy of acetaminophen and ketorolac. 

McQuay et al. [19] reported that 1 gram of oral acet-

aminophen was similar to 10-20 mg of ketorolac taken or-

ally for pain relief after orthopedic surgery. Another report 

suggests that a combination of 2 g of propacetamol and 

30 mg of ketorolac has a similar morphine-sparing effect 

with intravenous PCA after gynecologic surgery [20]. 

In this study, we compared the analgesic efficacy of 

8 g of propacetamol and 180 mg of ketorolac as a PCA 

dose. Despite the relatively low dose of propacetamol, as 

compared to that of ketorolac, the analgesic efficacy of 

the propacetamol group was comparable to that of the ke-

torolac group in postoperative patients using patient-con-

trolled analgesia with fentanyl. This suggests that prop-

acetamol is effective when used for the management of 

postoperative pain and combined with fentanyl PCA.

Several previous studies have examined the analgesic 

efficacy of ketorolac and propacetamol in combination with 

patient-controlled analgesia morphine after gynecologic 

surgery [20]. Compared to morphine, fentanyl is approx-

imately 100 times more potent, as 0.1 mg of fentanyl is 

approximately equivalent to 10 mg of morphine and 75 mg 

of pethidine (meperidine) in terms of its analgesic activity. 

Despite being a more potent analgesic, fentanyl tends to 

induce less nausea and constipation, as well as less hista-

mine-mediated itching, in comparison with morphine [21]. 

For these reasons, we use fentanyl instead of morphine as 

the opioid in this study. 

PCA with intravenous opioids is a well-established 

technique for postoperative pain control after major sur-

gery. This technique is advantageous, as it is easier to ad-

just the level of analgesia compared to intravenous bolus 

doses and because is increases patient satisfaction and 

cooperation [22]. However, postoperative pain manage-

ment is often limited by the side effects of opioids; espe-

cially when used alone in large doses for an extensive peri-

od, opioids can lead to acute tolerance [23] and, more seri-

ously, respiratory depression and hypotension [24]. For 

these reasons, multimodal approaches that add non-opioid 

agents to opioid-based regimens are favorable. In many 

reports, the use of ketorolac as an adjuvant to a PCA 

opioid resulted in an opioid-sparing effect ranging from 

16% to 33% [25-28]. 

However, there are risks when adding ketorolac as an 

adjuvant to an opioid for postoperative pain management. 

Gastrointestinal bleeding, platelet dysfunction, and renal 

impairment are adverse effects associated with the admin-

istration of ketorolac. The incidence of serious adverse 

events has declined since the dosage guidelines were re-

vised [29]. Most of the published literature suggests that 

the overall risk of gastrointestinal or operative-site bleed-

ing related to the administration of ketorolac is inappreci-

able or only slightly higher than that of opioids [30-32]. 

Nevertheless, the risk of adverse effects increases with 

prolonged therapy, high doses of ketorolac, and in vulner-

able patients (e.g., the elderly) [33-35]. 

In comparison with ketorolac, propacetamol has mini-

mal adverse effects when used for postoperative pain 

management [36]. In addition, propacetamol is known to 

have a shorter analgesic time than ketorolac. Zhou et al. 

[18] reported that 2 g of propacetamol has a shorter an-

algesic onset time than 15 mg or 30 mg of ketorolac in 

patients after total knee or hip replacement surgery (8 mi-
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nutes with 2 g of propacetamol and 14 and 10 minute in 

15 mg and 30 mg of ketorolac, respectively). The analgesic 

efficacy of propacetamol was comparable to ketorolac in 

this study. Therefore, it is reasonable to use propacetamol, 

instead of ketorolac, with fentanyl PCA in high-risk pa-

tients requiring postoperative analgesia.

However, there are some risks associated with the use 

of propacetamol. Acute overdoses of paracetamol can 

cause potentially fatal hepatic failures. The level of risk 

may be increased in chronic alcohol drinkers. Also, prop-

acetamol requires reconstitution; in some cases, allergic 

contact dermatitis has been observed in those who handled 

the drug. Additionally, it may cause pain at the site of in-

jection, although this discomfort can be reduced by a slow 

infusion [37]. In this study, hepatic failure and injection 

pain were not reported, and no instance of allergic derma-

titis arose.

There are several limitations in the present study. 

First, we used a relatively high dose of fentanyl (total 1100 

μg, bolus 100 μg, PCA 1000 μg). It is possible that the 

comparable VAS scores in the two groups stemmed from 

the potent analgesic effect of fentanyl. We cannot elimi-

nate this possible confounding variables because we did not 

include a control group which solely used fentanyl. Second, 

the causes of nausea are uncertain. Many factors can in-

duce postoperative nausea and vomiting. For example, se-

vere postoperative pain, opioids, and rescue drugs (tramadol 

or meperidine) can cause nausea. Two patients complained 

of nausea and severe pain concurrently in the prop-

acetamol group, and three in the ketorolac group. These 

patients all received 25 mg of meperidine as a rescue drug. 

The cause of postoperative nausea could vary under these 

conditions. Third, there are several faults in the study 

protocol. In the sample size calculation, the non-inferiority 

margin determined in this study was higher than the gen-

erally accepted level. Moreover the inclusion criteria for the 

surgery type were too broad to verify the outcomes. The 

majority of patients in both group underwent laparoscopic 

surgery. Consequently, there are unclear aspects with re-

gard to the comparable analgesic efficacy of the drugs in 

cases of open abdominal or transvaginal surgery due to 

the small sampling size. Also, the number of those who 

underwent upper abdominal laparoscopic surgery was 

higher in the ketorolac group than in the propacetamol 

group. This factor can affect the outcome of the study be-

cause it is commonly known that upper abdominal surgery 

can induce more severe postoperative pain than lower ab-

dominal surgery. Finally, there was a lack of safeguards 

in the setting of the PCA program. Theoretically, it is pos-

sible to infuse up to 252 ml of a drug in 24 hours in the 

PCA setting used in this study. Fortunately, no patients 

received such an overdose in this study. Nevertheless, we 

should have set additional parameters for safety, such as 

a four-hour dose limitation.

In spite of these limitations, we feel that propacetamol 

is an effective non-opioid analgesic agent that offers a 

useful alternative to NSAIDs for the management of post-

operative pain owing to its well-known safety profile. 
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