
Introduction

For postoperative pain management, opioids are widely used 
in boluses or with patient-controlled analgesia (PCA). Mor-
phine, fentanyl, and oxycodone are some of the widely used opi-
oids for postoperative pain control. Oxycodone, a semisynthetic 
thebaine derivative μ-opioid receptor agonist, is replacing mor-
phine as a first-choice opioid in several countries [1]. Oxyco-
done has been used for the management of cancer-related pain 
as well as for chronic non-cancer related problems, so controlled 
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studies have been performed in areas including cancer pain, 
osteoarthritis-related pain, neuropathic pain, and postoperative 
pain [2]. 

There are various studies comparing the effects of oxycodone 
and morphine on postoperative pain control [3-5]. However, 
there are few studies regarding the efficacy and the side effects 
of oxycodone in IV-PCA usage, and there are even fewer studies 
comparing the effects of oxycodone and fentanyl on postopera-
tive pain [6,7]. 

In this randomized prospective double-blind study, we com-
pared oxycodone and fentanyl on the basis of adequacy of post-
operative pain control using IV-PCA in patients who underwent 
laparoscopic gynecological operations. We also investigated 
the occurrence of adverse effects, opioid consumption, and the 
overall satisfaction of patients with postoperative analgesia. 

Materials and Methods

Prior to conducting the study, we obtained approval from 
our Institutional Review Board. Written informed consent was 
obtained from 74 female patients scheduled to undergo either 
elective total laparoscopic hysterectomy (TLH) or laparoscopic 
myomectomy under general anesthesia. All patients enrolled in 
our study were of American Society of Anesthesiologists (ASA) 
physical status I or II and aged between 20 and 60 years. Patients 
were randomly assigned to two groups receiving either oxyco-
done (group O) or fentanyl (group F) for postoperative IV-PCA. 
Exclusion criteria consisted of history of underlying psychologi-
cal disorders, chronic pain with history of opioid usage, com-
munication disability, lack of ability to use PCA, and pregnancy. 
Patients were randomized to either group O or group F by a ran-
domization table using Excel (Microsoft Corp., Seoul, Korea). 

For premedication, all patients received 0.2 mg of glycopyr-
rolate intramuscularly 30 minutes prior to surgery. Upon arrival 
in the operating room, all patients were continuously monitored 
with electrocardiography, pulse oximetry, and capnography. 
General anesthesia was induced with 2 mg/kg of propofol and 
a remifentanil infusion of 20 μg/min. A dose of 0.6 mg/kg of 
rocuronium was administered for muscle relaxation prior to 
intubation. Desflurane was used with nitrous oxide (50%) for 
maintenance of anesthesia, and a remifentanil infusion of 5–20 
μg/min was used for analgesia. A dose of 0.075 mg of palono-
setron was administered intravenously and another 0.075 mg 
of palonosetron was mixed into the IV-PCA for prevention of 
potential postoperative nausea and vomiting (PONV). Follow-
ing completion of skin closure, desflurane and remifentanil were 
discontinued. Neuromuscular blockade was reversed with 0.2 
mg of glycopyrrolate and 10 mg of pyridostigmine. Tracheal 
extubation was performed after recovery of response to verbal 
commands and spontaneous respiration. 

After completion of the operation, patients were transferred 
to the postanesthetic care unit (PACU), where they continued 
to be monitored with electrocardiography, pulse oximetry, and 
capnography. All patients were observed in the PACU for 1 hour 
before being transferred to the general ward. The patients were 
connected to the PCA pump (AutoMed 3400Ⓡ, Ace Medical, 
Seoul, Korea) for postoperative pain control. Patients in group 
O were assigned to IV-PCA using oxycodone, with a basal infu-
sion of 0.9 mg/h, bolus dose of 0.9 mg, and lockout interval of 
15 minutes. On the other hand, patients in group F were ad-
ministered IV-PCA using fentanyl, with a basal infusion of 15 
μg/h, bolus dose of 15 μg, and lockout interval of 15 minutes. 
Since the units of measure between the two opioids differ, we 
administered them in a potency ratio of 1 : 60. In the initial pilot 
study performed in 20 patients, 10 patients were assigned to the 
usage of oxycodone and 10 to fentanyl, with an initial potency 
ratio of 1 : 100 (fentanyl : oxycodone). However, 5 in 10 patients 
receiving oxycodone experienced moderate to severe nausea, 
vomiting, and dizziness, compared to 2 in 10 patients in the fen-
tanyl group. We continued the pilot study with the potency ratio 
modified to 1 : 80. Because 4 in 10 patients receiving oxycodone 
had complaints of nausea and vomiting, however, the potency 
ratio was changed to 1 : 60 in the final study. When patients 
complained of severe pain, either oxycodone 2 mg or fentanyl 
50 μg were administered in IV boluses as rescue analgesics, de-
pending on the group the patients were assigned to. Since there 
were no previous studies comparing the dosages of rescue anal-
gesics of intravenous bolus oxycodone and fentanyl, the dosages 
of rescue analgesics were given as recommended by the prod-
uct information (oxycodone 2 mg, fentanyl 50 to 100 μg). For 
prevention of potential PONV, 0.075 mg of palonosetron was 
mixed into all PCA devices. When patients developed moderate 
to severe nausea or vomiting in the PACU, a rescue antiemetic 
of 10 mg of metoclopramide was administered. All medications 
administered in the PACU were recorded and this information 
was maintained as part of the study data. 

Monitoring and interviewing of the patients were performed 
by doctors who were not involved in the study. Evaluations for 
pain severity and adverse effects were performed at 1, 6, 24, 
and 48 hours postoperatively. Pain scores were assessed in two 
categories, at rest and with movement. Pain with movement was 
defined as pain observed in activities including lifting limbs, sit-
ting, rolling, or coughing. The severity of the pain was evaluated 
using the visual analogue scale (VAS), with scores ranging from 
0 (no pain) to 100 (worst pain imaginable). The occurrence of 
adverse effects such as nausea, vomiting, dizziness, headache, 
and sedation was observed and recorded. Patients were asked to 
evaluate their degree of overall satisfaction with the postopera-
tive analgesia on a 5-point scale (1 = very unsatisfied, 2 = unsat-
isfied, 3 = neutral, 4 = satisfied, or 5 = very satisfied). The cumu-
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lative dose administered in patient-controlled mode (PCM) was 
recorded in milliliters. 

Based on the pilot studies, we estimated the sample size to 
detect differences in VAS scores with mean differences between 
the groups, with a power of 80% and α = 0.05. The power analy-
sis indicated that a sample size of 32 per group was required to 
detect significant differences in VAS scores of more than 10 be-
tween group O and group F with a standard deviation of 14 for 
each group in the preliminary test. Seventy-four patients were 
required to allow for possible incomplete data collection or pa-
tient dropout. For statistical analysis of the collected data, SPSS 
18.0 (SPSS Inc., Chicago, IL, USA) was used. Data were analyzed 
using the student’s t-test for continuous variables with nearly 
normal distribution, such as patients’ information regarding age, 
weight, height, and opioid consumption. The Mann-Whitney U-
test was used for analyzing VAS scores and patients’ satisfaction 
with analgesia. Categorical variables such as ASA classification, 
type of operation, and adverse effects were analyzed using the 
chi-square test and Fisher’s exact test, as appropriate. Statistical 
significance was defined as a P value of less than 0.05. 

Results

Among a total of 74 cases of patients scheduled for TLH or 
laparoscopic myomectomy, the patients were randomly assigned 
to use either oxycodone (group O) or fentanyl (group F) for 
postoperative pain control. Initially, 37 patients were assigned to 
each of the two groups. Of the 37 patients in group F, however, a 
total of five patients were ultimately excluded from the study, as 
three patients discontinued the usage of PCA due to severe post-
operative nausea, vomiting, and dizziness, while two patients 
were excluded since the operation was shifted from TLH into 
open laparotomy. Therefore, a total of 69 patients underwent the 
final analysis, with 37 patients assigned to group O, and 32 pa-
tients assigned to group F. 

There were no significant differences in demographic and 
clinical characteristics including age, height, weight, ASA classifi-
cation, and the type of operation between the two groups (Table 1). 

Cumulative PCA dose in PCM was measured for both groups. 
It was shown that oxycodone consumption was significantly lower 
than fentanyl consumption (10.1 ± 8.5 ml vs. 16.6 ± 12.0 ml, 
P = 0.013). Overall, there were no significant differences regard-
ing VAS scores (Fig. 1), with the exception of moving VAS 6 
hours postoperatively, which was significantly lower in group O 
compared with group F (P = 0.008). 

Adverse events included nausea, vomiting, dizziness, head-
ache, and sedation. Each of the adverse events was evaluated for 
both opioid groups at 1, 6, 24, and 48 hours postoperatively. Our 
results showed that patients in group O experienced more dizzi-
ness at 24 hours postoperatively compared to group F (P = 0.015). 
The total occurrences of dizziness during the 48 hours were 
also significantly higher in group O (P = 0.020). Otherwise, no 
statistically significant differences between the two groups were 

Table 1. Demographic and Clinical Characteristics

  Group O 
(n = 37)

Group F 
(n = 32)

Age (yr)
Weight (kg)
Height (cm)
ASA (I/II)
Type of operation
  (TLH/Laparoscopic myomectomy)

46.5 ± 8.6
62.0 ± 9.3

159.9 ± 5.3
28/9

  23/14

46.8 ± 9.4
59.8 ± 9.7

157.4 ± 5.7
  18/14

25/7

Values are expressed as mean ± SD. There were no significant differ-
ences between the two groups. 

Fig. 1. Resting visual analogue scale (VAS) (A) and moving VAS (B) scores at 1, 6, 24, and 48 hours postoperatively. Moving VAS at 6 hours was 
significantly lower in the oxycodone group compared with the fentanyl group (P = 0.008).
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observed regarding the occurrence of adverse events (Table 2). 
Patient satisfaction measured at 6 hours postoperatively was 

significantly higher in group O compared to group F (P = 0.004). 
Other results showed no statistically significant differences re-
garding patient satisfaction with analgesia (Table 3). 

Opioids used for pain control in the PACU were considerably 
difficult to directly compare, as the unit of measure between the 
two groups are different from each other. However, under the 
hypothesis that the effects are similar under the potency ratio 
of 1 : 60 (fentanyl : oxycodone), the values were input in the 
program as “fentanyl usage = oxycodone dosage/60”, and the 
two groups were compared using the student’s t-test. There were 
no statistically significant differences observed between the two 
groups (P = 0.595). 

Discussion

Oxycodone was derived from thebaine in 1916, and has 
been in clinical usage since 1917 [8]. Today, oxycodone is usu-
ally used for the management of chronic pain [2] in controlled-
release tablets. It has been administered through various routes 
such as intravenous [9,10], intramuscular [11], intranasal [10], 
subcutaneous [12], rectal [13], epidural [14], and oral routes [11]. 

Intravenous oxycodone is an effective treatment for acute 
postoperative pain [15]. In a study by Silvasti et al. [4], similar 
amounts of morphine and oxycodone were required for suffi-
cient analgesia in patients using IV-PCA for postoperative pain 
relief for corrective breast or lumbar spinal surgery. In a study 
by Lenz et al. [3], similar IV-PCA opioid consumptions, pain 
scores, and adverse effects were found in patients randomly as-
signed to oxycodone or morphine for postoperative pain control 
following laparoscopic hysterectomy. 

In this study, we compared the postoperative analgesic effica-
cy, adverse events, opioid consumption, and patient satisfaction 
of oxycodone and fentanyl in patients scheduled for total lapa-
roscopic hysterectomy or laparoscopic myomectomy. Lenz et al. 
[3] have compared the effects of oxycodone and morphine on 

patients undergoing laparoscopic hysterectomy. However, stud-
ies comparing the effects of oxycodone and fentanyl are rare. 
Koch et al. [6] have compared the effects of intravenous oxyco-
done and fentanyl on postoperative visceral pain after outpatient 
laparoscopic cholecystectomy, with the finding that oxycodone 
provided better analgesia but also more side effects. Hwang et 
al. [7] have insisted that oxycodone may be useful as an alterna-
tive to fentanyl for PCA following laparoscopic cholecystectomy. 
This, to our knowledge, is the only previous study comparing 
the effects of PCA mediated oxycodone and fentanyl. 

While intravenous oxycodone appears to be equipotent with 
morphine [13], it has been reported that the potency ratio of 
fentanyl to morphine has a range of 1 : 80–100 [16]. Hwang et 
al. [7] have suggested that the potency ratio of fentanyl to oxy-
codone might be around 1 : 75 and that oxycodone might be 
more potent than morphine (4 : 3). Therefore, we originally con-
ducted this study under the hypothesis that the potency ratio of 
fentanyl to oxycodone was 1 : 80–100. In the pilot study, the po-
tency ratio of fentanyl to oxycodone was set at 1 : 100. As nausea 
and vomiting was induced with oxycodone in the pilot study, 
however, the potency ratio was changed to 1 : 80. In spite of ad-
justment of the potency ratio, adverse events persisted, and we 
therefore established the potency ratio between the two opioids 
as 1 : 60 in the final study, which uses lower doses of oxycodone 
compared with previous studies [6,7]. Our results showed that 
the amount of PCA consumption in patient-controlled mode 
was significantly lower in group O than in group F. This seems 
to suggest that oxycodone is more potent than morphine. This 
finding is in line with previous studies that have also suggested 
that oxycodone may be more potent than morphine [3,5-7]. 
Another possibility that our results seem to suggest is, that the 
potency ratio of fentanyl to oxycodone may be slightly different 
than previously thought. 

The analgesic effect was measured with VAS and patient sat-
isfaction. Patient satisfaction at 6 hr postoperatively was signifi-
cantly higher, and moving VAS 6 hours after operation was sig-
nificantly lower in group O compared with group F. Our results 
seem to suggest that oxycodone could be more efficient com-
pared with fentanyl in postoperative pain control. There are oth-
er studies that have also favored the efficacy of oxycodone over 

Table 2. Incidence of Postoperative Adverse Events during 48 h

Adverse event Oxycodone (n = 37) Fentanyl  (n = 32) P value

Nausea
Vomiting
Dizziness
Headache
Sedation

11
  3
13
  7
14

  4
  1
  3
  1
10

NS
NS.

0.020
NS
NS

Values indicate the number of patients. The occurrence of dizziness 
was significantly higher in group O compared with group F (P = 0.020). 
The patients in group O experienced more dizziness at 24 h after the 
operation compared to the fentanyl group according to the chi–square 
test and Fisher’s exact test (P = 0.015). NS: statistically not significant 
(P > 0.05).

Table 3. Patient Satisfaction

 Oxycodone (n = 37) Fentanyl (n = 32) P value

1 h
6 h
24 h
48 h

3.3 ± 1.0
3.9 ± 1.0
4.2 ± 0.9
4.7 ± 0.7

3.1 ± 1.0
3.2 ± 1.1
3.9 ± 1.2
4.4 ± 1.0

NS
0.004

NS
NS

Values are expressed as mean ± SD. The 6 h patient satisfaction of group 
O was significantly higher than that of group F. The data was analyzed 
using the Mann-Whitney U test. NS: statistically not significant (P > 0.05).
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other opioids. Minami et al. [17] compared the analgesic profiles 
of morphine, oxycodone, and fentanyl in a mouse pain model, 
resulting in oxycodone showing distinct analgesic effects com-
pared with the other two opioids. Koch et al. [6] demonstrated 
that although oxycodone resulted in more side effects compared 
to fentanyl, it also provided better analgesia. A study by Ashburn 
et al. [18] showed that immediate-release oxycodone resulted in 
more rapid onset of analgesia and was well tolerated in compari-
son with fentanyl buccal tablets in opioid-tolerant patients with 
chronic pain. However, the efficacy of oxycodone over fentanyl 
is controversial, and more studies on this subject are necessary 
for confirmation.

Our results showed that oxycodone produced significantly 
more dizziness overall compared with fentanyl (P = 0.020). 
However, statistically significant differences in 1, 6, 24, and 48 
hour postoperative dizziness were only observed at 24 hours 
postoperatively (P = 0.015). Other adverse events such as nau-
sea, vomiting, headache, and sedation showed no statistically 
significant differences. The precise mechanisms of opioid-
induced nausea and vomiting are not known with certainty, al-
though the nausea and vomiting may be due to multiple opioid 
effects such as enhanced vestibular sensitivity, direct effects on 
the chemoreceptor trigger zone, and delayed gastric emptying 
[19]. The dizziness may have been caused by increased vestibu-
lar sensitivity, which perhaps might have been caused by opioids 
activating mu-opioid receptors on the vestibular epithelium 
[20]. Although other studies [7,21] have shown that oxycodone 
produced more nausea compared to other opioids, statistically 
significant differences could not be observed between the two 
groups regarding the occurrence of nausea in our study. There 
were three cases in group F that were excluded from the study 
since adverse events including nausea, vomiting, and dizziness 
occurred and the use of PCA was stopped. If these cases had 
been included in the final study, our results might have shown 

that fentanyl induces more nausea compared with oxycodone, 
contrary to the findings of previous studies [7,21]. To confirm 
this hypothesis, we conducted an analysis including the three 
excluded cases. The results showed no significant differences be-
tween the two groups in nausea, vomiting, and dizziness. 

There are some limitations to this study. There were only 69 
patients included in our analysis, and there are limited studies 
comparing the postoperative effects of oxycodone and fentanyl. 
Therefore, more studies may be necessary regarding this subject. 
In the current study, the potency ratio of fentanyl to oxycodone 
was 1 : 60, which is different from the ratios of previous stud-
ies. A study conducted using various potency ratios might be of 
more benefit in determining the adequate potency ratio. Anoth-
er limitation of this study is that it was limited to female patients 
in ASA classification I or II. Studies should be conducted for 
patients with various demographic and clinical characteristics. 
Additionally, clinical data indicate that not only the type of sur-
gery but also the extent of surgery may affect the comparison 
of different opioid analgesics [12]. Therefore, studies compar-
ing various types of operations should be performed. Finally, 
although our observed lack of significant differences in opioid 
consumption, VAS, patient satisfaction, and adverse effects may 
suggest that oxycodone may be a good alternative to fentanyl in 
postoperative IV-PCA, it may be too early to conclude that there 
are no differences in the occurrences of adverse events. Studies 
with larger sample sizes may be helpful in drawing more defini-
tive conclusions on this matter. 

In conclusion, oxycodone may be a good alternative to fen-
tanyl in postoperative pain management using PCA. Our data 
suggest that in general, oxycodone showed similar, and some-
times better effects in postoperative analgesia compared with 
fentanyl. However, further studies in various clinical settings are 
needed to determine the adequate potency ratio and the efficacy 
between oxycodone and fentanyl. 
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