
Introduction

While several methods can be used for postoperative pain 
management, intravenous patient-controlled analgesia (IV-PCA) 
is the most common, as it provides efficacious postoperative an-
algesia and high patient satisfaction with minimal sedation and 
complications [1].

The most commonly-used drugs for IV-PCA are opioids, 
including morphine. Morphine has been the single most studied 
and used drug for IV-PCA and is therefore considered the gold 
standard analgesic for IV-PCA. However, due to its hydrophilic 
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property, morphine cannot cross the blood-brain barrier eas-
ily, delaying the onset of effects. Moreover, its active metabolite, 
morphine-6-glucuronide, lowers the metabolism of patients 
with impaired renal functions, which may result in unexpected 
complications such as respiratory depression [1,2]. 

Our hospital uses fentanyl, which is 80−100 times more po-
tent than morphine. In addition, its high lipid solubility reduces 
the onset time, making it suitable for IV-PCA [1,2]. 

Dihydrohydroxycodeinone (oxycodone) is a thebaine de-
rivative and is structurally similar to morphine. It is a potent 
μ-agonist, with a potency comparable to that of morphine [3]. 
In Finland, parenteral oxycodone has been used in acute pain 
control since the 1960s [4]; nevertheless, there have been few 
studies on the analgesic efficacy of fentanyl and oxycodone for 
IV-PCA in postoperative pain management [5]. 

This study therefore set out to compare the analgesic efficacy, 
side effects, and patient satisfaction ratings of fentanyl and oxy-
codone, two common analgesics used in our hospital for IV-
PCA following laparoscopic hysterectomy. 

Materials and Methods

This study was conducted after receiving approval from our 
hospital’s Institutional Review Board. It involved 60 adult patients 
between the ages of 18−70 who had been classified as American 
Society of Anesthesiologists (ASA) physical status 1 and 2, were 
scheduled for laparoscopic hysterectomy at our hospital, and 
had requested IV-PCA after the operation. 

Patients with a history of bleeding tendencies, hepatitis and 
renal failure, those with habitual sedative or other drug use, 
those with mental diseases, and those not suitable for IV-PCA, 
were excluded from the study.

The purpose of the study, PCA instructions, numeric rating 
scale (NRS) calculation method, and side effects were explained 

to the patients one day before the surgery, and written consent 
forms were collected. The patients were randomly divided into 
two groups: a group using fentanyl for the IV-PCA (Group F, n = 30) 
and a group using oxycodone for the IV-PCA (Group O, n = 30). 
There was no statistically significant difference between the 
two groups in terms of patients’ age, height, weight, duration of 
operation, ASA physical status, smoking habits, and intensity of 
motion sickness (Table 1).

The patients were not given any preanesthetic medication, 
and venous access was achieved with an 18G needle before they 
were moved to the operating room. Upon arrival in the operat-
ing room, the patients were connected to an electrocardiogram 
monitor, noninvasive blood pressure monitoring device, and 
pulse oximeter. After connecting the monitoring devices, 0.2 
mg of glycopyrrolate (MobinulTM, Myungmoon, Seoul, Korea) 
was administered intravenously and preoxygenation was per-
formed with 100% oxygen at 8 L/min. Then, an OrchestraⓇ 
Base Primea (Fresenius Vial, Brezins, France) pump was used 
to initiate the administration of remifentanil (UltivaTM, Glaxo-
SmithKline, Verona, Italy) with an effect-site concentration of 
4.0 ng/ml. After the targeted concentration of remifentanil was 
achieved, propofol (Presofol MCT 2%TM, Fresenius Kabi, Graz, 
Austria) was administered with an effect-site concentration of 
4 μ/ml. Upon confirming the loss of response to verbal orders, 
0.8 mg/kg of rocuronium bromide (EsmeronTM, Organon, The 
Netherlands) was intravenously administered, and endotracheal 
intubation was performed 90 seconds later. Mechanical ventila-
tion was then initiated to oxygenate the patient with FIO2 of 
0.4 and maintain an end-tidal carbon dioxide of 30−40 mmHg. 
The effect-site concentrations of propofol and remifentanil were 
controlled in order to maintain a change of less than 20% in the 
blood pressure and heart rate from the preanesthetic levels and 
to maintain a proper depth of anesthesia. 

At the skin suturing stage, IV-PCA device (Baxter, Health-
care Corporation, Deerfield, IL, USA) was connected to the 
patient. Group F was administered 100 μg of fentanyl and 30 
mg of ketorolac, and Group O was administered 10 mg of oxy-
codone and 30 mg of ketorolac for postoperative pain relief. 
Moreover, 0.3 mg of ramosetron was administered in order to 
prevent postoperative nausea and vomiting, the most common 
side effects. Upon completion of the surgery, the administration 
of anesthetics was stopped and the neuromuscular blockade was 
reversed with pyridostigmine and glycopyrrolate. Extubation 
was performed after confirming the recovery of spontaneous 
breathing.

The concentrations for the IV-PCA were determined after 
conducting a few concentration trials. Group F was adminis-
tered a 100 ml-mixture of 700 μg of fentanyl, 150 mg of ketoro-
lac, and 0.6 mg of ramosetron with a normal saline solution, 
with a release rate of 14 μg/hr, a volume per administration of 0.5 

Table 1. Demographic Data and Anesthesia Characteristics

Group F
(n = 30)

Group O
(n = 30)

Age (yr) 48.1 ± 5.3 45.6 ± 5.6
ASA physical status I/II 22/8 24/6
Smoker/nonsmoker 4/26 4/26
History of motion sickness or PONV 12 (40%) 13 (43%)
Height (cm) 158.0 ± 4.4 156.6 ± 4.7
Weight (kg) 58.8 ± 8.5 58.8 ± 9.8
Duration of surgery (min) 75.2 ± 24.9 73.3 ± 23.0
Total propofol consumption (mg) 760.9 ± 222.3 697.0 ± 157.4
Total remifentanil consumption (μg) 679.2 ± 191.0 605.6 ± 208.9

Values are expressed as mean ± SD or number of patients (%). No signi
ficant differences between the groups. Group F: fentanyl group, Group O: 
oxycodone group, PONV: postoperative nausea and vomiting.
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ml, and a lockout interval of 15 minutes. Group O was adminis-
tered a 100 ml-mixture of 70 mg of oxycodone (conversion dose 
ratio of fentanyl to oxycodone, 1 : 100), 150 mg of ketorolac, 
and 0.6 mg of ramosetron with a normal saline solution, with a 
release rate of 1.4 mg/hr, a volume per administration of 0.5 ml, 
and a lockout interval of 15 minutes over 48 hours. If patient’s 
side effects became too severe, we interrupted the IV-PCA and 
reconnected later – once the symptoms had subsided or the pa-
tient requested it. A double-bind test was performed in order to 
test the drugs for the IV-PCA.

The amount of analgesics consumed, administration of addi-
tional analgesics, level of pain, level of sedation, and side effects 
were evaluated and recorded 30 minutes, 2 hours, 4 hours, 8 
hours, and 24 hours and 48 hours after the surgery.

The level of pain was measured using the NRS, with 0 in-
dicating no pain and 100 unbearable pain. When a patient re-
quested further analgesics even with the administration of a pre-
set dose, 50 μg of fentanyl were additionally administered.

For the level of sedation, a score of 2 was given if the patient’s 
level of consciousness was as clear as before the surgery, a score 
of 1 if the patient was drowsy and verbal stimulation was enough 
to awake him/her, and a score of 0 if the patient was drowsy and 
had to be physically stimulated to wake up. 

The side effects observed were postoperative nausea and 
vomiting (PONV), dizziness, pruritus (itching), headache, and 
respiratory depression.

The patients’ satisfaction was assessed 48 hours after the sur-
gery, and the rating levels were divided into very satisfied, satis-
fied, neutral, and dissatisfied. 

Previous studies were examined in order to determine the 
effective number of subjects [6]. The mean difference of the pri-

mary endpoints between the groups for a clinically significant 
effect size was assumed to be 61 mg, and the standard devia-
tions for groups F and O were assumed to be 50 μg and 86 mg, 
respectively. Subsequently, it was determined that the required 
number of subjects per group was 21 when the α value (level of 
significance) was 0.05 (two-sided) and the power 1 - β was 0.8. 

SPSS for Windows (version 14, SPSS Inc., Chicago, IL, USA) 
was used for the statistical analysis. The calculated data were 
recorded in the form of mean ± standard deviation. The demo-
graphic data, volume of IV-PCA consumption over 48 hours, 
and comparison of the level of pain at rest and while coughing, 
were assessed and analyzed with a generalized estimating equa-
tion. A comparative analysis of the frequency of side effects and 
satisfaction between the groups was performed using Pearson’s 
chi-square test or Fisher’s exact test. A P value under 0.05 was 
considered statistically significant.

Results

There was no statistically significant difference between the 
two groups in the volume of IV-PCA consumed 30 minutes, 2 
hours and 4 hours after the surgery, but the volume of IV-PCA 
consumed 8 hours, 24 hours, and 48 hours after the surgery was 
significantly lower in Group O than in Group F (Fig. 1).

There was no significant difference between the two groups 
in terms of pain score at rest and while coughing 48 hours after 
the surgery. However, 30 minutes, 2 hours, 4 hours, 8 hours, and 
24 hours post-surgery, the pain scores at rest and while cough-
ing were significantly lower in Group O than in Group F (Figs. 2 
and 3).

In Group F, the level of NRS pain at rest 2 hours after the 
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0.5–48 h postoperatively (mean and 95% confidence interval). *P < 0.05 
between two groups.

0

0.5

N
R

S
re

s
t

60

50

40

30

20

10

2 4 8 24 48

Fentanyl
Oxycodone

Time after surgery (h)

* *
*

*
*

Fig. 2. Pain score by numeric rating scale (NRS, 0–100 mm) at rest 
0.5–48 h postoperatively (mean and 95% confidence interval). *P < 0.05 
between two groups.



264 Online access in http://ekja.org

VOL. 68, NO. 3, June 2015 Oxycodone vs. fentanyl in IV-PCA

surgery was not significantly different from that 30 minutes 
after the surgery. However, the level of pain was significantly 
lower at all other time points (P < 0.05). In Group O, the levels 
of NRS pain at rest 2 hours and 4 hours after the surgery were 
not significantly different from that 30 minutes after the surgery. 
However, the level of pain was statistically significantly lower 
8 hours, 24 hours, and 48 hours after the surgery. Moreover, 
in Group F, the level of NRS pain while coughing 2 hours after 
the surgery was not significantly different from that 30 minutes 
after the surgery. However, the level of pain while coughing was 
significantly lower at all other time points (P < 0.05). In Group 
O, the levels of NRS pain while coughing 2 hours, 4 hours, and 8 
hours after the surgery were not significantly different from that 
30 minutes after the surgery. However, the level of pain while 
coughing was statistically significantly lower 24 hours and 48 
hours post-surgery (P < 0.05).

The additional administration of analgesics 30 minutes after 
the surgery was significantly higher in Group F than in Group O, 

as 14 subjects in Group F against only 1 in Group O requested 
additional analgesics (P < 0.05).

There was no statistically significant difference between the 
groups in terms of nausea 30 minutes, 2 hours, 4 hours, and 8 
hours after the surgery, whereas Group O showed a significantly 
higher incidence of nausea than Group F 24 hours and 48 hours 
after the surgery (Table 2). On the other hand, there was no sta-
tistically significant difference between the two groups in terms 
of vomiting. 

There were no statistically significant intergroup differences 
for all other side effects, and no one showed signs of respira-
tory depression (Table 3). Three subjects in Group F (10.3%) 
and 5 subjects in Group O (16.7%) had a sedation score of 1 30 
minutes post-surgery while all other patients had a score of 2; 
therefore, there was no significant intergroup difference in terms 
of sedation. 

The patients’ satisfaction was assessed 48 hours after the sur-
gery, and there was no statistically significant difference between 
the two groups (Table 4). 

Discussion

The purpose of this study was to compare the total consumption, 
analgesic efficacy, side effects, and patient satisfaction ratings for 
two IV-PCA drugs, the commonly-used fentanyl and newly-in-
troduced IV oxycodone, over a period of 48 hours post-surgery. 

An adequate analgesic effect can only be achieved through 
IV-PCA when the most appropriate analgesic is selected and its 
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Fig. 3. Pain score by numeric rating scale (NRS, 0–100 mm) when 
coughing 0.5–48 h postoperatively (mean and 95% confidence interval). 
*P < 0.05 between two groups.

Table 2. Incidence Rate (%) of Postoperative Nausea and Vomiting

Time after 
surgery

Group F 
(n = 30)

Group O 
(n = 30)

Nausea Vomiting Nausea Vomiting

0.5 h 1 (3.3%) 0 (0%) 1 (3.3%) 0 (0%)
2 h 3 (10%) 1 (3.3%) 4 (13.3%) 0 (0%)
4 h 6 (20%) 1 (3.3%) 14 (46.7%) 1 (3.3%)
8 h 6 (20%) 0 (0%) 13 (43.3%) 2 (6.7%)
24 h 4 (13.3%) 2 (6.7%) 12 (40.0%)* 4 (13.3%)
48 h 4 (13.3%) 1 (3.3%) 12 (40.0%)* 3 (10.0%)

Values are expressed as number of patients (%). Group F: Fentanyl group, 
Group O: oxycodone group. *P < 0.05 between two groups.

Table 3. Incidence Rate (%) of Adverse Events

Group F 
(n = 30)

Group O 
(n = 30)

Dizziness 6 (20%) 8 (26.7%)
Headache 4 (13.3%) 4 (13.3%)
Pruritis 3 (10%) 4 (13.3%)
Respiratory depression 0 (0%) 0 (0%)

Values are expressed as number of patients (%). No significant differences 
between the two groups. Group F: Fentanyl group, Group O: oxycodone 
group.

Table 4. Patient Satisfaction at Postoperative 48 Hours

Group F
(n = 30)

Group O
(n = 30)

Very satisfied 9 (30.0%) 5 (16.7%)
Satisfied 16 (53.3%) 15 (50.0%)
Neutral 5 (16.7%) 6 (20.0%)
Dissatisfied 0 (0%) 4 (13.3%)

Values are expressed as number of patients (%). No significant differences 
between the two groups. Group F: Fentanyl group, Group O: oxycodone 
group.
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dose and lockout intervals are properly controlled. Therefore, 
clinical physicians must take extra precautions when determin-
ing the dosage of the chosen analgesic, as an insufficient amount 
will not generate effective analgesic effects, and an excessive 
amount will cause side effects. 

Opioids, the most commonly used type of analgesics for IV-
PCA, are full μ-receptor binding agonists and have no analgesic 
ceiling. Nevertheless, they have a clinical ceiling in terms of side 
effects such as respiratory depression, which may prevent clini-
cians from administering the entire required dose [1]. Moreover, 
while opioids are effective for alleviating pain at rest, their effect 
in treating movement-evoked pain is minimal. This is due to the 
fact that opioids have little effect on changing neuroplasticity or 
reversing central sensitization. On the other hand, some reports 
have suggested that the administration of local anesthetics, 
COX-2 inhibitors, α2 agonists, and N-methyl-D-aspartic acid 
receptor antagonists can be effective in reducing movement-
evoked pain by preventing central sensitization [7]. That being 
said, in this study, ketorolac was included in the IV-PCA mix-
ture for the purpose of mitigating movement-evoked pain.

Fentanyl is a 4-amilidopiperidien compound with a high lipid 
solubility, which greatly reduces the onset time of the analgesic 
effect. In fact, the onset time of fentanyl is 30 seconds, with its 
maximum effect reached 5 minutes after administration. Fentan-
yl is also a potent and ideal drug for IV-PCA, as its redistribution 
is rapid and wide with a short duration, and it does not produce 
the active metabolites that cause respiratory depression [1,2]. 

The recently-introduced intravenous (IV) oxycodone is a 
thebaine-derived, semi-synthetic opioid that is widely used in 
the treatment of both acute and chronic pain, and has been 
commonly administered orally due to its high oral bioavail-
ability (60−87%) [3,8]. The Ministry of Food and Drug Safety 
approved IV oxycodone for IV-PCA use in 2013. However, the 
safe dose conversion ratio of oxycodone to fentanyl (as a more 
commonly-used opioid) is yet to be established. Oxycodone is 
metabolized in the liver through its principal metabolic pathway, 
the cytochrome P 450 (CYTP) 3A enzyme, and second meta-
bolic pathway (representing about 10%), CYP2D6. The central 
opioid effects of oxycodone are regulated by the parent drug, 
and the contributions from its circulating oxidative and reduc-
tive metabolites are considered negligible [9,10]. Oxycodone has 
similar side effects as other opioids, namely, nausea, constipa-
tion and drowsiness, as well as vomiting, itching, and dizziness. 
Compared to morphine, oxycodone rarely induces nausea, hal-
lucinations or pruritus [8]. It has a similar analgesic onset time 
as fentanyl (about 2−3 minutes), with a slightly longer duration 
(t1/2: 4 h 52 min vs. 3 h 39 min) [5]. 

Considering the lack of guidelines for the direct conversion 
dose ratio of IV oxycodone to IV fentanyl, this study reviewed 
previous research in order to identify the used ratios. Prior stud-

ies were found to have used a morphine to oxycodone ratio of 
1 : 1 [11,12] and fentanyl to morphine ratio of 1 : 100 [2,13]. On 
that basis, we calculated a workable fentnayl to oxycodone ratio 
of 1 : 100. 

Koch et al. [5] previously compared the consumption amounts 
and side effects of IV fentanyl and oxycodone as used for post-
operative analgesia in patients undergoing laparoscopic chole-
systectomy for 2 hours following arrival in the recovery room. 
They reported that the oxycodone group experienced better 
analgesic effects than the fentanyl group (i.e., more effective than 
the 100 : 1 ratio), and that the total amount of oxycodone con-
sumed was 15 mg vs 200 μg of fentanyl (a ratio of about 75 : 1). They 
also reported that although the difference was statistically in-
significant, the oxycodone group experienced more side effects. 
The present study echoes these results. There was a significant 
difference between the oxycodone group and fentanyl group in 
terms of the total amount of analgesics consumed from 8 hours 
after the surgery, and the oyxcodone group exhibited statistically 
significantly lower pain scores at rest and while coughing than 
the fentanyl group up to 24 hours after the surgery (Figs. 2 and 3). 

Oxycodone presents a notable superiority over fentanyl in 
terms of cost; the IV-PCA using oxycodone was much cheaper 
(by about 40%) than the IV-PCA using fentanyl (fentanyl: 16,167 
Korean Won, vs oxycodone: 9,824 Korean Won).

The most common postoperative side effects of IV-PCA are 
nausea and vomiting. The high-risk factors for PONV are gen-
der (female), non-smoking patients, a history of PONV, and the 
use of opioids during or after surgery. The occurrence of PONV 
in the patients presenting a high-risk factor is 21%, 39% in those 
with two risk factors, 61% in those with three, and 79% in those 
with four risk factors [14]. Antiemitic drugs are recommended 
for high-risk patients. We therefore administered a preventive 
antiemitic drug, ramosetron, as all of our patients had at least 
three of the above-mentioned high-risk factors. Despite the use 
of the antiemitic drug, however, the oxycodone group showed 
a higher-than-expected occurrence rate of PONV (40%) start-
ing 4 hours after the surgery. This indicates that oxycodone was 
administered excessively, which signifies that the 1 : 100 ratio of 
fentnayl to oxycodone needs to be adjusted.

Although there was no statistically significant difference 
between the two groups in terms of satisfaction with the IV-
PCA 48 hours after the surgery (Table 4), five patients in group 
O, as opposed to none in Group F, reported disappointment. 
These results may indicate that although the oxycodone group 
experienced more effective pain relief than the fentanyl group, 
the higher occurrence of PONV in Group O undermined the 
patients’ satisfaction. 

The present study has several limitations. First, we were not 
able to control the release rate, lockout interval, and volume per 
administration, as we used Boxter’s IV-PCA in order to examine 
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the total amount of analgesic consumed, which was the primary 
outcome of the study. As a result, the occurrence of PONV was 
too high, as the release rate could not be reduced even when 
the pain score was low enough or when the patient complained 
of side effects such as nausea. In the course of the study, when 
a patient’s side effects became too severe, the IV-PCA had to 
be interrupted and reconnected later – once the symptoms had 
subsided or the patient requested it –, preventing accurate calcu-
lation of the equianalgesic dose of fentanyl and oxycodone. The 
second limitation was that the patients’ pain thresholds were not 
tested before conducting the study. Finally, although the anal-
gesic effect of opioids is related to the plasma concentration, the 
minimum effective concentration and minimum effective anal-

gesic concentration were not measured.
In conclusion, oxycodone presented a better analgesic effect 

than fentanyl when used with a conversion ratio of 100 : 1, and 
also had economic benefits. However, it also resulted in a higher 
occurrence of PONV. Hence, the appropriate equianalgesic dose 
ratio of oxycodone to fentanyl should be determined before us-
ing it for IV-PCA. 
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