
INTRODUCTION

Postoperative nausea and vomiting (PONV), also known 

as the “big little problem,” is a common complication after 

surgery and general anesthesia. It is an unpleasant and dis-

tressing experience that can delay recovery and discharge, 

resulting in reduced patient satisfaction [1].

5-Hydroxytryptamine 3 (5-HT3) receptor antagonists are 

widely used drugs to treat PONV due to their good efficacy 

and safety profiles [2]. Ondansetron is the first drug used to 

treat patients suffering from chemotherapy-induced nausea 

and vomiting (CINV) and PONV among 5-HT3 receptor an-

tagonists and has been the most studied, so its effectiveness 

and efficacy in preventing PONV have been well established. 

Ondansetron is the gold standard compared to other anti-

emetics [2].

Palonosetron is the most recently introduced second-

generation 5-HT3 receptor antagonist. It has a longer half-
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Background: We compared the effects of palonosetron with ondansetron for preventing 
postoperative nausea and vomiting (PONV) during the first 24 h after surgery in women 
receiving intravenous patient-controlled analgesia (IV-PCA) with fentanyl for pain control.
Methods: In this prospective, randomized, double-blinded study, 204 healthy patients 
who were undergoing elective surgery with general anesthesia were enrolled. In the 
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group (n = 102), 8 mg bolus i.v. was given 30 min before the end of surgery and 16 mg 
of ondansetron was added to the IV-PCA. The incidence of PONV, severity of nausea, and 
use of rescue anti-emetics were evaluated 6 and 24 h after the operation. 
Results: The incidences of nausea (55.6%) and vomiting (14.1%) in the palonosetron 
group did not differ from those (58.3 and 19.8%) in the ondansetron group during the 
first 24 h after surgery (P > 0.05). No significant differences were observed in the sever-
ity of nausea and use of rescue anti-emetics between the two groups (P > 0.05).
Conclusions: The effects of palonosetron in preventing PONV were not different from 
those of ondansetron during the first 24 h postoperatively in women receiving IV-PCA 
with fentanyl.
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life (> 40 h) and stronger receptor affinity than the older first-

generation 5-HT3 receptor antagonists and displays allosteric 

binding with positive cooperativity, which effectively extends 

the inhibitory receptor function [3]. Palonosetron has supe-

rior prophylactic effects than ondansetron in both acute and 

delayed CINV [4], and is effective for preventing PONV com-

pared to placebo for 72 h postoperatively [5].

Ondansetron, dolasetron, granisetron, tropisetron, and ra-

mosetron, which are older 5-HT3 receptor antagonists, have 

similar clinical efficacies for preventing PONV [2,6,7]. It is ex-

pected that the second-generation 5-HT3 receptor antagonist 

palonosetron might be an exception.

Some studies have compared the efficacy of palonosetron 

to prevent PONV with the older 5-HT3 receptor antagonists. 

However, most studies that have compared the efficacy of 

palonosetron to prevent PONV with ondansetron have used 

single preoperative drug administration timing and have 

not considered the relatively short half-life of ondansetron 

[8–15]. Considering the relatively short half-life of ondanse-

tron, studies utilizing a continuous infusion of ondansetron 

are rare, and this issue remains controversial. In one study, 

palonosetron was significantly superior for decreasing the 

incidence of PONV compared to ondansetron [16], whereas 

in another study the prophylactic effects of both agents were 

similar during the first 24 h after surgery [17].

Therefore, this study compared the efficacy of palono-

setron in preventing PONV with that of ondansetron using 

continuous infusion, during the first 24 h postoperatively in 

women receiving intravenous patient-controlled analgesia 

(IV-PCA) with fentanyl.

MATERIALS AND METHODS

This prospective, randomized, double-blinded study was 

approved by the Institutional Review Board of our hospital 

(no. 2013-021) before study commencement.

After receiving written informed consent, we enrolled 204 

healthy female patients, aged 20–70 years with American Soci-

ety of Anesthesiologists physical status I or II, who were sched-

uled for elective surgery under general anesthesia and wanted 

to receive IV-PCA for postoperative pain relief. The exclusion 

criteria were pregnancy; body mass index > 30 kg/m2; nausea 

or vomiting within 24 h before the operation; administration 

of anti-emetics or steroids or psychoactive medications within 

24 h before the operation; and impaired communication.

Patients were randomly allocated to one of two groups 

according to a computer-generated random number table 

using block sizes of 2, 4, and 8. In the palonosetron group (n 

= 102), 0.075 mg of palonosetron was administered intrave-

nously (i.v.) 30 min before the end of the operation, and 8 ml 

normal saline was added to the IV-PCA. In the ondansetron 

group (n = 102), 8 mg of ondansetron was administered i.v. 

30 min before the end of the operation, and 16 mg of on-

dansetron was added to the IV-PCA. The study drugs were 

contained in identical syringes and the IV-PCA units were 

prepared by nurses not involved in the study. 

A standardized anesthesia regimen was followed. All pa-

tients received 3–5 mg of midazolam intramuscularly as pre-

medication 30 min before the operation. General anesthesia 

was induced with propofol at 2 mg/kg and a continuous 

remifentanil infusion. Rocuronium (0.6 mg/kg) was admin-

istered to facilitate endotracheal intubation. Anesthesia was 

maintained with desflurane or sevoflurane and nitrous oxide 

in oxygen (50%) with continuous remifentanil infusion. The 

inhaled anesthetics were adjusted to maintain an adequate 

anesthetic depth (bispectral index 40–60). At the end of the 

surgery, residual neuromuscular block was reversed with 

pyridostigmine and glycopyrrolate. The patients were given 

fentanyl in an IV-PCA unit beginning at the end of the opera-

tion. The PCA formulation consisted of 1,500 μg of fentanyl 

diluted to 100 ml in normal saline; the basal rate was set to 1 

ml/h, with a bolus of 1 ml and a lock-out time of 5 min. After 

surgery, the patients were observed in the post-anesthetic 

care unit for 1 h and then transferred to the ward.

The incidence of nausea and vomiting, severity of nausea, 

and use of rescue anti-emetics were evaluated at 1, 6, and 24 

h after the operation by an investigator who was blinded to 

the group assignments. An episode of vomiting was defined 

as vomiting (expulsion of stomach contents) or retching (an 

involuntary attempt to vomit but producing no stomach 

contents). Nausea severity was assessed using a 4-point ver-

bal rating scale (none, mild, moderate and severe). Patients 

were asked to rate their maximal degree of nausea during the 

assessment interval. Rescue medication for PONV (10 mg 

of metoclopramide as an initial rescue drug and 0.3 mg of 

ramosetron as a second rescue drug) was administered upon 

the patient’s request or complaint of moderate to severe 

nausea or vomiting. Additional analgesic medications were 
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allowed at the discretion of the surgeon for inadequate pain 

control despite sufficient use of IV-PCA. Pain intensity was 

not assessed.

Adverse events were evaluated and recorded during the 

entire observation period. Patient satisfaction with the anes-

thetic experience was evaluated on a 3-point scale (satisfied, 

neutral, and dissatisfied) 24 h postoperatively.

The primary outcome was the incidence of PONV during 

the first 24 h after the operation. The secondary outcomes 

were nausea severity, use of rescue anti-emetics during the 

first 24 h after the operation, all adverse effects, and patient 

satisfaction.

Sample size was calculated based on the results of a study 

that compared the anti-emetic effects of ondansetron and 

palonosetron on PONV (62 vs. 42%) in highly susceptible 

patients [16]. The sample size was estimated to be 97 patients 

per group for a two-sided test using α = 0.05 and β = 0.2. We 

enrolled 102 patients per group to allow for possible patient 

dropout (5%).

Statistical analyses were performed using SPSS for Win-

dows (version 14; SPSS Inc., USA). Student’s t-test was used 

to compare continuous variables between the groups. Cat-

egorical variables were analyzed using the χ2 test or Fisher’s 

exact test, as appropriate. A P value < 0.05 was considered 

statistically significant. Data are presented as means ± stan-

dard deviations, numbers, or percentages.

RESULTS

Among the 204 patients enrolled in this study, 9 withdrew 

due to a protocol violation. Data obtained from the remaining 

195 patients were analyzed (99 patients in the palonosetron 

group and 96 patients in the ondansetron group) (Fig. 1). 

No significant differences in age, body weight, previous 

PONV history, motion sickness, smoking status, duration of 

surgery and anesthesia, or type of surgery were observed be-

tween the two groups (Table 1). 

The incidence of nausea (55.6% vs. 58.3%, palonosetron 

group vs. ondansetron group, respectively) and vomiting 
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Excluded (n = 106)
Not meeting inclusion criteria (n = 95)
Declined to participate (n = 11)
Other reasons (n = 0)

Assessed for eligibility (n = 310)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)
Protocol violation (n = 3)

Palonosetron group (n = 102)

Analysed (n = 99)
Excluded from analysis (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)
Protocol violation (n = 6)

Ondansetron group (n = 102)

Analysed (n = 96)
Excluded from analysis (n = 0)

Enrollment

Allocation

Follow-up

Analysis

Randomized (n = 204)

Fig. 1. CONSORT diagram. CONSORT: 
consolidated standards of reporting tri-
als.

 Table 1. Patient Characteristics

Variable
Palonosetron 

(n = 99)
Ondansetron 

(n = 96)
P value

Age (yr) 52 ± 11.0 50 ± 11.8 0.159
Body weight (kg) 60 ± 8.5 61 ± 8.8 0.690
Duration of operation (min) 94 ± 54.4 97 ± 60.1 0.711
Duration of Anesthesia (min) 135 ± 60.2 138 ± 65.2 0.749
Previous PONV history 7 8 0.804
Motion sickness history 24 36 0.062
Non-smoking status 92 91 0.733
Types of surgery 0.945
   Orthopedic surgery 63 59
   Gynecological surgery 21 20
   Head and neck surgery 10 10
   Laparoscopic surgery 5 7

Data are presented as mean ± SD or number of patient. PONV: postop-
erative nausea and vomiting. 



(14.1% vs. 19.8%, palonosetron group vs. ondansetron group, 

respectively), and the use of rescue anti-emetics (29.3% vs. 

29.2%, palonosetron group vs. ondansetron group, respec-

tively) in the first 24 h after the operation did not differ be-

tween the groups (P > 0.05) (Table 2). 

The severity of nausea in the first 24 h after the operation 

did not differ between the groups (P > 0.05) (Table 3). 

Patient satisfaction and adverse effects also did not differ 

between the groups (both P > 0.05) (Table 4).

DISCUSSION

The efficacy of palonosetron in preventing PONV during 

the first 24 h postoperatively was not different from that of 

ondansetron in women receiving IV-PCA with fentanyl for 

postoperative pain control.

There are many mediators and diverse pathways in PONV, 

and their mechanisms are complex and unclear [18]. Known 

risk factors for PONV include female sex, younger age, opioid 

use, non-smoking status, history of motion sickness or PONV, 

long anesthesia duration, and use of inhalation anesthetics 

[2]. In this study, the risk factors did not differ between the 

two groups, as both groups had two or more risk factors for 

PONV.

Palonosetron is a second-generation 5-HT3 receptor an-

tagonist with different properties compared to older 5-HT3 

receptor antagonists. First, the chemical structure differs, as 

palonosetron has a fused tricyclic ring system unlike the first-

generation drugs that have a 3-substituted indole structure 

resembling serotonin [3]. Second, the affinity for the 5-HT3 re-

ceptor is much higher than that of first-generation drugs (pKi 

= 10.45) and plasma half-life is > 40 h [19,20]. Third, palono-

setron displays allosteric binding with positive cooperativity 

and triggers receptor internalization resulting in long-term 

inhibition of receptor function, whereas the older 5-HT3 re-

ceptor antagonists selectively antagonize serotonin through 

competitive bimolecular binding and occupancy at the 5-HT3 

receptor. This unique binding activity makes palonosetron 

work effectively. In addition, its long duration of action comes 

not only from its long half-life but also from the long-term 

inhibition of receptor function by inducing receptor internal-

ization [3]. 
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Table 2. Incidences of Nausea and Vomiting, and Use of Rescue Anti-
emetics during the First 24 Hours after Operation

Variable
Palonosetron

(n = 99)
Ondansetron

(n = 96)
P value

0–6 h 
   Nausea 40 (40.4) 41 (42.7) 0.744
   Vomiting 12 (12.1) 8 (8.3) 0.383
   PONV 40 (40.4) 41 (42.7) 0.744
   Rescue anti-emetics 18 (18.2) 17 (17.7) 0.931
6–24 h
   Nausea 39 (39.4) 43 (44.8) 0.445
   Vomiting 6 (6.1) 13 (13.5) 0.078
   PONV 40 (40.4) 43 (44.8) 0.536
   Rescue anti-emetics 16 (16.2) 19 (19.8) 0.509
0–24 h
   Nausea 55 (55.6) 56 (58.3) 0.695
   Vomiting 14 (14.1) 19 (19.8) 0.293
   PONV 55 (55.6) 56 (58.3) 0.695
   Rescue anti-emetics 29 (29.3) 28 (29.2) 0.985

Data are presented as number of patients (%). PONV: postoperative 
nausea and vomiting. 

Table 3. Severity of Nausea during the First 24 Hours after Operation

Severity of nausea
Palonosetron 

(n = 99)
Ondansetron 

(n = 96)
P value

0–6 h
   None 59 (59.6) 55 (57.3) 0.511
   Mild 7 (7.1) 13 (13.5)
   Moderate 12 (12.1) 10 (10.4)
   Severe 21 (21.2) 18 (18.8)
6–24 h
   None 60 (60.6) 53 (55.2) 0.541
   Mild 13 (13.1) 18 (18.8)
   Moderate 9 (9.1) 12 (12.5)
   Severe 17 (17.2) 13 (13.5)
0–24 h
   None 44 (44.4) 40 (41.7) 0.543
   Mild 10 (10.1) 19 (19.8)
   Moderate 13 (13.1) 14 (14.6)
   Severe 32 (32.3) 23(24.0)

Data are presented as number of patients (%).

Table 4. Adverse Side Effects and Patients’ Satisfaction

Variable
Palonosetron 

(n = 99)
Ondansetron 

(n = 96)
P value

Adverse effects
   Dizziness 22 (22.2) 33 (34.4) 0.059
   Headache 21 (21.2) 25 (26.0) 0.427
Satisfaction
   Satisfied 77 (77.8) 70 (72.9) 0.673
   Neutral 18 (18.2) 20 (20.8)
   Dissatisfied 4 (4.0) 6 (6.3)

Data are presented as number of patients (%).



Superior results have been reported for palonosetron in 

studies that compared the preventive effects of acute and 

delayed CINV with those of ondansetron or dolasetron [4,21]. 

Palonosetron is the only 5-HT3 receptor antagonist used for 

the prevention of both acute and delayed CINV [22].

Two pivotal placebo-controlled trials were conducted to 

evaluate the dose-response efficacy and safety of three dif-

ferent doses of palonosetron for preventing PONV within 72 

h after surgery. Those studies demonstrated that 0.075 mg of 

palonosetron i.v. was the most effective and well tolerated, 

and had the best prophylactic effect mainly in the first 24 h af-

ter surgery, and it was subsequently approved by the US Food 

and Drug Administration for preventing PONV for up to 24 h 

after surgery [5,23]. 

Ondansetron has largely been studied for its effectiveness 

and efficacy compared to other classes of anti-emetics and 

has similar efficacy to already proven anti-emetics, such as 

droperidol and dexamethasone [24,25]. In addition, it has be-

come the gold standard in clinical efficacy studies with other 

5-HT3 receptor antagonists such as dolasetron, granisetron, 

tropisetron, and ramosetron, which have been introduced 

since ondansetron. 

Consequently, the older 5-HT3 receptor antagonists are 

considered equally effective when given at equipotent doses, 

and they are chosen according to their accessibility, ease of 

use, and economy in clinical practice [2,6,7].

The recommended timing of drug administration is differ-

ent between palonosetron and other 5-HT3 receptor antago-

nists. Palonosetron is typically recommended to be given at 

the beginning of surgery, while other 5-HT3 antagonists are 

recommended to be given at the end of surgery [2]. However, 

in most studies comparing the efficacy of palonosetron in 

preventing PONV with other 5-HT3 receptor antagonists, 

including ondansetron, identical drug administration timing 

was used due to the blinding method. In many cases, pre-

operative single administration was selected [8–15]. In these 

studies, most authors reported superior efficacy of palonose-

tron in preventing PONV compared with ondansetron [8–15]. 

However, preoperative administration is advantageous for 

palonosetron, and it is possible that the decreased efficacy 

due to the relatively short half-life of ondansetron may have 

affected the incidence of PONV. Therefore, we administered 

the study drugs 30 min before the end of the operation and 

continuously infused ondansetron using PCA in the ondan-

setron group. 

In this study, because the equipotent doses of palonosetron 

and ondansetron were unknown, palonosetron was given at 

the recommended dose of 0.075 mg to prevent PONV [5,23], 

and ondansetron was administered using the following regi-

men, which may be clinically effective [16,17]. We adopted 8 

mg of ondansetron administered i.v. based on a systematic 

review showing that 8 mg of ondansetron is more optimal 

than 4 mg [24], and 16 mg was added to the IV-PCA based on 

a study showing that adding ondansetron or ramosetron to 

fentanyl-based PCA is more effective than just a single-dose 

of ramosetron for preventing PONV during the first 48 h after 

surgery [26].

Among the studies comparing the efficacy of palonosetron 

with ondansetron in preventing PONV, two studies have 

added ondansetron to PCA. Kim et al. [17] compared the 

prophylactic effects of preoperative palonosetron (0.075 mg, 

i.v.) with a regimen of preoperative ondansetron (8 mg, i.v.) 

and 16 mg added to PCA in women undergoing laparoscopic 

gynecological surgery using fentanyl IV-PCA for 72 h postop-

eratively, but they found no significant differences between 

the two groups in the incidence rates of PONV at any of the 

evaluation time points (2, 24, 48, and 72 h), despite giving the 

bolus before inducing anesthesia. In particular, the incidence 

of PONV was 40% in the ondansetron group and 44% in the 

palonosetron group 24 h postoperatively, and palonosetron 

and ondansetron did not differ in their PONV-preventive 

effects during the first 24 h postoperatively. Moon et al. [16] 

compared the prophylactic effects of 0.075 mg of palonose-

tron i.v. with the regimen of 8 mg of ondansetron i.v. and 16 

mg added to the PCA in women receiving a thyroidectomy 

using fentanyl-based IV-PCA. Palonosetron significantly re-

duced the incidence of PONV during the first 24 h postopera-

tively, compared to ondansetron (42 vs. 62%, respectively). 

In this study, the incidence of PONV was 55.6% in the palo-

nosetron group and 58.3% in the ondansetron group at 24 h 

postoperatively. No significant differences in PONV preven-

tive effects were observed. Our results are consistent with 

those of Kim et al. [17]. However, the incidence of PONV in 

our study was higher than that of Kim et al. [17], but similar 

to that in the ondansetron group of Moon et al. [16]. The rela-

tively higher incidence of PONV in our study might be related 

with longer anesthetic time and various surgical types. 

In addition, the relative risk reduction for PONV using 
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0.075 mg of palonosetron is about 0.30 [5,27] and that of 4 mg 

of ondansetron for PONV is 0.26 [25], suggesting that the ef-

ficacy of palonosetron and ondansetron is similar. Likewise, 

we found that palonosetron was similar but not superior to 

ondansetron during the first 24 h postoperatively. Therefore, 

we presume that all 5-HT3 receptor antagonists have equal 

efficacy during the acute period, even though they have dif-

ferent durations of action, because they all act on the same 

receptor, and the prophylactic efficacy of one anti-emetic that 

functions on one class of receptor is limited [28,29].

Although we found that the prophylactic efficacy of palo-

nosetron for the first 24 h was comparable to that of ondan-

setron, palonosetron has many advantages that make it more 

promising and useful than ondansetron. Palonosetron has no 

QT prolongation issue in terms of safety [30]. It also has a lon-

ger duration of action that produces a prophylactic effect in 

delayed PONV, particularly post-discharge nausea and vom-

iting, which is a growing problem in outpatient anesthesia. 

This study has several limitations. First, it was an active 

control comparison without a placebo group because of 

ethical problems inherent in trials using high-risk subjects. 

Second, equipotent doses of palonosetron and ondansetron 

were not used; rather, optimal doses were used. Additional 

studies are needed to determine the equipotent doses of 

these drugs to prevent PONV. Third, we used different injec-

tion methods; ondansetron was continuously infused using 

PCA, whereas palonosetron was injected once as a bolus be-

cause palonosetron has a longer half-life than ondansetron. 

This may have caused pharmacokinetic differences. In ad-

dition, the study drugs were administered 30 min before the 

end of the operation, rather than the optimal time for each 

drug, because it was a double-blind trial [2]. This might also 

have affected the conclusions of the study. Additional studies 

using optimal timing for each drug are needed. Fourth, pain 

intensity and additional analgesic medications were not as-

sessed in this study because the use of additional analgesics 

at the discretion of the surgeon was determined to have a 

minor impact on the conclusions of the study. However, this 

may have affected the conclusions of the study. 

In conclusion, the effects of palonosetron to prevent PONV 

were not significantly different from those of ondansetron in 

women receiving IV-PCA with fentanyl for the first 24 h post-

operatively.
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