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Abstract
Purpose To investigate the association between adherence to guideline-recommended risk-based postoperative nausea and 
vomiting (PONV) prophylaxis, the antiemetics used for PONV prophylaxis, and the incidence of PONV in patients who 
were underwent general anesthesia before and after 5-HT3 receptor antagonists became available.
Methods Patients (≥ 20 years old) who were extubated after scheduled surgery and returned to general wards between Janu-
ary 2021 and February 2022 and between June 2022 and July 2023 were included. Risk factors included age < 50, female, 
motion sickness, nonsmoker, surgical factors, and postoperative opioid use. Two and three or more prophylaxis were rec-
ommended for patients with one or two and three or more risk factors, respectively. The primary outcome was the number 
of patients who received adequate prophylaxis, and the secondary outcomes were antiemetic agents used during anesthesia 
and the incidence of PONV on postoperative days 0 and 1. PONV was defined as documented PONV or rescue antiemetic 
administration.
Results From January 2021 to February 2022 and from June 2022 to July 2023, 2342 and 2682 patients were included, 
respectively. Before ondansetron became available, more D2 receptor antagonists were used (p < 0.001), and after ondanse-
tron became available, both ondansetron (p < 0.001) and propofol (p < 0.001) were given more frequently. Before and after 
ondansetron became available, the number of patients with adequate prophylaxis was 3.7% and 9.2%, respectively (p < 0.001), 
and the incidence of PONV on postoperative days 0 and 1 was 44.6% and 44.0%, respectively (p = 0.67).
Conclusion The availability of ondansetron increased the number of patients with adequate PONV prophylaxis, but did not 
decrease the incidence of PONV.
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Introduction

The incidence of postoperative nausea and vomiting 
(PONV), defined as nausea and vomiting occurred on post-
operative days 0 and 1 [1], has been reported to be 30% 
in the general surgical population and 80% in high-risk 

populations [2, 3]. This can lead to patient dissatisfaction 
and to increased health care costs [4, 5].

Given its high incidence and associated poor outcomes, 
optimal management of PONV including prophylaxis 
and treatment should be provided; however, no Japan’s 
own guideline exist and the guidelines established by the 
American Society of Enhanced Recovery and Society for 
Ambulatory Anesthesia, which was updated in 2020, are 
used in Japanese clinical practice [1]. This American guide-
line recommends escalation of the number of antiemetics 
(Supplementary Table 1) and acupuncture based on a pre-
operative estimate of PONV risk; however, several drugs 
are not allowed for PONV management in Japan [1]. In fact, 
available drugs during anesthesia are propofol, dopamine 
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 D2 receptor antagonist including droperidol and metoclo-
pramide, and 5-hydroxytryptamine 3 (5–HT3) receptor 
antagonists which became available in August 2021 [6]. 
This denotes that after August 2021, it finally has been pos-
sible in Japan to implement antiemetics recommended by 
the American guideline in patients at high risk of PONV ≥ 3 
risk factors.

However, despite dissemination of 5–HT3 receptor antag-
onists, the effects on clinical outcomes have been known. 
This study aimed to investigate the association between 
adherence to guideline-recommended risk-based PONV 
prophylaxis, the antiemetics used for PONV prophylaxis, 
and the incidence of PONV in patients who were underwent 
general anesthesia before and after 5-HT3 receptor antago-
nists became available.

Materials and methods

This retrospective study was approved by the Nara Medi-
cal University Institutional Review Board, Kashihara, Nara, 
Japan (Chairperson Prof. M. Yoshizumi, Approval No. 3962 
on 6 September 2023).

Due to the nature of a retrospective study, the requirement 
for informed consent was waive. This study was conducted 
in accordance with the Declaration of Helsinki.

Study population

Patients aged 20 years or older who underwent elective sur-
gery with general anesthesia and who were extubated after 
surgery at Nara Medical University between January 2021 
and July 2023 were included. Since ondansetron became 
available at our institution in March 2022, a 3-month grace 
period was given and patients who underwent surgery 
between March and May 2022 of the above period were 
excluded. We excluded patients who underwent electric 
convulsive therapy, patients with long QT interval (male 
female; ≥ 470 ms and female female; ≥ 480 ms) for restric-
tion of dopamine antagonists, patients who underwent sur-
gery with motor-evoked potential monitoring in whom anes-
thesia is managed using propofol in our institution, patients 
anesthetized with remimazolam, patients given steroid dur-
ing anesthesia, patients managed in the intensive care unit 
on postoperative day 0 and/or 1, and patients transported 
to general wards with tracheal intubation. Remimazolam is 
available in several Asian countries, including Japan, Korea, 
and China, which is not listed in the American guideline and 
its effects on PONV have been controversial [7–9]; thus, 
patients anesthetized with remimazolam were excluded. 
American guidelines recommend dexamethasone for PONV 
prophylaxis [1]; however, the use of dexamethasone as a 
prophylactic antiemetic is off-label in Japan. Because all 

steroids have glucocorticoid effects to varying degrees, cases 
in which steroids were used during anesthesia were excluded 
from this study. Patients were allowed to oral intake until 
2 h before surgery and no premedication was given. Intra-
operative anesthetic management, including choice of a 
prophylactic antiemetic, was depended on the attending 
anesthesiologist.

Data collection

We evaluated the patients’ characteristics, including age; 
height; weight; sex; smoking status; comorbidities (symp-
tomatic stroke, hypertension, ischemic heart disease, atrial 
fibrillation, diabetes, and dialysis); medication (beta-blocker 
and statin); motion sickness; and the American Society of 
Anesthesiologists-physical status using their medical chart. 
We also collected laboratory data, including serum albumin 
and serum creatinine. Intraoperative data were included sur-
gery type (gynecological, laparoscopic, cholecystectomy), 
anesthetics (propofol or not), antiemetics (dopamine 2 
antagonist, including droperidol and/or metoclopramide, and 
ondansetron), fentanyl and remifentanil dose, fluid balance, 
anesthesia duration, and postoperative opioids’ use.

Outcomes

The primary outcome in this study was the number of 
patients given adequate prophylaxis strategy. The follow-
ing patients were classified as the category of adequate 
prophylaxis strategy; ≥ 0 antiemetic agent for patients with 
0 risk factor, ≥ 2 antiemetic agents for patients with 1 or 2 
risk factors, and ≥ 3 antiemetic agents for patients with 3 or 
more risk factors [1]. Risk factors include female sex, his-
tory of PONV or motion sickness, nonsmoking, younger age 
(< 50 years old), postoperative opioids analgesia, and type of 
surgery (gynecological, laparoscopic, cholecystectomy) [1]. 
Patients were not necessarily asked about a history of PONV 
in our institution; thus, only motion sickness was included. 
The secondary outcomes in this study were antiemetics used 
during the anesthesia and the incidence of PONV on POD 0 
and POD 1. PONV was defined as documented PONV and/
or administration of a rescue antiemetic. Additionally, the 
association between the number of risk factors for PONV 
and the number of given antiemetics was assessed.

Statistical analysis

Continuous data are mean with standard deviation and cat-
egorical variables as number with percent.

Data among two groups were compared using the Chi-
square test or Fisher’s exact test for dichotomous variables 
or unpaired t test for continuous variables. The odds ratio of 
interaction between the number of risk factors for PONV and 
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the number of given antiemetics was estimated using a logis-
tic regression analysis. As a descriptive tool for measuring 
model bias, the area under the receiver-operating character-
istic curve was computed. All data were analyzed with SPSS 
version 25.0 (IBM Inc, Armonk, NY, USA) and P < 0.05 
was considered statistically significant. Sample size was not 
calculated; however, at first, this study included patients who 
underwent surgery in a 13-month period from June 2022 to 
July 2023, which is the longest period, since ondansetron 
was available, excluding the grace period. Then, patients 
from February 2022 going back the same 13 months to Janu-
ary 2021 were included.

Results

Of 8427 eligible patients, 5024 eligible patients were 
included in the final analysis (Fig. 1). There were 2342 
patients from January 2021 to February 2022 and 2682 
patients from June 2022 to July 2023, respectively. Table 1 
shows patients demographics and intraoperative data. 
Among two groups, the use of statin (p = 0.01) and the 
prevalence of motion sickness (p = 0.01) were statistically 
different. Regarding antiemetics,  D2 receptor antagonists 
were used more (p < 0.001) in patients who were underwent 
from January 2021 to February 2022. In contrast, ondanse-
tron (p < 0.001) and propofol (p < 0.001) were administrated 
more in patients who were underwent from June 2022 to 
July 2023. No acupuncture was performed in all patients. 
Postoperative opioids' use was more in patients who under-
went from June 2022 to July 2023 (p < 0.001). As shown 
in Table 2, although the number of risk factors were sta-
tistical difference (p = 0.01), the number of recommended 
prophylaxis strategy was not statistical difference (p = 0.17). 
The number of patients given adequate prophylaxis was 

3.7% (87/2342) patients who were underwent from Janu-
ary 2021 to February 2022 and 9.2% (263/2682) in patients 
who were underwent from June 2022 to July 2023, respec-
tively (p < 0.001). The incidence of PONV on POD 0 and/
or POD 1 were 44.6% (1045/2342) and 44.0% (1180/2682) 
from January 2021 to February 2022 and from June 2022 
to July 2023, respectively, which were no statistical differ-
ences (p = 0.67). Table 3 shows association of number of risk 
factors for postoperative nausea and vomiting with number 
of taken prophylaxis. As shown in Table 4, our multiple 
logistic regression analysis revealed an independent associa-
tion between the number of risk factors for PONV and the 
incidence of PONV [odds ratio (95% Confidence interval); 
1.54 (1.44–1.64)], and this effect was negatively magnified 
in patients with increased number of antiemetics [odds ratio 
(95% Confidence interval); 0.93 (0.88–0.99)].

Discussion

This retrospective study including 5024 patients ≥ 20 years 
old who were provided general anesthesia revealed that the 
availability of ondansetron for POVN prophylaxis enhanced 
adherence of the American guideline; however, patients 
remain with inadequate prophylaxis and the incidence of 
PONV was not different among patients who were under-
went during two periods. Additionally, increased antiemetic 
given to patients with higher risk factors contributed to a 
decrease in PONV.

More than 20 years ago, Apfel et al. [3] developed a sim-
ple tool to predict PONV, which triggered interest in PONV 
[3]; then, in 2003, the first consensus guidelines for PONV 
was published [10]. The fourth edition, revised in 2020, pre-
sents antiemetic doses and timing in adult patients in addi-
tion to risk factors and prophylaxis for PONV [1]; however, 

Fig. 1  Flow diagram for the 
inclusion and exclusion of 
participants

8427 eligible patients

7844 eligible patients

117 underwent electric convulsive therapy

466 underwent surgery without general anesthesia 

310 had a long QT interval and 303 had no data regarding QT interval

307 had no data regarding motion sickness

6924 eligible patients

271 had taken intravenous steroid during anesthesia

697 underwent surgery with motor evoked potential monitoring

80 were anesthetized with remimazolam

841 were managed in the intensive care unit on postoperative day 0 and/or 1

11 were transported to general wards with tracheal intubation

5024 eligible patients

(From 2021.January to 2022. February; 2342 eligible patients and from 2022.June to 2023. July; 2682 eligible patients 
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not all listed drugs are available in Japan and there were 
at most two drugs available including  D2 receptor antago-
nists and propofol until ondansetron became available, but 
the advent of ondansetron allowed for a three-antiemetic 
strategy [6]. Ondansetron contributed to higher rate of the 
number of patients given adequate prophylaxis strategy; 

however, the use of  D2 receptor antagonists were decreased. 
This exact reason is unknown, but it may be that risk-based 
prophylaxis strategy was not well known and the idea that 
just ondansetron should be administered arose. Other reason 
is the fact that the benefit of PONV prophylaxis also needs 
to be balanced with the risk of adverse effects. For instance, 

Table 1  Patients’ demographics 
and intraoperative data

Mean (standard deviation) or number (%)
ASA-PS American Society of Anesthesiologists-physical status
a Dopamine  D2 receptor antagonist includes droperidol and metoclopramide

Total (n = 5024) Before using 
ondansetron 
(n = 2342)

After using 
ondansetron 
(n = 2682)

p value

Age (yr) 61.8 (16.3) 61.6 (16.1) 61.9 (16.6) 0.55
Age < 50 yr 1216 (24.2) 567 (24.2) 649 (24.2)  > 0.99
Height (cm) 160.57 (9.4) 160.5 (8.7) 160.6 (10.0) 0.62
Weight (kg) 60.9 (12.9) 60.9 (12.9) 60.8 (12.9) 0.75
Female 2669 (53.1) 1240 (52.9) 1429 (53.3) 0.83
Current smoker 568 (11.3) 279 (11.9) 289 (10.8) 0.22
Symptomatic stroke 202 (4.0) 95 (4.1) 107 (4.0) 0.90
Hypertension 1985 (39.5) 938 (40.1) 1047 (39.0) 0.47
Ischemic heart disease 144 (2.9) 78 (3.3) 66 (2.5) 0.07
Atrial fibrillation 62 (1.2) 36 (1.5) 26 (1.0) 0.09
Diabetes 835 (16.6) 399 (17.0) 436 (16.3) 0.48
Dialysis 71 (1.4) 28 (1.2) 43 (1.6) 0.27
Medication
 Beta-blocker 261 (5.2) 128 (5.5) 133 (5.0) 0.45
 Statin 794 (15.8) 404 (17.3) 390 (14.5) 0.01
 Serum albumin (g/dL) 4.2 (0.4) 4.3 (0.4) 4.2 (0.4) 0.39
 Serum creatinine (mg/dL) 0.96 (2.3) 0.95 (2.4) 0.96 (2.3) 0.85
 Motion sickness 1050 (20.9) 454 (19.4) 596 (22.2) 0.01

ASA-PS 0.05
 1 799 (15.9) 347 (14.8) 452 (16.9)
 2 3543 (70.5) 1696 (72.4) 1847 (68.9)
 3 676 (13.5) 296 (12.6) 380 (14.2)
 4 6 (0.1) 3 (0.1) 3 (0.1)

Intraoperative data
 Risky surgery type 2016 (40.1) 940 (40.1) 1076 (40.1) 0.99
 Gynecological procedures 921 (18.3) 432 (18.4) 489 (18.2) 0.87
 Laparoscopic procedures 1344 (26.8) 618 (26.4) 726 (27.1) 0.58
 Cholecystectomy 41 (0.8) 21 (0.9) 21 (0.8) 0.55
 No risk surgery 3008 (59.9) 1402 (59.9) 1606 (59.9) 0.99

Prophylaxis
 Dopamine  D2 receptor  antagonista 755 (15.0) 451 (19.3) 304 (11.3)  < 0.001
 Ondansetron 1535 (30.6) 0 (0.0) 1535 (57.2)  < 0.001
 Propofol 961 (19.3) 351 (15.1) 610 (22.8)  < 0.001
 Fentanyl dose (mcg) 224 (157) 227 (153) 221 (160) 0.20
 Remifentanil (mg) 1.6 (1.3) 1.6 (1.4) 1.5 (1.3) 0.30
 Fluid balance (mL) 1136 (884) 1157 (877) 1118 (889) 0.11
 Anesthesia duration (min) 225 (132) 223 (130) 226 (133) 0.40
 Postoperative opioid 1949 (38.8) 834 (35.6) 1115 (41.6)  < 0.001
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metoclopramide is a representative  D2 receptor antagonist, 
but this is included in the Beer criteria, which is standards 

to recognize potentially inappropriate drug use in the elderly 
[11]. Moreover, nitrous oxide, which is not used to maintain 

Table 2  Clinical data regarding postoperative nausea and vomiting

Number (%)
POD postoperative day; PONV postoperative nausea and vomiting

Total (n = 5024) Before using ondansetron 
(n = 2342)

After using ondansetron 
(n = 2682)

p value

Number of risk factors 0.01
 0 150 (3.0) 76 (3.3) 74 (2.8)
 1 958 (19.1) 475 (20.3) 483 (18.0)
 2 1291 (25.7) 598 (25.5) 693 (25.8)
 3 1293 (25.7) 589 (25.2) 704 (26.3)
 4 828 (16.5) 393 (16.8) 435 (16.2)
 5 399 (7.9) 178 (7.6) 221 (8.2)
 6 105 (2.1) 33 (1.4) 72 (2.7)

Number of recommended prophylaxis strategy 0.17
 0 150 (3.0) 76 (3.2) 74 (2.8)
 2 2249 (44.8) 1073 (45.8) 1176 (43.9)

  ≥ 3 2625 (52.3) 1193 (50.9) 1432 (53.4)
Number of given prophylaxis strategy  < 0.001
 0 2571 (51.1) 1659 (70.8) 912 (34.0)
 1 1724 (32.3) 564 (24.0) 1160 (43.2)
 2 660 (13.1) 119 (5.0) 541 (20.1)
 3 69 (1.3) 0 (0.0) 69 (2.5)
 Number of patients given adequate prophylaxis 

strategy
350 (6.9) 87 (3.7) 263 (9.8)  < 0.001

 Incidence of PONV on POD 0 1641 (32.7) 780 (33.3) 861 (32.1) 0.38
 Incidence of PONV on POD 1 1240 (24.7) 579 (24.7) 661 (24.6) 0.97
 Incidence of PONV on POD 0 and POD 1 2225 (44.3) 1045 (44.6) 1180 (44.0) 0.67

Table 3  Association of number of risk factors for postoperative nausea and vomiting with number of taken prophylaxis

Number (%)
PONV postoperative nausea and vomiting
a Patients included in categories with asterisk were given adequate prophylaxis

Number of taken prophylaxis

1 Before using ondansetron (n = 2342)

Number of risk factors for PONV 0 and 1 (n = 2223) 2 (n = 119)  ≥ 3 (n = 0)

 0 (n = 76) 76 (100) * 0 (0) * 0 (0) *
 1–2 (n = 1073) 1062 (98.9) 11 (1.0) * 0 (0) *
  ≥ 3 (n = 1193) 1085 (90.9) 108 (9.0) 0 (0) *

Number of taken prophylaxis

2 After using ondansetron (n = 2682)

Number of risk factors for PONV 0 and 1 (n = 2072) 2 (n = 541)  ≥ 3 (n = 69)

 0 (n = 74) 73 (98.6) * 1 (1.3)a 0 (0)a

 1–2 (n = 1176) 1045 (88.8) 120 (10.2)a 11 (0.9)a

  ≥ 3 (n = 1432) 954 (66.6) 420 (29.3) 58 (4.0)a
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general anesthesia in our cohort, was associated with a lower 
incidence of lung atelectasis, although it is a risk factor for 
PONV [12]. It is considerable that precautions may not have 
been taken to reduce anesthesia-related complications other 
than PONV, such as these.

The number of patients given adequate prophylaxis strat-
egy increased statistically, but to a lesser extent (10%) and 
remained as low as before, which we conceive is why it did 
not make a difference in the incidence of PONV. However, 
just increasing the number of antiemetics did not reduce 
PONV, but administering more antiemetics to high-risk 
patients was associated with decrease in PONV (p for inter-
action = 0.03); thus, risk classification may have effects on 
decreasing PONV. Furthermore, the effects of institutional 
protocols for prophylaxis strategies based on risk assess-
ment of PONV and an electronic medical record-based clin-
ical decision support approach on decreased PONV were 
reported [13–15]; thus, these as well as risk assessment 
should be implemented in clinical practice.

This study had some potential limitations. First, this study 
was a retrospective study conducted in a single center; thus, 
results should be interpreted with caution. Second, one defi-
nition of PONV in this study was administration of a res-
cue antiemetic; however, varying threshold for use rescue 
antiemetics after surgery may occur among general wards 
where patients were managed postoperatively. Third, almost 
all of the use of postoperative opioid analgesia were planned 
before surgery, although the indication for such use was 
occasionally added depending on the invasion of the surgery. 
In such cases, it is unclear whether postoperative opioid use 
is considered a risk factor, which may have led to an under-
estimation of risk. Fourth, antiemetics’ dose and timing were 
not included in this study, which may have effects on the 
incidence of PONV. Fifth, after 5-HT3 receptor antagonists 
became available, the use of propofol and postoperative opi-
oids were increased. These reasons were unclear due to ret-
rospective study; however, these might impact the incidence 

of PONV. Finally, importantly, the limited availability of 
antiemetic drugs in Japan is probably associated with the 
low compliance rate and high incidence of PONV.

In conclusion, we found that the availability of ondanse-
tron contributed to increasing the number of patients with 
an adequate prophylaxis for PONV; however, it did not lead 
to decreasing the incidence of PONV. In the future, imple-
mentation to improve compliance with the guidelines should 
be examined.
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