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Abstract: Background/Objectives: Postoperative nausea and vomiting (PONV) is a common and
distressing complication after surgery. Hydroxyzine, an affordable histamine H1 receptor antagonist
with anxiolytic, moderate sedative, and antiemetic properties, is often used perioperatively; how-
ever, few studies have investigated its effect on PONV. In this study, we examined the efficacy of
hydroxyzine in preventing PONV. Methods: This single-center, retrospective, observational cohort
study included 647 female patients at risk of PONV between July 2021 and September 2022. The
primary endpoint was PONV incidence on the day of surgery, and secondary endpoints included
PONYV incidence up to postoperative day 2 and emergence time, analyzed using propensity score
matching. Results: The patients were categorized into two groups: 71 received hydroxyzine 25 mg
(HYD group), and 576 received no prophylactic antiemetic treatment (NOT group). After adjustment
for confounders, PONV incidence on the day of surgery was significantly lower in the HYD (n = 69)
group compared to the NOT (n = 193) group (34.8% vs. 57.0%, p = 0.002), and similar results were
observed up to postoperative day 2 (47.8% vs. 65.3%, p = 0.016). Emergence time did not differ
between groups. Conclusions: Prophylactic administration of hydroxyzine could be effective in
decreasing PONV incidence, though further randomized controlled trials are warranted to confirm
these results.

Keywords: hydroxyzine; postoperative nausea and vomiting; propensity score matching

1. Introduction

Postoperative nausea and vomiting (PONV) is a common post-surgical complication.
PONYV is an extremely distressing side effect and is associated with postoperative wound
dehiscence and prolonged hospital stay. PONV incidence is 30% and can be as high as 80%
in high-risk patients [1-3]. For these high-risk patients, guidelines recommend prophylactic
administration of multiple antiemetics to reduce PONV incidence [4]. However, this
strategy raises concerns about drug-related side effects [5], increased drug costs, and
complexity in perioperative management. Moreover, the evidence base for some antiemetic
agents remains insufficient, underscoring the need for further research [3,4].

Ondansetron, a 5-hydroxytryptamine type-3 antagonist, is the gold standard for PONV
prevention worldwide and has recently been covered by insurance in Japan. Because of
the limited number of drugs covered by health insurance in Japan, the use of this drug is
expected to increase, although it remains relatively expensive (JPY 3386) [4,6,7]. Globally,
rising healthcare costs are a major issue, particularly in Japan, owing to its aging population.
Therefore, considering the cost-effectiveness of PONV preventive drugs is crucial [4,8].

Health insurance in Japan covers a few drugs, including hydroxyzine, metoclopramide,
and ondansetron. Hydroxyzine, a histamine H1 receptor antagonist, is affordable (JPY 56)
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and possesses various effects, including anxiolytic effects, mild hypnotic effects, and the
prevention of motion-sickness-induced emesis and adjunctive analgesia during labor [9-13].
Despite its widespread perioperative use, studies exploring hydroxyzine’s effects on PONV
are limited [14,15]. In this study, we aimed to evaluate the prophylactic effects of hydrox-
yzine on PONV.

2. Materials and Methods
2.1. Patients and Study Design

This single-center, retrospective cohort study was conducted according to the guide-
lines of the Declaration of Helsinki and approved by the Ethics Committee of Kurume
University Hospital (approval number: 22135; approval date: 12 December 2022). Per
the guidelines of the Ethics Committee, informed consent was obtained from the patients
using an opt-out approach. The inclusion criterion involved being at a higher risk of
PONYV, defined as either women aged 18—49 years who received inhaled general anesthe-
sia or women aged >50 years who received inhaled general anesthesia and underwent
surgery associated with a high risk of PONV, such as gynecologic or laparoscopic surgery
and cholecystectomy [4]. Eligible patients admitted to hospital between 1 July 2021 and
30 September 2022 were included in the study. The follow-up period was 2 days after
surgery. Data collection was between 12 December 2022 and 30 April 2023. Patient recruit-
ment, follow-up, and data collection were conducted at Kurume University. Exclusion
criteria included patients who underwent emergency surgery or neurosurgery, those with
an American Society of Anesthesiologists physical status (ASA-PS) score of 4 or higher,
surgeries lasting less than 30 min, those receiving intraoperative antiemetic drugs other
than 25 mg hydroxyzine, those who returned to the hospital ward without extubation,
patients discharged within postoperative day (POD) 2, patients who received antipsy-
chotics on the day before surgery, patients without a nursing record for PONV, and those
diagnosed with ileus within POD 2. Additionally, those who received opioid analgesics
preoperatively were excluded because their perioperative course was considered unique,
which could affect the efficacy of prophylactic antiemetic treatment [16,17].

2.2. Methodology

Patient data were collected from electronic medical and anesthesia records and ana-
lyzed after applying the inclusion and exclusion criteria. The patients were categorized
into two groups: those who received only 25 mg hydroxyzine as prophylactic antiemetic
treatment intraoperatively (HYD group) and those who received no prophylactic antiemetic
treatment intraoperatively (NOT group). The primary outcome was PONV incidence on
the day of surgery. The secondary outcomes included the incidence of PONV up to POD
2, use of rescue antiemetics up to POD 2, incidence of vomiting up to POD 2, emergence
time, and incidence of severe adverse events such as new-onset arrhythmias or respiratory
complications within POD 2. PONV was defined as the presence of nausea or vomiting or
the administration of rescue antiemetics. Antiemetics used in the operating room included
metoclopramide, ondansetron, hydroxyzine, or combinations of these, while antiemetic
used in the hospital ward was metoclopramide. This information was captured in the
electronic medical records. At our hospital, ward nurses assess PONV incidence every
1-2 h on the day of surgery and every 4-5 h from the day after surgery to the second
day. When patients experienced nausea or vomiting, nurses or physicians asked them if
they wished to receive antiemetic treatment. If the patient consented, antiemetics were
administered; otherwise, the patient’s condition was monitored without intervention. The
emergence time was defined as the time between the end of surgery and when the patient
left the operating room. The collected data included: age; body mass index (BMI); ASA-PS
score; postoperative opioid administration; smoking status (current- or non-smoker); type
of surgery (abdominal, gynecological, head and neck, urological, orthopedic, superficial,
and thoracic surgeries); laparoscopic surgery; surgery with a high risk of PONV; anesthe-
sia and operation times; combined epidural anesthesia; anesthesiologist experience level
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(resident, fellow, or attending); intraoperative fentanyl, remifentanil, and ephedrine dose;
intraoperative in—out balance; intraoperative sevoflurane and desflurane doses; type of
inhalation anesthetic used (sevoflurane or desflurane); fasting time > 12 h; and postopera-
tive steroid use. The smoking status was defined as “non-smoker” if the patient had quit
smoking for at least 6 months prior to surgery. Head and neck surgery included procedures
performed by otolaryngology and oral surgery departments, while superficial surgery
included dermatology, plastic surgery, and breast surgery.

2.3. Anesthesia

Written informed consent for general anesthesia was obtained from all patients the day
before surgery. General anesthesia was induced with remifentanil (0.15-0.2 mcg/kg/min),
fentanyl (0.5-1 mcg/kg), propofol (1-2 mg/kg), and rocuronium (0.6-0.9 mg/kg). It was main-
tained with sevoflurane (1.5-2%) or desflurane (4-5%), remifentanil (0.1-0.3 mcg/kg/min),
and a 50-60% oxygen/air mixture. Additional bolus administrations of fentanyl and rocuro-
nium were used as required. All anesthetic drugs were discontinued at the end of the
surgery, and residual muscle relaxation was reversed as required with sugammadex
(24 mg/kg). Patients who had regular spontaneous breathing and obeyed commands were
extubated and observed for approximately 5 min in the operation room. Subsequently, the
patient was transferred to the hospital ward, as our hospital did not have a post-anesthesia
care unit. The anesthesiologist in charge determined intraoperative antiemetic use and the
choice of antiemetic.

2.4. Statistical Analysis

Categorical and continuous variables are presented as numbers (percentages) and
medians (interquartile range), respectively. The categorical and continuous variables of the
two groups were evaluated using the chi-squared and Wilcoxon rank sum tests, respectively.
We performed 3:1 propensity score matching using the nearest neighbor method with a
caliper width of 0.2 without replacement. The propensity score for the treatment group
was calculated using a logistic regression model that included the following variables: age,
BMI, ASA-PS scores (1 to 3), postoperative opioid administration (Yes, No), smoking status,
type of surgery, laparoscopic surgery (Yes, No), surgery with a high risk of PONV (Yes, No),
anesthesia and operation times, combined epidural anesthesia (Yes, No), anesthesiologist
experience level (resident, fellow, or attending), intraoperative fentanyl, remifentanil and
ephedrine dose, intraoperative in—out balance, intraoperative sevoflurane and desflurane
doses, type of inhalation anesthetic used (sevoflurane, desflurane), fasting duration (fasting
time <12 h, >12 h), postoperative steroid use, less than 50 years old (Yes, No), and anesthesia
time > 2 h (Yes, No). To assess performance, patient characteristics before and after
propensity score matching were compared using a standardized mean difference of <0.1,
which was considered negligible. We also employed sensitivity analysis using multivariate
adjustment analysis. For the multivariate adjustment analysis, the following adjustment
factors were selected based on the latest guidelines [4]: age, anesthesia time, postoperative
opioid administration, smoking status, surgery with a high risk of PONV, ASA-PS scores,
fasting duration, and anesthesiologist experience level. Statistical significance was set at
p <0.05. All statistical analyses were performed using the R statistical software version
4.2.2 (The R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org).

3. Results
3.1. Baseline Participant Characteristics

Overall, 1103 patients were initially enrolled in this study. Of these, 647 patients
(71 in the HYD group and 576 in the NOT group) were included in the final analysis after
exclusion (Figure 1). Patients in the HYD group were younger, had longer operation times,
and had a higher remifentanil dose than those in the NOT group (Table 1). A 3:1 propensity
score matching analysis was employed to adjust for bias in patient characteristics. This
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resulted in all patient characteristics being adjusted, with standardized mean differences
< 0.11 (Table 1).

Either women aged 1849 years who received inhaled general anesthesia, or women aged >50 years who
received inhaled general anesthesia and underwent surgery associated with a high risk of PONYV, such as
gynecologic or laparoscopic surgery and cholecystectomy

Eligible patients

n=1103

Exclusion criteria
Emergency surgery (n=111)
Neurosurgery (n=25)

ASA-PS >4 (n=3)

Operation time <30 min (n=30)

Use of other antiemetics (n=187)

Returned to the hospital ward without extubation (n=28)
Discharged within postoperative day 2 (n=3)

Use of preoperative antipsychotic drugs (n=41)
No PONYV evaluation record (n=27)
Diagnosed with ileus within postoperative day 2 (n=0)
Receiving an opioid analgesic medication (n=1)

Patients for analysis
n=647

HYD group NOT group
n=71 n=576

Figure 1. Flowchart for selecting patients for analysis. PONV, Postoperative nausea and vomiting;
ASA-PS, American Society of Anesthesiologist physical status; HYD group indicates patients receiving
25 mg of hydroxyzine, and NOT group indicates those with no prophylactic antiemetic treatment.

3.2. Outcomes

The adjusted PONV incidence on the day of surgery and up to POD 2 was significantly
different between the HYD and NOT groups, with rates of 34.8% vs. 57.0% (p = 0.002) and
47.8% vs. 65.3% (p = 0.016), respectively (Table 2). Furthermore, administration of rescue
antiemetics up to POD 2 was significantly different between the HYD and NOT groups,
with rates of 30.4% vs. 47.2% (p = 0.023), respectively (Table 2). However, no significant
differences were found in the incidence of vomiting up to POD 2 and emergence time
between two groups after adjustment (Table 2). The results of sensitivity analysis using
multivariate adjustment were similar to those of the main analysis (Table 3). One patient in
the HYD group experienced apnea at the time of discharge from the operating room. In
contrast, no case of arrhythmias, such as QT prolongation or torsade de pointes (Tdp), was
observed in the medical records of any patients within POD 2.
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Table 1. Patient characteristics before and after 3:1 propensity score matching.
Original Cohort Matched Cohort
HYD Group NOT Group p Value HYD Group NOT Group SMD
n=71) (n = 576) (n =69) (n =193)
Age (years) * 46 [36, 61] 51 [39, 71] 0.023 46 [36, 62] 47 [36, 60] 0.017
BMI (kg/mz) 21.7[19.1,25.0] 22.0[19.7,25.0] 0.39 21.6[19.1,249] 21.9[19.9,24.9] 0.100
ASA-PS (%)
1 36 (50.7) 221 (38.4) 0.061 35 (50.7) 100 (51.8) 0.022
2 33 (46.5) 309 (53.6) 0.31 32 (46.4) 89 (46.1) 0.005
3 2(2.8) 46 (8.0) 0.18 2(2.9) 4(2.1) 0.053
P:;fgf’iﬁgfoﬁl%d 23 (32.4) 132 (22.9) 0.11 22 (31.9) 54 (28.0) 0.085
Non-smoker (%) 67 (94.4) 529 (91.8) 0.61 65 (94.2) 177 (91.7) 0.098
Type of surgery (%)
abdominal surgery 15 (21.1) 175 (30.4) 0.14 14 (20.3) 43 (22.3) 0.049
gynecological surgery 30 (42.3) 202 (35.1) 0.29 29 (42.0) 76 (39.4) 0.054
head and neck surgery 14 (19.7) 122 (21.2) 0.90 14 (20.3) 37 (19.2) 0.028
urological surgery 5(7.0) 32 (5.6) 0.81 5(7.2) 15 (7.8) 0.020
orthopedic surgery 2(2.8) 12 (2.1) 1.00 2(2.9) 4(2.1) 0.053
superficial surgery 5(7.0) 31(54) 0.76 5(7.2) 18 (9.3) 0.076
thoracic surgery 0(0.0) 2(0.3) 1.00 0 (0.0) 0(0.0) 0.001
Laparoscopic surgery (%) 25 (35.2) 219 (38.0) 0.74 23 (33.3) 66 (34.2) 0.018
Risk surgery (%) 49 (69.0) 401 (69.6) 1.00 47 (68.1) 133 (68.9) 0.017
Anesthesia time (min) 282 [211, 384] 251 [174, 350] 0.054 278 [210, 378] 259 [190, 355] 0.007
Operation time (min) 216 [128, 310] 173 [106, 256] 0.035 214 [128, 292] 187 [120, 267] 0.006
Combined with @ i)dural 31 (43.7) 204 (35.4) 022 38 (55.1) 104 (53.9) 0.024
Anesthesiologist (%)
Resident 16 (22.5) 103 (17.9) 0.43 16 (23.2) 47 (24.4) 0.027
Fellow 39 (54.9) 310 (53.8) 0.96 39 (56.5) 99 (51.3) 0.105
Attending 16 (22.5) 163 (28.3) 0.38 14 (20.3) 47 (24.4) 0.098
Fentanyl dose (mL) 4.0[2.0,4.0] 3.0 [2.0,4.0] 0.88 4.0[2.0,4.0] 4.0[2.0,4.0] 0.009
Remifentanil dose (mg) 2.7 [2.0,4.0] 2.2[1.5,3.3] 0.014 2.6[2.0,3.8] 2.5[1.8, 3.5] 0.027
Ephedrine dose (mg) 12 [7, 20] 12 [4, 20] 0.33 12 [6, 20] 12 [4, 22] 0.003
In-out balance (mL) 1390 [791,1986] 1195 [569, 1747] 0.058 1340 [766,1965] 1336 [590, 1879] 0.020
Sevoflurane dose (mL) 69.9 [45.5,95.3] 60.4[39.9, 89.6] 0.30 69.9[45.8,92.6] 63.0 [41.0, 89.9] 0.016
Desflurane dose (mL) 0.0 [0.0, 0.0] 0.0[0.0, 0.0] 0.14 0.0[0.0, 0.0] 0.0 [0.0, 0.0] 0.023
Desflurane use rate (%) 7 (9.9) 37 (6.4) 0.40 6 (8.7) 16 (8.3) 0.015
Fasting period >12 h (%) 18 (25.4) 161 (28.0) 0.75 18 (26.1) 49 (25.4) 0.016
Postoperative steroid use 2(2.8) 11 (1.9) 0.95 2(2.9) 4(2.1) 0.053
Less than 50 years old (%) 42 (59.2) 278 (48.3) 0.11 41 (59.4) 113 (58.5) 0.018
Anesthesia time > 2 h (%) 69 (97.2) 527 (91.5) 0.15 67 (97.1) 188 (97.4) 0.019

* Data are expressed as number (%) or median [interquartile range]. HYD, hydroxyzine; NOT, no prophylactic
antiemetic treatment; ASA-PS, American Society of Anesthesiologists physical status; BMI, body mass index;
SMD, standardized mean difference.
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Table 2. Outcomes before and after 3:1 propensity score matching.
Original Cohort Matched Cohort
HYD Group  NOT Group p Value HYD Group NOT Group p Value
n="71) (n = 576) (n =69) (n =193)
PONV on the day of surgery (%) * 24 (33.8) 298 (51.7) 0.006 24 (34.8) 110 (57.0) 0.002
PONV up to POD 2 (%) 34 (47.9) 350 (60.8) 0.050 33 (47.8) 126 (65.3) 0.016
Use of rescue antiemetics up to POD 2 (%) 21 (29.6) 252 (43.8) 0.031 21 (30.4) 91 (47.2) 0.023
Vomiting up to POD 2 (%) 4(5.6) 75 (13.0) 0.11 4(5.8) 24 (12.4) 0.19
Emergence time (min) 34 [27,41] 36 [28, 44] 0.38 35[27,41] 37 (28, 45] 0.37

* Data are expressed as number (%) or median [interquartile range]. HYD, hydroxyzine; NOT, no prophylactic
antiemetic treatment; PONV, postoperative nausea and vomiting; POD, postoperative day.

Table 3. Outcomes adjusted for multivariate analysis for sensitivity analysis.

NOT Group HYD Group
PONYV on the day of surgery *
Adjusted odds ratio 1.00 (reference) 0.41 (0.24 to 0.69)
PONV up to POD 2
Adjusted odds ratio 1.00 (reference) 0.50 (0.30 to 0.83)
Use of rescue antiemetics up to POD 2
Adjusted odds ratio 1.00 (reference) 0.48 (0.27 to 0.82)
Vomiting up to POD 2
Adjusted odds ratio 1.00 (reference) 0.42 (0.12 to 1.06)
Emergence time
Adjusted regression coefficients 1.00 (reference) —1.57 (—4.84 to 1.70)

* Data are expressed as adjusted odds ratios with a 95% confidence interval and adjusted regression coefficients
with a 95% confidence interval. Multivariate adjustment was performed with age, anesthesia time, postoperative
opioid administration (Yes, No), smoking status, surgery with a high risk of PONV (Yes, No), ASA-PS scores (1 to
3), length of fasting period (fasting time < 12 h, more than 12 h), and level of anesthesiologist experience (resident,
fellow, attending). HYD, hydroxyzine; NOT, no prophylactic antiemetic treatment; PONV, postoperative nausea
and vomiting; POD, postoperative day.

4. Discussion

In this study, hydroxyzine effectively prevented PONV in at-risk patients. Our re-
sults are significant because hydroxyzine has rarely been studied for preventing PONV.
While previous studies have shown the efficacy of hydroxyzine in preventing PONYV, they
were conducted approximately 50 years ago and focused on intramuscular administra-
tion [14,15]. Intramuscular injection of hydroxyzine carries potential risks, including skin
necrosis as reported in the literature [18,19], as well as nerve and muscle damage [20].
Given that intravenous access is routinely secured in the current operating room envi-
ronment, intramuscular injection is rarely selected for drug administration. Our study is
novel, demonstrating that hydroxyzine is effective in current clinical settings and with
intravenous administration.

Hydroxyzine, a first-generation antihistamine, crosses the blood-brain barrier, en-
abling it to inhibit the action of histamine, a neurotransmitter in the central nervous
system [7,11,17]. It exerts anxiolytic, sedative, and antiemetic effects by inhibiting the
thalamus, hypothalamus, and limbic system [7,11,17]. The most studied first-generation an-
tihistamine drug is dimenhydrinate [4], which has also been shown to prevent PONV [4,21].
However, hydroxyzine may have a longer-lasting effect because of its longer half-life of
approximately 20 h, compared to dimenhydrinate’s of about 6 h [22,23].

Despite anticipating that hydroxyzine’s sedative side effect, drowsiness, might pro-
long emergence time, no difference was observed between the two groups. This can be
due to several reasons. First, the patients in this study were young, making them more
easily aroused from sedation. Second, the resultant drowsiness may have served as an
appropriate form of sedation during the perioperative period, facilitating smooth extuba-
tion without agitation and delirium [11]. Although first-generation antihistamines have
anticholinergic activity and can cause postoperative delirium [24], hydroxyzine, unlike
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other first-generation antihistamines, exhibits very weak anticholinergic activity [25,26]. In
clinical practice, it is often used to treat patients with agitation and delirium [11,27]. Third,
the timing of hydroxyzine administration in the HYD group, which was mostly at the start
of wound closure, may have influenced the results. Hydroxyzine exhibits sedative effects
that enhance the depth of anesthesia within 10 min after intravenous administration, lasting
approximately 30-60 min [28,29]. The reason there was no difference in the emergence
time may be because it usually takes more than 30-60 min from the start of wound closure
to extubation.

In the HYD group, one patient experienced apnea, which occurred immediately after
the administration of 30 mcg of fentanyl for postoperative pain. The interaction between
fentanyl and hydroxyzine and the effect of high obesity (BMI = 36) are considered possible
causes [30]. Although none of the patients in this study experienced new arrhythmias, it
is worth noting that the United States Food and Drug Administration has indicated that
QT prolongation syndrome or Tdp may occur with potentially linked to hydroxyzine use.
The incidence of QT prolongation or Tdp associated with hydroxyzine has been reported
as 3.81 cases per 1,000,000 patient-years of exposure [31]. All patients who developed QT
prolongation or Tdp had at least one risk factor for such events, with most having multiple
risk factors [31]. Therefore, hydroxyzine can be considered safe for use in patients without
QT prolongation or Tdp risk factors. However, among patients with risk factors for QT
prolongation or Tdp, hydroxyzine should be administered with caution.

In this study, the number of patients who received prophylactic antiemetic therapy
was unexpectedly low despite the high risk of PONV. This may be owing to the fact
that busy anesthesiologists do not consistently adhere to the guidelines [32,33]. Some
anesthesiologists may have believed that intervention was only necessary once PONV
occurred. Moreover, dexamethasone, an effective antiemetic, was not used intraoperatively
in this study because it is not covered by insurance in Japan and is not stored in our
operating room.

Further research is needed to explore the efficacy of hydroxyzine in preventing PONV,
as many factors remain unclear, including the optimal dosage, timing of administration,
and differences in efficacy depending on the type of surgery. Comparative studies with
other antiemetic agents are also lacking. We propose conducting a randomized controlled
trial (RCT) to compare hydroxyzine with ondansetron in terms of PONV prevention and
cost-effectiveness. Since both ondansetron and hydroxyzine are covered by insurance in
Japan, no ethical concerns will arise from conducting such an RCT.

Limitations

This study had some limitations. First, we did not include data on the history of
motion sickness or PONV, a known risk factor, as we do not customarily request these data
during medical interviews at our hospital. Second, the timing of antiemetic administration
could not be standardized because of the observational nature of the study. However, most
patients in the HYD group were administered the medication at the time of wound closure.
Third, there is a potential selection bias for patients in the HYD group, as hydroxyzine may
have been administered to individuals less likely to experience delayed emergence. There-
fore, it is difficult to generalize the results of this study to older patients with comorbidities,
such as reduced renal function. Fourth, we acknowledged that the use of established
PONYV scales, such as the Rhodes Index of Nausea, Vomiting, and Retching [34], could
have provided more nuanced insights into the severity and impact of PONV symptom:s.
However, in our clinical setting, routine documentation of PONV was limited to binary
outcomes such as the presence or absence of nausea, vomiting, or use of rescue antiemetics.
Finally, this was a single-center, retrospective study. Thus, there are external validity issues,
and although we used propensity score analysis to adjust the perioperative patient charac-
teristics, there are still biases due to unmeasured confounders and non-randomization. A
multicenter randomized prospective study is required to validate our results.
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5. Conclusions

In this study, the intravenous prophylactic administration of hydroxyzine could be
effective in preventing PONV on the day of surgery in female patients at risk of PONV.
However, careful consideration is required when using hydroxyzine in patients with risk
factors for QT prolongation or in older patients with comorbidities. Further research,
including well-designed randomized controlled trials, is warranted to clarify optimal
dosing, administration timing, and its comparative efficacy against established antiemetics
such as ondansetron.

Author Contributions: Conceptualization, S.J.; Methodology, S.J. and K.M.; Software, S.J. and KM.;
Validation, S.J. and K.M.; Formal Analysis, S.J. and K.M.; Investigation, S.J. and K.M.; Data curation,
S.J.; Writing—Original Draft Preparation, S.J.; Writing—review and editing, T.H.; Supervision, T.H.;
Project Administration, S.J.,, KM. and T.H. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by the Ethics Committee
of Kurume University Hospital (approval number: 22135 and approval date 12 December 2022).

Informed Consent Statement: Per guidelines of the Ethics Committee, informed consents were
obtained from the patients using an opt-out approach.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author, S.J., on reasonable request.

Acknowledgments: The authors thank Kensuke Oshita for conceptualizing and advising us on the
study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

Apfel, C.C; Korttila, K.; Abdalla, M.; Kerger, H.; Turan, A.; Vedder, I.; Zernak, C.; Danner, K.; Jokela, R.; Pocock, S.J.; etal. A
Factorial Trial of Six Interventions for the Prevention of Postoperative Nausea and Vomiting. N. Engl. J. Med. 2004, 350, 2441-2451.
[CrossRef] [PubMed]

Macario, A.; Weinger, M.; Carney, S.; Kim, A. Which Clinical Anesthesia Outcomes Are Important to Avoid? The Perspective of
Patients. Anesth. Analg. 1999, 89, 652—658. [CrossRef]

Weibel, S.; Schaefer, M.S.; Raj, D.; Riicker, G.; Pace, N.L.; Schlesinger, T.; Meybohm, P.; Kienbaum, P.; Eberhart, L.H.J.; Kranke, P.
Drugs for Preventing Postoperative Nausea and Vomiting in Adults after General Anaesthesia: An Abridged Cochrane Network
Meta-Analysis. Anaesthesia 2021, 76, 962-973. [CrossRef] [PubMed]

Gan, T.J.; Belani, K.G.; Bergese, S.; Chung, F; Diemunsch, P.; Habib, A.S.; Jin, Z.; Kovac, A.L.; Meyer, T.A.; Urman, R.D; et al.
Fourth Consensus Guidelines for the Management of Postoperative Nausea and Vomiting. Anesth. Analg. 2020, 131, 411-448.
[CrossRef]

Wang, J.Y,; Huang, H.Y.; Chu, W.O.; Peng, TR.; Lee, M.C.; Chen, S.M.; Lee, ].A. Aromatherapy for the prevention of postoperative
nausea and vomiting: A systematic review and meta-analysis. Tzu Chi Med. ]. 2024, 36, 330-339. [CrossRef]

Shirozu, K.; Umehara, K.; Takamori, S.; Takase, S.; Yamaura, K. Associations between ondansetron and the incidence of
postoperative nausea and vomiting and food intake in Japanese female undergoing laparoscopic gynecological surgery: A
retrospective study. J. Anesth. 2024, 38, 185-190. [CrossRef]

D’Souza, N.; Swami, M.; Bhagwat, S. Comparative study of dexamethasone and ondansetron for prophylaxis of postoperative
nausea and vomiting in laparoscopic gynecologic surgery. Int. |. Gynaecol. Obstet. 2011, 113, 124-127. [CrossRef] [PubMed]
Watcha, M.F,; White, PF. Economics of Anesthetic Practice. Anesthesiology 1997, 86, 1170-1196. [CrossRef]

Horn, C.C.; Wallisch, W.J.; Homanics, G.E.; Williams, J.P. Pathophysiological and Neurochemical Mechanisms of Postoperative
Nausea and Vomiting. Eur. ]. Pharmacol. 2014, 722, 55-66. [CrossRef] [PubMed]

Garakani, A.; Murrough, J.W,; Freire, R.C.; Thom, R.P; Larkin, K.; Buono, ED.; Iosifescu, D.V. Pharmacotherapy of Anxiety
Disorders: Current and Emerging Treatment Options. Front. Psychiatry 2020, 11, 595584. [CrossRef] [PubMed]

Koner, O.; Tiire, H.; Mercan, A.; Menda, F,; Soziibir, S. Effects of Hydroxyzine-Midazolam Premedication on Sevoflurane-Induced
Paediatric Emergence Agitation: A Prospective Randomised Clinical Trial. Eur. |. Anaesthesiol. 2011, 28, 640-645. [CrossRef]
[PubMed]

Jones, L.; Othman, M.; Dowswell, T.; Alfirevic, Z.; Gates, S.; Newburn, M.; Jordan, S.; Lavender, T.; Neilson, J.P. Pain Management
for Women in Labour: An Overview of Systematic Reviews. Cochrane Database Syst. Rev. 2012, 2012, CD009234. [CrossRef]
[PubMed]


https://doi.org/10.1056/NEJMoa032196
https://www.ncbi.nlm.nih.gov/pubmed/15190136
https://doi.org/10.1213/00000539-199909000-00022
https://doi.org/10.1111/anae.15295
https://www.ncbi.nlm.nih.gov/pubmed/33170514
https://doi.org/10.1213/ANE.0000000000004833
https://doi.org/10.4103/tcmj.tcmj_240_23
https://doi.org/10.1007/s00540-023-03295-0
https://doi.org/10.1016/j.ijgo.2010.11.022
https://www.ncbi.nlm.nih.gov/pubmed/21392762
https://doi.org/10.1097/00000542-199705000-00021
https://doi.org/10.1016/j.ejphar.2013.10.037
https://www.ncbi.nlm.nih.gov/pubmed/24495419
https://doi.org/10.3389/fpsyt.2020.595584
https://www.ncbi.nlm.nih.gov/pubmed/33424664
https://doi.org/10.1097/EJA.0b013e328344db1a
https://www.ncbi.nlm.nih.gov/pubmed/21822077
https://doi.org/10.1002/14651858.CD009234.pub2
https://www.ncbi.nlm.nih.gov/pubmed/22419342

J. Clin. Med. 2024, 13, 7807 90f9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Koch, A.; Cascorbi, I.; Westhofen, M.; Dafotakis, M.; Klapa, S.; Kuhtz-Buschbeck, J.P. The Neurophysiology and Treatment of
Motion Sickness. Dtsch. Arztebl. Int. 2018, 115, 687-696. [CrossRef]

McKenzie, R.; Wadhwa, R.K.; Uy, N.T.; Phitayakorn, P.; Tantisira, B.; Sinchioco, C.; Taylor, FH. Antiemetic Effectiveness of
Intramuscular Hydroxyzine Compared with Intramuscular Droperidol. Anesth. Analg. 1981, 60, 783-788. [CrossRef] [PubMed]
Snow, J.C. Hydroxyzine for Postoperative Nausea and Vomiting Following Ophthalmologic Surgery. Anesth. Analg. 1965, 44,
487-491. [CrossRef]

Coluzzi, E,; Bifulco, F.; Cuomo, A.; Dauri, M.; Leonardi, C.; Melotti, R.M.; Natoli, S.; Romualdi, P.; Savoia, G.; Corcione, A. The
Challenge of Perioperative Pain Management in Opioid-Tolerant Patients. Ther. Clin. Risk Manag. 2017, 13, 1163-1173. [CrossRef]
Issa, Y.; Ahmed Ali, U.; Bouwense, S.A.; van Santvoort, H.C.; van Goor, H. Preoperative Opioid Use and the Outcome of
Thoracoscopic Splanchnicectomy in Chronic Pancreatitis: A Systematic Review. Surg. Endosc. 2014, 28, 405-412. [CrossRef]
Gayken, J.; Westanmo, A.; Knutsen, A.; Ahrenholz, D.H.; Mohr, W.J., 3rd; Solem, L.D. Livedoid Dermatitis and Severe Necrosis
(Nicolau’s syndrome) After Intramuscular Hydroxyzine Injection. J. Burn Care Res. 2006, 27, 541-544. [CrossRef] [PubMed]
Adil, M.; Amin, S.S.; Arif, T. Nicolau’s Syndrome: A Rare But Preventable Iatrogenic Disease. Acta Dermatovenerol. Croat. 2017, 25,
251-253. [PubMed]

Tarig, A.; Aslam, A.; Awan, N.; Bano, S.; Numa, A. Neuropathy Following Intramuscular Injections: A Clinical and Neurophysio-
logical Study from a Tertiary Care Centre in Pakistan. J. Pak. Med. Assoc. 2023, 73, 1179-1182. [CrossRef] [PubMed]

Kranke, P.; Morin, A.M.; Roewer, N.; Eberhart, L.H.]. Dimenhydrinate for Prophylaxis of Postoperative Nausea and Vomiting: A
Meta-Analysis of Randomized Controlled Trials. Acta Anaesthesiol. Scand. 2002, 46, 238-244. [CrossRef] [PubMed]

Bahji, A.; Kasurak, E.; Sterling, M.; Good, L. Misuse and Dependence of Dimenhydrinate: A Mixed Studies Systematic Review. J.
Psychiatr. Res. 2021, 136, 581-588. [CrossRef] [PubMed]

Simons, FE.R.; Simons, K.J.; Frith, EIM. The Pharmacokinetics and Antihistaminic of the H1 Receptor Antagonist Hydroxyzine. J.
Allergy Clin. Immunol. 1984, 73, 69-75. [CrossRef] [PubMed]

Dilmen, O.K.; Meco, B.C.; Evered, L.A.; Radtke, EM. Postoperative Neurocognitive Disorders: A Clinical Guide. J. Clin. Anesth.
2024, 92, 111320. [CrossRef] [PubMed]

Kubo, N.; Shirakawa, O.; Kuno, T.; Tanaka, C. Antimuscarinic Effects of Antihistamines: Quantitative Evaluation by Receptor-
Binding Assay. Jpn. J. Pharmacol. 1987, 43, 277-282. [CrossRef] [PubMed]

Orzechowski, R.F,; Currie, D.S.; Valancius, C.A. Comparative Anticholinergic Activities of 10 Histamine H1 Receptor Antagonists
in Two Functional Models. Eur. |. Pharmacol. 2005, 506, 257-264. [CrossRef]

Sato, J.; Tanaka, R. A Retrospective Comparison of Haloperidol and Hydroxyzine Combination Therapy with Haloperidol Alone
in the Treatment of Overactive Delirium. Support Care Cancer 2022, 30, 4889-4896. [CrossRef] [PubMed]

Tanaka, R.; Tanaka, S.; Hayashi, K,; Iida, K.; Sawa, T.; Kawamata, M. The Histamine H; Receptor Antagonist Hydroxyzine
Enhances Sevoflurane and Propofol Anesthesia: A Quantitative EEG Study. Clin. Neurophysiol. 2021, 132, 2054-2061. [CrossRef]
[PubMed]

Cornbleet, T. Use of Intravenously Given Hydroxyzine for Simple Pain-Producing Office Procedures. J. Am. Med. Assoc. 1960, 172,
56-57. [CrossRef]

Lee, L.A; Caplan, R.A ; Stephens, L.S.; Posner, K.L.; Terman, G.W.; Voepel-Lewis, T.; Domino, K.B. Postoperative Opioid-Induced
Respiratory Depression: A Closed Claims Analysis. Anesthesiology 2015, 122, 659-665. [CrossRef] [PubMed]

Cariolato, L.; Boev, R.; Valentin, ].P.,; Peters, C.; Sloan, V.S.; Bentz, ].W.G. Risk of QT Prolongation and Torsade De Pointes
Associated with Exposure to Hydroxyzine: Re-Evaluation of An Established Drug. Pharmacol. Res. Perspect. 2017, 5, €00309.
[CrossRef]

Renette, W.; Coppens, S.; Teunkens, A.; Van de Velde, M.; Rex, S.; Dewinter, G. A Simplified Algorithm for Prevention of
Postoperative Nausea and Vomiting is Effective: A Re-evaluation Audit. Br. ]. Anaesth. 2023, 131, e67-e69. [CrossRef]

Kooij, F.O.; Klok, T.; Hollmann, M.W.; Kal, ].E. Decision Support Increases Guideline Adherence for Prescribing Postoperative
Nausea and Vomiting Prophylaxis. Anesth. Analg. 2008, 106, 893-898. [CrossRef]

Rhodes, V.A.; McDaniel, R.W. The Index of Nausea, Vomiting, and Retching: A new format of the Index of Nausea and Vomiting.
Oncol. Nurs. Forum 1999, 26, 889-894. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3238/arztebl.2018.0687
https://doi.org/10.1213/00000539-198111000-00003
https://www.ncbi.nlm.nih.gov/pubmed/7197489
https://doi.org/10.1213/00000539-196509000-00002
https://doi.org/10.2147/TCRM.S141332
https://doi.org/10.1007/s00464-013-3193-z
https://doi.org/10.1097/01.BCR.0000225917.09339.03
https://www.ncbi.nlm.nih.gov/pubmed/16819362
https://www.ncbi.nlm.nih.gov/pubmed/29252181
https://doi.org/10.47391/JPMA.4794
https://www.ncbi.nlm.nih.gov/pubmed/37427611
https://doi.org/10.1034/j.1399-6576.2002.t01-1-460303.x
https://www.ncbi.nlm.nih.gov/pubmed/11939912
https://doi.org/10.1016/j.jpsychires.2020.10.032
https://www.ncbi.nlm.nih.gov/pubmed/33153760
https://doi.org/10.1016/0091-6749(84)90486-X
https://www.ncbi.nlm.nih.gov/pubmed/6141198
https://doi.org/10.1016/j.jclinane.2023.111320
https://www.ncbi.nlm.nih.gov/pubmed/37944401
https://doi.org/10.1016/S0021-5198(19)43508-7
https://www.ncbi.nlm.nih.gov/pubmed/2884340
https://doi.org/10.1016/j.ejphar.2004.11.006
https://doi.org/10.1007/s00520-022-06903-z
https://www.ncbi.nlm.nih.gov/pubmed/35166899
https://doi.org/10.1016/j.clinph.2021.05.024
https://www.ncbi.nlm.nih.gov/pubmed/34284240
https://doi.org/10.1001/jama.1960.63020010004014b
https://doi.org/10.1097/ALN.0000000000000564
https://www.ncbi.nlm.nih.gov/pubmed/25536092
https://doi.org/10.1002/prp2.309
https://doi.org/10.1016/j.bja.2023.06.037
https://doi.org/10.1213/ane.0b013e31816194fb
https://www.ncbi.nlm.nih.gov/pubmed/10382187

	Introduction 
	Materials and Methods 
	Patients and Study Design 
	Methodology 
	Anesthesia 
	Statistical Analysis 

	Results 
	Baseline Participant Characteristics 
	Outcomes 

	Discussion 
	Conclusions 
	References

