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Is PONV still a problem in pediatric
surgery: a prospective study of
what children tell us
Brigitte Messerer1‡, Marko Stijic2,3‡, Andreas Sandner-Kiesling1,
Johanna M. Brillinger2†, Jasmin Helm2†, Jacqueline Scheer2,
Christof Stefan Strohmeier2 and Alexander Avian2*
1Department of Anesthesiology and Intensive Care Medicine, Medical University of Graz, Graz, Austria,
2Institute for Medical Informatics, Statistics and Documentation, Medical University of Graz, Graz, Austria,
3UniversityClinicforNeurology,ClinicalDepartmentforNeurogeriatrics,MedicalUniversityofGraz,Graz,Austria

Background: Postoperative nausea and vomiting (PONV) is an unpleasant
complication after surgery that commonly co-occurs with pain. Considering the
high prevalence among pediatric patients, it is important to explore the main
risk factors leading to PONV in order to optimize treatment strategies. The
objectives of this study are as follows: (1) to determine the prevalence of PONV
on the day of surgery by conducting interviews with pediatric patients, (2) to
assess PONV prevalence in the recovery room and on the ward by analyzing
nursing records, and (3) to collect information on PONV risk factors on the day
of surgery and the following postoperative days. We wanted to investigate real-
life scenarios rather than relying on artificially designed studies.
Methods: A prospective analysis [according to STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) guidelines] of PONV on the day
of surgery and the following postoperative days was conducted by evaluating
demographic and procedural parameters, as well as conducting interviews with
the children under study. A total of 626 children and adolescents, ranging in age
from 4 to 18 years, were interviewed on the ward following their surgery. The
interviews were conducted using a questionnaire, as children aged 4 and above
can participate in an outcome-based survey.
Results: On the day of surgery, several multivariable independent predictors were
identified for PONV. The type of surgery was found to be a significant factor (p=
0.040) with the highest odds ratio (OR) in patients with procedural investigations
[OR 5.9, 95% confidence interval (CI): 1.8–19.2], followed by abdominal surgery (OR
3.1, 95% CI: 0.9–11.1) when inguinal surgery was used as the reference category. In
addition, the study identified several predictors, including the amount of fentanyl
administered during anesthesia (µg/kg body weight) (OR 1.4, 95% CI: 1.1–1.8),
intraoperative use of piritramide (OR 2.6, 95% CI: 1.5–4.4) and diclofenac (OR 2.0,
95% CI: 1. 3–3.1), opioid administration in the recovery room (OR 3.0, 95% CI: 1.9–
4.7), and piritramide use on the ward (OR 4.5, 95% CI: 1.7–11.6).
Conclusions:Themain risk factors for PONV include the intraoperative administration
of opioids during the recovery room stay and at the ward, the intraoperative use of
non-opioids (diclofenac), and the specific type of surgical procedure. Real-life data
demonstrated that in clinical praxis, there is a gap between the adherence to
established guidelines and the use of antiemetic prophylaxis in surgeries that are
generally not associated with a high PONV prevalence. Further efforts are needed to
improve the existing procedures and thus improve the overall outcome.
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1. Introduction

Postoperative nausea and vomiting (PONV) is, along with

pain, an unpleasant complication that can occur in both adults

and children following surgical interventions and administration

of anesthesia (1, 2). In addition to the strong impairment of the

subjective state of mind, PONV has been found to diminish

child and parental satisfaction and can cause statistically

significant resource use, including prolonged recovery time and

unplanned hospitalization (3). Moreover, serious medical

complications may occur, such as aspiration, dehydration,

postoperative bleeding, airway obstruction, intracranial pressure

elevation, suture dehiscence, or electrolyte imbalance (4).

The prevalence rate of PONV in children is alarmingly high,

reported to range from 30% in the general surgical population to

80% in high-risk pediatric postoperative patients (3, 5–8). Thus,

risk assessment and prophylaxis strategies to avoid or to reduce

PONV in children have gained considerable attention (3, 9).

The risk factors vary between adults and children (3, 7, 8, 10, 11).

Hence, the risk scores validated in adults are not applicable in

children (5). Anesthetic factors have been found to influence the

prevalence of PONV in pediatric patients such as the performance

of general anesthesia (7, 12), application of opioids and their

increased use (9), administration of volatile anesthetics (13), use of

nitrous oxide (3) and anticholinesterases, and less use of

perioperative fluids (14). In addition, there are surgical factors that

also influence the prevalence of PONV such as the duration of

surgery longer than 30 min (7, 12), ocular surgeries (strabismus

correction), ENT surgeries (adenoidectomy, tonsillectomy) (15),

strabismus surgery (16), otoplasty, laparoscopic surgery,

orchidopexy, and hernia repair (17). Known individual factors that

influence the prevalence of PONV include age ≥3 years (peak

between 6 and 10 years) (18), post-pubertal females (3), pain (9),

known former PONV episodes in the child or their immediate

relatives (parents or siblings), motion sickness, prolonged

preoperative fasting, and dehydration. It is quite possible that

efforts to assess and reduce the risk factors will lead to decreased

PONV prevalence (3).

The aim of this study is to determine PONV prevalence in

children and adolescents as an indicator of the quality of our

local intraoperative and postoperative standard procedures

(antiemetic prophylaxis, use of medications, and regional

anesthesiologic procedures) from the children’s perspective, to

identify deficiencies and to learn more about potential risk

factors to improve patient outcomes. At the age of 4–6 years,

children can self-assess pain intensity (19) as they can

distinguish between “more,” “less,” or “the same” at this age

and usually complete an outcome-based questionnaire with

support (20).

The aim of this study is to determine PONV prevalence in our

pediatric recovery room and postoperatively on the ward. In

addition, we aim to define possible risk factors for the

occurrence of PONV. For this purpose, we interviewed children

on the ward on the day of surgery and recorded demographic

parameters as well as entries in the patient chart.
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2. Methods

2.1. Sample

We conducted this cross-sectional study over a 9-month period

(from 12 February 2018 to 21 March 2018 and between 11 October

2018 and 29 May 2019) at the Department of Pediatric and

Adolescent Surgery of the Medical University Hospital of Graz,

Austria. The study was conducted in accordance with the

Declaration of Helsinki 1996, Good Clinical Practice, and

applicable local regulatory requirements and law. The target

population were children and adolescents, aged 4–18 years

(N = 626), who were cared by pediatric anesthesiologists in the

operating rooms and received postoperative care in the recovery

room of the Department of the Pediatric and Adolescent Surgery.

Only patients with prior written parental consent for children up

to 14 years and child and parental consent for children over

14 years were included. This manuscript is written according to

the STrengthening the Reporting of OBservational studies in

Epidemiology (STROBE) criteria in its current version (21).

Surgeries performed in other departments were excluded from

the study (ear, nose, and eye surgeries). In addition, patients with

insufficient German language skills, patients below the age of 4

(younger children are not able to participate in an outcome-

based survey) and beyond the age of 18 (from the age of 18,

treatment takes place in adult departments), patients with

cognitive impairment, patients who are receiving intensive care,

patients who refuse to participate, and patients whose general

condition prevents them from being interviewed were also

excluded from the study (20).

The local ethics committee of the Medical University of Graz,

Austria, approved the study protocol (EC number 29-262 ex 16/17).
2.2. Procedure

A team of pediatric surgeons and 12 pediatric anesthetists

provided care for pediatric patients at the Department of

Pediatric and Adolescent Surgery at the Medical University

Hospital in Graz, Austria. Two to three young colleagues were in

rotation, but were always accompanied by a pediatric anesthetist.

Only a few surgeons from other departments (dentists, oral

surgeons, neurosurgeons) came to the Children’s Center to

perform their operations on children, but they too specialized in

children.

The intra- and postoperative procedure was standardized. For

typical and frequent surgeries in children (e.g., circumcisions,

herniotomies, appendectomies, fracture care, pediatric orthopedic

operations), intervention-specific recommendations according to

best clinical practice, scientific principles, and guidelines were

available at our institution (22, 23). To reduce the prevalence of

PONV, nitrous oxide was not used and volatile anesthetics were

avoided wherever feasible, in favor of employing total

intravenous anesthesia with propofol. The focus was on ensuring

adequate hydration and assessment of risk factors for PONV. In
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the event that any were present, our standard procedures included

the use of dexamethasone (0.1 mg kg−1, maximum 4 mg, at the

beginning of surgery) or ondansetron (0.1 mg kg−1, maximum dose

4 mg, at the end of surgery) as a pharmacological prophylaxis strategy.

Another cornerstone of PONV prophylaxis is a multimodal

pain management to reduce intra- and postoperative opioid

requirements (1). Therefore, we administered non-opioid

medications immediately following the induction process, and

scheduled them regularly in the patient’s chart, as these

medications are often sufficient to treat low to moderate pain.

The opioids administered during the intraoperative period were

fentanyl, piritramide, or remifentanil. We performed a local/

regional anesthetic technique whenever possible (24). When a

patient experienced intense and prolonged postoperative pain,

the optimal choice would be to administer patient-controlled

regional analgesia via catheter.

In the recovery room, we treated a pain score of ≤3 with non-

opioids and treated moderate to severe pain (VAS ≥4) with opioids.

In cases of highly scored pain, which lasted for a longer

postoperative period, an intravenous patient-controlled analgesia

was used, if regional analgesia due to type of surgery, patient/

parents refusal or contraindication (e.g., coagulation disorders,

severe infections at the site of catheter insertion, generalized

sepsis, allergy to local anesthetics, neuromuscular disease) could

not be performed (25).

Oral intake was allowed and required after full recovery, unless

there was a surgical contraindication. We assumed that children

who were not well would not want to drink (26). If a child

vomited and/or was severely nauseated, ondansetron was the

option. A patient was discharged from the recovery room in

accordance with standard clinical practice: awake, no agitation,

hemodynamic stability, clear airway, no apparent bleeding, no

nausea or vomiting, and a maximum pain level of ≤2.
On the ward, patients were administered non-opioids

prophylactically on a regular basis during the first postoperative

days, while opioids (primarily piritramide) were prescribed for

the treatment of breakthrough pain. The duration of patient-

controlled analgesia was determined based on the patient’s pain

values and requirements. Ondansetron was the first line

antiemetic for postoperative vomiting (POV)/PONV treatment

on demand on the ward.

In our department, there was a standardized written procedure

for the regular assessment of pain and complaints such as nausea

and vomiting. Upon admission to the hospital, the nursing staff

informed both children and parents that pain and complaints

such as nausea/vomiting were evaluated regularly during each

care visit (in the morning, at noon, in the evening, and at night).

In addition, the children/parents were instructed to report

spontaneous occurrences. At our facility, we assessed pain in a

standardized way until discharge using Hicks’ revised Faces Pain

Scale (FPS-r) (19) for children aged 4 years and older when self-

assessment was possible. Due to the non-linear character of

children’s pain ratings (27), the pain scores were categorized for

analysis. In addition to pain assessment, side effects were also

checked and noted. If needed, the prescribed analgesic on

demand or the ordered antiemetic was administered. After
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30 min, a reassessment was conducted to check for effectiveness

(28). If the intervention was ineffective, the doctor was called to rule

out a possible complication. The nursing stuff recorded all

applications, side effects (incidents of nausea and vomiting),

evaluated pain values, and physiological indexes in the patient’s chart.
2.3. Material

To assess the prevalence of PONV and other important factors

(e.g., pain) in an outcome-oriented way, we developed a

questionnaire. The questionnaire was given to the patient and

filled out by themselves without any help, with help (having the

questions read aloud or explained), or someone else (e.g., parents)

did it for them. The way it was answered was also recorded.

PONV was detected by the following: (1) the item about nausea

or vomiting within the questionnaire that could be answered with

“yes,” “no,” or “do not know”; (2) episodes of nausea or vomiting

that were noted and documented by nurses in the recovery room

and on the ward; and (3) application of ondansetron in the

recovery room or on the ward. For the pain evaluation, we used

the FPS-r according to Hicks et al. (19), as already mentioned. We

assessed pain on the surgical side and abdominal pain separately.

After full recovery on the ward, an independent researcher, not

involved in patient care, provided the questionnaire to the patients

who had given their written consent to participate in the study.

We looked at demographic and procedural parameters such as

gender, age, weight, type of surgery, duration of surgery and

anesthesia, type of anesthesia used, the drugs used, and the analgesics

and antiemetic administered in the recovery room and ward.
2.4. Statistical analysis

We have presented continuous data as medians (min–max) and

categorical data as proportions. In the case of children and

adolescents, it is important to account for the specific age and sex

of the patient when interpreting body mass index (BMI) scores, as

“normal” BMI values vary with age. To address this, the BMI z-

score was used instead of the BMI value. The BMI z-score was

calculated according to WHO Children Growth Standards (29).

The BMI z-score indicates how many standard deviations a child

deviates from the average BMI of the corresponding age and

gender. A BMI z-score of “0” refers to the expected body mass

index of this age group and sex. A BMI z-score of “−1”
corresponds to a body mass index score that is one standard

deviation beneath the expected body mass index score for this age

and sex, and a BMI z-score of “+1” corresponds to a body mass

index score that is one standard deviation above the expected body

mass index score for this age and sex.

Logistic regression was employed to construct models that

established the relationship between the occurrence of nausea,

vomiting, and both nausea and vomiting in patients and

independent predictors. In the first step, univariable logistic

regression analyses were performed. This study analyzed the

impact of many factors, including age, sex, BMI z-score,
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TABLE 1 Patient characteristics (n = 626).

Variables n (%)
median

(min–max)

PONV prevalence on the
day of surgery (including

recovery room)

Sex
Male 405 (64.7) 19.5% (n = 79)

Female 221 (35.3) 26.2% (n = 58)

Age in years 11.08 (4.04–17.99)

Age groups (years)
4≤ 6 70 (11.2) 17.1% (n = 12)

6≤ 10 200 (31.9) 24.0% (n = 48)

10≤ 13 128 (20.4) 22.7% (n = 29)

13≤ 18 228 (36.4) 21.1% (n = 48)

Body mass index z-score .32 (−4.92–5.09)

Body mass index z-scorea

≥1 103 (16.5) 17.5% (n = 18)

−1 to 1 319 (51.0) 22.6% (n = 72)

>1 202 (32.3) 23.3% (n = 47)

ASA score
1 455 (72.7) 21.5% (n = 98)

2 165 (26.4) 22.4% (n = 37)

Messerer et al. 10.3389/fped.2023.1241304
medication, type of surgery, and duration of surgery, on the

frequency of occurrence of nausea, vomiting, and both nausea

and vomiting throughout the operation day as well as the

following postoperative days. The odds ratios (ORs) and 95%

confidence intervals (CIs) were calculated.

To avoid the problems of multicollinearity between individual

risk factors, a formal detection-tolerance or the variance inflation

factor (VIF) for multicollinearity has been applied. According to

O’Brian (30), a tolerance value of less than 0.20 or 0.10, or a VIF

of 5 or 10 and above, indicates a multicollinearity problem.

Factors that were statistically significant in univariable analysis

and that showed no multicollinearity were submitted to logistic

multivariable regression analysis (forward stepwise method).

Multivariable analyses were conducted if there were at least 20

cases in the univariable analyses and if their univariable p-values

were <0.200. Missing data were not imputed.

All statistical analyses were performed using the Statistical

Package for Social Sciences version 25.0 (SPSS Inc., Chicago, IL,

USA) or SAS 9.2 (SAS Institute Inc., Cary, NC, USA). A two-

sided p < .05 was considered to be statistically significant.

3 6 (1.0) (n = 2)

Duration of surgery in
min

31 (1–348)

Duration of anesthesia in
min

68 (9–434)

Duration of anesthesia
− duration of surgery in
min

36 (4–40)

History of PONV/motion sickness
No 589 (94.1) 21.9% (n = 129)

PONV 33 (5.3) 24.2% (n = 8)

Motion sickness 4 (0.6) (n = 0)

Type of surgery
Inguinal surgery 48 (7.7) 14.6% (n = 7)

Plastic surgery 27 (4.3) 18.5% (n = 5)

Bones 189 (30.2) 24.3% (n = 46)

Knee, shoulder, hip,
joints

55 (8.8) 23.6% (n = 13)

Minor surgery 129 (20.6) 20.9% (n = 27)

Urogenital tract 113 (18.1) 15.0% (n = 17)

Abdominal
procedures

23 (3.7) 52.2% (n = 12)

Investigationsb 42 (6.7) 23.8% (n = 10)

Recovery room: time of
stay in min

104 (19–276)

Maximal pain—recovery room
0–3 FPS-r 452 (72.2) 16.2% (n = 73)

≥4 FPS-r 174 (27.8) 36.8% (n = 64)

Pain: day of surgery on the ward
0 FPS-r 330 (52.8) 18.2% (n = 60)

1–3 FPS-r 215 (34.4) 21.4% (n = 46)

4–10 FPS-r 80 (12.8) 38.8% (n = 31)

Pain: first postoperative day
0 FPS-r 138 (43.8)

1–3 FPS-r 103 (32.7)

4–10 FPS-r 74 (23.5)

Pain: second
postoperative day

0 FPS-r 95 (49.2)

(Continued)
3. Results

3.1. Descriptive statistics

Between February 2018 and May 2019, a cohort of 626

pediatric patients (aged 4–17 years) who had undergone surgery

at the Children’s Department of the University clinic in Graz

were included in this study. A total of 405 patients were male

(64.7%). The median age of our patients was 11.1 years (the

youngest child was 4 years, and the oldest adolescent was 18).

The median body mass index z-score was 0.32 (range: 4.9–5.1;

female: 0.46 [3.7–5.1); male: 0.26 (4.9–4.3), p = 0.328]. A total of

332 patients (53.0%) received general anesthesia, 278 patients

(44.4%) received general anesthesia plus regional anesthesia, and

15 patients (2.4%) received only sedoanalgesia. Only one patient

(0.2%) had spinal anesthesia. A total number of 615 children

(98.2%) got opioids during the surgery, 213 patients (34.0%) in

the recovery room, and just 25 children (4%) on demand on the

day of surgery on the ward (Table 1 and Supplementary

Material Table S1).

Propofol was used for induction (99.4%) as well as

maintenance (98.1%) of anesthesia. Non-opioids were

administered intraoperatively in 82.1% (n = 519) of the cases,

with non-steroidal anti-inflammatory drugs (NSAIDs) being the

preferred non-opioid option for 479 patients. In the recovery

room, we applied a non-opioid to 175 patients (28%), with

metamizole being the most commonly used (n = 167). Co-

analgesics, including ketamine (16.3%) and clonidine (18.5%),

were administered intraoperatively in 31.5% of children.

Clonidine (n = 104) played the largest role among the co-

analgesics (n = 105) used in the recovery room. We performed

regional anesthesia in 282 (45%) patients. The most common

procedure was caudal epidural anesthesia (n = 82; 12.9%),
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TABLE 1 Continued

Variables n (%)
median

(min–max)

PONV prevalence on the
day of surgery (including

recovery room)
1–3 FPS-r 65 (33.7)

4–10 FPS-r 33 (17.1)

Pain: maximal pain level during hospital stay on the ward
0 FPS-r 295 (47.1)

1–3 FPS-r 202 (32.3)

4–10 FPS-r 129 (20.6)

PONV: day of surgery (recovery room +ward)
No 489 (78.1)

Yes 137 (21.9)

PONV: first postoperative day
No 303 (96.2)

Yes 12 (3.8)

PONV: second postoperative day
No 185 (96.4)

Yes 7 (3.6)

aAlthough we knew the height and weight, no calculation for the body mass index

z-score was possible for two children who were too young.
bInvestigations: gastroscopy n= 26, rectoscopy n= 7, colonoscopy n= 6,

cystoscopy n= 2, and bronchoscopy n= 1.

TABLE 2 Intraoperative medication, medication at the recovery room and
at the ward.

Intraoperative n (%) or median
(min–max)

Induction of anesthesia
Propofol 622 (99.4)

Other 4 (0.6)

Maintenance of anesthesia
Propofol 614 (98.1)

Other 12 (1.9)

Opioids (intraoperative)
No 11 (1.8)

Yes 615 (98.2)

Piritramide
No 284 (45.4)

Yes 342 (54.6)

Piritramide, µg/kg BW 79.6 (0.0–374.3)

Fentanyl
No 60 (9.2)

Yes 566 (90.4)

Fentanyl, µg/kg BW 2.00 (0.00–8.57)

Remifentanil
No 375 (59.9)

Yes 251 (40.1)

Remifentanil, µg/kg BW 0.00 (0.00–55.43)

Non-opioid (intraoperative)
No 107 (17.1)

Yes 519 (82.1)

Ibuprofen
No 526 (84.0)

Yes 100 (16.0)

Ibuprofen, mg/kg BW 0.00 (0.00–12.5)

Diclofenac
No 422 (67.4)

Yes 204 (32.6)

Diclofenac, mg/kg BW 0.00 (0.00–2.27)

Neodolpasse® (diclofenac + orphenadrine)
No 451 (72.0)

Yes 175 (28.0)

Neodolpasse®, ml/kg BW 0.00 (0.00–4.39)

Metamizole
No 581 (92.8)

Yes 45 (7.2)

Metamizole, mg/kg BW 0.00 (0.00–15.79)

Co-analgesics (intraoperative)
No 429 (68.5)

Yes 197 (31.5)

S-ketamine
No 524 (83.7)

Yes 102 (16.3)

S-ketamine, mg/kg BW 0.00 (0.00–2.34)

Clonidine
No 510 (81.5)

Yes 116 (18.5)

Clonidine, µg/kg BW 0.00 (0.00–4.44)

Antiemetic prophylaxis
No 493 (78.8)

Yes 133 (21.2)

(Continued)

Messerer et al. 10.3389/fped.2023.1241304
followed by local infiltration and penile nerve block (n = 48; 7.7%).

Regional catheters were inserted in 28 children (n = 2 epidural;

n = 26 peripheral) (Table 2). A PONV prophylaxis in the

form of intraoperative antiemetic administration was performed

in 133 patients. Dexamethasone, ondansetron, and droperidol

were administered at 15.5%, 8.5%, and 2.1% of the cases,

respectively.

A total of 189 children (31.1%) reported a maximum pain

score of ≥4 in the recovery room, while 423 (67.6%) patients

were transferred back to the ward pain-free and 23 patients

were transferred although they did not meet the discharge

criteria with a pain score of 3 and 4, respectively. On the day

of surgery, 52.8% (n = 330) of our children on the ward

experienced no pain, and only 80 children (12.8%) reported a

pain score of ≥4). To the question, “Would you have liked to

receive more pain medication?” 88.6% answered no and 11.4%

replied yes (Table 3).

While in the recovery room, PONV was detected in only

6.2% (n = 39) cases who received ondansetron for treatment

(n = 12, 1.9%). Specifically, nausea was documented in eight

cases (1.3%), while vomiting was documented in 25 cases

(4.0%). In addition, 10.2% (n = 63) of the patients stated

nausea during the recovery room stay in the questionnaire,

while 4.7% (n = 29) of the patients stated vomiting (Table 4).

Furthermore, it was observed that 27 patients (4.3%)

experienced nausea, while 87 (13.9%) patients reported

vomiting on the day of surgery on the ward. The overall

recorded prevalence rate of PONV was 21.9% (95% CI: 18.8–

25.1) on the day of surgery, 3.8% (95% CI: 1.9–6.0) on the

first postoperative day, and 3.6% (95% CI: 1.1–6.3) on the

second postoperative day. The most commonly administered

antiemetic on the ward was ondansetron, which was

administered in 78 patients.
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TABLE 2 Continued

Intraoperative n (%) or median
(min–max)

Dexamethasone—intraoperative
No 529 (84.5)

Yes 97 (15.5)

Dexamethasone—intraoperative, mg/kg BW 0.00 (0.00–1.09)

Droperidol—intraoperative
No 613 (97.9)

Yes 13 (2.1)

Ondansetron—intraoperative
No 567 (91.5)

Yes 53 (8.5)

Ondansetron—intraoperative, mg/kg BW 0.00 (0.00–0.13)

Regional anesthesia
No 344 (55.0)

Yes 282 (45.0)

Catheter
No 598 (95.5)

Yes 28 (4.5)

Recovery room

Opioids
No 413 (66.0)

Yes 213 (34.0)

Piritramide
No 442 (70.6)

Yes 184 (29.4)

Piritramide, µg/kg BW 0.0 (0.0–153.4)

Nalbuphine
No 606 (96.8)

Yes 20 (3.2)

PCA i.v.
No 612 (97.8)

Yes 14 (2.2)

Non-opioid
No 451 (72.0)

Yes 175 (28.0)

Metamizole
No 459 (73.3)

Yes 167 (26.7)

Metamizole, mg/kg BW 0.00 (0.00–20.00)

Neodolpasse® (diclofenac + orphenadrine)
No 619 (98.9)

Yes 7 (1.1)

Co-analgesics
No 521 (83.2)

Yes 105 (16.8)

Clonidine
No 522 (83.4)

Yes 104 (16.6)

Clonidine, µg/kg BW 0.00 (0.00–2.88)

S-ketamine
No 618 (98.7)

Yes 8 (1.3)

Antiemetic

Ondansetron
No 614 (98.1)

(Continued)

TABLE 2 Continued

Intraoperative n (%) or median
(min–max)

Yes 12 (1.9)

Total amount of Piritramide intraop. + recovery
room, µg/kg BW

91.8 (0.0–374.3)

On the ward—on the day of surgery

Opioids

Piritramide
No 601 (96)

Yes 25 (4.0)

PCA i.v.
No 612 (97.8)

Yes 14 (2.2)

PCA regional
No 598 (95.5)

Yes 28 (4.5)

Non-opioid
No 342 (54.6)

Yes 284 (45.4)

Ondansetron
No 548 (87.5)

Yes 78 (12.5)

TABLE 3 Self-reported pain and PONV in the recovery room, documented
pain and PONV at the recovery room or ward.

Recovery room—self-reported (questionnaire
administered 1–2 h after transfer to the ward)

n (%)

How severe was your pain at the site of the surgery?
0 244 (40.9)

1–3 189 (31.7)

≥4 163 (27.3)

Did you have pain outside of the surgical area?

How severe was it?
0 499 (83.9)

1–3 55 (9.1)

≥4 41 (7.0)

Where did it hurt?
Abdominal pain 42 (6.7)

Headache 34 (5.4)

Muscle pain 18 (2.9)

Shoulder pain 16 (2.6)

Back pain 6 (1.0)

Abdominal pain 42 (6.7)

Pain in another place 127 (20.3)

Maximal pain reported
0 197 (32.5)

1–3 221 (36.4)

≥4 189 (31.1)

Would you have liked to receive more pain medication? n = 561
No 497 (88.6)

Yes 64 (11.4)

I don’t know 53 (8.5)

Missing 12 (1.9)

Were you nauseous?
No 543 (90.7)

(Continued)
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TABLE 3 Continued

Recovery room—self-reported (questionnaire
administered 1–2 h after transfer to the ward)

n (%)

Yes 56 (9.3)

I don’t know 15 (2.4)

Missing 12 (1.9)

Have you vomited?
No 583 (95.3)

Yes 29 (4.7)

I don’t know 7 (1.1)

Missing 7 (1.1)

Were you tired?
No 71 (11.3)

Yes 545 (87.1)

I don’t know 8 (1.3)

Missing 2 (0.3)

Dry mouth
No 187 (29.9)

Yes 385 (61.5)

Missing 54 (8.6)

Wish to receive more pain medication?
No 497 (79.4)

Yes 64 (10.2)

Missing 65 (10.4)

How did you answer the questions?
All alone 192 (30.7)

With help (read out, explain) 321 (51.3)

Someone else (e.g. parents) did it for me 96 (15.3)

Missing 17 (2.7)

Recovery room—documented

Pain value when transferred to the inpatient
≤2 603 (96.3)

3/4 23 (3.7)

On the ward—on the day of surgery—documented

Highest documented pain value
0 330 (52.8)

1–3 215 (34.4)

≥4 80 (12.8)

Vomiting 87 (13.9)

Nausea 27 (4.3)

Messerer et al. 10.3389/fped.2023.1241304
3.2. Factors that predict PONV

The intraoperative variables that were found to be univariable

statistically significant in predicting PONV on the day of surgery

included the type of surgery [with the highest OR in patients
TABLE 4 Discrepancy between self-reported PONV and documented
PONV during the recovery room stay (n = 626).

PONV recovery
room—

questionnaire

No Yes
PONV recovery
room—documented

No 538 (85.9%) 50 (8.0%) 588 (93.9%)

Yes 25 (4.0%) 13 (2.1%) 38 (6.1%)

Gesamt 563 (89.9%) 63 (10.1%) 626 (100.0%)
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with abdominal procedures (OR 6.38, 95% CI: 2.03–20.0), when

inguinal surgery was used as the reference category], duration of

surgery, duration of anesthesia, and intraoperative application of

piritramide, NSAID (diclofenac, p = .003), remifentanil, and

fentanyl (see Figure 1 and Supplementary Material Table S2).

In the recovery room, the length of stay, maximum pain score,

dry mouth, pain outside the surgical area, desire for more

analgesics, and administration of opioids (particularly

piritramide) and co-analgesics (particularly the use of clonidine)

were statistically significant univariable predictors of PONV. A

pain score of ≥4 and thus the administration of an on-demand

medication, particularly piritramide, were univariable predictors

on the ward (see Figure 2 and Supplementary Material Table S2).

On the day of surgery, the multivariable independent predictors

of PONV were the type of surgery (p = .040) with the highest OR in

patients with procedural investigations (OR 5.9, 95% CI: 1.8–19.2),

followed by abdominal surgery (OR 3.1, 95% CI: 0.9–11.1) and

urogenital tract surgery (OR 1.9, 95% CI: 0.7–5.4) when inguinal

surgery was used as the reference category. In addition, the amount

of fentanyl (µg/kg body weight) (OR 1.4, 95% CI: 1.1–1.8) during

anesthesia and the intraoperative use of piritramide (OR 2.6, 95%

CI: 1.5–4.4) and diclofenac (OR 2.0, 95% CI: 1.3–3.1) were

statistically significant predictors for PONV. The use of opioids in

the recovery room (OR 3.0, 95% CI: 1.9–4.7) and the

administration of piritramide on the ward (OR 4.5, 95% CI: 1.7–

11.6) were also statistically significant factors for PONV (Table 5,

Figure 3).
4. Discussion

In our study, we found a PONV prevalence rate of 22% on the

day of surgery, which decreased to <4% on the first and second

postoperative day. The main risk factors for PONV include

perioperative administration of opioids, intraoperative

administration of diclofenac, and type of surgery. The observed

PONV prevalence in this study was lower compared with the

prevalence of the previous studies, where it ranged from 19.5%

for vomiting to approximately 50% for nausea and even up to

80% in a subgroup of high-risk patients (3, 5, 14, 18). Ear–nose–

throat surgery (31) and strabismus surgery (14, 32) are associated

with the highest PONV prevalence (12, 33, 34), when antiemetic

prophylactics are not administered. However, these types of

surgeries were excluded in our study, since they were performed

in other departments. This could provide some insight for the

lower PONV prevalence. We have to note that a significant

discrepancy exists between the documented prevalence of PONV

and the events reported by the children when specifically asked

regarding their experiences of nausea or vomiting during the

postoperative period. In the recovery room, we recorded a

prevalence rate of 1.3% (n = 12) for PONV. On the ward, we

observed a prevalence rate of 16.1% (n = 101) for PONV, 13.9%

(n = 87) for vomiting, and 4.3% (n = 27) for nausea on the day of

surgery. Our children reported a prevalence rate of only 9.3%

(n = 56) for nausea and 4.7% (n = 29) for vomiting in the survey.

There are children in whom PONV was documented in the
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FIGURE 1

Univariate PONV predictors (sociodemographics and intraoperative factors) [odds ratios and 95% CI]. Intraop, intraoperative administration; BW, body
weight.
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recovery room, but they did not report it when interviewed, as well

as children who indicated when interviewed that they had vomited

or felt nauseous, but this did not appear in the standardized

documentation. This finding is in line with Frank et al.’s study

(35) who reported that only 42% of the patients experiencing

PONV in the recovery room were detected by the nursing staff.

This number further decreased to 29% on the ward.

In contrast in adult medicine, where nausea is easier to

determine given the higher verbal ability of patients to specify

their complaints, children are much less able to name complaints

in concrete terms (36). Starting with school age, children can

verbally report nausea as such (37, 38), an important part of

patient-related outcomes as Noll et al. stated (39). The low rates

of nausea and vomiting in our survey could be explained by

some children’s inability to accurately communicate their

discomfort. They “do not think it is bad,” “probably it will go

away by itself” or “that it is a part of the symptoms of an

operation.” Nausea and vomiting can also be part of children’s

everyday life and are not very stressful for them. Unfortunately,

we missed to ask the question: “How disruptive was PONV for

you?” This item should be taken into consideration in further

pediatric interviews regarding this topic.
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Another reason for the discrepancy we found could be the

timing of the event, and how well can younger children in

particular remember the event if the interview took place some

time after the event? Certainly, more emphasis must be placed

on educating children regarding the treatability of nausea and/or

vomiting in order to identify treatment gaps due to lack of

coverage.

On the first and second postoperative day, the occurrence of

PONV with 3.8% (n = 12) and 3.6% (n = 7) frequency,

respectively, no longer played a major role. Many of the previous

studies on the issue of POV/PONV in children evaluated

the impact of predictors mostly in the post-anesthetic care unit

(40, 41) and within 24 h following the administration of general

anesthesia (6, 9, 26, 42–50). Data up to 48 h are rare (51),

particularly in pediatric inpatients and after general surgery.

Ondansetron is consistently used postoperatively as an

antiemetic agent both in the recovery room and on the ward,

owing to its good evidence for prophylaxis and therapy in

pediatric patients (3, 52, 53). There is a discrepancy between the

great number of trials on the prevention of PONV and a much

lesser number on its treatment. Reasons could include the fact

that therapeutic trials are logistically more difficult to perform,
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FIGURE 2

Univariate PONV predictors (on ward) [odds ratios and 95% CI]. Intraop, intraoperative administration; Rec.R., recovery room; BW, body weight.
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and manufacturers may have no commercial interest in treating

established emesis, assuming that all patients will receive the

antiemetic drug rather than just those who need it (54).
4.1. Predictors of PONV

4.1.1. Influence of the type of surgery on PONV
In our analysis of multivariable independent predictors of

PONV, the type of surgery showed the highest OR in patients

under study (OR 5.9, 95% CI: 1.8–19.2), followed by abdominal

surgery (OR 3.1, 95% CI: 0.9–11.1) and urogenital tract surgery

(OR 1.9, 95% CI: 0.7–5.4). Inguinal surgery was used as the

reference category.

Abdominal procedures were the most affected surgical group

with a prevalence rate of 52.2% (12 out of 23), followed by bone

surgery (46 out of 189) with a prevalence rate of 24.3% similar

to the prevalence of procedural investigations (23.8%, 10 out of

42). We found the lowest PONV prevalence after inguinal

surgery (seven out of 48) at 14.6%. Balga et al. (17)

demonstrated a prevalence rate of 42.9% for nausea and 19.60%

for vomiting after appendectomy, and the prevalence rates of
Frontiers in Pediatrics 09
PONV following inguinal hernia repair and orchidopexy and

penile surgery were 34%–50% and 37%–49%, respectively.

Following inguinal surgery, Wang and Kain (55) found nausea in

65% of children in the recovery room and found vomiting in

41% of children. However, the authors noted that caudal

anesthesia was not part of the study protocol, so they exclusively

treated pain with intravenous opioids. This may have led to

higher opioid consumption and less optimal pain control, leading

to an increased prevalence of PONV (55). As previously

mentioned, this study did not investigate surgeries associated

with a high prevalence of PONV (strabismus surgery,

adenotonsillectomy, otoplasty) (3, 6, 7, 12). What surprised us

was that procedural investigations (cystoscopy n = 16;

bronchoscopy n = 1; rectoscopy n = 7; colonoscopy n = 6;

gastroscopy n = 26) were a multivariate statistically significant

predictor of PONV in our sample. We performed these

procedures in the operating theater at our facility and assumed

that they are minimal and of short duration, so we generally did

not emphasize PONV prophylaxis. Gastroscopies were the largest

group of investigations. They are performed to investigate

abdominal problems such as nausea/vomiting or stomach pain.

The high PONV incidence may be attributed to these reasons,
frontiersin.org

https://doi.org/10.3389/fped.2023.1241304
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


TABLE 5 Multivariate statistically significant predictors of PONV on the day of surgery (including recovery room).

Variables n (%) median (min–max) PONV prevalence p-value OR (95% CI)
Type of surgery 0.040

Inguinal surgery 48 (7.7) 14.6% (n = 7) Ref Ref.

Plastic surgery 27 (4.3) 18.5% (n = 5) 1.00 1.00 (0.26–3.89)

Bones 189 (30.2) 24.3% (n = 46) 0.694 1.21 (0.48–3.06)

Knee, shoulder, hip, joints 55 (8.8) 23.6% (n = 13) 0.571 1.37 (0.46–4.29)

Minor surgery 129 (20.6) 20.9% (n = 27) 0.307 1.65 (0.63–4.29)

Urogenital tract 113 (18.1) 15.0% (n = 17) 0.207 1.93 (0.70–5.36)

Abdominal procedures 23 (3.7) 52.2% (n = 12) 0.087 3.07 (0.85–11.13)

Procedural investigations 42 (6.7) 23.8% (n = 10) 0.003 5.89 (1.81–19.17)

Intraoperative piritramide <0.001

No 284 (45.4) 14.1% (n = 40) Ref.

Yes 342 (54.6) 28.4% (n = 97) 2.60 (1.53–4.43)

Intraoperative fentanyl
µg/kg body weight

2.00 (0.00–8.57) 0.004 1.41 (1.12–1.78)

Intraoperative diclofenac 0.002

No 422 (67.4) 18.5% (n = 78) Ref.

Yes 204 (32.6) 28.9% (n = 59) 2.02 (1.31–3.12)

Recovery room: opioids <0.001

No 413 (66.0) 15.0% (n = 62) Ref.

Yes 213 (34.0) 35.2% (n = 75) 3.01 (1.91–4.73)

Ward day of surgery: piritramide 0.002

No 601 (96) Ref.

Yes 25 (4.0) 4.47 (1.71–11.64)

Significant p-values are given bold.
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which warrant further investigation. However, we should respect

the underlying disease that led to the examination, particularly if

abdominal complaints are present.
4.1.2. Perioperative administration of opioids- pain
values

A statistically significant univariable predictor of PONV was

the intraoperative administration of piritramide, fentanyl, and

remifentanil and the administration of opioids, particularly

piritramide, in the recovery room and on the ward. The findings

from the multivariable analysis of independent predictors yielded

consistent results, indicating that the intraoperative amount of

fentanyl [2.00 (0.00–8.57) µ/kg body weight; OR 1.4, 95% CI:

1.1–1.8] and the perioperative use of piritramide (intraoperative

OR 2.6. 95% CI: 1.5–4.4) in the recovery room (OR 3.0, 95% CI:

1.9–4.7) and on the ward (OR 4.5, 95% CI: 1.7–11.6) were

important. The fact that the use of opioid analgesics during the

perioperative period for the treatment and/or prevention of pain

is a major contributing factor in children who are at risk of

developing PONV has been demonstrated in several studies

(9, 56–60). Bourdaud et al. (12) and Apfel et al. (61) showed that

opioid application during induction of anesthesia is not by itself

an independent risk factor for POV, but the administration

becomes an important influence on the topic when opioids were

reapplied during surgery or in the postoperative period. So

“multiple opioid dose” becomes an independent risk factor of

POV in the VPOP-score created by Bourdaud et al. (12), in

addition to age (>3 and ≤13), duration of anesthesia (>45 min),

surgery at risk (tympanoplasty, tonsillectomy, and strabismus

surgery), and predisposition to POV (personal history of POV/
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motion sickness/familial history of POV). Therefore, it is not

surprising that the Society for Pediatric Anesthesia (62) respects

the high evidence and recommends, where possible, minimal use

of opioids in children during the perioperative period to

minimize the baseline risk for PONV. Kovac (9) explained how

opioids stimulate various receptors [in the central nervous system

(CNS), vestibular system, and peripherally in the gastrointestinal

tract] causing nausea and vomiting. Opioid-induced nausea and

vomiting (OINV) can occur for as long as 3–4 days post-surgery,

with a prevalence rate of approximately 40% for nausea and of

15%–25% for vomiting (33, 63). According to the study

conducted by Dinges et al. (64), there was no statistically

significantly difference in the risk for PONV among different

opioid compounds compared with morphine except for a lower

prevalence with fentanyl and a higher prevalence with

buprenorphine. After surgery, opioid use is closely associated

with pain levels. We observed clinically relevant pain according

to our institutional standards (FPS-r ≥4) in 27.8% (n = 174) of

the patients and opioid use in 34% (n = 213) of the patients in

the recovery room. On the day of surgery, 12.8% (n = 80) of the

patients reported a pain level ≥4 on the ward. Only 25 children

(4%) received an opioid. These opioid uses were a statistically

significant predictor for PONV (recovery room OR 3.0, 95% CI

1.9–4.7; ward OR 4.5, 95% CI 1.7–11.6). In our survey, 64

patients (11.4%) answered that they “would have liked to receive

more pain medication.” The question now arises whether the

painkillers were given too sparingly or perhaps too late despite

sufficient prescription. In order to optimize this, better training is

needed for all professional groups involved in pain management

as well as for parents and children. On the first postoperative
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FIGURE 3

Independent statistically significant PONV predictors retained in final multivariable logistic regression model (odds ratios and 95% CI). Reference group for
all surgeries, inguinal surgery; d0, day of surgery; Rec.R., recovery room; intraop., intraoperative; BW, body weight.
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day, 23.5% (n = 74) of the children still had pain scores of ≥4,
probably because patients resumed normal activities and the

effect of intraoperative pain management had worn off. It should

be noted that 47.1% (n = 295) of our children never had pain

during hospitalization (FPS-r = 0).

4.1.3. Non-opioids/co-analgesics
With the aim of reducing opioids, we performed regional

anesthesia in 44.6% (n = 279) of the patients, used non-opioids in

82.1% (n = 82.1) and co-analgesics in 31.5% (n = 197) of the

children. Randomized controlled trials, systematic reviews, and

meta-analyses have shown that multimodal opioid-sparing

methods combined with the use of non-opioids (65) and co-

analgesics (66, 67), local anesthetics, and regional anesthesia

(when indicated) have dose-limiting opioid-sparing effects in the

perioperative period (3, 68–70). They decrease the risk of any

opioid-related adverse events (52, 71, 72). Therefore, it surprised

us to find out that the intraoperative use of diclofenac was a

statistically significant predictor of PONV in the multivariable

analysis [prevalence rate of 28.9% (n = 59); p = .002; Ref. 2.02

(1.31–3.12)]. Diclofenac is safe in children older than 6 months

of age, as any other NSAID (73, 74). The pharmacokinetic and
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pharmacodynamic properties of diclofenac and nociceptor

modulation necessitate their administration in advance of the

anticipated time of analgesic requirement, pre-emptively (75).

The rationale behind this approach is to reach therapeutic blood

levels of the NSAID before the surgical trauma induces the

production of various prostaglandins (76). NSAIDs inhibit

prostaglandin synthesis but do not attenuate the response to

prostaglandins once they have been formed (76). NSAIDs act

primarily by reversing inflammation-induced peripheral

sensitization and are therefore effective in situations where this

mechanism predominates (e.g., acute injuries, sports injuries,

toothache). They are less effective in treating pain due to

structural nerve damage (“neuropathic pain”), or in mitigating

the persistent circuit changes in the transition to chronic pain

(77). The literature shows that NSAIDs can lead to fewer cases of

PONV (65, 78, 79) and are effective in treating postoperative

pain (80). Why the use of diclofenac was a statistically significant

predictor of PONV in our multivariable analysis, we can only

guess after reviewing the literature. The individual factors of the

patient may play an important role. We appreciated that the

response to any NSAID may vary substantially from patient to

patient (81). Heterogeneous mechanisms underlying the pain
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sensation, comorbidities, concomitant medications, and prior

pain experience all contribute to inter-individual variability

among those with the same diagnosis (82). The biology of the

inflammatory process, the disposition of the drug (e.g., half-life,

plasma concentration, concentration in inflamed tissue,

penetration into the central nervous system), the duration of

drug action, and possibly the degree of selectivity for inhibition

of COX-2 appear to have an influence (82–84). Moreover, we

have to consider that one of the side effects that can occur with

diclofenac is gastrointestinal in nature, so nausea and vomiting

are a possible side effect after administration. In the recovery

room, the use of co-analgesics (particularly clonidine) was a

statistically significant univariable predictor for PONV, also a

very surprising result. Clonidine is an α2-agonist with sedative,

analgesic, and antiemetic properties. In severe pain, the

additional use of clonidine could reduce the dose of opioid

treatment and thereby positively influence the side effects

(85–87). Several studies demonstrated that the use of fentanyl

but not clonidine was associated to postoperative nausea or

vomiting (88–90). Goyal et al. (91) showed in their systemic

review and meta-analysis that clonidine was just as effective

as morphine when used as adjuvant to local anesthetic for

caudal block, and had a more desirable side effect profile,

particularly with respect to postoperative nausea and vomiting.

In addition, the use of clonidine as a premedication was effective

in reducing postoperative vomiting in pediatric patients

undergoing ophthalmic surgery and provided more reduction in

postoperative pain when compared with placebo (92–94).
4.2. Further important factors

4.2.1. Introduction and maintenance of anesthesia
Looking at our forms of anesthesia, it may be statistically

significant that mainly propofol was used for both induction

(99.4%) and maintenance (98.1%). The antiemetic properties of

propofol administered are well- documented (3, 38, 95). The main

benefit of propofol is the absence of any pro-emetic activity (in

contrast to the inhalational agents or ketamine). Two systematic

reviews and meta-analyses (38, 40) determined that TIVA was as

effective as a single antiemetic prophylactic intervention to prevent

POV in pediatric patients. PONV was less frequent after general

anesthesia with TIVA compared with the use of an inhalation

agent alone (95). In a review of 84 studies of propofol, involving

more than 6,000 patients, Tramèr et al. (41) stated that the best

results in controlling nausea and vomiting were observed when

propofol was used for both induction and maintenance of

anesthesia. The exact mechanism of the antiemetic effect of

propofol remains uncertain. Propofol may produce its antiemetic

effect by depleting the area postrema of serotonin as well as by a

direct gamma-aminobutyric acid-mediated inhibition (96). In

addition, an attenuating effect on the cortical/subcortical afferents,

a non-specific effect on the 5HT3-receptor and a reduction in the

release of serotonin in the central nervous system are discussed

(97). Although we performed our general anesthesia nearly in total

with propofol, our PONV prevalence rate was 21.9%. So using
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propofol for induction and maintenance might not be enough to

improve the PONV outcome.

4.2.2. History of PONV/motion sickness:
antiemetic application

A history of PONV was detected preoperatively in 5.3% (n = 33)

and motion sickness in 0.6% (n = 4) of the patients. Only about half

of them (17 out of 37) received an intraoperative prophylactic

antiemetic, although a positive history was an indication for medical

intraoperative prophylaxis following our guidelines and institutional

standard operating procedures (3, 32, 45). An antiemetic was

administered overall intraoperatively in 21.2% (n = 133) of the

children. The most commonly administered antiemetic was

dexamethasone (15.5%; n = 97), followed by ondansetron (8.5%;

n = 53) and droperidol (2.1%; n = 13).

The sameprinciples for PONVprophylaxis apply to children from

3 years of age as to adults (3, 6, 98). As recommended in the guidelines,

pharmacological prophylaxis toprotect against POV/PONVshouldbe

given in a timely manner in addition to avoiding provoking factors (3,

98, 99). Intraoperative steroids in combination with 5-HT3 receptor

antagonists have the best evidence in children (1, 3, 52, 106–107). As

shown by Syed et al., the introduction of specific antiemetic

strategies as part of intraoperative management can reduce PONV

rates to as low as 5% (108). The Cochrane review by Carlisle and

Stevenson (109) analyzed 737 studies with 103,237 patients (21,632

were children and 76,842 were adults). This review determined that

eight antiemetics (ondansetron, dolasetron, granisetron, tropisetron,

dexamethasone, droperidol, cyclizine, and metoclopramide) reliably

prevented nausea or vomiting after surgery. Interestingly, they did

not find evidence that one drug was better than another. Age, sex,

type of surgery, or time of drug administration did not change the

effect of the drug. When drugs were given together, their effects

were additive. Side effects overall were considered to be minor (109).

Raval and Heiss (110) demonstrated that the central point of an

enhanced recovery protocol is a decrease in complication rates due

to adequate intraoperative fluid hydration, opioid-sparing analgesia,

and prophylactic antiemetic administration.

It was important for us to investigate the clinical routine. The

results were a real surprise for us, because we expected that

antiemetic prophylaxis would be higher. Taking in account the

common guidelines on this topic (3) that the administration of a

PONV prophylaxis systematically to all patients above a certain

age limit might be best adapted to the clinical reality, antiemetic

prophylaxis was inappropriate. As anesthetists, we can influence

both the intraoperative management and the procedures in the

recovery room. Here, the prevalence rate of PONV was only

1.9% (12 out of 626 patients), so that anesthesiologists did not

see any indication for increased emetic prophylaxis. Reasons for

this may include taking fluids too quickly, feeding too soon after

a surgical procedure, mobilizing too quickly on the ward, or the

result of increased intraoperative and postoperative opioid use in

the recovery room.

We have to be aware that the care of our patients does not end

with their transfer back to the ward. Our results have shown us the

importance of outcome-based therapy. Each of the pediatric

anesthetists knew the guidelines, but there is a gap between the
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research findings and their application in clinical practice to

improve outcomes and quality of care (111).
4.2.3. Gender and age
Gender was not a risk factor for PONV in our dataset. In terms

of age, we found the lowest prevalence of PONV in the youngest

children (4≤ 6 years, 17.1%, n = 12), a prevalence rate of 21.1%

(n = 48) in the 13≤ 18 years age group on the day of surgery,

but age was neither a multivariable nor univariable statistically

significant predictor of PONV. Khalil et al. (112) found a

prevalence of 27% and 28% in children aged 1–12 and 13–24

months, respectively. Studies of children under 14 years of age

found a sharp increase in PONV at 3 years of age (113), with an

increase of 0.2%–0.8% per year up to puberty (7). Gold et al.

(114) estimated an average PONV prevalence rate of 40% in

children aged 3 years and older. Frequency slowly drops after

puberty, sharing the same rate with adults (65). Only children

over 4 years of age are included, so we cannot say anything

about PONV prevalence in younger children.
4.2.4. Duration of surgery
In the present study, the duration of surgery in minutes [OR 1.004

(95% CI: 1.000–1.008)] and the duration of anesthesia [OR 1.004

(95% CI: 1.001–1.007)] were a univariable but not multivariable

predictors for PONV on the day of surgery. Operations lasting over

30 min and anesthesia period over 45 min have been accepted as

risk factors in scoring PONV risks in children as Eberhart et al. (5)

and Bourdaud et al. (12) demonstrated. POV prevalence rate can

increase from 34% to 48% (8, 115). The reason might be a longer

exposure to emetogenic stimuli (3, 116).
4.2.5. Dry mouth, pain outside the surgical area,
and desire for more analgesics

Children who reported that they would have liked to receive more

painmedicationhad ahigherPONVprevalence.Wealsoobserved this

when children reported drymouth orwhen they had “pain outside the

surgical area” (Supplementary Material Table S2). On the one hand,

we knew that adequate fluid therapy is a provenmeasure to reduce the

baseline risk of PONV (3) so we paid attention to this. On the other

hand, dry mouth is also a known side effect of antiemetics (117). At

the time of data collection, children were allowed to drink up to 2 h

before induction of anesthesia during elective procedures. However,

it could be that the children did not get anything to drink for a

longer time because they did not want it or their parents did not

give them anything for safety reasons. Therefore, there might have

been a deficit that could not be compensated by our intraoperative

fluid intake.

The strengths of the present study are the extensive number of

collected medical variables and the sufficient large sample size,

allowing us to assure an adequate power to detect statistical

significance. The present data refer to the patients’ own views of

relevant points that could influence the occurrence of PONV.

Furthermore, another strength of this study is the use of

outcome parameters representing everyday clinical practice,

rather than relying on artificial study setting.
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The present study has, however, some limitations. The

representativeness of our results is limited to the surgeries

observed, since the surgical procedures with a high risk of PONV

(ear, nose, and eye surgeries) were performed in other

departments at the time of evaluation and could not be included

in this study. Furthermore, this study is a single-center study, and

due to the differences in technology and medication in different

hospitals, the results of this study may be limited. As with any

survey study, our results and conclusions are also limited by

response bias. There are discrepancies between the number of self-

reported and documented PONV episodes. Despite the fact that

we have tried to include all available information (documentation,

medication, survey), it is possible that individual PONV cases may

have been overlooked. Furthermore, the PONV prevalence on the

first and the second postoperative days was recorded, but it was

not possible to investigate predictors for PONV on these days, due

to the very low prevalence.
5. Conclusion

The main risk factors for PONV include administration of

opioids intraoperatively, during the recovery room stay and at

the ward, the use of non-opioids (diclofenac) intraoperatively,

and the type of surgery performed. Real-life data demonstrated

that in clinical praxis, there is a gap between the adherence to

established guidelines and the use of antiemetic prophylaxis in

surgeries that are generally not associated with a high prevalence

of PONV. Further efforts are needed to improve the existing

procedures and thus improve the outcome.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by the Ethics

Committee of the Medical University of Graz, Austria. The

studies were conducted in accordance with the local legislation

and institutional requirements. Written informed consent for

participation in this study was provided by the participants’ legal

guardians/next of kin.
Author contributions

AA and BM conceptualized the study. JB, JH, JS, and CS

performed the survey. AA and MS analyzed the data. AA, BM,

AS, and MS interpreted the data. AA, BM, and MS wrote the

original draft. All authors contributed to the article and approved

the submitted version.
frontiersin.org

https://doi.org/10.3389/fped.2023.1241304
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Messerer et al. 10.3389/fped.2023.1241304
Funding

The authors declare financial support was received for the

research, authorship, and/or publication of this article.

The Doctoral School “Sustainable Health Research” of the

Medical University Graz partly covers the open access

publication fees.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Pediatrics 14
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2023.

1241304/full#supplementary-material
References
1. Höhne C. Postoperative nausea and vomiting in pediatric anesthesia. Curr Opin
Anaesthesiol. (2014) 27:303–8. doi: 10.1097/ACO.0000000000000073

2. Cao X, White PF, Ma H. An update on the management of postoperative nausea
and vomiting. J Anesth. (2017) 31(4):617–26. doi: 10.1007/s00540-017-2363-x

3. Gan TJ, Belani KG, Bergese S, Chung F, Diemunsch P, Habib AS, et al. Fourth
consensus guidelines for the management of postoperative nausea and vomiting.
Anesth Analg. (2020) 131(2):411–48. doi: 10.1213/ANE.0000000000004833

4. Kovac AL. Prevention and treatment of postoperative nausea and vomiting.
Drugs. (2000) 59:213–43. doi: 10.2165/00003495-200059020-00005

5. Eberhart LHJ, Morin AM, Guber D, Kretz FJ, Schäuffelen A, Trieber H, et al.
Applicability of risk scores for postoperative nausea and vomiting for adults to
paediatric patients. Br J Anaesth. (2004) 93:386–92. doi: 10.1093/bja/aeh221

6. Kranke P, Eberhart LH, Toker H, Roewer N, Wulf H, Kiefer P. A prospective
evaluation of the POVOC score for the prediction of postoperative vomiting in
children. Anesth Analg. (2007) 105:1592–7. doi: 10.1213/01.ane.0000287816.44124.03

7. Eberhart LHJ, Geldner G, Kranke P, Morin AM, Schäuffelen A, Treiber H, et al.
The development and validation of a risk score to predict the probability of
postoperative vomiting in pediatric patients. Anesth Analg. (2004) 99:1630–7.
doi: 10.1213/01.ANE.0000135639.57715.6C

8. Thomas M, Woodhead G, Masood N, Howard R. Motion sickness as a predictor
of postoperative vomiting in children aged 1-16 years. Paediatr Anaesth. (2007)
17:61–3. doi: 10.1111/j.1460-9592.2006.02010.x

9. Kovac AL. Postoperative nausea and vomiting in pediatric patients. Paediatr
Drugs. (2021) 23:11–37. doi: 10.1007/s40272-020-00424-0

10. Lee J, Faraoni D, Lee S, Brown M, Odegard K, Randolph A, et al. Incidence and
risk factors for postoperative vomiting following atrial septal defect repair in children.
Paediatr Anaesth. (2016) 26:644–8. doi: 10.1111/pan.12908

11. Rowley MP, Brown TC. Postoperative vomiting in children. Anaesth Intensive
Care. (1982) 10:309–13. doi: 10.1177/0310057X8201000402

12. BourdaudN,Devys JM,Bientz J, LejusC,HebrardA,TirelO, et al. Development and
validation of a risk score to predict the probability of postoperative vomiting in pediatric
patients: the VPOP score. Paediatr Anaesth. (2014) 24:945–52. doi: 10.1111/pan.12428

13. Apfel CC, Kranke P, Katz MH, Goepfert C, Papenfuss T, Rauch S, et al. Volatile
anesthetics may be the main cause of early but not delayed postoperative vomiting: a
randomized controlled trial of factorial design. Br J Anaesth. (2002) 88(5):659–68.
doi: 10.1093/bja/88.5.659

14. Goodarzi M, Matar MM, Shafa M, Townsend JE, Gonzalez I. A prospective
randomized blind study of the effect of intravenous fluid therapy on postoperative
nausea and vomiting in children undergoing strabismus surgery. Paediatr Anaesth.
(2006) 16(1):49–53. doi: 10.1111/j.1460-9592.2005.01693.x

15. Kovac AL. Management of postoperative nausea and vomiting in children.
Paediatr Drugs. (2007) 9:47–69. doi: 10.2165/00148581-200709010-00005

16. Riad W, Altaf R, Abdulla A, Oudan H. Effect of midazolam, dexamethasone and
their combination on the prevention of nausea and vomiting following strabismus repair
in children. Eur J Anaesthesiol. (2007) 24:697–701. doi: 10.1017/S0265021507000166

17. Balga I, Konrad C, Meissner W. Pediatric postoperative quality analysis. Pain
and postoperative nausea and vomiting. Anaesthesist.(2013) 62:707–19. doi: 10.
1007/s00101-013-2211-9
18. Sossai R, Johr M, Kistler W, Gerber H, Schärli AF. Postoperative vomiting in
children. A persistent unsolved problem. Eur J Pediatr Surg. (1993) 3:206–8.
doi: 10.1055/s-2008-1063544

19. Hicks CL, von Baeyer CL, Spafford PA, van Korlaar I, Goodenough B. The faces
pain scale-revised: toward a common metric in pediatric pain measurement. Pain.
(2001) 93(2):173–83. doi: 10.1016/S0304-3959(01)00314-1

20. Messerer B, Weinberg AM, Sandner-Kiesling A, Gutmann A, Mescha S,
Meissner W. Quality improvement of postoperative pain management in infants
QUIPSi—a pilot study. Anasthesiol Intensivmed Notfallmed Schmerzther. (2010) 45
(9):592–4. doi: 10.1055/s-0030-1265752

21. Cuschieri S. The STROBE guidelines. Saudi J Anaesth. (2019) 13(Suppl 1):S31–4.
doi: 10.4103/sja.SJA_543_18

22. Pogatzki-Zahn E, Meißner W. Behandlung akuter perioperativer und
posttraumatischer schmerzen. Deutsche Gesellschaft für Anästhesiologie und
Intensivmedizin e.V. (DGAI). AWMF-Register Nr. 001/025 (2021). Available at:
https://register.awmf.org/de/leitlinien/detail/001-025 (Accessed: September 27, 2023).

23. Chou R, Gordon DB, de Leon-Casasola OA, Rosenberg JM, Bickler S, Brennan
T, et al. Management of postoperative pain: a clinical practice guideline from the
American Pain Society, the American Society of Regional Anesthesia and Pain
Medicine, and the American Society of Anesthesiologists’ committee on regional
anesthesia, executive committee, and administrative council. J Pain. (2016) 17
(2):131–57. doi: 10.1016/j.jpain.2015.12.008

24. Lönnqvist PA, Morton NS. Postoperative analgesia in infants and children. Br
J Anaesth. (2005) 95:59–68. doi: 10.1093/bja/aei065

25. Fournier-Charrièr E, Tourniaire B. Patient controlled analgesia in children. Arch
Pediatr. (2010) 17(5):566–77. doi: 10.1016/j.arcped.2010.02.013

26. Radke OC, Biedler A, Kolodzie K, Cakmakkaya OS, Silomon M, Apfel CC. The
effect of postoperative fasting on vomiting in children and their assessment of pain.
Paediatr Anaesth. (2009) 19(5):494–9. doi: 10.1111/j.1460-9592.2009.02974.x

27. Avian A, Messerer B, Frey A, Meissner W, Weinberg A, Ravekes W, et al. Scaling
properties of pain intensity ratings in paediatric populations using the faces pain scale-
revised: secondary analyses of published data based on the item response theory. Int
J Nurs Stud. (2018) 87:49–59. doi: 10.1016/j.ijnurstu.2018.07.009

28. Messerer B, Gutmann A, Weinberg A, Sandner-Kiesling A. Implementation of a
standardized pain management in a pediatric surgery unit. Pediatr Surg Int. (2010)
26:879–89. doi: 10.1007/s00383-010-2642-1

29. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and adolescents.
Bull World Health Organ. (2007) 85(9):660–7. doi: 10.2471/blt.07.043497

30. O’Brien RM. A caution regarding rules of thumb for variance inflation factor.
Qual Quant. (2007) 41:673–90. doi: 10.1007/s11135-006-9018-6

31. Elhakim M, Ali N, Rashed I, Riad M, Refat M. Dexamethasone reduces
postoperative vomiting and pain after pediatric tonsillectomy. Can J Anaesth. (2003)
50:392–7. doi: 10.1007/BF03021038

32. Splinter WM, Rhine EJ, Roberts DJ. Vomiting after strabismus surgery in children:
ondansetron vs propofol. Can J Anaesth. (1997) 44(8):825–9. doi: 10.1007/BF03013158

33. Kovac AL. Update on the management of postoperative nausea and vomiting.
Drugs. (2013) 73:1525–47. doi: 10.1007/s40265-013-0110-7
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2023.1241304/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2023.1241304/full#supplementary-material
https://doi.org/10.1097/ACO.0000000000000073
https://doi.org/10.1007/s00540-017-2363-x
https://doi.org/10.1213/ANE.0000000000004833
https://doi.org/10.2165/00003495-200059020-00005
https://doi.org/10.1093/bja/aeh221
https://doi.org/10.1213/01.ane.0000287816.44124.03
https://doi.org/10.1213/01.ANE.0000135639.57715.6C
https://doi.org/10.1111/j.1460-9592.2006.02010.x
https://doi.org/10.1007/s40272-020-00424-0
https://doi.org/10.1111/pan.12908
https://doi.org/10.1177/0310057X8201000402
https://doi.org/10.1111/pan.12428
https://doi.org/10.1093/bja/88.5.659
https://doi.org/10.1111/j.1460-9592.2005.01693.x
https://doi.org/10.2165/00148581-200709010-00005
https://doi.org/10.1017/S0265021507000166
https://doi.org/10.1007/s00101-013-2211-9
https://doi.org/10.1007/s00101-013-2211-9
https://doi.org/10.1055/s-2008-1063544
https://doi.org/10.1016/S0304-3959(01)00314-1
https://doi.org/10.1055/s-0030-1265752
https://doi.org/10.4103/sja.SJA_543_18
https://register.awmf.org/de/leitlinien/detail/001-025
https://doi.org/10.1016/j.jpain.2015.12.008
https://doi.org/10.1093/bja/aei065
https://doi.org/10.1016/j.arcped.2010.02.013
https://doi.org/10.1111/j.1460-9592.2009.02974.x
https://doi.org/10.1016/j.ijnurstu.2018.07.009
https://doi.org/10.1007/s00383-010-2642-1
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.1007/s11135-006-9018-6
https://doi.org/10.1007/BF03021038
https://doi.org/10.1007/BF03013158
https://doi.org/10.1007/s40265-013-0110-7
https://doi.org/10.3389/fped.2023.1241304
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Messerer et al. 10.3389/fped.2023.1241304
34. Dobbeleir M, De Coster J, Coucke W, Politis C, 2018. Postoperative nausea and
vomiting after oral and maxillofacial surgery: a prospective study. Int J Oral Maxillofac
Surg. 47(6):721-–725. doi: 10.1016/j.ijom.2017.11.018

35. Franck M, Radtke FM, Apfel CC, Kuhly R, Baumeyer A, Brandt C, et al.
Documentation of post-operative nausea and vomiting in routine clinical practice.
J Int Med Res. (2010) 38:1034–41. doi: 10.1177/147323001003800330

36. Rose JB, Watcha MP. Postoperative nausea and vomiting in paediatric patients.
Br J Anaesth. (1999) 83(1):104–17. doi: 10.1093/bja/83.1.104

37. Watcha MD, Lee AD, Medellin E, Felber T, Bidani SA. Clinical use of the
pictorial Baxter retching faces scale for the measurement of postoperative nausea in
children. Anesth Anlag. (2019) 128(6):1249–55. doi: 10.1213/ANE.0000000000003850

38. Schaefer MS, Kranke P, Weibel S, Kreysing R, Ochel J, Kienbaum P. Total
intravenous anesthesia vs single pharmacological prophylaxis to prevent
postoperative vomiting in children: a systemic review and meta-analysis. Paediatr
Anaesth. (2017) 27:1202–9. doi: 10.1111/pan.13268

39. Noll E, Gan TJ, Diemunsch P. Postoperative nausea self-reporting in Spanish-
speaking children: reducing the grey zone in patient-reported outcomes. Br
J Anesth. (2018) 121(6):1187–8. doi: 10.1016/j.bja.2018.08.001

40. Scheiermann P, Herzog F, Siebenhofer A, Strametz R, Weberschock T.
Intravenous versus inhalational anesthesia for pediatric inpatient surgery—a
systematic review and meta-analysis. J Clin Anesth. (2018) 49:19–25. doi: 10.1016/j.
jclinane.2018.05.014

41. Tramèr MR, Moore A, McQuay H. Meta-analytic comparison of prophylactic
antiemetic efficacy for postoperative nausea and vomiting: propofol anesthesia vs
omitting nitrous oxide vs total IV anesthesia with propofol. Br J Anaesth. (1997)
78:256–9. doi: 10.1093/bja/78.3.256

42. Liu J, Li H, Zhang J, Dong X, Xue J, Shi X, et al. Dexamethasone or combined
with others for postoperative nausea and vomiting in children: a systemic review.
Asian J Surg. (2020) 43(9):873–9. doi: 10.1016/j.asjsur.2019.11.012

43. Usman A, Tsang M, Igbeyi B, Balakrishnan S, Shackell K, Kotzer G, et al. A 4-
year quality improvement initiative reducing post-operative nausea and vomiting in
children undergoing strabismus surgery at a quaternary paediatric hospital. Paediatr
Anaesth. (2019) 29:690–7. doi: 10.1111/pan.13664

44. Lee Y, Banooni A, Yuki K, Staffa SJ, DiNardo JA, Brown ML. Incidence and
predictors of postoperative nausea and vomiting in children undergoing
electrophysiology ablation procedures. Paediatr Anaesth. (2020) 30(2):147–52.
doi: 10.1111/pan.13797

45. Tramèr MR, Sansonetti A, Fuchs-Buder T, Rifat K. Oculocardiac reflex and
postoperative vomiting in pediatric strabismus surgery. A randomised controlled
trial comparing four anesthetic techniques. Acta Anaesthesiol Scand. (1998) 42
(1):117–23. doi: 10.1111/j.1399-6576.1998.tb05091.x

46. Watcha MF, Simeon RM, White PF, Stevens JL. Effect of propofol on the
incidence of postoperative vomiting after strabismus surgery in pediatric
outpatients. Anesthesiology. (1991) 75(2):204–9. doi: 10.1097/00000542-199108000-
00006

47. Ashok V, Bala I, Bharti N, Jain D, Samujh R. Effects of intraoperative liberal fluid
therapy on postoperative nausea and vomiting in children—a randomized controlled
trial. Paediatr Anaesth. (2017) 27:810–5. doi: 10.1111/pan.13179

48. Nakajima D, Kawakami H, Mihara T, Sato H, Goto T. Effectiveness of
intravenous lidocaine in preventing postoperative nausea and vomiting in pediatric
patients: a systemic review and meta-analysis. PLoS One. (2020) 15(1):e0227904.
doi: 10.1371/journal.pone.0227904

49. Ho CM, Wu HL, Ho ST, Wang JJ. Dexamethasone prevents postoperative
nausea and vomiting: benefit versus risk. Acta Anaesthesiol Taiwan. (2011) 49
(3):100–4. doi: 10.1016/j.aat.2011.06.002

50. Sakellaris G, Georgogianaki P, Astyrakaki E, Michalakis M, Dede O, Alegakis A,
et al. Prevention of post-operative nausea and vomiting in children—a prospective
randomized double-blind study. Acta Paediatr. (2008) 97(6):801–4. doi: 10.1111/j.
1651-2227.2008.00804.x

51. Liechti M, Feurer R, Gross D, Schmitz A, Stutz K, Gerber A. Prevention of
postoperative nausea and vomiting in children following adenotonsillectomy, using
tropisetron with or without low-dose dexamethasone. J Anesth. (2007) 21:311–6.
doi: 10.1007/s00540-007-0523-0

52. Engelman E, Salengros JC, Barvais L. Howmuch does pharmacologic prophylaxis
reduce postoperative vomiting in children? Calculation of prophylaxis effectiveness and
expected incidence of vomiting under treatment using Bayesian metaanalysis.
Anesthesiology. (2008) 109:1023–35. doi: 10.1097/ALN.0b013e31818d6b26

53. Kazemi-Kjellberg F, Henzi I, Tramèr MR. Treatment of established postoperative
nausea and vomiting: a quantitative systematic review. BMC Anesthesiol. (2001) 1(1):2.
doi: 10.1186/1471-2253-1-2

54. Tramèr MR, Phillips C, Reynolds DJM, Moore RA, Mcquay HJ. Cost-
effectiveness of ondansetron for postoperative nausea and vomiting. Anaesthesia.
(1999) 54:226–35. doi: 10.1046/j.1365-2044.1999.00704.x

55. Wang S-M, Kain ZN. Preoperative anxiety and postoperative nausea and
omitting in children: is there an association? Anesth Analg. (2000) 90:571–5.
doi: 10.1097/00000539-200003000-00014
Frontiers in Pediatrics 15
56. Eberhart L, Morin A, Kranke P. Nausea and vomiting after anaesthesia for
children. Big problems for little patients. Anasthesiol Intensivmed Notfallmed
Schmerzther. (2014) 49:24–9. doi: 10.1055/s-0033-1363909

57. Edler AA, Mariano ER, Golianu B, Kuan C, Pentcheva K. An analysis of factors
influencing postanaesthesia recovery after pediatric ambulatory tonsillectomy and
adenoidectomy. Anesth Analg. (2007) 104:784–9. doi: 10.1213/01.ane.0000258771.
53068.09

58. Elvir-Lazo OL, White PF, Yumul R, Eng HC. Management strategies for the
treatment and prevention of postoperative/postdischarge nausea and vomiting: an
updated review. F1000Res. (2020) 9(Faculty Rev):983. doi: 10.12688/f1000research.21832.1

59. Efune PN, Minhajuddin A, Szmuk P, 2018. Incidence and factors contributing to
postdischarge nausea and vomiting in pediatric ambulatory surgical cases. Paediatr
Anaesth 28(3):257−63. doi: 10.1111/pan.13333

60. Marret E, Kurdi O, Zufferey P, Bonnet F. Effects of nonsteroidal
antiinflammatory drugs on patient-controlled analgesia morphine side effects: meta-
analysis of randomized controlled trials. Anesthesiology. (2005) 102:1249–60.
doi: 10.1097/00000542-200506000-00027

61. Apfel CC, Philip BK, Cakmakkaya OS, Shilling A, Shi YY, Leslie JB, et al. Who is
at risk for post discharge nausea and vomiting after ambulatory surgery?
Anesthesiology. (2012) 117:475–86. doi: 10.1097/ALN.0b013e318267ef31

62. Cravero JP, Agarwal R, Berde C, Birmingham P, Coté CC, Galinkin J, et al., 2019.
The Society for Pediatric Anaesthesia recommendations for the use of opioids in
children during the perioperative period. Paediatr Anaesth 29(6):547−71. doi: 10.
1111/pan.13639

63. Mallick-Searle T, Fillman M. The pathophysiology, incidence, impact, and
treatment of opioid-induced nausea and vomiting. J Am Assoc Nurse Pract. (2017)
29(11):704–10. doi: 10.1002/2327-6924.12532

64. Dinges H-C, Otto S, Stay DK, Bäumlein S, Waldmann S, Kranke PMD, et al.
Side effect rates of opioids in equianalgesic doses via intravenous patient-controlled
analgesia: a systematic review and network meta-analysis. Anesth Analg. (2019) 129
(4):1153–62. doi: 10.1213/ANE.0000000000003887

65. Wennström B, Reinsfelt B. Rectally administered diclofenac (voltaren) reduces
vomiting compared with opioid (morphine) after strabismus surgery in children.
Act Anaesthesiol Scand. (2002) 46:430–4. doi: 10.1034/j.1399-6576.2002.460417.x

66. Minoshima R, Kosuqi S, Nishimura D, Ihara N, Seki H, Yamada T, et al. Intra-
and postoperative low-dose ketamine for adolescent idiopathic scoliosis surgery: a
randomized controlled trial. Acta Anaesthesiol Scand. (2015) 59(10):1260–8. doi: 10.
1111/aas.12571

67. Li S, Liu T, Xia J, Jia J, Li W. Effect of dexmedetomidine on prevention of
postoperative nausea and vomiting in pediatric strabismus surgery: a randomized
controlled study. BMC Ophthalmol. (2020) 20(1):86. doi: 10.1186/s12886-020-01359-3

68. Nimmo SM, Foo ITH, Paterson HM. Enhanced recovery after surgery: pain
management. J Surg Oncol. (2017) 116(5):583–91. doi: 10.1002/jso.24814

69. Liu SS, Strodtbeck WM, Richman JM, Wu CL. A comparison of regional versus
general anaesthesia for ambulatory anaesthesia: a meta-analysis of randomized
controlled trials. Anesth Analg. (2005) 101(6):1634–42. doi: 10.1213/01.ANE.
0000180829.70036.4F

70. Mauermann E, Ruppen W, Bandschapp O. Different protocols used today to
achieve total opioid-free general anaesthesia without locoregional blocks. Best Pract
Res Clin Anesthesiol. (2017) 31(4):533–45. doi: 10.1016/j.bpa.2017.11.003

71. Munro HM, Walton SR, Shobha M, Merkel S, Voep-Lewi T, Loder RT, et al.
Low-dose ketorolac improves analgesia and reduces morphine requirements
following posterior spinal fusion in adolescents. Can J Anaesth. (2002) 49(5):461–6.
doi: 10.1007/BF03017921

72. Chiem JL, Donohue LD, Martin LD, Low DK. An opioid-free anaesthesia
protocol for pediatric strabismus surgery: a quality improvement project. Pediatr
Qual Saf. (2021) 6(5):e462. doi: 10.1097/pq9.0000000000000462

73. Kokki H. Nonsteriodal inflammatory drugs for postoperative pain: a focus on
children. Paediatr Drugs. (2003) 5:103–23. doi: 10.2165/00128072-200305020-00004

74. Morris JL, Rosen DA, Rosen KR. Nonsteriodal anti-inflammatory agents in
neonates. Paediatr Drugs. (2003) 5:385–405. doi: 10.2165/00128072-200305060-00004

75. Kelly DJ, Ahmad M, Brull SJ. Preemptive analgesia II—recent advances and
current trends. Can J Anaesth. (2001) 48:1091–101. doi: 10.1007/BF03020375

76. Hersh EV, Moore PA, Grosser T, Polpmano RC, Farrar JT, Saraghi M, et al.
Nonsteroidal anti-inflammatory drugs and opioids in postsurgical dental pain.
J Dent Res. (2020) 99(7):777–86. doi: 10.1177/0022034520914254

77. Grosser T, Theken KN, FitzGerald GA. Cyclooxygenase inhibition: pain,
inflammation, and the cardiovascular system. Clin Pharmacol Ther. (2017) 102
(4):611–22. doi: 10.1002/cpt.794

78. Dorkham MC, Chalkiadis GA, Von Ungern Sternberg BS, Davidson AJ.
Effective postoperative pain management in children after ambulatory surgery, with
a focus on tonsillectomy: barriers and possible solutions. Paediatr Anaesth. (2014)
24:239–48. doi: 10.1111/pan.12327

79. Lewis SR, Nicholson A, Cardwell ME, Siviter G, Smith AF. Nonsteroidal
anti-inflammatory drugs and perioperative bleeding in paediatric tonsillectomy.
frontiersin.org

https://doi.org/10.1016/j.ijom.2017.11.018
https://doi.org/10.1177/147323001003800330
https://doi.org/10.1093/bja/83.1.104
https://doi.org/10.1213/ANE.0000000000003850
https://doi.org/10.1111/pan.13268
https://doi.org/10.1016/j.bja.2018.08.001
https://doi.org/10.1016/j.jclinane.2018.05.014
https://doi.org/10.1016/j.jclinane.2018.05.014
https://doi.org/10.1093/bja/78.3.256
https://doi.org/10.1016/j.asjsur.2019.11.012
https://doi.org/10.1111/pan.13664
https://doi.org/10.1111/pan.13797
https://doi.org/10.1111/j.1399-6576.1998.tb05091.x
https://doi.org/10.1097/00000542-199108000-00006
https://doi.org/10.1097/00000542-199108000-00006
https://doi.org/10.1111/pan.13179
https://doi.org/10.1371/journal.pone.0227904
https://doi.org/10.1016/j.aat.2011.06.002
https://doi.org/10.1111/j.1651-2227.2008.00804.x
https://doi.org/10.1111/j.1651-2227.2008.00804.x
https://doi.org/10.1007/s00540-007-0523-0
https://doi.org/10.1097/ALN.0b013e31818d6b26
https://doi.org/10.1186/1471-2253-1-2
https://doi.org/10.1046/j.1365-2044.1999.00704.x
https://doi.org/10.1097/00000539-200003000-00014
https://doi.org/10.1055/s-0033-1363909
https://doi.org/10.1213/01.ane.0000258771.53068.09
https://doi.org/10.1213/01.ane.0000258771.53068.09
https://doi.org/10.12688/f1000research.21832.1
https://doi.org/10.1111/pan.13333
https://doi.org/10.1097/00000542-200506000-00027
https://doi.org/10.1097/ALN.0b013e318267ef31
https://doi.org/10.1111/pan.13639
https://doi.org/10.1111/pan.13639
https://doi.org/10.1002/2327-6924.12532
https://doi.org/10.1213/ANE.0000000000003887
https://doi.org/10.1034/j.1399-6576.2002.460417.x
https://doi.org/10.1111/aas.12571
https://doi.org/10.1111/aas.12571
https://doi.org/10.1186/s12886-020-01359-3
https://doi.org/10.1002/jso.24814
https://doi.org/10.1213/01.ANE.0000180829.70036.4F
https://doi.org/10.1213/01.ANE.0000180829.70036.4F
https://doi.org/10.1016/j.bpa.2017.11.003
https://doi.org/10.1007/BF03017921
https://doi.org/10.1097/pq9.0000000000000462
https://doi.org/10.2165/00128072-200305020-00004
https://doi.org/10.2165/00128072-200305060-00004
https://doi.org/10.1007/BF03020375
https://doi.org/10.1177/0022034520914254
https://doi.org/10.1002/cpt.794
https://doi.org/10.1111/pan.12327
https://doi.org/10.3389/fped.2023.1241304
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Messerer et al. 10.3389/fped.2023.1241304
Cochrane Database Syst Rev. (2013) (7):CD003591. doi: 10.1002/14651858.CD003591.
pub3

80. Barbagallo M, Sacerdote P. Ibuprofen in the treatment of children’s
inflammatory pain: a clinical and pharmacological overview. Minerva Pediatr.
(2019) 71(1):82–99. doi: 10.23736/S0026-4946.18.05453-1

81. Woodcock J, Witter J, Dionne RA. Stimulating the development of mechanism-
based, individualized pain therapies. Nat. Rev. Drug Discov. (2007) 6:703–10. doi: 10.
1038/nrd2335

82. Grosser T, Fries S, FitzGerald GA. Biological basis for the cardiovascular
consequences of COX-2 inhibition: therapeutic challenges and opportunities. J Clin
Investig. (2006) 116:4–15. doi: 10.1172/JCI27291

83. Grosser T, Yu Y, Fitzgerald GA. Emotion recollected in tranquility: lessons
learned from the COX-2 saga. Annu Rev Med. (2010) 61:17–33. doi: 10.1146/
annurev-med-011209-153129

84. Grosser T, Ricciotti E, FitzGerald GA. The cardiovascular pharmacology of
nonsteroidal anti-inflammatory drugs. Trends Pharmacol Sci. (2017) 38:733–48.
doi: 10.1016/j.tips.2017.05.008

85. Romantsik O, Calevo MG, Norman E, Bruschettini M. Clonidine for pain in
non-ventilated infants. Cochrane Database Syst Rev. (2020) (4):CD013104. doi: 10.
1002/14651858.CD013104.pub2

86. Dufett M, Koop A, Menon K, Meade MO, Cook DJ. Clonidine for the sedation
of critically ill children: a systematic review. J Pediatr Intensive Care. (2012) 1(1):5–15.
doi: 10.3233/PIC-2012-003

87. Tesoro S, Mezzetti D, Marchesini L, Peduto VA. Clonidine treatment for
agitation in children after sevoflurane anaesthesia. Anesth Analg. (2005) 101
(6):1619–22. doi: 10.1213/01.ANE.0000184204.81877.53

88. Tazeroualti N, De Groote F, De Hert S, De Villé A, Dierick A, Van der Linden P.
Oral clonidine vs midazolam in the prevention of sevoflurane-induced agitation in
children. A prospective, randomized, controlled trial. Br J Anaesth. (2007)
98:667–71. doi: 10.1093/bja/aem071

89. Lankinen U, Avela R, Tarkkila P. The prevention of emergence agitation with
tropisetron or clonidine after sevoflurane anaesthesia in small children undergoing
adenoidectomy. Anesth Analg. (2006) 102:1383–6. doi: 10.1213/01.ane.0000205745.
84044.31

90. Bortone L, Bertolizio G, Engelhardt T, Frawley G, Somaini M, Ingelmo PM. The
effect of fentanyl and clonidine on early postoperative negative behaviour ion children:
a double-blind placebo controlled trial. Paediatr Anaesthesia. (2014) 24(6):614–9.
doi: 10.1111/pan.12388

91. Goyal S, Sharma A, Goswani D, Kothari N, Goyal A, Vayas V, et al. Clonidine
and morphine as adjuvants for caudal anaesthesia in children: a systemic review and
meta-analysis of randomised controlled trials. Turk J Anesthesiol Reanim. (2020) 48
(4):265–72. doi: 10.5152/TJAR.2020.29863

92. Hsu YP, Chu KC, Bai CH, Huang CJ, Chen C, Hsu CW. Safety and efficacy of
clonidine on postoperative vomiting and pain in pediatric ophthalmic surgery: a
systemic review and meta-analysis. Paediatr Anaesth. (2019) 29(10):1011–23.
doi: 10.1111/pan.13712

93. Bergendahl H, Lonnqvist PA, Eksborg S. Clonidine in paediatric anaesthesia:
review of the literature and comparison with benzodiazepines for premedication.
Acta Anesth Scand. (2006) 50:135–43. doi: 10.1111/j.1399-6576.2006.00940.x

94. Nishina K, Mikawa K. Clonidine in paediatric anaesthesia. Curr Opin
Anesthesiol. (2002) 15:309–16. doi: 10.1097/00001503-200206000-00006

95. Schraag S, Pradelli L, Alsaleh AJO, Bellone M, Ghetti G, Chung TL, et al.
Propofol vs. inhalational agents to maintain general anaesthesia in ambulatory and
in-patient surgery: a systematic review and meta-analysis. BMC Anesthesiol. (2018)
18(1):162. doi: 10.1186/s12871-018-0632-3

96. Cechetto DF, Diab T, Gibson CJ, Gelb AW. The effects of propofol in the area
postrema of rates. Anesth Analg. (2001) 92(4):934–42. doi: 10.1097/00000539-
200104000-00027

97. Borgeat A, Stirnemann HR. Antiemetic effects of propofol. Anaesthesist. (1998)
47(11):918–24. doi: 10.1007/s001010050643

98. Kienbaum P, Schaefer MS, Weibel S, Schlesinger T, Meyholm P, Eberhart LH,
et al. Update on PONV—what is new in prophylaxis and treatment of postoperative
Frontiers in Pediatrics 16
nausea and vomiting? Summary of recent consensus recommendations and Cochrane
reviews on prophylaxis and treatment of postoperative nausea and vomiting.
Anaesthesist. (2022) 71:123–8. doi: 10.1007/s00101-021-01045-z

99. Ames WA, Machovec K. An update on the management of PONV in a pediatric
patient. Best Pract Res Clin Anaesthiol. (2020) 34(4):749–58. doi: 10.1016/j.bpa.2020.
05.007

100. Mehrotra S. Postoperative anesthesic concerns in children. Postoperative pain,
emergence delirium and postoperative nausea and vomiting. Ind J Anaesth. (2019) 63
(9):763–70. doi: 10.4103/ija.IJA_391_19

101. Wakamiya R, Seki H, Ideno S, Ihara N, Minoshima R, Watanabe K, et al.
Effects of prophylactic dexamethasone on postoperative nausea and vomiting in
scoliosis correction surgery: a double-blind, randomized, placebo-controlled clinical
trial. Sci Rep. (2019) 9(1):211–9. doi: 10.1038/s41598-019-38764-8

102. Frelich M, Divac J, Vodicka V, Masarcova M, Jor O, Gal R. Dexamethasone
reduces the incidence of postoperative nausea and vomiting in children undergoing
endoscopic adenoidectomy under general anaesthesia without increasing the risk of
postoperative hemorrhage. Med Sci Monit. (2018) 22:8430–38. doi: 10.12659/MSM.
911231

103. Steward DL, Grisel J, Meinzen-Derr J. Steroids for improving recovery
following tonsillectomy in children. Cochrane Database Syst Rev. (2011) (8):
CD003997. doi: 10.1002/14651858.CD003997.pub2

104. Busoni P, Crescioli M, Agostino R, Sestini G. Vomiting and common paediatric
surgery. Paediatr Anaesth. (2000) 10:639–43. doi: 10.1111/j.1460-9592.2000.00599.x

105. Cohen IT. An overview of the clinical use of ondansetron in preschool age
children. Ther Clin Risk Manag. (2007) 3(2):333–9. doi: 10.2147/tcrm.2007.3.2.333

106. Shen YD, Chen CY, Wu CH, Cherng YG, Tam KW. Dexamethasone,
ondansetron, and their combination and postoperative nausea and vomiting in
children undergoing strabismus surgery: a meta-analysis of randomized controlled
trials. Paediatr Anaesth. (2014) 24(5):490–8. doi: 10.1111/pan.12374

107. Drake R, Anderson BJ, Persson MA, Thompson JM. Impact of an antiemetic
protocol on postoperative nausea and vomiting in children. Paed Anaesth. (2001)
11(1):85–91. doi: 10.1046/j.1460-9592.2001.00594.x

108. Sayed JA, Riad MAF, Ali MOM. Comparison of dexamethasone or intravenous
fluids or combination of both on postoperative nausea, vomiting and pain in pediatric
strabismus surgery. J Clin Anesth. (2016) 34:136–42. doi: 10.1016/j.jclinane.2016.03.049

109. Carlisle JB, Stevenson CA. Drugs for preventing postoperative nausea and
vomiting. Cochrane Database Syst Rev. (2006) 3:CD004125. doi: 10.1002/14651858.
CD004125.pub2

110. RavalMV,Heiss KF. Development of an enhanced recovery protocol for children
undergoing gastrointestinal surgery. Curr Opin Pediatr. (2018) 30(3):399–404. doi: 10.
1097/MOP.0000000000000622

111. Stevens BJ, Yamada J, Estabrooks CA, Stinson J, Campbell F, Scott SD, et al.
CIHR team in children’s pain. Pain. (2014) 155:60–8. doi: 10.1016/j.pain.2013.09.007

112. Khalil SN, Roth AG, Cohen IT, Simhi E, Ansermino JM, Bolos ME, et al. A
double-blind comparison of intravenous ondansetron and placebo for preventing
postoperative emesis in 1- to 24-month-old pediatric patients after surgery under
general anaesthesia. Anesth Analg. (2005) 101(2):356–61. doi: 10.1213/01.ANE.
0000155261.27335.29

113. Apfel CC, Heidrich FM, Jukar-Rao S, Jalota L, Hornuss C, Whelan RP, et al.
Evidence-based analysis of risk factors for postoperative nausea and vomiting. Br
J Anaesth. (2012) 109(5):742–53. doi: 10.1093/bja/aes276

114. Gold BS, Kitz DS, Kecky JH, Neuhaus JM. Unanticipated admission to the
hospital following ambulatory surgery. JAMA. (1989) 262:3008–10. doi: 10.1001/
jama.1989.03430210050028

115. Cohen MM, Duncan PG, DeBoer DP, Tweed WA. The postoperative interview:
assessing risk factors for nausea and vomiting. Anesth Analg. (1994) 78:7–16. doi: 10.
1213/00000539-199401000-00004

116. Urits I, Orhurhu V, Jones MR, Adamian L, Borchart M, Galasso A, et al.
Postoperative nausea and vomiting in paediatric anaesthesia. Turk J Anesthesiol
Reanim. (2020) 48(2):88–95. doi: 10.5152/TJAR.2019.67503

117. Kovac AL. Prevention and treatment of postoperative nausea and vomiting. In:
Donnerer J, editor. Antiemetic therapy. Basel: Karger (2003). p. 121–60.
frontiersin.org

https://doi.org/10.1002/14651858.CD003591.pub3
https://doi.org/10.1002/14651858.CD003591.pub3
https://doi.org/10.23736/S0026-4946.18.05453-1
https://doi.org/10.1038/nrd2335
https://doi.org/10.1038/nrd2335
https://doi.org/10.1172/JCI27291
https://doi.org/10.1146/annurev-med-011209-153129
https://doi.org/10.1146/annurev-med-011209-153129
https://doi.org/10.1016/j.tips.2017.05.008
https://doi.org/10.1002/14651858.CD013104.pub2
https://doi.org/10.1002/14651858.CD013104.pub2
https://doi.org/10.3233/PIC-2012-003
https://doi.org/10.1213/01.ANE.0000184204.81877.53
https://doi.org/10.1093/bja/aem071
https://doi.org/10.1213/01.ane.0000205745.84044.31
https://doi.org/10.1213/01.ane.0000205745.84044.31
https://doi.org/10.1111/pan.12388
https://doi.org/10.5152/TJAR.2020.29863
https://doi.org/10.1111/pan.13712
https://doi.org/10.1111/j.1399-6576.2006.00940.x
https://doi.org/10.1097/00001503-200206000-00006
https://doi.org/10.1186/s12871-018-0632-3
https://doi.org/10.1097/00000539-200104000-00027
https://doi.org/10.1097/00000539-200104000-00027
https://doi.org/10.1007/s001010050643
https://doi.org/10.1007/s00101-021-01045-z
https://doi.org/10.1016/j.bpa.2020.05.007
https://doi.org/10.1016/j.bpa.2020.05.007
https://doi.org/10.4103/ija.IJA_391_19
https://doi.org/10.1038/s41598-019-38764-8
https://doi.org/10.12659/MSM.911231
https://doi.org/10.12659/MSM.911231
https://doi.org/10.1002/14651858.CD003997.pub2
https://doi.org/10.1111/j.1460-9592.2000.00599.x
https://doi.org/10.2147/tcrm.2007.3.2.333
https://doi.org/10.1111/pan.12374
https://doi.org/10.1046/j.1460-9592.2001.00594.x
https://doi.org/10.1016/j.jclinane.2016.03.049
https://doi.org/10.1002/14651858.CD004125.pub2
https://doi.org/10.1002/14651858.CD004125.pub2
https://doi.org/10.1097/MOP.0000000000000622
https://doi.org/10.1097/MOP.0000000000000622
https://doi.org/10.1016/j.pain.2013.09.007
https://doi.org/10.1213/01.ANE.0000155261.27335.29
https://doi.org/10.1213/01.ANE.0000155261.27335.29
https://doi.org/10.1093/bja/aes276
https://doi.org/10.1001/jama.1989.03430210050028
https://doi.org/10.1001/jama.1989.03430210050028
https://doi.org/10.1213/00000539-199401000-00004
https://doi.org/10.1213/00000539-199401000-00004
https://doi.org/10.5152/TJAR.2019.67503
https://doi.org/10.3389/fped.2023.1241304
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Is PONV still a problem in pediatric surgery: a prospective study of what children tell us
	Introduction
	Methods
	Sample
	Procedure
	Material
	Statistical analysis

	Results
	Descriptive statistics
	Factors that predict PONV

	Discussion
	Predictors of PONV
	Influence of the type of surgery on PONV
	Perioperative administration of opioids- pain values
	Non-opioids/co-analgesics

	Further important factors
	Introduction and maintenance of anesthesia
	History of PONV/motion sickness: antiemetic application
	Gender and age
	Duration of surgery
	Dry mouth, pain outside the surgical area, and desire for more analgesics


	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


