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Abstract

Introduction. Postoperative nausea and vomiting remain com-
mon complications following general anesthesia and are a sig-
nificant source of concern for patients prior to surgery. Numerous
studies have aimed to identify risk factors that predict the likeli-
hood of postoperative nausea and vomiting. Material and Meth-
ods. This cross-sectional observational study included 150 adult
patients. Data collection occurred 15 to 45 minutes post-surgery,
once patients were fully awake and oriented. Pain and nausea
were assessed using the Numerical Rating Scale. Relevant data
was obtained from patients’ medical histories and anesthesia
records and documented in the research protocol. Results. Post-
operative nausea was recorded in 36 patients (24%). The most
frequently reported intensity of nausea was 3 on the Numerical
Rating Scale. Identified risk factors for postoperative nausea and
vomiting included a history of motion sickness, postoperative
opioid use, and the use of anti-diabetic medications. A significant
correlation was observed between the severity of acute postop-
erative pain and the presence of nausea, as well as between the
Apfel score and the occurrence of postoperative nausea. Conclu-
sion. The incidence of postoperative nausea and vomiting in this
study was 24%. The most significant predictors of early postop-
erative nausea and vomiting were a history of motion sickness,
use of opioids postoperatively, and anti-diabetic therapy. The
occurrence and severity of early postoperative nausea were as-
sociated with the intensity of acute postoperative pain.
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Introduction

Postoperative nausea and vomiting (PONV) is a
frequent complication of general anesthesia, affecting
approximately 20-30% of patients. It is defined as the
occurrence of nausea, retching, or vomiting within
the first 24 to 48 hours following surgery [1]. In indi-
viduals without identifiable risk factors, the incidence

Arsen Uvelin — 0000-0002-5930-0089
Milanka Tati¢ — 0000-0002-7885-1249

Original study

Originalni naucni rad

UDK 616-089.5-06:612.327
https://doi.org/10.2298/MPNS2502011C

Sazetak

Uvod. Postoperativna mucnina i povracanje je i dalje Cesta
komplikacija op$te anestezije i znac¢ajan uzrok preoperativne
zabrinutosti kod pacijenata. Mnoge studije su istrazivale faktore
rizika koji mogu uticati na pojavu ove komplikacije. Materijal
i metode. Istrazivanje je sprovedeno kao opservaciona studija
preseka koja je obuhvatila 150 odraslih bolesnika. Uzimala se
kratka anamneza u periodu od 15 do 45 minuta nakon operacije,
pod uslovom da su bolesnici bili potpuno budni i svesni. Pomocu
Numericke skale bola i Numericke skale mué¢nine ispitivana je
jac¢ina bola i ja¢ina mu¢nine. Uzeti su relevantni podaci iz is-
torije bolesti i protokola anestezije i evidentirani su u protokol
istrazivanja. Rezultati. Od 150 bolesnika, postoperativna
mucnina se javila kod 36 bolesnika (24%). Bolesnici su najc¢esce
ocenjivali ja¢inu muénine ocenom tri (3) na numerickoj skali.
Faktori rizika koji su dovedeni u vezu sa pojavom postoperativne
mucnine i povraéanja su istorija kinetoza, upotreba opioida
postoperativno i upotreba antidijabetesne terapije. Prisutna je
korelacija izmedu ja¢ine akutnog postoperativnog bola i post-
operativne mucnine, kao i izmedu Apfel skora i postoperativne
mucnine. Zakljucak. Incidencija postoperativne muénine i
povracanja je 24%. Najznacajniji faktori u predikciji rane post-
operativne muc¢nine i povracanja su: postojanje kinetoza, post-
operativna primena opioida i primena antidijabetesne terapije.
Pojava i jacina rane postoperativne mucnine je povezana sa
ja¢inom akutnog postoperativnog bola.

Kljucne redi: postoperativnha mucnina i povracanje; postopera-
tivni period; ops$ta anestezija; faktori rizika

of PONV is around 10%, whereas in those with three
or more risk factors, it can rise to 60-80% [2]. PONV
is typically classified as early or delayed, although a
universally accepted definition of early PONV is lack-
ing. Some authors define early PONV as occurring
within the first 2 hours after surgery [3], while others
extend this period to 4 or even 24 hours postopera-
tively [4,5]. Although often self-limiting, PONV re-
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Abbreviations
PONV - postoperative nausea and vomiting
ASA - American Society of Anesthesiologists

mains one of the leading causes of preoperative anxi-
ety, with many patients reporting greater fear of expe-
riencing nausea and vomiting than postoperative pain
itself [6]. While most cases of PONV are mild, it can
lead to serious complications such as dehydration, elec-
trolyte imbalance, bleeding, wound dehiscence, aspira-
tion of gastric contents, esophageal rupture, aspiration
pneumonia, and arrhythmias. These complications can
negatively affect overall morbidity, the surgical out-
come, treatment costs, and the length of hospital stay
[7-9]. In an effort to reduce the incidence of PONYV,
numerous studies have investigated its underlying risk
factors, leading to the development of predictive tools
for the optimal prophylactic use of antiemetics. One of
the most widely accepted models is the Apfel score [10],
which identifies four independent risk factors: female
sex, non-smoking status, history of PONV or motion
sickness, and postoperative opioid use. Additional stud-
ies have proposed other contributory factors, including
intraoperative hypotension [11-13] and acute postope-
rative pain [14]. Despite extensive research, the patho-
physiology of PONV remains incompletely understood,
largely due to its complexity and the interplay of mul-
tiple risk factors. This study aims to examine the inci-
dence of PONV during the early postoperative period,
identify the most relevant risk factors for its prediction,
and explore the relationship between acute postopera-
tive pain and early PONV.

Material and Methods

This cross-sectional observational study was con-
ducted at the Clinic of Anesthesia and Intensive Care
of the University Clinical Center of Vojvodina to as-
sess postoperative nausea and vomiting (PONV) in
the immediate postoperative period. Ethical approv-
al was granted by the Ethics Committee of the Uni-
versity Clinical Center of Vojvodina on December 1,
2023 (Reference No. 00-288). The study included 150
consecutive adult patients scheduled for elective sur-
gical procedures in the fields of abdominal, plastic,
maxillofacial, vascular, or neurosurgery. Eligible pa-
tients received either general endotracheal anesthesia
or a combination of general and regional anesthesia
and had provided written informed consent to par-
ticipate. Following surgery, patients were transferred
to the post-anesthesia care unit and assessed between
15 and 45 minutes postoperatively, provided they
were fully awake, alert and oriented. A brief medical
interview was conducted to evaluate early PONV and
acute postoperative pain. Clinical data were extract-
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ed from medical histories and anesthesia records and
entered into the research protocol. Collected variables
included: age, sex, type of surgery, body weight,
height, American Society of Anesthesiologists (ASA)
physical status classification, smoking status, history
of PONV and/or motion sickness, duration of an-
esthesia, intraoperative use of vasopressors, use of
non-opioid analgesics, corticosteroids, antiemetics,
and postoperative opioids. The total intraoperative
opioid dose, type of anesthesia (general or combined),
and anesthetic technique (balanced or total intrave-
nous anesthesia were also recorded. Body mass index
(BMI) was calculated using the standard formula
based on weight and height. Comorbidities docu-
mented included cardiovascular diseases, thyroid
dysfunction, chronic gastritis, obesity, diabetes mel-
litus, hyperlipidemia, and chronic lung diseases. Due
to their low incidence, fatty liver disease, pancreatitis,
and Parkinson’s disease were excluded from statistical
analyses. Regular use of chronic medications was also
noted. Preoperative systolic blood pressure and the
lowest intraoperative systolic blood pressure were
obtained from anesthesia protocols. Intraoperative
hypotension was defined as a >20% decrease in systo-
lic blood pressure from the preoperative baseline last-
ing at least 5 minutes. The Apfel score was calculated
using four criteria: female sex, smoking status, his-
tory of PONV or motion sickness, and postoperative
opioid use [10]. Pain and nausea intensity were as-
sessed using the Numerical Rating Scale (NRS), a
horizontal scale ranging from 0 to 10, where 0 indi-
cated no pain or nausea, and 10 represented the most
severe pain or nausea. Data analysis employed de-
scriptive statistics, correlation analyses, and predic-
tive modeling. Descriptive statistical methods in-
cluded measures of central tendency (mean), meas-
ures of variability (standard deviation), and relative
numbers (structural indicators). Spearman’s rank cor-
relation coefficient (p) correlation coefficient was
used to assess associations between variables. Binary
logistic regression was applied to evaluate predictors
of early PONV. Hypotheses were tested at a statistical
significance level (a level) of 0.05. Data was processed
using standard statistical software packages (IBM
SPSS Statistics, version 26).

Results

A total of 150 patients were included in the study,
comprising 69 males (46%) and 81 females (54%). The
age of participants ranged from 18 to 82 years, with
a mean of 54.91+37.98 years. Body mass index (BMI)
values ranged from 16.91 to 40.12, with a mean BMI
of 27.08+4.51. According to ASA classification, 18
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Table 1. Frequency of nausea severity in all patients

NRS Nausea Frequency Percentage
0 114 76.0
1 0 0.0
2 1 0.7
3 11 7.3
4 5 3.3
5 6 4.0
6 0 0.0
7 2 1.3
8 4 2.7
9 4 2.7
10 3 2.0

Legend: NRS - Numerical rating scale

Table 2. Model of binary logistic regression of risk factors as predictors of nausea

Model df X p McFaden  Negelkerke Tjur Cox&Snell
HO 149
H1 134 36.156 0.002 0.216 0.318 0.242 0.214
Table 3. Posterior classification matrix of participants
Prediction model
Nausea NO YES Accuracy
NO 107 6 92.92%
YES 22 15 43.24%

Overall accuracy

80.67%

patients (12%) were classified as ASA I, 80 (53.3%) as
ASATI, and 52 (34.7%) as ASA III. Among the cohort,
39 individuals (26%) were smokers. Cardiovascular
disease was the most common comorbidity, affecting
79 patients (52.7%), followed by diabetes mellitus in
20 patients (13.3%). Chronic medication use was re-
ported by 87 patients (58%). A history of PONV was
documented in 11 patients (7.3%), while 35 patients
(23.3%) reported a history of motion sickness. Intra-
operative hypotension occurred in 53 patients (35.3%).
Postoperative opioids were administered to 16 pa-
tients (10.7%), and intraoperative antiemetic prophy-
laxis was used in 93 patients (62%). The mean dura-
tion of anesthesia was 87.37+37.98 minutes. The mean
intraoperative dose of strong opioids was 195.46 +
84.41 pg. Acute postoperative pain was reported by
134 patients (89.3%), with pain intensities most com-
monly rated as 3 or 5 on the NRS. PONV occurred
in 36 patients (24%), with nausea intensity most fre-
quently rates as 3, followed by 5 on the NRS (Table
1). Vomiting was observed in one patient (0.67%). The
most frequently observed Apfel score was 1 (39.3%),
while 21.3% of patients were categorized as high-risk
(Apfel score > 2). Of 150 patients, 148 received gen-
eral anesthesia and 2 (1.33%) received combined gen-

eral and regional anesthesia. Balanced general an-
esthesia was administered to 146 patients (97.3%),
while 4 patients (2.67%) received total intravenous
anesthesia. Due to the small sample size in these sub-
groups, they were excluded from further statistical
analysis. Regarding surgical procedures, 82 patients
(54.67%) underwent abdominal surgery, 17 patients
(11.33%) underwent neurosurgical procedures, 18
(12%) underwent maxillofacial surgeries, 18 (12%) had
plastic surgeries, 5 (3.33%) underwent vascular sur-
gery, and 10 patients (6.67%) had endocrine surgery.
Laparoscopic techniques were used in 24% of cases.
Binary logistic regression indicated that the model
incorporating relevant risk factors significantly pre-
dicted PONV occurrence (x* = 32.188; p < 0.01), with
pseudo R? values ranging from 0.214 to 0.318 (Table
2). The model achieved an overall classification ac-
curacy of 80.67%, with high specificity (92.92%) but
relatively low sensitivity (43.24%) (Table 3). Among
the predictors analyzed, only a history of motion sick-
ness and postoperative opioid use showed statisti-
cally significant association with PONV occurrence
(Table 4). Specifically, a history of motion sickness
increased the risk of PONV by 4.2 times, while post-
operative opioid use raised the risk by 5.7 times.
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Table 4. Partial regression coefficients of risk factors and their statistical significance

Risk Factor Regression coeff Oddratio  Wald test p
Age -0.117 0.992 0.164 0.686
Female gender -0.273 1.716 1.344 0.246
BMI -0.261 0.941 1.294 0.255
ASA status 11 0.169 0.972 0.001 0.972
ASA status 111 0.540 0.511 0.418 0.518
Chronic diseases -0.029 0.685 0.204 0.651
Chronic medication -0.672 1.735 0.507 0.476
History of PONV -0.379 1.648 0.418 0.518
Motion sickness 0.551 4.205 9.434 0.002*
Anesthesia duration (min 0.500 0.993 0.865 0.352
Intraoperative hypotension 1.436 1.753 1.219 0.270
Intraoperative use of strong opioids (ug) 0.561 1.002 0.564 0.453
Postoperative use of opioids 1.736 5.673 7.039 0.008*
Use of antiemetics 0.353 1.424 0.469 0.493
Use of corticosteroids -1.178 0.308 3.618 0.057

Legend: BMI - Body mass index, ASA status - The American Society of Anesthesiologists (ASA) physical status classification system

Table 5. Partial regression coefficients of risk factors and their statistical significance

Risk factor Regression coeff. Odd ratio Wald test p
Smoking -0.016 0.788 0.162 0.688
Cardiovascular diseases -0.971 0.618 0.252 0.616
Thyroid diseases -0.239 0.524 0.180 0.672
Chronic gastritis -0.482 2.537x107 8.383x10°° 0.993
Obesity -0.647 0.525 0.296 0.586
Diabetes -15.187 9.500 2.837 0.092
Hyperlipidemia -0.644 1.450 0.177 0.674
Lung diseases 2.251 0.258 1.207 0.272
Antihypertensives 0.372 2.131 0.671 0.413
Diuretics -1,356 0.779 0.111 0.739
Thyroid medication 0.757 5.468 1.039 0.308
Antidiabetics -0.249 0.008 6.022 0.014*
Table 6. Correlation of pain and Apfel score with Nausea
NRS Nausea NRS Pain Apfel score
Correlation coefficient 1.00 0.32" 0.29"
NRSNausea g0 ificance (p) - 0.001 0.001
N 150 150 150
Correlation coefficient 0.32" 1.00 0.10
NRS Pain Significance (p) 0.001 - 0.21
N 150 150 150
Correlation coefficient 0.29™ 0.10 1.00
Apfel score Significance (p) 0.001 0.21 -
N 150 150 150
Legend: NRS - Numerical Rating Scale
Among chronic illnesses and long-term medication Discussion

use, only anti-diabetic medication use was signifi-
cantly associated with increased PONV risk (Table
5). There is a positive correlation between nausea and
pain (p = 0.32; p = 0.001), as well as between nausea
and the Apfel score (p = 0.29; p = 0.001) (Table 6).
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In this study, the incidence of PONV was 24%,
which aligns with previously published rates, typi-
cally ranging between 20% and 40%. Some studies
have reported lower incidences, as low as 9.6% [4],



Med Pregl 2025; LXXVIII (1-2): 11-17. Novi Sad: januar-februar.

while others have documented rates exceeding 70%
[15,16]. This variation is likely attributable to differ-
ences in patient populations, antiemetic prophylaxis
strategies, surgical types, and other factors. Over half
of the patients in our cohort (54.67%) underwent ab-
dominal surgery, a well-established high-risk catego-
ry for PONV [17]. Furthermore, 24% of procedures
were laparoscopic, which is associated with a height-
ened risk of PONV due to multiple contributing
mechanisms: mechanical effects of pneumoperito-
neum (e.g., gastric and intestinal distension), para-
sympathetic nerve stimulation, and Co,-induced ir-
ritation [18]. In addition, 23.1% of patients were clas-
sified as high-risk based on the Apfel score, which
likely contributed to the observed PONV incidence.
The timing of data collection may have also influ-
enced results. Different studies have collected data at
different time intervals after surgery, ranging from 0
to 24 hours [3-5]. In our study, data were collected
within the first 15 to 45 minutes after surgery. Previ-
ous studies have shown that PONV incidence can vary
depending on the postoperative interval evaluated,
with some reporting lower rates in the first two hours
and higher rates later [19,20], while others found the
highest incidence within the first two hours [21]. The
majority of patients in our study rated nausea at an
intensity of 3, with only 19 patients (12.67%) reporting
severe nausea (=5 on the NRS). This relatively low se-
verity may reflect the effectiveness of intraoperative
antiemetic prophylaxis administered in 62% of pa-
tients. Consistent with the literature [22,23], statistical
analysis revealed that motion sickness was associated
with a higher incidence of early PONV in our cohort.
This risk factor is also incorporated into the Apfel
score [10]. Similarly, postoperative opioid use was as-
sociated with a higher incidence of early PONYV, as
demonstrated in several previous studies. For in-
stance, one study found a 6% reduction in PONV with
50% reduction in postoperative opioid dosage [24],
while Silva et al. reported a 2.7-fold increase in PONV
among opioid users [25]. Our study found an even
stronger association, with a 5.7-fold increased risk.
Regarding chronic diseases and medication use, our
study showed that the use of anti-diabetic medications
significantly increased the risk of early PONV. Dia-
betic patients often experience delayed gastric empty-
ing, often due to autonomic neuropathy or glycemic
fluctuations, is a recognized risk factor for PONV [17,
26,27]. Additionally, some of anti-diabetic agents, no-
tably metformin and GLP-1 agonists, are known to
cause gastrointestinal side effects such as nausea, vom-
iting, diarrhea, and bloating [28], with some studies
reporting nausea in 11.7% and vomiting in 5.8% of
users [29]. The mechanisms are not fully understood,

though gut microbiota alternations and delaying glu-
cose absorption in the intestines, which may lead to
increased lactate production in the gut and contribute
to gastrointestinal symptoms, are implicated [30].
Similarly, GLP-1 receptor agonists, which slow gastric
emptying, have been associated with nausea in up to
51% and vomiting in 19% of patients, due to effects on
gastric motility and direct impact on the central nerv-
ous system [31,32]. However, our study lacked detailed
data regarding diabetes control (e.g., HbAlc), diabet-
ic complications (e.g., neuropathy), or specific anti-
diabetic medication types, which represents a limita-
tion. The relationship between anti-diabetic medica-
tions and PONV is certainly a very interesting result
and could inspire future research on this topic. Previ-
ous studies have linked intraoperative hypotension to
increased PONV risk [11-13] suggesting that adrena-
line release, as a sympathetic response to blood pres-
sure drop, may lead to “triggered emesis” [33]. Other
studies found that perioperative hypoperfusion and
subsequent gastrointestinal lining ischemia may trig-
ger the release of serotonin — one of the most signifi-
cant mediators of nausea and vomiting [34], while
reduced blood flow to the brainstem may lead to diz-
ziness, nausea, and vomiting [12]. Our study did not
demonstrate a statistically significant association be-
tween intraoperative hypotension and early PONV.
This may be due to variations in how baseline blood
pressure is defined. In our study, 35.3% of patients had
at least one episode of intraoperative hypotension.
However, the systolic blood pressure values we used
as baseline were usually recorded before the patient
entered the operating room, often during the preop-
erative visit. Other studies have used blood pressure
values measured at the time of anesthesia induction
or immediately after induction, which may explain
the different results. Our statistical analysis revealed
a correlation between the occurrence of PONV and
the severity of acute postoperative pain. Some studies
have shown a strong correlation between postopera-
tive pain, particularly visceral and pelvic pain, and
PONV [14,17]. Trauma and pain increase the concen-
tration of circulating catecholamines, which can trig-
ger nausea, as is often seen in patients with various
injuries who experience nausea and intense pain si-
multaneously. It remains unclear whether PONV is
driven by pain itself or by the opioids administered
for pain control. Some studies even suggest that post-
operative opioid use reduces both pain and nausea
[35], while others show that postoperative opioid use
is a significant risk factor for PONV. This duality war-
rants further clarification. Lastly, our statistical analy-
sis showed a connection between PONV and the Ap-
fel score, which is consistent with numerous studies
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that have confirmed the Apfel score as a simple and
reliable predictor of PONV risk [36-38].

Conclusion
In conclusion, the incidence of postoperative nau-

sea and vomiting in the immediate postoperative
period is 24% in patients undergoing elective surgeries

Crnic ], et al. Postoperative Nausea Assessment

under balanced general anesthesia in abdominal,
plastic, maxillofacial, vascular, and neurosurgery pro-
grams. The most significant predictors of early post-
operative nausea and vomiting in this cohort were a
history of motion sickness, postoperative opioid use,
and the use of anti-diabetic medications. Further-
more, the intensity of nausea was associated with the
severity of acute postoperative pain.
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