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Abstract

Background/Aim. Postoperative nausea and vomiting
(PONV) are one of the most common causes of patient dissat-
isfaction in the postoperative petiod after general anesthesia.
Hyperoxia may prevent PONV after abdominal surgery, but
the effectiveness of intraoperative and early postoperative hy-
peroxia in preventing PONV after breast cancer surgery has
not been fully elucidated. The aim of this study was to assess if
the application of intraoperative hyperoxia during surgery could
prevent PONV. Methods. Forty female patients with breast
cancer were recruited for the study, all of whom underwent
surgical treatment of breast cancer with axillary sentinel node
sampling or axillary lymph node dissection. A balanced general
anesthesia was conducted, which was induced with propofol
and maintained with sevofluran. Out of the 40 patients, 20 (in-
tervention group) received a volatile gas mixture with a fraction
of inspired oxygen (FiOy) of 0.8 L/min intraoperatively and, af-
terward, 3 L/min of oxygen via face mask for two hours after
surgery. The other 20 patients (control group) received a FiO»
of 0.4 L/min during the surgery without further administration
of oxygen in the early postoperative petiod. The presence and

Apstrakt

Uvod/Cilj. Postoperativna mucénina i povraanje (postoperative
nausea and voriting — PONV) su jedan od najces¢ih razloga neza-
dovoljstva bolesnika u postoperativnom petriodu posle opste
anestezije. Hiperoksija moze spreciti PONV posle abdominalne
hirurgjje, medutim, efikasnost intraoperativne i rane postopera-
tivhe primene hiperoksije u prevenciji PONV posle operacije
karcinoma dojke nije do kraja razjasnjena. Cilj rada bio je da se
proceni da li ptimena hiperoksije tokom operacije moze spreciti
PONV. Metode. U studiju je bilo uklju¢eno 40 bolesnica sa
karcinomom dojke, podvrgnutih operativnom lecenju, kojima
su uzorkovani aksilarni limfni ¢vorovi “strazari” ili disektovani
aksilarni limfni ¢vorovi. Sprovedena je balansirana opsta

sevetity of PONV were assessed at 30 min, 4, 24, 32, 48, and
56 hrs after surgery with the use of the PONV numerical In-
tensity Scale by Wengtitzky for evaluating clinically significant
PONV in the first six hours after surgery. Data were collected
in an Excel spreadsheet and analyzed using the independent
Student’s ~test. Results. The overall incidence of PONV dur-
ing the 30 min after the surgery was 17.5% (15% in the group
of patients receiving FiO; of 0.8 L/min and 20% in the group
of patents receiving FiO; of 0.4 L/min intraopetatively). There
was no statistically significant difference between the two
groups in the frequency of PONV, as well as in the severity of
PONYV, measured with the PONV Intensity Scale by Wen-
gritzky (p = 0.05). Conclusion. We found no benefit of intra-
and post-operative hyperoxia in reducing the incidence of
PONV. The data do not support routine administration of hy-
peroxia, in addition to antiemetics, for the prevention of
PONV in patients undergoing breast cancer surgery.

Key words:

anesthesia, general; breast neoplasms; hyperoxia;
nausea; oxygen inhalation therapy; postoperative
period; surgical procedures, operative; vomiting.

anestezija, koja je indukovana propofolom, a odrzavana
sevofluranom. Od 40 bolesnica, njih 20 (grupa sa intervencijom)
je intraoperativno primilo inhalacionu smesu gasova sa udahnu-
tom frakcijom kiseonika (fraction of inspired oxygen — FiOz) od 0,8
L/min i zatim jo§ 3 L/min kiseconika putem maske za lice,
tokom dva sata nakon operacije. Drugih 20 bolesnica (kontrolna
grupa) primilo je FiOz od 0,4 L/min tokom opetacije, bez dalje
primene kiseonika u ranom postoperativnom periodu. Prisustvo
i tezina PONV bili su procenjivani 30 min, 4, 24, 32, 48 i 56 sati
nakon operacije primenom Wengtitzky-jeve PONV numericke
skale za procenu inteziteta klinicki znacajne PONV, tokom
prvih Sest sati nakon intervencije. Podaci su bili prikupljeni u
Exvel tabeli 1 analizirani pomocu nezavisnog Studentovog #testa.
Rezultati. Ukupna incidenca PONV tokom
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30 min nakon intervencije iznosila je 17,5% (15% u grupi
bolesnica koje su ptimale FiO; od 0,8 L/min i 20% u grupi
bolesnica koje su primale FiO; od 0,4 L/min intraoperativno).
Nije bilo statisticki znacajne razlike izmedu dve grupe ispitanica
u ucestalosti PONV i tezini PONV, merenih pomocu Wen-
gritzky-jeve numericke skale za procenu intenziteta PONV (p =
0,05). Zaklju¢ak. Nije dokazana korist od intraoperativne i rane
postoperativne primene hiperoksije u prevenciji PONV. Dobi-

jeni rezultati ne podrzavaju rutinsku primenu hiperoksije pored
antiemetskih lekova, u cilju smanjenja ucestalostt PONV kod
bolesnica posle hirurskog lecenja karcinoma dojke.

Kljucne reci:

anestezija, op§ta; dojka, neoplazme; hiperoksija;
mucnina; leCenje inhalacijom kiseonika; postoperativni
period; hirurgija, operativne procedure; povracanje.

Introduction

The subjective feeling of nausea or vomiting in the first
48 hrs after surgery (postoperative nausea and vomiting —
PONV) represents one of the most common reasons for patient
dissatisfaction in the postoperative period. Vomiting is as-
sumed to be the most undesirable outcome after anesthesia *,
and many patients would prefer pain over PONV postopera-
tively 2. The overall incidence of PONV is approximately 30%
after balanced general anesthesia * #; however, in high-risk pa-
tient populations, it can be as high as 80% 5. Although PONV
seldom leads to any serious medical conditions (such as aspi-
ration pneumonia, wound dehiscence, or even anastomotic
leak formation due to emetic strains) in the modern clinical
setting, severe vomiting can cause dehydration, electrolyte im-
balance and negatively impact patient satisfaction with anes-
thesia care providers, as well as generate increased hospital
costs (delayed postsurgical mobilization and longer hospital
stay, restricted ambulatory surgery) °.

Numerous drugs (e.g., opioid analgesics, volatile anes-
thetics, nitrous oxide) applied during general anesthesia affect
the release of neurotransmitters (e.g., acetylcholine, dopamine,
histamine, substance P, serotonin) contributing to the devel-
opment of nausea and vomiting and the function of receptors
in the central emetogenic areas (area postrema, nucleus in the
solitary tract). Opioids also determine the gastrointestinal tract
mechanics by decreasing gastric emptying, intestinal motility,
and peristalsis .

A

-

The results of several randomized controlled trials
prove that volatile anesthetics and opioid analgesics potenti-
ate the development of PONV &0, Therefore, total intrave-
nous (1V) and regional anesthesia (if applicable) are superior
to balanced general anesthesia in the prevention of PONV. It
is established that anesthesia (and surgery) duration plays an
important role in inducing PONV. The most common pa-
tient-specific risk factors are female gender, younger age,
non-smoking status, and history of PONV or motion sick-
ness °. Moreover, intense preoperative anxiety, insufficient
perioperative fluid administration 1, or obesity can also en-
hance the development of PONV *2. Morita et al. ** reported
a significantly higher incidence of PONV in patients under-
going breast cancer surgery with desflurane anesthesia, espe-
cially in the early postoperative period. According to the En-
hanced Recovery After Surgery — ERAS protocol ** 15, all
patients, even those with no existing risk factors for PONV,
should receive monoprophylaxis; however, patients with the
Apfel Simplified Risk Score (ASRS) of 1 or 2 should be ad-
ministered two antiemetics, and patients with high-risk of
developing PONV should receive three to four antiemetics
for prophylaxis ** 7. In modern clinical settings, clinicians
are encouraged to pay special attention to lowering the risk
for PONV by preferring propofol-based, i.e., total IV anes-
thesia, avoiding volatile analgesics and nitrous-oxide expo-
sure, or applying opioid-sparing analgesia. Nevertheless, for
pharmacologic prevention, a multimodal approach with
drugs that act differently is recommended *® (Figure 1).

TIVA with propofol

M hesia (if applicable)
Opioid-spaning analgesia
Shorter surgery time

Volatile anaesthetics
Mitrous-oxide

Opioid analgesics
Longer surgery time

Female pender, younger age, history of motion sickness, non-
smoking status

Preoperative anxiety

InsufTicient periop. Tuid administration

Ohesity, impaired nutritional stalus

4!

hylaxis (ERAS
prophy P

D

Dexamethasone + 5-HT3 receptor antagonist
SUPPLEMENTAL OXYGEN
ADMINISTRATION (7)

Fig. 1 — Summary of factors contributing to postoperative
nausea and vomiting (PONV) and preventing PONV.
TIVA - total intravenous anesthesia; ERAS — enhanced recovery after surgery;
5-HT3 - 5-hydroxytryptamine (serotonin) 3 receptor.
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According to the recommendations of the World Health
Organization (WHO), supplemental oxygen administration in
the intraoperative and early postoperative period may reduce
the occurrence of surgical site infection (SSI) and the inci-
dence of PONV *°. Although the routine use of hyperoxia in
the anesthesiology practice is controversial because of the
possible adverse effects (increased oxidative stress, lung ate-
lectasis, and hyperoxia-related vasoconstriction in the coro-
nary arteries, with a sequential decrease in myocardial perfu-
sion), the results of a recently published meta-analysis show,
that the administration of fraction of inspired oxygen (FiO,)
of 0.8 L/min in the perioperative setting is free of complica-
tions 2, Intestinal tissue is highly metabolically active and
has poor tolerance for hypoxia; therefore, even short periods
of insufficient perfusion in the intestinal tract can lead to the
release of serotonin — an emetogenic substance 2. It is sup-
posed that supplemental oxygen administration may prevent
intestinal hypoxia and reduce the incidence of PONV; thus,
hyperoxia is a potentially highly available and cost-effective
alternative treatment modality for the prevention of PONV.

In some highly vulnerable patient populations, more
tremendous PONV prevention is required. In the cases of on-
cological patients’ nutritional status may be modified due to
chemotherapy-induced nausea and vomiting, decreased ca-
loric intake, malabsorption, or even cachexia % These fac-
tors lead to a higher incidence of PONV in cancer surgery
and the patients undergoing balanced general anesthesia fre-
quently require an intense multimodal approach for the pre-
vention of PONV. Therefore, the aim of this study was to as-
sess whether the intraoperative and early postoperative ad-
ministration of supplemental oxygen reduces the incidence
of PONV and thus evaluate the potential of hyperoxia as an
alternative additional treatment modality in cancer patients.

Methods

The study was conducted between February and June
2022 at the Department of Anesthesiology with Reanimatol-
ogy of the tertiary referral, high-volume center for cancer
treatment in VVojvodina, Serbia. Ethical approval of the study
protocol was obtained from the institutional Ethics Commit-
tee of the Oncology Institute of Vojvodina (approval No.
4/21/2-2611/2-3, from September 08, 2021). Written in-
formed consent was obtained from all patients.

Forty female patients older than 18 years undergoing
breast cancer surgery (quadrantectomy, segmentectomy, am-
putation, or mastectomy) with axillary sentinel node sam-
pling or axillary lymph node dissection were approached for
this study. Exclusion criteria were the following: patients re-
ceiving neoadjuvant chemotherapy prior to this surgery, the
impossibility of completing the surgical procedure (metasta-
sis, neighboring organ infiltration), anesthesia time shorter
than 60 min, and patients who declined study participation.
The Revised Cardiac Risk Index (RCRI) % was used to as-
sess the patient’s risk of developing perioperative cardiac
complications. All potential subjects who had more than one
risk factor and, hence, risk for cardiac death, nonfatal myo-
cardial infarction, or nonfatal cardiac arrest greater than 6%

were excluded from the study. According to the non-cardiac
surgery guidelines of the European Society of Cardiology
and European Society of Anesthesiology, the surgical proce-
dures conducted in this study are associated with a low risk
of developing major adverse cardiac events (30-day risk of
cardiovascular death and myocardial infarction lower than
1%) %,

Balanced general anesthesia with propofol induction
(1.5-2.5 mg/kg ) and sevoflurane maintenance (1.2%-1.4%
end-tidal concentration or minimum alveolar concentration
of 1-1.2) was conducted. Non-depolarizing muscle relaxant
rocuronium was administered with the induction dose of 0.6
mg/kg 1V and boluses of 0.1-0.3 mg/kg IV according to clin-
ical requirements. Analgesia was provided with boluses of
fentanyl (50-100 pg IV) — first dose at anesthesia induction
(50 pg IV) and intraoperative boluses according to hemody-
namic response to pain. At the end of the surgery, all the pa-
tients received metamizole (2.5 g V) and ondansetron (4 mg
1V), and the 8-hour dosing of these analgesic and antiemetic
drugs was continued for two days. A laryngeal mask was
used for airway management, and pressure-regulated volume
control ventilation was ensured in all examined patients.

The patients were randomly assigned to one of the two
investigated groups. In the intervention group, the patients
received intraoperatively a volatile mixture with FiO, of 0.8
(80%) and 3 L/min of oxygen via face mask in the post-
anesthesia care unit and the surgical ward for two hours after
the surgery. Patients assigned to the control group received a
volatile mixture with FiO; of 0.4 (40%) during surgery with-
out further administration of oxygen in the early postopera-
tive period. Except for the FiO; in the volatile mixture ad-
ministered intraoperatively and the early postoperative ad-
ministration of oxygen in patients in the intervention group,
the entire perioperative and intraoperative treatment and ad-
ministered medications (anesthesia drugs, muscle relaxants,
antimicrobial, analgesic, antiemetic drugs, and thrombo-
prophylaxis) were identical in the two groups.

The following intraoperative monitoring was conducted
in all patients: electrocardiogram (leads Il and Vs), non-
invasive blood pressure measurement in 5-minute intervals,
pulse oximetry, monitoring of ventilation parameters, capno-
graphy, and anesthesia gas monitoring. Non-invasive blood
pressure monitoring and pulse oximetry were conducted in
the postanesthetic care unit as well as in the surgical ward
three times a day.

The ASRS ® was used to estimate the patient’s risk for
developing PONV. It includes four risk factors: female gen-
der, non-smoking status, history of PONV or motion sick-
ness, and postoperative use of opioid analgesics. Patients
with ASRS of 2 are considered medium-risk patients for de-
veloping PONV, and ASRS > 3 is associated with a high risk
of PONV.

The presence and severity of PONV were assessed at 30
min, 4, 24, 32, 48, and 56 hrs after surgery, using a five-
grade scale, which was earlier applied % for estimating
PONV in cancer surgical patients. The grading system was
used as follows: grade 1 — no signs of PONV; grade 2 — mi-
nor nausea; grade 3 — mild nausea and vomiting; grade 4 —
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severe nausea and vomiting; grade 5 — incoercible vomiting.
A numerical PONV Intensity Scale 2® was applied to evaluate
clinically significant PONV in the first six hours after sur-
gery. The key scored features were intensity, pattern and du-
ration of nausea, as well as the number of vomiting. A clini-
cally important PONV is defined as a total score > 50 at any
time throughout the study period. PONV scores, patient’s vi-
tal parameters, and eventually observed postoperative com-
plications were recorded in the examination sheet.

Sample size calculation was used in order to determine
the adequate total number of included patients. The confi-
dence level was set to 95% and the margin of error to 5%.
The incidence of PONV is 20% in patients treated according
to institutional standards at our clinic who have not received
neoadjuvant chemotherapy, undergoing general anesthesia
for breast cancer surgery; therefore, the expected population
proportion was set to 20%. We applied the adjusted sample
size calculation, taking into consideration the examined pop-
ulation size. The total number of patients fulfilling the inclu-
sion criteria during the study period in our hospital was 48.
Hence, according to the adjusted sample size calculation, the
adequate number of included subjects for obtaining statistical
relevance was 40.33. This sample size was divided into two
equal proportions, and the included patients were randomly
assigned into one of the two groups (intervention group and
control group). Forty female patients undergoing breast can-
cer surgery were recruited for this study — 20 (50%) patients
were assigned to the intervention group and 20 (50%) to the
control group. The total number of eligible patients to enter
the investigation after screening was 48; however, one pa-
tient was excluded because of canceled surgery. Five patients
were not included in the investigation because of rejection to
participate in the study or because of the temporary absence
of the investigators at the time of the surgery. The total num-
ber of randomized patients was 42, but two patients were ex-
cluded because of intraoperative hemodynamic instability

and deviation from the study protocol through additional ni-
trous-oxide administration; therefore, the total number of in-
cluded patients was 40 (Figure 2).

Data was collected in Excel and SPSS Software (IBM,
Chicago, USA) was used for data analysis. Categorical data
were analyzed with Pearson’s Chi-square test or Fisher’s ex-
act test and quantitative data were analyzed using the inde-
pendent Student’s t-test for significance. Data were presented
as numbers (percentages) or median (interquartile range —
IQR) and statistical significance was set at p <0.05.

Results

The median age of the included patients was 60
(IQR:19.5) years; most of them (90%) were classified as
physical status Il according to the American Standards Asso-
ciation (ASA), and 10% were in status ASA IIl. The most
common comorbidities were arterial hypertension (n = 21;
52.5%), hypothyroidism (n = 8; 20%), and varicose veins of
the lower extremities (n = 6; 15%). The most frequently per-
formed surgical procedure was quadrantectomy with axillar
sentinel node sampling (n = 27; 67.5%) or with axillar lymph
node dissection (n = 5; 12.5%) and subcutaneous mastecto-
my (n = 6, 15%). The median duration of the surgical proce-
dure was 60 (IQR:17.5) min, with a median anesthesia time
of 75 (IQR:20) min. The median length of hospital stay was
4 (IQR:1) days. There were no statistically significant differ-
ences (p > 0.05) in surgery time, anesthesia time, and length
of hospital stay between the intervention group and the con-
trol group (Table 1). In the postoperative period, 85% of the
subjects had no complications, but 7.5% of the patients expe-
rienced pain, 5% somnolence, and 2.5% vertigo in the first
four hours after surgery.

The median value of the RCRI was 3.9 (IQR:0) in both
groups. Most (92.5%) of the patients had no existing risk fac-
tors for the development of perioperative cardiac complica-

‘ Eligible paticnts after screening

N=48

Rejection to participate in the study or
= > absence of the investigators
N=5
S Cancelled surgery
’ N=1
Total oumber of randomized patients
N=42
| o Deviation from study protocol
N=2
!
‘ Total number of included patients

N=40

FiO2 = 0.8 + 02 3/min postop.
N=20

FiO2 = 0.4 + AIR postop.
N=20

Fig. 2 — Flowchart of patient recruitment.
FiO2- fraction of inspired oxygen; AIR — patients without supplemental oxygen
administration postoperatively; N — number of patients.
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tions (estimated risk is 3.9%); nevertheless, one person in the
intervention group and two people in the control group re-
ported the presence of one risk factor (the estimated risk for
developing cardiac death, nonfatal myocardial infarction or
nonfatal cardiac arrest is 6%). According to the ASRS,
87.5% of the subjects had two risk factors for the develop-
ment of PONV; hence, they were considered medium-risk
patients. Ten percent of the patients (two people in each
group) were classified as low-risk, and 2.5% (one person in
the control group) as high-risk patients for the development
of PONV. There were no statistically significant differences
(p = 0.05) in the values of RCRI and ASRS between the two
groups of patients (Table 1).

The median value of Wengritzky score was 0 (IQR:0)
in both groups. As clinically important PONV was defined as
a total Wengritzky score > 50, there was only one person in
the control group who developed clinically significant
PONV. There was no statistically significant difference (p >
0.05) in the Wengritzky score between the two groups of pa-
tients.

The overall incidence of PONV was 17.5% during the first
30 min after surgery: two (10%) patients in each group experi-
enced severe nausea and vomiting, two (5%) patients in the con-
trol group reported mild nausea, and one (2.5%) per-son in the
intervention group developed minor nausea. Fifteen percent of
the examined subjects reported the presence of PONV four
hours after surgery: severe nausea and vomiting occurred in one
(2.5%) person in the control group, two (10%) people in each
group developed mild nausea, and one (2.5%) patient in the con-
trol group reported minor nausea. Twenty-four hours after the
surgery, four (10%) patients experienced PONV: one (2.5%)
person in the control group re-ported mild nausea, but two pa-
tients in the control group and one person in the intervention
group (7.5%) experienced minor nausea. Thirty-two hours after
surgery, only one (2.5%) person in the control group developed
minor nausea. All the patients were without any signs of PONV
48 and 56 hrs after the surgery. There was no statistically signif-
icant difference (p > 0.05) in the incidence and severity of
PONV between the two investigated groups of patients at any
time point during the study period (Figures 3 and 4).

Table 1
Demographic and clinical characteristics of patients
Parameters Intervention group Control group p-value
Age (years), median (IQR) 60 (14) 60 (21.5) >0.05
Physical status, n (%)
ASAII 18 (45) 18 (45) >0.05
ASA I 2 (5) 2 (5) >0.05
Comorbidities, n (%)
Avrterial hypertension 12 (30) 9 (22.5) >0.05
Hypothyroidism 5(12.5) 3(7.5) >0.05
Varicose veins of lower extremities 3(7.5) 3(7.5) >0.05
Obesity 2 (5) 1(2.5) >0.05
Depressive disorder 2 (5) 3(7.5) >0.05
Surgery time (min), median (IQR) 62.5 (22.5) 60 (15) >0.05
Anesthesia time (min), median (IQR) 75 (27.5) 72.5(17.5) >0.05
Hospital stay (days), median (IQR) 4(1) 4(0.5) >0.05
RCRI, median (IQR) 3.9(0) 3.9(0) >0.05
Apfel Simplified Risk Score, n (%)
1 2 (5) 2 (5) >0.05
2 18 (45) 17 (42.5) >0.05
3 0 (0) 1(2.5) > (.05

IQR - interquartile range; ASA — American Standards Association; RCRI — Revised

Cardiac Risk Index; n — number of patients.

o"&
(é,é"
Al

0%

(+]
'b-‘('

L+

)
N
At

o
A

& & & & &

&

¥ No PONV
® Minornausea
Mild nausea and vomiling
B Severe nausea and vomiling

¥ Incoercible vomiting

[+

Fig. 3 — Incidence of postoperative nausea and vomiting (PONV)
in the intervention group.
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Fig. 4 — Incidence of postoperative nausea and vomiting (PONV)
in the control group.

Discussion

The results of our study showed no statistically signifi-
cant difference in the incidence and severity of PONV be-
tween the two groups of investigated patients. There was one
person in the control group who developed clinically re-
markable PONV according to the Wengritzky score, and that
person was the only high-risk patient with an ASRS of 3.
The incidence of PONV was the highest 30 min after sur-
gery, and, in most of the cases, the symptoms did not persist
longer than 24 hrs. There were no cardiovascular or respira-
tory adverse effects due to supplemental oxygen administra-
tion reported during the entire study period.

So far, no generally accepted agreement about the op-
timal FiO, concentration during general anesthesia has been
made. However, in 2016, the WHO recommended that adult
patients undergoing general anesthesia be ventilated in-
traoperatively using a volatile mixture with FiO, of 80%. It
was supposed that hyperoxia may contribute to lowering the
incidence of SSI and play an important role in the prevention
of PONV *. The results of a recently conducted large-scale
meta-analysis were heterogeneous, but the most wide-
reaching included clinical trial failed to prove the effective-
ness of hyperoxia in reducing the incidence of SSI. There-
fore, numerous highly actual literature sources do not sup-
port the routine administration of high concentrations of FiO,
intraoperatively, and the impact of hyperoxia on the preven-
tion of PONV also remained unjustified #'. Interestingly, an-
other meta-analysis examining the hyperoxia-induced impact
on SSI and PONV suggests that high FiO, has a beneficial
effect on PONV and does not increase the risk of postopera-
tive atelectasis. Analyzing the results of 11 trials, it was con-
cluded that the incidence of PONV was reduced from 24.8%
in patients receiving normal FiO to 19.5% in patients under-
going abdominal, gynecological, breast, and thyroid surgery
in high FiO, conditions. In patients receiving volatile anes-
thetics without prophylactic antiemetic drugs, hyperoxia
seemed to have a strong protective effect against PONV.
Moreover, the incidence of SSI also decreased in patients
who, besides prophylactic antibiotics, also received high
concentrations of FiO, 2. According to the findings of the
mentioned studies and currently available literature, the role
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of supplemental oxygen in the prevention of PONV re-
mained controversial.

There are numerous meta-analyses conducted to ob-
serve the effect of perioperative administration of hyperoxia,
and some of them, first of all, focus on reducing the PONV
incidence. Orhan-Sungur et al. % found no clear benefit of
the administration of high FiO, during general anesthesia in
reducing the occurrence of PONV. On the other hand,
Rincon and Valero *° reported a decrease in the incidence of
PONV due to the perioperative administration of high FiO,
and they concluded that supplemental oxygen therapy has the
potential to reduce PONV incidence but cannot replace the
currently available pharmacologic treatment modalities. The
largest meta-analysis, including 12 clinical trials and 5,583
patients, found no clear difference in PONV incidence be-
tween the groups of patients undergoing surgery in high
(FiO; = 0.8) vs. low (FiO, = 0.3) fraction of oxygen in the
inspired gas mixture. However, according to the subgroup
analysis, there was a reduced incidence of PONV in patients
having abdominal surgery, in contrast to the group of sub-
jects undergoing laparoscopic gynecological intervention or
some other type of non-abdominal surgery 3. Our results
correlate with the results of the newest meta-analysis, includ-
ing all relevant previous trials on this topic, published in
2023. According to the findings of Markwei et al. *, sup-
plemental oxygen administration does not reduce the inci-
dence of PONV after abdominal or non-abdominal surgery.
Furthermore, it does not affect the severity of PONV, the
number of rescue antiemetic doses given, or the time to the
first rescue antiemetic drug administration.

Some earlier conducted case-control studies emphasize
the impact of hyperoxia on the reduction of PONV incidence
in cancer patients **-%. According to these studies, the inci-
dence of nausea and vomiting was significantly lower in the
group of patients with various oncological diseases who re-
ceived 80% of oxygen intraoperatively and six hours after
surgery, compared to the control group, and these results are
in contrast to our findings. We can suppose that the main
reason for the difference in the outcomes between the previ-
ous studies and our study is the relatively short exposure
time in our patients’ cases. Moreover, the patients in our study
received a single dose of ondansetron intraoperatively, which
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represents a standard treatment in our hospital. The admin-
istration of an antiemetic drug may have interfered with the re-
sults, but because of ethical issues, it was not justified to with-
draw the best standard treatment. Nevertheless, Chiu et al. *
highlight the effectiveness of a combined approach in cancer
patients, i.e., total IV anesthesia with regional anesthesia (par-
avertebral and pectoral nerve blocks), in reducing opioid con-
sumption and lowering the incidence of PONV after total mas-
tectomy. Tripathy et al. ¥ reported equally prolonged postop-
erative analgesia and low intra- and postoperative opioid re-
quirements in the groups of patients undergoing breast cancer
surgery receiving isoflurane-maintained anesthesia with pecto-
ral or paravertebral nerve block.

According to the enhanced recovery after surgery pro-
tocol, all patients with existing risk factors for the develop-
ment of PONV should receive a combination of two antie-
metics for PONV prophylaxis . The most commonly ap-
plied first-line treatment is a combination of dexamethasone
and 5-hydroxytryptamine 3 receptor antagonist. Still, the
routine administration of dexamethasone in cancer patients is
controversial, as the effect of dexamethasone on the long-
term oncological outcome has not been fully studied yet;
therefore, a single treatment was applied in our study. Ta-
brizi et al. ® reported a lower incidence of PONV following
gynecological and breast surgery after routinely assessing the
ASRS for PONV and implementing PONV guidelines. How-
ever, Krieser et al. ® showed in their retrospective cohort
study that female patients undergoing general anesthesia are
affected by failure to adhere to PONV prevention guidelines
to a disproportionately greater extent than male patients.

Several factors could affect the results of our study.
Most importantly, the routine administration of ondansetron
has probably highly interfered with the results. As we men-
tioned, we could not withdraw a single dose of antiemetic
medication from our patients due to ethical issues. That being
the case, we could examine if hyperoxia could be an effective
additional treatment modality to the routine administration of
ondansetron, but the antiemetic potential of supplemental ox-
ygen without the usage of any other pharmacologic agent
could not be assessed. Second, intraoperative analgesia was
provided with boluses of fentanyl, according to the hemody-
namic response to pain. This is a relatively subjective method,
which, to some extent, depends on the individual practice of
the anesthesia care providers. On that account, there could
appear differences in opioid administration between the in-
cluded subjects based on patient age, body constitution, pain
response, and subjective evaluation of the anesthesiologist.
Third, preoperative anxiolysis and fluid administration could
affect the results. All patients received a single dose of an an-
xiolytic drug (bromazepam 3 mg per o0s) the evening prior to
surgery; however, that is a standardized dose, which cannot
reduce anxiety to the same extent in all patients. Moreover,
after admission to the hospital, patients were allowed to eat
until evening and drink water until midnight prior to surgery.
Therefore, there were individual differences in preoperative
hydration between the included patients, which could affect
the incidence and severity of PONV. Fourth, anesthesia time,
and thus the exposure time to volatile anesthetics, was slightly

different between the included subjects, which could influ-
ence the study outcome. Fifth, neostigmine in a dose of 2.5
mg IV was administered to all patients at the end of the pro-
cedure for reversal of neuromuscular blockade. Neostigmine
has a parasympathomimetic effect, increasing intestinal motil-
ity and secretion, thus potentially contributing to the devel-
opment of PONV %

Our study has some limitations. First of all, the sample
size and the occurrence of the examined phenomenon were
low. According to the sample size calculation based on the
prevalence of the examined clinical condition in our institu-
tion, the number of patients was sufficient, but the incidence
of PONV was not high enough. Hence, to obtain stronger
statistical evidence, a greater sample size is required. Fur-
thermore, only patients were trial-blinded, but trial personnel
were not. Third, the administration of a single dose of an an-
tiemetic drug represents an indispensable part of the best
standard treatment in our hospital, which could highly affect
our results. Fourth, the anesthesia time and overall exposure
time to hyperoxic conditions was relatively short.

Taking into consideration the systemic effects of onco-
logical disease, cancer treatment, and a higher incidence of
PONV in this population, we aimed to investigate PONV in
a specific, highly sensitive patient population — breast cancer
patients. Our study is unique in patient selection, and the
strength of our study is in obtaining a relatively homogenous
patient population with a specific disease undergoing surgi-
cal intervention and general anesthesia under identical condi-
tions. We included only low-risk patients for the develop-
ment of postoperative cardiovascular or respiratory compli-
cations as a consequence of supplemental oxygen admin-
istration. Summarizing our results and the findings of the
previous years, we can suggest that supplemental oxygen
should not be routinely administered intraoperatively with
the expectation of reducing PONV incidence. Most of the
studies reporting a favorable effect of hyperoxia in the pre-
vention of PONV were conducted a decade ago % %0 3335,
Bearing in mind that anesthesia practice has been remarkably
changed since that time, our results provide up-to-date in-
formation about the perioperative use of hyperoxia in the
current clinical setting.

Conclusion

We found no benefit of intra- and postoperative hy-
peroxia in reducing the incidence of PONV. Results obtained
do not support routine administration of hyperoxia in addi-
tion to antiemetics for the prevention of PONV in patients
undergoing breast cancer surgery. For that reason, we can
suggest that supplemental oxygen should not be administered
routinely during general anesthesia for breast cancer surgery
to prevent PONV.
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