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Summary

High intra-operative oxygen concentration reportedly reduces postoperative nausea and vomiting

(PONV), but recent data are conflicting. Therefore, we tested whether the effectiveness of sup-

plemental oxygen depends on the endpoint (nausea vs. vomiting), observation interval (early vs.

late) or surgical field (abdominal vs. non-abdominal). We randomly assigned 560 adult patients

undergoing various elective procedures with a PONV risk of at least 40% to intra-operative 80%

(supplemental) or 30% oxygen (control). Potential confounding factors were similar between

groups. Incidences of nausea were similar in the groups during early (12% (supplemental) vs. 10%

(control), p = 0.43) and late intervals, 26% vs. 20%, p = 0.09, as were the incidences of vomiting

(early: 2% vs. 3%, p = 0.40; late: 8% vs. 9%, p = 0.75). Supplemental oxygen was no more

effective at reducing PONV in abdominal (40% vs. 31%, p = 0.37) than in non-abdominal surgery

(25% vs. 21%, p = 0.368). Thus, supplemental oxygen was unable to reduce PONV independent

of the endpoint, observational period or site of surgery.
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Postoperative nausea and vomiting (PONV) is one of the

most common complications of anaesthesia with an

incidence ranging from 10% to 80% [1–3]. PONV can

delay discharge from the hospital, decrease patient

satisfaction and increase use of resources [4]. Patients rate

PONV as one of the worst postoperative outcomes [5].
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Unfortunately, single anti-emetics have limited efficacy

[6–9] and although preliminary studies for multimodal

management were encouraging [10], we found that any

combinations of ondansetron, dexamethasone and drop-

eridol were only additive in their ability to prevent

PONV [11]. As a consequence, the remaining risk for

PONV is basically a function of an individual’s baseline

risk and the number of interventions, and not which

specific combination of interventions the patient receives.

Thus, despite prophylaxis with four anti-emetic inter-

ventions, about one in five high-risk patients still suffers

from PONV [11].

Previous studies have reported that providing the

patient with an intra-operative oxygen concentration of

80% (supplemental oxygen), instead of the commonly

used 30% (standard), is an inexpensive and easily applic-

able anti-emetic method. Greif and colleagues [12] first

described a 50% reduction of PONV in patients given

supplemental oxygen during and for 2 h after colon

surgery. Two years later, Goll and colleagues [13]

reported that supplemental oxygen is at least as effective

as ondansetron in reducing PONV following gynaeco-

logical laparoscopy.

The positive results from Greif et al. [12] might be

questionable because this was not their primary endpoint.

However, the confirmation of a subsequent randomised,

controlled trial by Goll et al. [13] prompted three centres

that were ready to participate in our large randomised,

controlled trial to investigate the potential benefit of 80%

intra-operative oxygen concentration as an anti-emetic

intervention [14].

In this analysis, we sought to investigate the effect of

intra-operative supplemental oxygen on nausea vs. vom-

iting (outcome dependent), during the early vs. late

observational period (time dependent), or in patients

who underwent abdominal vs. non-abdominal surgery

(surgery-site dependent).

Methods

This study is based on the design from the International

Multicentre Protocol to assess the single and combined

benefits of Antiemetic strategies in a Controlled clinical

Trial of factorial design (IMPACT) [14].

Protocol

After obtaining approval from the institutional review

boards and oral and written informed consent, 560 adults,

who were scheduled to undergo elective surgery under

general anaesthesia that was expected to last at least 1 h,

were randomly allocated to an inspired intra-operative

oxygen concentration in nitrogen of either 80% (supple-

mental oxygen) or 30% (air). To qualify for the study,

patients had to have at least a 40% risk of PONV

according to a simplified risk score based on the presence

of at least two of the following risk factors: female sex,

non-smoker status, previous history of postoperative

nausea and vomiting or motion sickness and anticipated

use of postoperative opioids [1]. We excluded patients in

whom any of the study drugs were contra-indicated, who

had taken emetogenic or anti-emetic drugs within the

24 h before surgery, who were expected to require

postoperative mechanical ventilation, or who were preg-

nant or lactating.

The opaque envelopes containing the randomisation

assignment were opened immediately before the induc-

tion of general anaesthesia. The anaesthetist providing

intra-operative management was aware of group assign-

ment; however, these individuals were not involved in

the postoperative assessment so that double-blinded status

was maintained.

The patients were premedicated with oral benzodia-

zepine. Three minutes before induction of anaesthesia

they received fentanyl (100–200 lg) or remifentanil

(0.25 lg.kg)1.ml)1). Induction of anaesthesia was started

with propofol 2–3 mg.kg)1 and intubation was facilitated

by rocuronium. Normocapnic mechanical ventilation and

inhalational oxygen concentration were adjusted accord-

ing to the group assignment. Anaesthesia was randomised

to be maintained with propofol or a standardised concen-

tration of inhalational anaesthetic. Patients were also

randomised to receive ondansetron (4 mg intravenously)

or not, dexamethasone (4 mg intravenously) or not, and

droperidol (1.25 mg intravenously) or not. As the addi-

tional randomisations were implemented in a factorial

design, all groups were comparable with respect to each

factor. During anaesthesia, a 20% increase in heart rate or

blood pressure from the baseline value was treated by a

bolus of fentanyl or an increase in remifentanil infusion

rate. Intra-operatively, non-steroidal anti-inflammatory

medications were administered to diminish postoperative

pain and opioid consumption. Patients receiving remif-

entanil were given morphine 50 lg.kg)1, and additional

postoperative opioids requirements were provided via a

patient controlled analgesia pump. In the postanaesthetic

care unit period, all patients received supplemental oxygen

via a nasal cannula, which provided approximately an FiO2

of about 30–40% at a fresh gas flow of 6 litres.

Measurements

Demographic data and potential confounding factors

were recorded. A trained, blinded investigator monitored

the patients for nausea and vomiting for the first 24 h after

the operation. The time, severity and characteristics of

any emetic episodes were recorded on standardised forms.

For the sake of simplicity, emetic episodes (retching or
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vomiting) were called postoperative vomiting. Patients

who experienced postoperative nausea, postoperative

vomiting, or both, were considered as having suffered

‘postoperative nausea and vomiting’ (PONV). The rescue

anti-emetic medication was 4 mg ondansetron for the

first emetic episode, 4 mg dexamethasone for the second,

and 0.5–1.25 mg droperidol for the third. Further rescue

medication was the choice of the investigator.

Sample size estimation and data analysis

We selected patients at high risk for PONV according

to a previously established scoring system and anticipa-

ted an average patient’s risk for PONV to be around

60% (patients met inclusion criteria when the risk was

roughly 40%, 60% or 80%) in the control group with

no anti-emetic interventions [1]. However, considering

the factorial design of the anti-emetic interventions, we

expected the average risk across the study population

to be about 30% [11]. To test the hypothesis of whe-

ther supplemental oxygen can halve the incidence of

PONV, i.e. to 15%, a sample size of 134 patients per

group was estimated (with alpha = 0.05 and 80%

power). However, we intended to enrol twice as many

patients, i.e. 268 per group, to allow for a subanalysis

with one additional factor in case of a non-significant

finding. For organisational reasons, in the main study

we intended to randomise a total of 288 patients per

group. To this end, this flanking study was designed

with three centres, of which each randomly allocated

288 patients into three groups; 96 patients with nitrous

oxide, 96 patients with air (30% oxygen), and an

identical branch of 96 patients with air (80% oxygen)

[14]. As this analysis concentrates on the effect of

supplemental oxygen compared to control, the group

randomly allocated to receive nitrous oxide will not be

presented here.

Statistical significance was defined as p < 0.05 in

Pearson’s Chi-squared test or if the 95% confidence

intervals of the risk ratios did not include 1.

Results

We enrolled 560 consecutive patients in the study.

One patient was excluded from the analysis because of

incomplete outcome data, leaving 559 patients for

analysis.

Morphometric and demographic factors, type of sur-

gery and duration of anaesthesia were all comparable in

the two groups (Table 1). Potential confounding factors,

including sex, smoking history, history of motion sickness

and PONV, postoperative opioid use, risk scores and,

more importantly, the calculated risk were also compar-

able in the two groups (Table 1).

The number of patients who experienced nausea,

vomiting, or both, was comparable in the two oxygen

groups in the early (first 2 h), late (2–24 h), and overall

(0–24 h) interval after anaesthesia (Table 2). The number

of patients requiring rescue anti-emetics was also similar

in the two groups in the early, late and overall interval

(Table 2). None of the results differed at any of the time

intervals (Table 2).

The type of surgery (abdominal vs. non-abdominal) did

not affect the rate at which patients experienced overall

nausea, vomiting, or both (Table 3).

Discussion

Our data suggest that supplemental intra-operative oxy-

gen (80% FiO2) did not reduce PONV, independent

of the endpoint, time interval, or type of surgery. In

addition, during the conduct of this study, three other

studies were published which were unable to reproduce

the assumed anti-emetic effect of supplemental oxygen

[15–17].

Our findings and those of the concurring studies

[15–17] conflict with the reports by Greif et al. [12] and

Goll et al. [13] that indicated that supplemental intra-

operative oxygen substantially decreases the incidence of

PONV. There may be several reasons for these conflict-

ing results. Unfortunately, none of the other studies

[15–17] was applied to a wider patient population or

powered to perform a subgroup analysis.

One reason for the divergent finding may be that the

studies had different endpoints. Nausea and vomiting

are pathophysiologically two different endpoints [18].

Although risk factors for both are similar, Stadler and

colleagues [19] reported that the type of surgery might be

Table 1 Demographic and morphometric data, and potential
confounding factors.

Supplemental

oxygen; n = 280

Control;

n = 279 p-value

Female sex; n (%) 175 (63%) 182 (65%) 0.501
Age; years 43 (15) 43 (15) 0.826
Non-smoking status; n (%) 236 (84%) 229 (82%) 0.485
History of PONV; n (%) 97 (35%) 85 (31%) 0.292
History of motion
sickness; n (%)

112 (40%) 111 (40%) 0.959

Duration of anaesthesia; min 139 (80) 137 (77) 0.783
Postoperative opioids, n (%) 226 (81%) 237 (85%) 0.185
Risk Score; n (%) 0.290

1 1 (0%) 2 (1%)
2 95 (34%) 78 (28%)
3 120 (43%) 140 (50%)
4 64 (23%) 59 (21%)

Calculated risk for PONV* 0.58 (0.14) 0.58 (0.14) 0.493

*Data are presented as means (SD) or number of patients (%).
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a risk factor for nausea, but not for vomiting. Thus, the

two endpoints need to be assessed and reported separately

[20]. Our results show that intra-operative supplemental

oxygen did not reduce the incidence of nausea or the

incidence of vomiting.

Another explanation could be that the studies reported

results from different time intervals and that supplemental

oxygen was applied in different intervals as well. It has

been argued that high oxygen concentration counteracts

subtle intestinal ischaemia [12, 13], which is associated

with increased serotonin-induced nausea and vomiting in

long distance runners [21]. But given the short half-life of

serotonin, the anti-emetic effects of supplemental oxygen

should not last much longer than the oxygen exposure.

Therefore, we investigated whether supplemental oxygen

reduces nausea, vomiting, or both in the early but not in

the late period. However, our results did not support this

hypothesis as we were unable to demonstrate an anti-

emetic effect of supplemental oxygen in either the early

or late time interval.

Several other studies also investigated the effect of

supplemental oxygen. Purhonen and colleagues [15] and

Joris and colleagues [16] had virtually identical incidences

of PONV in the early postoperative period, even though

supplemental oxygen was also given in the first and

second postoperative hours, respectively. Consistent with

this is a recent study by Ghods and colleagues [22] who

applied supplemental oxygen for the first 6 postoperative

hours and again found no reduction in PONV. Thus, the

divergent results between the two positive studies from

Greif et al. [12] and Goll et al. [13] and negative studies of

others, including the current one, cannot be attributed to

whether supplemental oxygen was given in the post-

operative period or whether the correct postoperative

time interval was analysed.

A second possible explanation for the divergent reports is

that supplemental oxygen is effective in patients under-

going abdominal but not non-abdominal surgery. In fact,

both initial positive studies were performed in abdom-

inal surgery patients [12,13]. However, according to our

subanalysis for abdominal vs. non-abdominal surgery,

supplemental oxygen did not cause a significant reduction

in PONV in either group (Table 3). Our findings agree

with those of Purhonen and colleagues [15], showing that

supplemental oxygen did not reduce PONV following

ambulatory gynaecological laparoscopy. Thus, surgical

location cannot explain the controversial results.

Our negative results combined with those of other

studies raise the question of whether supplemental oxygen

has any anti-emetic properties at all. In opposition to this

theory are at least two articles reporting that supplemental

oxygen reduces nausea and vomiting during ambu-

lance transport [23, 24]. However, in a well controlled

experimental human model for motion sickness by Ziavra

Table 2 Incidences and relative risks of
nausea, vomiting, and both, and rescue
treatment for various time intervals.

Supplemental
oxygen*
n = 280

Control*
n = 279

Relative Risk†
with 95% CI p-value

0–2 h
Nausea 34 (12%) 28 (10%) 1.21 (0.76, 1.94) 0.428
Vomiting 5 (2%) 8 (3%) 0.62 (0.21, 1.88) 0.396
Nausea and vomiting 34 (12%) 28 (10%) 1.21 (0.76, 1.94) 0.428
Rescue treatment 2 (1%) 1 (0%) 1.99 (0.18, 21.85) 0.565

2–24 h
Nausea 72 (26%) 55 (20%) 1.30 (0.96, 1.78) 0.090
Vomiting 23 (8%) 25 (9%) 0.92 (0.53, 1.58) 0.753
Nausea and vomiting 73 (26%) 55 (20%) 1.32 (0.97, 1.80) 0.74
Rescue treatment 4 (1%) 2 (1%) 1.99 (0.37, 10.79) 0.414

0–24 h
Nausea 85 (30%) 66 (24%) 1.30 (0.99, 1.71) 0.074
Vomiting 28 (10%) 33 (12%) 0.85 (0.53, 1.36) 0.488
Nausea and vomiting 86 (31%) 66 (24%) 1.30 (0.99, 1.71) 0.061
Rescue treatment 6 (2%) 3 (1%) 1.99 (0.50, 7.89) 0.316

Data are presented as *number of patients (%) or †relative risk (95% confidence intervals).

Table 3 Incidence of PONV according to type of surgery and
intra-operative oxygen concentration.

Surgery type

Supplemental

oxygen Control p-value

Nausea; n (%) Non-abdominal 42 (25%) 40 (21%) 0.368
Abdominal 43 (39%) 26 (31%)

Vomiting; n (%) Non-abdominal 18 (11%) 20 (10%) 0.946
Abdominal 10 (9%) 13 (15%)

Nausea and
vomiting; n (%)

Non-abdominal 42 (25%) 40 (21%) 0.368
Abdominal 44 (40%) 26 (31%)

Data are presented as number of patients (%).
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et al., supplemental oxygen did not change the motion-

related nausea threshold [25].

All of our patients were also randomly allocated to

other anti-emetic interventions, and even though the

interventions were equally distributed across the groups,

interaction with one of those interventions could theor-

etically have skewed the results. However, we have

previously shown that the efficacy of anti-emetic inter-

ventions were not influenced by the presence or absence

of the other interventions, i.e. the effects were additive,

thus making it highly unlikely that the other interventions

influenced the results of supplemental oxygen [11]. Of

note, analyses of other factorial trials support the obser-

vation that such interactions in clinical trials are unlikely

and that most effects are just additive [26].

Another more general concern of studies with negative

results is whether there was sufficient power to detect the

effect. However, as we described in the methods section,

the study was powered to allow even for subgroup

analyses, which is probably why it is the largest study to

date investigating the potential effect of supplemental

oxygen. Thus, we provided evidence not only of a lack

of effect, but also that even differences in the outcome

measure, time interval or type of surgery would not

change these results, and were therefore able to conclude

that the negative result was not dependent on other

influencing factors.

In conclusion, in our analysis of this randomised

controlled trial in over 500 patients, supplemental intra-

operative oxygen did not reduce PONV. This was also

true when the results were analysed for nausea and

vomiting separately, for both the early and the late

interval after surgery, and whether the patient underwent

abdominal or non-abdominal surgery. In the light of the

majority of studies, supplemental oxygen does not appear

to be a substitute for prophylactic anti-emetics in patients

at high risk of PONV.
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