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BACKGROUND: Studies on the ability of supplemental oxygen to decrease the incidence
of postoperative nausea and vomiting (PONV) are inconsistent, with initial studies
suggesting benefit while subsequent trials demonstrate no decrease in PONV.
METHODS: To clarify whether supplemental oxygen is an effective and reliable
method to reduce PONV, we performed a systematic review (MEDLINE, Cochrane
Library, hand searching and bibliographies, with no language restriction, through
March 2006) of randomized, controlled trials comparing perioperative 80% versus
30%—-40% F10, on the incidence of PONV. For this systematic review, PONV was
defined as any nausea, retching, and/or vomiting in the first 24 h after surgery. The
end-points were early PONV (0-6 h), late PONV (624 h), and overall PONV (024
h). Data from 10 trials with 1729 patients were included in our meta-analysis: 860
received 80% F10, and 869 received 30%—40% F10,.

RESULTS: In patients who received 80% F10,,the relative risk (95% confidence
intervals) of experiencing early PONV was 0.91 [0.71-1.16]; late PONV, 0.88
[0.69-1.11]; and overall PONYV, 0.91 [0.77-1.06]. Results were similar for early, late,
and overall nausea and vomiting.

CONCLUSIONS: The positive results of two initial studies reducing the risk for PONV
in patients given 80% Fro, were not confirmed by any of the subsequent trials.
Considering all available evidence, 80% F10, should no longer be considered an
effective or reliable method to reduce overall PONV.

(Anesth Analg 2008;106:1733-8)

Studies on the use of supplemental oxygen to
decrease the incidence of postoperative nausea and
vomiting (PONV) have yielded controversial results,
resulting in confusion among clinicians whether to use
supplemental oxygen as a strategy to reduce the risk
for PONV. We therefore performed a systematic re-
view to collect and analyze the best available evidence
on the effectiveness of this intervention.

The idea that supplemental oxygen may have anti-
emetic properties originated from studies investigating
the decreased emetogenic effect of nitrous oxide in
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patients receiving high concentrations of oxygen instead
of air. Overdyk and Roy were first to question whether
the reduction in PONV in such studies was the result of
high concentrations of supplemental oxygen rather than
the absence of nitrous oxide."

Two years later, Greif et al.” reported in a random-
ized, controlled study that supplemental oxygen re-
duces the incidence of PONV; however, this trial was
not designed to demonstrate a reduction in PONV but
rather in wound healing. Subsequently, the same
group found that supplemental oxygen was at least as
effective in reducing PONV after gynecological lapa-
roscopy as it was after colon surgery, leading Goll et
al. to postulate that supplemental oxygen might de-
crease subtle intestinal ischemia under anesthesia and,
consequently, decrease the incidence of PONV.2 Sub-
sequent trials comparing supplemental oxygen with
standard oxygen in nitrogen have not confirmed these
promising initial results.*”® To resolve this controversy,
we performed a systematic review to determine whether
supplemental intraoperative oxygen is a promising clini-
cal strategy to reduce PONV.

METHODS

We performed a systematic search for randomized,
controlled trials that tested the hypothesis that pro-
phylactic supplementation of air with high (80%)
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versus low (30%—-40%) oxygen concentration during
general anesthesia decreases PONV. Patients who
received 80% oxygen in air are referred to as the
“supplemental oxygen” group and patients who re-
ceived 30%-40% oxygen are referred to as the “air”
group.

The main outcomes were emetic events reported in
a dichotomous form (i.e., presence or absence of
nausea, vomiting, and/or retching with either supple-
mental oxygen or air). We searched MEDLINE (from
1996), Science Citation Index, and Cochrane Library
(Issue 4, 2004) databases without any language restric-
tion using the following free text and associated MeSH
terms: [oxygen AND (nausea OR vomiting)] OR
(supplemental oxygen AND anesthesia). References
within all identified studies were hand-searched until
no new references were found. The last electronic
search was performed in July 2005 and updated in
March 2006.

Three authors (C.C.A., M.O.S,, and P.K.) indepen-
dently read all reports and abstracts that could possi-
bly meet the inclusion criteria and scored them based
on the reported methodology, including adequacy of
randomization and allocation concealment, blinding
of the study, and description of withdrawals (Jadad
Scale).” The reports were also assigned a non-
numerical assessment based on the Cochrane Re-
viewers” Handbook.

Data on type of surgery, risk factors, interventions,
and outcomes in each trial were extracted using a
prespecified format in an Excel worksheet. We distin-
guished between abdominal and nonabdominal sur-
gery because differences in outcome might depend on
underlying pathophysiological mechanisms.

Incidence of PONV was extracted and evaluated for
three time periods: the early period was defined as the
earliest reported interval within 0—6 h after surgery,
the late period was defined as 6-24 h after surgery,
and the overall period was defined as 024 h after
surgery. When incidence of events was reported for
different early intervals, we chose the earliest interval
(e.g., 0-2 h instead of 0-6 h) to increase the chance of
detecting different effects in the early versus the late
periods.

Nausea was defined as an unpleasant sensation with
awareness of the urge to vomit. Emesis was defined as
successful or unsuccessful expulsion of gastric contents
(vomiting or retching). PONV was defined as any nau-
sea, retching, and/or vomiting. All events (nausea, eme-
sis, and PONV) were extracted in dichotomous form.
These events were analyzed separately.

For sensitivity analyses, we further explored the
data for robustness of the obtained results by separat-
ing the included trials according to type of surgery
(abdominal and nonabdominal surgery), and we also
reevaluated the subsequent trials excluding the first
two original trials,>” given that these results have not
been reproduced by others.
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A random effects model was used for the calcula-
tion of relative risks (RRs) with supplemental oxygen
versus air and the associated 95% confidence intervals
(CI) (Review Manager 4.2, Cochrane Collaboration,
Oxford, UK). When the 95% CI around the RR did not
include the number one, we assumed a statistically
significant difference between supplemental oxygen
and standard oxygen in nitrogen (air).

RESULTS

Our electronic search revealed five studies that met
our inclusion criteria.>® A hand search of anesthesia
meeting abstracts and personal communications re-
vealed an additional study from our own group,””
two then unpublished studies,'”'" and one abstract.'?
For the two unpublished studies, the primary investi-
gators responded to our inquiries and provided data
after the articles were accepted for publication.'®!!
One study was initially published as an abstract but
has since been published as a full paper.'> A further
published trial was found on secondary electronic
search and contained three groups in which the pa-
tients were randomized to 30, 50, or 80% oxygen in
nitrogen."®> We included the 30% and 80% oxygen
groups in this meta-analysis. A final included study
was found in the dental literature.'* One study was
excluded because we considered the comparison of
50% versus 30% oxygen too small a difference to
reveal an antiemetic effect.* Thus, 1729 patients
from 10 studies are considered in this meta-analysis
(Table 1).

The RR for PONV within the first 24 h after surgery
in the patients receiving 80% oxygen as opposed to
30%—-40% oxygen was 0.91 [95% CI 0.77-1.06] (Fig. 1).
This finding did not change appreciably when ab-
dominal and nonabdominal surgical patients were
analyzed separately; RRs were 0.81 (0.56-1.18) and
0.97 (0.83-1.12), respectively. Two initial studies that
were conducted in Vienna, Austria, had positive re-
sults (RRs of 0.56 and 0.49); in contrast, all other
studies were negative, which led to heterogeneity
among the studies (P = 0.01 in patients undergoing
abdominal surgery and P = 0.10 in all patients). The
RRs for early, late, and overall vomiting were 0.72,
0.88, and 0.82, respectively (Table 2), none of which
were statistically significant. In the abdominal surgery
subgroup, supplemental oxygen was associated with
significantly decreased vomiting; however, when the
two initial positive studies>® were excluded from the
analysis, none of the comparisons remained statisti-
cally significant. Values for nausea were similar to
those of PONV (Table 2). The RRs for nausea did not
change when the abdominal and nonabdominal
groups were analyzed separately; the RRs for overall
nausea were 0.79 [0.54-1.16] and 0.95 [0.81-1.12],
respectively.
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Table 1. Randomized Controlled Trials Included in the Meta-Analysis on the Influence of Supplemental Oxygen on Postoperative

Nausea and Vomiting

Jadad Excluded Outcomes used in
Reference scale® Procedure Oxygen concentration (1) ~ intervention groups meta-analysis Comment
Greif et al., 2/2/0  Colon surgery 80% (112)  30% (119)  None Early (0-6 h), late (6-24 h) Oxygen was continued
19992 and overall (0-24 h) 2 h after surgery
PON, POV, PONV according to the
assigned F10,
Goll et al., 2/2/0  Gynecologic 80% (79) 30% (80) Oxygen 30% + Early (0-6 h), late (6-24 h) Patients received
2001° laparoscopy Ondansetron and overall (0-24 h) 2 L/min oxygen
8 mg (n = 81) PON, POV, PONV for 2 h postoperatively
Purhonen 2/2/1  Gynecologic 80% (49) 30% (50)  None Early (until end of PACU Oxygen was continued
etal., 2003° laparoscopy stay), late (end of 1 h after surgery
PACU stay until according to
discharge) and overall assigned F1o,
(0-24 h) PON, POV,
PONV
Joris et al., 1/2/0  Thyroid surgery 80% (50) 30% (50)  Oxygen 30% + Early (0-2 h) and overall Oxygen was continued
2003° Droperidol (0-24 h) PON, POV, 2 h after surgery
0.625 mg (n = 50) PONV according to
Late (6-24 h) PON, POV assigned F1o,
First author provided
PONV data for
early and overall
period
Turan et al., 2/2/1  Abdominal and 80% (280)  30% (279) Based on a study Early (0-2 h), late (6-24 h) Patients at high risk
2006° nonabdominal with factorial and overall (0-24 h) for PONV according
surgery design PON, POV, PONV to a simplified risk
score were included
in the study
Piper etal., 1/1/0  Laparoscopic 80% (125)  40% (125) 60 % N,O (n = 127)  Early (0-2 h) POV, PONV All patients received
2006'2 cholecystectomy Overall (0-24 h) POV, PONV 2 L/min oxygen
via nasal cannula
while in PACU
Treschan et al., 2/2/1  Strabismus 80% (68) 30% (71) Oxygen 30% + Early (0-6 h) Pediatric and adult
2005™ surgery Ondansetron 75 and overall (0-24 h) strabismus surgery
ug/kg (n = 71) PON, POV, PONV patients
Late (6-24 h) PONV
Purhonen etal,,  2/2/1 Breast surgery 80% (29) 30% (28)  Oxygen 30% + Early (0-2 h) and overall Oxygen was continued
2006 Ondansetron 4 (0-24 h) PON, POV, 2 h after surgery
mg PONV according to
(n = 28) Late (6-24 h) PONV assigned F1o,
Bhatnagar 2/1/0 Modified 80% (20) 30% (20) Oxygen 50% in Early (0-2 h) and late Oxygen supplemented
etal, mastectomy nitrogen (6-24 h) PONV postoperatively if
2005 Overall (0-24 h) PON, PONV saturation was less
than 95%
Donaldson 2/2/1 Dental surgery 80% (48) 30% (47) None Early (until end of PACU Pediatric Dental
etal, stay) PON, POV, PONV surgery patients
2005 Late (end of PACU to day

procedure discharge) PON
Overall (0 to discharge)
PONV

PON = postoperative nausea; POV = postoperative vomiting; PONV = postoperative nausea and vomiting; PACU = postanesthesia care unit.

2 Randomization/blinding/follow-up.

b Abstract presented at the Meeting of the German Society of Anesthesiologists, 2004, Munich, Germany (FV 1-9.1).

DISCUSSION

Two initial studies, co-authored by one of our
authors (D.LS.), postulated that oxygen might be
effective at reducing PONV via prevention of subtle
intestinal ischemia and hypoxia associated with ab-
dominal surgery.>® Proposed mechanisms included
surgical stress'” or increased intraabdominal pres-
sure,'® both of which reduce intestinal blood flow.
Decreased blood flow is potentially important since
subtle ischemia of the intestine might trigger serotonin
release, which causes nausea and vomiting in at least
some (nonanesthetic) circumstances.'” However, later
studies involving abdominal surgeries were negative
for an increased risk of PONV.>7/812
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Considering the heterogeneity among the groups,
we tested the hypothesis that the type of surgery
might determine the efficacy of supplemental oxygen
on PONV. Therefore, we performed a sensitivity anal-
ysis of the results based on the type of surgery
(abdominal and nonabdominal surgeries). Our results
suggest that increased intraoperative supplemental
oxygen has no effect on overall PONV, regardless of
type of surgery.

The half-life of serotonin is only a few minutes and, as
a result, data correlating postoperative levels and PONV
are lacking. One study found higher plasma concentra-
tions of serotonin metabolites (5-hydroxyindolic acid)
after abdominal surgery to be associated with a higher
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Review: Supplemental Oxygen for PONY

Comparison: 01 oversll (24 hrs)

Outcome: 03 PONY

Stucy Supplemental oxygen 30 % ouxygen RR (random) Weight RR (random)

or sub-category nil ni 95% Cl % 95% C

01 abdominal

Greif 1899, 2 19/112 36/119 —— 7.61 0.56 [0.34, 0.92)
Goll 2001, 3 17/79 35/80 _— 7.69 0.49 [0.30, 0.80]
Purhonen 2003, 5 27/49 31/50 —- 12.43 0.89 [0.64, 1.24)
Aptel 2004, 7 44/109 26/85 -1 10.27 1.32 [0.89, 1.96]
Piper 2006,12 147125 13/128 —_—— 4.26 1.08 [0.53, 2.20]
Subtotal (95% CI) 474 459 < 42.26 0.81 [D.56, 1.18])
Total events: 121 (Supplemental oxygen), 141 (30 % oxygen)

Test for heterogeneity: Chi* =12.92,df =4 (P =0.01),F = 693.0%

Test for overall effect Z=1.11 (P=0.27)

02 nonabdominal

Joris 2003, 6 24/50 25/50 — 10.05 0.96 [0.64, 1.43]
Apfel 2004, 7 427171 40/194 —1--— 10.67 1.19 [0.81, 1.74]
Bhatnagar 2005, 22 6/20 7/20 —_— 2.86 0.86 [0.35, 2.10]
Donaldson 2005, 14 16/48 19747 —_—— 6.84 0.82 [0.49, 1.40]
Purhonen 2006, 10 24/29 2s/28 18.34 0.93 [0.75, 1.14)
Treschan 2005, 11 Z25/68 26/71 % 8.98 1.00 [0.65, 1.55]
Subtotal (95% CI) 386 410 £7.74 0.97 [0.83, 1.12]
Total events: 137 (Supplemental oxygen), 142 (30 % oxygen)

Test for heterogenetty: Chi* =198, df =5 (P =085), F=0%

Test for overall effect: Z = 0.47 (P = 0.64)

Total (85% CI) 860 869 ‘ 100.00 0.91 [0.77, 1.06]
Total events: 258 (Supplemental oxygen), 283 (30 % oxygen)

Test for heterogeneity. Chi* =15.84,df =10(P=0.10), F =369%

Test for overall effect: Z=1.20 (P =0.23)

01 02 05 1 2 5 10
Favors oxygen
Figure 1. Comparison of patients with and without supplemental oxygen according to abdominal and nonabdominal surgery.

The end-point is the presence of postoperative nausea and/or vomiting (PONV) over the entire study period of 24 h. RR =
relative risks; CI = confidence intervals.

Favors control

Table 2. Relative Risks (RR) and 95% Confidence Intervals (Cl) for the Compared Trials (RR >1 Favors Air Whereas RR <1 Favors
Supplemental Oxygen)

Greif? and Goll et al.3

Type of surgery Time Outcome RR in % [95 CI] data excluded
Abdominal Early Nausea 0.90[0.50-1.60] 1.49 [0.89-2.50]
Vomiting 0.42[0.22-0.82] 0.37 [0.12-1.20]

PONV 0.90[0.56-1.43] 1.34 [0.86-2.07]

Late Nausea 0.69 [0.39-1.25] 0.93[0.43-1.98]

Vomiting 0.69 [0.38-1.24] 0.90 [0.45-1.82]

PONV 0.72[0.41-1.29] 1.03 [0.58-1.85]

Overall Nausea 0.79 [0.54-1.16] 1.04 [0.69-1.57]

Vomiting 0.62 [0.40-0.97] 0.83[0.51-1.34]

PONV 0.81[0.56-1.18] 1.06 [0.81-1.39]

Nonabdominal Early Nausea 0.96 [0.72-1.28] Not applicable
Vomiting 1.29[0.57-2.92] Not applicable

PONV 0.94 [0.71-1.24] Not applicable

Late Nausea 1.01 [0.80-1.27] Not applicable

Vomiting 0.94 [0.70-1.25] Not applicable

PONV 0.94[0.76-1.16] Not applicable

Overall Nausea 0.95[0.81-1.12] Not applicable

Vomiting 0.96[0.73-1.27] Not applicable

PONV 0.97[0.83-1.12] Not applicable

All types of surgery Early Nausea 0.91[0.70-1.18] 1.07 [0.83-1.38]
Vomiting 0.72[0.45-1.17] 0.88 [0.48-1.59]

PONV 0.91[0.71-1.16] 1.04 [0.82-1.31]

Late Nausea 0.88[0.68-1.13] 1.00[0.81-1.22]

Vomiting 0.88 [0.68-1.13] 0.93[0.72-1.21]

PONV 0.88[0.69-1.11] 0.97[0.81-1.17]

Overall Nausea 0.89 [0.74-1.06] 0.97[0.84-1.11]

Vomiting 0.82 [0.64-1.05] 0.93[0.73-1.18]

PONV 0.91[0.77-1.06] 0.99[0.87-1.12]

PONV = postoperative nausea and vomiting.
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incidence of PONV'®, however, these results have not
been reproduced. Moreover, one would expect the eme-
togenic effects of serotonin to correspond with peak
levels of serotonin, i.e., intraoperatively, rather than with
the inactive metabolites postoperatively. In accordance
with previous studies,'”* Apfel et al.” found that on-
dansetron, a serotonin receptor antagonist, is no more
effective than droperidol or dexamethasone in that all
reduce the incidence of PONV by approximately 30%,
and there is no indication that serotonin-antagonists are
more effective for abdominal versus other types of
surgery. Additionally, the RR reduction for each of these
three antiemetics was independent of the type of sur-
gery, be it abdominal or otherwise. Also of note, the
classic “carcinoid triad” associated with a serotonin-
secreting tumor includes flushing, diarrhea, and cardiac
involvement, but not nausea or Vomi’fing.21 Thus, sero-
tonin release is unlikely to play a major role in PONV,
even after abdominal surgery.

It has been suggested that oxygen administration
and subsequent high arterial oxygen tension may have
a central antinausea effect as a result of decreased
dopamine release in the carotid bodies. In support of
this theory, Kober et al.** reported that supplemental
oxygen administration was effective in preventing
motion sickness of geriatric patients during prehospi-
tal transport, presumably by decreased carotid body
stimulation and subsequent dopamine-dependent
stimulation of the chemoreceptor trigger zone. How-
ever, this finding was not confirmed by Ziavra et al.,*®
who could not show a beneficial antinausea effect of
supplemental oxygen versus air in a provocative mo-
tion trial to mimic motion sickness in volunteers.

Finally, if high oxygen concentration has some
intrinsic (perhaps central) antiemetic effect, one would
expect this would be most detectable while the high
concentration of oxygen is administered. But a study
from Goll et al® in which supplemental oxygen was
restricted to the intraoperative period was positive,
whereas studies from Purhonen et al.® and Joris et al.®
were negative, even though supplemental oxygen was
given in these latter studies for an additional 1-2 h
after surgery. Furthermore, a study by Ghods et al.**
confined oxygen administration to the postoperative
period alone, and concluded that postoperative oxy-
gen supplementation of 50% did not prevent PONV in
patients undergoing cesarean delivery.

In conclusion, although meta-analyses have innate
limitations,” the results of our systematic review
provide evidence that the use of supplemental oxygen
does not lead to an overall reduction in PONV.
Supplemental oxygen can thus no longer be recom-
mended as an effective strategy to prevent PONV.
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