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Objective: To evaluate the effectiveness and safety of oxygen supplementation (inspired fraction
of oxygen, FiO2) in high concentrations versus low concentrations, given with the aim of
reducing complications in patients undergoing surgical procedures under general anesthesia.
Methods: A systematic review and a meta-analysis were performed following the methodology
proposed by the Cochrane Collaboration. The review included controlled clinical trials conducted
in patients undergoing surgical procedures under general anesthesia. After conducting data
base searches (PUBMED, CENTRAL y LILACS), and once the relevant studies were identified,
additional snowballing ambispective and grey literature searches were done.
Results: Of the 17 clinical trials finally included (4844 patients), 7 were considered to a
have a low risk of bias. High FiO2 levels reduce post-operative nausea and vomiting only
in surgeries with extensive intestinal manipulation (odds ratio [OR] 0.40; 95% confidence
interval [CI] , 0.20 to 0.80). In this same clinical setting, the risk of surgical site infection
(OR 0.46; 95% CI, 0.29 to 0.74), and mortality (OR 0.17; 95% CI, 0.03 to 0.99) are also reduced.
There was no impact on the need for rescue anti-emetic administration, length of stay in
the post-anesthetic care unit, unexpected admission to the intensive care unit, or post-
operative hospital stay in any of the surgical populations.
Conclusions: Intra-operative oxygen supplementation in high concentrations (> 60%) might
reduce the risk of surgical site infection and mortality in surgeries with extensive intestinal
manipulation
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Oxigeno suplementario intraoperatorio para disminuir morbimortalidad
en anestesia general: revisién sistematica y meta-andlisis
de experimentos controlados aleatorizados

RESUMEN

Objetivo: Evaluar la efectividad y la seguridad del suministro de oxigeno (fraccién inspirada
de oxigeno, FiO,) en concentraciones altas comparado con concentraciones bajas, para
poder disminuir complicaciones en pacientes sometidos a procedimientos quirargicos bajo
anestesia general.
Meétodos: Se realizaron una revisién sistemdtica y un meta-andlisis siguiendo la metodologia
propuesta por la Colaboracién Cochrane. Se incluyeron experimentos clinicos controlados
llevados a cabo en pacientes adultos sometidos a procedimientos quirtrgicos bajo anestesia
general. Se hizo una buisqueda en bases de datos (PUBMED, CENTRAL y LILACS) y, con los
estudios pertinentes identificados, se complementé con una nueva bisqueda ambispectiva
en bola de nieve y en fuentes de literatura gris.
Resultados: Se incluyeron 17 experimentos clinicos (4.844 pacientes), de los cuales siete
fueron considerados de bajo riesgo de sesgo. Las FiO, altas disminuyen la nausea y el
vémito posoperatorio solo en cirugias de manipulacién intestinal extensa (odds ratio [OR]
0,40; intervalo de confianza [IC] 95%, 0,20 a 0,80). En este mismo escenario clinico, también
disminuyen el riesgo de infeccién del sitio operatorio (OR 0,46; IC 95%, 0,29 a 0,74) y la
mortalidad (OR 0,17; IC 95%, 0,03 a 0,99). La necesidad de antiemético de rescate, tiempo
de estancia en la unidad de cuidado postanestésico, admisién no esperada a la unidad de
cuidados intensivos y tiempo de estancia hospitalaria posoperatoria no se afectan en
ningun tipo de poblacién quirirgica.
Conclusiones: El oxigeno suplementario intraoperatorio en concentraciones altas (> 60%)
podria disminuir el riesgo de infeccién del sitio operatorio y la mortalidad en cirugias en
las que se produce manipulacién intestinal extensa

© 2012 Sociedad Colombiana de Anestesiologia y Reanimacién. Publicado por Elsevier.

Todos los derechos resevados.

Introduction

surgical stress) and, consequently, reduce serotonin release
produced because of its local vasodilatory effect.”

Oxygen (02) is given routinely to all patients in anesthetic
procedures, but concentrations vary between 30% and 100%
in all cases.

Over the past two decades, several experimental trials
assessing the possibility that the administration of high
inspired fractions of oxygen (FiO2) might influence outcomes
after certain types of surgeries have been published.!

Post-operative nausea and vomiting (PONV) are among the
most undesirable side effects of general anesthesia, and they
may even produce more discomfort than post-operative pain
itself.2 On the other hand, the pathophysiology of PONV is still
not fully understood.?

The idea of the anti-emetic properties of 02 came about as a
result of the effect observed when the use of nitrous oxide(N20)
is reduced or avoided altogether.# Some experimental studies
have reported the anti-emetic effect of increasing the FiO2 in
patients undergoing abdominal surgery.>® Moreover, some
authors have proposed that oxygen administration in high
concentrations may reduce intestinal hypoxia (resulting from

Surgical site infection (SSI) is a frequent and often severe
complication that occurs after a surgical procedure.® It is
essential to optimize perioperative conditions, with the first
few hours after bacterial contamination being critical for the
establishment of wound infection.® Partial oxygen pressure in
the surgical wound is usually low at the end of the procedure,
increasing the risk of infection because the eradication of the
bacterial inoculum is dependent on the oxidation capacity
of neutrophils.’®!! Hence the proposed idea of reducing the
incidence of SSI by increasing intraoperative ;oxygen?12-15
However, previous systematic reviews have not considered
the influence on outcomes of the risk of bias of individual
studies, or of intestinal manipulation.

The objective of this systematic review was to assess
the effectiveness and safety of administering high oxygen
concentrations (> 60%) compared to low concentrations (<
40%) as a way to reduce complications in patients undergoing
surgical procedures under general anesthesia.
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Methods

This systematic review was made using the Cochrane
Collaboration methodology,’® in accordance with the
recommendations of the PRISMA Statement,” and using the
R-AMSTAR to0].18

Eligibility criteria

Types of studies
Only randomized controlled trials were included.

Types of participants and clinical scenarios

The studies included had been conducted in adult and
pediatric patients undergoing surgical procedures under
general anesthesia. Studies conducted in obstetric patients
were excluded.

Types of interventions

The experimental intervention was defined as the administration
of intra-operative supplemental oxygen in high concentrations
(= 60%). The comparison was made with a control intervention
consisting of the administration of low concentrations of
oxygen (< 40%).

Types of outcomes
The following outcomes were evaluated in accordance with
the definitions of each study:

- Overall PONV

- Rescue anti-emetic administration

- Length of stay in the Post-Anesthesia Care Unit (PACU)
- Surgical site infection

- Admission to the Intensive Care Unit (ICU)

- Length of Hospital stay

- Atelectasis

- Pneumonia

- Mortality

Identification of the studies

Electronic database searches
The following electronic databases were searched:

- MEDLINE (Ovid SP, from 1966 to date)

- Cochrane Central Register of Controlled Trials CENTRAL (The
Cochrane Library, current issue).

- LILACS (BIREME interface, from 1982 to date).

Specific strategies were used for each database, developed
on the basis of the strategy designed for MEDLINE:

((randomized controlled trial[pt]) OR (controlled clinical
trial[pt]) OR (randomized[tiab]) OR (placebol[tiab]) OR (clinical
trials as topic[mesh:noexp]) OR (randomly][tiab]) OR (trial[ti]))
NOT (animals[mh] NOT (humans[mh] AND animals[mh])))
AND ((perioperat® OR intraoperat®) AND oxygen|[tiab])

Search in other sources

Based on the relevant papers identified, new terms were
obtained in order to enrich the proposed search strategies.
A manual search was performed on the references listed
in the selected publications, in order to identify additional
studies in articles, conference proceedings and abstracts. The
snowballing search strategy was used based on the relevant
publications using “related articles” in PubMed and “citing
articles” in ISI Web of Science.

Ongoing trials were identified:

- www.who.int/trialsearch
Sources in the grey literature were also searched:

- Clinical Medicine Netprints Collection Index to Theses
Canada Portal Networked Digital Library of Theses and
Dissertations.

- New York Academy of Science Grey Source.

- Australian Digital Thesis Program Proquest

- Digital Theses ISTP on Web of Science British Library INSIDE
(www.bl.uk/insideSIGLE)

- www.nhmrc.gov.au/nics/asp/index.asp

- http://opensigle.inist.fr

- www.nyam.org/library/pages/grey_literature_report

- www.inist.fr

- Www.science.gov

- WwWw.scirus.com

Finally, the authors of relevant publications and listed
pharmaceutical companies were contacted in order to identify
additional published and non-published trials. No language or
publication date restrictions were applied.

Data collection and analysis

Identification and selection of the studies

The authors identified the titles and abstracts found as a result
of the various searches - electronic, manual, snowballing,
ongoing studies, grey literature, and contacts with the experts
and the industry. All titles and abstracts were classified as
relevant, irrelevant or uncertain. Full texts were selected for
articles classified as relevant or uncertain by at least one of
the authors.

The authors then used a checklist to make an independent
selection of those identified publications that met the
selection criteria. The statistical kappa was calculated in
order to quantify consistency between reviewers. The titles
were not masked, considering that the two reviewers are
anesthesiologists and could recognize the source very easily,
even if it was not stated. Inconsistencies were resolved by
agreement.

Data extraction and handling

Using a specific format, one of the authors (DARV) conducted
an initial extraction of data on descriptive aspects related to
the methods, participants, and interventions of each study.
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Then, both authors extracted the outcome data for the
interventions independently and recorded them in a specific
format. Inconsistencies were resolved through agreement.
Data input into de RevMan was simple. Neither the authors
nor the sources of publication were masked.

Assessment of the risk of bias in the studies included

Both authors assessed the risk of bias in each of the studies
independently, and recorded it in a specific format. The
following aspects were assessed in accordance with the
Cochrane Handbook for Reviews of Interventions (16):

- Generation of the assignment sequence

- Masking of the assignment

- Masking of the participants (patients, caregivers, outcomes
reviewetr, etc.)

- Incomplete data in the outcomes analysis

- Selective reporting of outcomes

- Other sources of bias

When the data required were not available in the study
reports, additional information was sought through e-mail
contact with the principal author of the trial.

Measurement of the effect of treatment

The odds ratio (OR) was calculated for outcome dichotomies.
The appropriate scale (hours, days) was used for continuous
outcomes. Ninety-five per cent confidence intervals (95% CI)
were calculated for all measurements.

Unit of analysis

Each randomized patient was taken as a unit of analysis. For
the management studies with multiple treatment groups,
the “unit of analysis error” was avoided by combining similar
groups in order to make a single comparison.1®

Management of lost data

When required, the authors of the studies included were
contacted in order to recover lost data. When contact was
possible, available data were collected, and when not, the lost
data were estimated (for example, standard deviations were
calculated from standard errors or confidence intervals). If,
despite these efforts it was not possible to obtain lost data,
the analysis was done including only the data available.

Evaluation of heterogeneity

Heterogeneity and inconsistency were evaluated using four
strategies:comparisonofmethods,participantsandinterventions
of the studies (methodological heterogeneity), comparison of the
types of patients (clinical heterogeneity), visual assessment of
the forest plot, and Chi2 , Tau2 and I2 statistics.

There is statistical heterogeneity when the P value of the
Chi2 statistic is less than 0.10 or the I2 test is greater than
50%. The P value is undervalued for detecting heterogeneity in
order to avoid false negative results when only a few studies
or those with small sample sizes are evaluated. The degree of
inconsistency between the studies was also evaluated using
the 12 statistic, where a value greater than 50% indicates the
presence of significant inconsistency.1®

Evaluation of reporting bias

Reporting bias was approached by means of a detailed
evaluation of the study methodology. The publication bias
was assessed using the funnel plot for each outcome assessed
by 10 or more trials.1®

Data synthesis

The results of the studies were combined quantitatively,
according to the measured outcome, using the Cochrane
Collaboration Review Manager (RevMan 5.0) statistical package.
The quantitative outcomes analysis was done on the basis
of the “intention to treat”. However, the data were analyzed
per protocol when it was not possible to obtain the necessary
data. Mean differences for continuous measured outcomes
were calculated with the same scale, and the estimates were
grouped using a “random effects” model.?®

Subgroup analyses

Subgroup analyses were performed for all outcomes, and
also according to intestinal manipulation, on the basis of the
modification to the classification proposed by Disbrow:2

- Absent
- Limited
- Extensive

Sensitivity analyses

Sensitivity analyses were performed in order to explore the
origin of the heterogeneity, and the effect of the bias risk (low
vs. uncertain/high) and the concomitant use of nitrous oxide
(N20) on the results.

Results

Figure 1 describes the process of selection of the studies. Tables
1 and 2 show the studies that were included and excluded,
respectively. Of the 17 studies included, 7 (41%) were classified
as having a “low risk of bias”.

Intestinalmanipulationclassifiedas:A,absentmanipulation;
B, limited manipulation; C, extensive manipulation. Items
used in assessing risk of bias:1® Generation of the assignment
sequence, masking of the assignment, masking of participants
(patients, caregivers, outcomes reviewer, etc.), incomplete data
in the outcomes analysis, selective reporting of outcomes,
other sources of bias (and final assessment).

No significant differences were found regarding the
incidence of post-operative nausea and vomiting (PONV) in
surgeries where no intestinal manipulation was required.
There were also no differences found between study results
according to the risk of bias (fig. 2).

In studies including surgeries with limited intestinal
manipulation, no differences were found in the incidence
of PONV when high FiO2 was used. However, there was
heterogeneity between studies, in particular among those with
low risk of bias. This heterogeneity decreased (12=0%) when the
Sadrolsadat study®” -the only one where oxygen plus nitrous
oxide was used- is excluded from the analysis. Likewise, there is
no evidence of changes in the incidence of this outcome (fig. 3).
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Identification Databases 1.561
-PUBMED 988
-CENTRAL 425
-LILACS 148
Other sources 28
Total 1.589
Duplicates
592
Detection Review of titles and asbtracts
997
2 authors (DARV, ABC)
kappa = 0,77
Irrelevant papers
948
Elegibility Full text papers
49
2 authors (DARV, ABC)
kappa = 0,82 Irrelevant reports 8
Reviews 6
Others 2
Excluded reports 18
Because of design 0
Because of participants 10
Because of Intervention 6
Because of outcomes 2
Total 26

O, 80% compared with 30%

O, 80% compared with 35%

O, 80% compared with 40%

O, 70% compared with 30%
Studies by outcomes

Postoperative nausea and vomitus

Rescue antiemetic

Stay at PACU

Surgicall site infection

Admision to CCU

Hospital stay

Atelectasis

Pneumonia

Mortality

Included (17 studies/23 articles/4,844 patients)

1

4 aan

14

-
AN ARMRMON

Fig. 1 - Selection Process.

In surgeries with extensive intestinal manipulation, a beneficial
effect was found with the use of high oxygen concentrations in
reducing the incidence of PONV (fig. 4). This result was obtained
only in studies with uncertain or high risk of bias.

In studies conducted with various types of surgeries where
intestinal manipulation could not be classified, no differences
were found regarding the incidence of PONV with the use of
high FiO2. This result is independent from the risk of bias of
the studies (fig. 5).

No differences were found regarding the need for rescue
anti-emetic administration in surgeries with no intestinal

manipulation (fig. 6). This result is consistent, despite
differences in the risk of bias among studies.

No differences were found regarding the need for rescue
anti-emetic administration in surgeries with limited intestinal
manipulation (fig. 7).

No differences were found regarding the need for rescue
anti-emetic administration in surgeries with extensive
intestinal manipulation (fig. 8). However, these data come
from studies with high or uncertain risk of bias.

No differences were found in studies with heterogenous
intestinal manipulation regarding the need for rescue



Document downloaded from http://www.revcolanest.com.co, day 16/02/2012. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

39

Rev Colomb Anestesiol. 2012;40(1):34-51

‘(uonenyeas pue)

SBIq JO S9DINOS IS0 ‘SaUW0dINO Jo Suntodal SANDS[S ‘SISA[EUR SUWI0DINO Y3 UI SSaua3a[duIodur ‘(239 10SSasse awodIno ‘s1aardared ‘syusned) syueddnied jo Surpurlq ‘GUSWEIOUOD UOIFEIO[[E
‘Burpuey pajtw] ‘g ‘uonendiuetl INOYIIM ‘Y St PIyISSe[d uonendiuew [BUNSIU]

‘9ousnbas uonEIO[[B UONIBISUSY) o JUSUISSISSE SBIq JO JSLI 93 Ul PIsn suwia)] “uonendiuew SAISUIX

(Ié-+e pa3e3s 10N ON ON (0€) %0€ (ze) %08 €T 88l D £1981ns [e39910[0D / 0T0C UueWyd0
Adoosoreder
(e)+e++e+ SI9MIIASY ON SaK (o) %0€ (o%) %08 T 9/-1¢ q [e21307003uD W 010z BULINWIS
1sA[euy
‘URIDTISTIR]S ‘SIOMIIASY
()++t+ti+ ‘s19A1321RD ‘sjusnied sinoy ¢ ON (00£) %0g (00£) %08 ¥'e€TT  S8-81 oL:| KAwojoredeT Ooee 600Z IX0¥d
SIIMITIAY Adoosoredey
(#)+ét++++ ‘s1ea1da1eD ‘syusnied ON ON (esT) %0< (csT) %08 [ T¥-6C q [e2180[003uknH 8¢ 600 US3XDIN
(H)+et+++ SI2MBIASY ‘sIusned simoy g ON (05) %0¢ (05) %02 1 0S-0C q 1redar erursy [eumsug /6 800C ¥epes[oIpEs
Awi03o33s£d910D
(#)+ét++++ SI9MIIASY ‘SIUSTIR] ON S9K (£21) %0% (0€T) %08 €2T 98-8 q osrdoosoreder o 900¢ 12d1d
(§)+e++e+ SI9MIIADY ‘SIUSTIR] sIoy ¢ SOA (0€) %0¢ (0€) %08 [ S/-8T v £1331ns 1seaig e 900g usuoying
SI9MITADY
(#)++++++ ‘s19A13a1eD ‘sjusmed ON ON (0sT) %0€ (0sT) %08 €TT  08-8T b) £1331ns (819910100 vE'Es S00Z epred
(¢)+e+eo+ Pa1e1s 10N ON S9X (02) %0g (02) %08 1 SS-T€ v K131ns jseaig 500z 1edewiryg
(+)+e++++ SI9MIIADY ‘SIUSTIR] ON S9X (18) %0 (12) %08 T 6/-S v £1931ns 243 z€ 5007 UBYDSIL,
(e)etet+ P3181S 310N OoN ON (0s) %0€ (05) %08 1 SI-T v K1231ns [eyusg 5 S00Z uospreuoq
(F)++++++ SI9MIIARY ‘SIUSLIR] OoN ON (082) %0¢e (082) %08 €T 85-8¢ d £1331ns [eurwiopqy 0e-82 $00¢ LOVANI
(#)+ét++++ SIaMIIARY ‘S1USnRd SIoy ¢ ON (08) %S¢ (s8) %08 ¥'€TT  TLYE og £1331ns [eUTWIOPqY 7z %00z 10414
Adoosoreder
(e)e++e+ SI9MIIARY ‘SIUSNBd 'I0Y T ON (0s) %0€ (05) %08 1 £€-6C g [ed180[00°uLD o £00C UsuoyIng
()-¢++eée SI2MITAY ‘SIUSTIE] simoy g EE)N (0s) %0¢ (05) %08 €T 0/-6T v Aw0109p10I£Y L, o €00¢ suof
Adoosoredey
(e)+e++ee SISMBTASY ‘SIusned simoy g SaK (08) %0¢ (08) %08 T 0/-6T q [ed180[003ukn W 100 110D
(-)- g+ttt SI9MIIARY ‘SIUSNIRd sinoy ¢ ON (0s2) %0g (052) %08 €T 08-8T ) £1381ns [€19310[0D T 6661 JI°ID
fde) sdnoi3 (u) (u) (s1eaf) uonerndiuew
JSu serg Sunjsey aaneiado-1sod papnpPx3  ZOLI I9MOT 2Ol 1_Y3IH VSV a8y [eunsajug 2Inpadoid dUIAIY Apmg

SaIpNis papnpuj - T d[qeL




40

Document downloaded from http://www.revcolanest.com.co, day 16/02/2012. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Rev Colomb Anestesiol. 2012;40(1):34-51

anti-emetic administration with the use of high oxygen
concentrations (fig. 9).

Table 2 - Excluded studies

The effect of high FiO2 on the length of stay in the post- Author and year Reference  Reason for exclusion
anesthetic care unit (PACU) was assessed in studies with —— - mo— w— =
limited intestinal manipulation that showed no evident Khaw 200 Reglonal anesthesia for C-section
difference (fig. 10). Kober 2002 s Patient during transport after

The effect of high oxygen concentrations on the incidence minor trauma
of surgical site infection (SSI) was evaluated in studies with Ngan 2002 o General anesthesia for C-section
extensive and heterogenous intestinal manipulation. A lower Parpaglioni 2002 45 General anesthesia for C-section
incidence of SSI was found in studies with extensive intestinal purhonen 2003 46 Compared Fi02 30% vs 50%
manipulation (fig. 11). There was no evidence that the risk of L .

. . . Mayzler 2005 4 Combined interventions
bias had an influence on this outcome. assessed

In studies with heterogenous intestinal manipulation, hod us onal N .
differences were found only when the study by Pryor et al.?’ Ghods 2005 Regional anesthesia for C-section
was included, in which oxygen and nitrous oxide were used Sinha 2006 “ No outcomes of interest assessed
(fig. 12). Myles 2007 &0 Combined interventions

In studies with extensive intestinal manipulation, no effect assessed
was found with the use of high FiO2 on admission to the ICU Philips 2007 el Regional anesthesia for C-section
(fig. 13). Neither was there any evidence of influence from the Mraovic 2008 52 e T e———
risk of bias on this outcome. assessed

In s.tudle.s with limited 1ntest1.r1a1. manipulation, no effect Gardella 2008 o el s e (o G
from high FiO2 was found on admission to the ICU (fig. 14) and

. . . . Khaw 2009 = Regional anesthesia for C-section
neither was there any evidence of influence from the risk of
bias on this outcome. Pecora 2009 ® Regional anesthesia for C-section

No effect from the administration of high oxygen Anthony 2010 e Combined intervention
concentrations on length of hospital stay was found in assessed
studies with extensive intestinal manipulation (fig. 15). Kabon 2010 &7 Only post-operative FiO2 was
There was no evidence of influence from the risk of bias on modified
this result. Khaw 2010 3 Regional anesthesia for C-section

In studies \fv1th heterogenous 1nt<.est1na1 mampula}tlon,.no Zoremba 2010 59 No outcomes of interest assessed
reduced hospital stay was found with the use of high FiO2

Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
1.1.1 Risk of bias: low
IMPACT 2004 42 171 40 194 472% 1.25[0.77,2.05] 2004 —T
Treschan 2005 26 68 29 71 247% 0.90 [0.45, 1.77] 2005 — &
Subtotal (95% CI) 239 265 71.8% 1.12 [0.75, 1.66] -
Total events 68 69
Heterogeneity: Tau? = 0.00; Chi2 = 0.61, df = 1 (P = 0.43); > = 0%
Test for overall effect: Z = 0.54 (P = 0.59)
1.1.2 Risk of bias: uncertain/high
Bhatnagar 2005 6 20 7 20 6.5% 0.80[0.21, 3.00] 2005
Donaldson 2005 16 50 19 50 16.8% 0.77 [0.34, 1.75] 2005 I E—
Purhonen 2006 25 30 27 30 4.9% 0.56 [0.12, 2.57] 2006
Subtotal (95% CI) 100 100 28.2% 0.73 [0.39, 1.38] -l
Total events 47 53
Heterogeneity: Tau? = 0.00; Chi2 = 0.15, df =2 (P = 0.93); I> = 0%
Test for overall effect: Z = 0.96 (P = 0.34)
Total (95% Cl) 339 365 100.0% 0.99 [0.71, 1.39]
Total events 115 122
Heterogeneity: Tau? = 0.00; Chi2 = 1.98, df = 4 (P = 0.74); > = 0% 01_1 0?2 0?5 ! é ‘=5 1(1)

Test for overall effect: Z = 0.05 (P = 0.96)

Favours higher FiO,

Favours lower FiO,

Fig. 2 - Effects of higher vs. lower FiO2 on post-operative nausea and vomiting in studies with absent intestinal

manipulation. Subgroups defined according to the risk of bias.
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.2.1 Risk of bias: low
IMPACT 2004 44 109 26 85 16.1% 1.56 [0.86, 2.84] 2004 T
Piper 2006 18 130 17 127 14.6% 1.04 [0.51, 2.12] 2006 I —
Sadrolsadat 2008 7 50 20 50 11.3% 0.24[0.09, 0.65] 2008 «—=———
McKeen 2009 101 152 94 152 179% 1.22[0.76, 1.95] 2009 —
Subtotal (95% ClI) 441 415 60.0% 0.93 [0.50, 1.72] —~li—
Total events 170 157
Heterogeneity: Tau? = 0.28; Chi? = 10.62, df = 3 (P = 0.01); I> = 72%
Test for overall effect: Z = 0.25 (P = 0.81)
1.2.2 Risk of bias: uncertain/high
Goll 2001 17 79 35 80 14.8% 0.35[0.18, 0.71] 2001 —_—
Purhonen 2003 27 50 31 50 13.5% 0.72[0.32, 1.60] 2003 —_—
Simurina 2010 12 40 13 40 MN7% 0.89[0.35, 2.29] 2010 e
Subtotal (95% CI) 169 170 40.0% 0.57 [0.32, 1.01] i
Total events 56 79
Heterogeneity: Tau? = 0.08; Chi2 = 3.00, df = 2 (P = 0.22); I> = 33%
Test for overall effect: Z = 1.92 (P = 0.05)
Total (95% ClI) 610 585 100.0% 0.77 [0.48, 1.25] -
Total events 226 236

ity: Tau2 = - Chi2 = = = -2 = 699 f f f f } {
Heterogeneity: Tau? = 0.28; Chi? = 19.12, df = 6 (P = 0.004); I> = 69% 01 02 05 ] 5 : 10

Test for overall effect: Z = 1.06 (P = 0.29)

Favours higher FiO, Favours lower FiO,

Fig. 3 - Effects of higher vs. lower FiO2 on post-operative nausea and vomiting in studies with limited intestinal
manipulation. Subgroups defined according to the risk of bias.

Higher FiO,  Lower FiO, Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.3.1 Risk of bias: low
Subtotal (95% ClI) 0 0 Not estimable
Total events 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.3.2 Risk of bias: uncertain/high
Greif 1999 19 112 36 119 83.6% 0.47 [0.25, 0.88] 1999 ——
Ochmann 2 32 8 30 16.4% 0.18[0.04, 0.95] 2010 < =
Subtotal (95% ClI) 144 149 100.0% 0.40 [0.20, 0.80] i
Total events 21 44
Heterogeneity: Tau? = 0.04; Chiz = 1.11, df = 1 (P = 0.29); I = 10%
Test for overall effect: Z = 2.59 (P = 0.009)
Total (95% ClI) 144 149 100.0% 0.40 [0.20, 0.80] i
Total events 21 44

ity: Tau? = - Chi2 = = = 12 = 109 f } } } } f
Heterogeneity: Tau? = 0.04; Chi? = 1.11, df = 1 (P = 0.29); I? = 10% 01 02 05 ] 5 : 10

Test for overall effect: Z = 2.59 (P = 0.009)

Favours higher FiO, Favours lower FiO,

Fig. 4 - Effects of higher vs. lower FiO2 on post-operative nausea and vomiting in studies with extensive intestinal manipulation.
Subgroups defined according to the risk of bias.

(fig. 16). However, the influence of the risk of bias on this
outcome was evident, considering that in the one study with
a high risk of bias,* hospital length of stay decreased by one
day with the administration of high 02 concentrations.

The use of different concentrations did not affect the
incidence of atelectasis, regardless of the method used for
diagnosis, the degree of intestinal manipulation, or the risk of
bias of the studies (fig. 17).

No differences were found regarding the incidence of post-
operative pneumonia with the use of high FiO2 during surgery
(fig. 18).

The incidence of mortality was not affected with the use of
high oxygen concentrationsin studies with extensive intestinal
manipulation and low risk of bias (fig. 19). Studies with a
high risk of bias did not influence increased heterogeneity.
When assessing the effect of high oxygen concentration on
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.4.3 Risk of bias: low
IMPACT 2004 86 280 66 280 41.7% 1.44[0.99, 2.09] 2004 —
Subtotal (95% Cl) 280 280 41.7% 1.44 [0.99, 2.09] e
Total events 86 66

Heterogeneity: Not applicable
Test for overall effect: Z = 1.90 (P = 0.06)

1.4.4 Risk of bias: uncertain/high

PROXI 2009 136 694 135 706 58.3% 1.03 [0.79, 1.34] 2009 t
Subtotal (95% Cl) 694 706 58.3% 1.03 [0.79, 1.34]
Total events 136 135

Heterogeneity: Not applicable
Test for overall effect: Z = 0.22 (P = 0.82)

Total (95% CI) 974 986 100.0% 1.18 [0.86, 1.63] o

Total events 222 201

Heterogeneity: Tau? = 0.03; Chiz = 2.01, df = 1 (P = 0.16); I = 50% 011 012 0:5 ! é &:_) 1(:)
Test for overall effect. Z = 1.03 (P = 0.30) " Favours higher.FiO2 Favours lower FiO,

Fig. 5 - Effects of higher vs. lower FiO2 on post-operative nausea and vomiting in studies with heterogenous intestinal
manipulation. Subgroups defined according to the risk of bias.

Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.5.1 Risk of bias: low
Treschan 2005 8 68 11 71 19.2% 0.73[0.27, 1.93] 2005 —_—
Subtotal (95% CI) 68 71 19.2% 1.73 [0.27, 1.93] —~—
Total events 8 11

Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

1.5.2 Risk of bias: uncertain/high

Joris 2003 21 50 19 50 28.7% 1.18 [0.53, 2.63] 2003 —
Donaldson 2005 15 50 17 50 26.0% 0.83[0.36, 1.93] 2005 — &
Bhatnagar 2005 5 20 4 20 8.3% 1.33[0.30, 5.93] 2005

Purhonen 2006 14 30 17 30 178% 0.67 [0.24, 1.85] 2006

Subtotal (95% CI) 150 150 80.8% 0.94 [0.58, 1.52] e

Total events 55 57

Heterogeneity: Tau? = 0.00; Chi? = 1.03, df = 3 (P = 0.79); I = 0%
Test for overall effect: Z = 0.24 (P = 0.34)

Total (95% CI) 218 221 100.0% 0.90 [0.58, 1.38] P

Total events 63 68

Heterogeneity: Tau? = 0.00; Chi? = 1.25, df = 4 (P = 0.87); = 0% 051 052 015 ] é -5 16
Test for overall efiect: 2 = 0.50 (P = 0.62) ' Favours higher.FiO2 Favours lower FiO,

Fig. 6 - Effects of higher vs. lower FiO2o0n the need for rescue anti-emetic in studies with no intestinal manipulation.
Subgroups defined according to the risk of bias.

mortality without taking into consideration the risk of bias of not assessed with funnel plots for other outcomes due to the
the studies, a marginal reduction of this outcome was found small number of studies used for each meta-analysis.
(fig. 19).
The aforementioned result was not consistent when studies
with heterogenous intestinal manipulation were taken into =~ Discussion
consideration (fig. 20), given the evident influence of the risk
of bias on the results. This systematic review found 17 relevant studies for
Funnel plot analyses did not show evidence of possible answering the research question. It is important to mention
publication bias (fig. 21) in PONV. The publication bias was that 10 out of 17 articles were classified as having high or
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.6.1 Risk of bias: low
Piper 2006 12 130 10 127 173% 1.19[0.49, 2.86] 2004 N
McKeen 2009 43 152 49 152  372% 0.82[0.51, 1.35] 2009 —
Subtotal (95% Cl) 282 279 54.5% 0.90 [0.59, 1.38] P
Total events 55 59
Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 1 (P = 0.48); > = 0%
Test for overall effect: Z = 0.46 (P = 0.64)
1.6.2 Risk of bias: uncertain/high
Goll 2001 11 79 23 80 19.9% 0.40[0.18, 0.89] 2001 L E—
Purhonen 2003 13 50 10 50 15.5% 1.41 [0.55, 3.59] 2003 S B —
Simurina 2010 5 40 8 40 10.1% 0.57 [0.17,1.93] 2010
Subtotal (95% Cl) 169 170 45.5% 0.68 [0.31, 1.50] —~l—
Total events 29 41
Heterogeneity: Tau? = 0.25; Chi2 = 4.04, df =2 (P = 0.13); 2 = 51%
Test for overall effect: Z=0.96 (P = 0.34)
Total (95% ClI) 451 449 100.0% 0.80 [0.53, 1.21] . .o
Total events 84 100

[T 2 _ . Chi2 — _ _ L2 — OEO I t t t t i
Heterogeneity: Tau? = 0.06; Chi2 = 5.35, df = 4 (P = 0.25); I = 25% 01 o2 05 1 5 5 10

Test for overall effect: Z = 1.07 (P = 0.29)

Favours higher FiO,

Favours lower FiO,

Fig. 7 — Effects of higher vs. lower FiO2 on the need for rescue anti-emetic in studies with limited intestinal manipulation.
Subgroups defined according to the risk of bias.

Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.7.1 Risk of bias: low
Subtotal (95% CI) 0 0 Not estimable
Total events 0 59
Heterogeneity: Not applicable
Test for overall effect: Not applicable
1.7.2 Risk of bias: uncertain/high
Greif 1999 18 112 26 119 100.0% 0.68 [0.35, 1.33] 1999 i—
Subtotal (95% CI) 112 119 100.0% 0.68 [0.35, 1.33]
Total events 29 3|
Heterogeneity: Not applicable
Test for overall effect: Z = 1.11 (P = 0.27)
Total (95% CI) 112 119 100.0% 0.68 [0.35, 1.33] —~al—
Total events 18 26
Heterogeneity: Not applicable o1 02 05 y 5 2 10

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

Favours higher FiO,

Favours lower FiO,

Fig. 8 - Effects of higher vs. lower FiO2 on the need for rescue anti-emetic in studies with extensive intestinal manipulation.
Subgroups defined according to the risk of bias.

uncertain risk of bias, reducing the amount of evidence with
reliable results.

It was evident that the effect of different levels on the
outcomes studied depended, in part, on the degree of
intestinal manipulation to which the patients were subjected,
although the trials included several surgical procedures
that were not studied, such as major vascular surgery,

where gut ischemia and manipulation are significant, as
is the case with abdominal aortic dissection repair. It is
important to highlight that in safety outcomes (atelectasis
and pneumonia) no influence from the different levels was
shown, although it is worth mentioning that a positive end-
expiratory pressure (PEEP) of at least 5 mmHg was used in
most of the studies.
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

1.8.3 Risk of bias: low
IMPACT 2004 6 280 3 280 100.0% 2.02[0.50, 8.17] 2004 l

Subtotal (95% CI) 280 280 100.0% 0.02 [0.55, 8.17]

Total events 6 3

Heterogeneity: Not applicable
Test for overall effect: Z = 0.99 (P = 0.32)

1.8.4 Risk of bias: uncertain/high

Subtotal (95% CI) 0 0 Not estimable
Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI) 280 280 100.0% 2.02 [0.50, 8.17] e —
Total events 6 3

Heterogeneity: Not applicable 0:1 0:2 0:5 ! 2 .5 1(:)
Testfor overall efiect: 2 = 0.99 (P = 0.32) " Favours higher.FiO2 Favours lower FiO,

Fig. 9 - Effects of higher vs. lower FiO2 on the need for rescue anti-emetic in studies with heterogenous intestinal
manipulation. Subgroups defined according to the risk of bias.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
1.1.1 Risk of bias: low
Pipper 2006 94 23 130 87 23 127 48.5% 4.00 [-1.62, 9.62] 2006
McKeen 2009 82 25 152 83 29 152 44.0% —1.00 [-7.09, 5.09] 2009
Subtotal (95% Cl) 282 279 92.5% 1.64 [-3.25, 6.53]

Heterogeneity: Tau? = 3.56; Chi2 = 1.40, df = 1 (P = 0.24); 2 = 28%
Test for overall effect: Z = 0.66 (P = 0.51)

1.1.2 Risk of bias: uncertain/high

Purhonen 2009 119 46 50 128 45 50 75% —9.00 [-26.84, 8.84] 2003 e
Subtotal (95% CI) 50 50 75% —9.00 [-26.84, 8.84] -
Heterogeneity: Not applicable

Test for overall effect: Z = 0.99 (P = 0.32)

Total (95% ClI) 332 329 100.0% 0.82 [-4.24, 5.88]
Heterogeneity: Tau? = 5.50; Chi? = 2.71, df = 2 (P = 0.26); I> = 26%
Test for overall effect: Z = 0.32 (P = 0.75)

50 25 0 25 50
Favours experimental Favours control
Fig. 10 - Effects of higher vs. lower FiO2 on the length of stay in the PACU (minutes) in studies with limited intestinal

manipulation. Subgroups defined according to the risk of bias.

Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.10.1 Risk of bias: low
Belda 2005 22 80 35 80 51.7% 0.49 [0.25, 0.94] 2005 —a—
Subtotal (95% Cl) 80 80 51.7% 0.49 [0.25, 0.94] i
Total events 22 35

Heterogeneity: Not applicable
Test for overall effect: Z = 2.13 (P = 0.03)

1.10.2 Risk of bias: uncertain/high

Greif 1999 13 250 28 250 48.3% 0.43[0.22, 0.86] 1999 —i—
Subtotal (95% CI) 250 250 48.3% 0.43 [0.22, 0.86] -l
Total events 13 28

Heterogeneity: Not applicable
Test for overall effect: Z = 2.39 (P = 0.02)

Total (95% CI) 330 330 100.0% 0.46 [0.29, 0.74] -

Total events 35 63

Heterogeneity: Tau? = 0.00; Chi2 = 0.06, df = 1 (P = 0.81); > = 0% 051 052 055 ! é .5 1(:)
Test for overall effect. Z = 3.19 (P = 0.001) " Favours higher.FiO2 Favours lower FiO,

Fig. 11 - Effects of higher vs. lower FiO2 on the incidence of surgical site infection in studies with extensive intestinal
manipulation. Subgroups defined according to the risk of bias.
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.11.3 Risk of bias: low
Pryor 2004 20 80 9 80 41.9% 2.63[1.11, 6.20] 2004 — &
Subtotal (95% Cl) 80 80 41.9% 2.63 [1.11, 6.20] ——
Total events 20 9
Heterogeneity: Not applicable
Test for overall effect: Z =2.21 (P = 0.03)
1.11.4 Risk of bias: uncertain/high
PROXI 2009 131 694 141 706 58.1% 0.93[0.72, 1.22] 2009 1
Subtotal (95% ClI) 694 706 58.1% 0.93 [0.72, 1.22]
Total events 131 141
Heterogeneity: Not appplicable
Test for overall effect: Z = 0.52 (P = 0.60)
Total (95% Cl) 774 786 100.0% 1.44 [0.53, 3.93] ————
Total events 151 150
Heterogeneity: Tau? = 0.43; Chi2 = 5.12, df = 1 (P = 0.02); I> = 80% t t t t } i
Test for overall effect: Z = 0.71 (P = 0.48) 0.1 0.2 0.5 1 2 5 10

Favours higher FiO, Favours lower FiO,

Fig. 12 - Effects of higher vs. lower FiO2 on the incidence of surgical site infection in studies with heterogenous intestinal
manipulation. Subgroups defined according to the risk of bias.

Odds Ratio

Higher FiO,  Lower FiO, Odds Ratio
M-H, Random, 95% CI

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year

1.12.1 Risk of bias: low

Belda 2005 4 150 5 150 38.6% 0.79[0.21, 3.02] 2005 L

Subtotal (95% CI) 150 150 38.6% 0.79 [0.21, 3.02] ——ee—

Total events 4 9

Heterogeneity: Not applicable

Test for overall effect: Z = 0.34 (P = 0.74)

1.12.2 Risk of bias: uncertain/high

Greif 1999 5 250 12 250 64.4% 0.40[0.14, 1.17] 1999 _

Subtotal (95% Cl) 250 250 64.4% 0.40 [0.14, 1.17] —~—

Total events 5 12

Heterogeneity: Not appplicable

Test for overall effect: Z = 1.67 (P = 0.09)

Total (95% Cl) 400 400 100.0% 0.53 [0.23, 1.20] ————

Total events 9 17

Heterogeneity: Tau? = 0.00; Chi2 = 0.60, df = 1 (P = 0.44); = 0% I t t t } i
Test for overall effect: Z = 1.52 (P = 0.13) 01 02 0.5 1 2 5 10

Favours higher FiO, Favours lower FiO,

Fig. 13 - Effects of higher vs. lower FiO2 on the need of admission to the ICU in studies with extensive intestinal manipulation.
Subgroups defined according to the risk of bias.

an influence on the results that needs to be studied. Indeed,
this review found that the inclusion of such studies?”37

Some systematic reviews with meta-analyses had already
studied the effect of high FiO2 on several outcomes, in particular

the reduction of PONV>¢ and SSI.12-15> However, none of them
had considered systematically the effect of the methodological
aspects of the individual studies over the final result. Moreover,
they inappropriately combined studies where N20 or nitrogen
was used as a second step, creating a confounding factor, with

resulted in increased statistical heterogeneity, although it did
not necessarily modify the results.

It is important to bear in mind that the subgroup analyses
used in this meta-analysis diminishes the statistical power
and accuracy of the results at the expense of reducing
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.13.3 Risk of bias: low
Pryor 2004 9 80 7 80 14.0% 1.32 [0.47, 3.74] 2005 &
Subtotal (95% Cl) 80 80 14.0% 1.32 [0.47, 3.74] ————
Total events 9 9

Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.60)

1.13.4 Risk of bias: uncertain/high

PROXI 2009 50 694 44 706 86.0% 1.17[0.77,1.78] 2009
Subtotal (95% CI) 694 706 86.0% 1.17 [0.77, 1.78]
Total events 50 44

Heterogeneity: Not appplicable
Test for overall effect: Z = 0.73 (P = 0.47)

Total (95% CI) 774 786 100.0% 1.19 [0.81, 1.75] D

Total events 59 51

Heterogeneity: Tau? = 0.00; Chi2 = 0.05, df = 1 (P = 0.83); I = 0% f t t t } 1

Test for overall effect: Z = 0.87 (P = 0.38) 0.1 02 05 1 2 s 10
Favours higher FiO, Favours lower FiO,

Fig. 14 - Effects of higher vs. lower FiO2 on the need for admission to the ICU in studies with heterogenous intestinal
manipulation. Subgroups defined according to the risk of bias.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95% Cl Year IV, Random, 95% CI
1.14.1 Risk of bias: low
Belda 2005 1,7 7 150 105 44 150 35.0% 1.20 [-0.12, 2.52] 2005 T
Subtotal (95% CI) 150 150 35.0% 1.20 [-0.12, 2.52] i

Heterogeneity: Not applicable
Test for overall effect: Z = 1.78 (P = 0.08)

1.14.2 Risk of bias: uncertain/high

Greif 1999 122 61 250 119 4 250 65.0% 0.30 [-0.60, 1.20] 1999 1
Subtotal (95% CI) 250 250 65.0% 0.30 [-0.60, 1.20]

Heterogeneity: Not applicable

Test for overall effect: Z = 0.65 (P = 0.52)

Total (95% CI) 400 400 100.0% 0.62 [-0.23, 1.46] .
Heterogeneity: Tau? = 0.07; Chi2 =121, df =1 (P = 0.27); = 17% t t t

Test for overall effect: Z = 1.43 (P = 0.15) -4 —2 0 2 4
Favours experimental Favours control

Fig. 15 - Effects of higher vs. lower FiO2 on length of hospital stay (in days) in studies with extensive intestinal manipulation.
Subgroups defined according to the risk of bias.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95% Cl Year 1V, Random, 95% CI
1.15.1 Risk of bias: low
Pryor 2004 8 8 80 6 5 80 45.0% 2.00 [-0.07, 4.07] 2004 i
Subtotal (95% CI) 80 80 45.0% 2.00 [-0.07, 4.07] e ——

Heterogeneity: Not applicable
Test for overall effect: Z = 1.90 (P = 0.06)

1.15.2 Risk of bias: uncertain/high

Greif 1999 6 8 694 7 9 706 55.0% -100[-1.89,-0.11] 2009 ——
Subtotal (95% CI) 694 706 55.0% -1.00[-1.89,-0.11] -
Heterogeneity: Not applicable

Test for overall effect: Z = 2.20 (P = 0.03)

Total (95% Cl) 774 786 100.0%  0.35 [-2.58, 3.27] ————

Heterogeneity: Tau? = 3.84; Chi2 = 6.82, df = 1 (P = 0.009); I = 85% t t t t

Test for overall effect: Z = 0.23 (P = 0.82) -4 -2 0 2 4
Favours experimental Favours control

Fig. 16 - Effects of higher vs. lower FiO2 on length of hospital stay (in days) in studies with heterogenous intestinal
manipulation. Subgroups defined according to the risk of bias.
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Higher FiO,  Lower FiO, Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
1.16.1 Risk of bias: low
Greif 1999 15 16 9 14 25% 8.33[0.84, 83.17] 1999 >
Subtotal (95% Cl) 16 14  25% 8.33 [0.84, 83.17] —
Total events 15 9
Heterogeneity: Not applicable
Test for overall effect: Z = 1.81 (P = 0.07)
1.16.2 Risk of bias: uncertain/high
Greif 1999 90 250 78 250 50.6% 1.24[0.86, 1.80] 1999 —+i—
PROXI 2009 54 694 50 706 46.9% 1.11 [0.74, 1.65] 2009 t
Subtotal (95% Cl) 944 956 97.5% 1.18 [0.90, 1.54]
Total events 144 128
Heterogeneity: Tau? = 0.00; Chi?2 = 0.17, df =1 (P = 0.68); > = 0%
Test for overall effect: Z = 1.17 (P = 0.24)
Total (95% Cl) 960 970 100.0% 1.23 [0.85, 1.78] @0
Total events 159 137
[T 2 _ . Chi2 — _ _ -2 =119 I t t t t i
Heterogeneity: Tau? = 0.03; Chi? = 2.92, df = 2 (P = 0.23); P = 31% o1 o2 o5 4 3 3

Test for overall effect: Z = 1.11 (P = 0.26)

Fig. 17 - Effects of higher vs. lowe

Favours higher FiO, Favours lower FiO,

r FiO2 on the incidence of atelectasis.

Subgroups defined according to the method for diagnosing atelectasis.

Higher FiO,  Lower FiO, Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI

1.17.3 Risk of bias: low

Subtotal (95% Cl) 0 0 Not estimable

Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Z = Not applicable

1.17.4 Risk of bias: uncertain/high

PROXI 2009 41 694 44 706 100.0% 0.94 [0.61, 1.47] 2009 t

Subtotal (95% CI) 694 706 100.0% 0.94 [0.61, 1.47]

Total events 41 44

Heterogeneity: Not applicable

Test for overall effect: Z = 0.25 (P = 0.80)

Total (95% ClI) 694 706 100.0% 0.94 [0.61, 1.47] f

Total events 41 44

Heterogeneity: Not applicable f f f f f f f
0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z = 0.25 (P = 0.80)

Favours higher FiO, Favours lower FiO,

Fig. 18 - Effects of higher vs. lower FiO2 on the incidence of pneumonia in studies with heterogenous intestinal
manipulation. Subgroups defined according to the risk of bias.

heterogeneity. For this reason, this review is subject to a high
probability of false negative results, meaning that it might
not find differences between the interventions, where they
actually exist.

In conclusion, intra-operative supplemental oxygen
at high FiO2 (> 60%) might reduce the risk of surgical site
infection and mortality, exclusively in surgeries with

extensive intestinal manipulation (e.g. colorectal surgery).
Nearly 60% of the studies have an uncertain or high risk of
bias, which makes it impossible to arrive at the irrefutable
conclusion that high oxygen concentrations have anti-
emetic properties of clinical relevance. The need for rescue
anti-emetic administration, the length of stay in the PACU,
the unexpected admission to the ICU, or the length of post-
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0,>60% 0,<40% Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.19.1 Risk of bias: low
Belda 2005 0 150 2 150 32.7% 0.20[0.01, 4.15] 2005 i
Subtotal (95% CI) 150 150 32.7% 0.20 [0.01, 4.15] s
Total events 0 2
Heterogeneity: Not applicable
Test for overall effect: Z = 1.04 (P = 0.30)
1.19.2 Risk of bias: uncertain/high
Greif 1999 1 250 6 250 673% 0.16[0.02,1.37] 1999 ~—l—1—
Subtotal (95% CI) 250 250 67.3% 0.16 [0.02, 1.37] T
Total events 1 6
Heterogeneity: Not applicable
Test for overall effect: Z = 1.67 (P = 0.09)
Total (95% ClI) 400 400 100.0% 0.17 [0.03, 0.99] T
Total events 1 8
Heterogeneity: Tau? = 0.00; Chi2 = 0.01, df = 1 (P = 0.92); = 0% } } } } } ]
Test for overall effect: Z = 1.97 (P = 0.05) 01 02 05 1 2 5 10
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Fig. 19 - Effects of higher vs. lower FiO2 on mortality in studies with extensive intestinal manipulation.
Subgroups defined according to the risk of bias.
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Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Odds Ratio

Year M-H, Random, 95% CI

1.19.3 Risk of bias: low

Pryor 2004 0 80 1 80 3.1%
Subtotal (95% Cl) 80 80 3.1%
Total events 15 9

Heterogeneity: Not applicable

Test for overall effect: Z = 0.68 (P = 0.50)

1.19.4 Risk of bias: uncertain/high

PROXI 2009 30 694 20 706 96.9%
Subtotal (95% Cl) 694 706 96.9%
Total events 30 20

Heterogeneity: Tau? = 0.00; Chi2 = 0.17, df = 1 (P = 0.68); > = 0%
Test for overall effect: Z = 1.49 (P = 0.14)

Total (95% CI) 774 786 100.0%
Total events 30 21
Heterogeneity: Tau? = 0.00; Chi? = 0.87, df = 1 (P = 0.35); I = 0%

Test for overall effect: Z = 1.35 (P = 0.18)

0.33[0.01, 8.20] 2004 <
0.33 [0.01, 8.20]

1.55[0.87,2.76] 2009

1.55 [0.87, 2.76] <t

1.48 [0.84, 2.60]

01 02
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Favours higher FiO,

Favours lower FiO,

Fig. 20 - Effects of higher vs. lower FiO2 on mortality in studies with extensive heterogenous intestinal manipulation.

Subgroups defined according to the risk of bias.

operative hospital stay were not found to be affected in any
of the surgical populations. FiO2 in the range used in the
studies (30% to 80%) was also not found to have an effect
on atelectasis or pneumonia, regardless of the degree of
intestinal manipulation.

Additional research trials with low risk of bias are required
in order to fill the knowledge gaps regarding the ideal
concentration of intra-operative O2 in general anesthesia.
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A, studies with no intestinal manipulation; B, studies with limited intestinal manipulation; C, studies with extensive
intestinal manipulation; D, studies with heterogenous intestinal manipulation.
REFERENCES 7. Ochmann C, Tuschy B, Beschmann R, Hamm F, Rohm KD, Piper
SN. Supplemental oxygen reduces serotonin levels in plasma

1. Kabon B, Kurz A. Optimal perioperative oxygen administra- and platelets during colorectal surgery and reduces postopera-
tion. Curr Opin Anaesthesiol. 2006;19:11-8. tive nausea and vomiting. Eur ] Anaesthesiol. 2010;27: 1036-43.

2. Macario A, Weinger M, Carney S, Kim A. Which clinical an- 8. Coello R, Charlett A, Wilson ], Ward V, Pearson A, Borriello P.
esthesia outcomes are important to avoid? The perspective of Adverse impact of surgical site infections in English hospitals.
patients. Anesth Analg. 1999;89:652-8. J Hosp Infect. 2005;60:93-103.

3. Watcha MF, White PE. Postoperative nausea and vomit- 9. Miles AA, Miles EM, Burke J. The value and duration of defence
ing. Its etiology, treatment, and prevention. Anesthesiology. reactions of the skin to the primary lodgement of bacteria. Br
1992;77:162-84. J Exp Pathol. 1957;38:79-96.

4. Overdyk FJ, Roy RC. If nitrous oxide induces emesis, maybe 10. Allen DB, Maguire Jj, Mahdavian M, Wicke C, Marcocci L, Scheuen-
100% oxygen is an antiemetic. Anesth Analg. 1997;84:231-2. stuhl H, et al. Wound hypoxia and acidosis limit neutrophil bac-

5. Rincén DA, Valero JF. [Supplemental oxygen for the preven- terial killing mechanisms. Arch Surg. 1_997;1325 991-6.
tion of postoperative nausea and vomiting: a meta-analysis 11. Hopf HW, Hunt TK, West JM, Blomqu1s't 17 Good§on WH, Jensen
of randomized clinical trials]. Rev Esp Anestesiol Reanim. JA, et al. Wound tissue oxygen tension predicts the risk of
2008;55:101-9. wound infection in surgical patients. Arch Surg. 1997;132:997-

6. Orhan-Sungur M, Kranke P, Sessler D, Apfel CC. Does supple- 1004; discussion 1005.

12. Brar MS, Brar SS, Dixon E. Perioperative supplemental oxygen

mental oxygen reduce postoperative nausea and vomiting? A
meta-analysis of randomized controlled trials. Anesth Analg.
2008;106:1733-8.

in colorectal patients: a meta-analysis. J. Surg. Res. 2011;166:
227-35.



Document downloaded from http://www.revcolanest.com.co, day 16/02/2012. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

50

Rev Colomb Anestesiol. 2012;40(1):34-51

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Chura JC, Boyd A, Argenta PA. Surgical site infections and sup-
plemental perioperative oxygen in colorectal surgery patients:
a systematic review. Surg Infect (Larchmt). 2007;8:455-61.
Qadan M, Akca O, Mahid SS, Hornung CA, Polk HC. Periopera-
tive supplemental oxygen therapy and surgical site infection:
a meta-analysis of randomized controlled trials. Arch Surg.
2009;144:359-66; discussion 366-7.

Al-Niaimi A, Safdar N. Supplemental perioperative oxygen for
reducing surgical site infection: a meta-analysis. J Eval Clin
Pract. 2009;15:360-5.

Higgins JPT, Green S. Cochrane handbook for systematic re-
views of interventions. John Wiley and Sons; 2008.

Liberati A, Altman DG, Tetzlaff ], Mulrow C, Ggtzsche PC, Ioan-
nidis JPA, et al. The PRISMA statement for reporting system-
atic reviews and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration. J Clin Epide-
miol. 2009;62:e1-34.

Kung J, Chiappelli F, Cajulis OO, Avezova R, Kossan G, Chew L,
et al. From systematic reviews to clinical recommendations
for evidence-based health care: validation of revised assess-
ment of multiple systematic reviews (R-AMSTAR) for grading
of clinical relevance. Open Dent J. 2010;4:84-91.

Kranke P. Evidence-based practice: how to perform and use
systematic reviews for clinical decision-making. Eur ] Anaes-
thesiol. 2010;27:763-72.

Disbrow EA, Bennett HL, Owings JT. Effect of preoperative sug-
gestion on postoperative gastrointestinal motility. West ] Med
1993;158:488-92.

Greif R, Ak¢a O, Horn EP, Kurz A, Sessler DI. Supplemental peri-
operative oxygen to reduce the incidence of surgical-wound
infection. N Engl J. Med 2000;342:161-7.

Greif R, Laciny S, Rapf B, Hickle RS, Sessler DI. Supplemental
oxygen reduces the incidence of postoperative nausea and
vomiting. Anesthesiology. 1999;91:1246-52.

Akcga O, Podolsky A, Eisenhuber E, Panzer O, Hetz H, Lampl K,
et al. Comparable postoperative pulmonary atelectasis in pa-
tients given 30% or 80% oxygen during and 2 hours after colon
resection. Anesthesiology. 1999;91:991-8.

GollV, Akca O, Greif R, Freitag H, Arkili¢ CF, Scheck T, et al. On-
dansetron is no more effective than supplemental intraopera-
tive oxygen for prevention of postoperative nausea and vomit-
ing. Anesth Analg. 2001;92:112-7.

Joris JL, Poth NJ, Djamadar AM, Sessler DI, Hamoir EE, De-
féchereux TR, et al. Supplemental oxygen does not reduce
postoperative nausea and vomiting after thyroidectomy. Br J
Anaesth. 2003;91:857-61.

Purhonen S, Turunen M, Ruohoaho U, Niskanen M, Hynynen
M. Supplemental oxygen does not reduce the incidence of
postoperative nausea and vomiting after ambulatory gyneco-
logic laparoscopy. Anesth Analg. 2003;96:91-6.

Pryor KO, Fahey TJ, Lien CA, Goldstein PA. Surgical site infec-
tion and the routine use of perioperative hyperoxia in a gen-
eral surgical population: a randomized controlled trial. JAMA.
2004;291:79-87.

Turan A, Apfel CC, Kumpch M, Danzeisen O, Eberhart LHJ, Forst
H, et al. Does the efficacy of supplemental oxygen for the pre-
vention of postoperative nausea and vomiting depend on the
measured outcome, observational period or site of surgery?
Anaesthesia. 2006;61:628-33.

Apfel CC, Korttila K, Abdalla M, Kerger H, Turan A, Vedder I, et
al. A factorial trial of six interventions for the prevention of
postoperative nausea and vomiting. N Engl ] Med. 2004;350:
2441-51.

Apfel CC, Korttila K, Abdalla M, Biedler A, Kranke P, Pocock
SJ, et al. An international multicenter protocol to assess the

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

single and combined benefits of antiemetic interventions in a
controlled clinical trial of a 2x2x2x2x2x2 factorial design (IM-
PACT). Control Clin Trials. 2003;24:736-51.

Donaldson ABP. The effect of supplemental oxygen on post-
operative nausea and vomiting in children undergoing dental
work. Anaesth Intensive Care. 2005;33:744-8.

Treschan TA, Zimmer C, Nass C, Stegen B, Esser ], Peters J. In-
spired oxygen fraction of 0.8 does not attenuate postoperative
nausea and vomiting after strabismus surgery. Anesthesiol-
ogy. 2005;103:6-10.

Belda FJ, Aguilera L, Garcia de la Asuncién J, Alberti ], Vicente R,
Ferrandiz L, et al. Supplemental perioperative oxygen and the
risk of surgical wound infection: a randomized controlled trial.
JAMA. 2005;294:2035-42.

Garcia de la Asuncién J, Belda FJ, Greif R, Barber G, Vina J, Sastre
J. Inspired supplemental oxygen reduces markers of oxidative
stress during elective colon surgery. Br ] Surg. 2007;94:475-7.
Purhonen S, Niskanen M, Wiistefeld M, Hirvonen E, Hynynen
M. Supplemental 80% oxygen does not attenuate post-opera-
tive nausea and vomiting after breast surgery. Acta Anaesthe-
siol Scand. 2006;50:26-31.

Piper SN, R6hm KD, Boldt J, Faust KL, Maleck WH, Kranke P, et
al. Inspired oxygen fraction of 0.8 compared with 0.4 does not
further reduce postoperative nausea and vomiting in dolas-
etron-treated patients undergoing laparoscopic cholecystec-
tomy. Br ] Anaesth. 2006;97:647-53.

Sadrolsadat SH, Shoroghi M, Farahbakhsh F, Moharreri RS,
Sheikhvatan M, Abbasi A. The effect of supplemental 70% oxy-
gen on postoperative nausea and vomiting in patients under-
going inguinal hernia surgery. Hernia. 2008;12:167-71.

McKeen DM, Arellano R, O’Connell C. Supplemental oxygen
does not prevent postoperative nausea and vomiting after
gynecological laparoscopy. Can J Anaesth. 2009;56:651-7.
Meyhoff CS, Wetterslev ], Jorgensen LN, Henneberg SW, Si-
monsen I, Pulawska T, et al. Perioperative oxygen fraction - ef-
fect on surgical site infection and pulmonary complications
after abdominal surgery: a randomized clinical trial. Rationale
and design of the PROXI-Trial. Trials. 2008;9:58.

Meyhoff CS, Wetterslev ], Jorgensen LN, Henneberg SW, Hggdall
C,Lundvall L, et al. Effect of high perioperative oxygen fraction
on surgical site infection and pulmonary complications after
abdominal surgery: the PROXI randomized clinical trial. JAMA.
2009;302:1543-50.

Simurina T, Mraovi¢ B, Mikulandra S, Sonicki Z, Sulen N, Duki¢
B, et al. Effects of high intraoperative inspired oxygen on post-
operative nausea and vomiting in gynecologic laparoscopic
surgery. J Clin Anesth 2010;22:492-8.

Khaw KS, Wang CC, Ngan Kee WD, Pang CP, Rogers MS. Effects
of high inspired oxygen fraction during elective caesarean
section under spinal anaesthesia on maternal and fetal oxy-
genation and lipid peroxidation. Br ] Anaesth. 2002;88:18-23.
Kober A, Fleischackl R, Scheck T, Lieba F, Strasser H, Friedmann
A, et al. A randomized controlled trial of oxygen for reduc-
ing nausea and vomiting during emergency transport of pa-
tients older than 60 years with minor trauma. Mayo Clin Proc.
2002;77:35-8.

Ngan Kee WD, Khaw KS, Ma KC, Wong ASY, Lee BB. Rand-
omized, double-blind comparison of different inspired oxygen
fractions during general anaesthesia for Caesarean section. Br
J Anaesth. 2002;89:556-61.

Parpaglioni R, Capogna G, Celleno D, Fusco P. Intraoperative
fetal oxygen saturation during Caesarean section: general an-
aesthesia using sevoflurane with either 100% oxygen or 50%
nitrous oxide in oxygen. Eur ] Anaesthesiol. 2002;19:115-8.



Document downloaded from http://www.revcolanest.com.co, day 16/02/2012. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Rev Colomb Anestesiol. 2012;40(1):34-51

51

46.

47.

48.

49.

50.

51.

52.

Purhonen S, Niskanen M, Wiistefeld M, Mustonen P, Hynynen
M. Supplemental oxygen for prevention of nausea and vomit-
ing after breast surgery. Br ] Anaesth. 2003;91:284-7.

Mayzler O, Weksler N, Domchik S, Klein M, Mizrahi S, Gurman
GM. Does supplemental perioperative oxygen administration
reduce the incidence of wound infection in elective colorectal
surgery? Minerva Anestesiol. 2005;71:21-5.

Ghods AA, Soleimani M, Narimani M. Effect of postoperative
supplemental oxygen on nausea and vomiting after cesarean
birth. J. Perianesth. Nurs. 2005;20:200-5.

Sinha PK, Neema PK, Unnikrishnan KP, Varma PK, Jaykumar
K, Rathod RC. Effect of lung ventilation with 50% oxygen in
air or nitrous oxide versus 100% oxygen on oxygenation in-
dex after cardiopulmonary bypass. ] Cardiothorac Vasc Anesth
2006;20:136-42.

Myles PS, Leslie K, Chan MTV, Forbes A, Paech MJ, Peyton P,
et al. Avoidance of nitrous oxide for patients undergoing ma-
jor surgery: a randomized controlled trial. Anesthesiology.
2007;107:221-31.

Phillips TW, Broussard DM, Sumrall WD, Hart SR. Intraopera-
tive oxygen administration does not reduce the incidence or
severity of nausea or vomiting associated with neuraxial an-
esthesia for cesarean delivery. Anesth Analg 2007;105:1113-7.
Mraovic B, Simurina T, Sonicki Z, Skitarelic N, Gan TJ. The dose-
response of nitrous oxide in postoperative nausea in patients
undergoing gynecologic laparoscopic surgery: a preliminary
study. Anesth Analg 2008;107:818-23.

53.

54.

55.

56.

57.

58.

59.

Gardella C, Goltra LB, Laschansky E, Drolette L, Magaret A,
Chadwick HS, et al. High-concentration supplemental periop-
erative oxygen to reduce the incidence of postcesarean surgi-
cal site infection: a randomized controlled trial. Obstet Gyne-
col. 2008;112:545-52.

Khaw KS, Wang CC, Ngan Kee WD, Tam WH, Ng FF, Critchley LAH,
et al. Supplementary oxygen for emergency Caesarean section
under regional anaesthesia. Br ] Anaesth. 2009;102:90-6.

Pécora FST, Malbouisson LMS, Torres MLA. [Supplemental oxy-
gen and the incidence of perioperative nausea and vomiting
in cesarean sections under subarachnoid block]. Rev Bras An-
estesiol. 2009;59:558-69.

Anthony T, Murray BW, Sum-Ping JT, Lenkovsky F, Vornik VD,
Parker BJ, et al. Evaluating an evidence-based bundle for pre-
venting surgical site infection: a randomized trial. Arch Surg.
2011;146:263-9.

Kabon B, Rozum R, Marschalek C, Prager G, Fleischmann E, Chiari
A, et al. Supplemental postoperative oxygen and tissue oxygen
tension in morbidly obese patients. Obes Surg. 2010;20:885-94.
Khaw KS, Ngan Kee WD, Chu CY, Ng FF, Tam WH, Critchley LAH,
et al. Effects of different inspired oxygen fractions on lipid per-
oxidation during general anaesthesia for elective Caesarean
section. Br ] Anaesth. 2010;105:355-60.

Zoremba M, Dette F, Hunecke T, Braunecker S, Wulf H. The in-
fluence of perioperative oxygen concentration on postopera-
tive lung function in moderately obese adults. Eur ] Anaesthe-
siol. 2010;27:501-7.



