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ABSTRACT
BACKGROUND: For critically ill patients, physicians tend to administer sufficient or even excessive oxygen to
maintain oxygen saturation at a high level. However, the credibility of the evidence for this practice is unclear.
OBJECTIVE: To determine the effects of different oxygen therapy strategies on the outcomes of mechan-
ically ventilated intensive care unit (ICU) patients.
DESIGN AND SETTING: Systematic review of the literature and meta-analysis conducted at Jiangxi Provin-
cial People’s Hospital, Affiliated to Nanchang University, Nanchang, China.
METHODS: We systematically searched electronic databases such as PubMed and Embase for relevant ar-
ticles and performed meta-analyses on the effects of different oxygen therapy strategies on the outcomes
of mechanically ventilated ICU patients.
RESULTS: A total of 1802 patients from five studies were included. There were equal numbers of patients in
the conservative and liberal groups (n = 910 in each group). There was no significant difference between
the conservative and liberal groups with regard to 28-day mortality (risk ratio, RR = 0.88; 95% confidence
interval, Cl = 0.59-1.32; P = 0.55; 1= 63%). Ninety-day mortality, infection rates, ICU length of stay, mechan-
ical ventilation-free days up to day 28 and vasopressor-free days up to day 28 were comparable between
the two strategies.
CONCLUSIONS: It is not necessary to use liberal oxygen therapy strategies to pursue a higher level of
peripheral oxygen saturation for mechanically ventilated ICU patients. Conservative oxygen therapy was
not associated with any statistically significant reduction in mortality.

INTRODUCTION

Mechanical ventilation (MV) is a common support intervention in intensive care units (ICUs).
More than half of ICU patients receive mechanical ventilation on admission." It has been esti-
mated that 2-3 million ICU patients receive MV annually around the world.>* Respiratory fail-
ure is the main indication for MV among ICU patients.* Oxygen therapy is an important treat-
ment for these patients.

Myocardial hypoxia was first identified as being responsible for angina in 1928.° Oxygen ther-
apy, a harmless, potentially beneficial therapeutic modality, is becoming increasingly used in clin-
ical practice. In traditionally liberal oxygen therapy, most patients are given oxygen exceeding the
physiological level because of fear of tissue hypoxia.®” Some patients, even without hypoxemia,
are given oxygen therapy prophylactically for prevention of tissue hypoxia. A large population
of mechanically ventilated ICU patients is exposed to hyperoxia.®* When arterial oxygen partial
pressure is on the flat part of the oxygen hemoglobin dissociation curve, high concentrations of
oxygen do not increase oxygen delivery significantly, even if these can increase the partial pres-
sure of oxygen markedly, according to the characteristics of oxygen hemoglobin dissociation.’

Hyperoxia can also cause potential harm to patients.! It can lead to lung interstitial fibrosis,

113 jmpaired immune func-

tracheobronchitis, alveolar protein leakage, neutrophil infiltration,
tion,' increased vascular resistance, reduced cardiac output'® and large quantities of free radi-
cals.’® In view of this, it has been proposed that conservative oxygen therapy strategy should be
used" in order to avoid unnecessary hyperoxia while ensuring oxygen delivery. Several studies
have indicated that conservative oxygen therapy improves the prognosis for ischemic stroke and

myocardial infarction.'s"
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Despite this, the guidelines available regarding oxygen ther-
apy standards and targets are contradictory and inconsistent.**
Studies on this topic have evaluated the effects of different oxygen
therapy strategies on the prognosis for mechanically ventilated
patients. However, the conclusions that they reached have not
been completely coherent.”*2¢ Therefore, we decided to conduct

a secondary analysis.

OBJECTIVE
We performed a systematic review of the literature to determine
the effects of different oxygen therapy strategies on the outcomes

of mechanically ventilated intensive care unit (ICU) patients.

METHODS

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) statement” and the
Cochrane Handbook? for the design, method and presentation

of the results of this systematic review and meta-analysis.

Database search

In this systematic review and meta-analysis, we searched
the PubMed, Embase, Cochrane Library and Web of Science
databases. The following keywords were used for the search:
“oxygen inhalation therapy”, “liberal*”, “conservative*”, “con-
ventional*”, “respiration”, “artificial” and “mechanical ventila-
tion”. We set the publication type to clinical trial only, and the
publication language was limited to English. We searched for
related literature from the time of database inception up to
and including July 25, 2021. The search strategy is presented
in Appendix 1.

Study selection

Two authors independently assessed all titles and abstracts for

inclusion and then assessed the full texts of the studies considered.
The studies included had to satisfy the following criteria.

1. Thetrial needed to have been designed as a clinical control study.

2. The study subjects needed to be adult patients (aged > 18 years)
requiring MV.

3. 'The studies needed to compare liberal and conservative oxygen
therapies. We defined conservative oxygen therapy as having a
target blood oxygen saturation of 90%-97%.2* The treatment
arm (liberal oxygen therapy) was defined as having a higher
oxygen target, measured through any of the following: fraction
of inspired oxygen (FiO,), arterial partial pressure of oxygen
(Pa0,), arterial oxygen saturation or peripheral oxygen satu-
ration (SpO,).

4. The all-cause mortality and number of deaths during the fol-
low-up period needed to be reported in the results. We excluded

studies on patients younger than 18 years or patients who were

pregnant, along with studies limited to patients with chronic
respiratory diseases or psychiatric diseases, patients on extra-
corporeal life support or patients treated with hyperbaric oxy-
gen therapy or elective surgery. Observational and preclinical

studies were also excluded.

Outcomes

The primary outcome of interest in the current analysis was
28-day mortality. The secondary outcomes analyzed included
90-day mortality, the rate of new infections, ICU length of stay,
mechanical ventilation-free time within 28 days and vasopressor-

free time within 28 days.

Data extraction and quality evaluation

Two authors independently screened the studies, extracted
data and conducted quality assessments. When agreement
could not be reached, the first two authors discussed the deci-
sion to include or exclude studies, until an agreement was
reached. Two authors extracted and recorded the authors,
publication year, study design, participants and population,
demographic characteristics, baseline characteristics, details
of intervention treatment (oxygen therapy), outcome mea-
surements and results from each enrolled study. The risk of
bias in the studies included was evaluated in accordance with
the Cochrane risk of bias tool.*» The following characteris-
tics were assessed: random sequence generation, allocation
concealment, blinding of participants and personnel, blind-
ing of outcome assessments, incomplete outcome data, selec-
tive reporting and other bias. For each characteristic, the risk
of bias was rated as low, high or unclear (in cases in which
there were insufficient details). Two authors independently
assessed the study quality, and disagreements were resolved

via discussion.

Statistical analyses
The statistical analysis was accomplished using the Cochrane
(RevMan)

[Computer program], version 5.3 (The Nordic Cochrane Centre:

systematic review software: Review Manager
Copenhagen, Denmark). Measurement data were expressed as
means and standard deviations and 95% confidence intervals
(95% ClIs). Enumeration data were expressed as risk ratios (RRs)
and 95% ClIs. Assessment of heterogeneity was completed using
the chi-square test. The I? statistic was used in order to determine
the degree of heterogeneity. If the heterogeneity was determined
to be low or moderate (I < 50%; P < 0.1), the fixed-effect model
was applied. Otherwise, the random-effects model was used. In
the presence of heterogeneity, to eliminate the influence of indi-
vidual studies, especially small-sample and low-quality studies,

leave-one-out sensitivity analysis was conducted.
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RESULTS

Studies retrieved and included

We identified 200 studies from PubMed, Embase, Cochrane
Library and Web of Science. After screening the titles and abstracts,
16 studies were included for full-text review. In three of the studies,
some patients were not mechanically ventilated. In two studies, the
number of deaths and mortality rate were not reported. In three
other studies, oxygen therapy strategies could not be classified. In
the end, four randomized controlled trials (RCTs) and one cohort

study'”*¢ were included in the meta-analysis (Figure 1).

Study characteristics and quality evaluation

The main characteristics of the eligible RCTs and cohort study
are shown in Table 1. Five studies and 1806 mechanically venti-
lated ICU patients were included in the meta-analysis. The qual-
ity of the studies included in this meta-analysis was medium. The
quality of the studies included, as assessed using the Cochrane
risk-of-bias tool is shown in Figure2. Because the interventions
needed the cooperation of doctors, there was a lack of use of
blinding methods. As such, there may have been some bias dur-

ing implementation of the interventions.

Outcomes

Primary outcomes

Short-term mortality is shown in Figure 3. Three studies'*? pro-
vided data regarding 28-day mortality. Since there was high hetero-
geneity among the studies (P = 0.07; I?= 63%), the random-effects
model was adopted. The result showed that there was no statistical
significance in 28-day mortality between the conservative and lib-
eral groups (RR = 0.88; 95% CI = 0.59-1.32, P = 0.55). Sensitivity
analysis was performed to evaluate the effect of a single study on the
overall estimate by sequentially excluding each study. The heteroge-
neity decreased significantly (I* = 24%; P = 0.25). After excluding
one of the studies® and making adjustments, oxygen therapy strat-
egy was found to be significantly associated with 28-day mortality,
such that the conservative group performed better than the liberal
group (RR = 0.78; 95% CI = 0.63-0.98; P = 0.03) (Figure 4).

Secondary outcomes

Medium-term mortality is shown in Figure 5. Four studies*?
provided data regarding 90-day mortality. As there was high het-
erogeneity among the studies (P = 0.1; I* = 53%), the random-

effects model was adopted. The result showed that there was no
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Figure 1. Flow diagram.




statistically significant difference in 90-day mortality between the
conservative group and the liberal group (RR = 0.98; 95% CI =
0.85-1.44; P = 0.82).

New infections are shown in Figure 6. Three studies'*>* provided
data regarding the rate of new infections. Since there was no significant
heterogeneity among the studies (P = 0.28; I* = 22%), the fixed-effect
model was adopted. The result showed that there was no statistically
significant difference in the rate of new infections between the con-
servative and liberal groups (RR = 0.91;95% CI = 073-1.13; P =0.73).

ICU length of stay is shown in Figure 7. Two studies®?* pro-
vided data regarding ICU length of stay. As there was no significant

Table 1. Characteristics of the studies included

Conservative group

heterogeneity among the studies (P = 0.18; I* = 45%), the fixed-ef-
fect model was adopted. The result showed that there was no sta-
tistically significant difference in the ICU length of stay between
the conservative and liberal groups (mean difference, MD = 0.15;
95% CI = -1.52-1.81; P = 0.86).

The mechanical ventilation-free time within 28 days is shown in
Figure 8. Three studies®*** provided data regarding the mechan-
ical ventilation-free time within 28 days. Since there was no sig-
nificant heterogeneity among the studies (P = 0.18; I* = 42%), the
fixed-effect model was adopted. The result showed that there was

no statistically significant difference in mechanical ventilation-free

Characteristics
Liberal group

Study =t Sample Meanage, Men, PaO,/FiO,, AP‘:CCOT: il Sample Meanage, Men, PaO,/FiO,, AP?;':: -
size, n years n (%) mean (SD) mean (SD) size, n years n (%) mean (SD) mean (SD)
Asfar Randomized 140 137
ot al?s controlled trial 217 663 (65%) 228 (103) N/A 217 67-8 (63%) 220 (103) N/A
Barrot Randomized 65 116.8 64 120.1
X 63.0 66.9 (13.7) 102 63.5 67.9(14.4)
etal.® controlled trial (65.7%) (47.4) (62.7%) (53.6)
Mackle Randomized 306 302
ot al2* controlled trial 79 58.1 (63.2%) 259 (146) N/A 480 57.5 (62.8%) 245 (138) N/A
Panwar Randomized 62.4 32(62%) 248(112) 773 51 62.4 33(65%) 247 (113) 67.9
etal.® controlled trial (23.6)* (25.6)"
Z:zthl Cohort study 54 54 32(59%) 302(142) 68(32)* 51 51 38(75%) 278(137) 68 (39)
Changes in SpO,, PaO, after Interventions
Study Participants Interventions Conservative group Liberal group
SpO, mean PaO,mean SpO,mean PaO,mean
(SD),%  (SD), mmHG (SD),%  (SD), mmHG
Normoxia group: Target oxygen saturation 88%-95%
Asfar Septic shock patients
otal? receiving mechanical Hyperoxia group: Mechanical ventilation with FiO, of N/A N/A N/A N/A
ventilation in the ICU 1.0 for 24 h after inclusion. Thereafter target as in the
normoxia group
Conservative-oxygen group: Target oxygen saturation
ARDS patients receiving 88%-92%
Barrot X . 93.16 . 97.22 .
otal? mecha.mcal ventilation . o (0.45) 71.5 (3.05) 0.45)" 101.9 (4.47)
in the ICU Liberal-oxygen group: The SpO, was maintained at a
level of at least 96%
ackle Patients receiving Conservatlve—oxg/eg;\lgef:go:/oT::dSF9)(7)ozwas maintained
etal mechanical ventilation N/A N/A N/A N/A
inthe ICU . -
Liberal-oxygen group: no restrictions
Panwar Patients requiring Conservative-oxygen group: Target SpO, of 88-92%
otal? invasive mechanical 93.5 (0.45) 70 (2.5) 96.8 (0.5) 92 (3.5)
ventilation in the ICU Liberal-oxygen group: Target SpO, of > 96%
Conservative oxygen therapy: The SpO, was maintained
Suzuki Patients receiving between 94% and 97%
ctal mechanical ventilation 95.4(0.48)" 82.5(9.5 97.8(0.31)* 106.8(8.5)"

inthe ICU Conventional oxygen therapy: The SpO, was maintained

between 97% and 99%

ARDS = acute respiratory distress syndrome; ICU = intensive care unit; SpO, = arterial saturation of peripheral oxygen; PaO, = arterial partial pressure of oxygen;
SD = standard deviation; N/A = not applicable; "Estimated values
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Figure 2. Risk-of-bias graph.

M-H = Mantel-Haenszel; Cl = confidence interval.

Figure 3. 28-day mortality.

M-H = Mantel-Haenszel; CI = confidence interval.

Figure 4. Adjusted 28-day mortality.

M-H = Mantel-Haenszel; Cl = confidence interval.

Figure 5. 90-day mortality.
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time within 28 days between the conservative and liberal groups
(MD = 0.8; 95%; CI = -0.65-2.25; P = 0.28).

The vasopressor-free time within 28 days is shown in Figure 9.
Three studies®*** provided data regarding the vasopressor-free time
within 28 days. Since there was no significant heterogeneity among
the studies (P = 0.15; I = 48%), the fixed-effect model was adopted.
The result showed that there was no statistically significant differ-
ence in vasopressor-free time within 28 days between the conserva-
tive and liberal groups (MD = 0.79; 95% CI = -0.71-2.30; P = 0.3).

The risk of bias in the studies included is shown in Figure 10.
The funnel plot of the result showed that the primary outcome
was symmetrical. Hence, there was no evidence of significant

small-sample effects or publication bias.

DISCUSSION

This systematic review and meta-analysis enrolled 1806 mechan-
ically ventilated ICU patients. All the studies included were con-
sidered to be of high quality. Despite the high heterogeneity,

M-H = Mantel-Haenszel; Cl = confidence interval.

Figure 6. New infection rate.

SD = standard deviation; IV = inverse-variance weighting; Cl = confidence interval.

Figure 7. Intensive care unit length of stay.

SD = standard deviation; IV = inverse-variance weighting; Cl = confidence interval.

Figure 8. Mechanical ventilation-free time within 28 days.

SD = standard deviation; IV = inverse-variance weighting; Cl = confidence interval.

Figure 9. Vasopressor-free time within 28 days.



the results suggest that conservative oxygen therapy does not
increase the risks of short-term mortality, medium-term mortal-
ity, new infections, longer ICU length of stay, shorter mechanical
ventilation-free time within 28 days or shorter vasopressor-free
time within 28 days, for mechanically ventilated ICU patients.

In clinical practice, oxygen therapy has been widely used to
prevent or correct arterial hypoxemia for mechanically ventilated
ICU patients. Due to concerns over the possible adverse outcomes
of hypoxia exposure among critically ill patients, liberal oxygen
therapy and hyperoxia are widely used for mechanically ventilated
ICU patients. One study reported that 59% of patients have oxy-
gen saturation greater than 98% most of the time.*

However, according to the formula of oxygen delivery (DO,
= cardiac output x arterial oxygen content; arterial oxygen con-
tent = (Hb x 1.34 x Sa0,) + (0.0031 x Pa0,)), oxygen delivery is
governed by three key factors: arterial saturation (SO,), cardiac
output (CO) and hemoglobin (Hb). It is unreasonable to only use
Sa0, as the indicator for evaluating gas exchange in hypoxemic
patients. Moreover, the oxygen dissociation curve of hemoglobin
is “S-shaped”: the upper part of the curve is very gradual, which
means that it is very difficult to further increase SaO, by increasing
blood oxygen content and PaO, in the upper part. For example, even
when the patient’s PaO, is increased, at the risk of hyperoxia expo-

sure, from 100 mmHg to 150 mmHg, only an incremental increase

(200 ml/1 to 201.5 ml/1) in the blood oxygen content results from
this.” It has also been reported that hyperoxia results in decreased
heart rate, reduced CO and increased vascular resistance.*®

Therefore, liberal oxygen therapy that only focuses on arte-
rial oxygen saturation when increasing the oxygen delivery is
unhelpful. Hyperoxia caused by liberal oxygen therapy may even
be harmful. It can promote production of reactive oxygen species
and expression of inflammatory cytokines, thus increasing the risk
and severity of pneumonia," epithelial and endothelial damage'®
and pulmonary interstitial edema.'?

The results from the meta-analysis confirm that in acutely ill
patients, liberal oxygen therapy is unhelpful and does not improve
patient outcomes, but may increase mortality. When the range of
SpO, is more than 94-96%, patients may be affected adversely.*
Recent studies have shown that conservative oxygen therapy has
no significant adverse effect on ICU patients with respiratory fail-
ure and hypoxic ischemic encephalopathy.***> Conservative oxygen
therapy is relatively safe for critically ill ICU patients.

Thus, oxygen therapy should be restricted. The goal of oxygen
therapy should be to ensure adequate oxygen delivery while mini-
mizing any unnecessary hyperoxia exposure. However, the ques-
tion is how conservative it should be. The ideal situation is that
supplemental oxygen administration should be guided through

assessment of tissue oxygen delivery and consumption. However,

SE = standard error; OR = odds ratio.

Figure 10. Funnel plot for primary outcome.




these two parameters are difficult to obtain in clinical practice.
In clinical trials, conservative oxygen therapy is usually carried
out by keeping SpO, at the lower limit of normality.*** To define
conservative oxygen therapy solely on the basis of SpO, seems to
ignore assessment of oxygen consumption.

As surrogate parameters for oxygen consumption, blood lac-
tate concentration, central venous-to-arterial CO, difference and
central venous or mixed venous oxygen saturation can also help
in implementation of conservative oxygen therapy. Over recent
years, there has been a conservative trend in oxygen therapy prac-
tice in some hospitals.*

However, for mechanically ventilated critically ill ICU patients,
there is a lack of consensus and explicit guiding criteria regard-
ing the use of conservative oxygen therapy. Clinicians who worry
about hypoxemia will still increase the patient’s oxygen saturation
as much as possible, even at levels exceeding what they think is
reasonable,® even though these clinicians are aware of the poten-
tial harm of liberal oxygen therapy.

The results from our study on mechanically ventilated ICU
patients showed that there was no significant difference in clinical
prognosis between use of liberal and use of conservative oxygen
therapies. Conservative oxygen therapy did not result in additional
risk; therefore, it is feasible and safe. It is worth mentioning that
there was great heterogeneity regarding 28-day mortality among
the studies reviewed here. By excluding each study one by one, we
found that the heterogeneity arose from the study by Barrot et al.”
Excluding Barrot’s study decreased the heterogeneity (I*= 24%).

After adjustments, the results from the meta-analysis revealed
that conservative oxygen therapy reduced short-term mortality
(RR =0.78; 95% CI = 0.63-0.98; P = 0.03) (Figure 4). The reasons
for this may have been related to the fact that the study population
comprised acute respiratory distress syndrome (ARDS) patients.
Such patients are characterized by difficult-to-correct hypoxemia.
Hypoxemia arises from a diverse range of factors.”” There may be
little difference in clinical prognosis between liberal and conser-
vative oxygen therapy use until the pathological basis of ARDS has
been effectively improved. Moreover, the target for conservative
oxygen therapy in the studies reviewed here was set at 88%-92%
blood oxygen saturation, which is close to the lower limit rec-
ommended in ARDS guidelines.*** In practice, there was some
deviation between the actual and target oxygen saturation. This
would undoubtedly have increased the risk of hypoxia exposure
in the conservative group. The adverse events of mesenteric isch-
emia seen in the conservative group may indicate that conserva-
tive oxygen therapy close to the lower limit recommended may
have been inappropriate.

Furthermore, apart from three studies'”* that only partially
included patients with ARDS and the sample population in the

study of Barrot et al.,”® all the patients included were classified as

presenting ARDS. The results suggest that there may have been
a discrepancy between ARDS patients and non-ARDS patients
regarding the prognosis from conservative oxygen therapy. In
other words, this could imply that conservative oxygen therapy is
beneficial for reducing short-term mortality among mechanically

ventilated patients who do not present ARDS.

Limitations

The findings reported in this study must be interpreted with cau-
tion because of several limitations. Firstly, the definitions of con-
servative oxygen therapy and liberal oxygen therapy were not
quite concordant in the studies that we enrolled, and this may
have led to inaccuracies in the relative mortality rates between
the conservative and liberal groups. Secondly, the number of
studies included was relatively small and, therefore, subgroup
analysis according to ARDS status was not possible. Thirdly, we
assumed that the respiratory function of mechanically ventilated
patients in ICUs would be severely impaired. However, some
patients received MV for extrapulmonary reasons, and it was not

possible to exclude these patients.

CONCLUSIONS

Liberal oxygen therapy and higher SpO, for mechanically ven-
tilated ICU patients are not necessary. For partial MV patients,
conservative oxygen therapy was not associated with a statisti-

cally significant reduction in mortality.

REFERENCES

1. Metnitz PG, Metnitz B, Moreno RP, et al. Epidemiology of mechanical
ventilation: analysis of the SAPS 3 database. Intensive Care Med.
2009;35(5):816-25. PMID: 19288079; https://doi.org/10.1007/500134-
009-1449-9.

2. Wunsch H, Linde-Zwirble WT, Angus DC, et al. The epidemiology
of mechanical ventilation use in the United States. Crit Care Med.
2010;38(10):1947-53. PMID: 20639743; https://doi.org/10.1097/
ccm.0b013e3181ef4460.

3. Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD. Critical care and the
global burden of critical illness in adults. Lancet. 2010;376(9749):1339-
46. PMID: 20934212; https://doi.org/10.1016/50140-6736(10)60446-1.

4. Chu DK, Kim LH, Young PJ, et al. Mortality and morbidity in acutely il
adults treated with liberal versus conservative oxygen therapy (IOTA):
a systematic review and meta-analysis. Lancet. 2018;391(10131):1693-
705. PMID: 29726345; https://doi.org/10.1016/50140-6736(18)30479-3.

5. Keefer CS,Resnik WH. Angina pectoris: a syndrome caused by anoxemia
of the myocardium. Arch Intern Med (Chic). 1928;41(6):769-807. https.//
doi.org/10.1001/archinte.1928.00130180002001.

6. Maclntyre NR. Tissue hypoxia: implications for the respiratory
clinician. Respir Care. 2014;59(10):1590-6. PMID: 25161296; https://
doi.org/104187/respcare.03357.


https://doi.org/10.1007/s00134-009-1449-9
https://doi.org/10.1007/s00134-009-1449-9
https://doi.org/10.1097/ccm.0b013e3181ef4460
https://doi.org/10.1097/ccm.0b013e3181ef4460
https://doi.org/10.1016/s0140-6736(10)60446-1
https://doi.org/10.1016/s0140-6736(18)30479-3
https://doi.org/10.1001/archinte.1928.00130180002001
https://doi.org/10.1001/archinte.1928.00130180002001
https://doi.org/10.4187/respcare.03357
https://doi.org/10.4187/respcare.03357

Effect of liberal or conservative oxygen therapy on the prognosis for mechanically ventilated intensive care unit patients: a meta-analysis | ORIGINAL ARTICLE

20.

Choi WI, Shehu E, Lim SY, et al. Markers of poor outcome in patients
with acute hypoxemic respiratory failure. J Crit Care. 2014,29(5):797-
802. PMID: 24997724; https://doi.org/10.1016/j.,jcrc.2014.05.017.
Helmerhorst HJ, Schultz MJ, van der Voort PH, et al. Self-reported
attitudes versus actual practice of oxygen therapy by ICU physicians
and nurses. Ann Intensive Care. 2014;4:23. PMID: 25512878; https://
doi.org/10.1186/513613-014-0023-y.

West JB. Pulmonary Pathophysiology: The Essentials: Wotlers Kluwer.
Philadelphia: Lippincott Williams & Wilkins; 2007.

. Capellier G, Panwar R. Is it time for permissive hypoxaemia in the

intensive care unit? Crit Care Resusc. 2011;13(3):139-41. PMID:
21879998.

. Altemeier WA, Sinclair SE. Hyperoxia in the intensive care unit: why

more is not always better. Curr Opin Crit Care. 2007;13(1):73-8. PMID:
17198052; https://doi.org/10.1097/MCC.0b013e32801162cb.

. Fracica PJ, Knapp MJ, Piantadosi CA, et al. Responses of baboons

to prolonged hyperoxia: physiology and qualitative pathology. J
Appl! Physiol (1985). 1991,71(6):2352-62. PMID: 1778933; https://doi.
org/10.1152/jappl.1991.71.6.2352.

. Crapo JD, Barry BE, Foscue HA, Shelburne J. Structural and biochemical

changesinrat lungs occurring during exposures to lethal and adaptive
doses of oxygen. Am Rev Respir Dis. 1980;122(1):123-43. PMID: 7406333;
https://doi.org/10.1164/arrd.1980.122.1.123.

. Baleeiro CE, Wilcoxen SE, Morris SB, Standiford TJ, Paine R, 3rd.

Sublethal hyperoxia impairs pulmonary innate immunity. J Immunol.
2003;171(2):955-63. PMID: 12847267; https://doi.org/10.4049/
jimmunol.171.2.955.

. Haque WA, Boehmer J, Clemson BS, et al. Hemodynamic effects of

supplemental oxygen administration in congestive heart failure.
J Am Coll Cardiol. 1996;27(2):353-7. PMID: 8557905; https://doi.
0rg/10.1016/0735-1097(95)00474-2.

. Zwemer CF, Whitesall SE, D'Alecy LG. Cardiopulmonary-cerebral

resuscitation with 100% oxygen exacerbates neurological
dysfunction following nine minutes of normothermic cardiac arrest
in dogs. Resuscitation. 1994;27(2):159-70. PMID: 808601 1; https://doi.
0rg/10.1016/0300-9572(94)90009-4.

. Suzuki S, Eastwood GM, Glassford NJ, et al. Conservative oxygen therapy

in mechanically ventilated patients: a pilot before-and-after trial. Crit
Care Med. 2014;42(6):1414-22. PMID: 24561566; https://doi.org/10.1097/
ccm.0000000000000219.

. Rincon F, Kang J, Maltenfort M, et al. Association between hyperoxia

and mortality after stroke: a multicenter cohort study. Crit Care
Med. 2014;42(2):387-96. PMID: 24164953; https://doi.org/10.1097/
CCM.0b013e3182a27732.

. Stub D, Smith K, Bernard S, et al. Air Versus Oxygen in ST-Segment-

Elevation Myocardial Infarction. Circulation. 2015;131(24):2143-50.
PMID: 26002889; https://doi.org/10.1161/circulationaha.114.014494.
Hale KE, Gavin C, O'Driscoll BR. Audit of oxygen use in emergency

ambulances and in a hospital emergency department. Emerg Med

22.

23.

24.

25.

26.

27.

28.

29.

30.

30

32.

J.2008;25(11):773-6. PMID: 18955625; https://doi.org/10.1136/
emj.2008.059287.

. O'Driscoll BR, Howard LS, Earis J, Mak V. British Thoracic Society Guideline

for oxygen use in adults in healthcare and emergency settings. BMJ
Open Respir Res. 2017;4(1):e000170. PMID: 28883921; https://doi.
0rg/10.1136/bmjresp-2016-000170.

Allegranzi B, Zayed B, Bischoff P, et al. New WHO recommendations on
intraoperative and postoperative measures for surgical site infection
prevention: an evidence-based global perspective. Lancet Infect Dis.
2016;16(12):288-e303. PMID: 27816414; https://doi.org/10.1016/
$1473-3099(16)30402-9.

Panwar R, Hardie M, Bellomo R, et al. Conservative versus Liberal
Oxygenation Targets for Mechanically Ventilated Patients. A Pilot
Multicenter Randomized Controlled Trial. Am J Respir Crit Care
Med. 2016;193(1):43-51. PMID: 26334785; https://doi.org/10.1164/
rccm.201505-10190C.

Mackle D, Bellomo R, Bailey M, et al. Conservative Oxygen Therapy during
Mechanical Ventilation in the ICU. New Engl J Med. 2020,382(11):989-98.
PMID: 31613432; https://doi.org/10.1056/NEJM0oa1903297.

Barrot L, Asfar P, Mauny F, et al. Liberal or Conservative Oxygen
Therapy for Acute Respiratory Distress Syndrome. New Engl J Med.
2020;382(11):999-1008. PMID: 32160661; https://doi.org/10.1056/
NEJMoa1916431.

Asfar P, Schortgen F, Boisramé-Helms J, et al. Hyperoxia and hypertonic
saline in patients with septic shock (HYPERS2S): a two-by-two
factorial, multicentre, randomised, clinical trial. Lancet Respir Med.
2017;5(3):180-90. PMID: 28219612; https://doi.org/10.1016/52213-
2600(17)30046-2.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement.
J Clin Epidemiol. 2009;62(10):1006-12. PMID: 19631508; https://doi.
0rg/10.1016/j,jclinepi.2009.06.005.

Higgins J. Cochrane Handbook for Systematic Reviews of Interventions
Version 5.0.1. The Cochrane Collaboration. Naunyn-Schmiedebergs
Archiv fur experimentelle Pathologie und Pharmakologie. 2008;5(2):538.
Crapo RO, Jensen RL, Hegewald M, Tashkin DP. Arterial blood gas
reference values for sea level and an altitude of 1,400 meters. Am J
Respir Crit Care Med. 1999;160(5 Pt 1):1525-31. PMID: 10556115; https.//
doi.org/10.1164/ajrccm.160.5.9806006.

Gries RE, Brooks LJ. Normal oxyhemoglobin saturation during sleep.
How low does it go? Chest. 1996;110(6):1489-92. PMID: 8989066; doi:
https://doi.org/10.1378/chest.110.6.1489.

Higgins J, Green SR. Cochrane Handbook for Systematic Review of
Interventions Version 5.1.0. 2011. Available from: https://handbook-5-1.
cochrane.org/. Accessed in 2021 (Sep 24).

Suzuki S, Eastwood GM, Peck L, Glassford NJ, Bellomo R. Current oxygen
management in mechanically ventilated patients: a prospective
observational cohort study. J Crit Care. 2013;28(5):647-54. PMID:
23683560; https://doi.org/10.1016/j,jcrc.2013.03.010.

Sao Paulo Med J. 2022; 140(3):463-73 471


https://doi.org/10.1016/j.jcrc.2014.05.017
https://doi.org/10.1186/s13613-014-0023-y
https://doi.org/10.1186/s13613-014-0023-y
https://doi.org/10.1097/MCC.0b013e32801162cb
https://doi.org/10.1152/jappl.1991.71.6.2352
https://doi.org/10.1152/jappl.1991.71.6.2352
https://doi.org/10.1164/arrd.1980.122.1.123
https://doi.org/10.4049/jimmunol.171.2.955
https://doi.org/10.4049/jimmunol.171.2.955
https://doi.org/10.1016/0735-1097(95)00474-2
https://doi.org/10.1016/0735-1097(95)00474-2
https://doi.org/10.1016/0300-9572(94)90009-4
https://doi.org/10.1016/0300-9572(94)90009-4
https://doi.org/10.1097/ccm.0000000000000219
https://doi.org/10.1097/ccm.0000000000000219
https://doi.org/10.1097/CCM.0b013e3182a27732
https://doi.org/10.1097/CCM.0b013e3182a27732
https://doi.org/10.1161/circulationaha.114.014494
https://doi.org/10.1136/emj.2008.059287
https://doi.org/10.1136/emj.2008.059287
https://doi.org/10.1136/bmjresp-2016-000170
https://doi.org/10.1136/bmjresp-2016-000170
https://doi.org/10.1016/s1473-3099(16)30402-9
https://doi.org/10.1016/s1473-3099(16)30402-9
https://doi.org/10.1164/rccm.201505-1019OC
https://doi.org/10.1164/rccm.201505-1019OC
https://doi.org/10.1056/NEJMoa1903297
https://doi.org/10.1056/NEJMoa1916431
https://doi.org/10.1056/NEJMoa1916431
https://doi.org/10.1016/s2213-2600(17)30046-2
https://doi.org/10.1016/s2213-2600(17)30046-2
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1164/ajrccm.160.5.9806006
https://doi.org/10.1164/ajrccm.160.5.9806006
https://doi.org/10.1378/chest.110.6.1489
https://handbook-5-1.cochrane.org/
https://handbook-5-1.cochrane.org/
https://doi.org/10.1016/j.jcrc.2013.03.010

ORIGINAL ARTICLE | Dong WH, Yan WQ, Chen Z

33.

34.

35.

36.

37.

38.

39.

Mackenzie GJ, Flenley DC, Taylor SH, et al. Circulatory and respiratory
studies in myocardial infarction and cardiogenic shock. Lancet.
1964;2(7364):825-32. PMID: 14197156; https://doi.org/10.1016/50140-
6736(64)90684-1.

Schjerring OL, Klitgaard TL, Perner A, et al. Lower or Higher Oxygenation
Targets for Acute Hypoxemic Respiratory Failure. N Engl J Med.
2021;384(14):1301-11. PMID: 33471452; https://doi.org/10.1056/
NEJM0a2032510.

Young P, Mackle D, Bellomo R, et al. Conservative oxygen therapy for
mechanically ventilated adults with suspected hypoxic ischaemic
encephalopathy. Intensive Care Med. 2020;46(12):2411-22. PMID:
32809136; https://doi.org/10.1007/500134-020-06196-y.

Wijesinghe M, Dark P, McAuley D, O'Driscoll BR. Oxygen use is becoming
more conservative on intensive care units in the UK. Journal of the
British Thoracic Society; 2016(71)A186. Available from: https://thorax.
bmj.com/content/71/Suppl_3/A186.1.info. Accessed in 2021 (Sep 24).
Thille AW, Esteban A, Ferndndez-Segoviano P, et al. Chronology of
histological lesions in acute respiratory distress syndrome with diffuse
alveolar damage: a prospective cohort study of clinical autopsies.
Lancet Respir Med. 2013;1(5):395-401. PMID: 24429204, https://doi.
0rg/10.1016/52213-2600(13)70053-5.

Mikkelsen ME, Anderson B, Christie JD, Hopkins RO, Lanken PN. Can we
optimize long-term outcomes in acute respiratory distress syndrome
by targeting normoxemia? Ann Am Thorac Soc. 2014;11(4):613-8. PMID:
24621125; https://doi.org/10.1513/AnnalsATS.201401-001PS.
Siemieniuk RAC, Chu DK, Kim LH, et al. Oxygen therapy for acutely ill
medical patients: a clinical practice guideline. BMJ. 2018;363:k4169.
PMID: 30355567; https://doi.org/10.1136/bmj.k4169.

Authors’ contributions: Dong WH: conceptualization (equal),

methodology (equal), writing-original draft (equal) and writing-review

and editing (equal); Yan WQ: methodology (equal), investigation (equal),

formal analysis (equal) and visualization (equal); Chen Z: supervision

(equal) and writing-review and editing (equal); All authors actively

contributed to discussion of the study results, and reviewed and

approved the final manuscript to be published

Acknowledgements: The authors gratefully acknowledge the support
from the Key Research and Development Project of Jiangxi Province
Sources of funding: The Key Research and Development Project of
Jiangxi Province, China (social development field); grant number:
20202BBGL73059

Conflicts of interests: The authors declare that they did not have any

competing interests

Date of first submission: April 11,2021
Last received: August 19, 2021
Accepted: September 21, 2021

Address for correspondence:

Zhi-Chen

Emergency Department, Jiangxi Provincial People’s Hospital Affiliated to
Nanchang University

92 AiGuo St Nanchang, 330006, Jiangxi, China

Tel. (+86) 79187721166 — Fax. (+86) 79186897325

E-mail: jxcz120@qg.com

472 Sao Paulo Med J. 2022; 140(3):463-73


https://doi.org/10.1016/s0140-6736(64)90684-1
https://doi.org/10.1016/s0140-6736(64)90684-1
https://doi.org/10.1056/NEJMoa2032510
https://doi.org/10.1056/NEJMoa2032510
https://doi.org/10.1007/s00134-020-06196-y
https://thorax.bmj.com/content/71/Suppl_3/A186.1.info
https://thorax.bmj.com/content/71/Suppl_3/A186.1.info
https://doi.org/10.1016/s2213-2600(13)70053-5
https://doi.org/10.1016/s2213-2600(13)70053-5
https://doi.org/10.1513/AnnalsATS.201401-001PS
https://doi.org/10.1136/bmj.k4169
mailto:jxcz120@qq.com

Effect of liberal or conservative oxygen therapy on the prognosis for mechanically ventilated intensive care unit patients: a meta-analysis | ORIGINAL ARTICLE

Appendix 1. Search strategy.

Search strategy for PubMed

((“Oxygen Inhalation Therapy”[Mesh]) AND (((liberal*) OR (conservative*)) OR (conventional*))) AND (((Respiration, Artificial[MeSH Terms]) ) OR
(mechanical ventilation)) AND (clinicaltrial[Filter])

Search strategy for Embase
(‘oxygen therapy'/exp OR‘oxygen therapy’) AND (liberal* OR conservative* OR conventional*) AND ((‘respiration,/exp OR respiration,) AND artificial OR
(mechanical AND (‘ventilation’/exp OR ventilation))) AND ‘controlled clinical trial’/de

Search strategy for Cochrane library
((liberal*):ab OR (conservative*):ti,ab,kw OR (conventional*):ti,ab,kw) AND ((Respiration, Artificial):ab OR (mechanical ventilation):ti,ab,kw) AND (Oxygen
Inhalation Therapy)

Search strategy for Web of Science
(TS= (Oxygen Inhalation Therapy) AND ((AB=(liberal*) OR AB=(conservative*)) OR AB=(conventional*))) AND ((TS=(Respiration, Artificial)) ORTS=
(mechanical ventilation))
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