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Abstract

Background: There is limited knowledge about the effect of liberal intraoperative oxygen on non-infectious complica-

tions and overall recovery from surgery.

Methods: In this retrospective cohort study, we investigated associations between mean intraoperative fraction of

inspired oxygen (FiO2), and outcome in adults undergoing elective surgery lasting more than 2 h at a large metropolitan

New Zealand hospital from 2012 to 2020. Patients were divided into low, medium, and high oxygen groups (FiO2 � 0.4,

0.41e0.59, �0.6). The primary outcome was days alive and out of hospital at 90 days (DAOH90). The secondary outcomes

were post-operative complications and admission to the ICU.

Results:We identified 15,449 patients whomet the inclusion criteria. There was no association between FiO2 and DAOH90

when high FiO2 was analysed according to three groups. Using high FiO2 as the reference group there was an adjusted

mean (95% confidence interval [CI]) difference of 0.09 (�0.06 to 0.25) days (P ¼ 0.25) and 0.28 (�0.05 to 0.62) days (P ¼ 0.2) in

the intermediate and low oxygen groups, respectively. Low FiO2 was associated with increased surgical site infection: the

adjusted odds ratio (OR) for low compared with high FiO2 was 1.53 (95% CI 1.12e2.10). Increasing FiO2 was associated with

respiratory complications: the adjusted OR associated with each 10% point increase in FiO2 was 1.17 (95% CI 1.08e1.26)

and the incidence of being admitted to an ICU had an adjusted OR of 1.1 (95% CI 1.03e1.18).

Conclusions: We found potential benefits, and risks, associated with liberal intraoperative oxygen administration indi-

cating that randomised controlled trials are warranted.
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The fraction of inspired oxygen (FiO2) administered to patients

receiving general anaesthesia ismostly greater than 0.21, which

is the FiO2 in room air. There are many reasons why the

anaesthetist may administer oxygen to maintain a percentage

saturation of arterial haemoglobin with oxygen (SaO2) as

measured by a pulse oximeter (SpO2) at a supra-physiological

saturations. In anaesthesia practice, supra-physiological

oxygen administration avoids low oxygen concentrations in

arterial blood (hypoxaemia) that could cause tissue injury and

may optimise oxygen delivery to vulnerable tissues. Relatedly, a

high FiO2 may be used to increase the oxygen store in the lungs

to prolong the apnoeic desaturation time during induction of or

emergence from anaesthesia, with the aim of reducing the

likelihood of clinically significant hypoxaemia during airway

manipulation.1 In addition, some perioperative guidelines

advocate for the administration of high FiO2 during and after

surgery in the hope that it might reduce the risk of post-

operative surgical site infection.2

By contrast, it is biologically plausible that liberal oxygen is

harmful. For example, an increase in oxygen-induced reactive

oxygen species generated as a result of high FiO2 may over-

whelm the reductive capacity of tissues, resulting in cellular

dysfunction and death.3,4 Studies in related specialties of acute

medicine5,6 and intensive care7,8 have reported increased

morbidity and mortality with routine liberal oxygen therapy,

and recent retrospective perioperative studies have suggested

an association between FiO2 and post-operative pulmonary

complications, as well as acute kidney and myocardial

injury.9,10 However, there is a lack of evidence relating to the

effect of high FiO2 on overall recovery from surgery.

We, therefore,undertooka retrospective cohort studyaiming

to investigate the strength and nature of associations between

intraoperative FiO2 and overall recovery from surgery and a

range of post-operative complications in adult patients under-

going elective surgery. We hypothesised that high intra-

operative FiO2wouldbeassociatedwith fewerdaysalive andout

of hospital at 90 days (DAOH90; an overall measure of recovery),

and an increased incidence of post-operative complications.
Methods

Ethical approval was obtained from the New Zealand Central

Health and Disability Ethics Committee (21/CEN/141), and lo-

cality approval from the Auckland District Health Board

Research Review Committee. The study has been reported in

accordance with the Strengthening the Reporting of Observa-

tional Studies in Epidemiology (STROBE) guidelines.11

Eligible patients were adults (�18-yr old on the operation

date) undergoing elective surgery, with ASA physical status

(PS) 1e4 and with an operative duration of between 120 and

720 min at Auckland City Hospital between July 2, 2012, and

June 30, 2020. We chose July 2, 2012, as the start of the

recruitment period because after this date the specification of

the New Zealand Ministry of Health National Minimum

Dataset (NMDS) was updated to include a ‘condition onset flag’

for diagnosis codes. The ‘condition onset flag’ indicates when

a diagnosis or complication has arisen during a given hospital
admission event. This flag enables the identification of new

complications during admission, and, therefore, the differen-

tiation of these from baseline comorbidities. Operations last-

ing longer than 720 min were excluded because a high

proportion of these cases were expected to be artifactual as a

result of the anaesthesia record not being ended at the

completion of anaesthesia care. Patients undergoing cardiac,

thoracic, and obstetric surgery were excluded. Eligible patients

were identified from hospital records. If a patient underwent

more than one surgical procedure during an admission of in-

terest, only the first procedure was considered. Procedures

were further excluded if they could not be matched from

hospital records to the Anaesthetic Information Management

System (AIMS) or national records, or if those records were

missing or contained erroneous key variables. There was no

imputation of missing data. If a patient had more than one

eligible admission event involving a planned surgical proced-

ure over the study period, one was selected at random to avoid

inflation of outcomes earlier in the study period.

Data were derived from the Auckland City Hospital elec-

tronic medical record, the SAFERsleep (SAFERSleep, Safer

Sleep LLC, Delaware, USA and Auckland, New Zealand) AIMS,

and the NMDS. Baseline and outcome variables were obtained

from the NMDS,12 which codes clinical data using the Inter-

national Statistical Classification of Diseases and Related

Health Problems, Tenth Revision, Australian Modification

(ICD-10-AM), the Australian Classification of Health In-

terventions (ACHI), and Australian Coding Standards (ACS).12

Exposure variables were obtained from the SAFERsleep

AIMS. FiO2 and SpO2 values were sampled at either 10-, 30-, or

60-s intervals as determined by the configuration of individual

SAFERsleep AIMS, and mean values were calculated accord-

ingly for each study participant. Hospital records were

matched to the anaesthetic database on the operation identi-

fier, and to national records on the admission identifier. Par-

ticipants were identified by an encrypted version of their

unique National Health Index number; data were obtained and

combined to provide the study variable set.

The primary outcome was DAOH90 (hospitals in this case

included any acute, subacute, or planned care hospital and

aged care, respite, or hospice facility in New Zealand). The

count included the day of surgery, and any of the subsequent

90 days that were spent (partially or wholly) in ‘hospital’ or

dead were subtracted from the total.13 The secondary out-

comes were post-operative surgical site infection, respiratory

complications, non-infection-related complications, death

within 90 days of surgery, and post-operative ICU admission.

Specifically, respiratory complications included all ICD-10-AM

codes that related to pulmonary infectious complications and

pulmonary non-infectious complications. Non-infection-

related complications included all ICD-10-AM codes relating

to transient ischaemic attack, cerebrovascular accident,

myocardial infarction, and pulmonary embolism. ICU admis-

sion included all patients admitted to the combined ICU and

high dependency unit (HDU) at Auckland City Hospital. The

sampling period covered 8 yr (96 months). It was estimated

that this would include 15,000 patients after the removal of



Hospital records (n=30 035)

Excluded (n=9956):
• Emergent procedure (n=8473)
• Subsequent procedure in admission (n=1226)
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duplicates. We calculated that with approximately 5000 pa-

tients in each of the three groups defined by mean intra-

operative FiO2 exposure (low FiO2, �0.40; intermediate FiO2,

0.41e0.59; high FiO2, �0.60), this study would have a 90% po-

wer at a ¼ 0.0167 (0.05/3) to detect a difference in proportions

between any two groups equal to 4% and a difference in

continuous variables equal to 7.5% of 1 standard deviation.
• Surgical duration >12 h (n=66)
• Procedure code not resolved (n=64)
• ASA-PS 5 or 6 (n=127)

Screened (n=20 079)

Not matched (n=2883):
• Not matched to NMDS (n=2595)
• Not matched to AIMS (n=288)

Matched (n=17 196)

Missing data (n=407):
• FiO2 (n=27)
• SpO2 (n=27)
• ASA-PS (n=353)

Complete records (n=16 789)

Duplicate patients (n=1340):
• Repeat patients (n=1340)

Unique patients (n=15 449)

Fig 1. Patient flow diagram illustrating inclusion in the study.

AIMS, Anaesthetic Information Management System; FiO2, frac-

tion of inspired oxygen; NMDS, National Minimum Dataset; PS,

physical status; SpO2, percentage haemoglobin saturation with

oxygen as measured by a pulse oximeter.
Statistical analyses

The primary outcome (DAOH90) and all continuous secondary

outcomes were analysed using median regression with results

reported as point estimates (95% confidence interval [CI]). The

secondary binomial outcomes were analysed using logistic

regression and reported as odds ratios (ORs; 95% CI). To explore

the relationship between outcome and exposure, FiO2 was

initially analysed as a categorical variable, considering three

categories of mean intraoperative FiO2 (low FiO2, �0.40; inter-

mediate FiO2, 0.41e0.59; and high FiO2, �0.60). These oxygen

bandswere chosen to achieve sufficient numbers across groups

to enablemeaningful statistical comparisonswhilemaintaining

three distinct concentrations of oxygen administration. Where

there was evidence of a linear relationship, FiO2 was further

analysed as a continuous variable and presented as the change

in incidence associated with a 10% point increase in FiO2.

All analyses were adjusted for a priori determined cova-

riates known to impact outcome including age, sex, ASA-PS,

smoking status, BMI, Charlson Comorbidity Index (CCI),

intraoperative PEEP, surgery type, duration of surgery, year of

admission, and day and time of surgery. To provide data on

M�aori health inequity, we conducted pre-specified subgroup

analysis according to the baseline criteria ofM�aori vs European

ethnicity as a baseline comparator. Other pre-specified sub-

group analyses were cancer vs non-cancer surgery, diabetes vs

non-diabetes, ASA-PS 1 or 2 vs 3 or 4 (ASA-PS 3 and 4 were

pooled due to the anticipated low number of ASA-PS 4 pa-

tients), with heterogeneity determined by fitting interactions

between FiO2 and subgroup. Statistical analyses were per-

formed using R version 4.2 (R Foundation, Vienna, Austria) and

SAS version 14.3 (SAS Institute, Cary, NC). All tests of signifi-

cance were two-tailed, and P-values <0.05 for the primary

outcome and <0.01 for the secondary outcomes were consid-

ered to indicate statistical significance.
Results

Hospital records contained 30,035 eligible operations, of which

15,449 met the study inclusion criteria (see Fig 1) and were

included in the study analyses. Among the participants, 51.8%

(n ¼ 8007) were female and 48.2% (n ¼ 7442) were male, with a

mean age of 56 (SD 16) yr, andmedian (inter-quartile range [IQR])

ASA-PS of 2 (2e3). The commonly reported ethnic groups of

patientswereAsian (n¼ 1992, 12.9%), European (n¼ 9297, 60.2%),

M�aori (n¼1845, 11.9%), and Pacific Peoples (n¼ 1939, 12.6%). The

baseline characteristics of the participants are presented in

Table 1.

The time-weighted mean intraoperative FiO2 for all study

participants was 0.55 (0.09). When participants were divided

into three categories of oxygen exposure, 617 participants had

a mean FiO2 of 0.36 (0.04) in the low-oxygen group, 10,867

participants had an average FiO2 of 0.52 (0.05) in the

intermediate-oxygen group, and 3965 participants had an

average intraoperative FiO2 of 0.66 (0.06) in the high-oxygen

group. The mean SpO2 was 97.8% (1.3%) in the low oxygen
category, 98.1% (1.1%) in the intermediate category, and 98%

(1.3%) in the high oxygen category, (P < 0.001). The minimum

SpO2 was 87.3% (1.1%), 88.9% (1.0%), and 88.1% (1.1%), respec-

tively, for low, intermediate, and high FiO2 categories

(P < 0.001). The administered FiO2 displayed a significant

annual decline throughout our study at a rate of between

0.0097 and 0.0103 (P < 0.0001) per year (see Fig 2).
DAOH90

DAOH90 differed according to the FiO2 category with a lower

DAOH90 in the low oxygen category (median [IQR] low 83

[78e85], intermediate 84 [79e86], and high 84 [80e86]; P¼ 0.03).

However, after multivariable adjustment for baseline imbal-

ance, this relationship was no longer significant when

comparing the three FiO2 categories: using the high FiO2 group

as the reference, the median (95% CI) difference in DAOH90

was 0.09 (�0.06 to 0.25) for intermediate and 0.28 (�0.05 to 0.62)

for low oxygen categories. When treating FiO2 as a continuous



Table 1 Patient baseline characteristics. CCI, Charlson Comorbidity Index; IQR, inter-quartile range; PS, physical status.

Characteristics Low Intermediate High P-value

N 617 10,867 3965
Age, mean (SD) 52.1 (17.1) 55.8 (16.5) 56.7 (16.3) <0.0001
Sex, n (%)
Female 278 (45.1) 5620 (51.7) 2111 (53.2) 0.0007
Male 339 (54.9) 5247 (48.3) 1854 (46.8) 0.0007

Ethnicity, n (%)
Asian 93 (15.1) 1413 (13) 486 (12.3) 0.13
European 375 (60.8) 6582 (60.6) 2340 (59) 0.22
M�aori 73 (11.8) 1278 (11.8) 494 (12.5) 0.51
Middle Eastern 16 (2.6) 192 (1.8) 70 (1.8) 0.32
Pacific Peoples 54 (8.8) 1333 (12.3) 552 (13.9) 0.0004
Other 3 (0.5) 16 (0.1) 6 (0.2) 0.12
Unknown 3 (0.5) 53 (0.5) 17 (0.4) 0.9

BMI (kg/m2), n (%)
<18.5 7 (1.1) 69 (0.6) 27 (0.7) 0.33
18.5 to <25 111 (18) 1402 (12.9) 381 (9.6) <0.0001
25 to <30 100 (16.2) 1508 (13.9) 428 (10.8) <0.0001
30 to <35 81 (13.2) 1516 (14) 603 (15.2) 0.11
35 to <40 11 (1.8) 340 (3.1) 190 (4.8) <0.0001
�40 7 (1.1) 80 (0.7) 57 (1.4) 0.0004
Unknown 300 (48.6) 5952 (54.8) 2279 (57.5) 0.0001

ASA-PS, n (%)
1 92 (14.9) 1559 (14.3) 453 (11.4) <0.0001
2 305 (49.4) 5364 (49.4) 1815 (45.8) 0.0005
3 207 (33.5) 3716 (34.2) 1582 (39.9) <0.0001
4 13 (2.1) 228 (2.1) 115 (2.9) 0.015

CCI, median (IQR) 0 (0e2) 0 (0e2) 0 (0e2) 0.038
Diabetes, n (%) 618 (11) 1556 (14.3) 690 (17.4) <0.0001
Cancer, n (%) 223 (36.1) 3569 (32.8) 1138 (28.7) <0.0001
Current smoker, n (%) 62 (10) 1413 (13) 560 (14.1) 0.013
Admission year, mean (SD) 2017 (2.03) 2016 (2.28) 2015 (2.26) <0.0001
Surgery duration (min), mean (SD) 250 (113) 205 (93) 184 (75) <0.0001
Surgery category, n (%)
General surgery 111 (18) 2150 (19.8) 851 (21.5) 0.031
Gynaecology 54 (8.8) 1637 (15.1) 579 (14.6) 0.0001
Neurosurgery 129 (20.9) 1564 (14.4) 532 (13.4) <0.0001
Ophthalmology 10 (1.6) 229 (2.1) 82 (2.1) 0.71
Orthopaedics 62 (10) 1193 (11) 400 (10.1) 0.26
Otorhinolaryngology 74 (12) 1274 (11.7) 460 (11.6) 0.95
Urology 97 (15.7) 1342 (12.3) 492 (12.4) 0.047
Vascular 23 (3.7) 732 (6.7) 271 (6.8) 0.012
Other 57 (9.2) 746 (6.9) 297 (7.5) 0.048
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variable, the median change in DAOH90 associated with a 10%

point increase in FiO2 was �0.05 (�1.13 to 0.02; P ¼ 0.17).

Subgroup analyses are reported in Table 2.
Secondary outcomes

The risk of surgical site infection within 90 days differed when

FiO2 was analysed by category. A total of 63 of 617 (10.2%), 706

of 10,867 (6.5%), and 246 of 3965 (6.2%) patients in the low,

intermediate, and high FiO2 categories, respectively, devel-

oped a surgical site infection. Using the high-oxygen exposure

group as the reference, the OR (95% CI) for developing a sur-

gical site infection within 90 days of surgery for intermediate

FiO2 was 1.05 (0.90e1.21) and for low FiO2 was 1.72 (1.29e2.30).

After adjustment for baseline imbalances between groups, the

strength of the association between the FiO2 category and

occurrence of surgical site infection within 90 days was

weakened but remained significantly different between the

three groups; adjusted OR (95% CI) for intermediate FiO2 1.02

(0.87e1.20) and for low FiO2 1.53 (1.12e2.10). The non-linearity

of this relationship between FiO2 and surgical site infection
was further reflected by a non-significant OR (95% CI) for each

10% point change when FiO2 was treated as a continuous

variable (0.93 [0.86e1.01]).

Respiratory complications were associated with oxygen

exposure when analysed according to the FiO2 category. A

total of 35 of 617 (5.7%), 678 of 10 867 (6.2%), and 296 of 3965

(7.5%) patients in the low, medium, and high FiO2 categories,

respectively, developed respiratory complications. Using the

high-oxygen exposure as the reference group, the OR (95% CI)

for developing a respiratory complication for intermediate

FiO2 was 0.82 (0.72e0.95), and for low FiO2 was 0.75 (0.52e1.07).

The strength of the association between the FiO2 category and

respiratory complication remained after adjusting for baseline

imbalances (adjusted OR [95% CI] for intermediate FiO2 0.78

[0.67e0.90] and low 0.6 [0.41e0.88]). When considered as a

continuous variable, the adjusted OR (95% CI) associated with

a 10% point increase in FiO2 was 1.17 (1.08e1.26).

A total of 139 of 617 (22.5%), 1882 of 10,867 (17.3%), and 681

of 3965 (17.2%) patients in the low, medium, and high FiO2

categories, respectively, were admitted to ICU after surgery.

Using the high-oxygen exposure as the reference group, the
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Fig 2. Mean (SD) FiO2 administered by year of the study period.

FiO2, fraction inspired oxygen concentration; SD, standard de-

viation.
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OR (95% CI) for post-operative ICU admission for intermediate

FiO2 was 1.01 (0.92e1.11) and for low FiO2 was 1.40 (1.14e1.72).

After adjusting for baseline imbalances, the adjusted OR (95%

CI) for intermediate FiO2 was 0.79 (0.68e0.91) and for low FiO2

was 0.91 (0.67e1.25). When considered as a continuous vari-

able, there was evidence of a linear relationship with each 10%

increase in FiO2 associated with an increased OR (95% CI) of

admission to ICU (1.1 [1.03e1.18]). Cancer status appeared to

have a moderating effect on ICU admission (interaction

P < 0.001); in patients with cancer, there was no evidence of a

relationship between ICU admission (adjusted OR [95% CI]

associated with a 10% point increase in FiO2 0.98 [0.88e1.1]).

However, in patients without cancer, there was a significant

linear relationship (adjusted OR [95% CI] associated with a 10%

point increase in FiO2 1.21 [1.1e1.33]).

There were no associations between FiO2 and extrapulmo-

nary non-infectious complications. Non-infectious complica-

tions occurred in 35 of 617 (5.7%), 678 of 10,867 (5.7%), and 296 of

3965 (5.4%) in the low, intermediate, and high oxygen cate-

gories, respectively (P¼ 0.77). Therewasnoassociationbetween

the FiO2 category and 90-day mortality with 3 of 617 (0.5%), 131

of 10,867 (1.2%), and 36 of 3965 (0.9%) in the low, intermediate,

and high oxygen categories, respectively (P ¼ 0.12).
Table 2Median regression of inspired oxygen group with poi
of the primary outcome DAOH90. CI, confidence interval; DA
formance status.

Low vs high

M�aori vs European
M�aori �0.84 (�2.78 to 1.1)
European 0.61 (0.24 to 0.99)

Cancer vs non-cancer surgery
Cancer surgery �0.13 (�1.07 to 0.81)
Non-cancer surgery 0.11 (�0.22 to 0.45)

Diabetes vs non-diabetes
Diabetes �0.87 (�1.68 to �0.07)
No diabetes �0.06 (�0.38 to 0.26)

ASA-PS 1 or 2 vs 3 or 4
ASA 1 or 2 �0.1 (�0.44 to 0.24)
ASA 3 or 4 1.01 (0.12 to 1.9)
Discussion

Key findings

In this cohort of patients undergoing surgery at a large

metropolitan hospital in New Zealand, we did not observe an

association between the mean intraoperative FiO2 and recov-

ery from surgery as measured by DAOH90 when patients were

divided into three categories of oxygen exposure, or when

mean FiO2 was considered as a continuous variable. However,

we observed an association between lower oxygen exposure

and increased surgical site infection, and a dose-dependent

association between increasing oxygen exposure and post-

operative respiratory complications and ICU admission. The

observed annual mean FiO2 declined over the study period.
Relationship to existing knowledge

To our knowledge, no previous study has investigated the

impact of different regimens of intra- or perioperative oxygen

exposure on overall recovery from surgery using a primary

outcome such as DAOH90. DAOH90 is a patient-centred outcome

that has been validated across a range of medical research dis-

ciplines, including outcomes after surgery, and is expected to

reflect the downstream effects of serious post-operative in-

fections and non-infection-related complications.13,14 The

absence of an overall observed statistically significant associa-

tion between intraoperative oxygen exposure and DAOH90 in

this studymay be due to several reasons. First, it is possible that

concentrations of inspired oxygen during surgery do not impact

important aspects of recovery from surgery. It is also plausible

that against the background of the multiplicity of physiological

perturbations associated with surgery and anaesthesia, and

within the limits of instruments and outcome measures, the

impact of intraoperative oxygen exposure is not detectable.

Relatedly, the duration of exposure to different concentrations

of oxygenduring surgery inour studypopulationmayhavebeen

insufficient to affect the recovery trajectory. Moreover, we do

not know how much oxygen participants received in the re-

covery room or hospital ward after surgery, so we cannot

exclude the possibility that the intraoperative oxygen exposure

represents a minor part of a patient’s cumulative exposure to

oxygen during their hospital stay.

On the other hand, our failure to observe an association be-

tween intraoperative oxygen exposure and DAOH90 may have
nt estimates (95% CI) for pre-specified subgroup analyses
OH90, days alive and out of hospital at 90 days; PS, per-

Intermediate vs high Interaction P-value

<0.0001
e0.05 (e0.51 to 0.41)
0.3 (0.1 to 0.5)

<0.0001
�0.11 (�0.43 to 0.21)
0.02 (�0.12 to 0.17)

0.37
�0.15 (�0.44 to 0.14)
�0.07 (�0.17 to 0.03)

<0.0001
0.06 (�0.09 to 0.21)
0.26 (�0.06 to 0.58)

mailto:Image of Fig 2|eps
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occurred because exposure to different concentrations of oxy-

gen could increase the risk of some post-operative complica-

tionswhile reducing the riskof others, and therefore balance the

impact of individual differences on the primary outcome. The

two most frequently observed post-operative complications

were surgical site infection and post-operative respiratory

complications, and negative and positive associations with

increasing FiO2 were observed with these complications,

respectively.

We observed a statistically significant dose-dependent in-

crease in respiratory complications with increasing oxygen

exposure, which remained after adjusting for baseline imbal-

ances between groups. While this finding may be the result of

residual confounding whereby modelling of baseline cova-

riates of respiratory disease inadequately adjusted for the risk

of respiratory complications, the association between liberal

oxygen exposure and respiratory system injury is biologically

plausible,15 and has been reported previously. A cohort study

of 73,922 patients reported a dose-dependent association be-

tween intraoperative FiO2 and major post-operative respira-

tory complications including respiratory failure, need for re-

intubation, pneumonia, and pulmonary oedema.9 Similarly,

a cohort study of 350,647 participants undergoing surgery of at

least 120-min duration compared patients in the 75th centile

for intraoperative oxygen with those in the 25th centile and

reported a 14% (95% CI 12%e16%) greater odds of lung injury

with higher oxygen exposure.10 In contrast, we observed an

association between surgical site infection and lower oxygen

exposure. Although randomised controlled trials have yielded

conflicting findings about whether liberal perioperative oxy-

gen therapy reduces surgical site infection,16e18 the associa-

tion between lower perioperative oxygen administration and

increased surgical site infection has been reported in previous

non-randomised studies19,20 and some randomised trials.21e23

A balancing effect due to this increase in surgical site infection

and the decrease in post-operative respiratory complications

may explain the absence of a difference in DAOH90 between

FiO2 exposure groups.

After adjusting for baseline covariates, post-operative ICU

admission was associated with high-category oxygen expo-

sure compared with intermediate-category oxygen exposure.

This may be due to the increased rate of post-operative res-

piratory complications that was observed in the high-oxygen

category group. Patients who sustain post-operative respira-

tory complications and require noninvasive or invasive

ventilation support are likely to receive this in the ICU in the

New Zealand healthcare setting. Alternatively, this finding

may be explained by residual confounding.
Implications for practice

At a population level, the beneficial effects of a particular

regimen of perioperative oxygen therapy on recovery may be

partially balanced by other harmful effects. Nevertheless,

impacts on specific outcomes may inform the management

of individual patients undergoing surgery under general

anaesthesia. For example, lower FiO2 may be more advan-

tageous for patients with known significant respiratory co-

morbidity who may be at an increased risk of post-operative

respiratory complications, while higher oxygen therapy may

be preferable for patients at an increased risk of surgical site

infection, such as those with diabetes and microvascular

disease. Large clinical trials could further evaluate these

hypotheses.
Study limitations

Given the retrospective observational study design, there is

a high risk of residual confounding in the observed associ-

ations between intraoperative FiO2 and recovery from sur-

gery. For example, the association between the high FiO2

category and post-operative respiratory complications may

be due to a systematic association between increased FiO2

and greater severity of respiratory disease that remained

after adjusting for baseline covariates. While covariates of

ASA-PS, smoking status, BMI, CCI, intraoperative PEEP, and

type of surgery and duration of surgery were included in the

logistic regression model, we did not include individual

baseline respiratory comorbidities or measures of respira-

tory disease severity.

All data in this study were obtained from routinely

collected administrative data and AIMS, so it is difficult to

assess their completeness, reliability, and validity. For

example, missing comorbidity data codes in the National

Minimum Dataset would have resulted in a lower calculated

CCI for participants, and therefore underestimated severity of

baseline patient comorbidity. Nevertheless, we do not have

any reason to believe that there was a systematic imbalance in

data completeness between groups. In addition, there are a

number of potential confounders that were not included in the

analyses, such as the use of neuromuscular blocking drugs,

the use of neuromuscular blocker reversal drugs and

completeness of reversal of neuromuscular blockade, the use

and total dose of opioids administered, and the use of regional

or neuraxial anaesthesia. Relatedly, we found that a high

proportion of study participants were admitted to the ICU

post-operatively. We speculate that this is partly explained by

the inclusion of patients admitted to the HDU under the ICU

admission code. Given that we excluded patients with a sur-

gical duration less than 2 h, we have selected a cohort of pa-

tients undergoing prolonged surgery that could reasonably be

expected to have a higher rate of post-operative ICU or HDU

admission than patients undergoing operations with a dura-

tion of less than 2 h.

A further limiting factor of our approach using the NMDS

‘condition onset flag’ is that it was not possible to know if a

diagnostic code with a ‘condition onset flag’ occurred before or

after surgery during the admission of interest. However, we

submit that it would be uncommon for patients undergoing

planned surgical procedures to sustain major complications

before surgery, and if such complications did occur, it is likely

that elective surgery would be deferred, thereby causing these

patients to not be included in the study population.

Finally, given the uneven distribution of participants across

the three groups of oxygen exposure, it is likely that there was

reduced power to detect differences in outcomes between

study groups.
Conclusions

In this retrospective cohort study of patients undergoing ma-

jor surgery at a largemetropolitan hospital in New Zealand, we

observed associations between low intraoperative FiO2 and

the risk of surgical site infection, and a dose-dependent in-

crease in FiO2 and post-operative respiratory complications

and admission to the ICU, which did not translate to any

confounder-adjusted differences in overall recovery from

surgery as measured using DAOH90. These findings warrant

further evaluation in randomised controlled trials.
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