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GLOSSARY
AKI  =  acute kidney injury; ASD  =  absolute standardized difference; CI  =  confidence interval; 
eGFR = estimated glomerular filtration rate; Fio2 = fraction of inspired oxygen; GEE = generalized 
estimating equation; MAP = median arterial pressure; MINS = myocardial injury after noncardiac 
surgery; POD = postoperative day; TWA-MAP = time-weighted average mean arterial pressure

KEY POINTS
• Question: Does intraoperative hyperoxia cause renal or cardiac impairment in patients having 

noncardiac surgery?
• Findings: We found no evidence that intraoperative hyperoxia causes acute kidney injury (AKI) 

or cardiovascular complications in adults undergoing colorectal surgery.
• Meaning: Clinicians can select intraoperative inspired oxygen fraction based on other consid-

erations.

BACKGROUND: Perioperative hyperoxia has been recommended by the World Health Organization 
and the Centers for Disease Control and Prevention for the prevention of surgical site infections. 
Based on animal studies and physiological concerns, the kidneys and heart may be at risk from 
hyperoxia. We therefore conducted 2 unplanned subanalyses of a previous alternating cohort 
trial in which patients having colorectal surgery were assigned to either 30% or 80% inspired 
intraoperative oxygen. Specifically, we tested 2 coprimary hypotheses: (1) hyperoxia increases 
the incidence of acute kidney injury (AKI) within 7 postoperative days (PODs); and (2) hyperoxia 
worsens a composite of myocardial injury, in-hospital cardiac arrest, and 30-day mortality.
METHODS: The underlying controlled trial included 5749 colorectal surgeries in 4481 patients, 
with the exposure alternating between 30% and 80% fraction of inspired oxygen (Fio2) during 
general anesthesia at 2-week intervals over a period of 39 months. AKI was defined as a 1.5-
fold increase in creatinine from the preoperative level to the highest value measured during the 
initial 7 PODs. Myocardial injury was defined by fourth-generation troponin-T level >0.03 ng/mL. 
We assessed the effect of 80% vs 30% oxygen on the outcomes using generalized estimating 
equation (GEE) logistic models that adjusted for the possible within-patient correlation across 
multiple potential operations for a patient on different visits.
RESULTS: For the AKI outcome, 2522 surgeries were allocated to 80% oxygen and 2552 to 30% oxy-
gen. Hyperoxia had no effect on the primary outcome of postoperative AKI, with an incidence of 7.7% 
in the 80% oxygen group and 7.7% in the 30% oxygen group (relative risk = 0.99; 95% confidence 
interval [CI], 0.82–1.2; P = .95). One thousand six hundred forty-seven surgeries (all with scheduled 
troponin monitoring) were analyzed for the composite cardiovascular outcome. Hyperoxia had no 
effect on the collapsed composite of myocardial injury, cardiac arrest, and 30-day mortality, nor on 
any of its components (estimated relative risk = 0.71; 95% CI, 0.44–1.16; P = .17).
CONCLUSIONS: We found no evidence that intraoperative hyperoxia causes AKI or cardiovascu-
lar complications in adults undergoing colorectal surgery. Consequently, we suggest that clini-
cians select intraoperative inspired oxygen fraction based on other considerations.  (Anesth 
Analg 2020;130:933–40)
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Supplemental (80%) inspired oxygen has been 
recommended by both the US Centers for 
Disease Control and Prevention and the World 

Health Organization for prevention of surgical site 
infections.1,2 However, the recommendations have 
been controversial because recent large trials have 
generally shown little or no benefit.3 By far, the larg-
est trial of supplemental oxygen and wound infection, 
published after the recommendations were released, 
also shows no benefit.4 In fact, the systematic review 
on which the World Health Organization recom-
mendation is based on was recently updated and the 
recommendation has been downgraded due to these 
concerns.5,6

Because supplemental oxygen does not appear to 
reduce infection risk, it is reasonable to ask whether 
the treatment might be toxic. An obvious clinical con-
cern is atelectasis, but several studies show that 80% 
oxygen is not associated with an increased risk of atel-
ectasis.7,8 Hyperoxia may nonetheless provoke other 
respiratory complications.9–11

Perioperative hyperoxia promotes cellular hyper-
oxia, which tips the prooxidant versus antioxidant 
balance toward excessive production of reactive oxy-
gen species such as hydrogen peroxide and superox-
ide anions, and consequently toward oxidative stress. 
Oxidative stress promotes cellular injury and death as 
seen in pulmonary and neuronal oxygen toxicity.12,13 
The kidneys and heart are both potentially at risk 
from oxidative stress.

Animal evidence in neonatal rats suggests that 
hyperoxic exposure results in impaired nephrogen-
esis, with a reduced nephrogenic zone width (area of 
growth in the outer renal cortex), reduced glomeru-
lar size, and increases apoptosis.14 In addition, nor-
mobaric hyperoxia created mild increases in renal 
tubular necrosis, dilation, regeneration, and inter-
stitial inflammation.15 In contrast, another animal 
study reported that long-term hyperoxia in neonatal 
mice does not cause long-term effects on glomeru-
lar structure.16 Acute kidney injury (AKI) is common 
after noncardiac surgery with an incidence of up to 
6%.17 While oxygen stress and free radicals have been 
reported as risk factors for the development of AKI 
during cardiac surgery, the effects of hyperoxia on 
renal tissues and function in patients having noncar-
diac surgery are unknown.18,19

Temporary hyperoxia has long been used to protect 
against relative hypoxemia during cardiac arrest and 
similar emergencies. However, hyperoxia increases 
systemic vascular resistance while reducing heart 
rate and stroke volume, consequently decreasing 
cardiac output.20,21 Hyperoxic vasoconstriction may 
be especially pronounced in cerebral and coronary 
vessels.21 Emerging evidence suggests that exposure 

to high oxygen partial pressures increases mortal-
ity and extends infarct size after cardiac arrest.22,23 
Myocardial infarctions are common after noncardiac 
surgery, with a 4% incidence among inpatients ≥45 
years of age.24–26 Myocardial injury after noncardiac 
surgery (MINS) that does not meet Fourth Universal 
Definition of Myocardial Infarction criteria is even 
more common and is associated with nearly the same 
mortality risk.25,26

Hyperoxia might be an avoidable contributor to 
both renal and cardiac injury. We therefore conducted 
2 subanalyses of a previous alternating intervention 
trial in which patients having colorectal surgery were 
assigned to either 30% or 80% inspired intraoperative 
oxygen. Specifically, we tested 2 coprimary hypoth-
eses. First, that supplemental oxygen increases AKI 
within 7 days after surgery. And second, that supple-
mental oxygen worsens a composite of MINS, in-hos-
pital cardiac arrest, and 30-day mortality.

METHODS
We conducted 2 unplanned subanalyses of a previous 
alternating intervention trial of supplemental oxygen 
for prevention of surgical site infection, which was 
approved by the Cleveland Clinic Institutional Review 
Board and registered at clinicaltrial.gov before patient 
enrollment (NCT01777568, Principal Investigator: 
A.K., Date of registration: January 29, 2013).4 These 
subanalyses were also approved by the Cleveland 
Clinic Institutional Review Board with waived con-
sent. The statistical analysis plan of the current sub-
analyses was finalized and approved before analysis 
started. The underlying trial included 5749 colorec-
tal surgeries in 4481 patients who were assigned to 
30% or 80% inspired oxygen, with the exposure alter-
nated at 2-week intervals over a period of 39 months. 
Because all patients having surgery in this dedicated 
operating room suite were included, participation in 
other research projects was allowed.

Acute Kidney Injury
Analysis was restricted to patients who had serum 
creatinine determinations preoperatively and at least 
once postoperatively. From 5749 surgical cases in the 
underlying study, we excluded 675 (12%) patients 
who did not have the requisite creatinine measure-
ments, who had minor surgical procedures lasting 
<60 minutes, who had chronic kidney disease stage 5 
or receiving dialysis (according to the medical record 
diagnosis codes list), or who had renal transplanta-
tion, sepsis, or a baseline estimated glomerular filtra-
tion rate (eGFR) <15 mL/min (Supplemental Digital 
Content 1, Figure 1, http://links.lww.com/AA/
C904).

The primary outcome was AKI, defined per Acute 
Kidney Injury Network criteria as an increase of 
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serum creatinine by either >1.5-fold or >0.3 mg/dL 
within 7 days after surgery.27 The secondary renal out-
come was maximum postoperative in-hospital creati-
nine concentration.

Cardiovascular Complications
Analysis was restricted to patients who had ≥1 sched-
uled postoperative troponin assessment, either by 
clinical routine or because they participated in a study 
that mandated monitoring.26,28,29 From 5749 cases in 
the underlying study, we excluded 4102 (71%) with-
out ≥1 troponin measurements during the first 3 days. 
There were thus 1647 surgeries in 1577 patients avail-
able for analysis (Supplemental Digital Content 2, 
Figure 2, http://links.lww.com/AA/C905).

The primary outcome was a composite of MINS 
defined as ≥1 value of fourth-generation troponin T 
above the upper limit of normal (0.03 ng/mL) during 
the initial 3 postoperative days (PODs), in-hospital 
nonfatal cardiac arrest, and 30-day mortality defined 
as all-cause death within 30 days after surgery.

Statistical Analyses
For the patients in each of the 2 data sets based on pri-
mary outcome variable, we descriptively compared 
the 80% vs 30% oxygen groups on demographic, base-
line, and procedural variables using standard descrip-
tive statistics and absolute standardized difference 
(ASD). The ASD was calculated as absolute difference 
in means or proportions divided by the pooled stan-
dard deviation. We planned to adjust for variables 
that were imbalanced between groups (defined as 
ASD >0.10) when assessing the associations of inter-
est to reduce potential confounding.

The significance criterion was 0.05 for all analyses, 
including for analyzing individual components of the 
composite outcome, which was largely descriptive. 
We did not adjust for having 2 primary outcome vari-
ables because the data sets only partially overlapped 
and the hypotheses were quite different. For all analy-
ses, SAS 9.4 software (SAS Institute, Cary, NC) was 
used.

Acute Kidney Injury. We assessed the treatment effect 
of 80% vs 30% target inspired oxygen concentration 
on the primary outcome of AKI within 7 days after 
surgery using a generalized estimating equation 
(GEE) model with log link (to estimate relative risk 
instead of odds ratio in this prospective trial) and 
robust standard error.30 The model adjusted for 
within-patient correlation across multiple potential 
operations for a patient on different visits using 
an exchangeable correlation structure. Results are 
reported as relative risks with 95% confidence interval 
(CI). To gauge the impact of having multiple records 
per patient for the primary analyses, we reran the 

primary analysis without adjusting for the within-
subject correlation.

In a sensitivity analysis, we assessed the treatment 
effect of 80% vs 30% target inspired oxygen concen-
tration on AKI stages II or III compared to those with 
either no AKI or stage I using the same methods as for 
the primary analysis.

We assessed the treatment effect of 80% vs 30% 
oxygen on the secondary outcome of maximum post-
operative value of creatinine using a linear regres-
sion model with a log transformation of creatinine to 
achieve approximate normality in the outcome vari-
able. Correspondingly, ratio of geometric means with 
95% CI was reported.

Sample size was determined by the qualifying sub-
set of surgeries from the original alternating interven-
tion study, but we conducted a poststudy sample size 
justification to assess the power to detect clinically 
important relative risks given the observed incidence 
in the control group. We had 5074 cases for the kidney 
injury analysis, and the incidence of AKI in the con-
trol group of 30% oxygen was 7.7%. We therefore had 
90% power to detect a relative risk of approximately 
0.70 or stronger in 80% vs 30% oxygen at the 0.05 sig-
nificance level and 58% power to detect a relative risk 
of 0.80 or stronger.

Cardiovascular Complications. We assessed the 
treatment effect of 80% vs 30% target inspired oxygen 
concentration on the primary collapsed composite 
of any of MINS, cardiac arrest, and 30-day mortality 
using a GEE model with log link as described above 
for AKI. In addition, we assessed the effect of 80% 
vs 30% oxygen on each individual component of the 
primary composite using the same method. Results 
are reported as relative risks and 95% CI.

Sample size was determined by the qualifying 
subset of surgeries from the original alternating inter-
vention study, but we conducted a poststudy sample 
size justification to assess the power to detect clini-
cally important relative risks given the observed inci-
dence in the control group. We had only 1647 cases 
for the cardiovascular analysis, and the incidence of 
the composite outcome in the 30% oxygen groups was 
just 4.1%. For the cardiovascular analysis, we there-
fore had 90% power to detect a relative risk of 0.30 or 
stronger in 80% vs 30% oxygen groups at the 0.05 sig-
nificance level, but only 13% power to detect a relative 
risk of 0.80 or stronger.

In post hoc analyses for both the AKI outcome 
and the cardiovascular complications outcome, we 
assessed the interaction (ie, effect modification) 
between time-weighted average median arterial pres-
sure <65 mm Hg (TWA-MAP-65) and oxygen level in 
the multivariable models adjusting for any variable’s 
imbalances at baseline, as described above.
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RESULTS
Acute Kidney Injury
Five thousand seventy-four surgeries in 4012 patients 
were analyzed for the AKI outcome, with 2522 sur-
geries in 2243 patients allocated to 80% oxygen and 
2552 surgeries in 2274 patients allocated to 30% oxy-
gen (Figure). Of the 4021 patients in this analysis, 496 
(12%) received both oxygen interventions across ≥2 
surgeries during the trial. Patient characteristics by 
oxygen concentration are summarized in Table 1 and 
Supplemental Digital Content 3, Table 1, http://links.
lww.com/AA/C906.

As expected from the alternating intervention 
trial design, the 80% and 30% oxygen groups were 

well balanced on demographic, baseline, and pro-
cedural variables (all ASDs <0.10) with this popu-
lation. We therefore did not adjust for potential 
confounders.

Median [quartiles] time-weighted average fraction 
of inspired oxygen (Fio2) was 39 [35, 51] in the 30% 
group, and 80 [77, 82] in the 80% group. Patients in 
this analysis had a median [quartiles] of 5 [3, 5] creati-
nine measurements in the first 5 PODs; 99%, 85%, 79%, 
64%, and 54% of patients had a creatinine measure-
ment on POD 1, 2, 3, 4 and 5, respectively. Hospital 
length of stay was a median [quartiles] of 7 [5, 9] for 
30% and 7 [5, 9] for 80% oxygen cases.

Supplemental oxygen had no effect on the primary 
outcome of AKI during the initial 7 PODs, estimated 
relative risk 0.99 (95% CI, 0.82–1.2) for 80% vs 30% 
oxygen, P  =  .95 (Table  2). Results were almost the 
same when not adjusting for within-subject correla-
tion in a sensitivity analysis, with relative risk (95% 
CI) of 1.0 (0.82–1.22), P = .97. In a sensitivity analysis 
on the definition of AKI, we found no difference in the 
incidence of stage II or III AKI between the groups; the 
percentage of patients having stage II or III AKI was 
1.3% (34 of 2522) for 80% oxygen and 1.3% (33 of 2552) 
for 30% oxygen, with estimated relative risk (95% CI) 
of 1.04 (0.65–1.68), P =  .86. The effect of supplemen-
tal oxygen on occurrence of AKI did not depend on 
TWA-MAP-65 (interaction P = .70).

Figure. Primary outcome results for each of the AKI and cardiovas-
cular outcome substudies. Relative risks were estimated from GEE 
models adjusting for within-subject correlation among cases for the 
same patient and for imbalanced baseline characteristics. Reported 
sample sizes are number of cases for each group. AKI indicates 
acute kidney injury; GEE, generalized estimating equation; MINS, 
myocardial injury after noncardiac surgery.

Table 1. AKI Substudy: Baseline Characteristicsa

Factor
80% Oxygen  

(N = 2243/2522b)
30% Oxygen  

(N = 2274/2552b) ASD
Age 51.7 ± 16.7 51.6 ± 16.7 0.01
Sex   0.01
 Male 1218 (48.3) 1218 (47.7)  
 Female 1304 (51.7) 1304 (52.3)  
ASA status   0.01
 I 8 (0.32) 10 (0.39)  
 II 833 (33.0) 835 (32.7)  
 III 1534 (60.8) 1551 (60.8)  
 IV 146 (5.8) 155 (6.1)  
 V 1 (0.04) 1 (0.04)  
Baseline eGFR (ml/min/1.73 m2) 89.3 ± 23.9 90.1 ± 23.7 0.03
Peripheral vascular disease 150 (5.9) 110 (4.3) 0.07
Hypertension uncomplicated 807 (32.0) 832 (32.6) 0.01
Hypertension complicated 65 (2.6) 69 (2.7) 0.01
Diabetes mellitus without chronic complications 217 (8.6) 223 (8.7) 0.00
Diabetes mellitus with chronic complications 52 (2.1) 58 (2.3) 0.01
Renal failure 83 (3.3) 83 (3.3) 0.00
Deficiency anemia 568 (22.5) 602 (23.6) 0.03
Intraoperative    
 Duration of surgery (min) 259.9 ± 112.1 262.8 ± 115.5 0.02
 TWA-MAP (mm Hg) 85.2 ± 9.3 84.5 ± 8.9 0.07
 Duration of MAP <65 mm Hg, min 4.0 (0.00–14.0) 5.0 (0.00–16.0) 0.07
 Fio2 79.9 (76.9–81.8) 39.1 (35.2–50.8) 2.87
 Heart rate (bpm) 76.8 ± 10.9 77.9 ± 11.4 0.10

Statistics presented as mean ± SD, median (P25–P75), or N (column %).
Abbreviations: AKI, acute kidney injury; ASA, American Society of Anesthesiologists; ASD, absolute standardized difference; eGFR, estimated glomerular filtration 
rate; Fio2, fraction of inspired oxygen; MAP, mean arterial pressure; SD, standard deviation; TWA-MAP, time-weighted average mean arterial pressure.
aAll cases have preoperative and ≥1 postoperative serum creatinine measurement.
bNumber of patients/operations.

http://links.lww.com/AA/C906
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There was also no effect of supplemental oxygen 
on maximum creatinine (Table 2).

Cardiovascular Complications
One thousand six hundred forty-seven surgeries in 
1507 patients were analyzed for the composite out-
come, with 820 surgeries in 779 patients allocated to 
80% oxygen and 827 surgeries in 798 patients allo-
cated to 30% oxygen (Supplemental Digital Content 
2, Figure 2, http://links.lww.com/AA/C905). Of the 
1507 patients in this analysis, 70 (5%) received both 
oxygen interventions across ≥2 surgeries during the 
trial. Patient characteristics by oxygen concentration 
are summarized in Table 3 and Supplemental Digital 
Content 4, Table 2, http://links.lww.com/AA/C907. 
The ASDs exceeded 0.1 for race, pulmonary circula-
tion disease, peripheral vascular disease, solid tumor 
without metastasis, depression, type of surgery, TWA 
MAP, and duration of MAP <65 mm Hg. We therefore 
adjusted for these variables in our GEE models.

Median [interquartile range] time-weighted aver-
age Fio2 was 40 [36,  52] in the 30% group and 80 
[77, 82] in the 80% group. Patients in this analysis had 
a median [quartiles] of 2 [2, 2] troponin measurements 
in the first 5 PODs. Eighty-eight percent, 77%, 17%, 
7%, and 2% of patients had a troponin measurements 
on POD 1, 2, 3, 4, and 5, respectively. Hospital length 
of stay was a median [quartiles] of 7 [5, 9] for 30% and 
7 [5, 9] for 80% oxygen cases.

After adjusting for baseline imbalance, supple-
mental oxygen had no significant effect on the 
collapsed composite of MINS, cardiac arrest, and 
30-day mortality—nor on any of its components 
(Table 4; Figure). The estimated relative risk of the 
composite outcome was 0.71 (95% CI, 0.44–1.16) for 
80% vs 30%, P  =  .17. Ignoring within-subject cor-
relation gave an almost identical result. Incidence 
and estimated relative risks of the individual com-
ponents are also reported in Table 4. The effect of 
supplemental oxygen on the cardiovascular/mor-
tality composite did not depend on level of TWA-
MAP-65 (interaction P = .51).

DISCUSSION
In our cohort of adults having colorectal surgery, intra-
operative hyperoxia did not worsen kidney injury or 
increase postoperative creatinine levels. Hyperoxia 
also did not increase the risk of a composite of cardiac 
complications nor of any component of the composite.

Our results are consistent with a previous trial 
including 40 living kidney transplantations, showing 
that hyperoxia in kidney donors did not worsen or 
improve delayed graft function.31 Our well-powered 
results are also consistent with a trial in a relatively 
small population of 298 patients having cardiac sur-
gery showing that supplemental oxygen during car-
diopulmonary bypass did not worsen AKI, promote 
release of organ damage markers, or prolong hospital-
ization.32 All available data thus suggest that, despite 
theoretical concerns raised by animal studies about 
hyperoxia, supplemental oxygen does not cause renal 
injury in adult surgical patients.

Supplemental oxygen (usually 100%) has been 
used for decades during cardiovascular emergencies. 
Recent evidence suggests (somewhat controversially) 
that hyperoxia worsens outcomes of cardiac emer-
gencies, including myocardial infarction and cardiac 
arrest.33,34 Hyperoxia affects microvascular dysfunc-
tion and reperfusion and promotes microvascular 
ischemia, as demonstrated in patients suffering acute 
myocardial infarction.22,35 Consequently, interna-
tional resuscitation guidelines no longer recommend 
hyperoxia after cardiopulmonary resuscitation.36 Our 
cardiovascular hypothesis was therefore that supple-
mental oxygen worsens a composite of MINS, in-hos-
pital cardiac arrest, and 30-day mortality. In fact, 80% 
inspired oxygen reduced the composite outcome by 
30%, although not significantly. Our results thus do 
not support supplemental oxygen promoting cardio-
vascular injury during routine noncardiac surgery.

Our analysis of AKI was well powered with 5074 
surgical cases (90% power to detect a relative risk of 
0.70 or stronger). In contrast, our cardiovascular anal-
ysis was underpowered because only 1647 patients in 
our cohort had scheduled troponin monitoring and 
because cardiovascular outcomes were half as com-
mon as AKI. Oxygen exposure was controlled by 

Table 2. AKI Analysis: Primary and Secondary Outcomesa

Factor
80% Oxygen  
(N = 2522)

30% Oxygen  
(N = 2552)

Relative Riskb  
(95% CI) (80% vs 30%) P Valueb

Primary outcome     
 AKI within 7 days 193 (7.7) 196 (7.7) 0.99 (0.82–1.20) .95
Secondary outcome   Ratio of Geometric Meansc 

(CI) (80% vs 30%)
 

 Maximal Creatinine (mg/dL) 0.90 (0.75–1.09) 0.89 (0.74–1.09) 1.01 (0.99–1.02) .56

Abbreviations: AKI, acute kidney injury; CI, confidence interval; GEE, generalized estimating equation.
aAll cases have preoperative and ≥1 postoperative serum creatinine measurement.
bRelative risk was estimated from GEE model.
cRatio of geometric mean was estimated from linear regression model after log transformation.

http://links.lww.com/AA/C905
http://links.lww.com/AA/C907


Copyright © 2019 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
938   www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA

Hyperoxia Does Not Cause Renal or Cardiovascular Complications

protocol. We reduced measurement bias by restricting 
the cardiovascular analysis to patients in whom tropo-
nin monitoring was required for an underlying study 
or in whom troponin monitoring was scheduled per 
routine care. It thus seems unlikely that either selec-
tion or measurement bias contributed much error.

Our results originate from a single, large medical 
center and therefore most directly apply to similar 
patients having routine colorectal surgery; our con-
clusion that supplemental oxygen does not worsen 

AKI or cardiovascular outcomes does not preclude 
harm when tissue is ischemic such as during cardiac 
arrest or acute myocardial infarction.

The underlying trial used an alternating cohort 
design, rather than individual patient randomization. 
However, there is no reason to believe that surgical 
scheduling was based on which oxygen concentra-
tion was assigned during a given 2-week period, and, 
in fact, the groups were remarkably well balanced. A 
consequence of the alternating design is that the trial 

Table 3.  Cardiovascular Substudy: Baseline Characteristicsa

Factor
80% Oxygen  

(N = 779/820b)
30% Oxygen  

(N = 798/827b) ASDc

Age 54.8 ± 16.0 55.0 ± 16.8 0.01
Sex    
 Male 380 (46.3) 407 (49.2) 0.06
 Female 440 (53.7) 420 (50.8)  
ASA Status   0.02
 I 0 (0.0) 5 (0.60)  
 II 230 (28.0) 238 (28.8)  
 III 528 (64.4) 519 (62.8)  
 IV 61 (7.4) 65 (7.9)  
 V 1 (0.12) 0 (0.0)  
Congestive heart failure 29 (3.5) 29 (3.5) 0.00
Valvular disease 40 (4.9) 45 (5.4) 0.03
Pulmonary circulation disease 36 (4.4) 21 (2.5) 0.11
Peripheral vascular disease 53 (6.5) 38 (4.6) 0.08
Hypertension uncomplicated 278 (33.9) 268 (32.4) 0.03
Hypertension complicated 34 (4.1) 27 (3.3) 0.05
Chronic pulmonary disease 109 (13.3) 103 (12.5) 0.03
Diabetes mellitus without chronic complications 78 (9.5) 80 (9.7) 0.01
Diabetes mellitus with chronic complications 26 (3.2) 19 (2.3) 0.05
Fluid and electrolyte disorders 293 (35.7) 301 (36.4) 0.01
Chronic blood loss anemia 21 (2.6) 19 (2.3) 0.02
Deficiency anemia 161 (19.6) 171 (20.7) 0.03
Intraoperative    
 Duration of surgery (min) 261.9 ± 112.5 270.2 ± 117.9 0.07
 TWA-MAP (mm Hg) 85.9 ± 9.5 84.7 ± 8.8 0.13
 Duration of MAP <65 mm Hg (min) 5.0 (0.0–14.0) 6.0 (0.0–16.0) 0.11
 Fio2 80.2 (76.9–82.1) 40.0 (35.7–52.1) 2.84
 Heart rate (bpm) 75.8 ± 10.9 76.2 ± 11.0 0.03

Statistics presented as mean ± SD, median (P25–P75), or N (column %).
Abbreviations: AKI, acute kidney injury; ASA, American Society of Anesthesiologists; ASD, absolute standardized difference; Fio2, fraction of inspired oxygen; MAP, 
mean arterial pressure; SD, standard deviation; TWA-MAP, time-weighted average mean arterial pressure.
aAll cases had ≥1 postoperative troponin measurement.
bNumber of patients/operations.
cASD >0.10 was considered imbalanced.

Table 4. Cardiovascular Analysisa: Primary and Secondary Outcomes

Factor
80% Oxygen  
(N = 820)

30% Oxygen  
(N = 827)

Adjusted Relative Riskb  
(95% CI) (80% vs 30%)

Adjustedb  
P Value

Primary Outcome     
Composite 26 (3.2) 34 (4.1) 0.71 (0.44–1.16) .17
 Myocardial injury 25 (3.1) 33 (4.0) 0.70 (0.43–1.15) .16
 Cardiac arrest 0 (0.0) 0 (0.0) N/A N/A
 30-day mortality 1 (0.1) 1 (0.1) N/A >.99c

Ignoring correlation: 0.71 (0.42–1.20), P = .20.
Abbreviations: CI, confidence interval; GEE, generalized estimating equation; N/A, not available due to no incidence (cardiac arrest) or extremely low incidence.
aAll cases had ≥1 postoperative troponin measurement.
bRelative risk was estimated from GEE model adjusting for imbalanced baseline variables race, pulmonary circulation disease, solid tumor without metastasis, 
depression, type of surgery, time-weighted average mean arterial pressure, and duration of mean arterial pressure <65 mm Hg.
cFisher exact test.
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was not blinded. But all outcomes presented here 
were objective and therefore unlikely to have been 
influenced by clinician bias. A consequence of our 
approach is that all data were obtained from elec-
tronic records that are inherently less reliable than 
most trial data. But presumably most error related to 
record-keeping was random rather than biased to a 
particular treatment.

In summary, our results do not provide evidence 
that 80% intraoperative inspired oxygen increases 
the risk of AKI. Our results for the effect of hyper-
oxia on the risk of a composite of MINS, cardiac 
arrest, and mortality within 30 days of surgery 
are underpowered and are thus much less precise. 
We found no evidence that intraoperative hyper-
oxia causes AKI or cardiovascular complications in 
adults undergoing colorectal surgery. Consequently, 
we recommend that clinicians consider selecting 
intraoperative inspired oxygen fraction based on 
other considerations. E
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