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The first use of oxygen as a therapy dates to 
1885 when it was used to treat pneumonia.1 
Since then, use of oxygen therapy has become 

one of the most common treatments in hospitalized 
patients. Hypoxia has been independently associ-
ated with mortality across various diseases, and it 
is common knowledge that treatment of hypoxia 
is critical for survival. While hypoxia can result in 
several adverse outcomes and oxygen therapy is 
warranted to achieve normoxia, data from multiple 
studies show that a large proportion of patients 
receive oxygen therapy in the absence of this indica-
tion.2 Be it in an ambulance, ED, medicine floor, or 
ICU, many patients receiving oxygen therapy do 
not have documented hypoxemia. At times, oxygen 
is administered even without a physician prescrip-
tion.3,4 Oxygen use has become ubiquitous to medi-
cal practice.

More than 25% of all ED patients, as well as 
most stroke and myocardial infarction patients, 

receive oxygen therapy.3,5 An audit of oxygen use 
in a Brooklyn state hospital revealed only 19% of 
patients on supplemental oxygen had a clear indica-
tion, 53% had no active order for supplementation, 
and 57% were not on continuous bedside pulse 
oximetry monitoring despite supplemental oxygen.6 
With such ubiquitous use of oxygen, the medical 
community and patients assume there is no harm, 
and perhaps even potential benefit, associated with 
its use.7 Current guidelines for using oxygen therapy 
in medically ill patients are inconsistent and lack 
consensus on a safe upper limit for oxygenation. 
Because of the sigmoid nature of the oxygen-hemo-
globin dissociation curve, at higher SpO2 readings, 
there is an exponential increase in PaO2.

In contrast, oxygen toxicity has been studied since 
the 1950s. Many animal studies have revealed dif-
ferent mechanisms of damage.8-10 Hyperoxia hap-
pens when high amounts of reactive oxygen species 
(ROS) overwhelm natural antioxidant defenses, 
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leading to cell death and apoptosis. The 
increase in ROS accelerates the release of 
endogenous damage-associated molecu-
lar pattern molecules that stimulate an 
inflammatory response, especially in the 
lungs, and cause vasoconstriction, likely 
because of reduced nitric oxide levels.11,12 
The lung is a particularly susceptible 
target; hyperoxia can cause acute lung in-
jury. Hyperoxia-induced acute lung injury 
(HALI) is associated with alteration in 
surfactant protein composition, decreased 
mucociliary clearance, and cellular dam-
age resulting in atelectasis, a reduction in 
lung compliance, and increased suscepti-
bility to infection.13 Hyperoxemia-induced 
vasoconstriction can lead to a reduction 
in coronary blood flow, decrease cardiac 
output, and alter microvascular perfusion, 
too.11,13 The severity of HALI is directly 
proportional both to the PaO2 (particular-
ly above a rate of 450 mmHg or an FiO2 
of 0.6) and exposure time.14

Over the last decade, more clinical studies 
have shown adverse effects of hyperoxia 
in different patient populations and its 
association with increased mortality.15-17 
In a meta-analysis, Chu et al synthesized 
data from 25 randomized, controlled 
trials comparing a liberal oxygen ap-
proach to a conservative approach. They 
included 16,037 patients with sepsis, 
critical illness, stroke, trauma, myocardial 
infarction, cardiac arrest, and emergency 
surgery. The authors found that liberal 
oxygen therapy was associated with 
increased in-hospital mortality, 30-day 
mortality, and mortality at longest follow-
up. The following sections include more 
details about specific subgroups relevant 
to ICU practice and a review of the cur-
rent data on oxygen therapy in these 
patients.

MYOCARDIAL INFARCTION
Since the early 1900s, it has been routine 
practice to provide oxygen supplementa-
tion to patients with ST-elevation myo-
cardial infarction (STEMI), regardless 
of their baseline SpO2.

18 More recently, 
accumulating evidence suggests that 
hyperoxia actually may be harmful in 
myocardial infarction patients. The 
authors of the AVOID trial compared 8 L 
oxygen to room air in 441 patients with 
STEMI without hypoxia. They found an 
increase in myocardial infarct size in the 

oxygen therapy group at six months and 
no benefit.19 Recently, in the DETO2X-
AMI trial, which included 6,629 patients, 
showed no benefit regarding supplemental 
oxygen in patients without hypoxemia.20 
Abuzaid et al further confirmed this in a 
meta-analysis of six randomized, con-
trolled trials.21 Based on current data, 
supplemental oxygen should be used 
only in patients with myocardial infarc-
tion with baseline hypoxemia to a goal of 
SpO2 between 90% and 95%, remember-
ing that hyperoxia can be harmful.22

CARDIAC ARREST
Current guidelines support the usual prac-
tice of giving 100% FiO2 in the setting 
of cardiac arrest and immediately after 
achieving return of spontaneous circula-
tion (ROSC).23 Two retrospective obser-
vational studies revealed that hyperoxia 
(PaO2 higher than 300 mmHg) during 
CPR is associated with higher rates 
of ROSC, lower mortality, and intact 
neurological survival.16,24 However, this 
may not be a function of the administered 
amount of FiO2, but could represent bet-
ter native lung function, superior resusci-
tation quality, and lower illness severity.24 
In the absence of data to use lower FiO2 
concentrations intra-arrest, it is reason-
able to continue to use 100% FiO2 during 
CPR.

However, after ROSC is achieved, hyper-
oxia is associated with a higher risk of 
mortality.16 In a recent meta-analysis of 
observational studies of in-hospital and 
out-of-hospital cardiac arrests, Patel et al 
confirmed this association.16 In a Dutch 
registry study, Helmerhorst et al showed 
that PaO2 values in the first 24 hours after 
cardiac arrest are related to mortality in a 
U-shape, where both hypoxia and hyper-
oxia may be harmful.25

SEPTIC SHOCK AND CRITICALLY  
ILL PATIENTS
In an observational cohort study of 
14,441 Dutch ICU patients, Helmerhorst 
and other colleagues found that severe 
hyperoxia as defined by PaO2 > 200 
mmHg was associated with increased 
mortality and fewer ventilator-free days.26 
Moreover, they identified a dose-response 
relationship of hyperoxia with mortality 
in the first 24 hours and beyond, with 
more time spent in hyperoxia associated 
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Table 1. Level of Evidence and Recommended SpO2 Range in Different Subsets  
of Critically Ill Patients

Patient Population Level of Evidence
Recommended 
SpO2 Comments

Myocardial infarction High 90-95% Hyperoxia increases infarct size

Cardiac arrest Medium to low 90-95% 100% FiO2 recommended during resuscitation  
of cardiac arrest; SpO2 goal listed to be used 
after return of spontaneous circulation

Mixed medical ICU 
patients

High 90-95% Hyperoxia may increase ICU-acquired weakness  
and atelectasis

Stroke High 90-95% Hyperoxia is not beneficial for either ischemic  
or hemorrhagic stroke, but its effect on ischemic  
penumbra is unknown

Postoperative surgical Low Unknown Hyperoxia may decrease surgical site infections  
but needs to be balanced against other risks  
of hyperoxia

with increased mortality.26 A recent meta-analysis of 
two randomized, controlled trials and seven cohort 
studies in ICU patients revealed that hyperoxia was 
associated with increased hospital mortality (hazard 
ratio, 1.58; 95% confidence interval, 1.26-2.0).27 In a 
randomized, controlled trial that included 442 septic 
shock patients, Asfar et al compared hyperoxia with 
100% FiO2 to normoxia with SpO2 88-95%. Inves-
tigators discovered that the hyperoxia group trended 
toward an increase in mortality, especially in patients 
with lactate > 2 mmol/L.28,29 The hyperoxia group 
also experienced a significant increase in serious 
adverse events, mainly driven by a doubling of ICU-
acquired weakness and atelectasis.28

STROKE
Hypoxemia is associated with worse outcomes 
in ischemic stroke. Oxygen supplementation may 
improve outcomes by preventing hypoxemia and sec-
ondary brain damage.30 However, hyperoxia is asso-
ciated with cerebral vasoconstriction, resulting in de-
creased cerebral blood flow.31 In a large multicenter, 
cohort study that included 2,894 patients, Rincon et 
al found that in ventilated stroke patients admitted to 
the ICU, arterial hyperoxia (PaO2 > 300 mmHg) was 
associated independently with in-hospital death com-
pared with normoxia or hypoxia.32 Study limitations 
included its observational approach, the authors 
not accounting for ventilator-specific data, and the 
authors not adhering to common endpoints used in 
neurological outcomes research.32 

In a large randomized, controlled trial that included 
8,003 patients with acute stroke randomized to 
continuous low-dose oxygen vs. nocturnal oxygen 
and control, Roffe et al observed that low-dose 
oxygen did not improve outcomes of death and 
disability at three months.33 A recent study of short 
burst high-flow oxygen (45 L/min) ended early 

because of excess mortality in the actively treated 
group. The authors of an ongoing randomized, 
controlled trial (PROOF) are assessing the use of 
high-flow oxygen at 40 L/min to maintain viability 
of ischemic penumbra to allow for a broader 
window for thrombolysis.34 Current guidelines 
from the American Heart Association suggest using 
supplemental oxygen in acute ischemic stroke to 
maintain SpO2 > 94%.35

SURGICAL PATIENTS
Supplemental oxygen has been used in surgical 
patients intra- and postoperatively to decrease the in-
cidence of surgical wound infections.36 The oxidative 
killing of neutrophils depends on PO2; hence, supple-
mental oxygen theoretically enhances the bactericidal 
effects of neutrophils.37 To date, several randomized, 
controlled trials have been performed in different 
surgical patient populations comparing hyperoxia 
to normoxia, and results have been conflicting.36 
A meta-analysis of these trials has shown a lower 
incidence of surgical site infections, but the quality of 
evidence is low, as many of these trials are prone to 
bias.36 The authors of a long-term follow-up of the 
PROXI randomized, controlled trial observed that 
patients undergoing cancer surgery demonstrated 
higher mortality rates with high inspired FiO2 (80% 
vs. 30%).38

TARGET OXYGEN LEVELS
As mounting evidence shows hyperoxia can be 
harmful, an important question arises: What is a 
safe level or range of oxygenation in hospitalized 
and critically ill patients? To make matters more 
complex, different targets may be indicated for dif-
ferent subsets of patients (Table 1). Guidelines for 
supplemental oxygen have been inconsistent across 
countries and even across specialties. Chu et al’s 
meta-analysis of 25 randomized, control trials that 
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included 16,037 patients revealed that liberal oxygen 
therapy increased mortality, with one excess death 
for an average of 71 patients treated with liberal oxy-
gen therapy.15 Across the trials included in this study, 
the baseline median SpO2 in the liberal oxygen arm 
was 96% (range, 94-99%). When this group was 
exposed to liberal oxygenation, researchers observed 
an increase in mortality risk that was dose-dependent 
on the magnitude of increase in SpO2. The results of 
the ICU-ROX randomized, controlled trial may shed 
more light on this question.39 However, new evidence 
and guidelines may not change practice quickly, 
which will require efforts by physicians, nursing 
staff, respiratory therapists, and even policymakers.40 
Barriers to appropriate oxygen prescription, monitor-
ing, and administration will need to be identified at 
individual hospital levels and addressed.4,40

SUMMARY
Oxygen is not a harmless “drug.” Liberal oxygen 
therapy is associated with increased harm and mor-
tality across different subpopulations in the ICU. 
Oxygen supplementation should be reserved only for 
hypoxic patients (SpO2 < 90%), with a goal SpO2 
of < 96%.41 Future studies are needed to establish a 
specific safe range of oxygenation.  n
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ABSTRACT & COMMENTARY

Thiamine for Septic Shock:  
Is There a Benefit?
By Kathryn Radigan, MD
Attending Physician, Division of Pulmonary and Critical Care, Stroger Hospital of Cook County, Chicago

Dr. Radigan reports no financial relationships relevant to this field of study.

SYNOPSIS: Based on a retrospective review, septic shock patients who were administered thiamine within 24 hours of admission showed 
improved lactate clearance and reduced 28-day mortality.

SOURCE: Woolum JA, et al. Effect of thiamine administration on lactate clearance and mortality in patients with septic shock. Crit Care Med 
2018;46:1747-1752.

Often, critically ill patients are thiamine-deficient. 
Since septic shock is a metabolically demand-

ing state, Woolum et al pursued a retrospective, 
single-center, matched cohort study to see if critically 
ill patients with septic shock exposed to thiamine 
would show improved lactate clearance and bet-
ter clinical outcomes vs. patients without thiamine 
supplementation. All adult medical and surgical ICU 
patients admitted to a tertiary care academic center 
from 2013-2017 with an International Classification 
of Diseases, 9th Revision, or an International Clas-
sification of Diseases, 10th Revision, septic shock 
diagnosis code were included. Exclusion criteria 
included patients younger than 18 years of age or the 
development of septic shock that was not evident at 
admission. The primary outcome was whether thia-
mine administration was associated with faster time 
to lactate clearance. Secondary outcomes included 
acute kidney injury, 28-day mortality, mechanical 
ventilation-free days, vasopressor-free days, and need 
for renal replacement therapy. 

Out of 2,272 patients screened, 1,049 were eligible. 
Among those who were eligible, 123 thiamine-treated 
patients were matched with 246 patients who were 
not treated with thiamine. The authors did not detail 
the reason for thiamine administration. Patients 
were matched in a 1:2 (thiamine:control) fashion 

based on ICU service (medical ICU vs. surgical ICU), 
peak lactate, presence of liver disease, race, age, sex, 
Elixhauser comorbidity index, and Sequential Organ 
Failure Assessment (SOFA) score on ICU admission 
day. The most common protocol for administration 
of thiamine within the study was 500 mg every eight 
hours for three days.

Results from the Fine-Bray survival model revealed 
that treatment with thiamine was associated with an 
improved likelihood of lactate clearance (subdistri-
bution hazard ratio [HR], 1.307; 95% confidence 
interval [CI], 1.002-1.704) and a reduction in 28-day 
mortality (HR, 0.666; 95% CI, 0.490-0.905). There 
were no further differences revealed in secondary 
outcomes. These findings were more pronounced in 
women. A randomized trial is necessary to further 
evaluate this intervention for septic shock patients.

n COMMENTARY
One in every three hospitalized patients who die in 
that facility is diagnosed with sepsis.1 For decades, 
researchers have worked earnestly to discover new 
interventions and treatments to decrease sepsis-
related mortality. More recently, thiamine, an es-
sential vitamin for aerobic metabolism, has gained 
special attention as a potential avenue to augment 
the dangerous effects of septic shock.2,3 Thiamine 
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acts at critical points in both the Krebs cycle and the 
pentose-phosphate shuttle. It provides assistance as a 
key cofactor for pyruvate dehydrogenase and alpha-
ketoglutarate dehydrogenase in the Krebs cycle and 
for transketolase as a key enzyme for the pentose 
phosphate pathway and production in nicotinamide 
adenine dinucleotide phosphate hydrogen. Without 
these steps, mitochondrial aerobic metabolism is 
halted and anaerobic metabolism ensues, leading 
to refractory acidosis, cardiovascular collapse, and 
possible death.4,5 The theoretical benefits of thia-
mine in septic shock may be even more pronounced 
in subpopulations of illness as many critically ill 
patients admitted to the ICU are thiamine-deficient at 
baseline.2,5

One of the first published studies that addressed 
thiamine in septic shock was a two-center, 
randomized, double-blind trial. Those authors 
evaluated the administration of thiamine 200 mg 
twice daily for seven days in septic shock patients and 
observed its effect on lactate.2 Interestingly, patients 
with liver dysfunction, those who abused alcohol, 
and those who required thiamine supplementation 
(the subpopulations at significant risk for thiamine 
deficiency) were excluded. Although results revealed 
that thiamine administration did not improve lactate 
levels in the overall group of patients with septic 
shock and elevated lactate, the authors observed that 
lactate levels were lower at 24 hours, with a possible 
decrease in mortality over time in patients with 
baseline thiamine deficiency. Despite no significant 
difference in other secondary outcomes, including 
proportion and time to shock reversal, SOFA score at 
24 hours, mortality rates, and ICU and overall length 
of stay between the thiamine and placebo groups, it 
must be recognized that the thiamine dose may not 
have been adequate because no dose-finding trial was 
completed prior to the study. Another interesting 
aspect of this study was that 35% of patients 
presented with thiamine deficiency at baseline despite 
the exclusion criteria of liver dysfunction, alcohol 
abuse, and thiamine supplementation. 

To further highlight the potential benefit of thiamine 
in thiamine-deficient septic shock patients, Holmberg 

et al published the results of a retrospective cohort 
trial in 2018. They examined the association between 
the administration of thiamine vs. no thiamine in 
septic shock patients with alcohol use disorders.3 
Although thiamine 100 mg was the most commonly 
prescribed thiamine dose in this retrospective trial 
(88% of the initial doses and 97% of the total doses), 
investigators still found that thiamine administration 
in this patient population was associated with 
decreased mortality.

Although the study by Woolum et al revealed that 
thiamine administration within 24 hours of admis-
sion in septic shock patients was associated with 
improved lactate clearance and a reduction in 28-day 
mortality, there were significant limitations. Un-
fortunately, the authors did not include a protocol 
for when and how often to measure repeat lactate. 
Obviously, this limitation could affect lactate clear-
ance profoundly. This trial also was not randomized, 
which may lead to substantial confounding. Further, 
the dose of thiamine was not standardized. 

Despite these limitations and considering previous 
publications, this study is at the very least thought-
provoking. Although it is not likely to change current 
practice significantly, thiamine is relatively safe and 
inexpensive. These findings highlight the need for 
future larger randomized studies to further explore 
the effect of thiamine in septic shock, specifically 
examining subpopulations after an appropriate dose-
response trial.  n
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ABSTRACT & COMMENTARY

Early Extubation to Noninvasive Ventilation 
Does Not Reduce Time to Liberation From 
All Mechanical Ventilation
By Betty Tran, MD, MSc, Editor
SYNOPSIS: In this multicenter, randomized, open-label trial of patients who failed a spontaneous breathing trial, those who were extu-
bated to noninvasive ventilation did not have a shorter time to liberation from any form of mechanical ventilation compared to those who 
were randomized to protocolized standard weaning.

SOURCE: Perkins GD, et al. Effect of protocolized weaning with early extubation to noninvasive ventilation vs invasive weaning on 
time to liberation from mechanical ventilation among patients with respiratory failure. The Breathe Randomized Clinical Trial. JAMA 
2018;320:1881-1888.

For patients who have passed a spontaneous breath-
ing trial (SBT) but are deemed at high risk for 

extubation failure (e.g., patients with hypercapnia, 
chronic obstructive pulmonary disease, congestive 
heart failure), current guidelines recommend extu-
bation to preventive noninvasive ventilation (NIV). 
These recommendations are based on evidence that 
suggests a reduction in ventilator- and ICU-related 
complications, including improved extubation suc-
cess and a reduction in ICU length of stay.1 However, 
approximately 20-30% of intubated patients will 
require more than one SBT and up to seven days from 
the first attempt before extubation; subsequently, they 
are deemed to be a “difficult weaning group.”2 

Given these findings, Perkins et al hypothesized 
that extubating patients who were difficult to wean 
directly to NIV would reduce the time to liberation 
from mechanical ventilation overall. The authors cre-
ated a multicenter, randomized, allocation-concealed, 
controlled, open-label trial that was executed in 41 
general adult ICUs in the United Kingdom. Research-
ers recruited patients between March 2013 and Oc-
tober 2016, with follow-up ending April 2017. The 
authors randomized 364 adults who received invasive 
mechanical ventilation through an endotracheal tube 
for more than 48 hours and who had failed an SBT 
to receive a NIV weaning protocol (n = 182) or an 
invasive ventilation weaning protocol (n = 182). The 
NIV group underwent extubation directly to NIV via 
face mask with initially equivalent pressure support 
settings that were provided via invasive ventilation. 
The treating physician assessed patients every two 
hours for distress or fatigue. The treating physician 
increased the inspiratory positive airway pressure to 
achieve patient comfort and a respiratory rate less 
than 30/minute. In the absence of clinical issues, pa-
tients were trialed off the mask or was put on a lower 
level of positive airway pressure (reduction by 2 cm 
H2O). In the invasive mechanical ventilation group, 
the patient also was assessed every two hours and 

their pressure support settings were adjusted down by 
2 cm H2O in the absence of distress or fatigue or up if 
no reversible causes could be corrected and they were 
showing signs of distress or fatigue.

This cycle continued until patients could pass an 
SBT to be extubated or underwent tracheostomy. 
The primary outcome was time from randomization 
to successful liberation from ventilation, defined as 
the time point when the patient was alive and free of 
both invasive and noninvasive ventilator support for 
more than 48 hours. There were multiple secondary 
outcomes, including duration of invasive ventilation, 
total ventilator days, proportion of patients receiving 
antibiotics, rate of reintubation, and mortality at 30, 
90, and 180 days, although the study was not ad-
equately powered to detect differences in any of these. 

The primary outcome of time from randomization to 
liberation from ventilation was not significantly dif-
ferent in the NIV group — 4.3 days (95% confidence 
interval [CI], 2.63-4.48) vs. 4.5 days (95% CI, 3.46-
7.25), compared with the invasive group (adjusted 
hazard ratio, 1.1; 95% CI, 0.86-1.34). Patients in the 
NIV group received less invasive ventilation (median 
1 day vs. 4 days; incidence rate ratio, 0.6; 95% CI, 
0.47-0.87). There were no significant differences in 
rates of reintubation, tracheostomy, survival, or ad-
verse events between the two groups.

n COMMENTARY
Traditionally, an SBT with inspiratory pressure aug-
mentation (5-8 cm H2O) is recommended as the best 
test to gauge whether a patient is “ready” to come off 
the ventilator.1 Interestingly, the results of this trial 
suggest that despite the results of our best test (i.e., 
an SBT), patients can be extubated and supported 
without the need for an endotracheal tube. Although 
this method was not superior in terms of shortening 
the time on positive pressure ventilation overall, it 
was not associated with any significant differences in 
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1.  In most studies of ICU patients, hyperoxia 
is harmful beyond an oxygen saturation of:
a. 100%.
b. 96%.
c. 92%.
d. 90%.

2.  In the study by Woolum et al, 
administration of thiamine within 24 hours 
of admission in patients presenting with 
septic shock was associated with: 
a. lactate clearance.
b. reduction in 14-day mortality. 
c. longer ICU lengths of stay.
d. None of the above 

3.  Which is true regarding noninvasive 
ventilation (NIV) in difficult-to-wean 
patients in the Breathe Randomized Clinical 
Trial?
a. NIV does not reduce time to liberation 
from any mechanical ventilation.
b. NIV can reduce rates of reintubation.
c. NIV is associated with improved 
survival.
d. Increased NIV duration resulted in an 
increase in adverse events, including facial 
trauma.

terms of reintubation, tracheostomy, or sur-
vival rates (with the caveat that these were 
all secondary outcomes that the study was 
underpowered to evaluate). It is possible 
that extubation to NIV does not shorten the 
time to liberation from mechanical ventila-
tion, as patients will come off ventilator 
support when they are truly “ready.” 

A few limitations in this trial need to be 
noted. First, most of the enrolled patients 
mainly came from three centers that re-
cruited an average of 1.3 patients/month 
(compared to 1.5 patients per year in the 
remaining hospitals). This likely limits 
generalizability in terms of patient popula-
tion enrolled and physician expertise and 
patterns of decision-making overall. Second, 
the authors of the editorial accompanying 
this study3 noted that the standard weaning 
protocol group received quite intensive sup-
port and intervention, perhaps more than 
typical usual care, which resulted in a me-
dian duration of ventilator support that was 
much shorter than anticipated (2.9 days vs. 
the originally projected 6.4 days). This led 
to a reduction in the projected sample size 
to encourage enrollment. Therefore, a lack 
of a treatment effect in the NIV group could 
have happened because the control group 
received more aggressive, better-than-stan-
dard care. Finally, minimal details are avail-
able on how the NIV group fared while on 
ventilator support and how/why they were 
not able to be liberated sooner. It is possible 
that subsets of patients in this group could 

have benefited from early extubation to 
NIV, but this benefit was diluted by a more 
heterogeneous treatment effect as a whole. 

The results of this trial suggest that 
difficult-to-wean patients potentially could 
be extubated to NIV despite failing an 
SBT, although this pathway has not been 
shown to be superior in terms of time to 
liberation from all mechanical support. 
The risk/benefit ratio with either invasive 
and noninvasive ventilation will need 
to be evaluated carefully in each case. 
Further investigation in terms of how NIV 
is provided in specific patient groups in 
such situations is warranted before it can 
be recommended as a viable alternative to 
continuing invasive support until a patient 
successfully passes an SBT.  n
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