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To the editor,

We read the recently reported study by Drs Martin-
Ferndndez et al. [1] with interest given the growing dis-
cussion over target oxygenations levels in critical care
settings [2]. The authors report the result of a second-
ary analysis of a prospective cohort of 454 adult patients
admitted to surgical ICU with a diagnosis of post-surgical
sepsis or septic shock, requiring invasive mechanical ven-
tilation (IMV). The authors sought to compare outcomes
between groups stratified on the basis of the partial pres-
sure of arterial oxygen (PaO,) at the time of baseline
assessment and concluded that hyperoxemia (defined
as a PaO,>100 mmHg on the day of sepsis onset and
maintained throughout 48 h) was associated with shorter
duration of IMV, prolonged survival time, and reduced
odds of death at 90 days, when compared to a baseline
pa0, of <100 mmHg (“normoxemia”). We feel, however,
that certain aspects of the study design and data analysis
warrant greater clarification to facilitate drawing accurate
conclusions.

Given the observational nature of this analysis, great
care must be given to accounting for confounders. When
comparing the baseline demographics (Additional file 1:
Table S1), significant differences were demonstrated,
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many of which do not appear to have been included in
the final multivariate models, including the significantly
higher rate of chronic lung disease (22.3% vs 12.5%,
p=0.005), respiratory sepsis (73% vs 33%, p<0.001) and
septic shock (84.0% vs 67.1%, p<0.001) in the normox-
emia group. Moreover, details regarding the differences
in the proportion and severity of ARDS between groups
are lacking. Based on the median PaO,/FiO, ratios
(157.64 vs 278 mmHg, p<0.001), the data would suggest
that most patients in the hyperoxia group had at most
mild ARDS while those in the normoxia group had at
least moderate ARDS (provided other diagnostic criteria
were met). Conversely, chronic renal failure was included
in multivariate models, despite no significant difference
between the stratified groups (20% vs 21%, p=0.66),
while data on acute kidney injury, a more significant pre-
dictor of negative outcome in ICU than chronic kidney
disease, was not presented.

Collectively, these issues are crucial to informed inter-
pretation of the results, given that an association between
lung disease and the primary stratification (PaO,) was
clearly demonstrated in the study, and chronic lung dis-
ease and ARDS are known to be a predictors of worse
survival outcomes in ICU and post-surgery [3, 4]. Simi-
lar effects, specifically for time on ventilator, would be
expected to be associated with respiratory sepsis and
ARDS compared to other causes. We would suggest
that clarification of the selection criteria for co-variates
should be provided. Based on the data presented and the
outcomes of interest, adjustment for chronic lung dis-
ease, respiratory sepsis, shock and ARDS severity would
appear to be both statistically and clinically appropriate.
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Furthermore, while patients with a PaO,<100 mmHg
were classified as ‘normoxemic’ in this study, this group-
ing combines severely hypoxemic individuals (with
PaO, <60 mmHg) with normoxemic/moderately hypox-
emic individuals. The former represents a wholly dif-
ferent class of risk. Indeed, in the original Fig. 2 (plot
of adjusted odds (aOR) of death versus PaO,), most
of the incresead mortality risk was associated with a
PaO, <60 mmHg, a clearly sub-optimal oxygenation sta-
tus, and not one that has been entertained in the wider
discussion over liberal vs conservative oxygen strategies.
Though the authors performed sub-analyses exclud-
ing individuals with paO,<60 mmHg, reporting results
consistent with the main analyses, in Fig. 2 no defini-
tive association between improved survival and higher
oxygenation was seen above a PaO, of 60 mmHg, espe-
cially given the wide confidence intervals displayed as the
PaO, passes to>100 mmHg. Indeed, no difference in the
aOR of death was seen at all between a PaO, of 2 60 and
<175 mmHg. Again, whether clinically appropriate co-
variates were included in the multivariate sub-analyses
should be clarified.

Summarily, the results appear to suggest that profound
hypoxemia at the onset of sepsis post-surgery is a predic-
tor of poorer outcomes, but how much of this this effect
is accounted for by the significant baseline differences is
unclear. By the same logic, the conclusion that baseline
PaO,>100 mmHg was “independently” associated with
better outcomes is questionable.

Finally, it is important to point out that stratification
based on PaO, formed the basis of this post-hoc analy-
sis of an observational study, but to our understand-
ing the same PaO, measurements were not the result of
pre-specified oxygen titration strategies, randomized to
achieve dichotomized target PaO, ranges. Consequently,
though the authors state in the introduction that their
study might help to “test the hypothesis that hyperox-
emia would improve outcome compared to conserva-
tive oxygen therapy in patients with sepsis/septic shock”
such a hypothesis cannot be tested by this study design.
As such, the author’s assertion that their findings “could
have an important clinical relevance for reducing over-
all mortality in postoperative patients developing sepsis/
septic shock” should be interpreted with care.

Authors’ response

Marta Martin-Fernandez, Eduardo Tamayo and Jesus
Villar (on behalf of all authors)

Dear Editor,
We would like to thank to Dr. Franciosi and colleagues
for their interest and comments about our article [1]. As
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they mentioned, in recent years, there has been a great
interest on knowing the optimal levels of oxygenation in
critically ill patients. Summary data from meta-analyses
seem to indicate that hyperoxemia worsens outcome [5].
However, according to a recent systematic review with
data from eight trials (4415 participants), the authors did
not find differences in mortality (OR 0.95, 95% CI 0.74—
1.22) between high or low oxygen targets in mechanically
ventilated adults. However, the high heterogeneity and
the overlapping target ranges limit its validity and clinical
relevance, and calls for urgent further research to define
optimal oxygen therapy targets [6]. There are controver-
sial findings in patients with septic shock. For example, in
the ICU-ROX trial, no differences were found when com-
paring conservative versus liberal oxygen therapy [7]. In
addition, the use of hyperoxic therapy reduced the risk of
surgical site infections in colorectal surgery [8], probably
due to the bactericidal activity of neutrophils mediated by
oxidative killing, a potent mechanism that depends on the
production of superoxide radicals from molecular oxygen.
We sought to review our historical series of septic
patients focusing on the PaO, values at the time of sep-
sis diagnosis and within the first 48 h after diagnosis. We
observed that patients with PaO,>100 mmHg had lower
90-day mortality (25.5% vs. 37.0%, p=0.008). Also, the
potential association between PaO, levels and risk of
90-day mortality in our study was further evaluated by
using a multivariate logistic regression analysis. Using
the variables in Table 1, a univariate regression analysis
was performed for 90-day mortality. Variables show-
ing a p value<0.1 with no collinearity were included as
adjustment variables in the multivariate analysis. Chronic
cardiovascular disease, chronic respiratory disease, can-
cer, obesity, urgent surgery and platelet count showed
a p value>0.1 while bilirubin, creatinine, lactate, neu-
trophils and white blood cells showed collinearity with
APACHE 1I score. C-reactive protein showed collinearity
with procalcitonin. The variables considering “time func-
tion”, such as mechanical ventilation, ICU and hospital
stay, were considered not to be mixed with variables of
admission day. Thus, Table 1 just compares patients with
PaO, <100 mmHg versus PaO, >100 mmHg.
Furthermore, our study only showed an association
between mortality and PaO, <100 mmHg. We thought
that this finding is clinically relevant and should be vali-
dated in a clinical trial fashion design, as stated in our

paper.
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