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ABSTRACT
Despite the known clinical importance of hypoxemia 
and pneumonia, there is a paucity of evidence for these 
variables with respect to risk of mortality and short- term 
outcomes among those hospitalised with COVID- 19.
Objective Describe the prevalence and clinical course of 
patients hospitalised with COVID- 19 based on oxygenation 
and pneumonia status at presentation and determine 
the incidence of emergent hypoxaemia or radiographic 
pneumonia during admission.
Methods A retrospective study was conducted using 
a Canadian regional registry. Patients were stratified 
according to hypoxaemia/pneumonia phenotype and 
prevalence. Clinical parameters were compared between 
phenotypes using χ2 and one- way Analysis of variance 
(ANOVA). Cox analysis estimated adjusted Hazard Ratios 
(HR) for associations between disease outcomes and 
phenotypes.
Results At emergency department (ED) admission, the 
prevalence of pneumonia and hypoxaemia was 43% and 
50%, respectively, and when stratified to phenotypes: 
28.2% hypoxaemia+/pneumonia+, 22.2% hypoxaemia+/
pneumonia−, 14.5% hypoxaemia−/pneumonia+ and 
35.1% hypoxaemia−/pneumonia−. Mortality was 31.1% 
in the hypoxaemia+/pneumonia− group and 26.3% in 
the hypoxaemia+/pneumonia+ group. Hypoxaemia with 
pneumonia and without pneumonia predicted higher 
probability of death. Hypoxaemia either <24 hours or 
≥24 hours after hospitalisation predicted higher mortality 
and need for home oxygen compared with those without 
hypoxaemia. Patients with early hypoxaemia had higher 
probability of Intensive care unit (ICU) admission compared 
with those with late hypoxaemia.
Conclusion Mortality in COVID- 19 infection is predicted 
by hypoxaemia with or without pneumonia and was 
greatest in patients who initially presented with 
hypoxaemia. The emergence of hypoxaemia was predicted 
by radiographic pneumonia. Patients with early and 
emergent hypoxaemia had similar mortality but were 
less likely to be admitted to ICU. There may be delayed 
identification of hypoxaemia, which prevents timely 
escalation of care.

INTRODUCTION
The manifestations and clinical course 
of COVID- 19 can be highly variable with 
numerous complications, including pneu-
monia, thromboembolic disease, acute respi-
ratory distress syndrome (ARDS), multiorgan 
failure, and death. Two important features, 
such as pneumonia and hypoxaemia, have 
been commonly described and contribute 
to high mortality and morbidity in COVID- 
19.1 2 Hypoxaemia may arise from the venti-
lation/perfusion mismatch secondary to 
viral- induced lung infiltration and inflamma-
tion.3 In itself, hypoxaemia may contribute 
to COVID- 19 by promoting viral replication, 
lung inflammation, cytokine release, pulmo-
nary vasoconstriction, and intravascular 
thrombosis.3 The prevalence of hypoxaemia 
has been reported to range from 15% to 
65% and is strongly associated with a worse 
outcome.4–9 The other common manifesta-
tion of COVID- 19 is pneumonia, which may 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Real- world study looking at the outcomes of hos-
pitalised COVID- 19 patients based on the presence 
and/or absence of hypoxaemia and pneumonia.

 ⇒ Collection of extensive demographics and clinical 
features of patients with COVID- 19 based on strati-
fication into hypoxaemia and/or pneumonia.

 ⇒ Provide patient outcomes based on time course of 
hypoxaemia.

 ⇒ Arterial blood gases (ABG) and Partial pressure of 
oxygen (PaO2) to Fraction of inspired oxygen (FiO2) 
ratio was unfortunately unable to be assessed as not 
every patient had this data point collected.

 ⇒ Chest X- ray findings reported by one radiologist as 
opposed to two independent radiologists.
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not be evident on the chest X- ray (CXR) at the time of 
presentation in up to 18% of mild COVID- 19 cases and 
in 3% of patients with severe disease.10 While these two 
clinical features have been commonly reported and 
described for the presentation of COVID- 19, there is 
a paucity of data to inform the subsequent course of 
COVID- 19 illness in patients presenting with and without 
hypoxaemia and pneumonia. A better understanding of 
their implication at the time of presentation can lead to 
earlier implementation of treatment strategies that can 
mitigate poor outcomes.

The aim of this study was to describe the prevalence and 
clinical course of hospitalised COVID- 19 patients based 
on the initial presentation with and without oxygenation 
and pneumonia.

METHODS
Patient and public involvement
All data from the McMaster Multi- Regional Hospital 
Coronavirus Registry (COREG) were pseudonymised, 
and therefore, patients were not involved in the study.

Study design
This was a retrospective study using registry data collected 
on patients admitted with COVID- 19 across six hospitals 
(three academic centres, three community hospitals) 
from the COREG. COREG was a multicentred database 
that deidentified secondary data (generated as part of 
clinical care) on hospitalised patients with positive PCR 
SARS- CoV- 2 infection in Ontario, Canada.11 Clinical data 
were only collected for 3 days after admission and again 
follow any change in clinical setting (eg, transfer to ICU), 
and at discharge. This study included patients admitted 
between March 2020 and June 2021 were included in the 
study.

Study population
All patients ≥18 years old with confirmed PCR+COVID- 19 
that were admitted between March 2020 and June 2021 
were included. Patients with no lung imaging at presenta-
tion, and those admitted from a long- term care for solely 
for the purpose of isolation and without any medical 
sequala from COVID- 19 infection, were excluded.

Patient phenotyping according to hypoxaemia and pneumonia
Patients were divided into four phenotypes based on the 
presence or absence of hypoxaemia and/or pneumonia 
at the time of presentation to the emergency depart-
ment (ED): hypoxaemia+/pneumonia+, hypoxaemia+/
pneumonia−, hypoxaemia−/pneumonia+, hypoxaemia−/
pneumonia−. Hypoxaemia was defined as a resting pulse 
oximetry reading of < 92% on room air and/or need for 
supplemental oxygen to maintain SpO2 ≥92%.12 Both 
clinical and radiographic findings compatible with pneu-
monias was needed for the diagnosis of pneumonia, as 
previously described.13 14

Statistical analysis
Patients were stratified according to hypoxaemia/pneu-
monia phenotype and comparison of prevalence rates 
across cohorts was assessed by χ2 analysis. Descriptive 
statistics were used to describe the cohorts and compar-
isons between groups were conducted using χ2 for cate-
gorical variables and Analysis of Variance (ANOVA) tests 
for continuous variables. The primary outcome was a 
composite of mortality, ICU admission, and discharge on 
home oxygen across phenotypes and log- rank tests were 
used to test for differences. Comparison of survival distri-
bution between cohort was performed using Kaplan- Meier 
(KM) curves and log- rank tests. Cox regression was used to 
calculate the adjusted HR for each phenotype controlling 
for age, sex and number of comorbidities. Where time- to- 
event data were not available, logistic regression was used 
to estimate the adjusted OR between disease outcomes and 
patient phenotypes, controlling for age, sex and comorbid-
ities. Given the multiple comparisons, nominally significant 
p values should be interpreted cautiously, unless very small 
or the results form a coherent pattern. The statistical signif-
icance to a p<0.05. All analyses were done in SAS V.9.4.

RESULTS
Patient population
Of the 1612 patients screened for this study, 1466 PCR+-
COVID- 19 patients met inclusion criteria (online supple-
mental figure 1). Of these, 739 patients (50.4%) had 
hypoxaemia and 626 patients (42.7%) had pneumonia at 
the time of presentation. Among these patients, a total 
of 414 (28.2%) were categorised as hypoxaemia+/pneu-
monia+, 325 (22.2%) as hypoxaemia+/pneumonia−, 212 
(14.5%) as hypoxaemia−/pneumonia+ and 515 (35.1%) 
as hypoxaemia−/pneumonia−. The baseline character-
istics for these groups are presented in online supple-
mental table 1.

Clinical, radiographic and laboratory findings at presentation
The median time from symptom onset to hospitalisa-
tion was 3 days (IQR 0–8), with significant differences 
observed between groups. In general, patients with pneu-
monia only (5 days, IQR 3–9) presented later, followed by 
those with hypoxaemia alone (5 days, IQR 2–9), and those 
without hypoxaemia or pneumonia presenting within 
1 day of symptom onset. Commonly reported symptoms 
were dyspnoea (55.6%), cough (53.8%) and fatigue/
malaise (39.2%) (online supplemental table 2), primarily 
in the hypoxaemia+pneumonia+ and hypoxaemia− pneu-
monia+ groups. As expected, the groups with pneumonia 
had higher reported radiographic changes with consol-
idation being the most common finding, followed by 
opacification, interstitial changes and GGO. Further, 
those with hypoxaemia had higher rates of these findings 
that patients without hypoxaemia.

COVID-19 disease course, treatment and complications in 
hospitalised patients
The admitting rate to ICU from ED was 16.37% (n=240) 
and of those admitted to the ward (n=1145) a total of 141 
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patients (9.6%) were later transferred to the ICU (online 
supplemental table 3). The hypoxaemia+/pneumonia+ 
group (n=120; 8%) was more likely to be admitted to ICU, 
and the least likely was the hypoxaemia−/pneumonia− 
group (n=33; 2%). The hypoxaemia−/pneumonia− group 
(n=454; 31%) was most likely to be admitted to the ward, 
while the hypoxaemia+/pneumonia+ (n=280; 3.8%) and 
hypoxaemia−/pneumonia+ (n=179; 1.4%) groups were 
most likely to be transferred from the ward to ICU. The 
median time to transfer from ward to ICU was 3 days 
(IQR 2–6), with the shortest time to transfer being the 
hypoxaemia+/pneumonia+ group (2 days, IQR 2–5) and 
longest time being the hypoxaemia−/pneumonia− group 
(7.5 days, IQR 2–11). A total of 772 patients (53.3%) 
received corticosteroids, predominantly those within 
the hypoxaemia+/pneumonia+ and hypoxaemia+/pneu-
monia− groups. The hypoxaemia+/pneumonia+ group 
was most likely to receive antibiotics, tocilizumab, high- 
flow nasal cannula (HFNC), non- invasive ventilation 
(NIV), invasive mechanical ventilation (IMV), proning 
and home oxygen at discharge (online supplemental 
table 3).

Mortality was 22.9% among all hospitalised patients, 
being highest in the hypoxaemia+/pneumonia− group 
(n=101, 31%) and lowest in the hypoxaemia−/pneu-
monia+ group (n=33, 15.6%). The KM curve showed that 
the probability of mortality was highest in the hypox-
aemia+/pneumonia− and hypoxaemia−/pneumonia+ 
groups (figure 1). The median shortest time to death was 
in the hypoxaemia+/pneumonia+ (12 days) and hypox-
aemia+/pneumonia− (11 days) groups. Controlling for 
age, sex and comorbidities, the HR for complications 
between groups are provided in figure 2. The presence 

of hypoxaemia with and without pneumonia and without 
pneumonia were similar in predicting the highest prob-
ability of death. Similarly, hypoxaemia was a signif-
icant predictor for ICU admission and of the need for 
HFNC, IMV and NIV. Female sex was associated with a 
lower risk of death, HFNC and IMV use. The presence 
of two or more comorbidities was a positive predictor for 
death. Lastly, hypoxaemia with pneumonia was a positive 
predictor for home oxygen prescription at discharge.

The most common complications were acute renal 
failure, pleural effusion and ARDS (online supplemental 
table 3). Pulmonary embolism (PE) accounted for 4.6% 
of all complications. Those with hypoxaemia were more 
likely to have a PE (OR 2.73) or deep vein thrombosis 
(OR 4.2).

Development of hypoxaemia and pneumonia during 
hospitalisation and related complications
Among the 968 patients with hypoxaemia during hospi-
talisation, 76.3% (n=739) presented with early hypox-
aemia (within 24 hours), and 23.7% (n=229) developed 
emergent hypoxaemia after >24 hours of admission. The 
presence of pneumonia at admission was significantly 
associated with an adjusted OR of 2.10 for the develop-
ment of hypoxaemia following admission (online supple-
mental table 4).

Of the 739 patients with early hypoxaemia, 270 (34%) 
were admitted to ICU during hospitalisation, with 190 
(26%) patients admitted directly from ED and 80 (45%) 
patients later transferred from the ward. The median 
time from ward to ICU transfer was 3.0 days (IQR 2–5) vs 
4 days (IQR 4–8) with the emergent hypoxaemia group. 
In contrast, of the 229 emergent hypoxaemia patients, 58 

Figure 1 Kaplan- Meier survival analysis based on pneumonia and hypoxaemia. (A) Patients in the hypoxaemia+/pneumonia+ 
group were more likely to require ICU admission, whereas the hypoxaemia−/pneumonia− group was least likely. In terms of 
mortality (B), patients in the hypoxaemia+/pneumonia− group were least likely to survive compared with the hypoxaemia−/
pneumonia− group. At discharge, the group most likely to require home oxygen therapy (C) was the hypoxaemia+/pneumonia+ 
group compared with the hypoxaemia−/pneumonia− group. (D) Patients with hypoxaemia in under 24 hours of hospital 
presentation were more likely to require Intensive Care Unit (ICU) admission sooner, whereas those who developed hypoxaemia 
after 24 hours of presentation were less likely to require ICU admission (p<0.001). (E) Regardless of the development of 
hypoxaemia in <24 or >24 hours, patients had a lower probability of survival compared with those without hypoxaemia during 
their hospital stay (p<0.001). (F) Similarly, patients who were hypoxaemic at any point during their hospital admission were more 
likely to require home oxygen compared with patients without hypoxaemia (p<0.001).
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(25%) were admitted to the ICU during hospitalisation, 
with 21 (36%) being directly from ED and 37 (64%) later 
transferred from the ward). As per the KM curve, patients 
with early hypoxaemia had higher probability of ICU 
admission than emergent hypoxaemia (figure 1). Further, 
the early hypoxaemic group compared with the emergent 
group had a longer mean length of stay (LOS) in ICU 
(9 vs 7 days) and higher rates of IMV use (21% vs 11%) 
(online supplemental table 5). There were similar rates 
of systemic corticosteroid use in the early versus emergent 
hypoxaemic group (66.9% vs 65%) and death (28.4% vs 
of those with early hypoxaemia died 27.5%; p<0.05).

With respect to pneumonia, 626 (43%) patients had a 
clinical- radiographic pneumonia syndrome at some point 
during hospitalisation, of which 378 (60%) had pneu-
monia at presentation. Of the 592 patients without pneu-
monia at presentation, 248 (41.9%) went on to develop 
pneumonia during hospitalisation. The development 
of pneumonia was more common in the hypoxaemia+/
pneumonia− group (40%) than the hypoxia−/pneu-
monia− group (22.5%).

DISCUSSION
In a cohort of 1466 hospitalised patients with COVID- 19, 
we retrospectively compared the prevalence and time 
course of patients presenting with pneumonia or hypox-
aemia alone and in combination. Approximately 40% of 
patients had clinical and radiographic findings sugges-
tive of pneumonia. This proportion is comparable to a 
previous study involving a Thailand patient cohort.15 The 

prevalence of hypoxaemia was 50%, falling within the 
range of 15%–65% documented in recent literature.4–7 
When stratified into phenotypes, 35.1% of patients had 
hypoxaemia−/pneumonia−, 28.2% had hypoxaemia+/
pneumonia+, 22.2% had hypoxaemia+/pneumonia− and 
14.5% had hypoxaemia−/pneumonia+. Most importantly, 
the presence of hypoxaemia alone or in combination with 
pneumonia predicted worse clinical outcomes, including 
mortality.

Although the hypoxaemia−/pneumonia− and hypox-
aemia+/pneumonia+ groups were most prevalent, 
patients with either hypoxaemia or pneumonia alone still 
made up a substantial proportion. The overall mortality 
was 22.9%, consistent with previous reports ranging from 
11.5% to 32%.16–19 These mortality rates underscore the 
need to identify patients at high risk for decompensation 
to allow for proper escalation of care. When examined 
according to phenotype, the hypoxaemia+/pneumonia+ 
group had a mortality of 26.3%. Interestingly, patients 
with hypoxaemia alone had a higher mortality (31%) and 
HR for predicting mortality. In line with this, a shorter 
LOS in hospital was seen with patients that had hypox-
aemia and/or pneumonia, which may have been due to 
higher mortality rate. This raises the question of why the 
hypoxaemia+/pneumonia− group had poorer mortality 
outcomes. A total of 36% of hypoxaemia+/pneumonia− 
patients developed pneumonia later during their hospi-
talisation, which could have contributed to mortality. 
The window between admission and decompensation 
(ie, ward to ICU transfer) appeared to be similar between 

Figure 2 OR of adverse outcomes in COVID- 19 patients logistic regression was used to develop forest plots showing the OR 
and 95% CI for various adverse outcomes including death (A), use of high- flow nasal cannula (HFNC) (B), Intensive Care Unit 
(ICU) admission (C), use of invasive mechanical ventilation (IMV) (D), and requirement of home oxygen at discharge (E). The OR 
for these outcomes was adjusted for number of comorbidities (CM), age, sex, hypoxaemia (H) and/or pneumonia (P).
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the hypoxaemia+/pneumonia− group and hypoxaemia+/
pneumonia+ group at 2–3 days. Although the groups 
had a similar time frame of decompensation, the hypox-
aemia+/pneumonia− group overall was 50% less likely to 
be admitted to ICU than the hypoxaemia+/pneumonia+ 
group, despite similarities in oxygen requirements, ICU 
and hospital LOS, and overall complications. The hypox-
aemia+/pneumonia− group was also less likely to receive 
pharmacological management or ventilatory support. 
Despite all hypoxaemia+/pneumonia− patients meeting 
criteria for corticosteroids,20 10% fewer patients received 
dexamethasone compared with the hypoxaemia+/pneu-
monia+ group (however, there was little difference in 
corticosteroid administration between early and emer-
gent hypoxaemia). The hypoxaemia+/pneumonia− group 
was also 50% less likely to undergo proning compared 
with the hypoxaemia+/pneumonia+ group. On discharge, 
5% more of the hypoxaemia+/pneumonia+ patients 
were prescribed home oxygen compared with those with 
hypoxaemia alone. Prompt escalation of care may not 
have occurred due to the occult presentation of hypox-
aemia+/pneumonia− patients. Unfortunately, they had a 
similar propensity for decompensation compared with 
hypoxaemia+/pneumonia+ patients, further highlighting 
disease that is difficult to predict, particularly when 
applying common clinical heuristics. There appears to be 
a missed opportunity for management that could poten-
tially change disease outcomes in those presenting exclu-
sively with hypoxaemia.

To further understand disparities in care between the 
hypoxaemia+/pneumonia+ and hypoxaemia+/pneu-
monia− groups, we stratified patients based on hypox-
aemia timeline. To our knowledge, this is the first large 
retrospective study (through multiple pandemic waves) 
that has looked at the development of hypoxaemia <24 
(early) vs ≥24 (emergent) hours. Patients with early 
hypoxaemia were more likely to require ICU admission 
compared with those with emergent hypoxaemia. The 
early group was also more likely to be admitted directly 
from ED to ICU. Conversely, more than 80% of the emer-
gent hypoxaemia group was later transferred from ward 
to ICU during their hospitalisation, within a median of 
4 days. The early group was more likely to receive phar-
macological and ventilatory management. Overall, these 
groups had similar outcomes with respect to mortality 
(27.5% vs 28.4%), but time to death was shorter in the 
early group (11 vs 17 days). In addition, the likelihood 
of home oxygen at discharge was similar between those 
groups (13% vs 12.5%). These findings are similar to 
Suh et al who compared hypoxaemia <3 days vs ≥3 days 
of hospital presentation and found similar inpatient 
mortality and that these patients were more likely to 
require IMV.7 They also found several predictive vari-
ables of early oxygen requirements including age, delay 
in hospital admission and CXR abnormalities.7 Further, 
the aforementioned findings demonstrate that hypox-
aemia, regardless of the presence of pneumonia or 
hypoxaemia timeline, resulted in a complicated disease 

course. This may be attributable to the lack of hypox-
aemia at initial presentation providing false reassurance, 
and the difficulty of predicting emergent hypoxaemia 
during hospitalisation. As per our regression model, the 
presence of pneumonia, but no other notable baseline 
characteristics, predicted emergent hypoxaemia. Overall, 
the absence of hypoxaemia at ED presentation does not 
appear to be reassuring for good outcomes, which is 
crucial to consider during ED triage. Patients who seem 
well, with no evidence of hypoxaemia or pneumonia, may 
benefit from virtual monitoring with a lower threshold 
for escalation of care, due to the difficulty of identifying 
at- risk patients for emergent hypoxaemia. What is less 
clear is how to approach the pneumonia- only group. 
Although they had similar mortality to the hypoxaemia−/
pneumonia− group, ICU and oxygen requirements 
were comparable to the hypoxaemia+/pneumonia− and 
hypoxaemia+/pneumonia+ groups. This could be due to 
approximately 50% developing late hypoxaemia. Close 
monitoring should also be considered in this group given 
this relatively high risk of decompensation. Given that 
recent work has associated the duration of hypoxaemia 
with poor outcomes,21 it would have been interesting to 
examine this in our study, but daily data were not avail-
able in COREG.

What was probably the most surprisingly and unex-
pected finding in this study was the poor outcomes for 
the hypoxaemia−/pneumonia− group with an overall 
mortality of 18.1%. Similarly, Adams et al reported a 32% 
mortality in COVID- 19 patients without hypoxia.22 Among 
these patients, 14% still required ICU admission, and had 
a longer window of decompensation with ward to ICU 
transfer of 7.5 days. It appears that the initial stability of 
these patients is not reassuring and is a patient subgroup 
that requires careful monitoring. This begs the question 
as to whether there were other non- COVID contributing 
factors to this patient group, but these patients had 
similar age and comorbidities compared with the other 
phenotype groups. Further research is needed to deter-
mine additional non- respiratory mechanisms that may 
contribute to mortality in patients without hypoxaemia or 
pneumonia.

This study had some limitations. All data extracted 
came from secondary sources, and as such certain vari-
ables were not collected in a majority of the cohort. As 
ABGs were not performed in most patients, we used 
oximeter readings rather than ABGs to assess oxygen 
status. A notable limitation to the pulse oximetry is the 
potential inaccurate readings in patients with darker skin 
colour.23 In addition, CXR images were read by a single 
clinical radiologist. While it may have been ideal to have 
CXR findings reported by two independent radiologists, 
these were not available within the confines of COREG. 
There is some merit in that the study design reflects real- 
world practice, where oximeters are primarily relied on 
for non- ICU management, and only one clinical radiolo-
gist provides reports. Further, this study was retrospective 
in nature, which may have led to certain biases in data 
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registration and collection. Our hospital management 
guidelines may differ from other regions, which can be 
seen in reference to the low corticosteroid use in our 
cohort. It is unclear why a low proportion of patients 
received dexamethasone despite meeting inclusion 
criteria as per the RECOVERY trial.24 However, it may be 
due to lack of robust evidence for dexamethasone in the 
first COVID- 19 wave.

A distinct strength of this study was a cohort consisting 
of almost 2000 patients from 6 hospitals in Southern 
Ontario with a catchment of 1 000 000 people, including 
both academic and community hospitals. This large 
number of patients combined with a less stringent inclu-
sion criteria and multicentre cohort increases the gener-
alisability of the study. Our depth of data collection is also 
a strength, especially given the recorded time courses 
during hospitalisation. In addition, given this was a study 
in Canadian healthcare, the public taxpayer system mini-
mised selection bias due to universal healthcare access.

This study assessed not only the prevalence of hypox-
aemia and pneumonia in the form of four unique pheno-
types and compare disease outcomes, but also the first 
study in North America to look at differences in early 
versus emergent hypoxaemia. While hypoxaemia and 
pneumonia are common features on presentation to 
hospital, patients without these features are still at risk 
of decompensation. Unfortunately, the lack of hypox-
aemia or pneumonia is not entirely reassuring, and 
even patients without these features have a high rate of 
mortality, and as such, this patient group may require 
close monitoring. In addition, particular attention should 
be paid to patients with exclusively hypoxaemia, regard-
less of associated dyspnoea, as the disease course is less 
predictable. A lower threshold should be implemented 
to monitor these patients and escalate care. Emergent 
hypoxaemia is common, predicted only by radiographic 
pneumonia, and appears to be under- recognised, which 
may contribute to delayed escalation of care and subse-
quently higher mortality.
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