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Abstract
Introduction The ratio of partial pressure of arterial oxygen to inspired oxygen fraction (PaO2/FIO2) during
invasive mechanical ventilation (MV) is used as criteria to grade the severity of respiratory failure in acute
respiratory distress syndrome (ARDS). During the SARS-CoV2 pandemic the use of PaO2/FIO2 ratio has been
increasingly used in non-invasive respiratory support such as high-�ow nasal cannula (HFNC) and non-invasive
ventilation (NIV). The grading of hypoxemia in non-invasively ventilated patients is uncertain. The main
hypothesis, investigated in this study, was that the PaO2/FIO2 ratio does not change when switching between
MV, NIV and HFNC. Methods This was a sub-study of a single-center prospective observational study of
patients admitted to the intensive care unit (ICU) at Uppsala University Hospital in Sweden for critical COVID-19.
In a steady state condition, the PaO2/FIO2 ratio was recorded before and after any change between two of the
studied respiratory support techniques (i.e., HFNC, NIV and MV).  Results A total of 148 patients were included
in the present analysis. We �nd that any change in respiratory support from or to HFNC caused a signi�cant
change in PaO2/FIO2 ratio (up to 48 mmHg, from HFNC to MV). Changes in respiratory support between NIV
and MV did not show consistent change in PaO2/FIO2 ratio. In patients classi�ed as mild to moderate ARDS
during MV, the change from HFNC to MV showed a variable increase in PaO2/FIO2 ratio ranging between 52
and 140 mmHg (median of 127 mm Hg). This made prediction of ARDS severity during MV from the apparent
ARDS grade during HFNC impossible.  Conclusion HFNC is associated with lower PaO2/FIO2 ratio than either
NIV or MV in the same patient, while NIV and MV provided similar PaO2/FIO2 and thus ARDS grade by Berlin
de�nition. The large variation of PaO2/FIO2 ratio precludes using ARDS grade as a measure of pulmonary
damage during HFNC.

Introduction
The Berlin de�nition of the acute respiratory distress syndrome (ARDS) [1] includes the ratio between the partial
pressure of arterial oxygen and the fraction of inspired oxygen (the PaO2/FIO2 ratio) during invasive mechanical
ventilation (MV) with a positive end-expiratory pressure (PEEP) higher than 5 cm H2O. This has been proven
useful for research and clinical management of patients with acute respiratory failure as the degree of
pulmonary damage, organ dysfunction and death in ARDS are closely associated with the severity of
hypoxemia [2,3]. 

During the last twenty years, we witnessed a growing interest in non-invasive respiratory support strategies for
the treatment of acute hypoxemic respiratory failure [4]. This was further brought to the fore by the ongoing
SARS-CoV2 pandemic, when an even wider use of high-�ow nasal cannula oxygen therapy (HFNC) and non-
invasive ventilation (NIV) was prompted by high demand for respiratory support [5]. While NIV provides a
measurable PEEP that maybe consistent with the Berlin criteria, the level of PEEP generated by HFNC depends
on multiple factors and cannot be reliably measured in the clinical setting [6,7]. Moreover, during non-invasive
respiratory support, the actual inspiratory fraction of oxygen (FIO2) is often uncertain because of leakage and
variable dead space volume.

This means that the current ARDS criteria for grading hypoxemia are di�cult or impossible to apply in non-
invasively ventilated patients [8]. However, despite lacking clinical evidence, ARDS criteria have been applied to
patients not undergoing invasive mechanical ventilation even though severity strati�cation may be inaccurate
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[9]. Moderate or severe hypoxemia during non-invasive respiratory support has been demonstrated to be an
early predictor for need of invasive mechanical ventilation [10–12]. However, the uncertainties in the grading of
hypoxemia in non-invasively ventilated patients jeopardizes the clinical decision process, and may
negatively in�uence patient outcomes [9,12–14]. 

The main aim of the current study was to allow the accurate strati�cation of respiratory dysfunction during
HFNC and NIV in COVID-19 ARDS patients. To this end we investigated PaO2/FIO2 ratio and ROX index when
changing respiratory support in patients affected by COVID-19 ARDS. The hypothesis was that PaO2/FIO2 ratio
is altered by changing between MV, NIV and HFNC. Therefore, the Berlin criteria for ARDS should not be
accurate for invasive as well as non-invasive respiratory support. 

Materials And Methods
This was a sub-study of a single-center prospective observational cohort study including patients older than 18
years, positive to the PCR test for SARS-CoV2 on nasal swab specimen, and admitted to the ICU at Uppsala
University Hospital in Sweden. All the included patients were admitted to the ICU for acute hypoxic respiratory
failure and treated with one of the studied respiratory support methods (HFNC, NIV or MV) at admission. The
inclusion period for this analysis was from the 14th of March 2020 until the 14th of January 2021. The National
Ethical Review Agency approved the study (EPM; No. 2020-01623). The Declaration of Helsinki and its
subsequent revisions were followed. The protocol was registered a priori (Clinical Trials ID: NCT04316884).
STROBE guidelines were followed for reporting. Written informed consent was obtained from the patients when
possible. Otherwise, informed consent was �rstly asked to next to kin and later con�rmed by patients if
feasible. 

 

Laboratory, clinical and physiological variables

In the current study we analyzed, in a steady state condition, the change in oxygenation in relation to a switch in
respiratory support strategy between two of the following: HFNC, NIV and MV. For each included patient, the
�rst two changes of respiratory support after admission to ICU were collected. The possible changes of
respiratory support de�ned six comparisons: 1) HFNC-to-NIV; 2) HFNC-to-MV; 3) NIV-to-HFNC; 4) NIV-to-MV; 5)
MV-to-HFNC; 6) MV-to-NIV.

To avoid collecting data during transient changes, the arterial blood gas analyses sampled after switching
respiratory support were collected at least 30 minutes after the change, which we considered as steady-state
changes. For each analyzed condition, the oxygenation was de�ned by the partial pressure of arterial oxygen
and fraction of inspired oxygen (PaO2/FIO2) ratio. Comprehensive clinical data about the included patients (e.g.,
demographics, chronic health conditions, vital signs, ventilatory settings and laboratory tests, including arterial
blood gas analysis) were collected at ICU admission and as well as in conjunction with the changes in
respiratory support. The SpO2 values were calculated based on measured PO2, based on the equation

developed by Severinghaus [15]: SO2 = ((23400 * (PO2
3 +150 * PO2)-1 ) + 1)-1* 100. The list of the acquired

clinical data was reported in Table 1. The ROX index [16] was calculated in the HFNC subgroups. The ROX index
is de�ned as the ratio of pulse oximetry/fraction of inspired oxygen (SpO2/FIO2) to respiratory rate (RR) per
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minute. A ROX index greater than or equal to 4.88 measured after 12 hours of HFNC has been shown to be
associated with a low risk for invasive ventilation [11,16].

 

The PaO2/FIO2 analysis

The correlations between PaO2/FIO2 values, collected before and after a change in respiratory support, were
tested. To compare the PaO2/FIO2 ratio during non-invasive respiratory support (HFNC or NIV) with the
PaO2/FIO2 during MV, the changes between HFNC and MV (in both directions: HFNC-to-MV and MV-to-HFNC)
and the changes between NIV and MV (in both directions: NIV-to-MV and MV-to-NIV) were gathered together in a
box plot and scatter plot analysis. The patients were divided in groups based on the Berlin criteria for ARDS
during invasive ventilation [1]: 1) mild ARDS, with a PaO2/FIO2 between 201 and 300 mmHg; 2)
moderate ARDS, with a PaO2/ FIO2 between 101 and 200 mmHg; 3) severe ARDS, PaO2/ FIO2 lower than 100
mmHg.

 

Outcome 

The primary outcome was the difference in PaO2/FIO2 ratio caused by a change of respiratory support
modality.

 

Statistical Analysis

Data analysis and statistical tests were performed using dedicated MATLAB scripts (MATLAB and Statistics
Toolbox Release 2020a, The MathWorks, Natick, USA). Quantitative variables were expressed as median (25th

and 75th percentiles – 25-75 – or interquartile range – IQR – if more appropriate), categorical variables were
expressed as frequency (percentage). 

The PaO2/FIO2 values, collected before and after a change in respiratory support, were scatter-plotted and
described in relation with the diagonal to the axis. Correlation analysis (Pearson correlation) and a Bland-
Altman analysis [17] were performed on these paired data. 

Continuous variables were compared using the two-sample Kolmogorov-Smirnov test (a = 0.05). In case of
multiple comparisons, the Kruskal-Wallis test (𝛼 = 0.05), followed by Bonferroni correction, was used. In order to
use the Bland-Altman analysis, the Kolmogorov-Smirnov normality test was applied for testing normal
distribution of differences between measurements. 

Results
A total of 148 patients were included in the study. Two-hundred �fty-two changes of respiratory support were
gathered and divided in the six subgroups as follow: 76 in HFNC-to-NIV, 34 in HFNC-to-MV; 59 in NIV-to-HFNC;
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36 in NIV-to-MV; 35 in MV-to-HFNC; 12 in MV-to-NIV. The median age of the included patients’ population was
66 (55-73) years, 25% were women (see Table 1 and supplementary Table 1). Patients’ median body mass
index was 29 (25.4-32.9) and 26% of the included patients had a previous diagnosis of chronic pulmonary
disease. At ICU admission, almost all patients (141) had a motorial Glasgow coma scale of 5 or higher. The
patients had a median simpli�ed acute physiology score 3 of 53 (47-59) and a median of 10 days with
respiratory symptoms before admission to the ICU. Patients’ median PaO2 /FIO2 ratio was 114 mm Hg (101-
148). Independently from the respiratory support used and from the actual PEEP, 26% of patients showed a
moderate or severe ARDS (PaO2/FIO2 equal to or lower than 200 mm Hg) at admission. The ROX index was
signi�cantly lower for HFNC patients who changed to MV (3.56) compared to those who continued on a non-
invasive respiratory support (4.93). Compared to HFNC-to-NIV and HFNC-to-MV, changing of respiratory support
in the opposite direction (NIV-to-HFNC and MV-to-HFNC) were characterized by a signi�cantly higher ROX index
(respectively 5.84 and 6.59) during HFNC.

 

The PaO2/FIO2 analysis

Any change from or to HFNC showed a signi�cant difference between the regression line and the diagonal to
the axes. Moreover, compared to NIV-to-MV and MV-to-NIV, a lower r2 (correlation) and a higher difference
between the delta in PaO2/FIO2 and the line of equality (Bland-Altman analysis) were shown (Figures 1A-1F and
Tables 2A-2F).

On the other hand, changes in respiratory support between NIV and MV in both directions (NIV-to-MV and MV-to-
NIV) did not show signi�cant differences in PaO2/FIO2 ratio (Figures 1D and 1F, Tables 2D and 2F and

supplementary Table 2). This was consistent with a stronger regression for MV-to-NIV (r2 = 0.65 and the
regression line slope of 0.74, Figure 1F and supplementary Table 2). These �ndings were con�rmed by the
Bland-Altman analysis where the differences in PaO2/FIO2 between NIV and MV in both directions did not
signi�cantly differ from the line of equality.

            The PaO2/FIO2 ratio was analyzed based on ARDS severity during MV (Figures 2 and 3 and
supplementary Figure 1). Patients that were classi�ed in the severe ARDS group during MV showed the same
level of severe hypoxemia during all kinds of respiratory support (Figure 2). In the mild ARDS group as well as in
the moderate ARDS group, the median PaO2/FIO2 ratio was signi�cantly higher during MV compared to HFNC
or to NIV (Figure 2). Moreover, for those patients classi�ed in the mild or moderate ARDS groups while
mechanically ventilated, the variability of the PaO2/FIO2 ratio in HFNC or NIV was inversely related to the
severity of the ARDS during MV. The lower the ARDS severity in MV, the higher the variability of PaO2/FIO2

values during HFNC or NIV. This variability was higher during HFNC compared to NIV (Figure 2). By a further
subgroup analysis, dividing these patients in four groups: HFNC-to-MV, MV-to-HFNC, NIV-to-MV and MV-to-NIV
(Figure 3 and supplementary Figures 1), the same �ndings could be con�rmed. The widest PaO2/FIO2 variability
was reported in mild ARDS and in the HFNC-to-MV group where the PaO2/FIO2 widely changed between 52 and
140 mm Hg, with a median value of 127 mm Hg.

Discussion
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The primary �nding of this study is the consistence of PaO2/FIO2 ratio between MV and NIV. However, a high
variability in the effect on PaO2/FIO2 ratio was demonstrated when changing to or from HFNC. For instance,
patients on HFNC with a PaO2/FIO2 of 100 mm Hg could potentially change their PaO2/FIO2 ratio to all possible
levels of ARDS severity after changing to MV (Figure 2). 

Modern noninvasive forms of respiratory assistance, including NIV and HFNC, have been developed during the
last thirty years, and their use has drastically increased during the SARS-CoV2 pandemic [5,18]. Therefore, the
use of NIV and HFNC is not well described in clinical guidelines. Neither the ERS/ATS guidelines for acute
respiratory failure [9], or the NIH recommendations for the respiratory management in critical COVID-19 patients
[19] made any formal recommendation for non-invasive respiratory support. An unclear de�nition of the severity
of hypoxemia in critically ill patients on non-invasive respiratory support can expose patients to the risk of a
delayed initiation of invasive and controlled mechanical ventilation, worsening patients’ outcomes [10,12,20].
The present �ndings provide a rationale for using PaO2/FIO2 during NIV for decisions related to intubation, but
suggest great caution for its use during HFNC. 

We showed that, the ability to oxygenate is not only determined by the severity of lung injury, but also by the
respiratory support technique selected. The Berlin de�nition of ARDS was more reliable in critically ill COVID-19
ARDS patients treated with NIV than in patients treated with HFNC. HFNC gave a lower PaO2/FIO2 ratio than
either NIV or MV in the same patient, while NIV and MV provided similar PaO2/FIO2 ratio and thus ARDS grade
by Berlin de�nition. Furthermore, the large variability of PaO2/FIO2 changes all but precluded estimating ARDS
grade as a measure of pulmonary damage during HFNC. An increase in PaO2/FIO2 ratio up to 127 (IQR 55) mm
Hg, with very large individual variations (between 52 and 140 mm Hg), was demonstrated when changing from
HFNC to MV. Patients that during HFNC had a certain PaO2/FIO2 ratio could potentially show, during invasive
mechanical ventilation, an ARDS severity that could widely vary from mild to severe. 

Numerous indices have been suggested in literature to describe ARDS associated hypoxemia, PaO2/FIO2 ratio is
widely used because of its simplicity [8]. In the current study we showed that, depending on different respiratory
support strategies, clinicians may wrongly assume the severity of ARDS, if only based on PaO2/FIO2 values. It is
well established that not only the respiratory strategies used, but also the respiratory settings [21] as well as the
FIO2 delivered [22] in�uence the PaO2/FIO2 ratio. The nonlinearity between PaO2/FIO2 and FIO2 values is
in�uenced by multiple factors, e.g., intrapulmonary shunt, arterio-venous difference of oxygen, partial pressure
of arterial carbon dioxide, respiratory quotient and hemoglobin as well as the onset of absorption
atelectasis [23]. Only a FIO2 of 1.0 eliminates the effects of ventilation/perfusion mismatch on the
intrapulmonary shunt, but at the same time this induces absorption atelectasis and increases true shunt unless
PEEP is applied [24]. The recognition of these physiological mechanisms as well as our results should prompt
the use of more standardized procedures for grading hypoxemia and ARDS severity.

 

Our results con�rmed the validity of the ROX index in predicting the need for invasive ventilation in patients
treated on HFNC [11,16]. In the current study, the ROX index was signi�cantly lower for HFNC patients who
changed to MV (3.56) compared to those who continued on a non-invasive respiratory support (4.93). Although
not yet recommended by any guidelines, the ROX index is likely to be a useful clinical tool. It is simple to



Page 7/22

monitor and characterized by a high positive predictive value in patients on HFNC in need of invasive
mechanical ventilation [11]. The ROX index is likely to replace the PaO2/FIO2 ratio as ARDS criteria in hypoxic
patients on HFNC. 

 

Strengths and limitations

 

This was the �rst study investigating the reliability of PaO2/FIO2 ratio in determining the severity of hypoxemia
in COVID-19 ARDS patients. The large variation of the PaO2/FIO2 ratio during HFNC precluded using ARDS
grade as a measure of pulmonary damage during HFNC.

The current study had some limitations. The study focused exclusively on PaO2/FIO2 ratio, not taking into
account the complexity and the multifactorial nature of hypoxic acute respiratory failure and of its
management as, for instance, the use of prone positioning, the level of sedation, muscle relaxation or other
pharmaceutical interventions. However, when referring to the PaO2/FIO2 ratio in our clinical practice as well as
in the Berlin de�nition of ARDS [1], the PaO2/FIO2 ratio is used as an independent variable, not contextualized
to, for instance, patients’ position, hemodynamic, muscle relaxation, sedation.  

Being this a monocentric study, local clinical routines could have in�uence on the results. 

The pathophysiological mechanisms leading to hypoxemia in COVID-19 ARDS can differ from the ones
characterizing other kinds of acute hypoxic respiratory failure; consequently, the magnitude of changes in
oxygenation indices described in this study is not surely generalizable to all kinds of ARDS. However, the current
criteria for ARDS de�nition [1] does not distinguish among different pathophysiological mechanisms bringing
to ARDS but characterized them through the same criteria. 

Conclusions
PaO2/FIO2 ratio should not be used to grade hypoxemia in ARDS patients during HFNC. PaO2/FIO2 ratio during
NIV is a reasonable estimate for actual ARDS grade during MV. There are large individual variations in the effect
of changes in ventilatory modality that suggests future ARDS de�nitions should treat respiratory support
strategies separately. Importantly, our �ndings indicate that clinical trials investigating non-invasive respiratory
support in ARDS patients can lead to misinterpretation of patients’ outcomes.
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Tables
Table 1. Descriptive statistics of all patients included in the study. Data were reported as median values (25th

and 75th percentiles), mean (SD) or numerosity (%). BMI: body mass index, GCS: Glasgow coma scale, SAPS 3:
the simpli�ed acute physiology score 3, FIO2: inspiratory fraction of oxygen, PaO2: partial pressure of arterial
oxygen, SpO2: peripheral oxygen saturation, ROX index: respiratory rate-oxygenation index, ARDS: acute
respiratory distress syndrome.

 

Table 2. Respiratory parameters for each group before and after a change in ventilatory support. The six tested
groups were: A: HFNC-to-NIV; B: HFNC-to-MV; C: NIV-to-HFNC; D: NIV-to-MV; E: MV-to-HFNC; F: MV-to-NIV. Data
were reported as median values (25th and 75th perncetiles). FIO2: inspiratory fraction of oxygen, PaO2: partial
pressure of arterial oxygen, SpO2: peripheral oxygen saturation, ROX index: respiratory rate-oxygenation index,
ARDS: acute respiratory distress syndrome.

Table 1
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Whole Population (sample size = 145)

   
     

    Median   25th   75th

Age (years)   66   55   73.0

Weight (kg)   85.5   76   99.5

Length (cm)   175   168   181.0

BMI   28.7   25.4   32.9

             

Female   n   %    
    36   25    
             
Previous pulmonary disease   n   %    
    38   26    
             

GCS - Motor response (1--6) at patients' admission
  GCS -M6   GCS-M5    
  128   13    

    GCS-M4   GCS -M1    
    1   3    
             
    Median   25th   75th

Respiratory rate (bpm)   28   23   35
Heart rate (bpm)   87   77   98
Mean Arterial Pressure (mmHg)   89   82   99
Body temperature   37.7   37.1   38.4
SAPS 3   53   47   59
COVID day at arrival   10   8   12
FIO2   60   50   70
pH   7.46   7.43   7.48
PaO2 (mm Hg)   71   63   84
PaCO2 (mm Hg)   35   32   38
PaO2/FIO2 ratio (mm Hg)   114   101   148
Base excess (mmol/L)   0.46   -1.76   1.79
SpO2 (%)   93   89   95
ROX index   5.61   3.12   6.35
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ARDS severity (Berlin definition)   n   %    
No-ARDS   6   7    
Mild   14   67    
Moderate   136   23    
Severe   47   3    
             
    n   %    
 Vasoactive treatmet   5   3    
 Antibiotic treatment   85   59    
             

 

 

Table 2A
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 HFNC   NIV   Two-sample
Kolmogorov-
Smirnov test

( = 0.05) 
Median   25th   75th

 
Median   25th   75th

 
Respiratory
rate (bpm) 29   25   38   32   27   37  

0.04
*

FIO2 60   55   70   57   50   65   0.03 *
pH 7.47   7.45   7.50   7.46   7.44   7.48   0.25  
PaO2 (mm
Hg) 64   59   73   79   68   89  

0.00
*

PaCO2
(mm Hg) 35   31   38   36   32   39  

0.36
 

PaO2/FIO2
ratio (mm
Hg) 102   89   129   146   119   185  

0.00

*
Base
excess
(mmol/L) 1.15   -0.49   3.61   0.91   -0.68   3.01  

0.99

 
SpO2 (%) 92   90   94   96   93   96   0.00 *
ROX index 4.93   3.8   6.18                  
                             
NIV -
HFNC

Median   25th   75th
                 

Delta
PaO2/FIO2
(mm Hg) 29   15   60                  
                             
                             
ARDS
severity
(Berlin def) Mild   Moderate       Mild   Moderate          
  4   40       11   56          
  Severe   No-ARDS       Severe   No-ARDS          
  32   0       8   1          

 
Table 2B
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  HFNC   MV   Two-sample
Kolmogorov-
Smirnov test

( = 0.05) 
Median   25th   75th

 
Median   25th   75th

 
Respiratory
rate (bpm) 37   26   48   20   15   20   0.00 *
FIO2 70   65   75   60   50   69   0.00 *
pH 7.46   7.45   7.48   7.41   7.37   7.44   0.00 *
PaO2 (mm
Hg) 63   59   66   77   74   92   0.00 *
PaCO2
(mm Hg) 34   32   37   41   36   45   0.00 *
PaO2/FIO2
ratio (mm
Hg) 86   80   99   136   115   162   0.00 *
Base
excess
(mmol/L) 0.28   -1.40   2.37   0.19   -1.86   2.28   0.95  
SpO2 (%) 92   90   93   95   94   97   0.00 *
ROX index 3.56   2.69   4.67                  
                             
MV - HFNC

Median   25th   75th
                 

Delta
PaO2/FIO2
(mm Hg) 48   23   73                  
                             
                             
ARDS
severity
(Berlin def) Mild   Moderate       Mild   Moderate          
  2   6       4   27          
  Severe   No-ARDS       Severe   No-ARDS          
  26   0       2   1          

 
 
Table 2C
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  NIV   HFNC   Two-sample
Kolmogorov-
Smirnov test

( = 0.05) 
Median   25th   75th

 
Median   25th   75th

 
Respiratory
rate (bpm) 32   27   39   25   25   33   0.00 *
FIO2 49   40   55   60   50   68   0.00 *
pH 7.46   7.43   7.48   7.47   7.45   7.49   0.64  
PaO2 (mm
Hg) 79   72   89   69   63   76   0.00 *
PaCO2
(mm Hg) 37   34   40   35   32   38   0.31  
PaO2/FIO2
ratio (mm
Hg) 167   153   198   120   109   150   0.00 *
Base
excess
(mmol/L) 1.98   0.13   3.71   1.60   -0.74   3.53   0.60  
SpO2 (%) 96   94   97   93   92   95   0.00 *
ROX index             5.84   4.74   6.97      
                             
HFNC -
NIV

Median   25th   75th
                 

Delta
PaO2/FIO2
(mm Hg) -41   -65   -21                  
                             
                             
ARDS
severity
(Berlin def) Mild   Moderate       Mild   Moderate          
  14   42       4   43          
  Severe   No-ARDS       Severe   No-ARDS          
  3   0       12   0          

 

Table 2D
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  NIV   MV   Two-sample
Kolmogorov-
Smirnov test

( = 0.05) 
Median   25th   75th

 
Median   25th   75th

 
Respiratory
rate (bpm) 41   34   42   23   20   25   0.00 *
FIO2 64   60   70   70   60   80   0.42  
pH 7.46   7.44   7.48   7.37   7.33   7.40   0.00 *
PaO2 (mm
Hg) 66   60   74   72   66   89   0.04 *
PaCO2
(mm Hg) 33   32   37   43   38   50   0.00 *
PaO2/FIO2
ratio (mm
Hg) 104   87   121   115   90   143   0.27  
Base
excess
(mmol/L) -0.24   -1.57   1.91   -0.90   -1.95   0.75   0.62  
SpO2 (%) 93   91   95   94   93   97   0.04 *
                             
                             
MV - NIV

Median   25th   75th
                 

Delta
PaO2/FIO2
(mm Hg) 11   -7.5   38                  
                             
                             
ARDS
severity
(Berlin def) Mild   Moderate       Mild   Moderate          
  0   20       2   20          
  Severe   No-ARDS       Severe   No-ARDS          
  16   0       14   0          

 
Table 2E
 



Page 18/22

  MV   HFNC   Two-sample
Kolmogorov-
Smirnov test

( = 0.05) 
Median   25th   75th

 
Median   25th   75th

 
Respiratory
rate (bpm) 26   20   33   27   25   37   0.14  
FIO2 35   30   40   50   40   52   0.00 *
pH 7.46   7.43   7.47   7.45   7.43   7.48   0.66  
PaO2 (mm
Hg) 73   68   81   74   68   83   0.96  
PaCO2
(mm Hg) 40   38   42   39   35   42   0.60  
PaO2/FIO2
ratio (mm
Hg) 203   176   235   155   128   192   0.00 *
Base
excess
(mmol/L) 2.94   2.04   4.41   2.98   0.59   4.43   0.96  
SpO2 (%) 94   93   96   95   93   96   0.96  
ROX index             6.59   4.94   8.33      
                             
HFNC - MV

Median   25th   75th
                 

Delta
PaO2/FIO2
(mm Hg) -45   -58   -26                  
                             
                             
ARDS
severity
(Berlin def) Mild   Moderate       Mild   Moderate          
  17   15       7   26          
  Severe   No-ARDS       Severe   No-ARDS          

  1   2       1   1          

 
Table 2F
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  MV   NIV   Two-sample
Kolmogorov-
Smirnov test

( = 0.05) 
Median   25th   75th

 
Median   25th   75th

 
Respiratory
rate (bpm) 27.5   24   31   31   27   37   0.31  
FIO2 40   39   46   45   40   53   0.97  
pH 7.44   7.40   7.46   7.41   7.39   7.46   0.70  
PaO2 (mm
Hg) 75   66   77   74   70   82   0.31  
PaCO2
(mm Hg) 39   35   42   5   34   48   0.79  
PaO2/FIO2
ratio (mm
Hg) 174   140   197   20   139   189   0.97  
Base
excess
(mmol/L) 0.85   -0.43   2.89   0.12   -0.49   1.94   0.68  
SpO2 (%) 94   93   95   95   94   96   0.31  
                             
                             
NIV - MV

Median   25th   75th
                 

Delta
PaO2/FIO2
(mm Hg) -4   -23   8                  
                             
                             
ARDS
severity
(Berlin def) Mild   Moderate       Mild   Moderate          
  3   9       2   10          
  Severe   No-ARDS       Severe   No-ARDS          
  0   0       0   0          

 

Figures
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Figure 1

PaO2/FIO2 ratio before and after a change in ventilatory support. The six tested groups were: A: HFNC-to-NIV; B:
HFNC-to-MV; C: NIV-to-HFNC; D: NIV-to-MV; E: MV-to-HFNC; F: MV-to-NIV. Analysis performed: Pearson
correlation and a Bland-Altman analysis for PaO2/FIO2 ratio (left) and ROX index (right). Descriptive statistics
for the studied group (below). FIO2: inspiratory fraction of oxygen, PaO2: partial pressure of arterial oxygen,
SpO2: peripheral oxygen saturation, ROX index: respiratory rate-oxygenation index, ARDS: acute respiratory
distress syndrome.
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Figure 2

PO2/FIO2 ratio during HFNC (A) and NIV (B) grouped by ARDS severity during mechanical ventilation (MV)
based on the Berlin de�nition. A shows data from the two subgroups HFNC-to-MV and MV-to-HFNC. B shows
data from the two subgroups NIV-to-MV and MV-to-NIV. Two-sample Kolmogorov-Smirnov test (𝛼 = 0.05) was
used to test statistical differences between ventilatory conditions. + : to indicate outliers, red line to indicate
median values. * : to indicate statistical differences between HFNC (or NIV) and MV.
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Figure 3

Change in PO2/FIO2 after a change in respiratory support grouped by ARDS severity during mechanical
ventilation (MV) based on the Berlin de�nition. A: HFNC to MV. B: NIV to MV. C: MV to HFNC. D: MV to NIV.
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