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Abstract

Background Early prediction of non-invasive respiratory therapy (NIRT) failure is crucial to avoid needless prolonga-
tion of respiratory support and delayed endotracheal intubation. Data comparing the predictive value of oxygenation
indices (Ol) in COVID-19 receiving NIRT are scant.

The aim of this monocentric retrospective study of prospectively collected data was to assess the effectiveness of dif-
ferent Ol in predicting NIRT outcome at baseline (t0), 12 h (t12) and 24 h (t24) of treatment in hypoxemic patients
with COVID-19-related pneumonia, managed in a Pulmonary Intermediate Care Unit (October 2020-June 2021).

Methods We assessed the predictive value of SpO2/Fi02, Pa02/FiO2, standardised PaO2/FiO2 ratio (s-Pa02/Fi02),
respiratory index (RI), arterial-alveolar oxygen gradient (a-ADO?2), age adjusted arterial-alveolar oxygen ratio (adj-a-
ADO2D). Receiver operating characteristics (ROC), AUC and best sensitivity—specificity cut-off values were calculated
at t0, t12, t24. NIRT failure risk was adjusted for non-oxygenation predictors.

Results Among 590 patients with COVID-19 infection, 368 met the eligibility criteria for inclusion in the study [mean
(C195%): PaO2/Fi02 214(206,8-221,9); PaCO2 mean 32,9 mmHg,(32,4-33,4)]. NIRT failure and hospital mortality rate
were 23,4% and 19,6%, respectively. Older age, male gender, agitation/confusion, need for sedation, inability to toler-
ate prone positioning were independent predictors of NIRT failure. SpO2/Fi02, a-ADO2 and adj-aADO2 at t12 and t24,
Pa02/Fi02 and Rl at t24 were associated with NIRT failure. Prognostic predictivity of Ol increased from t0 to t24.
Greater ROC-AUC values were obtained with SpO2/Fi02 0,662 (0,60-0,72) (t0), PaO2/Fi02 0,697 (0,63-0,76) (t12)

and s-Pa02/Fi02 0,769 (0,71-0,83) (t24). NIRT failure was independently predicted by PaO2/Fi02, s-Pa02/FiO2 and RI
at any observation time and by SpO2/FiO2 and O2 gradients respectively at t0 and t24. Sa02/FiO2 <300 (t0), Pa02/
Fi02<151,7 (t12) and s-Pa02/FiO2 < 1604 (t24) turned out to be the best predictors of NIRT outcome.

Conclusions Ol showed different effectiveness in predicting NIRT failure within 24 h of treatment in COVID-19
related pneumonia. This may be due to the multi-factorial pathophysiology of hypoxemia. Our study empathises
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furthermore the role of non-oxygenation-related parameters in contributing to the outcome. These findings may be
useful to build a predictive model also in no COVID-19 related hypoxemic pneumonia.

Keywords Non invasive respiratory therapies, High flow nasal cannula, Non invasive ventilation, COVID-19,

Pulmonary intermediate care unit, Oxygenation indexes

Introduction

At the beginning of the COVID-19 pandemic, immedi-
ate intensive care unit (ICU) admission with endotra-
cheal intubation (ETI) and Invasive Mechanical
Ventilation (IMV) was recommended in patients with
Acute hypoxemic Respiratory Failure (ARF) [1-6].
Development of serious ETI-correlated complications,
together with the unprecedented lack of ICU beds led
clinicians to consider early application of Non-Invasive
Respiratory Therapies (NIRT) outside ICU in patients
with COVID-19 ARF [7-11]. NIRT, delivered by High
Flow Nasal Cannula (HFNC), and/or Continuous Posi-
tive Airway Pressure (CPAP) and/or Non-Invasive
Ventilation (NIV) may prevent the need for IMV and
death in two third of COVID-19 hypoxemic pneumo-
nia patients [11-14]. Early prediction of NIRT failure
is crucial to either avoid an increase in mortality due to
a delayed ETI or palliation in Do-Not-Intubate”(DNI)-
patients [15-18].

Severity of hypoxemia at baseline and over the
course of NIRT may accurately predict outcome;
therefore, oxygenation Indices (OI), which combine
different measurements to assess gas exchange, are
frequently used [18]. Likely the most commonly used
is PaO2/FiO2 ratio [19] despite its several physiologic
drawbacks: dependence on the applied FiO2; lack of
consideration of ventilatory effort; incapability to give
information on mechanisms of hypoxemia [20]. Thus,
other OI have been proposed. SpO2/FiO2 ratio has the
advantage of being continuously non-invasively moni-
tored. “Standardized” PaO2/FiO2 (s-PaO2/FiO2) is
more reliable in concurrent hypocapnia; alveolar arte-
rial O2 gradient and respiratory index (RI) are more
accurate in detecting types of lung dysfunction [16, 21,
22]. As several pathophysiologic mechanisms under-
line evolution of hypoxemia in COVID-19 pneumonia,
it could be speculated that the integrated application
of OI exploring different physiologic lung abnormali-
ties may enhance their predicting capability of NIRT
failure [23, 24].

The aim of this study was to assess the effective-
ness of multiple OI in predicting the outcome of NIRT
within 24 h of treatment in hypoxemic patients with
COVID-19 related pneumonia.

Material and methods

Study design and population

This monocentric observational retrospective study
included prospectively collected data on COVID-19
hypoxemic patients admitted to the COVID section
of Pulmonary Intermediate Care Unit (PIMCU) of S.
Donato Hospital in Arezzo (Italy) between 20th October
2020 and 10th June 2021. Ethical Committee’s approval
(n°2733, 28th December 2020) and a written informed
patient consent were achieved.

We included all patients fulfilling all the following cri-
teria: 1) positive reverse-transcription polymerase chain
reaction of nasopharyngeal swab samples for SARS-
Cov-2, 2) radiologically confirmed pneumonia, 3) NIRT
for>24 h to treat hypoxemic non-hypercapnic ARF
(PaO2<70 mmHg and/or PaCO2<45 mmHg while
breathing on oxygen-therapy at PIMCU admission).
Exclusion criteria were: 1) conventional oxygen-therapy
without need of NIRT; 2) NIRT before admission to the
Pneumo-COVID Unit; 3) NIRT after extubation.

Hospital setting and NIRT algorithm

The study was performed in the 28-beds COVID-19 sec-
tion of PIMCU [25], a specialized monitored area with
an active full-day shift run by Pulmonologists with a
nurse—patient ratio to 1:6, two physiotherapists work-
ing over 12 h daytime. Non-invasive parameters were
monitored (SpO2, heart rate, blood pressure, RR) and
transmitted to a central monitor in the nurse-working
station. PIMCU COVID-19 Section managed the major-
ity of SARS-Cov2 patients requiring NIRT in the Hospi-
tal. Non-DNI patients failing NIRT were endotracheally
intubated and transferred to the ICU COVID-19 section
of the Hospital.

NIRT was administered by means of a single or multi-
ple devices based on algorithm adopted in the unit dur-
ing the COVID-19 pandemic [14] (Fig. 1 supplementary).
An initial 2-4 h’s trial of HFNC was applied in patients
showing mild hypoxemia (PaO2/FiO2=200-300) with-
out signs of respiratory distress: flow was started from
40 and increased till 60 1/min according to PaCO2 level
and patient comfort; FiO2 was titrated to achieve SpO2
between 94-96%. If HENC trial did not improve oxy-
genation, concurrent pronation was attempted (2-3 h
sessions three times/day). In case of failure/intolerance



Scala et al. Pneumonia (2024) 16:22

of HENC, next step was application of CPAP titrating
flow-rate from 60 to 120 I/min according to PaCO2 level
and patient’s comfort, Positive End-Expiratory Pressure
(PEEP) level from 5 to 15 cmH20O and FiO2 targeted to
achieve SpO2 of 94-96%. Pronation was combined with
CPAP if there was no improvement. In case of failure/
intolerance of both HFNC and CPAP, next step was a
NIV trial, delivered in Pressure Support (PS) mode. If
applied with oronasal/full-face mask, PS was titrated to
achieve an expiratory Tidal Volume (TV) of 6 ml/kg and
PEEP values and FiO2 targeted to SpO2 of 94—96%. For
patients treated with helmet, setting of PS and PEEP were
augmented by 50% compared to mask setting [26]. CPAP
or NIV were the first-choice NIRT option to manage
more demanding severely hypoxemic and tachi-dyspnoic
patients [PaO2/Fi02<200, respiratory rate(RR)>25/
bpm].

For safety reasons related to the reduced risk of SARS-
CoV2 spreading among healthcarers, the following pre-
cautions were taken: surgical mask was over the mouth
during HENC; helmet was the preferred interface in
patients receiving CPAP/NIV devices; for patients under-
going NIV with oronasal/full face, double limb circuits
and non-vented interfaces were the preferred equipment
[27].

If patients undergoing NIRT with/without pronation
became agitated (Richmond Agitation Sedation Score,
RASS>2), analgosedation was provided using drugs
alone or in combination (Morphine, Dexdemetomi-
dine, Promazina, Propofol). Pharmacologic treatment
with either demonstrated or suggested efficacy against
COVID-19 syndrome (steroids, heparin, Remdesivir)
were administered, together with either enteral or paren-
teral nutritional support and therapy for non-pulmonary
organ dysfunctions [28-30].

NIRT outcomes

The primary outcome of the study was the effectiveness
of OI in predicting NIRT failure at baseline (t0), 12 (t12)
and 24 (t24) hours of treatment. The secondary outcome
was the predictive prognostic value of non-OI variables
for NIRT failure.

Failure of NIRT was defined as requirement of ETI/
IMV (no-DNI patients) or in-hospital death (DNI
patients). ETI was indicated if one or more of the fol-
lowing criteria were achieved: 1) cardiac arrest; 2)
haemodynamic instability/shock despite infusion of
vasoactive amines; 3) worsening of hypoxemia (PaO2/
FiO2 lower than 20% versus baseline) and or hyper-
capnic acidosis (pH<7,25) associated with persistent
signs of respiratory distress, worsening of neurological
conditions (Kelly score<3); 4) psychomotor agitation
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(RASS> +2) despite analgosedation; 5) inability to
maintain a patent airway with impaired cough reflex
and accumulated secretions..

Oxygenation indices (Ol)
The following OI were collected: SpO2/FiO2, PaO2/
FiO2, s-PaO2/FiO2 ratio, Respiratory Index (RI) and
02- gradients (a-ADO2, adj-a-ADO2D).

The following equations were used to calculate:

(1) s-PaO2/FiO2 as the ratio to FiO2 of standardised
Pa02 [(s-Pa02) =1,66xPaCO2 value + PaO2 value-
66,4];

(2) a-ADO2 = [(FiO2)x(atmospheric pressure—H20
pressure)—(PaC02/0,8)]-Pa02;

(3) adjA-aDO2 = expected-measured A-aDO2; the
expected gradient was derived using the fol-
lowing formula (Age/4) + 4.

(4) RI=A-aDO2/Pa02.

Statistical analysis

Continuous variables were expressed as mean + stand-
ard deviation (SD) and categorical variables as number
(percentage). Comparisons between NIRT success and
failure groups were performed using independent sam-
ples t tests and the Chi-square test, respectively.

OI and non-OI related (demographic and clinical)
variables were evaluated through logistic regression
analysis to identify predictors of NIRT failure.

Demographic and clinical variables were individu-
ally evaluated as independent predictors of NIRT out-
come adjusted for age, introduced as a covariate in the
logistic regression model. The odds ratio (OR) for each
predictor was calculated. P values <0.05 were consid-
ered statistically significant. Variables that were found
to be correlated with NIRT outcome with p<0.05 were
entered into a multivariable regression model.

Changes in mean OI values at t12 and t24 compared
to t0 were assessed with the paired t test.

To define the accuracy of Ol in predicting NIRT fail-
ure, Receiver Operating Characteristics (ROC) curves
with area under the curve (AUC) analysis were used.
The sensitivity and specificity of the scores were deter-
mined; the cut-off points corresponded to the maxi-
mum of the Youden index. Finally, cut-off values were
entered into the multivariable analysis to calculate the
OR for NIRT failure at t0, t12, t24 after adjusting for
age, as well as for demographic and clinical predictors.

Statistical analysis was performed using Stata Release
13/MP2 (Stata Corp,TX, USA).
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Fig. 1 Flow chart of enrolled and excluded patients. NIRT= non invasive respiratory therapies; DNI= do not intubate; ETl= endotracheal intubation;

IMV= invasive mechanical ventilation

Results

Among the 590 patients screened, 368 (62,4%) were
enrolled in the study. Reasons for the exclusion were
reported in the Fig. 1.

NIRT outcome
NIRT failure occurred in 86/368 patients (23.4%) with
an overall hospital mortality of 19,6% (72/368): 15/86
(17,4%) received ETI/IMYV, with 4 patients died after intu-
bation (Fig. 1).

DNI status was recorded in 71/368 (19.3%) patients.

The majority of the patients received multiple NIRT
devices. The rate of success was lower with CPAP/NIV
support (38,0%) versus CPAP/NIV/HFNC (82,7%) and
HENC alone (82,6%); this finding is correlated with the
fact that the CPAP/NIV was applied as first-choice venti-
latory option to more severe patients as compared to the
latter supports (Fig. 2 supplementary).

Non-oxygenation indices

Elderly, DNI status, multiple pre-existing comorbidities
were significantly associated with NIRT failure in the
logistic regression analysis (Table 1). In Table 1 we note
the variables significantly associated with NIRT failure in

the multivariate analysis after the adjustement for age; as
the matter of the fact, need of sedation showed the high-
est risk of NIRT failure.

Oxygenation indices

The study population showed at t0 mild hypoxemia and
hypocapnia (Table 1 supplementary). In patients failing
NIRT, a significant worsening was observed over time for
SpO2/Fi02, a-ADO2, adj-aADO?2 at t12 and t24, and for
PaO2/FiO2 and RI at t24 (Table 2). In patients in which
NIRT failed, PaCO2 level was significantly lower at t0,
but it was significantly higher at t12 and t24 as respect
to those in whom NIRT had success (Table 2 supplemen-
tary). ROC curves for each OI at to,t12,t24 were reported
in the supplementary Figs. 3, 4 and 5. In Table 3, the cut-
off values of OI were reported according to the best sen-
sitivity and specificity of ROC curves at t0, t12, t24. In
the final multivariate analysis, PaO2/FiO2, s-PaO2/FiO2
and RI were significantly associated with NIRT failure
at any time (at t0: PaO2/Fi02 <200, s-PaO2/Fi02<159,
RI>1,74; at t12: PaO2/FiO2 <181, s-PaO2/Fi02<151,7,
RI>2,60; at t24: PaO2/FiO2 <180, s-PaO2/FiO02 <160,4,
RI>2,37) while SpO2/Fi02<300 and O2 gradients
(a-ADO2>220,7, adj-a-ADO2D >128,86, RI>2,37) pre-
dicted NIRT failure, respectively at t0 and t24.
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Table 1 Demographic data, clinical pathological and behavior aspects and specific interventions during hospitalizationaccordingto

the NITR success and failure

Parameters All patients  Patients Group Logistic regression model ~ Multivariate analysis
adjusted for age
NIRT success NIRT failure p OR »p 95% Cl OR »p 95% ClI
General
Age (years) (mean+SD) 69,2+14,5 65,7£13,9 80,7£9,5 <0,0001 - - - 1,07 0,004 1,02-1,11
Male 227 (61,7%) 171 (75,3%) 56 (24,7%) 0,455 1,74 0,049 1,00-3,04 2,73 0,005 1,35-
553
DNI (do not intubate order) 71(19,3%) 10 (14,1%) 61 (85,9%) <0,0001 31 <0,0001 14,34-
66,96
Time in NIRT (h) 99+7,6 9,54+6,6 11,1+£10,3 0,10 1 0,738 0,97-1,04
Clinical pathological and behaviour aspects
Charlson index >3 177 (48,1%) 102 (57,6%) 75 (42,4%) <0,0001 282 0,025 1,14-6,95 1,84 0,261 0,64-
533
Neurological comorbidities 62 (16,8%) 33 (53,2%) 29 (46,8%) <0,0001 2,08 0,028 1,08-3,98 1,26 0576 0,57-2,78
Psychiatric comorbidities 70 (19,0%) 58 (82,7%) 12(17,1%) 0,171 0,67 0,284 0,32-1,40
Delirium 27 (7,3%) 14 (51,9%) 13 (48,1%) 0,002 2,17 0,085 0,90-5,25
Agitation/confusion 140 (38,0%) 73 (52,1%) 67 (47,9%) <0,0001 551 <0,0001 296-10,25 242 0,021 1,14-514
Diabetes 77 (20,9%) 64 (83,1%) 13 (16,9%) 0,13 06 0,166 0,29-1,24
Cardiovascular comorbidities 84 (22,8%) 53 (63,1%) 31 (36,9%) 0,001 1,02 0,957 0,55-1,88
Specific interventions during hospitalization
No Pronation 102 (27,7%) 55 (53,9%) 47 (46,1%) <0,0001 2,84 0,001 1,57-514 3,65 0,001 1,74-7,62
Sedation 190 (51,6%) 113 (59,5%) 77 (40,5%) <0,0001 9,07 <00001 4,21-19,58 853 <0,0001 3,47-21,00

Logistic regression model performed for NIRT failure: individual parameters with age and model with parameters independently associated with NIRT failure

The predictive capability of NIRT failure expressed
by OR increased from tO (between 2,01 and 2,55) to t12
(between 3,19 and 3,67) and t24 (between 2,24 to 5,89).
The highest OR at t0, t12 and t24 were expressed respec-
tively by SpO2/FiO2, PaO2/FiO2, s-PaO2/FiO2 (Table 4).

Discussion
To our knowledge, this is the first study that analysed the
independent prognostic value of multiple OI in predict-
ing early failure within 24 h of NIRT applied outside ICU
to a large series of patients with ARF due to SARS-CoV-2
Pneumonia; furthermore, it empathises the role of non-
oxygenation-related parameters in contributing to their
outcome.

The main findings of the study are:

1)effectiveness in predicting NIRT failure varies across
the OI and increased over time, being highest after 24 h
of respiratory support; conventional and standardized
PaO2/FiO2, as well as RI showed significant prognostic
value at any time of observation, while O2 gradients pre-
dicted NIRT outcome only after 24 h of treatment;

2)SpO2/Fi02 <300, PaO2/Fi02<151,7 and s-PaO2/
Fi02<160,4 resulted the best predictors of NIRT out-
come, respectively at baseline, 12 and 24 h of NIRT;

3) among non-oxygenation parameters, elderly age, male
gender, Charlson Index>3, neurological comorbidities,

agitation/confusion, need of sedation, inability to tolerate
pronation were independently correlated with NIRT
failure, with sedation status being the best prognostic
factor.

These findings are coherent with the fact that patho-
physiology of hypoxemia in COVID-19 pneumonia is
complex and multi-factorial [1, 31-34]. In the early
phase, impairment in alveolar diffusing capacity is the
main “driver” of “silent hypoxemia” which is likely to
respond to increased FiO2. In the later phases, alveolar
consolidations develop, resulting in V/Q mismatch and
shunt-related hypoxemia which is more likely to respond
to NIRT by means of improving alveolar recruitment
[14, 31, 35, 36]. Microvascular thrombosis may worsen
hypoxemia shifting V/Q towards higher values [32, 33].
As lung damage progresses, persistent poor oxygenation
induces hyperventilation with hypocapnia and tachidysp-
nea [37].

PaO2/FiO2 ratio is the most widely applied OI which
correlates with mortality in ARDS [19] and COVID-19
related hypoxemia [38, 39]. However, it has important
physiologic drawbacks. Firstly, PaO2/FiO2 is strongly
FiO2-dependent; if the administered oxygen flow is
inappropriately increased, PaO2/FiO2 ratio drops
and severity of ARF may be overweighted. Secondly,
PaO2/FiO2 may underweight the severity of ARF in
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Table 2 Comparison of oxygenation indices at t12 vs t0 and at t24 vs t0

Arterial blood to t12 t12vst0 t24 t24 vs t0

gases parameters

mean 95%(Cl mean 95%Cl P var% mean 95%Cl P var%

Total Patients (N=368)
PaCO2, mmHg 329 324-334 34,0 33,5-34,6 0,0000 3% 349 34,2-35,6 0,0000 6%
PaO2/FiO2 2144 206,8-221,9 205,8 197,2-214,4 0,0942 -4% 2116 202,6-220-6 0,5980 -1%
sPa02/Fi02 1743 167,5-181,0 185,0 176,5-193,5 0,0322 6% 1921 183,4-200,7 0,0007 10%
SpO2/Fi02 3021 290,6-313,6 196,8 191,7-201,8 0,0000 -35% 206,7 201,1-2012,2 0,0000 -32%
a-ADO2 150,1 138,4-161,7 2213 212,9-229,6 0,0000 47% 208,1 199,1-217,1 0,0000 39%
adj-a-ADO2D 128,7 117,1-140,4 199,9 191,7-208,2 0,0000 55% 186,8 177,8-195,7 0,0000 45%
RI 2,24 2,06-2,42 2,57 2/42-2,72 0,0010 15% 2,50 2,34-2,67 0,0117 12%

NIRT success (n= 282)
PaCO2, mmHg 326 32,1-331 337 33,1-34,3 0,0003 3% 34,5 33,9-351 0.0000 6%
Pa02/Fi02 2231 214,9-2313 2176 207,9-227,3 0,3544 -2% 22838 218,7-138,9 0,3623 3%
sPaO2/Fi02 180,0 172,7-187,3 195,2 185,5-204,8 0,0110 8% 208,2 198,4-217,9 0,0000 16%
SpO2/Fi02 3166 303,/4-329,8 200,7 194,9-206,6 0,0000 -37% 2133 206,9-219,7 0,0000 -33%
a-ADO2 138,0 125,5-150,5 2111 202,2-220,1 0,0000 53% 191,7 182,8-200,6 0,0000 39%
adj-a-ADO2D 117,5 105,0-130,0 190,6 181,7-199,5 0,0000 62% 171,2 162,4-180,0 0,0000 46%
RI 2,00 1,82-2,18 2,33 2,17-2,48 0,0033 17% 2,14 1,98-2,29 0,2212 7%

NIRT failure (n= 86)
PaCO2, mmHg 339 32,8-334 353 33,9-36,6 0,0184 4% 36,30 34,3-384 0,0171 7%
Pa02/FiO2 185,7 168,9-202,6 167,3 151,1-183,5 0,0567 -10% 155,1 140,5-169,7 0,0023 -16%
sPa02/Fi02 1554 139,8-171,0 151,8 135,8-167,7 0,6827 -2% 139,2 125,8-152,6 0,0824 -10%
SpO2/Fi02 2543 233,2-2755 183,6 173,7-193,5 0,0000 -28% 185,1 174,8-195,3 0,0000 -27%
a-ADO2 189,8 162,7-216,8 2545 235,6-273,4 0,0000 34% 2629 239,9-284,0 0,0000 39%
adj-a-ADO2D 165,6 138,5-192,7 2303 211,5-249,2 0,0000 39% 2378 215,7-259,8 0,0000 449%
RI 3,03 2,53-3,52 3,39 3,02-3,76 0,1307 12% 3,7 3,31-4,09 0,0075 22%

sPa02/Fi02 standardized PaO2/FiO2 ratio, a-ADO2 alveolar-arterial oxygen gradient, adj-a-ADO2D alveolar-arterial oxygen gradient adjusted for age, Rl Respiratory
Index, NIRT non invasive respiratory therapies, t0 baseline, t12 after 12 hours of NIRT, t24 after 24 hours of NIRT

tachypneic-hypocapnic patients. Thirdly, PaO2/FiO2
cannot provide information on the mechanisms under-
lying hypoxemia [20]. Despite these patho-physiologic
limitations, in our study, PaO2/FiO2 ratio kept a signifi-
cant prognostic value in COVID-19 related Pneumo-
nia in agreement with other experiences. In our study,
PaO2/FiO2 ratio equal or lower than 200 (AUC=0,654),
181 (AUC=0,697) and 180 (AUC=0,776) were inde-
pendently associated with NIRT failure showing a OR of
2,14, 3,67 and 4,94 respectively at t0, t12 and t24. In the
study of Prediletto et al. [40] conducted in 349 COVID-
19-related hypoxemic patients (mean PaO2/FiO2 189,4;
NIRT used in <40% of patients), PaO2/FiO2 < 180 signifi-
cantly predicted failure (AUC 0,742) defined as deaths or
need of IMV.

SpO2/FiO2 closely mirrors hypoxemia strata defined
by PaO2/FiO2 ratio [35, 36]. Due to the leftward shift
of oxy-haemoglobin dissociation curve in hypoxemic
and hypocapnic patients, SpO2/FiO2 is less dependent
on changes of FiO2, keeping fairly stable values even for
larger changes of PaO2 and FiO2. Conversely, SpO2/FiO2

measurement is poorly reliable in shock. Furthermore,
it shares the same limitations reported for PaO2/FiO2
being not able to provide information on ventilatory sta-
tus and mechanisms of hypoxemia. In the earlier phases
of COVID-19 with “silent hypoxemia” [35, 36], SpO2/
FiO2 may perform as well as ROX index (ratio between
SpO2/FiO2 and RR) [41]; this may be explained by the
fact that hyperventilation-induced hypocapnic compen-
sation of hypoxemia in COVID-19 is mainly obtained
by increase of tidal volume rather than by an increase
in RR [40]. Furthermore, SpO2/FiO2 and ROX index at
baseline significantly correlated to PaO2/FiO2 in a series
of 100 COVID-19 patients with moderate-severe hypox-
emia [42].

In our study, SpO2/FiO2 ratio equal or less than 300
(AUC=0,662) was associated with NIRT failure show-
ing a OR of 3,05 of at t0; this finding turned out to be the
strongest predictive OI at that time. These reports are
similar to what found in other studies [43, 44]. In a series
of 133 severely hypoxemic COVID-19 patients treated
with HENC, Kim et al. demonstrated that SpO2/FiO2
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Table 3 ROC-AUC values and best sensitivity and specificity cut off for all oxygenation indices at t0, t12, t24

Oxygenation indices AUC 95%ClI Sensitivity % Specificity % Cut off

Att0
PaO2/FiO2 0,654 0,59-0,72 66 593 200
s-Pa02/FiO2 0,615 0,56-0,67 65,2 58,1 159
SpO2/Fi02 0,662 0,60-0,72 557 70,9 300
a-ADO2 0,644 0,58-0,71 68,6 571 1144
adj-a-ADO2D 0,628 0,56-0,69 65,1 589 100,31
RI 0,654 0,59-0,72 65,1 599 1,74

Att12
Pa02/FiO2 0,697 0,63-0,76 624 709 181
s-Pa02/Fi02 0,672 0,62-0,72 64,5 64 151,7
SpO2/Fi02 0,625 0,55-0,70 54,6 60,5 1815
a-ADO2 0,644 0,57-0,71 60,5 589 2395
adj-a-ADO2D 0,632 0,56-0,70 60,5 57,1 214,08
RI 0,69 0,63-0,75 66,3 63,8 2,6

Att24
Pa02/Fi02 0,776 0,73-0,82 68,4 80,2 180
s-Pa02/FiO2 0,769 0,71-0,83 70,2 791 1604
SpO2/Fi02 0,666 0,60-0,73 57,1 64 1921
a-ADO2 0,703 0,64-0,77 66,3 624 220,7
adj-a-ADO2D 0,693 0,63-0,76 709 57.8 186,26
RI 0,768 0,71-0,83 80,2 66,7 2,37

sPaO2/FiO2 standardized PaO2/FiO2 ratio, a-ADO2 alveolar-arterial oxygen gradient, adj-a-ADO2D_ alveolar-arterial oxygen gradient adjusted for age, RI Respiratory
Index, NIRT non invasive respiratoy therapies, t0 baseline, t12 after 12 hours of NIRT, t24 after 24 hours of NIRT

ratio was more accurate than ROX index as predictor of
failure, providing the greatest predictivity at 1 h of treat-
ment [43]. In a population of 456 hypoxemic COVID-19
patients managed outside ICU, Cattazzo et al. found that
Pa0O2/FiO02, ROX index and SpO2/FiO2 predicted ETI or
death with similar accuracy [44].

s-PaO2/FiO2 well estimates V/Q mismatch in hypocap-
nic patients [45—47] because it adjusts the conventional
ratio to the PaCO2 value; thus avoid to underestimate
the worsening of lung gas-exchange in hyperventilating
patients. In our study, s-PaO2/FiO2 ratio equal or lower
than 159 (AUC=0,615), 151,7 (AUC=0,672) and 160.4
(AUC=0,769) were associated with NIRT failure show-
ing a OR of 2,23, 2,56 and 6,88 respectively at t0, t12 and
t24; this resulted the strongest predictive OI after 24 h of
NIRT. Prediletto et al. [40] demonstrated that s-PaO2/
FiO2 predicted death better than conventional PaO2/
FiO2; s-PaO2/FiO2 values lower than 170 and 125 best
prognosticated failure and mortality, respectively [40].

Oxygen gradients and RI gives information on the
patho-physiology of hypoxemia and are influenced by
capnia and respiratory effort [48—50]. A-aO2 values path-
ologically increases in case of worsening of V/Q match-
ing and shunt due COVID-19 interstitial and vascular
abnormalities [51].

In our study, RI cut-offs were able to predict NIRT
outcome failure at any time of observation; its prog-
nostic value increased at 24 h of NIRT. RI cut-off
greater than 2,37 at 24 h of treatment was associated
with NIRT failure showing a OR of 4,5. Conversely,
increased oxygen gradients predicted NIRT failure only
after 24 h. In non-COVID-19 pneumonia A-a gradient
was a useful indicator of severity and outcome [52-54].
In COVID-19 mildly hypoxemic patients, AaDO2 pre-
dicted occurrence of severe pneumonia, ICU admission
and hospital readmission, but not mortality [55-57]. In
a series of severely hypoxemic 165 patients started on
NIV for COVID-19 pneumonia, the capability of A-a
gradient >430,83 to predict mortality was higher than
what found for other arterial blood gas values, includ-
ing PaO2/FiO2 [17]. Conversely, in a recent study,
Singh et al. [18] found that aADO2, adjaADO2 and RI
were not sensitive nor specific, with a poor accuracy in
predicting mortality in severe COVID-19 pneumonia.

The comparison of our findings with the avail-
able scanty published data investigating the prognos-
tic value of OI in NIRT-treated COVID 19 patients is
biased by differences in terms of severity of ARF, degree
of hypocapnia, types of NIRT, and setting of treatment.
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For what non-OI variables concerns, our findings are in
agreement with literature data [11, 43, 58, 59]. Accord-
ingly, in our study, age, comorbidities, agitation and delir-
ium were independently associated with NIRT failure,
while success in performing pronation had a favourable
prognostic value [60]. The rate of NIRT failure observed
in our study (<25%) is consistent with literature data on
COVID-19 patients managed with NIRT outside ICU
[61, 62]. It should be considered that a substantial pro-
portion of our patients (19.3%) were not candidate to
escalation to IMV; in DNI patients NIRT failure was by
far greater than in the rest of population (85,9 vs 8,4%) in
agreement with the literature [61, 62].

The study has several limitations. Firstly, the retrospec-
tive, single center and uncontrolled design of the study
may reduce the strength of the results due to potential
missed data, such as the smoke habits, and BMI; res-
piratory comorbities were not entered in the statistical
analysis because of very low incidence (COPD, asthma
and ILD in<5% of the study population) in agreement
with literature data. However, in the context of the global
pandemic, challenges were reported in conducting RCTs.
Secondly, the application of NIRT according to a spe-
cific internal algorithm may limit the generalizability of
our findings compared to centres using other protocols.
Thirdly, the analysis did not include RR, has been shown
to be a strong predictor of NIRT outcome, especially if
applied as a component of the ROX index; the lack of this
parameter should have been mitigated by the peculiarity
of “silent” COVID-19 ARF where tachypnea and dysp-
noea arise usually late in the course of the pneumonia.
Fourthly, the incidence of pulmonary embolism and vas-
cular abnormalities as well as CT features and extension
of lung infiltrated were not available; however, the aim of
the study was to investigate the role of OI in hypoxemia
independently on the underlying mechanisms. Finally, we
have not been able to include in the prognostic analysis
some severity scores (ie. Apache, Saps, Sofa) which are
strong predictors of outcome in critically ill patients.

The strengths of this study include the large popula-
tion analysed and the ability to assess for the first time a
wide range of OI at multiple time of NIRT use, to iden-
tify the prognostic value of each one in the earlier phases
of COVID-19 pneumonia managed outside ICU. This
research on OI has potential important implication in
non- COVID-19 related hypoxemic patients managed by
NIRT in PMICU to select those who are more likely to
require ETT and ICU admission.

Conclusions

In this study, the predictivity capability of OI varied
according to the index and the time of NIRT. Early
identification of patients for whom NIRT is likely to
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fail reduces the risk of a delayed ETI or a uselessly pro-
longation of respiratory support in COVID-19 related
pneumonia managed outside ICU. The integrated prog-
nostic values of different OI are likely to better match
the complex pathophysiologic mechanisms underlying
hypoxemia in COVID-19 pneumonia. Understanding
the prognostic values of OI may help to develop algo-
rithms aiming at improving mortality, need for intuba-
tion, and length of stay. These findings may be useful to
build a predictive model also in no COVID-19 related
hypoxemic pneumonia.

Abbreviations

a-ADO2 Arterial-alveolar oxygen gradient
adj-a-ADO2D  Age adjusted arterial-alveolar oxygen ratio
ARF Acute hypoxemic respiratory failure
AUC Area under the curve

CPAP Continuous positive airway pressure
DNI Do not intubate

ETI Endotracheal intubation

HFNC High flow nasal cannula

IMV Invasive mechanical ventilation
NIRT Non invasive respiratory therapies
NIV Non invasive ventilation

PEEP Positive end-expiratory pressure

PS Pressure support

Ol Oxygenation indices

OR Odds ratio

PIMCU Pulmonary intermediate care unit
RASS Richmond agitation sedation score
RI Respiratory index

ROC Receiver operating characteristics
RR Respiratory rate

s-Pa02/Fi02 Standardised PaO2/FiO2

t0 Baseline

t12 At 12 h of NIRT

24 At 24 h of NIRT

v Tidal volume
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