162

Revista Espafiola de Urgencias y Emergencias

REUE | Original Article

Evaluation of the clinical impact of noninvasive
respiratory support vs conventional oxygen therapy
in acute respiratory failure with SpO./FiO, 280-400

Isabel Gil Rosa' @ Juan Javier Garcia Fernandez? Sonia Galicia Puyo|3®, Juan José Guerras Conesa* @
José Andrés Sanchez Nicolés®, César Cinesi Gémez®

INTRODUCTION. The objective of this study was to evaluate filed initial respiratory support (conventional oxygen therapy vs
noninvasive respiratory support) in patients with SpO,/FiO, between 280 and 400.

MATERIALS AND METHODS. We conducted a retrospective observational cohort study of patients with acute respiratory failure
and SpO,/FiO, between 280 and 400 who entered the emergency respiratory circuit created during the COVID-19 pandemic. The
study was conducted at Hospital General Universitario Reina Sofia (Murcia, Spain) from March 2020 through June 2021.

RESULTS. A total of 348 (4.31%) out f 8,074 patients assessed were ultimately included. The failure rate of initial therapy was 24.1%
(12.5% in the noninvasive respiratory support group and 12.5% in the conventional oxygen therapy group; OR, 0.383; 95%Cl,
0.181-0.808; P =.01).

CONCLUSIONS. Early use of noninvasive respiratory support in patients with acute respiratory failure and SpO,/FiO, between 280
and 400 may reduce the risk of initial respiratory support failure, particularly in patients with acute heart failure.

[Ceywords: Acute respiratory failure. SpO,/FiO,. PaO,/FiO,. Noninvasive respiratory support. Conventional oxygen therapy.

Evaluacion del impacto clinico del soporte respiratorio
no invasivo frente a la oxigenoterapia convencional en
la insuficiencia respiratoria aguda con SpO,/FiO, 280-400

INTRODUCCION. El objetivo de este estudio fue evaluar el fracaso del soporte respiratorio inicial (oxigenoterapia convencional
comparada con soporte respiratorio no invasivo) en los pacientes con SpO,/FiO, entre 280-400.

MATERIAL Y METODOS. Estudio observacional de cohortes retrospectivo, de pacientes con insuficiencia respiratoria aguda con
SpO,/FiO, entre 280-400 que entraban en el circuito respiratorio de urgencias creado en la pandemia COVID-19, en el Hospital
General Universitario Reina Sofia de Murcia entre marzo de 2020 y junio 2021.

RESULTADOS. De los 8.074 pacientes elegibles, se incluyeron 348 (4,31). El fracaso de la terapia inicial fue del 24,1%, siendo del
12,5% en soporte respiratorio no invasivo y 12,5 en oxigenoterapia convencional (OR 0,383 IC 95%: 0,181-0,808, p = 0,01).

CONCLUSIONES. El uso precoz de soporte respiratorio no invasivo en pacientes con insuficiencia respiratoria aguda con SpO,/FiO,
entre 280-400 puede reducir el riesgo de fracaso del soporte respiratorio inicial, sobre todo en pacientes con insuficiencia cardiaca
aguda.

Palabras clave: Insuficiencia respiratoria aguda. SpO,/FiO,. PaO,/FiO,. Soporte respiratorio no invasivo. Oxigenoterapia convencio-
nal.
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Acute respiratory failure (ARF) is one of the most
common conditions encountered in emergency depart-
ments (EDs). It is a potentially life-threatening syndrome
characterized by the inability to maintain adequate arteri-
al oxygen levels and/or an appropriate carbon dioxide
exchange to meet the demands of cellular metabolism.?
ARF is defined as a partial pressure of arterial oxygen
< 60 mm Hg while breathing room air at sea level, thus
with a fraction of inspired oxygen (FiO,) of 0.21.% Current-
ly, for assessing the severity of oxygenation deficit, the
PaO,/FiO, ratio is used, based on expert consensus, and
is included in the Berlin criteria for acute respiratory dis-
tress syndrome (ARDS). A PaO,/FiO, between 200-300
mm Hg, 100-200 mm Hg, and < 100 mm Hg classifies
oxygenation deficits as mild, moderate, or severe, respec-
tively.*

In EDs and emergency medical systems, respiratory
support for ARF includes conventional oxygen therapy
(COT), high-flow nasal cannula therapy (HFNC), noninva-
sive mechanical ventilation (NIMV), and invasive mechani-
cal ventilation (IMV). HFNC and NIMV are referred to col-
lectively as noninvasive respiratory support (NIRS).> In
general terms, COT is recommended for mild hypoxemia
(PaO,/FiO, 200-300 mm Hg), NIRS for moderate hypox-
emia (PaO,/FiO, 100-200 mm Hg), and IMV for severe
hypoxemia (PaO,/FiO, < 100 mm Hg).>*

However, this approach to ARF support in emergency
and prehospital care presents several practical barriers.
The first concerns obtaining arterial blood gas (ABG),
which is a technically demanding, painful procedure and
not without complications.®” Moreover, ABG is not usually
available in prehospital emergency systems, making pulse
oximetry-derived oxygen saturation (SpO,), and by ex-
trapolation SpO,/FiO,, an acceptable surrogate measure
of oxygenation.®? Numerous studies have shown a relia-
ble correlation between PaO,/FiO, and SpO,/FiO,.*"" The
limitations of SpO, are its poor correlation at values
> 97% or < 80%, its inability to assess ventilation status,
and inaccurate readings in specific conditions such as
shock.” 82024 Eyen with these limitations, and without re-
nouncing the initial acquisition of ABG, SpO,/FiO, is a
rapid and reliable measure of oxygenation status in both
EDs and prehospital emergency care.”'®2

The second difficulty in applying these criteria in ur-
gent care is that they are based on expert opinion rather
than strong evidence. The most controversial criterion is
the cut-off for starting NIRS, currently defined as PaO,/
FiO, <2 00 mm Hg*® (approximate SpO,/FiO, of 280).2
The debate, particularly after the COVID-19 pandemic,
has focused on moving this cut-off to an earlier threshold
of 250 mm Hg (approximate SpO,/FiO, of 400),% as al-
ready suggested in the Berlin definition for mild ARDS.*

Our hypothesis is that in patients with ARF who pres-
ent SpO,/FiO, between 280-400, regardless of etiology,
initiating treatment with NIRS may achieve better clinical
outcomes compared with COT.
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Therefore, our objective was to evaluate the failure of
initial respiratory support (COT vs NIRS) in patients with
SpO,/FiO, between 280-400.

We conducted a retrospective observational cohort
study in the ED of Hospital General Universitario Reina
Sofia (HGURS) of Murcia (Spain), a 350-bed facility serv-
ing a reference population of 250,000 people and man-
aging an average of 93,000 emergencies annually. The
study began on March 8%, 2020, and ended on June
28%, 2021.

All patients > 18 years admitted consecutively to
the dedicated respiratory circuit created during the
COVID-19 pandemic were included. Patients entered
this circuit if they presented with fever, clinical signs of
respiratory infection, diarrhea, dyspnea, or chest radiog-
raphy/computed tomography showing a pattern consist-
ent with respiratory infection. Exclusion criteria were ab-
sence of ARF within the SpO,/FiO, interval of 280-400
or requirement for emergent orotracheal intubation
(OTI).

The primary (dependent) variable was failure of ini-
tial respiratory therapy. In the COT group, this was de-
fined as the need to initiate invasive/noninvasive respira-
tory support or death during hospitalization. In the NIRS
group, failure was defined as the need for OTI or death.
Transient use of oxygen therapy while preparing another
modality was not considered failure.

Collected variables included demographics (age,
sex), comorbidities [chronic obstructive pulmonary dis-
ease (COPD), sleep apnea or sleep apnea-hypopnea
syndrome, chronic heart failure, hypertension (HTN), dia-
betes mellitus (DM), dyslipidemia, smoking, asthma, hy-
peruricemia, chronic kidney disease, ischemic heart dis-
ease], chronic home oxygen therapy, home CPAP
(continuous positive airway pressure) or BiPAP (bilevel
positive airway pressure), vital signs on ED arrival, labo-
ratory data (glucose, urea, creatinine, sodium, potassi-
um, NT-proBNP, C-reactive protein, procalcitonin, IL-6,
Sp0O,, pH, pCO,, HCO,, lactate, bilirubin, hemoglobin,
leukocytes, neutrophils), COVID-19 test (antigen and/or
PCR), radiological data (chest radiography or CT), use of
COT or NIRS, need for OTI, and final diagnosis [acute
heart failure (AHF), COPD exacerbation (AE-COPD),
pneumonia, COVID-19, or others].

Statistical analysis was performed with SPSS Statis-
tics v21 (IBM, New Castle, NY, USA). Qualitative varia-
bles were expressed as absolute and relative frequen-
cies, and quantitative variables as mean * standard
deviation. Distribution was assessed with the Kolmogor-
ov-Smirnov test. Qualitative variables were compared
using chi-square or Fisher’s exact tests, as appropriate.
Quantitative variables were compared with Student t
test for normally distributed data or Mann-Whitney U
test for nonparametric distributions. Logistic regression
was used to assess the association of factors with the

Gil Rosa |, et al. Rev Esp Urg Emerg. 2025;4:162-169

© SEMES

163



164

8,074 eligible patients

7,232 patients excluded for
not presenting ARF (89.57%)

P
16 patients excluded due
to emergent intubation (0.19%)

.

/478 patients excluded for
not presenting ARF within
the SpO,/FiO, interval
of 280-400 (89.57%)

[ 348 patients included (4.31%) ]

[276 patients treated with COT (79.31%)]

75 patients failed
initial therapy (27.2%)

ail initial therapy (72.8%

[ 271 patients did not
.F

J |

[ 72 patients treated with NIRS (20.68%) ]

)

9 patients

failed (12.5%)

63 patients
did not fail (87.5%)

Flowchart of patient inclusion.

ARF: acute respiratory failure; COT: conventional oxygen therapy; NIRS: noninvasive respiratory support.

dependent variable of therapy failure. All analyses were
two-tailed, and statistical significance was defined as
P < .05 or a 95% confidence interval (Cl) of the odds ra-
tio (OR) excluding the value 1.

This study was conducted in full compliance with
applicable laws and regulations and was approved by
the HGURS Clinical Research Ethics Committee
(CE04220).

Of the 8074 cases evaluated, 7726 (95.7%) were ex-
cluded: 7232 (89.5%) for not presenting ARF, 16 (0.2%)
for early IMV, and 478 (5.9%) for not meeting ARF crite-
ria with SpO,/FiO, between 280 and 400. Finally, 348
patients (4.3%) were included .

The mean age was 72.24 = 15.58 years, and 42.5%
were women. The most prevalent comorbidities were
hypertension (73.9%), dyslipidemia (53.4%), and diabe-
tes mellitus (39.9%). Regarding home respiratory treat-
ment, 23.9% received long-term oxygen therapy (LTOT),
13.3% CPAP, and 8.3% BiPAP. Respiratory rate was re-
corded in 147 patients (42.2%). The most frequent diag-
noses were acute heart failure (AHF, 26.7%), COVID-19
(19.3%), and COPD exacerbation (AE-COPD, 15.5%).

As initial respiratory therapy, 276 patients (79.3%)
received COT and 72 (20.7%) received NIRS, including
66 with NIMV and 6 with HFNC. Clinical-analytical char-
acteristics according to initial therapy are shown in
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A total of 18 patients (5.2%) required intensive care
admission: 5 initially treated with COT (1.8%) and 13
with NIRS (18%), showing a significant association (OR,
11.942; 95% Cl, 4.100-34.747; P < .001). Mean length of
stay was 9.94 = 13.5 days in the COT group and
8.73 £ 5.7 days in the NIRS group, without statistically
significant differences between them (P = .494). Overall,
mean length of stay was 9.68 = 12.2 days.

Failure of initial therapy occurred in 84 cases
(24.1%): 75 (27.2%) with COT and 9 (12.5%) with NIRS
(OR, 0.383; 95% ClI, 0.181-0.808; P =.01). In the COT
group, 45 (16.3%) required NIRS, 6 (2.1%) IMV, and 47
(17%) died. Of these, 18 had received NIRS after initial
failure and 29 had not (OR, 4.64; 95% Cl, 2.278-9.466;
P < .01). Initiation of NIRS in these cases occurred at a
mean of 62.69 hours (median, 24 hours). pre-
sents the relationships between studied variables and
failure of initial respiratory support.

According to primary diagnosis, failure rates of ini-
tial support differed significantly (P <.001), as shown in

. Rates were 17.2% in AHF, 13% in AE-COPD,
20.5% in pneumonia, 50.7% in COVID-19, and 20% in
other diagnoses. In AHF patients, NIRS use was associat-
ed with a lower failure rate than COT (OR, 0.163; 95%
Cl, 0.035-0.765; P =.011). In the other diagnoses, no
statistically significant differences were observed be-
tween NIRS and COT, although there was a consistent
trend toward lower failure with NIRS.

A binary logistic regression was performed to ana-
lyze factors associated with failure of initial respiratory
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Table 1. Clinical and analytical characteristics of the sample and study according to whether conventional oxygen therapy or noninvasive

respiratory support was administered

Total Conventional oxygen therapy NIRS
N =348 = N=72 P-value

n (%) n (%) n (%)
Female sex 148 (42.5) 111 (40.2) 37(51.4) .088
Hypertension 257 (73.8) 200 (72.5) 57 (79.2) 249
Type 2 diabetes mellitus 139 (39.9) 109 (39.5) 30 (41.4) 737
Dyslipidemia 186 (53.4) 143 (51.8) 43 (59.7) 231
Smoker 38(10.9) 26 (9.4) 12(16.7) 079
OSA 21 (6) 12 (4.3) 9(12.5) .01
OSAHS 41(11.8) 35(12.7) 6(8.3) .308
Long-term home oxygen therapy 83 (23.91) 62 (22.5) 21(29.2) 235
Home CPAP 46 (13.2) 35(12.7) 11(15.3) 562
Home BiPAP 29 (8.3) 15 (5.4) 14(19.4) <.01
Asthma 34(9.8) 30(10.9) 4(5.6) 176
COPD 81(23.3) 66(23.9) 15 (20.8) .582
Heart failure 73 (21) 53(19.2) 20 (27.8) A1
Ischemic heart disease 53(15.2) 42 (15.2) 11 (15.3) .99
Chronic kidney disease 74 (21.3) 62 (22.5) 12 (16.7) 284
Chest CT performed 20(5.7) 20 (100) 0(0) 019
Age (years)* 77.24 + 13.58 77.14 £13.84 77.65 £ 12.64 775
SBP (mm Hg)* 129.18 +27.3 128.51 + 26.86 131.69 + 29.86 .38
DBP (mm Hg)* 73.09 + 14.97 72.94 +14.92 73.67 +15.25 71
Heart rate (bpm)* 87.9£19.33 87.17 £19.08 91.07 + 20.09 128
Respiratory rate (rpm)* 24.07 £7.39 23.59£7.33 25.6 £7.45 16
RALE chest X-ray score* 1.92 £2.48 1.89 £2.42 2.04 +2.69 .63
Glucose (mg/mL)* 167.17 + 97.95 164 +100.74 179.3 £ 86.06 24
Urea (mg/mL)* 60.12 £ 44.71 60.47 + 43.08 58.81 = 50.66 77
Creatinine (mg/mL)* 153+ 146 1.54 +1.35 147 +1.8 .69
Sodium (mg/mL)* 137.43 + 6.08 137.6 £ 6.1 136.78 + 6 3
Potassium (mg/mL)* 442 +0.76 437 +0.73 459 +0.85 .02
NT-proBNP (pg/dL)* 4.281.58 + 6.608.0 4.660.28 + 7.501.07 3387.19 + 3649.72 154
LDH (U/L)* 306.39 + 206.55 305.79 + 218.08 308.85 = 151.5 .92
C-reactive protein (mg/dL)* 8.57 £ 8.87 8.86 £ 8.81 743 £9.11 .25
Procalcitonin (mg/mL)* 1.22 £5.06 1.13+3.58 1.57 = 8.87 .54
IL-6 (pg/mL)* 272.68 + 681.98 240.29 + 568.92 411.46 + 1032.41 27
SpO,/Fi0,* 345.7 333 3452 £31.7 347.4 £ 38.9 663
pH* 7.36 +0.07 7.37 £0.65 7.32 £0.09 b
pCO, (mm Hg)* 51.76 +17.02 49.3 + 14.54 60.78 + 21.89 <.01
HCO; (mmol/L)* 27.86 +5.78 27.42 £5.08 29.5+7.65 .03
Lactate (mg/mL)* 2.09 +1.70 2.04 +1.29 228 £2.74 48
Bilirubin (mg/dL)* 0.68 £0.53 0.66 £ 0.54 0.75+0.50 23
Hemoglobin (g/dL)* 125217 12.53+2.04 12.39 +2.63 .65
Leukocytes* 11.624.43 + 9.042.97 11.843.84+ 9.917.94 10798.61 + 4354.55 .38
Neutrophils* 8.530.09 + 4.594.57 8.571.66 + 4.732 8373.61 + 4059.9 74
Time on NIRS (hours)* 76.93 + 106.1 110.74 £ 129.6 51.89 +78.2 <.001
Diagnoses
Acute heart failure 93(26.7) 55 (59.1) 38 (40.9) <01
AE-COPD exacerbation 54 (15.5) 44 (15.9) 10(13.9)
Pneumonia 39(11.2) 33(12) 6(8.3)
COVID-19 67 (19.3) 57 (20.7) 10(13.9)
Other 95(27.3) 87 (31.5) 8(8.4)
Invasive mechanical ventilation 10(2.9) 6(2.2) 4 (5.6) 126
Death 54 (15.5) 47 (17) 709.7) 127
Failure 84 (24.1) 75(27.2) 9(12.5) .01

* Results shown as mean (standard deviation).
NIRS: noninvasive respiratory support; OSA: obstructive sleep apnea; OSAHS: obstructive sleep apnea-hypopnea syndrome; CPAP: continuous positive airway

pressure; BiPAP: bilevel positive airway pressure; COPD: chronic obstructive pulmonary disease; AE-COPD: acute exacerbation of chronic obstructive pulmonary
disease; SBP/DBP: systolic/diastolic blood pressure; RALE: Radiographic Assessment of Lung Edema; NT-proBNP: N-terminal pro-B-type natriuretic peptide; LDH:
lactate dehydrogenase; IL-6, interleukin 6; pCO,: partial pressure of carbon dioxide; HCO,: bicarbonate.

support. The model included type of support, sex, sys- the final model, COVID-19 diagnosis, type of support,
tolic blood pressure, RALE (Radiographic Assessment of RALE index, and CRP were identified as independent
Lung Edema) score, CRP, lactate, LDH, and diagnosis. In  variables (Table 4).
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Table 2. Clinical and analytical characteristics of the sample and study according to initial therapy failure

Total Failure Success
N =348 N =284 N =264 P-value
n (%) n (%) n (%)

Female sex 148 (42.5) 26 (31) 122 (46.2) 014
Hypertension 257 (73.8) 61(72.6) 196 (774.2) 768
Diabetes mellitus 139 (39.9) 34 (40.5) 105 (39.8) .909
Dyslipidemia 186 (53.4) 42 (50) 144 (54.5) 467
Smoker 38(10.9) 6(7.1) 32(12.1) 203
OSA 21 (6) 5(6) 16 (6.1) 971
OSAHS 41(11.8) 9(10.7) 32(12.1) 397
Long-term home oxygen 83(23.91) 17 (20.2) 66 (25) 372
Home CPAP 46 (13.2) 10(11.9) 36 (13.6) .683
Home BiPAP 29 (8.3) 3(3.6) 26(9.8) .07
Asthma 34(9.8) 6(7.1) 28 (10.6) .352
COPD 81(23.3) 18 (21.4) 63(23.9) 646
Heart failure 73(21) 12(14.3) 61(23.1) .084
Ischemic heart di 53 (15.2) 9(10.7) 44(16.7) 186
Chronic kidney disease 74 (21.3) 18 (21.4) 56 (21.2) .966
Chest CT performed 20(5.7) 7(8.3) 13 (4.9) 242
Age (years)* 77.24 = 13.58 77.24 £ 15.17 77.25 £ 13.1 .996
SBP (mm Hg)* 129.18 £ 27.3 1222 +24.6 131.3+27.7 .008
DBP (mm Hg)* 73.09 +14.97 719+ 144 73.4+151 425
Heart rate (bpm)* 87.9+19.33 88.4+18.2 87.8+19.7 .809
Respiratory rate (rpm)* 24.07 £7.39 26.2+94 234£65 A1
RALE CXR score* 1.92 +248 3.16+3 153 +2.1 <.001
Glucose (mg/mL)* 167.17 £ 97.95 193.3 + 155 158.7 + 68.9 .098
Urea (mg/mL)* 60.12 = 44.71 72.5+544 56.1 +40.4 .073
Creatinine (mg/mL)* 153+ 1.46 157+0.9 15115 J74
Sodium (mg/mL)* 137.43 + 6.08 136.4+7.8 137.7+53 .104
Potassium (mg/mL)* 4.42 +0.76 44+08 442+0.7 .788
NT-proBNP (pg/dL)* 4.281.58 * 6.608.0 7.079 + 10.838.2 3.571.1 £ 4.816.6 069
LDH (U/L)* 306.39 + 206.55 397.3+284.4 2741 +£159.6 <.001
C-reactive protein (mg/dL)* 8.57 £ 8.87 12599 7281 <.001
Procalcitonin (mg/mL)* 1.22 £5.06 1.31+35 1.19+54 .849
IL-6 (pg/mL)* 272.68 + 681.98 397.6 = 860.4 226.4 +598.9 <.001
SpO,/FiO,* 345.7 £33.3 351.7+37.6 3437 +31.6 103
pH* 7.36 +0.07 7.36 +0.08 7.35+0.07 739
pCO, (mm Hg)* 51.76 £ 17.02 51.5+21.2 51.8+154 .885
HCO; (mmol/L)* 27.86 £5.78 274+ 67 28+54 437
Lactate (mg/mL)* 2.09+1.70 238+16 2+17 018
Bilirubin (mg/dL)* 0.68 +0.53 0.76 +0.53 0.65 +0.54 131
Hemoglobin (g/dL)* 12.5+2.17 12.39+23 1254 +2.1 .62
Leukocytes* 11.624.43 + 9.042.97 11.372.2 £ 10.797 11.704.9 + 8.428.8 J71
Neutrophils* 8.530.09 + 4.594.57 8.368.6 + 4.738.2 8.581.6 + 4.555.8 J14
Time on NIRS (hours)* 76.93 £ 106.1 103.5 £ 123.1 49.1+785 014
Type of support
Conventional oxygen therapy 276(79.3) 75(89.3) 201(76.1) .001
HFNC 6(1.7) 1(1.2) 5(1.9)
Noninvasive mechanical ventilation 66 (18.9) 8(9.5 58 (21.9)

* Results expressed as mean (standard deviation).

OSA: obstructive sleep apnea; OSAHS: obstructive sleep apnea-hypopnea syndrome; CPAP: continuous positive airway pressure; BiPAP: bilevel positive airway
pressure; COPD: chronic obstructive pulmonary disease; SBP/DBP: systolic/diastolic blood pressure; RALE: Radiographic Assessment of Lung Edema; NT-proBNP:
N-terminal pro-B-type natriuretic peptide; LDH: lactate dehydrogenase; IL-6: interleukin 6; pCO,: partial pressure of carbon dioxide; HCO; bicarbonate; NIRS:

noninvasive respiratory support; HFNC: high-flow nasal cannula.

Discussion

This study provides evidence of the relationship be-
tween type of initial respiratory support (COT vs NIRS) in
patients with ARF and SpO,/FiO, between 280 and 400,
and the success or failure of such support. In this range—
traditionally considered mild hypoxemia—we observed an
overall failure rate of 24.1%, questioning the safety of
maintaining conservative strategies such as COT in this

group.
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The study focused on failure of initial support—de-
fined as the need for escalation of therapy or death—and
compared respiratory techniques accordingly. From this
perspective, the relevant issue is not only whether COT or
NIRS was administered but how that initial choice influ-
enced subsequent clinical evolution. Our results showed a
significant difference in failure rates: 27.2% in the COT
group vs 12.5% in the NIRS group (P = .01), with an adjust-
ed OR of 3.145.
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Failure of initial respiratory support according to main
diagnosis and type of treatment (COT vs NIRS)

Failure n  Success

Diagnosis Therapy n (%) (%) n (%) P-value OR 95% Cl
S R T BT o o par
AECO. ot waprag 759 31 T NA A
Pneumonia gg.? 363(2854?6§31)) ;g?g 22 82533)1) 743 0.800 (0.074-7.436)
COVID-19 gg.? ;gggg% 28((558)9) 2;((23,)1) 959 0.966 (0.252-3.702)
Other Mis GiEca)l iR s .575 0.548 (0.063-4.742)

COT 87 (91.57) 18 (20.7) 69 (79.3)
AHF: acute heart failure; AE-COPD: acute exacerbation of chronic obstructive
pulmonary disease; NIRS: noninvasive respiratory support; COT: conventional
oxygen therapy; OR: odds ratio; Cl: confidence interval; N/A: not applicable.

This difference should not be interpreted as intrinsic
superiority of one type of support over the other, but
rather as an indication that early initiation of NIRS may
anticipate clinical deterioration, preventing progression to
severe forms requiring IMV or increasing mortality risk.

The importance of early NIRS initiation was reflected
in the subgroup of patients who began with COT and later
required NIRS after a median of 24 hours (mean, 62.7
hours). In this group, mortality was 40%, suggesting that
delay in support escalation may have significant clinical
consequences. This finding aligns with the principle of a
"therapeutic window,” widely accepted in acute pulmonary
edema management, where NIMV benefit is greatest when
applied early.?®

Multivariate analysis showed that, in addition to type
of support, other variables were independently associated
with failure: COVID-19 diagnosis, RALE score, and CRP
levels. These variables reflect more severe pulmonary in-
volvement and systemic inflammation. Thus, failure of ini-
tial support appears as dependent on the patient’s clinical
and pathophysiological profile as on the applied tech-
nique.

By diagnosis, results were heterogeneous. In AHF pa-
tients, NIRS was associated with a lower failure rate (5.3%)
compared with COT (25.5%), the only category with a sta-
tistically significant difference. This finding is consistent
with clinical guidelines recommending NIMV as the treat-
ment of choice in acute pulmonary edema.?® The positive
pressure generated by NIRS reduces preload and after-
load, improves oxygenation, and relieves dyspnea rapidly
and effectively.

In AE-COPD patients, no significant differences were
observed, although the trend favored NIRS. Most AE-
COPD patients did not present respiratory acidosis at ad-
mission, likely explaining the lower use of NIMV. In this
context, recent studies have explored HFNC as a safe and
effective alternative, particularly in mild AE-COPD or with-
out acidosis, thereby expanding NIRS applicability.?3°

In pneumonia and COVID-19 patients, both groups
showed high failure rates without significant differences

www.reue.org

Multivariate logistic regression model: predictors of failure of
initial respiratory support

Variable aOR 95% Cl P-value
cot 3.145 1.314-7526 .01
COVID-19 2.249 1.062-4.763 .034
CRP 1.035 1.002-1.069 .038
RALE score 1.169 1.017-1.343 .028

Adjustment variables: Type of support (COT vs NIRS), sex, SBP, RALE score,
CRP, lactate, LDH, and diagnosis (AHF, AE-COPD, pneumonia, COVID-19, and
others).

aOR: adjusted odds ratio; Cl: confidence interval; COT: conventional oxygen
therapy; NIRS: noninvasive respiratory support; CRP: C-reactive protein; RALE:
Radiographic Assessment of Lung Edema; AHF: acute heart failure; AE-COPD:
acute exacerbation of chronic obstructive pulmonary disease; LDH: lactate
dehydrogenase; SBP: systolic blood pressure.

between COT and NIRS. In COVID-19, this may be ex-
plained by high clinical variability and unmeasured factors
such as ventilation modality, parameters used, or inflamma-
tory burden. Previous studies also reported high failure
rates in COVID-19 patients treated with NIRS, reinforcing
the need to tailor support to individual patient characteris-
tics.®’

A variable not included in the final model that could
have influenced failure prediction was respiratory rate, a
key parameter in ARF severity assessment. Its limited doc-
umentation may have led to exclusion from the model,
representing a study limitation.

Recent studies have shown that combining respiratory
rate and oxygenation, expressed as the ROX index, reliably
predicts outcomes in NIRS-treated patients.*? Systematic
inclusion of this index in clinical practice may improve deci-
sion-making and prevent delays in support escalation.

Another limitation was the retrospective design, with
risk of selection and information bias. However, consecu-
tive inclusion of all eligible patients during the study peri-
od and thorough review of electronic health records par-
tially mitigated this risk.

Of note, clinical diagnosis was made by the attending
physician without standardized verification, possibly intro-
ducing diagnostic variability, mainly in differentiating AHF
from COVID-19.

This, however, reflects real-world ED settings, where
decisions are made in real time with limited information. In
COVID-19 cases, all patients had confirmed positive tests
(antigen or PCR), while negative cases had negative PCR,
reinforcing diagnostic validity in that subgroup.

Additionally, limitation of therapeutic effort was not
analyzed, which could have influenced group composition.
However, in clinical practice, and according to local NIRS
protocol, these patients are not candidates for IMV and
typically receive only COT or HFNC with comfort care.
Their exclusion therefore has limited impact, since the
study’s primary focus was on patients potentially eligible
for support escalation.

Based on our findings, we propose reconsidering cur-
rent thresholds for mild and moderate hypoxemia classifi-
cation. Traditionally, PaO,/FiO, < 200 has been considered
the threshold to initiate NIRS. However, our data suggest
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that an estimated PaO,/FiO, of 200-250 (SpO,/FiO, be-
tween 280-400) may benefit from a more aggressive ap-

proach.

This hypothesis justifies the need for prospective stud-
ies validating a more dynamic classification framework that
incorporates underlying pathophysiology and other rele-
vant clinical parameters such as respiratory rate.

Finally, our results support the implementation of clini-
cal algorithms integrating risk of initial support failure into
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