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Abstract: Low respiratory tract infections remain a leading cause of morbidity and mortality among 
Intensive Care Unit patients, with severe cases often progressing to acute respiratory distress 
syndrome (ARDS). This life-threatening condition results from damage to the alveolar-capillary 
membrane, causing refractory hypoxemia and respiratory failure. Early detection and management 
are critical to treat the underlying cause, provide protective lung ventilation and, eventually, improve 
patients’ outcome. The Berlin definition, introduced in 2012, standardized ARDS diagnosis but 
excluded patients managed with non-invasive ventilation (NIV) or high-flow nasal cannula (HFNC) 
modalities, which are increasingly used, especially after the COVID-19 pandemic. This exclusion may 
delay diagnosis and treatment in patients who worsen despite non-invasive ventilatory support. 
Recent efforts aimed to broaden ARDS criteria by incorporating NIV and HFNC use, alongside 
alternative diagnostic tools like lung ultrasound and the SpO₂/FiO₂ ratio. These proposed 
modifications attempted to enhance the diagnosis of ARDS in resource-limited settings where access 
to arterial blood gas analysis or advanced imaging modalities may be restricted, thereby increasing 
the global applicability of ARDS classification. However, broadening the diagnostic criteria 
introduces several challenges, including the risk of overdiagnosis and the difficulty in differentiating 
ARDS from other causes of acute hypoxemic respiratory failure. Furthermore, inter-observer 
variability in imaging interpretation and inconsistencies in oxygenation assessment, particularly 
when relying on non-invasive measurements, may compromise diagnostic reliability. To address 
these limitations, a more nuanced diagnostic framework is needed, one that incorporates 
individualized therapeutic strategies, emphasizes lung-protective ventilation, and integrates 
advanced physiological or biomarker-based indicators. Such an approach has the potential to 
improve patient stratification, enable more targeted interventions, and ultimately enhance 
conduction of interventional trials. 

Keywords: ARDS; invasive and non-invasive mechanical ventilation; high-flow nasal cannula 
(HFNC); pneumonia 
 

1. Introduction  

Respiratory complications are among the most significant clinical challenges in critically ill 
patients admitted to Intensive Care Units (ICUs). Among these, low respiratory tract infections 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 May 2025 doi:10.20944/preprints202505.0769.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202505.0769.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 13 

 

(LRTI), in particular pneumonia, play a major role as it frequently coexists with other critical 
conditions and contributes to worse outcomes [1,2]. The need for respiratory support is one of the 
primary reasons for ICU admission in patients with LRTI or pneumonia, with treatment options 
ranging from low- and high-flow oxygen therapy to non-invasive ventilation (NIV) and invasive 
mechanical ventilation [3]. The COVID-19 pandemic notably increased the adoption of HFNC and 
NIV, driven in part by the limited availability of invasive mechanical ventilation [4]. Given the 
potential severity of pneumonia, timely diagnosis and appropriate treatment are crucial for 
improving clinical outcomes. For this reason, these patients require close monitoring through 
imaging techniques, such as lung ultrasonography, chest X-rays and CT-scans. Microbiological 
sputum samples should be collected to ensure targeted antibiotic therapy against the responsible 
pathogen, and respiratory function must be assessed using parameters such blood gas analyses and 
the PaO₂/FiO₂ ratio via frequent arterial blood gas analysis [5].  

In some cases, LRTI and pneumonia can progress to Acute Respiratory Distress Syndrome 
(ARDS), a severe inflammatory condition leading to hypoxemia and respiratory failure, often 
necessitating orotracheal intubation and mechanical ventilation [6]. The Berlin ARDS criteria, which 
are actually used to define ARDS, serve as a key diagnostic tool assisting clinicians in defining this 
syndrome [7]; however, many patients with diffuse acute lung injury who receive HFNC or NIV do 
not meet the Berlin definition for ARDS, suggesting that its incidence may be underdiagnosed. 
Indeed, one recent international observational study involving several intensive care units across 50 
countries indicate that ARDS remains underrecognized, with clinician recognition rates as low as 
60%, particularly for mild cases; this phenomenon is associated with insufficient application of 
recommended therapeutic measures, which contribute to persistently high mortality rates 
(approximately 40%) [8]. Therefore, a revised definition of ARDS has been proposed, potentially 
including patients treated with non-invasive ventilation, which could facilitate earlier diagnosis and 
more effective therapeutic interventions, improving overall patient outcomes [9]. 

In this brief clinical review, we aimed to examine the recent literature to provide an updated 
overview of the ARDS definition and explore potential approaches for refining both its classification 
and management. 

2. Definition Of ARDS 

First defined in 1967 [10] and diagnostic criteria being revised in 1988 [11], ARDS is a syndrome 
of respiratory failure with multiple etiologies that share common clinical-pathological characteristics 
including: (a) increased permeability of the alveolo-capillary membrane, leading to inflammatory 
edema; (b) increased non-aerated lung tissue resulting in higher lung elastance (lower compliance); 
and (c) increased venous admixture and dead space, which cause hypoxemia and hypercapnia [12]. 
The first clinical definition of ARDS has evolved significantly over the decades, with the American-
European Consensus Conference (AECC) in 1994 formalizing diagnostic criteria [13]. Given the 
significant variability in clinical practice and research the AECC sought to refine and unify the 
prevailing definitions of ARDS and Acute Lung Injury (ALI). AECC established diagnostic criteria 
for ALI as a syndrome with acute onset, bilateral infiltrates on chest X-rays, arterial oxygenation 
(PaO₂/FiO₂ ≤ 300 mmHg), and no evidence of left atrial hypertension (wedge pressure ≤ 18 mmHg) 
and ARDS as a more severe form of ALI with PaO₂/FiO₂ ≤ 200 mmHg [14]. Despite its utility, the 
AECC criteria faced criticism for lacking precision and clarity in several areas, such as variability in 
interpreting chest X-rays and the absence of severity stratification [15]. These limitations prompted 
the development of the Berlin definition in 2012 [7]. The key critical elements for diagnosis now 
include an acute onset within one week of a recognized clinical event or a significant worsening of 
respiratory symptoms; the presence of bilateral opacities on chest imaging (X-ray or CT) not fully 
attributable to other causes such as fluid overload, effusions or lung collapse. Additionally, the 
diagnosis requires the exclusion of cardiogenic or hydrostatic pulmonary edema as the primary cause 
of respiratory failure and a PaO₂/FiO₂ ratio below 300 mmHg, with a minimum PEEP of 5 cm H₂O or 
more [7,16]. In 2016 Riviello et al. conducted a study at the referral hospital of Kigali, Rwandan, using 
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a modified version of the Berlin Definition, adapted for resource-limited settings [17]. The “Kigali 
modification” replaced the PEEP requirement with SpO₂/FiO₂ ≤ 315 and allowed lung ultrasound 
instead of chest X-ray to detect bilateral opacities. The study demonstrated that the Berlin criteria 
underestimate ARDS cases in low-resource settings, highlighting the need for context-appropriate 
diagnostic tools to better understand and address the global burden of ARDS [17]. However, the 
Kigali modification has not been formally incorporated into the current ARDS definition, due to lack 
of large and rigorous study comparing the original Berlin definition to this modified proposal [17]. 
In 2023, the European Society of Intensive Care Medicine (ESICM) updated its guidelines on ARDS, 
revising key aspects related to its definition, phenotyping, and respiratory support strategies (Tables 
1 and 2, Figure 1) [12]. Notably, these new recommendations acknowledge the evolving role of non-
invasive respiratory support, such as HFNC and NIV, and discuss their potential inclusion in ARDS 
definitions. Additionally, the guidelines emphasize a more personalized approach to mechanical 
ventilation, considering lung-protective strategies, driving pressure, and patient self-inflicted lung 
injury (P-SILI) to optimize clinical outcomes. These updates reflect the latest evidence and clinical 
insights aimed at improving the diagnosis and management of ARDS patients [12].  

Table 1. Different definitions of ARDS for diagnosis. 

DIAGNOSIS 

Criteria Ashbaught (1967) AECC (1994) Berlin (2012) Kigali (2016) 

Onset 

 

RF with tachypnea, lung 

stiffness 

 

RF with tachypnea, lung 

stiffness 

RF within 1 week not fully 

explained by cardiac function 

or volume overload 

RF within 1 week not fully 

explained by cardiac function 

or volume overload 

Imaging 
Bilateral opacities on 

CRX  

Bilateral opacities on 

CRX  

Bilateral opacities on CRX or 

CT not fully explained by 

effusion, collapse or nodules 

Bilateral opacities on CRX or 

US not fully explained by 

effusion, collapse or nodules 

Oxygenation Oxygenation impairment 

Oxygenation 

impairment: 

ALI (P/F ≤ 300 mmHg) 

ARDS (P/F ≤ 200 

mmHg) 

Oxygenation impairment: 

Mild  

200 < P/F ≤ 300 mmHg 

with PEEP ≥ 5 cmH2O 

Moderate 

100 < P/F ≤ 200 mmHg 

with PEEP ≥ 5 cmH2O 

Severe 

P/F < 100 mmHg 

with PEEP ≥ 5 cmH2O 

Oxygenation impairment: 

SpO2/FiO2 <315; no PEEP 

requirement 

 

RF: Respiratory Failure; CRX chest radiography; US ultrasound scan, CT: computed tomography scan; ALI: 
acute lung injury; PEEP: positive end expiratory pressure; PaO2: partial pressure of arterial oxygen; FiO2: fraction 
of inspired oxygen; SpO2: oxygen saturation; P/F: PaO2/FiO2 ratio. 
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Table 2. Most important component of ARDS management, according to ESICM 2023 [11]. 

MANAGEMENT ESICM 2023 

Low Tv ≤ 4-8 mL/kg PBW 

Pplat ≤ 30 cmH2O, DP ≤ 15 cmH2O, Reduction Mechanical Power 

Individualized PEEP titration, avoid lung recruitment maneuvers 

Use of NIV or HFNC to reduce risk of intubation 

Prone Position (PaO2/FiO2 < 150, PEEP ≥ 5 cmH2O) and awake prone position 

Use of ECMO VV in severe ARDS, avoid ECCO2R 

Avoid continuous infusion of NMBA  

 

Tv: Tidal volume; PBW: Predicted Body Weight; Pplat: plateau pressure; DP: driving Pressure; PEEP: positive 
end expiratory pressure; PaO2: partial pressure of arterial oxygen; FiO2: fraction of inspired oxygen; NIV: non-
invasive ventilation; HFNC: high flow nasal cannula; ECMO VV: venovenous extracorporeal membrane 
oxygenation; ECCO2R: extracorporeal carbon dioxide removal; NMBA: neuro-muscolar blocking agents. 

 
Figure 1. The figure shows the main steps leading to ARDS, the typical chest X-ray of the injured lungs, the 
ventilatory strategies (non-invasive and invasive), and the pivotal diagnostic tools used in daily clinical practice 
to assess the severity of th e illness.2. Management Of ARDS. 

2. Management Of ARDS 

The management of ARDS has advanced significantly in recent years. The cornerstone of ARDS 
treatment is supportive care, with a focus on lung-protective ventilation strategies, adjunctive 
therapies, and individualized approaches tailored to the patient’s clinical condition. The use of low 
tidal volumes (e.g. 6 mL/kg of predicted body weight) reduces the risk of ventilator-induced lung 
injury. Moreover, maintaining a plateau pressure below 30 cm H₂O and a driving pressure below 15 
cm H₂O is equally important to prevent alveolar overdistension [18,19]. Positive end-expiratory 
pressure (PEEP) prevents alveolar collapse and improves oxygenation [9]. Furthermore, prone 
positioning, enhancing ventilation/perfusion matching, and reducing alveolar collapse in dorsal 
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regions, has proven to be one of the most effective strategies for managing severe ARDS and reduce 
mortality in most severe cases (e.g. PaO2/FiO2 < 150) [6,20,21] [22]. In selected refractory ARDS 
patients, the insertion of veno-venous extracorporeal membrane oxygenation (V-V ECMO) could 
improve gas exchange and enhance survival by enabling ultraprotective lung ventilation or lung rest 
[6]. The use of V-V ECMO was long considered only a rescue therapy for patients with severe ARDS. 
However, according to the latest ARDS guidelines from the European Society of Intensive Care 
Medicine (ESICM) of 2023, V-V ECMO is now recommended for selected patients with severe ARDS 
meeting specific eligibility criteria described by the EOLIA trial (2018): PaO2/FiO2 <50 mmHg for 
over 3 hours, <80 mmHg for over 6 hours, or arterial pH <7.25 with PaCO2 >60 mmHg for over 6 
hours [23,24]. While the EOLIA trial did not demonstrate a significant reduction in 60-day mortality 
in ECMO-treated patients compared to those receiving only invasive mechanical ventilation, it 
highlighted an increased risk of bleeding or ischemic stroke. However, a more recent meta-analysis 
that examined two randomized trials demonstrated a decrease in mortality at 60 days in patients 
treated with V-V ECMO [23,25,26]. 

3. NIV and HFNC 

NIV and HFNC recently have emerged as valuable tools in managing ARDS, particularly in 
patients with mild-to-moderate hypoxemia, such as those in the early stages of respiratory failure or 
in resource-limited settings where invasive MV may not be immediately available. In particular, 
HFNC emerged as a critical non-invasive respiratory support tool during COVID-19 pandemic due 
to its ability to deliver heated, humidified oxygen at high flow rates, reducing respiratory effort and 
improving oxygenation [23,26–28] . These strategies, moreover, aim to reduce the need for invasive 
MV, avoiding associated complications, such as ventilator-induced lung injury (VILI), sedation-
related risks, and ventilator-associated pneumonia [29]. Clinical trials have demonstrated that HFNC 
can reduce tracheal intubation rates and improve survival compared to conventional oxygen therapy 
[30]. Despite their advantages, NIV and HFNC have limitations in ARDS management. Vigorous 
respiratory efforts can exacerbate lung injury through patient-self inflicted lung injury (P-SILI), 
particularly in patients with severe ARDS or high inspiratory efforts [31]. Furthermore, delayed 
intubation in patients failing NIV or HFNC has been associated with higher mortality, emphasizing 
the importance of close respiratory monitoring and timely escalation to invasive MV when necessary 
[32]. ESICM guidelines emphasize personalized treatment approaches based on ARDS phenotypes 
and suggest lung-protective ventilation strategies, such as low tidal volume, appropriate PEEP 
titration, and prone positioning. Additionally, they discuss the role of NIV and HFNC, 
acknowledging their benefits but also cautioning against delayed tracheal intubation. These 
recommendations aim to optimize patient outcomes by integrating the latest evidence on MV, 
respiratory mechanics and individualized treatment strategies [12]. 

3. New Criteria Of ARDS 

The increasing use of NIV and HFNC in managing acute hypoxemic respiratory failure has 
contributed to the ongoing evolution of ARDS definitions, reflecting efforts to enhance diagnostic 
accuracy, improve clinical utility, and facilitate early intervention [15,31]. In 2023 a global consensus 
conference [9] with broad international representation suggested recommendations for updating the 
ARDS definition, identifying criteria that could be applied to all ARDS categories (risk factors and 
origin of edema, timing, chest imaging) and criteria that could be applied to specific ARDS categories 
[18]. 

3.1. Rationale and Evidence 

The Berlin definition, while a significant advancement in the diagnosis and classification of 
ARDS, has notable limitations. One critical point is the exclusion of patients receiving NIV respiratory 
support [33]. By requiring MV with a minimum PEEP of 5 cm H₂O, the Berlin criteria leave out 
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patients on HFNC or NIV. These patients often show similar clinical and pathophysiological features 
to those who are intubated but are not included under the current ARDS definition. This gap may 
result in a failure to identify ARDS in its early stages for patients who do not require intubation, 
leading to delayed interventions and possibly worsening outcomes [34]. Additionally, the imaging 
criteria in the Berlin definition introduce significant subjectivity, as differences in interpretation 
between clinicians and imaging modalities - such as chest X-rays versus CT scans - can lead to 
inconsistencies in diagnosis. This variability affects the reproducibility and reliability of ARDS 
diagnosis, making its application in routine practice more challenging [35]. Another issue is the 
reliance on oxygenation thresholds, specifically the PaO₂/FiO₂ ratio, for identifying ARDS. This 
approach can lead to delayed diagnoses, as significant hypoxemia may not emerge until later in 
disease progression [9,36]. Moreover, recent evidence suggests that the PaO₂/FiO₂ ratio alone 
insufficiently captures the complexity of ARDS, particularly concerning ventilator-induced lung 
injury (VILI) [37]. Incorporating metrics such as the Oxygenation Factor (OF), which combines 
oxygenation data with mechanical variables like mean airway pressure (Paw) and positive end-
expiratory pressure (PEEP), may offer a more comprehensive evaluation [38]. Finally, the Berlin 
definition’s dependence on arterial blood gas measurements and specific MV parameters limits its 
global applicability. In resource-limited settings, with limited access to advanced diagnostic tools, 
applying the current criteria is often not feasible [31]. The diagnostic criteria of ARDS and new 
definitions are reported in Table 3.  

Table 3. Diagnostic criteria of ARDS in the new definition and differences from the Berlin criteria. 

NEW ARDS DEFINITION  BERLIN DEFINITION 

Criteria for ALL ARDS categories 

● Risk factor and origin of edema: triggered by an acute predisposing risk factor, such as pneumonia, non-pulmonary infection, 

trauma, transfusion, aspiration, or shock 

● Timing: rapid development or progression of hypoxemic respiratory failure within one week of the suspected trigger or 

new/worsening respiratory symptoms 

● Chest imaging: bilateral opacities on CRX or CT-scan is not explained by effusions, atelectasis or nodules/masses. The new 

definition also considers ultrasonography as a diagnostic imaging method.  

Criteria for SPECIFIC ARDS categories 

NEW ARDS DEFINITION  

Criteria for SPECIFIC ARDS categories 

BERLIN DEFINITION 

● Non-intubated ARDS 

○ PaO2/FiO2 ≤ 300 mmHg 

○ SpO2/FiO2 ≤ 315 (if SpO2 ≤ 97%) on HFNC with flow 

≥ 30 L/min or NIV/CPAP with at least 5 cmH2O PEEP 

 

● Intubated ARDS 

○ Mild  

200 < P/F ≤ 300 mmHg with PEEP ≥ 5 cmH2O 

235 < SpO2/FiO2 ≤ 315 (if SpO2 ≤ 97%) 

○ Moderate 

● Mild  

200 < P/F ≤ 300 mmHg with PEEP ≥ 5 cmH2O 

● Moderate 

100 < P/F ≤ 200 mmHg with PEEP ≥ 5 cmH2O 

● Severe 

P/F < 100 mmHg with PEEP ≥ 5 cmH2O 
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100 < P/F ≤ 200 mmHg with PEEP ≥ 5 cmH2O 

148 < SpO2/FiO2 ≤ 235 (if SpO2 ≤ 97%) 

○ Severe 

P/F < 100 mmHg with PEEP ≥ 5 cmH2O 

SpO2/FiO2 ≤ 148 (if SpO2 ≤ 97%) 

 

● Modified definition for resource variable settings 

○ SpO2/FiO2 ≤ 315 (if SpO2 ≤ 97%). Minimum PEEP not 

required. 

PaO2: partial pressure of arterial oxygen; FiO2: fraction of inspired oxygen; SpO2: saturation of oxygen; P/F: 
PaO2/FiO2 ratio; PEEP: positive end expiratory pressure; NIV: non-invasive ventilation; HFNC: high flow nasal 
cannula; CPAP: continuous positive airway pressure. 

4. Advantages and Limits 

4.1. Advantages 

The new definition expands ARDS to include patients treated with HFNC or NIV. This change 
acknowledges that many patients treated with non-invasive support referred to as "non-intubated 
ARDS” exhibit similar pathophysiological and clinical characteristics to those who are intubated [34]. 
Moreover, inclusion of alternative oxygenation metrics, such as the SpO₂/FiO₂ ratio, facilitates earlier 
recognition of ARDSb[39]. This equivalence between SpO₂/FiO₂ and PaO₂/FiO₂ ratios was established 
through large-scale clinical validation studies demonstrating a strong linear correlation, leading to 
defined threshold values that reliably correspond to established PaO₂/FiO₂ diagnostic thresholds of 
200 (SpO₂/FiO₂ ratio of 235) and 300 (SpO₂/FiO₂ ratio of 315) for ARDS and Acute Lung Injury (ALI), 
respectively [40,41]. These metrics are particularly useful in settings where arterial blood gas analysis 
may not be feasible, making the definition more accessible and practical for resource-limited 
environments [31]. A notable enhancement in the revised definition is its ability to stratify ARDS 
severity with greater accuracy. Adjustments to oxygenation thresholds and the introduction of PEEP-
equivalent metrics for HFNC users enable a more accurate classification of severity in both intubated 
and non-intubated patients, allowing clinicians to personalize therapeutic strategies to meet 
individual patient needs and improve treatment effectiveness [9]. With the Kigali modification, 
bilateral B-lines or consolidations on lung-ultrasound (LUS) were allowed to fulfil the imaging 
criteria for ARDS. In comparison to the gold standard computed tomography (CT) in high-resource 
settings, these criteria proved to be highly sensitive but with low to moderate specificity [42]. Recent 
international guidelines have increasingly recognized the potential value of lung ultrasound (LUS), 
as introduced by the Kigali modification, although it has not yet been formally incorporated into the 
standard global definition of ARDS [12]. A useful development is the LUS-ARDS score, a data driven 
and externally validated method based on LUS-scores from both the left and right lungs, combined 
with the identification of an abnormal pleural line in the antero-lateral regions [43]. This method 
involves more complexity than the Kigali modification but exhibits higher accuracy in diagnosing 
and excluding ARDS [44]. Another critical advantage of the new definition is its improved global 
applicability, including in resources-limited settings. This adaptability ensures that ARDS can be 
diagnosed and effectively managed even in low-income countries where access to advanced 
diagnostics and MV is often restricted [31,45] (Table 4). 
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Table 4. Practical advantages and limitations of new ARDS definition. 

NEW ARDS DEFINITION 

New Definition Advantages Limitations Clinical implications 

Inclusion of HFNC/NIV 
Expands recognition of “non 

intubated ARDS” 
Potential for overdiagnosis 

Closer monitoring needed to avoid 

delayed intubation 

SpO₂/FiO₂ for diagnosis Useful in low resource settings 
Affected by perfusion, skin 

pigmentation, device accuracy 

May require arterial blood gas 

confirmation 

Use of lung ultrasound 
Portable, bedside diagnostic 

tool 

Operator-dependent, lacks 

standardized criteria 

Training and standardization are 

essential 

Applicability in resource-

limited settings 

Does not require PEEP for 

diagnosis 
Excludes ECMO patients 

May help early diagnosis but could 

overdiagnose ARDS 

HFNC: High flow nasal cannula, NIV: non-invasive ventilation, SpO2/FiO2: saturation of oxygen/fraction of 
inspired oxygen. 

4.2. Limitations 

The revised ARDS definition, while offering significant advancements, has several limitations 
that should be acknowledged. One prominent concern is the potential for overdiagnosis. By 
broadening the criteria to include non-intubated patients on HFNC or NIV, there is a risk of 
misclassifying other causes of acute hypoxemic respiratory failure as ARDS. This could lead to 
unnecessary treatments and resource utilization, potentially overburdening healthcare systems and 
diluting the specificity of ARDS as a distinct clinical entity [34]. The application of the new definition 
is also problematic in certain specific patient populations, such as those receiving V-V ECMO. Many 
V-V ECMO patients are awake and spontaneously breathing. Since in these patients oxygenation-
based criteria, such as PaO₂/FiO₂ or SpO₂/FiO₂ ratios, could be normal they’ll be automatically 
excluded from ARDS diagnosis. As a result, the revised criteria may not fully address the diagnostic 
needs of ECMO-supported ARDS patients, leading to inconsistent classification [9]. The use of 
alternative oxygenation metrics, such as the SpO₂/FiO₂ ratio is practical in resource-limited settings; 
however, they are inherently less accurate than arterial blood gas measurements. Additionally, recent 
studies highlight significant limitations of the SpO₂/FiO₂ ratio for ARDS severity classification, 
showing misclassification in about one-third of cases due to measurement inaccuracies and a high 
dependency on FiO₂ settings [46] . Factors such as poor perfusion, skin pigmentation, patient 
movement, and device variability further limit the accuracy of SpO₂-based measurements, 
emphasizing the need for careful interpretation and potential additional validation in clinical 
practice. These inaccuracies may result in overestimation or underestimation of ARDS severity, 
particularly in cases with borderline oxygenation status [31]. Additionally, the incorporation of LUS 
into ARDS diagnostics is valuable for bedside assessments, but on the other hand has some 
limitations, as its accuracy depends heavily on the clinician’s skill and experience and may be less 
effective in differentiating ARDS from other conditions with similar findings. Finally, the lack of 
standardization in LUS protocols and interpretation criteria poses challenges for ARDS diagnosis 
[35,47] (Table 4). 

5. Future Perspectives 

The ongoing evolution of ARDS diagnostic criteria reflects the need for greater precision in 
identifying and managing this complex syndrome. Various authors have proposed refinements to 
improve diagnostic accuracy and to adapt the criteria more effectively for both clinical practice and 
research purposes [48].  
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One promising approach involves the use of PEEP-adjusted PaO₂/FiO₂ ratio: (P/FP) or SpO₂/FiO₂ 
(S/FP) ratios. These indices account for the level of positive end-expiratory pressure (PEEP) applied 
during ventilation, which plays a critical role in maintaining alveolar recruitment and optimizing 
oxygenation. P/FP is calculated by dividing the traditional PaO₂/FiO₂ ratio by the applied PEEP and 
then multiplying the result by a correction factor of 10. The same concept can be used for S/FP 
calculation. This formula adjusts for the contribution of PEEP to oxygenation, reflecting the 
interaction between alveolar recruitment and gas exchange efficiency [49]. Some authors used the 
ROX index calculated as SpO₂/FiO₂ ratio/respiratory rate as an indicator of the severity of respiratory 
failure in patients with ARDS receiving non invasive ventilation. Given its ease of bedside calculation, 
the ROX index represents a promising area of research for future ARDS definitions, potentially 
complementing current criteria [50,51].  

For research purposes, several authors have emphasized the importance of integrating advanced 
physiological and imaging-based parameters into ARDS definitions [52,53]. These include measures 
of pulmonary vascular permeability, lung weight, and aeration. Pulmonary vascular permeability, 
which quantifies endothelial injury and capillary leak, is a direct indicator of the inflammatory and 
edematous processes underlying ARDS [54]. Ranieri and colleagues have argued that incorporating 
such measures could help distinguish ARDS from other causes of hypoxemic respiratory failure and 
offer a more refined characterization of disease severity [35]. Similarly, the assessment of lung weight 
and aeration through advanced imaging techniques, such as computed tomography (CT) or magnetic 
resonance imaging (MRI), provides valuable insights into the extent of alveolar flooding and 
consolidation. These parameters not only improve the reliability of severity stratification but also 
enable clinicians to assess therapeutic responses with greater accuracy [44]. 

6. Conclusions 

In summary, the development of ARDS diagnostic criteria and management strategies represent 
a significant effort to improve patient outcomes by adapting approaches to individual and contextual 
needs. The inclusion of non-invasive respiratory support tools, such as HFNC and NIV, in the 
broader definition of ARDS acknowledge their crucial role in modern clinical practice, particularly in 
resource-limited settings and during global health crises, like occurred for the COVID-19 pandemic. 
While these advancements improve diagnostic inclusivity and accessibility, they also bring 
challenges, such as potential overdiagnosis and variability in diagnostic tools like SpO₂/FiO₂ ratios 
and lung ultrasound. Future perspectives in ARDS research and management point towards 
integrating advanced physiological indices, imaging modalities, and personalized approaches to 
refine diagnosis and stratify disease severity.  
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