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Abstract 

Acute Respiratory Distress Syndrome (ARDS) is a serious medical condition marked by significant 
low oxygen levels in the blood, bilateral lung infiltrates, and extensive lung inflammation. It is often 

caused by a range of direct or indirect injuries to the lungs. Despite considerable advances in 

understanding the pathophysiology of ARDS, its complex and multifactorial nature continues to 
challenge clinicians in both diagnosis and management. This review provides a comprehensive 

analysis of the pathogenesis of ARDS, focusing on the inflammatory cascade, endothelial and 

epithelial injury, and the disruption of the alveolar-capillary barrier. Grasping these mechanisms is 

essential for recognizing possible treatment targets and enhancing patient recovery. The diagnostic 
approach to ARDS involves the recognition of clinical features such as rapid onset of respiratory 

failure, refractory hypoxemia, and imaging findings that exclude other potential causes of respiratory 

distress. Developments in imaging technologies, like high-resolution CT scans, have greatly enhanced 
the accuracy of diagnoses. Furthermore, recent studies emphasize the role of biomarkers in the early 

detection and prognostication of ARDS. In terms of management, current strategies are largely 

focused on mechanical ventilation with low tidal volumes to minimize ventilator-induced lung injury. 
Adjunct therapies, such as prone positioning and extracorporeal membrane oxygenation (ECMO), 

have shown promise in improving oxygenation and reducing mortality rates in severe cases. 

Innovative treatment modalities, including anti-inflammatory agents, stem cell therapy, and surfactant 

replacement, are under investigation and may offer new hope for ARDS patients in the future. 
This review aims to provide an in-depth understanding of ARDS from its underlying pathogenesis to 

the evolving management strategies, offering insights into improving both the prevention and 

treatment of this life-threatening syndrome. 
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Introduction 

Acute Respiratory Distress Syndrome (ARDS) is a critical condition marked by severe respiratory 

failure, presenting as a sudden onset of low oxygen levels in the blood and bilateral lung infiltrates. 
First described in the 1960s, ARDS has become a critical concern in intensive care units (ICUs) 

around the world, affecting patients with a wide range of underlying conditions, including trauma, 

pneumonia, aspiration, and sepsis. Despite significant advancements in medical science, ARDS 
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continues to present a substantial clinical challenge, marked by high morbidity and mortality, even 
with modern treatment strategies. The complexity of ARDS lies not only in its multifactorial nature 

but also in the intricate pathophysiological processes that drive its progression. This review aims to 

provide a comprehensive understanding of ARDS, from its underlying pathogenesis to current 

management strategies and emerging therapies that may reshape the future of care for affected 
patients [1]. 

 

Pathophysiology of ARDS 

ARDS develops as a result of various direct and indirect lung injuries, triggering an acute 

inflammatory response that causes lung damage. The pathophysiology of ARDS is complex, with 

inflammation being a key factor. Following lung injury, several pro-inflammatory mediators like 
cytokines, chemokines, and growth factors are released, setting off a chain of inflammatory events. 

These substances activate endothelial and epithelial cells, which increases blood vessel permeability 

and disrupts the alveolar-capillary barrier. The alveolar-capillary membrane becomes leaky, allowing 

protein-rich fluid to accumulate in the alveolar spaces, causing pulmonary edema. 
The increased permeability of the alveolar-capillary barrier worsens the condition by allowing 

inflammatory cells and fluid to accumulate, which disrupts normal gas exchange. Moreover, damage 

to the lung's epithelial cells causes surfactant dysfunction, leading to alveolar collapse, reduced lung 
compliance, and decreased oxygenation. This results in severe hypoxemia and impaired lung function, 

culminating in respiratory failure, a hallmark of ARDS [2,3]. 

 
ARDS can be classified based on the degree of hypoxemia, usually categorized as mild, moderate, or 

severe, depending on the PaO2/FiO2 ratio. In severe cases, advanced treatments such as mechanical 

ventilation and extracorporeal membrane oxygenation (ECMO) may be required [4]. 

 
Risk Factors and Causes 

ARDS can be triggered by various causes, both direct and indirect. Direct causes involve conditions 

like pneumonia, aspiration of stomach contents, and inhalation of harmful substances, which directly 
damage the alveoli. Indirect causes, on the other hand, often involve systemic inflammatory responses 

that affect the lungs, such as in the case of sepsis, trauma, or pancreatitis. Aspiration of food or gastric 

contents into the lungs can trigger a severe inflammatory response, resulting in rapid progression to 

ARDS. Additionally, inhalation of noxious substances, such as smoke or chemicals, can also cause 
direct damage to the pulmonary tissue, leading to the onset of ARDS. 

Sepsis is one of the most common indirect causes of ARDS. In sepsis, the body’s response to infection 

leads to a systemic inflammatory response, with widespread release of pro-inflammatory cytokines 
and other mediators that can damage the lung’s vasculature. Other factors contributing to ARDS 

include trauma, especially chest trauma, and multiple organ failure. The direct injury to the lung 

parenchyma, compounded by systemic inflammation, sets the stage for ARDS to develop in these 
critically ill patients [5]. 

 

Diagnosis of ARDS 

The diagnosis of ARDS is based on the sudden onset of respiratory failure, accompanied by arterial 
hypoxemia and bilateral lung infiltrates on chest imaging, while excluding other causes of pulmonary 

edema, such as heart failure. The Berlin definition, established in 2012, has become the standard 

criteria for diagnosing ARDS. This definition categorizes ARDS based on the degree of hypoxemia 
and the timing of onset of symptoms, emphasizing the need for exclusion of other potential causes of 

respiratory distress. The PaO2/FiO2 ratio is used to classify the severity of ARDS, ranging from mild 

to severe. 
Clinical manifestations of ARDS typically include rapid onset of shortness of breath, labored 

breathing, and hypoxemia, often requiring supplemental oxygen to maintain adequate oxygen 

saturation. Chest X-rays or CT scans are vital tools in identifying bilateral infiltrates, which help 

differentiate ARDS from other causes of respiratory failure. In recent years, there has been growing 
interest in utilizing biomarkers as diagnostic tools, which could enable earlier detection and prognosis 

of ARDS [6]. 

 



However, biomarkers for ARDS remain a topic of ongoing research, as they may assist in 
distinguishing ARDS from other causes of acute lung injury and guide treatment strategies. 

 

Current Management Strategies 

The management of ARDS has evolved considerably over the past few decades. The cornerstone of 
treatment for ARDS remains supportive care, with the primary goal being to optimize oxygenation 

while minimizing further lung injury. Mechanical ventilation is the most commonly used intervention, 

but traditional methods of ventilation, such as high tidal volumes, have been shown to cause 
ventilator-induced lung injury (VILI). As a result, low tidal volume ventilation, also known as lung-

protective ventilation, has become the standard of care. The use of low tidal volumes (approximately 

6 mL/kg of ideal body weight) has been shown to improve survival rates in ARDS patients and reduce 
the risk of VILI [7]. 

In addition to lung-protective ventilation, other supportive methods, such as prone positioning, have 

proven beneficial in enhancing oxygenation and reducing mortality. This technique involves placing 

patients in a prone position, which helps distribute ventilation more evenly and promotes better 
alveolar recruitment. Prone positioning is particularly useful for patients with moderate to severe 

ARDS, as it has been shown to improve gas exchange and decrease ventilator-associated 

complications, ultimately lowering mortality rates. 
 

Extracorporeal membrane oxygenation (ECMO) has emerged as an advanced treatment for severe 

ARDS when conventional therapies are ineffective. ECMO provides both cardiac and respiratory 
support by oxygenating blood outside the body, allowing the lungs to rest and recover. While ECMO 

requires significant resources, it has shown favorable outcomes in patients with persistent hypoxemia 

or respiratory failure [8]. 

 
Emerging Therapies and Future Directions 

Despite the significant progress in ARDS management, much remains to be understood about the 

underlying mechanisms and optimal treatment strategies. Current research is exploring several 
promising therapies, including anti-inflammatory agents, stem cell therapies, and surfactant 

replacement therapies, with the aim of reducing the inflammation and injury that drive ARDS 

progression. Additionally, new approaches to ventilator management, including high-frequency 

oscillatory ventilation (HFOV) and individualized ventilation strategies, are under investigation to 
further improve patient outcomes. 

 

Table 1: Pathophysiology of ARDS 

Pathophysiological Event Description Clinical Impact 

Injury to the Alveolar-

Capillary Membrane 

Disruption of the alveolar-capillary 

barrier results in increased vascular 

permeability and fluid accumulation. 

Pulmonary edema, impaired 

gas exchange, and 

hypoxemia. 

Inflammatory Cascade 

Activation 

Inflammatory mediators such as 

cytokines and chemokines are released, 

initiating systemic inflammation. 

Recruitment of neutrophils, 

increased permeability, and 

tissue damage. 

Surfactant Dysfunction 

Damage to type II pneumocytes leads 

to loss of surfactant production, 

causing alveolar collapse. 

Decreased lung compliance, 

further worsening 

oxygenation. 

 

 

Table 2: Risk Factors and Causes of ARDS 

Risk Factor/Cause Description Examples 

Direct Lung 

Injury 

Physical injury to the lung 

parenchyma, leading to an 

inflammatory response in the alveoli. 

Pneumonia, aspiration, inhalation 

of toxins, trauma. 



Risk Factor/Cause Description Examples 

Indirect Lung 

Injury 

Systemic inflammation affecting the 

lungs via circulating inflammatory 

mediators. 

Sepsis, pancreatitis, massive 

transfusion, multiple trauma. 

Pre-existing 

Health Conditions 

Conditions that increase vulnerability 

to ARDS development, often 

exacerbating the initial injury. 

Chronic alcohol abuse, diabetes 

mellitus, immunocompromised 

states. 

 

Table 3: Management Strategies in ARDS 

Strategy Description Evidence/Outcome 

Low Tidal Volume 

Ventilation (LTVV) 

Ventilation using smaller tidal 

volumes (6 mL/kg ideal body weight) 

to reduce ventilator-induced lung 

injury (VILI). 

Demonstrated to improve 

survival and reduce VILI 

(ARDSNet Study). 

Prone Positioning 

Positioning the patient on their 

stomach to improve lung perfusion 

and oxygenation. 

Reduces mortality, particularly 

in severe ARDS cases 

(PROSEVA Trial). 

Extracorporeal 

Membrane 

Oxygenation (ECMO) 

Use of ECMO to provide oxygenation 

and support the heart and lungs 

when conventional ventilation fails. 

Shows promise in severe ARDS 

with refractory hypoxemia 

(EOLIA Trial). 

 
1. As detailed in Table 1, ARDS results from disruptions to the alveolar-capillary barrier, leading 

to pulmonary edema and impaired oxygenation. 

2. The key risk factors and causes of ARDS are summarized in Table 2, highlighting the 

distinction between direct and indirect lung injuries. 
3. The management strategies for ARDS, including low tidal volume ventilation, prone 

positioning, and ECMO, have shown positive clinical outcomes, as presented in Table 3. 

These tables offer a structured summary of the complex features of ARDS and illustrate the current 
state of clinical understanding and treatment options. 

 

 

Discussion 

Acute Respiratory Distress Syndrome (ARDS) continues to be one of the most demanding conditions 

in critical care because of its intricate pathophysiology, diverse causes, and high mortality rate. 

The pathophysiological mechanisms driving ARDS are multifactorial, involving injury to the alveolar-
capillary membrane, activation of inflammatory cascades, and surfactant dysfunction, all of which 

contribute to impaired gas exchange and severe hypoxemia. As outlined in the pathophysiology 

section, the progression of ARDS is driven by an imbalance between pro-inflammatory mediators and 
the body’s ability to resolve inflammation, which results in widespread lung damage and respiratory 

failure. Despite significant advances in understanding the mechanisms behind ARDS, effective 

interventions remain limited. Current diagnostic criteria, such as the Berlin definition, have facilitated 

the identification of ARDS in its various stages, allowing for earlier intervention. However, diagnosis 
remains challenging in some cases due to the overlap of symptoms with other conditions that cause 

respiratory failure, such as pneumonia and heart failure. As ARDS continues to be a critical concern, 

identifying reliable biomarkers for early detection and prognostication remains an active area of 
research [9]. 

Therapeutically, while lung-protective ventilation strategies, such as low tidal volume ventilation, 

have improved outcomes, the management of ARDS remains largely supportive. Adjunctive 
treatments such as prone positioning and ECMO have shown promising results, particularly in severe 

cases of ARDS. However, the high resource demand and potential complications associated with these 

interventions call for careful patient selection. Ongoing research into novel pharmacological agents 

and personalized treatment approaches may offer hope for improving patient outcomes in the future 
[10]. 



 
Conclusion 

ARDS continues to be one of the most difficult conditions in critical care, necessitating a team-based 

approach for diagnosis, management, and treatment. A thorough understanding of its pathophysiology 

and associated risk factors is crucial for enhancing early detection and intervention. While current 
management strategies, such as lung-protective ventilation and prone positioning, have improved 

outcomes, emerging therapies hold promise for improving survival rates and reducing long-term 

complications in ARDS patients. The continued advancement in research will undoubtedly provide 
new insights into this complex syndrome, offering hope for better therapeutic options in the future. 

 

 
 

 

 

References: 

 

 

1. ARDS Definition Task Force; Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, 
Caldwell E, Fan E, Camporota L, Slutsky AS. Acute respiratory distress syndrome: the Berlin 

Definition. JAMA. 2012 Jun 20;307(23):2526-33. doi: 10.1001/jama.2012.5669. PMID: 

22797452. 
2. Thompson BT, Chambers RC, Liu KD. Acute Respiratory Distress Syndrome. N Engl J Med. 

2017 Aug 10;377(6):562-572. doi: 10.1056/NEJMra1608077. PMID: 28792873.  

3. Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, Mercier E, Badet M, 

Mercat A, Baudin O, Clavel M, Chatellier D, Jaber S, Rosselli S, Mancebo J, Sirodot M, 
Hilbert G, Bengler C, Richecoeur J, Gainnier M, Bayle F, Bourdin G, Leray V, Girard R, 

Baboi L, Ayzac L; PROSEVA Study Group. Prone positioning in severe acute respiratory 

distress syndrome. N Engl J Med. 2013 Jun 6;368(23):2159-68. doi: 
10.1056/NEJMoa1214103. Epub 2013 May 20. PMID: 23688302.  

4. Tremblay LN, Slutsky AS. Ventilator-induced lung injury: from the bench to the bedside. 

Intensive Care Med. 2006 Jan;32(1):24-33. doi: 10.1007/s00134-005-2817-8. Epub 2005 Oct 

18. PMID: 16231069. 
5. Combes A, Hajage D, Capellier G, Demoule A, Lavoué S, Guervilly C, Da Silva D, Zafrani 

L, Tirot P, Veber B, Maury E, Levy B, Cohen Y, Richard C, Kalfon P, Bouadma L, Mehdaoui 

H, Beduneau G, Lebreton G, Brochard L, Ferguson ND, Fan E, Slutsky AS, Brodie D, Mercat 
A; EOLIA Trial Group, REVA, and ECMONet. Extracorporeal Membrane Oxygenation for 

Severe Acute Respiratory Distress Syndrome. N Engl J Med. 2018 May 24;378(21):1965-

1975. doi: 10.1056/NEJMoa1800385. PMID: 29791822. 
6. Mang S, Karagiannidis C, Lepper PM. Wenn maschinelle Beatmung nicht mehr ausreicht – 

venovenöse extrakorporale Membranoxygenierung [When mechanical ventilation fails-

Venovenous extracorporeal membrane oxygenation]. Inn Med (Heidelb). 2023 

Oct;64(10):922-931. German. doi: 10.1007/s00108-023-01586-y. Epub 2023 Sep 18. PMID: 
37721597. 

7. Combes A, Bréchot N, Luyt CE, Schmidt M. Indications for extracorporeal support: why do 

we need the results of the EOLIA trial? Med Klin Intensivmed Notfmed. 2018 Feb;113(Suppl 
1):21-25. English. doi: 10.1007/s00063-017-0371-0. Epub 2017 Nov 17. PMID: 29149363. 

8. Munshi L, Walkey A, Goligher E, Pham T, Uleryk EM, Fan E. Venovenous extracorporeal 

membrane oxygenation for acute respiratory distress syndrome: a systematic review and 
meta-analysis. Lancet Respir Med. 2019 Feb;7(2):163-172. doi: 10.1016/S2213-

2600(18)30452-1. Epub 2019 Jan 11. PMID: 30642776. 

9. Sauer CM, Yuh DD, Bonde P. Extracorporeal membrane oxygenation use has increased by 

433% in adults in the United States from 2006 to 2011. ASAIO J. 2015 Jan-Feb;61(1):31-6. 
doi: 10.1097/MAT.0000000000000160. PMID: 25303799. 

10. Grasselli G, Calfee CS, Camporota L, Poole D, Amato MBP, Antonelli M, Arabi YM, 

Baroncelli F, Beitler JR, Bellani G, Bellingan G, Blackwood B, Bos LDJ, Brochard L, Brodie 



D, Burns KEA, Combes A, D'Arrigo S, De Backer D, Demoule A, Einav S, Fan E, Ferguson 
ND, Frat JP, Gattinoni L, Guérin C, Herridge MS, Hodgson C, Hough CL, Jaber S, 

Juffermans NP, Karagiannidis C, Kesecioglu J, Kwizera A, Laffey JG, Mancebo J, Matthay 

MA, McAuley DF, Mercat A, Meyer NJ, Moss M, Munshi L, Myatra SN, Ng Gong M, 

Papazian L, Patel BK, Pellegrini M, Perner A, Pesenti A, Piquilloud L, Qiu H, Ranieri MV, 
Riviello E, Slutsky AS, Stapleton RD, Summers C, Thompson TB, Valente Barbas CS, Villar 

J, Ware LB, Weiss B, Zampieri FG, Azoulay E, Cecconi M; European Society of Intensive 

Care Medicine Taskforce on ARDS. ESICM guidelines on acute respiratory distress 
syndrome: definition, phenotyping and respiratory support strategies. Intensive Care Med. 

2023 Jul;49(7):727-759. doi: 10.1007/s00134-023-07050-7. Epub 2023 Jun 16. PMID: 

37326646; PMCID: PMC10354163.  


