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Acute respiratory distress syndrome
Kristen Powers, PA-C

40%, and 46%, respectively in 2014.1 Because ARDS is a 
signifi cant complication of COVID-19 infection, discussion 
of ARDS management has returned to the spotlight with 
increased appreciation of its pervasiveness in the ICU, its 
complexity, and its lethality.

PATHOPHYSIOLOGY
ARDS is a form of severe lung injury that develops after 
an insult (pulmonary or extrapulmonary) to the body. 
Pneumonia accounts for 35% to 50% of cases; sepsis, 
30%; aspiration, 10%; and trauma, 10%.2 Other insults 
such as transfusion reactions and surgeries have been 
observed.3,4 There have been very few cases in which no 
inciting insult has been identifi ed.2

The pathogenesis of ARDS begins with an inappropriate 
host infl ammatory response to an inciting event, causing 
damage to the alveolar endothelium. This results in porous 
membranes that inhibit appropriate gas exchange between 
the pulmonary vasculature and the alveoli. However, this 
process appears to be more complicated than initially 
thought. The epithelium of normal, healthy alveoli is 
semipermeable to allow for homeostasis of hydrostatic 
and oncotic pressures, which promotes exchange of oxygen 
and carbon dioxide. In ARDS, this system is disrupted by 
an inappropriate infl ammatory response (Figure 1).

Although multiple mechanisms likely contribute to the 
pathological cascade of events, the best understood mech-
anism involves the activation of neutrophils. When neu-
trophils are triggered, an infl ammatory cascade is initiated, 
releasing cytokines, procoagulant molecules, oxidants, 
proteases, and other toxic mediators. These toxic metab-
olites cause damage to the lung endothelium and alveolar 
epithelium, which degrades the integrity of their semiper-
meable membranes. These damaged membranes become 
porous, allowing proteins to cross into the interstitium, 
altering the oncotic pressures and, therefore, increasing 
interstitial fl uid.5 The development of protein-dense pul-
monary edema and alveolar infl ammation impairs gas 
exchange and decreases lung compliance.  This catastrophic 
cascade also contributes to endothelial dysfunction, induc-
tion of pulmonary vasoconstriction, formation of micro-
vascular emboli, and potential vascular remodeling, 
resulting in pulmonary hypertension.6

The progression of ARDS is staged based on pathologi-
cal fi ndings and divided into acute, subacute, and chronic 
phases. Although staging is based on histological samples 

ARDS was fi rst described more than 50 years ago and 
has since been recognized as one of the most com-
mon diseases in patients in the ICU, with an excep-

tionally high mortality.1 ARDS places a signifi cant burden 
on ICUs, contributing to about 10% of all ICU admissions 
and 23% of all patients requiring mechanical ventilation 
during hospital admission.1 ARDS has been extensively 
researched over the years because of its high prevalence. In 
1994, the ARDS Network (ARDSNet) was established to 
create protocols and guidelines for treating ARDS.

Although much has been learned about this disease and 
its management, ARDS still carries a signifi cant mortality, 
which correlates to severity of disease.1 Inhospital mortal-
ity for mild, moderate, and severe disease was about 35%, 
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monia or sepsis, which is followed by an inappropriate host 
infl ammatory response that results in pulmonary edema and 
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Learning objectives

 Identify the most common predisposing risk factors for 
ARDS.

 Recognize the diagnosis of ARDS based on the Berlin 
criteria and exclusion of other causes.

 Incorporate evidence-based respiratory and supportive 
therapies to manage patients with ARDS.
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which are not commonly obtained, understanding of the 
progression and clinical context can be used to assess 
disease progression. The acute phase, also known as the 
exudative stage, is present within the fi rst 6 days of disease, 
and characterized by pulmonary edema and endothelial 
and epithelial damage. Days 7 through 14 correlate with 
the subacute phase, also known as the fi broproliferative 
stage, in which edema improves and epithelial repair with 
collagen and fi broblasts begins. The chronic phase, also 
known as the fi brotic stage, typically occurs after 14 days 

Key points

 Corticosteroids are indicated for patients with severe 
ARDS.

 Conservative fluid management reduces the number of 
days patients are on the ventilator and in the ICU.

 Early prone positioning for at least 16 consecutive hours 
reduces patient mortality.

 Most patients will require mechanical ventilation.
 ARDSNet guidelines recommend lung-protective 
ventilation with low tidal volumes (6 to 8 mL/kg of ideal 
body weight) and peak pressures below 30 cm H2O.

and is characterized by clearance of acute neutrophilic 
infi ltration with residual fi brosis. Not all patients progress 
to fi brosis and in some, ARDS resolves without residual 
lung damage.5

DIAGNOSIS
ARDS typically is a clinical diagnosis based on patient 
history and exclusion of other possible causes. Patients 
commonly present with hypoxemia and normal or non-
specifi c chest radiograph fi ndings of bilateral opacifi cations, 
leaving a wide differential diagnosis. Most specifi cally, 
cardiogenic pulmonary edema can present very similarly 
in terms of symptoms and chest radiograph fi ndings. If 
other possible differential diagnoses are either ruled out 
or of low suspicion, then ARDS can be diagnosed based 
on the Berlin criteria:
• Presentation within 1 week of clinical insult
• Bilateral opacifi cation on chest radiograph
• Symptoms that are not better explained to be cardiac in 
origin
• Pao2/Fio2 less than 300 mm Hg.7

Staging of severity is based on the Pao2/Fio2 ratio (P:F), 
with mild disease defi ned as 200 to 300 mm Hg, moderate 

FIGURE 1. Mechanism of ARDS
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positive airway pressure (CPAP) may be satisfactory for 
management of mild disease, many patients with ARDS 
ultimately require mechanical ventilation. The ARDSNet 
protocol supports lung-protective ventilation with low 
tidal volumes of 6 mL/kg of ideal body weight with allow-
ance up to 8 mL/kg if necessary, as long as plateau pressures 
remain less than 30 cm H2O. This method of mechanical 
ventilation has been proven to reduce mortality and 
increase ventilator-free days.11 Plateau pressures are mea-
sured during a held inspiration and represent the pressure 
seen on the alveolar level when fl ow resistance is absent. 
Maintaining peak plateau pressures below 30 cm H2O is 
important in patients with ARDS to reduce barotrauma—
excessive stretching and rupture of alveoli caused by high 
pressure gradients between the alveoli and interstitial 
space. ARDSNet also created PEEP-to-Fio2 guidelines as 
part of its ventilator protocol.12

These ventilation goals can be achieved with either pres-
sure control or volume control modes. Pressure control 
uses variable tidal volume to reach a set pressure. This 
generally is considered more lung-protective than volume 
control ventilation and the superior method for alveolar 
recruitment. On the other hand, volume-control ventilation 
settings apply various pressures to achieve a set tidal vol-
ume. Disadvantages to volume-control mode include higher 
rates of patient-ventilator dyssynchrony and theoretical 
inferiority of alveolar recruitment compared with pressure 
control. Ventilator dyssynchrony also can cause high vari-
ance in tidal volumes, plateau pressures, desaturations, 
and overall patient agitation.

Alternate modes of ventilation for diffi cult-to-oxygenate 
patients also have become more commonly used during the 
pandemic. Airway pressure-release ventilation (APRV) is a 
continuous bilevel pressure mode in which high pressures 
are held for a longer length of time, with quick releases to 

disease as 100 to 200 mm 
Hg, and severe disease as 
less than 100 mm Hg.7 
 Positive end-expiratory 
pressure (PEEP) may affect 
the specifi city and reliabil-
ity of P:F, altering its utility 
as a diagnostic calculation. 
Therefore, the above stag-
ing is only applicable to 
patients mechanically ven-
tilated on at least 5 cm H2O 
of PEEP.7

Patients with a low P:F 
ratio require high Fio2 set-
tings secondary to their 
decreased ability to absorb 
oxygen. In addition to 
hypoxemia seen on arterial 
blood gases, patients also typically have hypercarbia. Just 
as oxygen absorption is impaired, the damaged alveoli 
and vascular epithelium struggle to expel carbon dioxide, 
resulting in respiratory acidosis.

MANAGEMENT
The best evidence for reduction of mortality in ARDS 
management centers on prone positioning and mechanical 
ventilation, but other supportive measures such as gluco-
corticoids, conservative fl uid management, and respiratory 
support with noninvasive ventilation (NIV) are widely 
used. If possible, treat the inciting event.

Prone positioning has recently gained the spotlight in the 
supportive management of patients with COVID-19, but 
studies demonstrating its effectiveness were published years 
before the pandemic began. Proning was an underused 
practice in many hospitals before the COVID-19 pandemic, 
likely because of its logistic complexity and clinicians’ 
overall lack of experience with managing a prone patient. 
Early prone positioning for at least 16 consecutive hours 
has been proven to reduce mortality rates in patients with 
severe ARDS and P:F less than 150 mm Hg, and is presumed 
to be more effective in more severe disease.8 Prone position-
ing is believed to improve ventilation-perfusion matching 
with less gravity-dependent atelectasis, help secretions drain, 
and reduce ventilator-induced lung injury.8 Recent studies 
evaluating COVID-19 and prone positioning describe 
improvement in P:F for patients on noninvasive ventilation 
and reduced mortality for those mechanically ventilated.9,10 
Complications of prone positioning include pressure ulcers, 
dependent edema specifi cally of the face, and dislodgement 
of endotracheal and invasive tubing.8

Although noninvasive ventilation measures such as 
standard nasal cannula, heated high-fl ow nasal cannula, 
and bilevel positive airway pressure (BiPAP) or continuous 

FIGURE 2. APRV waveform
Reprinted with permission from Frawley PM, Habashi NM. Airway pressure release ventilation: theory and 
 practice. AACN Clin Issues. 2001;12(2):234-246.
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critical illness commonly seen in patients in the ICU may 
be profound.

Fluid management is of high importance in the manage-
ment of ARDS due to the propensity for patients to develop 
pulmonary edema. Conservative fl uid management with 
diuretics and restricted fl uid intake has been shown to 
reduce number of patient days on the ventilator and in 
the ICU.18 Controversy continues about the possible det-
rimental effects of conservative fl uid management on 
end-organ failure in patients with ARDS, particularly its 
toll on kidney function. However, current evidence dem-
onstrates that conservative fl uid management does not 
increase the rate of acute kidney injury and does not 
increase mortality when serum creatinine is adjusted for 
fl uid status.19

For patients who still fail to oxygenate or ventilate on 
traditional supportive measures for ARDS, maximum lung 
support can be achieved with extracorporeal membrane 
oxygenation (ECMO). Venous-venous ECMO is used to 
bypass the lungs and is reserved for patients with severe, 
refractory ARDS who have not responded to standard 
supportive therapies. Current evidence indicates that early 
use of ECMO for patients with severe ARDS decreases 
90-day mortality compared with conventional ventilatory 
support.20 The only absolute contraindication to ECMO 
support is preexisting conditions that are incompatible 
with meaningful recovery, such as anoxia or other types 
or irreversible organ failure, that limit survival. Potential 
major complications include bleeding and thromboembo-
lism. ECMO is resource-intensive and not available in all 
hospitals. Ultimately, the decision to cannulate a patient 
for ECMO is up to the clinician, with careful consideration 
of the patient’s condition and possible outcomes.

PREVENTION
As research in ARDS management advances, the focus now 
includes prevention and early treatment. The PETAL Network 

(Prevention and Early 
Detection of Acute Lung 
Injury) was created in 2016 
by the National Heart, 
Lung, and Blood Institute. 
This network contributes 
to the development of 
evidence-based knowledge 
of ARDS prevention and 
early treatment by creating 
and conducting random-
ized controlled studies. 
Active studies are evaluat-
ing the early use of neuro-
muscular blockading 
agents and the use of vita-
min D on patient out-
comes. In 2020, the PETAL 

low pressure with the intention to maximize alveolar recruit-
ment (Figure 2). Although some studies evaluating APRV 
in patients with ARDS consider this mode a suitable alter-
ative to standard lung-protective ventilation, the data are 
quite variable and few studies compare APRV directly to 
low tidal volume ventilation.13 APRV also requires its own 
knowledge and skill set. For this reason, clinicians who are 
less familiar with APRV may be less inclined to use this 
setting. Ultimately, APRV generally is used as a mode for 
patients with hypoxemia refractory to standard low tidal 
volume ventilation.

High-frequency oscillatory ventilation (HFOV) uses an 
oscillator pump to deliver very high respiratory rates with 
tidal volumes lower than anatomical dead space to provide 
a constant mean airway pressure. Figure 3 demonstrates the 
waveform of HFOV compared with conventional ventila-
tion. However, summary of the evidence in HFOV for ARDS 
recommends against routine use of this mode of ventilation 
because of lack of reduction and possible increase in hospi-
tal mortality.14 Anecdotally, HFOV has been used during 
the COVID-19 pandemic as a last-ditch, salvage method of 
ventilation for patients with refractory hypoxemia.

Sedation and analgesia are essential for patients on 
mechanical ventilation, to maintain ventilator compliance 
and reduce oxygen consumption. Some patients also may 
need neuromuscular blockade to induce paralysis and 
improve oxygenation.15 However, sedation, analgesia, 
and neuromuscular blockade should be used with caution.

Additional supportive measures such as the use of cor-
ticosteroids generally is reserved for patients with moder-
ate to severe ARDS who are early in the disease course 
and need oxygen support.16 Dexamethasone is reserved 
for patients with ARDS who require oxygen supplementa-
tion because no clinical benefi t has been found in patients 
who were not on respiratory support.17 The main compli-
cation of corticosteroid use in patients with ARDS is 
hyperglycemia, which combined with hyperglycemia of 

FIGURE 3. HFOV waveform compared with conventional ventilation waveform
Reprinted with permission from Chan KPW, Stewart TE, Mehta S. High-frequency oscillatory ventilation for adult 
patients with ARDS. Chest J. 2007;131(6):1907-1916
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 8. Sud S, Friedrich JO, Taccone P, et al. Prone ventilation reduces 
mortality in patients with acute respiratory failure and severe 
hypoxemia: systematic review and meta-analysis. Intensive Care 
Med. 2010;36(4):585-599.

 9. Coppo A, Bellani G, Winterton D, et al. Feasibility and physiologi-
cal effects of prone positioning in non-intubated patients with 
acute respiratory failure due to COVID-19 (PRON-COVID): a 
prospective cohort study. Lancet Respir Med. 2020;8(8):765-774.

 10. Shelhamer MC, Wesson PD, Solari IL, et al. Prone positioning in 
moderate to severe acute respiratory distress syndrome due to 
COVID-19: a cohort study and analysis of physiology. J Intensive 
Care Med. 2021;36(2):241-252.

 11. Acute Respiratory Distress Syndrome Network, Brower RG, 
Matthay MA, Morris A, et al. Ventilation with lower tidal 
volumes as compared with traditional tidal volumes for acute 
lung injury and the acute respiratory distress syndrome. N Engl J 
Med. 2000;342(18):1301-1308.

 12. ARDSnet. Ventilator protocol. www.ardsnet.org/fi les/ventila-
tor_protocol_2008-07.pdf. Accessed December 9, 2021.

 13. Fredericks AS, Bunker MP, Gliga LA, et al. Airway pressure 
release ventilation: a review of the evidence, theoretical benefi ts, 
and alternative titration strategies. Clin Med Insights Circ Respir 
Pulm Med. 2020;14:1179548420903297.

 14. Fan E, Del Sorbo L, Goligher EC, et al. An offi cial American Tho-
racic Society/European Society of Intensive Care Medicine/Society 
of Critical Care Medicine clinical practice guideline: mechanical 
ventilation in adult patients with acute respiratory distress 
syndrome. Am J Respir Crit Care Med. 2017;195(9):1253-1263.

 15. Gainnier M, Roch A, Forel J-M, et al. Effect of neuromuscular 
blocking agents on gas exchange in patients presenting with acute 
respiratory distress syndrome. Crit Care Med. 2004;32(1):113-119.

 16. Annane D, Pastores SM, Rochwerg B, et al. Guidelines for the 
diagnosis and management of critical illness-related corticoste-
roid insuffi ciency (CIRCI) in critically ill patients (part I). 
Intensive Care Med. 2017;43(12):1751-1763.

 17. RECOVERY Collaborative Group, Horby P, Lim WS, Emberson 
JR, et al. Dexamethasone in hospitalized patients with COVID-19. 
N Engl J Med. 2021;384(8):693-704.

 18. National Heart, Lung, and Blood Institute Acute Respiratory 
Distress Syndrome (ARDS) Clinical Trials Network, Wiedemann 
HP, Wheeler AP, Bernard GR, et al. Comparison of two 
fl uid-management strategies in acute lung injury. N Engl J Med. 
2006;354(24):2564-2575.

 19. Liu KD, Thompson BT, Ancukiewicz M, et al. Acute kidney 
injury in patients with acute lung injury: impact of fl uid 
accumulation on classifi cation of acute kidney injury and 
associated outcomes. Crit Care Med. 2011;39(12):2665-2671.

 20. Combes A, Peek GJ, Hajage D, et al. ECMO for severe ARDS: 
systematic review and individual patient data meta-analysis. 
Intensive Care Med. 2020;46(11):2048-2057.

Network has transitioned its efforts entirely to COVID-19 
research, evaluating hydroxychloroquine and collecting 
comprehensive retrospective and prospective data on hos-
pitalized patients with COVID-19.

CONCLUSION
ARDS makes up a signifi cant portion of ICU admissions 
with increasing incidence as the COVID-19 pandemic 
continues. Despite extensive research, mortality still remains 
high; therefore, prompt recognition by clinicians is vital. 
Diagnosis of ARDS may be hidden beneath the inciting 
event, precipitating its cause and can present similarly to 
a multitude of other diseases, so it must always be on the 
differential for patients with hypoxemia. JAAPA
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