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 Review causes and differentials for ARDS

 Review pathophysiology 

 Discuss clinical findings in ARDS

 Discuss treatment options



 Epidemiology

◦ Annual incidence:  60/100,000

◦ 20% ICU patients meet criteria for ARDS

 Morbidity / Mortality

◦ 26-44%, most (80%) deaths attributed to non-
pulmonary organ failure or sepsis

 Risk Factors
◦ Advanced age, pre-existing organ dysfunction or chronic 

medical illness

◦ Patient with ARDS from direct lung injury has higher 
incidence of death than those from non-pulmonary injury

Levy BD, & Choi AM, Harrison’s Principles of Internal Medicine, 2012



Bernard et al.  AJRCCM 1994; 149:818
Rice et al.  Chest 2007: 132: 410





 Definitions of acute lung injury (ALI) and acute respiratory 
distress syndrome (ARDS) have varied over time

 First described by Ashbaugh and Petty in 1967 in a case 
series of 12 ICU patients with persistent tachypnea and 
hypoxemia, opacification on chest radiographs and poor 
lung compliance with varied causes

 No common definition of ARDS x 20 years
 1994 AECC definition became globally accepted, but had 

limitations
 Current definition is the ‘Berlin Definition’ published in 

2013, which was created by a consensus panel of experts 
convened in 2011 (an initiative of the European Society of 
Intensive Care Medicine endorsed by the American 
Thoracic Society and the Society of Critical Care Medicine)



 ARDS is an acute diffuse, inflammatory lung 
injury, leading to increased pulmonary 
vascular permeability, increased lung weight, 
and loss of aerated lung tissue…[with] 
hypoxemia and bilateral radiographic 
opacities, associated with increased venous 
admixture, increased physiological dead 
space and decreased lung compliance.

et al. JAMA 2012; 307:2530



et al. JAMA 2012; 307:2530



ARDS network N Engl J Med 2000; 342:1301

Pneumonia

35%



 Left ventricular failure/volume overload

 Mitral stenosis

 Pulmonary veno-occlusive disease

 Lymphangitic spread of malignancy

 Interstitial  and/or airway disease
◦ Hypersensitivity pneumonia

◦ Acute eosinophilic pneumonia

◦ Acute interstitial pneumonitis



1.  Direct or indirect injury to 

the alveolus causes alveolar 

macrophages to release pro-

inflammatory cytokines

Ware et al. NEJM 2000; 342:1334



2.  Cytokines attract 

neutrophils into the alveolus 

and interstitum, where they 

damage the alveolar-capillary 

membrane (ACM).  

Ware et al. NEJM 2000; 342:1334



3. ACM integrity is lost, 

interstitial and alveolus fills with 

proteinaceous fluid, surfactant 

can no longer support alveolus 

Ware et al. NEJM 2000; 342:1334



 Consequences of lung injury include:
◦ Impaired gas exchange

◦ Decreased compliance

◦ Increased pulmonary arterial pressure



 V/Q mismatch
◦ Related to filling of alveoli

◦ Shunting causes hypoxemia

 Increased dead space
◦ Related to capillary dead space and V/Q mismatch

◦ Impairs carbon dioxide elimination

◦ Results in high minute ventilation



 Hallmark of ARDS

 Consequence of the stiffness of poorly or 
nonaerated lung

 Fluid filled lung becomes stiff/boggy

 Requires increased pressure to deliver Vt



 Occurs in up to 25% of ARDS patients

 Results from hypoxic vasoconstriction

 Positive airway pressure causing vascular 
compression

 Can result in right ventricular failure



 Treat the underlying cause

 Low tidal volume ventilation

 Use PEEP

 Monitor Airway pressures

 Conservative fluid management

 ECMO



Hypothesis:
In patients with ALI, ventilation with smaller tidal volumes (6 mL/kg) 

will result in better clinical outcomes than traditional tidal volumes (12 

mL/kg) ventilation.

ARDS Network N Engl J Med 2000; 342:1301



• When compared to larger tidal volumes, Vt of 6ml/kg of 
ideal body weight:
• Decreased mortality
• Increased number of ventilator free days
• Decreased extrapulmonary organ failure

• Mortality is decreased in the low tidal volume group 
despite these patients having:
• Worse oxygenation
• Increased pCO2 (permissive hypercapnia)
• Lower pH

ARDSnet.  NEJM 2000; 342: 1301



ARDS affects the lung in a 

heterogeneous fashion

• Normal alveoli

• Injured alveoli can 

potentially participate in gas 

exchange, susceptible to 

damage from opening and 

closing

• Damaged alveoli filled with 

fluid, do not participate in 

gas exchange



 Protective measure to avoid over distention of 
normal alveoli

 Uses low (normal) tidal volumes

 Minimizes airway pressures

 Uses Positive end-expiratory pressure (PEEP) 



Hypothesis:

In patients with ALI ventilated with 6 mL/kg, higher levels of 

PEEP will result in better clinical outcomes than lower levels of 

PEEP.

N Engl J Med 2004; 351:327



 Higher levels of PEEP/FiO2 does not improve 
outcomes 
◦ May negatively impact outcomes:

 Causing increased airway pressure

 Increase dead space

 Decreased venous return

 Barotrauma



• Positive End Expiratory Pressure

• Every ARDS patient needs it

• Goal is to maximize alveolar recruitment and 
prevent cycles of recruitment/derecruitment



Meade, M et al, JAMA.  2008; 299(6):637-645

-983 patients, randomized into control group with ALI 

protocol, low Vt and PEEP vs. Open lung group with low 

Vt, higher PEEP and recruitment maneuvers

-No statistically significant difference in mortality 

outcomes



Mercatt, M, et al. JAMA. 2008; 299(6):646-655.

-Multicenter randomized trial, 767 patients.  Set a PEEP aimed to 

increase alveolar recruitment while limiting hyperinflation

-Randomly assigned two groups:  moderate PEEP (5-9cm H2O) vs. 

level of PEEP to reach a plateau pressure of 28-30cm H2O

-Found that it didn’t significantly reduce mortality; however, it did 

improve lung function and decreased days on vent and organ failure 

duration



 As FiO2 increases, PEEP should also increase

ARDSnet.  NEJM 2004; 351, 327





 Plateau pressure is most predictive of lung 
injury

 Goal plateau pressure < 30, the lower the better
• Decreases alveolar over-distention and reduces 

risk of lung strain

 Adjust tidal volume to ensure plateau pressure 
at goal

 It may be permissible to have plateau pressure 
> 30 in some cases
• Obesity
• Pregnancy
• Ascites

Terragni et al.  Am J Resp Crit Care Med. 2007; 

175(2):160



 Assess cause of high Plateau Pressures

 Common causes:
◦ Stiff, non-compliant lung: ARDS, heart failure

◦ Pneumothorax

◦ Auto-peeping

◦ Mucus Plug

◦ Right main stem intubation

◦ Compartment syndrome

◦ Chest wall fat / Obesity



Peak Inspiratory Pressure

Plateau Pressure

PEEP

Airway 

Pressures

Time



N Engl J Med 2006; 354: 2213

Fluid and Catheter Treatment Trial

--No need for routine PAC use is ALI patients

--Support use of conservative strategy fluid 

management in patients with ALI



 Using the data from a PAC compared to that from 
a CVC in an explicit protocol:

◦ Did not alter survival.

◦ Did not improve organ function.

◦ Did not change outcomes for patients entering 
in shock compared to those without shock.

 PAC use resulted in more non-fatal 
complications, mostly arrhythmias.

N Engl J Med 2006; 354: 2213



N Engl J Med. 2006;354:2564 

~Hypothesis: Diuresis or fluid restriction may improve lung 

function but could jeopardize extrapulmonary organ perfusion

~Conclusion: Conservative fluid management improved lung 

function and shortened mechanical ventilation times and ICU days 

without increasing nonpulmonary organ failures



• Increased lung water is the 

underlying cause of many of 

the clinical abnormalities in 

ARDS (decreased compliance, 

poor gas exchange, 

atelectasis)

• After resolution of shock, effort 

should be made to attempt 

diuresis

• Shortens time on vent and ICU 

length of stay (13 days vs 11 

days)

ARDSnet.  NEJM 2006; 354: 2564



Hypothesis:  Early application of prone positioning would 

improve survival in patients with severe ARDS.

Conclusion:  Early application of prolonged prone 

positioning significantly decreased 28 day and 90 

mortality in patients with severe ARDS.  

Guerin et al. NEJM. 2013; 368:2159



 INDICATIONS

 Severe ARDS with life threatening, refractory hypoxemia

 May also be used for patients with posterior wounds, 
burns and skin flaps

 CONTRAINDICATIONS

 Untrained staff

 Increased intracranial pressure

 Increased abdominal pressure

 Abdominal and chest wounds

 C-spine precautions

 Extreme obesity

 Hemodynamic instability

http://lifeinthefastlane.com/ccc/prone-position-and-mechanical-

ventilation/



 PROCEDURE

 assemble sufficient trained staff to coordinate 
positioning safely

 provide padding and support for potential pressure 
areas (face, upper chest, pelvis, knees)

 turn patient prone

 abdomen should hang between two pillows/ 
supports

 duration varies among protocols (e.g. 6-16 hours a 
day for up to 10 days)

http://lifeinthefastlane.com/ccc/prone-position-and-mechanical-

ventilation/



 Optimization of V/Q matching
 Increase in FRC
 Reduced atelectasis
 Facilitates secretion drainage
 Less lung deformation -> increased ventilation
 Abdomen less distended -> increase in FRC
 Heart against sternum -> lung is less compressed
 Decreased transpleural pressure gradient 
 Plateau pressure more uniformly distributed -> more uniform 

alveolar ventilation
 Recruitment manuevers have been shown to be more effective 
 Altered chest wall mechanics -> lungs inflate at lower 

pressures
 Dorsoventral orientation of large airways

http://lifeinthefastlane.com/ccc/prone-position-and-mechanical-

ventilation/
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 Decreased enteral nutrition
 ETT obstruction or dislodgement
 Chest tube and abdominal drain dislodgement
 Increased intrabdominal pressure
 Increased intracranial pressure
 Difficulty monitoring (e.g. ECG lead placement)
 Difficult to perform procedures or reintubate
 May delay referal to other potentially life-saving 

measures such as ECMO
 Pressure trauma:

http://lifeinthefastlane.com/ccc/prone-position-and-mechanical-

ventilation/





 Mechanical Trouble (tubing, ventilator, ptx, 
plugging)

 Neuromuscular blockade

 Recruitment maneuvers – positioning, “good lung 
down” optimizes V/Q mismatch

 Increase PEEP

 Inhaled alprostadil 
◦ When inhaled, the vasodilator reaches the normal lung,  is 

concentrated in normal lung segments and recruits blood 
flow to functional alveoli where it is oxygenated. This 
decreases shunting and hypoxemia 



Meta-analysis to determine whether inhaled prostaglandins are 

associated with improvement in pulmonary physiology or mortality in 

ARDS

Conclusion: inhaled prostaglandins improve oxygenation and decrease 

pulmonary artery pressures but may be associated with harm. 

Data are limited both in terms of methodologic quality and 

demonstration of clinical benefit. The use of inhaled prostaglandins in 

ARDS needs further study.

Chest. 2015 Jun; 147(6): 1510–1522.

The Use of Inhaled Prostaglandins in Patients With ARDS

A Systematic Review and Meta-analysis

Brian M. Fuller, MD, MSCI, et. al

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4451707/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fuller%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=25742022


Volume 374, No. 9698, p1351–1363, 17 

October 2009

Efficacy and economic assessment 

of conventional ventilatory support 

versus extracorporeal membrane 

oxygenation for severe adult 

respiratory failure (CESAR): a 

multicentre randomised controlled 

trial

http://www.thelancet.com/journals/lancet/issue/vol374no9698/PIIS0140-6736(09)X6096-4


 Significance: This is the first positive RCT that 
shows a statistically significant benefit of VV-
ECMO for severe ARDS

 Study Type: Randomized Controlled Trial, 180 
adults with severe ARDS were randomized to 
receive conventional management or referral to 
ECMO center.

 Primary End-Point: Death or severe disability at 6 
months.

 Results/Conclusions:
◦ Main conclusions:

 6 month survival without disability: 63% ECMO group vs. 47% 
conventional group





 Extra-corporeal membrane oxygenation

 Extracorporeal life support (ECLS) may be a 
better term

 The extracorporeal circuit allows for the 
oxygenation and removal of carbon dioxide 
from blood

 Used as a supportive strategy in patients who 
have a high risk of death despite conventional 
therapy

http://lifeinthefastlane.com/ccc/ecmo/



 VV = veno-venous

 VA = veno-arterial: peripheral or central

 Veno-pulmonary artery ECMO (provides short-term 
right ventricular and respiratory support following 
LVAD insertion)

 High (2 venous cannulae) vs low flow (1 venous 
cannula)

http://lifeinthefastlane.com/ccc/ecmo/



 Hypoxemia refractory to conventional 
management

 Poor gas exchange

 Compliance < 0.5mL/cmH2O/kg

 P:F ratio < 100

 Shunt fraction > 30%

http://lifeinthefastlane.com/ccc/ecmo/



 VV ECMO

 most common mode

 venous drainage from large central veins -> 
oxygenator -> venous system near RA

 support for severe respiratory failure (no cardiac 
dysfunction)

http://lifeinthefastlane.com/ccc/ecmo/



 Advantages:
 Normal lung blood flow
 Oxygenated lung blood, pulsatile blood pressure
 Oxygenated blood delivered to root of aorta
 Must be used when native cardiac output is high
 Disadvantages
 no cardiac support
 local recirculation though oxygenator at high flows
 reverse gas exchange in lung if FiO2 low
 limited power to create high systemic arterial oxygen tension
 Ventilation
 no need to ventilate at normal level
 must maintain alveolar volume and oxygenation
 RR 8-10, PEEP 15, TV 3-4mL/kg, PIP < 30, FiO2 0.4
 mandatory bronchoscopy and normal ventilation before 

decannulation





 venous drainage from large central veins -> 
oxygenator -> arterial system in aorta

 support for cardiac failure (+/- respiratory 
failure)

 back flow cannula used to prevent limb 
ischemia

 oxygenated blood returned to aorta so lungs 
get little O2 rich blood -> may exacerbate 
lung ischemia

 lower body receives better perfusion



 Advantages

 good Q

 can create high oxygen tensions

 Disadvantages

 relative lung ischemia

 non-pulsatile blood flow

 possible poor perfusion of coronaries and 
cerebral vessels

 distal limb ischemia

 risk of lung overventilation -> tissue alkalosis 
(monitor with ETCO2)







 -> CESAR trial showed improved survival @ 6 
months (63% vs 47%) in adults with severe 
acute respiratory failure
-> ANZ ECMO Influenza investigators showed 
a mortality rate of 21% (lower than previous 
published studies)
-> Systematic review on ECMO in H1N1 
pandemic (Crit Care Med, 2010) found 
insufficient evidence for ECMO use among 
patients with H1N1



Questions?
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