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Acute  Respiratory distress Syndrome (ARDS)

• First described as clinical syndrome in 1967 by Ashbaugh & Petty .

• Clinical terms synonymous with ARDS                

• Acute respiratory failure                                            

• Capillary leak syndrome

• Shock Lung

• Traumatic wet Lung

• Adult hyaline membrane disease                                                                                               
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The American-European Consensus Conference Definition of 
Acute Lung Injury and ARDS, AECC(1994)
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The current Berlin definition of ARDS (2012)
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Validation Study suggest 
good sensitivity but 

moderate specificity.
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Radiographic Assessment of Lung Edema (RALE) 
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• SURVIVAL OUTCOME                     FLUID BALANCE
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Clinical Course and Pathophysiology
The natural history of ARDS is marked by three phases

1. Exudative,

2. Proliferative, and

3. Fibrotic

Each with characteristic clinical and pathologic features 
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Exudative phase
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ENDOTYPES OR PHENOTYPES OF ARDS
• Hyper inflammatory versus hypo inflammatory types

• Based on four biomarkers: interleukin-6, interferon gamma, 
angiopoietin 1/2, and plasminogen activator inhibitor-1

• Hyper inflammatory on day-0 :-
• High PEEP improved outcomes 
• Liberal fluid management worsened 

mortality
• Higher  vasopressor use, lower serum 

bicarbonate
• Higher prevalence of sepsis
• Mortality, ventilator-free days, and 

organ failure-free days were all worse 

Conservative fluid 
management strategy 
was harmful in “hypo 
inflammatory” group

Thorax. 2018 May; 73(5):439-445.
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Clinical impact of alveolar injury

• Plasma proteins with cellular debris and dysfunctional surfactant to form 
hyaline membrane whorls.

• Alveolar edema  in dependent portions, leading to ↓ aeration and atelectasis

• ↓ lung compliance in the dependent  area.

• Consequently, intrapulmonary shunting and hypoxemia develop and ↑ work 
of breathing and  dyspnea. 
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Investigations : Hints 

• Generally nonspecific  and primarily 
indicative of underlying clinical 
disorders.

• CXR - alveolar and interstitial opacities 
involving at least three-quarters of the 
lung fields 

• CT scanning - in ARDS reveals 
extensive heterogeneity of lung 
involvement 
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Proliferative Phase 

Usually lasts from day 7 to day 21. 

• Initiation of lung repair, organization of alveolar 
exudates, and a shift from a neutrophil → lymphocyte

• Type II pneumocytes synthesize new pulmonary 
surfactant and differentiate into type I pneumocytes

• Most recover rapidly and weaned off 

• Some progress to fibrotic phase
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Fibrotic Phase 
• Seen after 3-4 weeks of the injury

• Histologically, there is extensive alveolar duct 
and interstitial fibrosis

• Require long-term support on MV and   /or 
supplemental oxygen. 

• Bad prognosis

• ↑Mortality.
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Bullae formation:

• Disrupted acinar architecture leading to 
emphysema-like changes

• Rupture leads to -Pneumothorax  

Vascular occlusion:

• Intimal fibro - proliferation in the 
pulmonary microcirculation leads to 
pulmonary hypertension



RESCARE SERIES

Pathophysiology : Direct vs Indirect
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Management Strategies 

▪ Identify and treat underlying causes 

▪ Ventilatory support 

▪ Lung protective ventilatory support strategy 

▪ Application of PEEP

▪ Restore and maintain hemodynamic function 

▪ Conservative fluid replacement strategy

▪ Vasopressors and inotropics support 

▪ Prevent complications of critical illness 

▪ Ensure adequate nutrition 

▪ Avoid oversedation

▪ Using weaning protocol with spontaneous breathing trials 
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Ventilator -based Strategies in the 
Management of ARDS

• Only therapy that has been proven to 
be effective at reducing mortality is a 
protective ventilatory strategy

• Low volume ventilation
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• CXR vs CT scan

• Uninvolved non dependent 
area is the functional 
portion of the lungs in 
ARDS.( baby lungs)

• The large inflation volumes 
cause overdistention and 
rupture of BABY LUNG→
Ventilator-induced lung 
injury.

BABY LUNG CONCEPT
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Low-Volume Ventilation-EVIDENCE

• 5 clinical trials compared MV with low TV   (6 mL/kg) 
and conventional TV (12 mL/kg)

• The most successful was conducted by the ARDS 
Clinical Network –ARMA TRAIL

• Ventilation with low tidal volumes was associated 
with a 9% (absolute) reduction in mortality when 
the end-inspiratory plateau pressure was <30 cm 
H2O.
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Median Organ Failure Free Days

6ml/kg.

12ml/kg.
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Ventilator-Induced Lung Injury

MECHANISM

• Excessive inflation volumes  → stress 
fractures in the alveolar capillary 
interface  → infiltration  of  
inflammatory cells and proteinaceous
material.

• VILI is strikingly similar to ARDS

• The organ injury from mechanical 
ventilation may not be confined to 
the lungs.
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‘permissive atelectasis’ to minimize VILI

• 1) a minimal PEEP to allow ‘permissive hypoxemia’ (SPO2> 88%) 

associated with

• 2) low VT or a VT able to ventilate only the aerated lung

• 3) the respiratory rate should be set to keep pH within physiologic ranges, or 

even to allow a certain degree of permissive hypercapnia.
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Concept of driving pressure?

• Normalised target tidal volumes to predicted body weight (PBW), 
as per the ARDSNet ventilation strategy, does not take into 
account the varying proportion of lung that is not available for 
ventilation in ARDS (‘baby lung’ concept) 

• The decrease in available lung for ventilation manifests as a 
decrease in respiratory system compliance (CRS) 

• If two lungs are the same size, but the first lung has lower CRS, a 
delivered tidal volume calculated according to PBW will cause 
more mechanical stress in the first lung than the more compliant 
second lung 
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• Thus normalizing VT to CRS and using the ratio as an index to indicate the 
“functional” size of the lung may provide a better predictor of outcomes in 
patients with ARDS than VT alone 

• This ratio is termed the driving pressure (ΔP = VT/CRS) and can be routinely 
calculated for patients who are not making inspiratory efforts as the plateau 
pressure minus positive end-expiratory pressure (ΔP = Pplat – PEEP) 
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Stress index: one more indices
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Associated strategies : Position, NMBA 
Prone position: Theoretical benefits

• Relieves the cardiac and  abdominal 

compression

• Makes regional V/Q ratios and chest 

elastance more uniform

• Facilitates drainage of secretions

• Potentiates the beneficial effect of 

recruitment maneuvers 
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• Multicenter, prospective RCT

• 466 patients with severe ARDS

• Time from randomization to first PP session = 55 +/-
55 minutes 

• Number of PP sessions per patient = 4 +/- 2 

• PP session duration = 17 +/-3 hours 
N Engl J Med 2013.
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•Multicenter, RCT 340 pts , severe ARDS
•For 1st 48 hrs Cisatracurium (178) or placebo 
(162 patients)
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Recruitment Maneuvers (RMs)

Improving arterial oxygenation with short-lasting 
increases in intrathoracic pressures

• CPAP up to 40 cm H2O, maintained for 15 - 26 
seconds

• Intermittent sighs

• Intermittent increase of PEEP

• Increasing the ventilatory pressures to a plateau 
pressure of 50 cm H2O for 1-2 minutes 
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Inverse ratio ventilation  (IRV)

• Oxygenation can also be improved by increasing mean 
airway pressure with "inverse ratio ventilation." 

• The inspiratory (I) time is lengthened so that it is longer 
than the expiratory (E) time (I:E > 1:1).

• With diminished time to exhale, dynamic hyperinflation 
leads to ↑ end-expiratory pressure, similar to PEEP given by 
ventilator.

• ↓ FIO2 to 0.60 to avoid possible oxygen toxicity,

• But  no mortality benefit in ARDS has been demonstrated.
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Transferring pts to ECMO centre significantly improve survival
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Unwanted consequence: Permissive Hypercapnia

• Data show that PaCO2 levels of 60 to 70 mm Hg and arterial 

pH levels of  7.2 to 7.25 are safe for most patients

• Troublesome side effect brainstem hyper stimulation, which 

often requires neuromuscular blockade to asynchrony

• The  risk of hypercapnic acidosis is determined by the  benefit 

of maintaining  low-volume ventilation to protect the lungs 

from volutrauma

• Contraindicated in pregnancy, ACS and raised ICP
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ECCO2R in ARDS
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SUPERNOVA: A Strategy of UltraProtective
lung ventilation With Extracorporeal 
CO2 Removal for New-Onset moderate to 
seVere ARDS
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ROLE OF NIV ?

• Delay in intubation-False hope

• No control over tidal volume

• High respiratory drive can generate high TV

• Pressure support may augment TV over 8-10ml/kg

• Reducing PS to decrease TV will increase WOB

• Collapse of alveoli during expiration

• High PEEP may make patient prone to aspiration

• Negative pressure swings plus positive pressure support may 

allow transmural pressure to exceed 30 cmH2O  
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NIV IN ARDS:REVISITED

• Total 83 patients involved

• Patients receiving helmet NIV had significantly lower rates of 

endotracheal intubation, more ventilator-free

• days, and a remarkably better mortality than patients with face 

mask ventilation

• face mask arm had a mortality of 56% at 90 days as compared to 

35% in the helmet arm
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Adaptive support ventilation for complete ventilatory
support in acute respiratory distress syndrome: A pilot, 

randomized controlled trial

• Background:- A closed‐loop mode, can minimize the work of

breathing, and thus potentially improve the outcomes in ARDS.

• Forty‐eight patients:- either ASV (n = 23) or VCV (n = 25) during

the study period

• The mortality (VCV‐36% vs ASV‐34.7%), ease of use of

mechanical ventilation, daily midazolam and vecuronium doses, and

the number of ABGs performed were similar

• The duration ventilation, delta SOFA, ICU and hospital stay were

comparable in the two groups.
Respirology. 2013 Oct;18(7):1108-15

https://www.ncbi.nlm.nih.gov/pubmed/23711230
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Ther Adv Respir Dis 2015, Vol. 9(4) 173–187

Interrupting the Progression to ARDS.
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THANK YOU


