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History  
 The first description in 1967,  

 Ashbaugh and colleagues described 12 patients 

 acute respiratory distress,  

 cyanosis refractory to oxygen therapy,  

 decreased lung compliance, and  

 diffuse infiltrates evident on the chest radiograph. 

  1988, an expanded definition was proposed that quantified the 

physiologic respiratory impairment through the use of a four-

point lung-injury scoring system 
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Berlin definition  
Timing Within 1 week of a known clinical insult or new/worsening respiratory 

symptom 

Chest 

imaging 

Bilateral opacities – not fully explained by effusions, lobar/lung collapse, 

or nodules 

Origin of 

oedema 

Respiratory failure not fully explained by cardiac failure or fluid overload;  

need objective assessment (for example, a 

  echocardiography) to exclude hydrostatic oedema if no risk factor 

present 

 

Oxygenation 

Mild 200 <PaO2/FiO2 ≤300, with PEEP ≥5 cmH2O 

 

Moderate 100 <PaO2/FiO2 ≤200, with PEEP ≥5 cmH2O 

 

Severe PaO2/FiO2 ≤100, with PEEP ≥5 cmH2O 
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Etiology 

Direct causes 

 Common causes 

 Pneumonia 

 Aspiration of gastric contents 

 Less common causes 
 Pulmonary contusion 

 Fat emboli 

 Near-drowning 

 Inhalational injury 

 Reperfusion pulmonary edema 

 after lung transplantation ora 
pulmonary embolectomy 

Indirect causes 

 Common causes 
 Sepsis 

 Severe trauma with shock 
and multiple transfusions 

 Less common causes 
 Cardiopulmonary bypass 

 Drug overdose 

 Acute pancreatitis 

 Transfusions of blood 
products 
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 Difference explained interms of 

 Pathophysiology 

 Respiratory mechanics 

 Ventillatory strategies 

 Effect of prone positioning 
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Pathophysiology  

 Endothelial and Epithelial Injury 

 Injury→ Increased permeability →Influx of protein-rich edema 

fluid →hypoxemia 

 Alveolar epithelium injury 

 Neutrophils and other pro inflammatory – 

cytokines are involved 
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Pathophysiology 

 Refractory hypoxemia 

 Alveolar fluid→physiological shunt 

 Scatttered microthrombi → increaseig dead space 

 Pulmonary hypertension → hypoxic/thrombotic 

 Decrease lung compliance 

 Increase surface tension 

 Alveolar oedema 

 Baby lung 

 Propensity for alveolar closure 
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Ventilator associated lung injury 
 Ventilation at High Lung Volumes(Volutrauma) 

 leading to alveolar rupture,  

 Air leaks 

 gross barotrauma 

 volume (i.e., lung stretching), not airway pressure, most important factor 

 Ventilation at Low Lung Volumes(Atlectrauma) 

 Repetitive opening and closing of airways and lung units, 

 Effects on surfactant function, 

 regional hypoxia. 

 Epithelial sloughing, hyaline membranes 
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Ventilator-Induced Lung Injury, Arthur S. Slutsky, M.D., and V. Marco Ranieri, M.D,  

N Engl J Med 2013;369:2126-36 





Transpulmonary pressure and 

plateau pressure  

 Transpulmonary pressure:  principal force maintaining inflation 

(alveolar pressure minus pleural pressure) 

 Measurement of pleural pressure is complicated & cumbersome 

 Estimated by esophageal pressure- yields only approximate results 

 Plateau pressure as surrogate marker of lung over distension 

 Nuances required in interpreting plateau pressure 
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Baby lung concept 
Earlier concept 

 ARDS involves all the lung  tissue homogeneously 

 ARDS lungs were regarded as homogeneously heavy and stiff 

 To achieve normal PaCO2 high tidal volume ventilation was 

used 

 To achieve normal PaO2 PEEP was employed 
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Baby lung 
 CT findings in ARDS in mid1980 

  ARDS appears non-homogeneous on CT, with the densities 

concentrated primarily in the most dependent regions 

 normally aerated,  

 poorly aerated,  

 overinflated, and nonaerated tissue 

 Normally aerated tissue only foms a fraction of the whole 

lung- Baby lung  
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Normal alveoli 

Baby lung 

Partially collapsed 

alveoli, Require high 

PEEP 

Complete 

atelectasis 



Stages of ARDS SEMI 



Management of ARDS- Ventilation 

 Calculate predicted Body weight 

 Male 50+2.3(height in inches-60) 

 Females 45.5+2.3(height in inches-60) 

 Select any ventilator mode 

 Set initial ventilator settings to achieve VT 8ml/kg 

 Reduce VT by 1 ml/kg at intervals ≤ 2 hours until VT = 6ml/kg 

 Set initial rate to approximate baseline minute ventilation (not > 35 bpm) 

 Adjust VT and RR to achieve pH and plateau pressure goals below 
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 RCT comparing VT of 6ml/kg and 12ml/kg 

  861 patients were enroled 

 Mortality in low VT  31% as compared to 39.8% in control 

 Ventilator free days were more in study group 
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Setting up of PEEP 

Start with initial PEEP of atleast 5 and target SPO2 of  88-95% 
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 Meta analysis of 3 trials(ALVEOLI, LOVS, EXPRESS) 

 Mortality benefit seen in patients with ARDS 

 Patients with acute lung injury may not benefit or may actually 

experience harm from higher PEEP levels 

 Small increase in risk of pneumothorax 
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Role of recruitment maneuvers 

 Clinical studies of RMs in ALI/ARDS have yielded variable results 

 Factors such as the  

 Duration and  

 Underlying etiology of ARDS 

 Methods of the RM (e.g., sustained inflation versus incremental positive end-

expiratory pressure [PEEP]) 

  may be important determinants of the potential for alveolar recruitment 

 Optimal pressure, duration, and frequency of RMs have not been determined 

or tested in large clinical trials.  
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 Transient increase in oxygenation 

 No effect on PEEP values or FiO2 concentration 

 No mortality benefit 

 May be used when 

 After suctioning 

 Disconnections 

 At initial stage before setting optimal PEEP 

 Rescue maneuver 
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Disadvantages  

 3 randomized, controlled trials were not able to demonstrate a 

beneficial effect of RMs on oxygenation in routine practice  

 Some safety concerns  

 Large variability of oxygenation response across the patients.  

 Relevant end-points in assessment of RMs have moved from 

oxygenation improvement toward VILI prevention. 

 Not recommended for routine practice 
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Prone Ventilation 

 Prone positioning, first proposed in 1974 

 Sponge model”  of lung. 

 Increase in oxygenation and improved lung mechanics 

 CT scan shows a more homogeneous distribution of gas 

throughout lung parenchyma in prone ventilation 

 In experimental models of ARDS, there is evidence that prone 

positioning prevents or significantly delays development of  VILI. 
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Physiology  
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 More tissue of lung in dorsal side for ventilation 

 Shifting of heart weight 

 Decrease effect of intraabdominal pressure 
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 Prone position given for atleast 16hrs 

 28 day mortality in prone group was 16% compared to 32% in 

supine 

 No difference in adverse events b/w groups 

 Participating hospitals had adequate experience to prone patients 

before study 



 Meta analysis of 9 RCT 

 Decrease in mortality (28days, 60 days and 90 days) in prone 

position  

 Prone position has to be done ≥12hrs 



HFOV 

 Ventilator strategy – small VT  @1ml/kg at high frequencies 

10-15hz 

 Gas is actively pushed in and actively withdrawn 

 Vt  less than dead space 

 Rescue measure when conventional ventilation fail 
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Mechanism of gas exchange 
SEMI 
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Values to be set in  HFOV 

 Mean airway pressure 

 FiO2 

 Amplitude or Delta P 

 % inspiration 

 Frequency  
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Role of ECMO 

 Donald Hill and colleagues described the first use of an ECMO device 

for acute respiratory failure in humans  

 They reported on a 24-year-old polytrauma patient 

 The National Institutes of Health (NIH) performed the first multicenter 

trial in the 1970s,  

 90 patients with severe ARDS refractory to conventional ventilation  

 42 received ECMO.  

 Survival was extremely low (<10%)  
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In our Hospital we 

had 6 adult 

patients on ECMO 

in 2018 for ARDS 

– 50% was the 

results.  
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 63% (57/90) of patients allocated to consideration for treatment by 

ECMO survived to 6 months without disability compared with 47% 

 Pitfalls 

 22 patients randomized to the ECMO arm did not receive ECMO  

 No standardized protocol for lung-protective mechanical ventilation 

existed in the control group  

 Third, more patients received corticosteroids in the ECMO group 



 63 patients kept on ECMO compared with 133 on mechanical 

ventilation 

 Patients were younger, low apache score on admission in ECMO 

group 





Non ventilatory strategies for 

ARDS- Fluid balance 

 Adequate fluid resuscitation to treat the initial shock 

 Once patient is our of shock conservative fluid strategy 

 No mortality benefit but reduced on ventilation, no organ failure  

 

 

 



NMB in ARDS 

 Early use of NMB in severe ARDS 

 Reduces mortality 

 Increased ventilator free days 

 No residual muscle weakness 



Steroids in ARDS 

 Role of steroid is controversial 

 Points to note 

 When to start 

 Dose 

 When to stop complications 

 Contraindications 
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 Steroid started after 7 days 

 No mortality benefit in steroid group 

 Increase complications when started after 14 days 

 Mortality benefit when started b/w 7-14days 
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 Meta analysis of 8 studies 

 Shows definitive mortality benefit 

 No higher risk of infection 

 Dose 1-2mg/kg/day  

 Most of the trials started steroids early 

 Evidence regarding use in H1N1 controversial 

 Not to be combined with other drugs causing neuromuscular 

weakness 
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Source FICM – 2018 document 
 Treatment Harms  

     Potential harms of treatment with steroids included excess hospital 

acquired infections, neuromyopathy and delirium. The only available MA 

reported a composite analysis of infection, neuromyopathy, diabetes, 

gastrointestinal bleeding and other complications21. The RR reported 

was 0.82 (0.5 to 1.36) but the quality of the trials was low.  

 GRADE Recommendation Statement  

     The use of corticosteroids in established ARDS should be the subject of a 

suitably powered multicentre RCT with long term follow up, that 

focuses on both potential benefits and harms. (GRADE 

Recommendation: research recommendation).  
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Nutrition  
 Standard supportive care for the patient with ALI/ARDS includes providing adequate nutrition 

  The enteral route is preferred to the parenteral route and is associated with fewer infectious 

complications 

  Immunomodulation via dietary manipulation has been attempted, using various combinations of 

omega-3 fatty acids, ribonucleotides, arginine, and glutamine 

 The ARDS Network -large, multicenter, randomized placebo-controlled study of omega-3 fatty acid 

and antioxidant supplementation in patients with ALI/ARDS. Study was stopped early for a trend 

towards excess mortality in patients receiving the omega-3 fatty acid supplement 

 Overall, there is still no compelling evidence to support the use of anything other than standard 

enteral nutritional support, with avoidance of overfeeding, in ALI/ARDS 



Others  
 Inhaled nitric oxide 

 Transiently improves oxygenation but does not improve 

mortality 

 Increase chance of rrenal dysfunction 

 Prostaglandins 

 Inhaled prostaglandins improves oxygenation in small trials  

 Larger trials are awaited 
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 Where mechanical ventilation is required, the use of low tidal 

volumes (< 6 ml/kg ideal body weight) and airway pressures 

(plateau pressure < 30 cmH2O) was recommended. For patients 

with moderate/severe ARDS (PF ratio < 20kPa), prone 

positioning was recommended for at least 12 hours per day.   

   high frequency oscillation is not recommended and it is 

suggested that inhaled nitric oxide is not used. The use of a 

conservative fluid management strategy was suggested for all 

patients, whereas mechanical ventilation with high positive end-

expiratory pressure (PEEP) and the use of the neuro-muscular 

blocking agent cisatracurium for 48 hours was suggested for 

ARDS patients with PF ratios less than or equal to 27 and 20 kPa 

respectively.    
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