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History
in 1821 Laennec published the “treatise on Disease of the Chest”

He termed “idiopathic anasarca of the lung” pulmonary edema without heart failure

In 1967 Ashbaugh and colleagues published  a case series of patients with severe hypoxemic 
respiratory failure, poor lung compliance and diffuse lung infiltrate on chest radiograph termed 
“acute respiratory distress syndrome in adults”

In 1994 American –European Consensus Conference(AECC) renamed the acute respiratory 
distress syndrome



Clinical manifestation
Hypoxemia and often hypercarbia

Low respiratory system compliance(restrictive lung disease)

New pulmonary infiltrares







Hypoxemia result from:

1-Pulmonary edema

2-loss of functional residual capacity(FRC)

3-the heterogenous intrapulmonary shunts (V/Q=0,V/Q<1 when FRC    falls below closing capacity, 
V/Q>1 dead space ventilation with reduced or no perfusion) 



Definition
ARDS is an acute,  inflammatory, diffuse and heterogenous form of lung disease

Lacks a definitive gold standard for clinical diagnosis

AECC defined as an acute, non cardiogenic pulmonary edema with bilateral pulmonary infiltrates 
and PaO2/FiO2 200 or less

Berlin definition in 2012 provided several manifestations to oxygenation ,minimum PEEP, timing 
of acute onset, chest radiograph, and pulmonary capillary wedge pressure criteria

PALICC published a pediatric definition of ARDS termed PARDS in 2015







Formula
OI=[Fio2*MAP*100]/Pao2

OSI=[Fio2*MAP*100]/Spo2

OSI should not be applied to children with chronic lung disease who normally receive  invasive 
mechanical ventilation or children with congenital cyanotic heart disease

MAP=(Ti*PIP)+(Te*PEEP)/Ti+Te



Differences between Berlin and PALICC 
definition

PALICC does not require bilateral infiltrates

Substitution of Spo2 when Pao2 is not available

PALICC introduces the use of oxygenation index(OI) or oxygen saturation index(OSI) to stratify 
severity groups



Epidemiology

Parvathaneni et al compared  the PALICC, AECC, and Berlin definition

PALICC criteria nearly doubled the number of the patients diagnosed with PARDS largely because of 
pulseoximetry based criteria

PARDIE found that PARDS occurred in 3% of PICU patients or 6% of those treated with mechanical 
ventilation

Mortality is 15% for those on NIV or mild to moderate PARDS and 30% for severe PARDS  



Pathology

Diffuse alveolar damage(diffuse injury to alveolar epithelial-endothelial barrier)

Pulmonary edema

Presence of alveolar neutrophils(hallmark of ARDS)



Additional mechanisms

Disruption of alveolar fluid clearance and surfactant

Dysregulated inflammation

Apoptosis

coagulopathy



Pathology
Injury to alveolar epithelium and/or endothelium results in :

Loss of alveolar epithelial –endothelial barrier function

Resultant accumulation of proteinaceous fluid in alveolar space

Surfactant inactivation





Direct insult
Pneumonia 

Gastric content aspiration

Lung contusion

Hydrocarbon ingestion

Smoke inhalation 

Mechanical ventilation



Infetious pathogens and aspirations are most common causes of 

direct alveolar epithelial cell injury



Indirect insult
Sepsis 

Severe trauma

Burn

Blood transfusion

Pancreatitis

Major surgery

Ischemia-reperfusion injury



Indirect injury

Sepsis is the most common cause of indirect lung injury

Mechanical chemical and cellular injury to the pulmonary endothelium cause alveolar barrier 
dysfunction activate inflammatory and coagulation cascade  change pulmonary vascular 
resistance may lead to multiorgan dysfunction



ARDS PHASES

Exudative

Fibrosing

resolution



Exudative phase
Disruption of the alveolar epithelial-endothelial barrier by direct or indirect injury



Alveolar Fluid Clearance

The integrity of the alveolar epithelial endothelial barrier requires maintenance of thin layer of 
alveolar wall liquid(AWL) coating the alveolar epithelium

AWL is necessary for dispersion of surfactant

Beta adrenergic agonists upregulates AFC in human lungs but two trials with IV salbutamol did not 
show a reduction in ventilator free days or mortality



Coagulation

Endothelial function, inflammation, and coagulation are linked

The intact glycocalyx is essential for normal intravascular anticoagulant function

Disruption of glycocalyx associated with platelet activation and disseminated intravascular 
coagulation



Fibrosis and Repair Phase
The acute proinflammatory response is essential to recover from direct lung injury

But prolonged inflammation in the lung can be pathologic and lead to pulmonary fibrosis

Coordination activity of type II alveolar epithelial cells, macrophages, neutrophils, T cells, 
dendritic cells, mesenchymal stem cells ,and fibroblasts are all necessary for normal repair of 
injured lung

Restoration of the endothelium and glycocalyx are also necessary to clear alveolar edema and 
restore the normal AWL

Neutrophil apoptosis is important for resolution of lung inflammation 



Mesenchymal Stem Cell

Multipotent mesenchymal stem cells may be important to the resolution of lung inflammation and 
repair

MSCs appear to modulate inflammation, augment tissue repair, enhance pathogen clearance, and 
reduce severity of injury, pulmonary dysfunction and death in experimental models



Mesenchymal stem cell
Preclinical studies suggest that treatment with exogenously administered 

mesenchymal stem cells (MSCs) may help to 

attenuate lung injury and promote repair



Ventilator management
Limit tidal volume in or below physiologic range 5-8 ml/kg IBW(avoid volutrauma)

Limit inspiratory pressure, plateau pressure 28- 30 cm H2O                  (barotrauma)

Provide adequate PEEP to maintain end expiratory lung volume to limit cyclic opening and 
closing of the alveoli 10-15 cm H2O for severe PARDS(avoiding atelecto trauma)

Allow permissive hypoxemia and hypercapnia



Nonconventional Ventilation Strategies

HFOV(high frequency oscillatory ventilation)

Although many practitioners use HFOV in PARDS there are no data supporting improved outcome 
however there are data suggesting improved gas exchange

HFOV is frequently used as a rescue modality

For moderate to severe ARDS when lung protection cannot be maintained with conventional 
ventilation



Surfactant
May improve oxygenation but without effect on duration of mechanical ventilation or mortality



Nitric oxide
Normally synthesized in vascular endothelium

Causes vasodilation by relaxing smooth muscle via intracellular cyclic guanosine 
monophosphate(cGMP)

Also affect inflammation by altering endothelial interactions with leucocytes and platelets 

Delivered only to ventilated lung units

Improved V/Q by increasing blood flow to ventilated lung units

Lowering pulmonary vascular resistance and supporting right ventricle in patient with ARDS and 
preexisting pulmonary HTN



Nitric Oxide
Trials demonstrate improvement in oxygenation but not mortality or duration of ventilation



Preclinical and Adult Studies
Some lung injury models suggest iNO reduces neutrophil migration and oxidative burst, 
decreases lung inflammation، decreases platelet aggregation, and promotes  lung repair.

iNO may improve pulmonary bacterial clearance through mechanisms related to endothelial 
permeability



Pediatric Data
uncontrolled trials and small RCTs demonstrating improvements in 
oxygenation but not mortality or duration of ventilation with 

iNO administration for children with ARDS or hypoxemic respiratory failure

Small RCT demonstrates more sustained improvements in 
oxygenation with the combination of prone positioning and iNO
over the first 24 hours of ventilation



Nitric Oxide
evidence suggests iNO is probably best reserved for situations 

 when refractory hypoxemia needs to be temporarily reversed (e.g., as a 

bridge to extracorporeal support)

or

 for patients with a true clinical indication such as documented pulmonary 
hypertension with right heart failure.



Prone positioning
Improve regional V/Q mismatching particularly in dorsal lung regions

Reducing physiologic dead space and improve oxygenation

The effect is due to gravitational effect on distribution of atelectasis and edema

The effect of the weight of the heart and position of dorsal diaphragm on the expansion of 
dorsal lung units   

Improve cephalocaudal distribution of ventilation because the heart, mediastinal structures, and 
abdominal contents rest on the sternum



Prone Positioning

When used in conjunction  with high PEEP, prone positioning may also:

Increase alveolar recruitment 

Prevent cyclic recruitment/ derecruitment

Prevent atelectotrauma



Prone Positioning

Reducing ventral-dorsal 

transpulmonary pressure difference

educed lung compression

mproved lung perfusion



Prone Positioning

 The delivery of invasive mechanical ventilation is similar to supine.

Peak and plateau airway pressures may increase immediately after a patient is placed in the prone 
position, but typically decline with time.

Endotracheal suctioning should be assessed ,because large quantities of pulmonary secretions may drain 
into the endotracheal tube

Electrocardiographic leads should be placed on the back. 

All patients in prone ventilation require increased sedation and some require neuromuscular blockade



Prone Positioning

Enteral tube feeds and usual mouth and skin care can be resumed. 

Enteral feeding can be complicated by emesis and/or increased residual gastric volumes

continuous feeding

25 degree head elevation 

prophylactic erythromycin

Tube feeds should be temporarily switched off and the stomach emptied before repositioning back to 
the supine position

https://www.uptodate.com/contents/erythromycin-drug-information?search=acute+respiratory+distress+syndrome&topicRef=1630&source=see_link


GM-CSF
has not become a routine therapy for adults with ARDS, because the evidence is still inconclusive.

GM-CSF plays an important role in repairing injured lung and enhancing alveolar macrophage
function



GM-CSF

use of inhaled GM-CSF in a small group of patients with pneumonia-associated 

ARDS:        

improvement in oxygenation, lung compliance, and severity of illness   

scores compared with untreated patients



Macrolide antibiotic
Macrolide antibiotics have both antimicrobial and anti-inflammatory effects.

Animal models suggest that these agents may have a beneficial effect in ARDS



Extacorporeal Membrane Oxygenation
ECMO can augment systemic oxygen delivery to allow the injured lungs to rest and recover. 

ECMO carries significant risk and requires substantial resources and expertise





Conclusions: Lung transplantation provides 
acceptable outcomes in selected patients  with 
irreversible ARDS.



Sedatives and neuromuscular blockade

Analgesia is a highly important component of successful sedation and 
positive ICU outcomes

With an analgo-sedation approach: less sedative ,more effective at 
recognizing and treating pain



Sedatives and neuromuscular blockade:

Not routinely administering NMBs to patients with moderate to severe ARDS, unless other 
indications are present : Severe ventilator desynchrony, or unwanted motor movement 
refractory to ventilator adjustment and sedation

Receive minimal yet effective NMB with sedation

A daily NMB holiday to allow periodic assessment of the patient’s level of NMB and 
sedation.





Nutritional Support
A recent retrospective study in children with ARDS who received 
adequate calories had lesser mortality (34.6% vs. 60.5%, P=0.025), 
while those who received adequate protein had both, reduction in 
mortality and more VFDs.

‘Use the gut’ to feed the sick child, as soon as possible, and prefer 
EN over TPN. 

Early Enteral Nutrition (EEN) is defining within 48–72 hours of 
admission to the PICU



Nutritional Support

Underfeeding leads to endogenous protein breakdown, loss of muscle 
mass and weakness of the muscles of respiration 

Overfeeding, on the other hand, is associated with higher carbon 
dioxide (CO2) production, which may also lead to delay in weaning from 
ventilatory support



Corticosteroids

Patients were randomly assigned to steroid or placebo groups within 72 hours of intubation. IV 
methylprednisolone administered as loading dose (2 mg/kg) and continuous infusions (1 
mg/kg/d) on days 1-7 and then tapered over days 8-14. 

No differences occurred in length of mechanical ventilation, 
ICU stay, hospital stay, or mortality between the two groups.



Fluid Management

Early fluid overload is of main interest, negatively affect clinical outcome.

 Late fluid overload may have a more modest effect on outcome.

American College of Critical Care Medicine, a threshold of >10% fluid overload is suggested for “an 
intervention”



Fluid Management

Furosemide has been shown to effectively achieve diuresis

Combination therapy with albumin solution and furosemide may improve fluid balance, oxygenation, and 
hemodynamics

Another more invasive method of reducing fluid overload is continuous renal replacement therapy (CRRT)

Fluid restriction could be one of the strategies to prevent fluid overload

https://www.uptodate.com/contents/albumin-solution-drug-information?search=acute+respiratory+distress+syndrome&topicRef=1641&source=see_link
https://www.uptodate.com/contents/furosemide-drug-information?search=acute+respiratory+distress+syndrome&topicRef=1641&source=see_link


Thanks for Your Attention


