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n First described in 1967 as Adult Respiratory Distress Syndrome
– Acute respiratory distress

– Cyanosis refractory to oxygen therapy
– Decreased lung compliance

– Diffuse infiltrates on chest radiograph

n Berlin Definition (2012)
– Bilateral infiltrates in chest radiography within 1 week of insult

– Resp failure that connot be explained by cardiac failure of fluid 
overload (normal ECHO and/or BNP)

“NON-CARDIOGENIC PULMONARY EDEMA”
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ARDS:Epidemiology

n 200,000 cases per year in the US
n Outcomes:

– Fatalities:
§ Traditionally 30-50% mortality
§ Majority of deaths due to MSOF

– Survivors: 
§ Most of them will have normal pulmonary 

function within 5 years
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ARDS etiologies

n Pulmonary
– Pneumonia

§ Bacterial, viral, fungal, 
or parasitic

– Aspiration
– Contunsion (pulm)

– Inhalation injury

– Fat emboli

n Extrapulmonary
– Sepsis

– Trauma
– Toxicology

– Acute Pancreatitis
– Cardiopulmonary 

Bypass
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ARDS for the EMT/Medic:
n Acute respiratory distress (24-48 hrs)
n Cyanosis refractory to oxygen therapy

n Accessory muscle use
n Decreased lung compliance (difficulty in ventilation)

n Diffuse infiltrates on chest radiograph
n PaO2 refractory to oxygen therapy

Progression to ARDS was associated with higher illness severity and 
intubation in the prehospital environment or transferring facility

-Chest, August 2015
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Why ARDS is relevant to EMS…

n ARDS is a major cause of death in:
– Trauma
– Burns
– Infection
– Shock
– Aspiration
– Hemorrhage
– Near Drowning
– Overdoses
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Pulmonary Physiology
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A:a gradient
n Alveolar-arterial oxygen gradient (A-a 

gradient, for short) is one way to assess 
the integrity of the alveolar-capillary unit 
and help determine the cause of a 
person's low PaO2
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Ventilation -Mechanical
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Perfusion- Chemical
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Pathophysiology 
of ARDS
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Why the Lungs?

n Lungs receive entire cardiac output
n Any injury or any substance carried by the 

blood will end up in the lung 
n Intimate contact with the environment
n Can easily develop a “true shunt”

– Alveoli are NOT VENTILATED but ARE 
PERFUSED
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Dependent Alveolar Collapse in ARDS
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ARDS
Damage to 
the capillary 
endothelium 

Protein leaves 
the vascular 

space

Fluid gets 
shifted to 
alveolar 

interstitium
Protein-rich 

edema 

Surfactant 
becomes 
inactive

- Impaired gas exchange
- Poor lung compliance
- Pulmonary hypertension

ARDS Clinical Picture
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Factors in normal control of fluid
n Hydrostatic Pressures in 

vessels and interstitium 
– tends to push fluid into 

lung

n Pulmonary capillary 
permeability
– less than other cells, keeps 

fluid out

n Colloid Osmotic Pressure 
– large proteins draw fluid 

back into blood

n Lymphatic drainage
– keeps lungs dry
– Normal 20 ml/hr. into 

interstitium 
§ doesn't accumulate

ICF (Fluid) -Cellular

ECF (Fluid) - Interstitium

Alveoli get flooded

Capillary

At the junction 
Between the alveloi
and capillary

ECF

Outside of cells 
(in between cells)

ICF

Inside cells
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Fluid and Electrolytes

n Hydrostatic pressure 
– Due to water volume in vessels
– Water through the filter…
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Fluid and Electrolytes

n Colloid osmotic pressure
– Created by osmotic pressure of blood 

proteins (albumin)
– The paper of the filter…

The actual filter
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Fluid and Electrolytes
n Oncotic pressure 

– Difference between hydrostatic 
and COP.

– Exerted by plasma proteins
– Draws water into vascular space by 

osmosis, opposing hydrostatic 
pressure.

– The coffee…

The coffee
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Fluid and Electrolytes

n Hydrostatic pressure 
– Due to water volume in vessels

n Colloid osmotic pressure
– Created by osmotic pressure of blood proteins 

(albumin)
n Oncotic pressure 

– Difference between hydrostatic and COP.
– Exerted by plasma proteins
– Draws water into vascular space by osmosis, 

opposing hydrostatic pressure.
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Complications

n Secondary bacterial  
infection 
– Sepsis, most common 

and Assoc. c/ high 
morbidity and 
mortality  

– Gram negative 
bacteria predominate

– Pulmonary Fibrosis 
due to secondary 
infection

n Pneumothorax assoc. 
c/ ventilator use and 
PEEP  

n Pulmonary Embolism
n Multiple Organ 

System Failure 
(MSOF)
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Ventilation strategies

PEEP

Low VT

Atelectotrauma Barotrauma
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Ventilation with Lower Tidal Volumes as 
Compared with Traditional Tidal Volumes for 
Acute Lung Injury and the Acute Respiratory 

Distress Syndrome

nRecommended VT of 6ml/kg
–12ml/kg had been used

nMortality was 31% vs 39.8%

The Acute Respiratory Distress Syndrome Network  
N Engl J Med 2000;342:1301-8
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Ventilation with Lower Tidal Volumes

n The goal of providing 
small tidal volumes is to 
maintain the patient on 
the steep, more 
compliant portion of the 
curve without exceeding 
the upper inflection point
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ARDS:Permissive Hypercapnia

n Hypercarbic acidosis
– Hypoxemia

– Respiratory failure and arrest
– Decrease myocardial 

contractility

– Cerebral vasodilatation

– Decrease seizure threshold

– Hyperkalemia

n Permissive hypercapnia
– Supplemental oxygen 

overcomes CO2 induced 
hypoxia

– No evolution to respiratory 
arrest

– Lack of significant deleterious 
effects

– Is hypercarbia beneficial?
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Permissive Hypercapnia

n Patients from the low tidal volume trial

n Hypercapnic acidosis was associated with reduced 28-
day mortality in the 12 mL/kg VT group after controlling 
for comorbidities and severity of lung injury.

n These results are consistent with a protective effect of 
hypercapnic acidosis against ventilator-associated lung 
injury that was not found when the further ongoing 
injury was reduced by 6 mL/kg predicted body weight 
tidal volumes.

Kregenov et al: Hypercapnic acidosis and mortality in ALI 

Critical Care Medicine 2006;34:1-7
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“Optimal” PEEP
n PEEP should be high enough to 

shift the end-expiratory pressure 
above the lower inflection point  
by 2-3 cm H2O (usually 12-15 cm 
H2O)

– maximal alveolar recruitment

– Decreases injury by 
repeated opening and 
closing of small airways
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n 28 day mortality
– Prone: 16%
– Supine: 32.8%
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Dependent Alveolar Collapse in ARDS
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Dependent Alveolar Collapse in ARDS

STERNUM

SPINEPosterior alveoli will 
begin to re-expand

Anterior alveoli will get 
compressed and fluid 
redistributed

PaO2 é by > 
20% in 70% 
of the study 
population
36

Fluid Balance

n Fluid and hemodynamic management
– Optimal fluid management is controversial 

§ There is data supporting fluid restriction as a mean to minimize 
lung edema

§ However maintenance and preservation of oxygen delivery 
may require fluid administration

– Euvolemia, judicious use of vasopressors

– Effects of ventilation in circulation

n Avoid blood and blood products if at all 
possible 
– RBC’s and FFP increase incidence of ARDS by 

40%
– Platelets double the risk 
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n 1000 patients
n Mortality at 60 days was similar between groups and 

demonstrated no statistically relevant differences
n Conservative fluid replacement showed better

– Oxygenation index
– Lung injury score
– ventilator free days and 
– days not spent in the ICU

n Fluid balances were similar among the groups
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n Inhaled nitric oxide 
– Most ARDS/ALI patient may have mild to moderate 

pulmonary HTN 
– Improvement in oxygenation was small and not sustained
– No change on mortality or duration of mechanical 

ventilation

– May be used as “rescue” therapy but NO EVNIDENCE of 
reduced mortality
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n Inhaled Prostaglandins
– Increasing frequency despite lack of research
– Huge meta analysis suggest there are benefits which 

include improved oxygenation and decreased PAP BUT 
SIGNIFICANT HYPOTENSION

n Surfactant
– Successful in neonatal respiratory distress syndrome
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Steroids
n Mechanism of Action “I-KISS”

– I – Inhibits Phospholipase A2
– K – Kills T Cells and Eosinophils

– I – Inhibits Macrophage Migration
– S – Stabilizes Mast Cells
– S – Stabilizes Endothelium
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Granule

Histamine and
other mediators

Mast cell or
basophil

Antigen

IgE
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ARDS: Treatment

n Glucocorticoids
– No benefits in acute phase

– Some evidence of  improvement during 
proliferative  phase (Meduri et al JAMA 
1998;280:159-165)
§ Methylprednisolone 2mg/kg initially for 32 days
§ Improvement in Lung injury scores, MOSD scores and 

mortality
§ Benefits may be noticed by day 3

– High risk of infection
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n 180 patients 
n Mortality at 60 days

– 28.9% mortality in the placebo group and 29.2% in the methylprednisolone 
group

– Methylprednisolone increased the number of ventilator free and shock free days 
during the first 28 days in association with an improvement in oxygenation, 
respiratory system compliance and blood pressure with fewer vasopressor days

– But methylprednisolone was associated with a significant increase 60-180 days 
mortality in patients enrolled at least 14 days after the onset of ARDS
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n ASA therapy in the prehospital and in-
hospital setting led to reduced ICU 
mortality – LOS and overall mortality were 
not impacted.
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ECMO 
Extracorporeal Membrane 

Oxygenation
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n Subphysiologic tidal volumes at super fast rate 
(200-900 / minute)
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n Significant improvement in pH, PaCO2, PaO2 
and PaO2/FiO2 occurred within 6 hours after 
institution of HFV

n The improvement in gas exchange was 
sustained

n In patients with potentially reversible underlying 
diseases resulting in severe acute respiratory 
failure that is unresponsive to conventional 
ventilation, high frequency ventilation improves 
gas exchange in a rapid and sustained fashion.
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ARDS specific ventilation

1. small tidal volumes (6 mL/kg predicted 
body weight) and 

2. maintaining a plateau pressure of ≤30 
cm

Airway Pressure Release Ventilation (APRV) may
decrease the peak airway pressure, improve alveolar 
recruitment, increase ventilation of the dependent lung 
zones and improve oxygenation
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APRV (bi-level) settings?
n P-High

– Transitioning from volume-cycled 
ventilation: set equal to plateau 
pressure.

– Transitioning from pressure-cycled 
ventilation: set equal to peak pressure.

– Often start ~25 cm.

n P-Low
– Set to zero.

n T-High
– Set to 5 seconds.

n T-Low
– Set to 0.5 seconds initially.
– Adjust to achieve an end-expiratory 

flow equal to 75% of the peak 
expiratory flow rate

n FiO2
– Start high, titrate down ASAP.
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Prognosis 

n > 50%-60% mortality
– Last decade 40%

n Many patients have little or no permanent 
sequelae

n Early Detection Most Important
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The 
End!
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