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Acute Respiratory Failure 

• Acute Hypoxemic Failure - Impairment in 

oxygenation 

 

• Acute Hypercarbic Failure - Impairment in 

ventilation with hypoxemia and hypercarbia 



Acute Hypoxemic Failure -     

Acute Respiratory Distress Syndrome 

• Acute Lung Injury (ALI):  Acute in onset 

 - PaO2/FiO2 <300 mm Hg (regardless PEEP level)       

-  Bilateral infiltrates 

 - PAOP  <18 mm Hg or no clinical evidence of left atrial   

       hypertension 

• ARDS:  Acute in onset 

 - PaO2/FiO2 <200 mm Hg (regardless PEEP level)       

-  Bilateral infiltrates 

 - PAOP  <18 mm Hg or no clinical evidence of left atrial   

       hypertension 

Am J Respir Crit Care Med 1994; 149:818 



Clinical Disorders Associated with ARDS 

 Direct Lung Injury                Indirect Lung Injury 

Common causes 

• Pneumonia 

• Aspiration 

Less common causes 

• Pulmonary contusion 

• Fat emboli 

• Near-drowning 

• Inhalational injury 

• Reperfusion pulm.edema 

after lung transplant or 

pulm. embolectomy 

 

Common causes 

• Sepsis 

• Severe trauma with 

shock and multiple 

transfusions 

Less common causes 

• Cardiopulm bypass 

• Drug overdose 

• Acute pancreatitis 

• Transfusion of blood 

products 



Factors that Increase ARDS Risk  

• Age 

• Female gender (trauma only) 

• Genetic Factors 

• Severity of illness 

    Acute Physiology and Chronic Health Evaluation        

(APACHE) III 

• Cigarette smoking 

• Chronic alcohol abuse 

• Combination of risk factors 



Pathogenesis 

• Two layers lead to alveolar-

capillary barrier 

 - microvascular endothelium 

 - alveolar epithelium 

 

• Acute phase of ALI/ARDS: 

Influx of protein-rich 

edema fluid into air spaces 

due to increased 

permeability of the 

alveolar-capillary barrier 



Pathogenesis 
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Ware, L. B. et al. N Engl J Med 2000;342:1334 

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

The Normal Alveolus (Left-Hand Side) and the Injured Alveolus in the Acute 

Phase of Acute Lung Injury and the Acute Respiratory Distress Syndrome 

(Right-Hand Side) 



ARDS - Histology 

Normal Lung 

Diffuse Alveolar Damage  

Diffuse Alveolar Damage 



Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

Findings on Light Microscopy and Electron Microscopy during the Acute Phase (Panels A and 
D) and the Fibrosing-Alveolitis Phase (Panels B, C, and E) of Acute Lung Injury and the Acute 

Respiratory Distress Syndrome 



Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

Radiographic and Computed Tomographic (CT) Findings in the Acute, or Exudative, Phase 
(Panels A and C) and the Fibrosing-Alveolitis Phase (Panels B and D) of Acute Lung Injury 

and the Acute Respiratory Distress Syndrome 



Physiologic Derangements 

• Impaired Gas Exchange: 

 Physiologic shunting Ventilation/Perfusion mismatch are the 

major causes of hypoxemia 

 

• Decreased Lung Compliance:  

    One of the hallmarks of ARDS. Decreased compliance is due to 

stiffness of poorly aerated lung and to a smaller extent on 

pressure-volume characteristics of residual functioning units 

 

• Pulmonary Hypertension: seen in about 25% of ARDS pts 

on mech.vent. It is due to hypoxic vasoconstriction and vascular 

compression by positive pressure ventilation 



Clinical Stages of ARDS 

• Exudative Stage: Diffuse Alveolar damage (DAD) 

 

• Proliferative Stage: There is resolution of 

pulmonary edema, proliferation of type II alveolar 

cells, squamous metaplasia, interstitial infiltration 

by myofibroblasts and early deposition of collagen 

 

• Fibrotic Stage: Some patients progress to this stage 

in which there is obliteration of normal lung 

architecture, diffuse fibrosis and cyst formation 



Clinical Features in ARDS - Early Stage 

• Early Stage: day 1-7  

   - Clinical features of underlying disease   

   - Then rapidly developing worsening of  

      tachypnea, dyspnea and hypoxemia (severe)  

• Lab findings are not specific for ARDS. 

 



Clinical Features in ARDS - Proliferative 

day 7-21 

• In the first week, resolution of pulmonary edema 

occurs. Oxygenation may improve 

• Majority of patients require mechanical ventilation 

due to continued hypoxemia and high minute 

ventilation (poor lung compliance) 

 

• Complication such as barotrauma,                           

nosocomial infection and  

    multi-organ system failure occur 



Clinical Features in ARDS - Late Stage 

day >21  

• In late stages, difficulty in oxygenation is due to    

- large dead space ventilation 

    - high minute ventilation requirement                              

- surfactant dysfunction. 

• Fibrosis may occur: 

   -  in airway pressure 

   - progressive pul. HTN 

   - honeycomb changes  

     on CXR 

 



ARDS Treatment 

• Mechanical ventilation 

 

• Treatment of underlying etiology 

 

• Other supportive measures 



Mechanical Ventilation 

• Most important treatment modality for ARDS 

 

• Mechanical ventilation provides: 

  reliable oxygen supplementation 

 decreased work of breathing 

 decreased venous return leading to decrease in 

transvascular hydrostatic pressure and edema 

formation 

 recruitment of atelectatic lung units 



Mechanical Ventilation - Goal 

• Effective ventilator strategy is aimed to 

achieve adequate oxygenation with FiO2 less 

than 50-60% 

 

• Select appropriate level of PEEP and a safe 

mode of ventilation to  

   -  augment gas exchange  

   -  limit ventilator-associated lung injury 

(micro and macro barotrauma) 



        Macrobarotrauma 

• Pneumothorax 

• Interstitial emphysema 

• Subcutaneous emphysema 

• Pneumomediastinum 

• Air embolism 

• 13% suffered barotrauma. 

Only 2% contributed to 

mortality 

• Higher levels of PEEP is a 

risk factor for barotrauma 

     Microbarotrauma 

• Less obvious but causes 

more lung injury 

• Overdistension of 

alveoli  microvascular 

injury and high 

permeability edema 

• Low tidal volume 

ventilation showed 

significantly lower 

mortality 



Barotrauma 



Effect of Atelectactic Units 



Pressure-Volume Curve in ARDS 



Mode of Ventilation: 

Volume Cycled versus Pressure Controlled 

Ventilation 

Volume-cycled                 Pressure controlled 

Advantages                                          Advantages 

Guaranteed tidal volume (TV)           Airway pressure controlled 

and minute ventilation (VE)                Patient tolerance 

Clinician familiarity   

   Disadvantages                                       Disadvantages                                 

Airway pressure not controlled         Less clinician familiarity 

Worse patient tolerance                    TV and VE not guaranteed 



Positive End Expiratory Pressure (PEEP)        

in ARDS 

• Increased end expiratory volume 

• Recruitment of unventilated alveoli 

• Decreased perfusion of unventilated alveoli 

• Improvement in V/Q matching 

• Decreased intrapulmonary shunt 



Low Tidal Volume Ventilation 

• Animal experiments with normal lungs showed 

alveolar overdistension causes microbarotrauma to 

vessels (VILI) 

 

• Adults: initiate TV at 6-8 ml/Kg 

 

• Low TV ventilation reduces                                    

ventilator associated lung injury                             

(VALI) 



The Acute Respiratory Distress Syndrome Network,   N Engl J Med 2000;342:1301-1308 

Mean ( SE) Mortality Rate among 257 Patients with Acute Lung Injury and the Acute 
Respiratory Distress Syndrome Who Were Assigned to Receive Traditional Tidal Volumes and 

260 Such Patients Who Were Assigned to Receive Lower Tidal Volumes, According to the 
Quartile of Static Compliance of the Respiratory System before Randomization 



Outcome Variables Lower vs Traditional TV 

The Acute Respiratory Distress Syndrome Network,   N Engl J Med 2000;342:1301-1308 



ARDSnet Trial Recommendations 

• Calculate predicted body weight 

• Set mode to assist control 

• Start with 8ml/kg TV &  it to 6 ml/kg in 1-3 h 

• Set initial rate to <35/mt to match baseline VE 

• Plateau pressure (Pplat) goal is <30 mmH2O 

 



Treatment of ARDS - Other Strategies 

• Use of sedatives and analgesics 

• Prone position 

• Other modes of ventilation such as inverse 

ratio, Pressure release ventilation, high 

frequency ventilation, liquid ventilation, 

   extracorporeal membrane oxygenator 

• Pharmacologic interventions 



Sedatives and Analgesics 



Prone Positioning of Patient 

• Re-expansion of gravity induced atelectasis 

• Improvement of V/Q matching 

• Increased FRC  

• Mobilization of secretions 



Prone Position: 

Contraindications                  Complications 

Shock                                 Nerve compression 

Acute bleeding                   Crush injury 

Multiple trauma                 Venous stasis 

Spinal instability                Airway security 

Pregnancy                           Diaphragm limitation 

 intracranial pressure       Pressure sores 

Abdominal surgery             Dislodging vascular cath 

                                            Retinal damage  
Ryan DW; Pelosi, P     BMJ 1996; 312:860 



Inhaled Nitric Oxide (NO) in ARDS 

Oxygenation improves. But no benefit in number days on  

mechanical ventilation or mortality with use of NO 



Liquid Ventilation in ARDS 

• Ventilation with perfluorocarbon liquids 

• Partial or total liquid ventilation 

• Perfluorocarbon liquid evaporates 

• No benefit over traditional ventilation in 

ARDS 



High Frequency Ventilation 



Extracorporeal Oxygenation 



Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

Results of Clinical Trials of Pharmacologic 

Treatment for Acute Lung Injury and the Acute 

Respiratory Distress Syndrome 

• Glucocorticoids in early stage - no benefit 

• Alprostadil     - no benefit 

• Surfactant       - no benefit in adults 

• Inhaled nitric oxide   - no benefit 

• Ketoconazole            - no benefit 

• Procysteine    - lack of efficacy 

• Lysofylline    - lack of efficacy 

• Glucocorticoids in late stages - beneficial 



Predictors of mortality 

• APACHE Score 

• SAPS 

• Dead Space ventilation                                      

at time of  presentation 



Prognosis of ARDS 

• In the first 2-3 days, underlying etiology 

• Nosocomial infection, barotrauma 

• Late stages: progressive pulmonary fibrosis 

 

• Survivors of ARDS:  May have normal lung 

function, some have mild to modest 

pulmonary function limitation . Few have 

severe pulmonary impairment 



Acute Respiratory Failure- ARDS 

Summary 

• Mechanical ventilation is critical 

• Low tidal volume ventilation is associated with 

less VALI 

• Survival benefit is seen with LTV ventilation 

• PEEP improves oxygenation 

• In late stages corticosteroids may benefit 

• HFV shows promise for adults 

 



 



 



Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

The Normal Alveolus (Left-Hand Side) and the Injured Alveolus in the Acute Phase of Acute 
Lung Injury and the Acute Respiratory Distress Syndrome (Right-Hand Side) 



Brower, R. G. et al. Chest 2001;120:1347-1367 

 
 



ARDS- Common Causes 

• Sepsis 

• Aspiration 

• Infectious pneumonia 

• Severe trauma 

• burns 

• Multiple blood transfusions 

• Leukoagglutinin reactions 

• Drug overdose 

• Near drowning 

• Smoke inhalation 

• Acute Eosinophilic P 

 

• Pancreatitis 

• Cardiopulmonary bypass 

• pulmonary contusion 

• Multiple fractures 

• Following UAO obstruction 

• BOOP 

• Bone marrow transplant 

• Drug reaction 

• Air embolism 

• Amniotic fluid embolism 

• Miliary TB 

 

 





 



 



 





 





 



 

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

History of Alternative Ventilatory Strategies for Acute Lung Injury and the Acute Respiratory 
Distress Syndrome 



 



 





 



 



 



 



 

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349 

Clinical Disorders Associated with the Development of the Acute Respiratory Distress 
Syndrome 



• Ventiltion with perfluorocarbon liquids 

• Partial or total liquid ventilation 

• Perfluorocarbon liquid evaporates 

                   PHYSICAL PROPERTIES OF PERFLUBRON 

                                                                       Perflubron          Normal 

Saline  

Density (g/mL; at 25'C)                                  1.93                      1  

Vapor pressure (torr; at 37C)                          11 

Surface tension (dynes/cm; at 25'C)               18                         75 

Oxygen solubility (mL / 100 mL; at 25'C)      53                         2 

Carbon dioxide solubility                                210                       70 

(mL / 100 mL; at 37'C)  

Modified from Shaffer TH, et al. Pediatr Pulmonol 14:102-109, 1992.  

 

 


