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Objectives 

• To learn what influences the formation of pulmonary 

oedema. 

• To consider how treatment may affect this. 

• To learn how a conservative fluid strategy may 

theoretically help. 

• To learn about the evidence regarding fluid strategy in 

ARDS. 

• To consider how this may be used clinically with 

competing objectives. 

• To consider the role of albumin. 



Pulmonary Oedema in 

ARDS 
• The lung shadowing seen on the X ray 

in ARDS is extravascular lung water. 

Otherwise known as pulmonary 

oedema. 

• Reduces pulmonary compliance and 

increases work of breathing initially. 

• Alveolar oedema causes shunt and 

oxygenation problems. 



Formation of 

pulmonary oedema 
• Oedema formed when fluid 

moves from pulmonary 

capillary to interstitium. 

• Hydrostatic pressure tends 

to force fluid out of 

capillary. 

• Oncotic pressure from 

plasma protein tends to 

hold fluid in capillary. 



Pulmonary Oedema 

• In health, ‘Starling’ forces balance each other out. 

• In cardiogenic pulmonary oedema, increased filling 

pressure → increased hydrostatic pressure → oedema. 

• In ARDS (non-cardiogenic pulmonary oedema), 

capillary membrane becomes leaky.  

• Pulmonary oedema can form at normal hydrostatic 

pressures. 

• Acute phase response often depletes plasma protein 

and albumin. Decreases plasma oncotic pressure. 

• Proteins also leak across damaged capillary membrane. 



A therapeutic 

dilemma? 
• Previous information might suggest fluid 

limitation may be beneficial. 

• But patients often present hypotensive, 

shocked, requiring vasopressors and in 

renal failure? Need initial fluid 

resuscitation. 

• How do we balance these conflicting 

aims? 



Theory behind conservative fluid 

strategy 

• Extra IV fluid known to increase pulmonary capillary 

pressure. 

• Hence less fluid = ↓capillary pressure = ↓pulmonary 

oedema. 

• Early work suggested more positive fluid balance 

and increased weight associated with mortality.1  

• Further work shows that increased maximum 

measured lung water by thermodilution associated 

with mortality.2 

1. Simmons RS, Berdine GG, Seidenfeld JJ, et al: Fluid balance and the adult respiratory distress syndrome. Am Rev Respir Dis 1987, 135:924-929 

2. Sakka SG, Klein M, Reinhart K, et al: Prognostic value of extravascular lung water in critically ill patients. Chest 2002, 122:2080-2086. 



Can we use this as therapy? 

• Is this just a reflection of severity of illness? 

• A retrospective study from 19903 suggested interventional 

lowering of pulmonary artery occlusion pressure (PAOP) 

[a marker of filling and pulmonary capillary pressure] 

resulted in improved mortality in those whose PAOP could 

be lowered by 25%. 

• A study from 19924 in 101 patients compared fluid therapy 

based on targeting extravascular lung water (EVLW) 

<7ml/kg with fluid therapy based on PAOP.  The EVLW 

water group had an even balance over 3 days compared 

to 2 litres positive in the PAOP group. The EVLW group 

had a shorter duration of ventilation and ICU stay. 

3. Humphrey H, Hall J, Sznajder I, et al: Improved survival in ARDS patients associated with a reduction in pulmonary capillary 

wedge pressure. Chest 1990, 97:1176-1180.  

4. Mitchell JP, Schuller D, Calandrino FS, Schuster DP: Improved outcome based on fluid management in critically ill patients 

requiring pulmonary artery catheterization. Am Rev Respir Dis 1992, 145:990-998. 



FACTT Study5 

• Large multicentre RCT of 1000 patients. 

• Compared fluid-liberal Vs fluid-conservative 

strategy using both CVP or pulmonary artery 

catheter guided fluids and diuretics. 

• Hypotensive patients and patients with renal 

failure excluded. 

• Included at 48 hours into admission to ICU. 

• Conservative group had zero fluid balance at 7 

days. Liberal group 6 litres positive at 7 days. 

5. Wiedemann HP, Wheeler AP, Bernard GR, et al: Comparison of two fluid- management strategies in acute lung injury. N Engl J Med 2006, 354:2564-2575 



FACCT study results 

and implications 
• Conservative group had improved 

oxygenation and fewer days on the 

ventilator. 

• No difference in mortality at 60 days. 

• Implies fluid strategy can make a 

difference to respiratory status. 

• Difficult to know how to apply clinically 

due to exclusion criteria. (renal failure and 

hypotension).  



Role for albumin? 
• Theory that if you increase oncotic 

pressure you will limit pulmonary 

oedema. 

• Concern that albumin may cross leaky 

capillary membrane and not be 

effective. 

• A small study6 suggested a combination 

of albumin and frusemide improves 

oxygenation in ARDS. 6. Martin GS, Moss M, Wheeler AP, et al: A randomized, controlled trial of furosemide with or without albumin in hypoproteinemic patients with 

acute lung injury. Crit Care Med 2005, 33:1681-1687.  



Conclusion 
• Pulmonary oedema occurs in ARDS due to increased 

permeability of the pulmonary capillary membrane, often 

associated with decreased oncotic pressure due to low 

albumin levels. 

• Limiting positive fluid balance after initial resuscitation is 

associated with better respiratory function. 

• May be important therapeutically especially if severe 

respiratory failure. 

• Needs to be individualised as no evidence in renal failure 

or hypotension. 

• Potential role for albumin to increase oncotic pressure? 

• THE FULL TEXT PAPER IS ON THE RICON WEBSITE 

FOR YOU TO REVIEW 


