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• Fluid therapy is a critical aspect of initial acute 

resuscitation in critically ill patients 

 

Dellinger et al: Crit Care Med 2013; 41:580–637 



• Excessive fluid accumulation has been associated 

with worse clinical outcome 

McDermid et al: World J Crit Care Med 2014 February 4; 3(1): 24-33 



McDermid et al: World J Crit Care Med 2014 February 4; 3(1): 24-33 



Meta-analysis involved 29 randomized and cohort studies 
 (~16000 critically ill medical and surgical patiants) 

Malbrain et al; Anaesthesiology Intensive Therapy 2014, vol. 46, no 5, 361–380 

By the first week of ICU stay… 



Malbrain et al; Anaesthesiology Intensive Therapy 2014, vol. 46, no 5, 361–380 



Impaired venous return and 
increased third space loss 

Vicious cycle of futile fluid loading leading to increased IAP and further ongoing fluid administration 

Malbrain et al; Anaesthesiology Intensive Therapy 2014, vol. 46, no 5, 361–380 



Malbrain et al; Anaesthesiology Intensive Therapy 2014, 
vol. 46, no 5, 361–380 



• Goal of zero or negative fluid balance by D3 

and keep cumulative fluid balance on D7 as 

low as possible (Grade 2B) in critically ill 

patients 

Kirkpatrick AW et al;  Intensive Care Med 2013; 39: 1190−1206. 
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• 639 critically ill patients 

stay in ICU >=3 days 

Shum et al: J Crit Care (2011) 26, 613-619 

• Hospital mortality 
correlated with fluid gain on 
2nd plus 3rd ICU stay and 
disease severity 
•  However, fluid gain on 1st 
ICU day do associated with 
lower hospital mortality 
 



During the “resuscitation” phase, the goal is restoration of effective intra-vascular 

volume, organ perfusion and tissue oxygenation. Fluid accumulation and a positive fluid 

balance may be expected. 

Goldstein SL. Fluid Management in Acute Kidney Injury. J 

Intensive Care Med 2012 Nov 14 



During the maintenance phase, the goal is maintenance of intravascular 
volume homeostasis. The broad aim here would be to avoid excessive fluid 
accumulation and prevent unnecessary fluid loading  

Goldstein SL. Fluid Management in Acute Kidney Injury. J 

Intensive Care Med 2012 Nov 14 



During the recovery phase, passive and/or active fluid 
removal would correspond to organ recovery 

Goldstein SL. Fluid Management in Acute Kidney Injury. J 

Intensive Care Med 2012 Nov 14 



If you believe in these findings, 
what should you do? 

• Identify and avoid excessive fluid gain 

• Assess patients fluid status regularly 

• Consider active fluid removal in appropriate 

settings 



Rosner et al; British Journal of Anaesthesia 113 (5): 764–71 (2014) 



Holst et al: BMJ. 2015 Mar 24;350:h1354.  

• 31 RCTs 
• 9813 randomised patients 
• Cover trauma, perioperative and critical care setting 
• Liberal Hb target 9-10, restrictive Hb target 7-8 

 



Forest plot of mortality in trials  
strratified by clinical setting 

Holst et al: BMJ. 2015 Mar 24;350:h1354.  
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Rosner et al; British Journal of Anaesthesia 113 (5): 764–71 (2014) 
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Pharmacotherapies for control of fluid overload 

• Indicated when fluid accumulation contributed 

or is likely to contribute to patients morbidities 

– Delayed ventilator weaning 

– Disrupted wound healing 

– Impaired organ recovery 

– Suboptimal rehabilitation 

Goldstein et al: British Journal of Anaesthesia 113 (5): 756–63 (2014) 



When to start? 

• In stabilization or de-escalation phase 

– Restoration of central hemodynamic 

– Stable or decreasing use of vasopressor 

– Good clearance of lactate 

– Normalization of central venous oxygenation 

Goldstein et al: British Journal of Anaesthesia 113 (5): 756–63 (2014) 



Using loop diuretic 

• 5 RCTs, 555 critically ill patients 

• No improvement of mortality or rate of 

independence of RRT 

• Associated with shorter RRT duration 

• Better u/o 

Bagshaw et al: Crit Care Resusc. 2007 Mar;9(1):60-8. 



• Is continuous infusion better than 

intermittent dose? 

 



• 14 RCTs, 811 adult patients 

• Majority are HF patients except 3 studies conducted in 

ICU 
Alqahtani et al: J Crit Care. 2014 Feb;29(1):10-7. 



Loop diuretics 

• Is co-administration with albumin can 

improve diuretic effect in hypoalbuminemic 

patients? 

 



• 10 RCTs, 343 adult 

patients 

• Lasix dosage ~30-60mg 

• Albumin dosage ~10-50g 

 

Kitsios et al: J Crit Care. 2014 Apr;29(2):253-9. 



• Is loop +  distal convoluted tubule diuretic 

therapy better than loop diuretic alone? 



• FM and B associated with greater u/o, no significant worsening of renal fx 

• But more electrolyte disturbance 

Ng et al: J Cardiovasc Pharmacol Ther. 2013 Jul;18(4):345-53. 



Mechanical fluid removal 

• Should be considered early in situations 

associated with high risk of FO (eg massive 

blood transfusion, PN, large volume drug 

therapy) 

 



Rosner et al; British Journal of Anaesthesia 113 (5): 764–71 (2014) 



A: Rapid early fluid 
removal may be 

indicated in cardio-renal 
syndrome 

Rosner et al; British Journal of Anaesthesia 113 (5): 764–71 (2014) 



C and D: Patients with 
severe sepsis and septic 
shock may not tolerate 

rapid fluid removal 

Rosner et al; British Journal of Anaesthesia 113 (5): 764–71 (2014) 



When to stop mechanical fluid removal? 

• Not clear yet.. Fluid status and clinical progress 

• BEST kidney study -> U/O strongest predictors 

for not requiring RRT  with AUROC 0.85 

• Optimal u/o cut-off 436ml/d for patients w/o use 

of diuretics 

 
Uchino et al; Crit Care Med 2009; 37: 2576–82 

van der Voort PH et al; Crit Care Med 2009; 37: 533–8  



Conclusion 

• Excessive fluid gain is associated with 

increased mortality and morbidities 

• Recognize three phases of fluid balance will 

improve understanding of overall fluid 

management in critically ill 

 



Questions or Comments 


