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The Great Fluid Debate  

I don‟t care if you use dog‟s piss, as long as you use it 
carefully.”  

 

Malcolm Fisher AO 



Roberts: BMJ 1998  



Favours 

 albumin 

Favours 

 control 

Hypovolaemia 

Hypoalbuminaemia 

Burns 

TOTAL 

Roberts: BMJ 1998  

RRD 1.68 (1.25 – 2.23) 

 

Overall excess mortality 

 of 6%  

(95% C.I. 3 - 9%) 

24/30 studies 

n=1104/1419 





“…I  would  attempt  to  sue  anyone  who  gave  me  an  

albumin  infusion. 

 And,  as  for  any  attempt  to  secure  my  informed  

consent  to  take  part  in  a  randomised  trial . . . forget  it !” 
 

Chalmers BMJ:1998 



The SAFE study 

New Eng J Med: 2004: 350: 2247-2256 

ANZICS  

Clinical Trials Group  



Double-blind, randomised trial 

 

4% albumin vs 0.9% saline for all volume resuscitation in the 
Intensive Care Unit   

 

 16 Intensive Care Units in Australia and New Zealand   

 

 Powered to detect 3% difference in absolute mortality from an 
estimated baseline of 15% (β=0.1,  =0.05)  

 

n=7000 

 
Stratified by an admission diagnosis of trauma 

The SAFE study 

SAFE Investigators: NEJM 2004 



Methodology 



Resuscitation endpoints 

Central venous pressure
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Heart rate
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Serum albumin
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Fluid volumes 

Ratio of albumin to saline for first four days = 1:1.4 
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SAFE Investigators: NEJM 2004 



Outcomes 

SAFE Investigators: NEJM 2004 



Should you change practice? 



SAFE: trauma subset 

SAFE Investigators: NEJM 2004 

P=0.039  

(Test for common relative risk)  



Trauma and traumatic brain injury  

SAFE Investigators: NEJM 2004 
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SAFE Study Investigators New Eng J Med: 2007 

Mortality at 28 days Mortality at 2 years 



Albumin and sepsis 



What about synthetic colloids? 



Colloids v crystalloids 

Colloid Trials n RR 95%CI 

Albumin 23 7754 1.01 0.92 to 1.10 

HES 16 637 1.05 0.63 to 1.75 

Gelatin 11 506 0.91 0.49 to 1.72 

Dextran 9 834 1.24 0.94 to 1.65 

Perel: Cochrane Collaboration 2007 



Colloid Trials n RR 95%CI 

Albumin v HES 25 1234 1.14 0.91 to 1.43 

Albumin v gelatin 7 636 0.97 0.68 to 1.39 

Albumin v dextran 4 360 3.75 0.42 to 33.09 

Gelatin v HES 18 1337 1.00 0.80 to 1.25 

Bunn: Cochrane Collaboration 2009 

Colloids for resuscitation 



SAFE TRIPS Investigators: Crit Care 2010 

SAFE TRIPS 



24 Countries, 391 Intensive Care Units – single day in 2007 

1970 / 5339 (36.8%) patients received fluid resuscitation 
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Fluid type by country / region 

SAFE TRIPS Investigators: Crit Care 2010 



Fluid volumes 

SAFE TRIPS Investigators: Crit Care 2010 



Colloid use in severe sepsis  

Choice of Colloid: Severe sepsis
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SAFE TRIPS Investigators: Crit Care 2010 



Starch and nephrotoxicity  

Schortgen: Lancet 2001 

Proportion without ARF Proportion survival 

3% Gelatin 

6% HES (200/0.6-0.66) 

Log rank p=0.29 

3% Gelatin 

6% HES (200/0.6-0.66) 

n=129 

Log rank p=0.018 



Renal replacement therapy: 31.0 v 18.8% p=0.001 

Brunkhorst: New Engl J Med  2008 

10% Pentastarch 

(200/0.5) 

YES NO 

Intensive 

insulin  

therapy 

YES IIT + PS IIT 

NO PS Neither 

Efficacy of Volume Substitution and Insulin Therapy in Severe Sepsis (VISEP) 

Open label, RCT: 

10% ARR in 28d mortality 

N=600+600 (adaptive design) 

P=0.48 P=0.09 



Outcome Trials n RR 95%CI 

Renal replacement therapy 34 1236  1.38 0.89 to 2.16 

RRT : sepsis 3 702 1.59 1.2 to 2.1 

Author-defined ARF 34 1199  1.50 1.12 to 1.87 

Author-defined ARF: sepsis 4 832 1.55 1.22 to 1.96 

Dart: Cochrane Collaboration 2010 

HES: effects on renal function  



Are „newer‟ starches different?  

Evidence of safety? 

CrCL 15-<50 

CrCL 50-120 

Reduced accumulation in renal dysfunction 

Jungheinrich Anesth Analg 2002 

500mL bolus 6% HES 130/0.4 

0

5

10

15

20

25

30

35

40

HES 130/0.4 HES 200/0.5

C
V

V
H

D
F

 R
e
q

u
ir

e
m

e
n

t 
(%

)

Renal function in ICU  

Retrospective observational study: n=8408 (4yrs) 

Brimer: abstract ESICM 2008 



Are „newer‟ starches different?  

Favors 130/0.4 Favors 200/0.5 

Blood loss in high risk surgery  

Kozek: Anes Analg 2008 

Immunomodulation in ischaemia-reperfusion injury  

Varga: Crit Care Med 2008 

Evidence of benefit? 



ANZICS  

Clinical Trials Group  



Design and outcomes 

CHEST MC: Intensive Care Medicine Jan 2011 

Clinicaltrials.gov : GI-CCT24378 



Aim 
 To determine the effects of intravenous fluid resuscitation with 6% hydroxyethyl 

starch (130/0.4) in 0.9% sodium chloride solution compared to 0.9% sodium chloride 
alone on all-cause mortality in critically ill patients. 

 

Design 
 Blinded, multicentred, randomised-controlled trial  

 

Power 
  N=7000  

 To detection ARR 3.5% from baseline mortality of 21% (α=0.05; β0.9) 

 To detect RRI in renal failure by 1.3 from baseline of 6%. 

  

Outcomes 
 All-cause mortality at 90 days 

 

 Incidence of acute renal injury/acute renal failure  

 Interval mortality rates 

 Organ failures (respiratory, cardiovascular, coagulation and hepatic) 

 Quality of life and functional outcome assessments  

 Cost-effectiveness analysis 

CHEST  



Joachim Boldt 



Shafer: Anes Analg March 2011 



Acta  Anethesoiologica Scancinavia :3 

Anaesthesia: 6 

Anasthesiolgie Intensivmedizin Notfallmedizin Schmerzterapie: 6 

Anesthesia and Analgesia: 22 

Anesthesiology: 1 

Annals of Thoracic Surgery: 2 

BritishJournal of Anaesthesia:  11 

Canadian Journal of Anaesthesia: 5 

Critical Care Medicine: 2 

Der Anesthesist: 2 

European Journal of Anaesthesiology: 8 

Intensive Care Medicine: 5 

Journal of Cardiothoracic and Thoracic Anaesthesia: 12 

Journal of Cranio-Maxillary-Facial Surgery: 1 

Medical Science Monitor: 2 

Minerva Anesthesiolgica: 1 

The Thoracic and Cardiovascular Surgeon: 1 

Vox Sanguinis: 1 





6% HES (130/0.4) systematic review  



Cochrane updates 2011 



What about crystalloids? 

“Abnormal” saline vs “Balanced” salt solutions  



Guidelines ….. 

28 evidence- based, consensus recommendations 

 
Fluid resuscitation 

Peri-operative fluid management 

Intra-operative fluid management 

Post-operative fluid and nutritional management 

Fluid management in acute renal injury 

http://www.ics.ac.uk/downloads/2008112340_GIFTASUP%20FINAL_31-10-08.pdf 



Fluid resuscitation 

Seven references – all pre date SAFE: 

 3 volunteer studies 

 2 review articles 

 2 “randomised” trials:  

  n=68  

  Secondary outcomes 

 

NOT level “1” 
 

Sensible maybe, “but eminence” based 



SAFE and acid base 
Nested, cohort study within the SAFE study 

N=691, 3 general ICUs 

Bellomo: Crit Care Med 2006 

Volume of fluid is predictor of acid base change 

Changes are minor – alkalosis predominates 

Influenced by disease severity and time 



 The crystalloid – colloid debate continues unabated …  

 

 Apart from the SAFE study, there is little high-quality evidence to 
guide the prescription and administration of the majority of 
resuscitation fluids given to critically ill patients in Australia and 
globally. 

 

 

Conclusions 



 On  the weight of published, high-quality evidence, crystalloid, 

specifically normal saline, is the resuscitation fluid of choice for 

critically ill patients.  

 

 There is no evidence of benefit of one crystalloid over another 

in terms of improving patient-centred outcomes. 

 

  

So, which fluid should I use?? 



 With respect to colloids, albumin should not be used for the 

resuscitation of patients with traumatic brain injury. 

 

 Whether albumin confers a benefit in patients with severe 

sepsis requires further study. 

 

There is no justification for the use of synthetic colloids for 

resuscitation outside the context of randomised-controlled 

trials. 

So, which fluid should I use?? 



 There is an intellectual and ethical imperative to continue to 
conduct high-quality studies about one of the most common 
interventions in acute medicine.  

 

 Australian and New Zealand researchers continue to lead the 
field in this area through the ANZICS Clinical Trials Group and 
collaborators. 

And so …. 




