
The crystalloid-colloid controversy

Prof. Zsolt Molnár
zsoltmolna@gmail.com

Department of Anaesthesia and Intensive Care 
University of Szeged 

Hungary



Fluid is important



Fluid improves outcome

Mortality: 46.5 vs. 30.5% (p=0.009)



Maybe harmful: SOAP study
Vincent JL, et al. Crit Care Med2006; 34: 344–353 



Give as much as needed
Bungaard-Nielsen M, et al. ACTA Anaesthesiol Scand 2009; 53: 843-51 



Crystalloid vs.Colloid
Which is the killer?



Meta-analysis on mortality
Choi PT et al. Crit Care Med1999; 27: 200



SAFE

Finfer S et al. SAFE study. N Eng J Med2004; 350: 2247

20.9% 21.1%



P=0.34

<22 ml/kg

48 (22-96) ml/kg

Acute Renal Failure: HES-34.9% vs RL-22.8%, p=0.002



• Patients with severe sepsis assigned to fluid resuscitation with HES 130/0.4 
had an increased risk of death at day 90 and were more likely to require renal-
replacement therapy, as compared with those receiving Ringer’s acetate. 

• In patients in the ICU, there was no significant difference in 90-day mortality 
between patients resuscitated with 6% HES (130/0.4) or saline. However, 
more patients who received resuscitation with HES were treated with renal-
replacement therapy.

HES is bad for you…
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Myburh JA et al. 2012; DOI: 
10.1056/NEJMoa1209759

Perner A et al. 2012; DOI: 
10.1056/NEJMoa1204242



Verdict on HES in 2012

End of the synthetic 
colloid story?

Dellinger RP et al. Intensive Care Med 39. doi: 10.1007/s00134-012-2769-8





There is only one reason why you 
give fluid…



…to avoid oxygen debt

• DO2= (SV•P) • (Hb•1.39•SaO2+0.003•PaO2) ~ 1000ml/m (SaO2=100%)

• VO2 = CO • (CaO2 - CvO2) ~ 250 ml/min (ScvO2~70-75%)
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Oxygen debt and mortality
Rixen D, et al. Shock 2001, 16:239-244



What shall we give?



• Crystalloids:
– Robert Lewins – 1832

• INJECTION OF SALINE SOLUTIONS IN 
EXTRAORDINARY QUANTITIES INTO 
THE VEINS IN CASES OF MALIGNANT 
CHOLERA

– Sydney Ringer - 1885

– Alexis Hartmann (1898-1964)

• Albumin
– Pearl Harbor - 1941

Milestones
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The semipermeable membranes

J Physiol May 5, 1896 19 (4) 312-326
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Distribution of fluids – the compartment model

Is it fact or 
fiction?



How does physiology work 
in critically ill patients?



SAFE

Finfer S et al. SAFE study. N Eng J Med
2004; 350: 2247

Alb:
1184 ml

Saline:
1565 ml25%<



Perner A et al. 2012; DOI: 
10.1056/NEJMoa1204242

„Trial fluid…was used when 
ICU clinician

judged [it] was needed”

HES:
1500 ml

RA:
1500 mlNS<



Myburh JA et al. 2012; DOI: 
10.1056/NEJMoa1209759

20-40%<



Myburh JA et al. 2012; DOI: 
10.1056/NEJMoa1209759

HR<90

MAP~75

CVP~9

Lac~2

Invasive hemodynamic 
endpoints (CI, SV, ScvO2) were 

not applied



Is physiology wrong?



Acta Anaesthesiol Scand 2012; 56: 291–297

Decrease by 60%

Bleeding: 150 ± 33 ml/event
Blood:HES = 1:1



Crit Care Med. 2010 58(2):1-7

10 healthy adults
1000 ml fluid/60 min

4x



Colloid vs.Colloid:
Size doesn’t matter



Facts and fiction

1. Fluid therapy is life saving in acute hypovolemia

2. Less colloid is needed for the same change in CI

3. V/R ratio (Cryst/Coll) may be 4:1 in healthy but 
~2:1 or even less in critically ill

4. Is there any point dealing with colloids at all?



Microcirculation



Part 1: Sepsis





Vascular diameters

V/P ratioHeart rate

Blood pressure



Colloids prevent LPS causedvasoldilataion
and preserve platelet andleukocyte function



Part 2: Surgery and bleeding 



Colon anastomosis – 240 minutes observatoin

R-RL group: 3ml/kg fluid

GD-RL group:3ml/kg fluid + 250 ml if ScvO2<60%

GD-C group: 3ml/kg fluid + 250 ml if ScvO2<60%



Baseline

Shock

After 
resuscitation

HES LR

Colloids preserve ischaemia-reperfusion
causedmicrocirculatoryflow 



Physiological background



Reitsma S, et al. J Vasc Res 2011, 48:297-306

The secret: Glycocalyx



Bernard M. et al. Circulation Research. 2003; 92: 592-594

Hypervolemia
Bruegger D, et al. Am J Physiol Heart Cicr Physiol 

2005; 289: H1993-1999

Severe sepsis
Chappel D, et al. Curr Opin Anaesthesiol

2009; 22: 155-62

SIRS

The secret: Glycocalyx



• Patients with severe sepsis assigned to fluid resuscitation with HES 130/0.4 
had an increased risk of death at day 90 and were more likely to require renal-
replacement therapy, as compared with those receiving Ringer’s acetate. 

• In patients in the ICU, there was no significant difference in 90-day mortality 
between patients resuscitated with 6% HES (130/0.4) or saline. However, 
more patients who received resuscitation with HES were treated with renal-
replacement therapy.

HES is bad for you…
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Myburh JA et al. 2012; DOI: 
10.1056/NEJMoa1209759

Perner A et al. 2012; DOI: 
10.1056/NEJMoa1204242

Had thesepatients receivedbolus fluids
unnecessarily?



Wrap it up!

1. Glycocalyx is impaired in many critically ill

2. Colloids act farster and longer – if the glycocalix 
is intact

3. They improve microcirculation and cause less 
edema as compared to crystalloids



My dilemma

What should we give?
vs.

When should we give?





Tánczos K, Németh M, Molnár Z
Ann. Up. in Int. Care and Em. Med. 2014 in press

Solve the hemodynamic puzzle first!

2014



Input: ScvO2, CVP, CI, GEDVI, SVV, MAP

Hypovolemic patients Normovolemic patients



Your wish…

Fluid therapy – in just 24 hours!



The most important lesson

Auguste Rodin: The Thinker



Is physiology wrong?

No, it’s us, who misunderstand the data!



„Together wewin, dividedwe’re slow!”

FREE for junior doctors!


