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Protein Source Biological Value

Egg, whole 93.7

Milk 84.5

Fish 76.0

Beef 74.3

Soybeans 72.8

Rice, polished 64.0

Wheat, whole 64.0

Corn 60.0

Beans, dry 58.0

Biological value protein
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FAO, 1981

The limiting (essential) amino acid
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Diet 1

Diet 2
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Digestible Indispensible Amino Acid Score

Digestible Indispensible Amino Acid Score
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g/kg/day for 80 kg person
0.48-0.65
0.65-0.79
0.79-0.91
0.91-1.01
1.01-1.11
1.11-1.26
1.26-1.43
1.43-1.66
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FAO, 1981

Leucine



5/4/2018

Copyright 2018 Olav Rooyackers 10

Leucine

Fast or slow proteins
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Fast or slow proteins
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Take home:

 Biological value of a protein is determined by its essential amino acid content in 
relation to human requirements

 In general, animal proteins have a higher biological value

 An only vegetarian/vegan diet needs to compensate for this by increasing intake

 Whey protein might have a benificial acute effect in certain situations
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Puthucheary et al, JAMA 2013

The problem
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The problem

Weijs et al, Crit Care 2014

The problem
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The problem

Protein turnover
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Whole body protein turnover

Tissue protein turnover
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Measuring protein turnover

Measuring protein turnover



5/4/2018

Copyright 2018 Olav Rooyackers 18

Measuring protein turnover

Measuring protein turnover
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Protein turnover in the critically ill

Rooyackers et al, Clin Nutr 2014

Protein turnover in the critically ill

Rooyackers et al, Clin Nutr 2014



5/4/2018

Copyright 2018 Olav Rooyackers 20

Protein turnover in the critically ill
(immune cells)

Rooyackers et al, Clin Nutr 2014 Januskiewicz et al, J Clin Immun 2007
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Protein turnover in the critically ill
(liver)

Rooyackers et al, Clin Nutr 2014 Barle et al, ICM 2001, Cli Sci 2006
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Protein turnover in the critically ill

Rooyackers et al, Clin Nutr 2014

Protein turnover in the critically ill
(skeletal muscle)

Rooyackers et al, Clin Nutr 2014 Klaude et al. Cli Sci 2011
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Klaude et al, Clin Sci 2011 Tjäder et al, submitted

Protein turnover in the critically ill
(skeletal muscle)

Tjäder et al, submitted

Protein turnover in the critically ill
(skeletal muscle)



5/4/2018

Copyright 2018 Olav Rooyackers 23

Tjäder et al, submitted

Protein turnover in the critically ill
(skeletal muscle)

Tjäder et al, submitted

Protein turnover in the critically ill
(skeletal muscle)
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Gamrin et al, Crit Care 2018

Protein turnover in the critically ill
(skeletal muscle)

Protein balance

Protein breakdown

Protein synthesis

Protein utilization in the critically ill
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Protein utilization in the critically ill

Protein utilization in the critically ill
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Protein utilization in the critically ill

Protein utilization in the critically ill

Rooyackers et al, Clin Nutr 2014
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Parenteral protein utilization in the critically ill

Liebau et al. Crit Care 2015

Parenteral protein utilization in the critically ill

Liebau et al. Crit Care 2015
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Parenteral protein utilization in the critically ill

Sundström et al. Unpublished

Parenteral protein utilization in the critically ill

Sundström et al. Unpublished
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Enteral protein utilization in the critically ill

Liebau et al. AJCN 2015

Enteral protein utilization in the critically ill

Liebau et al. AJCN 2015
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Enteral protein utilization in the critically ill

Liebau et al. AJCN 2015

Protein utilization in the critically ill

CC. icu-metabolism.se
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Protein utilization in the critically ill

CC. icu-metabolism.se

ESPEN (2009) ASPEN (2016)

Protein When PN is indicated, a balanced amino acid
mixture should be infused at approximately 1.3–1.5
g/kg ideal body weight/day in conjunction with an
adequate energy supply. (grade B)

We suggest that sufficient (high-dose) protein should be
provided. Protein requirements are expected to be in the
range of 1.2–2.0 g/kg actual body weight per day and may
likely be even higher in burn or multitrauma patients
[Quality of Evidence: Very Low]

What do the guidelines say
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What do the guidelines say

Larsson et al, Br J Surg 1990

Protein needs
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Shaw et al, Ann Surg 1987

Protein needs

ESPEN (2009) ASPEN (2016)

Protein When PN is indicated, a balanced amino acid
mixture should be infused at approximately 1.3–1.5
g/kg ideal body weight/day in conjunction with an
adequate energy supply. (grade B)

We suggest that sufficient (high-dose) protein should be
provided. Protein requirements are expected to be in the
range of 1.2–2.0 g/kg actual body weight per day and may
likely be even higher in burn or multitrauma patients
[Quality of Evidence: Very Low]

What do the guidelines say
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Weijs et al, JPEN 2012

Protein needs

Weijs et al, JPEN 2012

Protein needs
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Allingstrup et al, Clin Nutr 2012

Protein needs

0.8 g/kg/day

1.1 g/kg/day
1.5 g/kg/day

Total nr studies 13

Randomized 4

Nitrogen balance 12

Turnover 3

Body composition 1

Amino acid profiles 1

Outcome 2
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Casear et al. NEJM 2011

EPaNIC



5/4/2018

Copyright 2018 Olav Rooyackers 40

Casear et al. NEJM 2011

EPaNIC

Casear et al. NEJM 2011

EPaNIC



5/4/2018

Copyright 2018 Olav Rooyackers 41

Fivez et al. NEJM 2016

PEPaNIC

Vanhorebeek et al. Lancet res med 2017Fivez et al. NEJM 2016

PEPaNIC
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Vanhorebeek et al. Lancet res med 2017Fivez et al. NEJM 2016

PEPaNIC

Take home:

 Critical illness leads to redistrubution of proteins synthesised and degraded

 Muscle wasting is the result of increased breakdown

 The critical ill body is able to utilize parenteral and enteral proteins

 Proteins given up to target seem to have beneficial effects

 ALTHOUGH signal of harm possible during acute/early phase

 BUT this might be individual

 We need to find the signals of harm and monitor these to indivualise nutrition
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More info:
Olav.rooyackers@ki.se
www.icu-metabolism.se


