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Learning objectives:

• Protein metabolism in the critically ill

• Higher protein intake increases whole protein content 

in the body

• What is the best protein intake during the early or late 

period  of the acute phase and in the post acute 

phase for PICS or rehabilitation

• No strong evidence for high protein administration 

(more than 1.3 g/kg/d) in ICU patients

• Disease specific protein therapy for trauma, renal or 

frail and elderly patients



Organs with a large turnover may be susceptible to decreased free amino-

acids. Some organs are prioritized in acute illness.

Attaix D, Boirie Y Normal protein homeostasis

Daily protein turnover in 

individual organs



Proteolysis  for 

substrate endogenous 

production

Catabolism

Anabolism

Singer et al: ESPEN  Guidelines: Nutrition in ICU. Clin Nutr 2019





EFFECTS OF 2-WEEK BED REST ON 

INFLAMMATORY MEDIATORS IN HEALTHY YOUNG 

VOLUNTEERS
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C-reactive protein IL-10

Pro-inflammatory

cytokines

Anti-inflammatory

cytokines

P<0.05

Bed restAmbulatory

P<0.05

P<0.05

P<0.05

Long-pentraxin-3

Acute phase reactants

J Clin Endocrinol Metab 2008



Clinical consequences of 

protein and muscle loss



• Nitrogen output

• FFM through bioeletrical impedance

• Ultra sound

• CT

• MRI

• Stable isotopes

• Biopsy

Assessment



N: 5527 2001-2014 Hospital Mortality 8.5% LOS 8 days
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Factors:

• Weight

+0.5g/10kg

• Height 

+0.4g/10cm

• Age- 1.4g 60a

- 1.8g 

80a

• Gender (f) - 1.2g

• Death - 1.0g

• BMI no effect

• Time in ICU !!!

• Baseline  

12g/day

Nitrogen Loss



Fat Free Mass

Fat Free Mass Index FFMI

Phase Angle

Bioelectrical Analysis



Wischmeyer P, San-Millan I. Winning the war against ICU-acquired 

weakness: new innovations in nutrition and exercise physiology. Crit Care 

2015; 19: S6





MRI
Gallagher DeLegge,, 

JPEN 2011;  35: 21S 



Biopsy

Tracers



• Observational studies

• PRCT and meta analysis

• Guidelines

Evidence for protein 

administration



Every 1 g of 

protein 

increases 

survival by 

1%

Crit Care 2016





• Give more?

• Give early?

What to do to improve 

outcome and preserve 

muscles?





• Increase 

in 

mortality?

Casaer MP, Wilmer A, Hermans G, Wouters PJ, Mesotten D, Van den Berghe G. 

Role of disease and macronutrient dose in the randomized controlled EPaNIC 

trial. A post hoc analysis. Am J Respir Crit Care Med 2013; 187: 247–255.



What is early?

• The timing: starting during the first 72 hours, 

regardless of the dose?

• The amount: Early and plenty: up to 1 g/kg/d 

within 72 hours





2253
pts

1049 
EARLY

D1:       
0.4 g/kg

D2:       
0.7 g/kg

D3:      
1.0 g/kg 

1213 
LATE

0.39 
g/kg



60 days mortality: 36% in early and 43% in late protein 

administration (p<0.001 for difference) Cox analysis: HR 0.84, 

95% CI 0.72- 0.98, p=0.01



High protein 

intake > 2 

g/kg/day 

Recommended 

like in cancer, 

burns, …

Nutr Clin Pract. 2017; 32: 121S–127S
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Intermediate conclusions

• Most of the patients do not receive enough protein 

intake

• Early progressive administration of energy AND 

protein may be beneficial, but remain to be 

demonstrated

• Late protein administration seems beneficial



Not all the ICU patients are the same

Septic

Renal

Frail

Obese

Multiple trauma



Obese patients

• Provide 60 – 70% of target energy needs

• At least 2gm/kg ideal body weight of protein

• Pro – improves insulin sensitivity

- prevents hypercapnea, fluid retention

- weight loss BUT NOT PRIMARY OBJECTIVE

• Con – higher rates of infection

- poorer outcomes with negative energy balance

• ASPEN/SCCM – endorses hypocaloric feeding in obese patients

• ESPEN propose to measure IC and N2 excretion to guide 
medical nutritional therapy



Weijs P, Looijaard, W, Beishuizen A, Girbes AR, Oudemans-van Staaten HM. 

Early high protein intake is associated with low mortality and energy 

overfeeding with high mortality in non-septic mechanically ventilated critically 

ill patients. Crit Care 2014; 18:701



The Acute Kidney Injury 

patients



Protein losses during CRRT

• Molecular weight of AA; 140 Da and lost during CRRT

• AA lost:  7.9 g/24h with flow 1000 mL/h and 2.4 g/24 

with flow 500 mL/h

• Lost more during ultrafiltration

• Convection increases loss by 1.2 to 7.6 g/d

• Diffusion inducing catabolism

• All together loss of amino acids: 10-15 g/day

Chua HR, Baldwin I, Fealy N, Naka T, Bellomo R. 

Amino acid balance with extended daily diafiltration in 

acute kidney injury. Blood Purif 2012; 33:292-99.



Intensive Care Med 2015; 41: 1197-1208





Critical Care Medicine:2018 ; 46:1293-1301



The frail and the older



Adequate Protein Nutrition 

Support Modifies 6-Month 

Mortality Risk of Low Muscle 

Mass in Critically Ill Patients

Wilhelmus G. P. M. Looijaard; Ingeborg M. Dekker; 

Heleen M. Oudemans-van Straaten; Peter J. M. Weijs



Addition of exercise to 

nutrition in the ICU







Intensive Care Med 2017





In adult critically ill patients, 

does high protein intake compared to low 

protein intake improve outcome? 

• 1.3 g protein /kg per day should be delivered 

progressively during critical illness.

• Grade of recommendation: O  - (91%) agreement

• Exercise can be suggested.

Singer et al: ESPEN  Guidelines: Nutrition in ICU. Clin Nutr 2019



Conclusions

• Different diseases react differently to 

protein administration

• Requirements adapted to weight, age, 

metabolic status: not a unique 

recommendation!

• High amount of protein is needed (1.3 

g/d) and some patients may need more 

and some less

• Exercise may decrease protein 

catabolism  


