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Nutrition risk assessment 
• ICU-specific tool 
• Identify highest risk patients 

Benefit > Risk 

Glucose control 

Route of nutrition 
• Volume-based EN 

when able (optimize 
tolerance) 

• SPN to meet needs 
• Timing depends on 

risk stratification 

Amount of nutrition 
• Avoid under and 

overfeeding 
• Use indirect 

calorimetry if 
available 

Nutritional components 
• Energy 
• Protein 
• micronutrients 

Monitoring 
• Daily reassessment 

and adjustment 
• Laboratory data, 

clinical status, fluid 
status 

From Singer P: Nutrition in the ICU: beyond physiology. Karger Publisher 

Early or late 
Frail or Obese 



 

ND ICU : 9,777 patients  

Clin Nutr 2016 accepted 



Energy and protein administered in 
Nutrition Day study 

• From 4,125 patients: 

• Protein given 60 ± 31 g/d 

• Lipid given 53 ± 31 g/day 

• Carbohydrates 176 ± 87 g/d 

• Total median calories: 1,500 kcal/d 



 



Message: Give enough protein to fight  
anabolism resistance 

 
INACTIVITY 

SYSTEMIC  

INFLAMMATION 
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MUSCLE  

ATROPHY 

ENERGY EXPENDITURE 

FAT MASS 



 

Intensive Care Department 

The effects of bed rest 

INACTIVITY 



Plank et al, Ann Surg 1998 

CHANGES OF MUSCLE AND VISCERAL 

PROTEIN CONTENT IN SEVERELY SEPTIC 

PATIENTS DURING THE FIRST DAYS AFTER 

THE ONSET OF PERITONITIS  
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CHANGES IN LEAN BODY MASS (DXA)  
DURING TWO-MONTH EXPERIMENTAL BED 

REST IN WOMEN  

ESA/NASA/CNES WISE-study 

-16% 

-8% 



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 rest Ambulatory 

P<0.05 

P<0.05 

P<0.05 

Long-pentraxin-3 

Acute phase reactants 

J Clin Endocrinol Metab 2008 
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Loss of muscle mass in ICU patients 
Daily UL measurement of upper arm, forearm and thigh for a 

median of 7 days (N=50). 
Admission APACHE II score: 17. Mortality: 28% 

Reid et al. 2004; Clin Nutr 23: 273-280  

Muscle thickness decreased by an average of 1.6% per day 

 

With 6 kg metabolizable protein in lean body mass: 

 100g/day 

After 10 days: 16% muscle loss  

 1000 g protein  5 kg lean body mass  

REE in 24 patients: 

10 patients in positive energy balance:  1.1 % per day 

14 patients in negative energy balance: 1.3 % per day 
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CCM 2015  
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FFM & Energy requirements 
Wang et al. Am J Physiol Endocrinol Metab 2000; 279: E539-E545 



Metabolism & Age & Gender 

Short et al. Am J Physiol Endocrinol Metab 2004; 286: E92-E101 

Adjusted for FFM % 





Weight loss and loss of function 

Hill et al. 1992; JPEN 16: 197-218 

 20 % loss of body protein related to 

Intracell K+, mmol/l 133 (vs. 152 ; P=0.05) 

Grip strength, % 65 

Resp muscle strength, % 79 

Type 1 muscle fibers (hi ox, lo glyc), area 41 (vs. 73 ; P<0.001) 

Type 2 muscle fibers (lo ox, hi glyc), area 28 (vs. 73 ; P<0.001) 





 



How much protein should we 
?administer 



PROTEIN REQUIREMENT IN CRITICAL ILLNESS

AT ADEQUATE ENERGY INTAKE

Wolfe et al., Ann Surg 1983; Ishibashi et al., Crit Care Med 1998

Hoffer Am J Clin Nutr 2003
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Proteineq balance according to < or >1.3g/kg given
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How much protein? 

• Balanced amino acids mixture is similar to essential amino 
acid requirements in healthy subjects 

• Lean tissue loss is unavoidable in patients with severe 
trauma or sepsis 

• The loss is minimized with 1.3 – 1.5 g/kg per day  

ESPEN Guidelines on parenteral nutrition Clin Nutr 2009; 28: 387-400 

When PN is indicated, a balanced amino acid mixture should 

be infused at approximately 1.3 – 1.5 g/kg ideal body weight 

per day in conjunction with an adequate energy supply. 

(Grade B) 



 







 



Clin Nutr. 2012 Aug;31(4):462-8 





RetroTICACOS 

7538 screened 

1420 pts with 
one 

measurement 

1171 pts 
included 

6 patients incomplete 
background data 
243 not full filling length of 
stay follow up criteria 



Retro TICACOS: 1062 PATIENTS MEASURED 

Parameter Underfed 

(N=587) 

Mean 

 

SD 

Tight  

(n=475) 

Mean 

 

SD 

 

P value 

Age (years) 56.1 18.7 59.3 18.8 0.007 

Gender M(%) 398 (69.0%) 287 (59.2%) 0.001 

Weight (kg) 82.8 22.9 78.3 18.8 0.001 

Height (m) 1.71 0.1 1.69 0.09 <0.001 

HB in kcal/d 

APACHE II 22.5 7.2 22.8 7.4 0.65 

SOFA 8.1 3.8 8.0 3.2 0.71 



60 days mortality 
Better survival in the tight group 

• OR of 0.73 [95% CI 0.55-0.97], p=0.03  

• cox regression, survival analysis had an 

 OR of 0.75 [95% CI 0.58-0.94]. P= 

 

• The other parameters with a strong 
correlation with mortality were albumin and 
SOFA score (0.77 and 1.14 respectively) 



•Table 2 – Cox proportional hazards regression variables 
•Variable Statistic Std.error Estimate 95% CI P-value 
•Age (Year) 8.659 0.003 1.03 1.02-1.04 <0.001 
•gender (male) 2.602 0.109 1.33 1.07-1.64 0.009 
•Daily protein (g) -3.432 0.003 0.99 0.98-1.00 <0.001 
•Delivered calories/REE downslope -2.42 0.663 0.2 0.05-0.74 0.016 
•Delivered calories/REE upslope 2.942 0.35 2.8 1.41-5.57 0.003 
•Surgical patient -4.169 0.11 0.63 0.51-0.79 <0.001 
•Need for vasopressors 4.326 0.174 2.12 1.51-2.98 <0.001 
•SOFA score 4.926 0.016 1.08 1.05-1.12 <0.001 
•Diarrhea -5.156 0.102 0.59 0.48-0.72 <0.001 
•Bilirubin Total 3.3 0.016 1.05 1.02-1.09 <0.001 
•Creatinine 4.01 0.033 1.14 1.07-1.22 <0.001 
•Parenteral nutrition 4.869 0.105 1.67 1.36-2.05 <0.001 

 
 



 



 



JAMA. 2013 May 22;309(20):2130-8. 





 



 



 



 



Exercise to fight anabolic resistance 



 





 

M Davies et al ICM submitted 



 







 



 





 



 



 



 



Protein intake observed vs  
                    GL 
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1.2 g/kg/d  77kg 



How to improve? 

• Increase quantity 

• Improve quality 

• Better glucose control 

• Exercise 

 



 







Exercise 



Conclusions 

• Muscle atrophy is linked to anabolism resistance 

• High amount of protein is needed (>1.5 g/d) and 
some patients need more 

• Requirements adapted to weight, age, metabolic 
status: not a unique recommendation! 

• Exercise may decrease protein catabolism and 
improve anabolic resistance. 


