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Undernutrition?
Consensus statement of the Academy of nutrition and 

dietetics and ASPEN
JPEN 2012;36:275

Prolonged decrease of energy intake
Weight loss
Physical findings

Loss of subcutaneous fat
Muscle loss
Fluid accumulation
Reduced grip strength



History of undernutrition

weight

Time

Acute problem (hospitalization) 



DENUTRITION – HOPITAL
Situation actuelle

Dénutris

H
Non -dénutris



Kyle 2005 1707 51
Pichard 2004 996 46
Wyszynski 2003 1000 48
Waitzberg 2002 4000 48
Kyle 2001 995 38
Larsson 1993 382 29
Willard 1990 200 32
Coats 1983 228 38
McWhirter 1994 300 45
Robinson 1987 100 56
Reilly 1988 365 59
Bistrian 1980 251 44

1085810858 4646

Prevalence  of  UndernutritionPrevalence  of  Undernutrition
Hospital admission Hospital admission 



MALNUTRITION – HOPITAL
Situation actuelle

Dénutris

H
Non -dénutris

Dénutris

Non -dénutris



Sous-nutrition acquise à l’hopital

Liée à la maladie
Prise alimentaire insuffisante

Anorexie, altération du goût, nausées/vomissements, 
dysphagie, troubles de la déglutition, dépression, 
anxiété

Maldigestion-malabsorption
Augmentation DER – catabolisme accéléré

Liée aux traitements – aux examens



General criteria for implementation of 
nutritional support

« Classical »
Pre-existing severe malnutrition / nutrition risk
Oral intake matches < 50% of needs
Expected delay before recovery of eating > 5-7 
days (guidelines ESPEN : 3 days)

Early enteral nutrition
Surgical, trauma, burns



SCORING SYSTEM : 
The simplest = the best
Clin Nutr 2003;22:331

Nutrition risk score 
(NRS)

Nutritional status
Weight loss
Food intake
BMI

Severity of disease
Age

0-3 for nutritional status
0-3 for disease 
severity
+ 1 when age > 70
Sum > 3 : risk of 
malnutrition



Conceptual Model For Nutrition Risk Conceptual Model For Nutrition Risk 
Assessment in the Critically IllAssessment in the Critically Ill

Nutritional Status
Micronutrient deficiency
Erosion of Lean Body Mass
Immune Dysfunction

Age 
APACHE II 

SOFA

Outcomes:
28 day mortality
Ventilator Free Days 
within 28 days 

Acute starvation
Decreased oral intake 

over the last week
Pre ICU Hospital 

Admission  

Chronic starvation
Weight loss over the last 6 

month
BMI<20

Acute 
inflammation

IL-6
PCT

and CRP

Chronic 
inflammation
Co-morbid illnesses



Le stress ultime .. Images de la jungle



Le stress ultime .. Images de la jungle



Le stress ultime .. Images de la jungle



The critical illness

A continuous challenge to physiology.. 
Revealing endogenous defences 
mechanisms





Energy balance in ICU patient

Critical illness / sepsis

Increased energy expenditure



Energy balance in ICU patient

Critical illness / sepsis

Increased energy expenditure

Endogenous substrates

Fuel 



muscle

glucoseglucose

brain

Fatty acidsFatty acids

erythrocytes

Lymphocytes
WBC

gut

glutamine

liverliver

InjuredInjured
tissuestissues

lactatelactate

METABOLIC ADAPTATION TO STRESS

Insulino-dependenc

alaninealanine

adipocytes 

glyceroll

Insulino-dependence

InsulinoInsulino
independenceindependence



Insulin resistance

Injury
Inflammation
Pain
Temperature
Surgery

Obesity
Age

Inflammatory mediators

Sympathetic drive

Hormones

After any insult, insulin resistance 
occurs and is non-specific! 



What is insulin resistance ?
Li and Messina Trends Endocrinol Metab 2009:20:429

One practical definition of insulin resistance 
is the inability of insulin to adequately 
stimulate glucose uptake into skeletal 
muscle or to inhibit gluconeogenesis in the 
liver. 

Insulin resistance can occur in chronic 
diseases (months, years) or in critically ill 
patients (minutes, hours).



Consequences of the adaptive 
response (chronological order)

Stress hyperglycemia
Endogenous mobilisation of energy substrates
Differences in the utilisation of energy 

substrates
Loss of lean body mass



Rate of basal glucose production and endogenous 
production during glucose infusion in various 

conditions

Wolfe RR, Eur J Clin Nutr 1999



Lactate 200 g 

Glycerol 40 g

Glucose flow is increased after injury



Critically ill patients are able to 
match their REE
Tappy L et al Crit Care Med 1998; 26: 860

Resting metabolic rate 1824 kcal/ day

Glycemia 7.3 mmol/L

Endogenous glucose production 360 g/ day (1360 kcal/d) 

Net glucose oxidation 28% (512 kcal/ day) 

Net fat oxidation 46% (840 kcal /day) 

Net protein oxidation 26% (470 kcal/ day)

Net protein balance -117 g/ day 

3 day starvation



(a) Under normal conditions, the insulin pathway regulates Foxo1 and Foxa2, resulting in 
regulated glycemia and a balance of hepatic lipid accumulation and oxidation. (b) In 
moderate insulin resistance, reduced activity of the insulin pathway results in activation of 
Foxo1, leading to elevated gluconeogenesis and hyperglycemia. However, Foxa2 is more 
sensitive to insulin and therefore is still repressed, resulting in reduced lipid oxidation and 
hepatic steatosis. (c) In severe insulin resistance, the insulin pathway is barely active, and 
the constitutive activation of Foxo1 and Foxa2 result in elevated gluconeogenesis, 
hyperglycemia and high levels of lipid oxidation, leading to ketoacidosis.



In summary

Carbohydrates are the preferred fuel during 
the acute phase
Lipids are less efficiently used than 

carbohydrates and exert several other effects
Proteins breakdown is increased, probably 

account for 15-20% of the energy.



Energy balance in ICU patient

Critical illness / sepsis

Increased energy expenditure

Endogenous substrates
Nutrition support

Fuel 



CHO vs lipids for isocaloric TPN
CHO and lipid net oxidation
Tappy L et al, CCM 1998; 26:860
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* p <0.05 vs 
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70% fat, 
15%glucose,
15% amino acids



How many calories should be prescribed? 
How does the body match the increased REE?
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How many calories should be prescribed?

0 2 4 6 8 10

100

50

0

days

Percentage
REE

Dangerous zone !

High caloric intake from
start 
Risk of overfeeding
Each nutrient given in excess
Can be detrimental



Adverse effect of overfeeding
Klein et al JADA 1998;98:795





Caloric intake in the e-PaNIC trial



Intravenous glucose and hospital mortality
Van der voort Clin Endocrinol 2006;64:141

Retrospective cohort study on ICU long-stayers (7-30 d)
N = 273 (/ 2042) 
Hospital mortality lower when mean BG < 8 mmol/L
Logistic multivariate regression analysis : APACHE II and mean daily amount of IV
Glucose associated with lower survival (OR 0.94 (0.9-0.98) and 0.65 (0.47-0.89))



Influence of enteral vs parenteral nutrition on glucose control
Petrov Clin Nutr 2007;26:514

Random-effect model of relative risk of insulin requirement 
associated with enteral nutrition compared with parenteral nutrition. 

Random-effect model of relative risk of hyperglycemia associated 
with enteral nutrition compared with parenteral nutrition.
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Dangerous zone !

Progressively increasing
caloric intake =
Safety ? Physiological?

How many calories should be prescribed?



Ability to match > 50% REE 
within 3 days ?

YES NO

Contra-indication 
to EN ?

Wait Start EN – gradual increase of 
infusion rate (target 25 kcal/kg.d) 

and optimise delivery (pro-motility 
agents, post-pyloric tube)

YES NO

Day 5-7 < 80 % of prescription 
delivered by enteral route

Consider complementary PN 
(to match caloric debt)

EN still contra-indicated

PN 

Not a problem



Current recommendations

Total energy 20-25 (catabolic phase) to 25-30 
kcal/kg.d
Carbohydrates (50-60 % of energy – 2-4 
g/kg/d)

IV glucose
Carbohydrates from enteral formulas

Lipids (25-35 % of energy – 1-1.5 g/kg/d)
Triglycerides from enteral formulas / parenteral 
solutions

Nitrogen (15-20 % of energy – 1.2-1.8 g/kg/d)
Intact proteins from enteral formulas
Aminoacids from parenteral solutions



Weight  lossWeight  loss Protein  loss *Protein  loss *
(%)(%) (%)(%)

5 11.2  - 16.8

10 15.2  - 20.8

15 19.2  - 24.8

20 23.0  - 29.0

25 26.8  - 33.2

* in  vivo  neutron  analysis.  Hill G.L. J Parent Enteral Nutr 16, 197-218, 1992



La sarcopénie, wasting syndrome et 
cachexie/ICU AW : à ne pas confondre…

La sarcopLa sarcopéénienie : perte involontaire et physiologique de la : perte involontaire et physiologique de la 
masse, de la qualitmasse, de la qualitéé et de la force des muscles squelettiques et de la force des muscles squelettiques 
se produisant au cours du vieillissementse produisant au cours du vieillissement

Le Le «« wasting syndromewasting syndrome »» : perte de poids (: perte de poids (àà la fois masses la fois masses 
maigres et grasses) induite par des apports alimentaires maigres et grasses) induite par des apports alimentaires 
inadinadééquates et/ou un syndrome de malabsorption. Ex : Sidaquates et/ou un syndrome de malabsorption. Ex : Sida

La cachexie / ICUAWLa cachexie / ICUAW : perte de masse maigre induite par un : perte de masse maigre induite par un 
phphéénomnomèène inflammatoire. Ex : Infection gne inflammatoire. Ex : Infection géénnééralisralisééee







DEGREE OF SARCOPENIA





The ubiquitin-proteasome system

Lecker SH et al.,  2006 Mitch M et al.,  1996

Atrogin-1
Murf-1



Potential mechanisms of ICUAW
Schefold J Cachex Sarcopenia Muscle. 2010; 1: 147–157.







RENDEZ-VOUS

Primum non nocere… with 
inappropriate nutrition

- Update in Nutritional support – Rome 
16-19 décembre - www.intensive.org

- Journées francophones de nutrition –
Bruxelles 10-12 décembre 2014


