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Substrate metabolism – 36 h fasting
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Changes with
age:
“sarcopenia”
Parise G et al,
Curr Opin Clin Nutr &
Metab Care 2000,
3:489-495
Malnutrition and
“physiologic” muscle
loss is more frequent
in elderly patients

Early feeding risks
Underfeeding (acute)
Refeeding syndrome
Early overfeeding
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Fasting and refeeding

Awad et al, Clin Nutr 2010;29:538
-15%

-50%

Effects of fasting and refeeding with
the study drink on liver volume,
glycogen & lipid content
n = 12 healthy subjects.
Data as % change from baseline.

-35%

***, †††: P
‡, #,

< 0.001
§: P < 0.05

mean (SE)

Acute Underfeeding
Malnutrition

National Institute for Health and Care Excellence
(NICE) criteria for determining patients at high risk
of developing refeeding problems
2006 – updated 2014: www.nice.org.uk/page.aspx?o = cg032

Patient has > 1 of the following:
• BMI < 16 kg/m2
• Unintentional weight loss > 15% within the last 3-6 months
• Little or no nutritional intake for >10 days
• Low levels of phosphate, potassium or magnesium prior to
feeding*
Or patient has > 2 of the following:
• BMI < 18.5 kg/m2
• Unintentional weight loss > 10% within the last 3-6 months
• Little or no nutritional intake for > 5 days
• A history of alcohol abuse or drugs including insulin,
chemotherapy, antacids or diuretics

Outcome according to energy balance
Bartlett et al, Surgery, 92: 772, 1982
57 ICU patients at risk of MODS
Cumulative caloric balance at the time of ICU discharge
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Computerized energy balance and
complications in critically ill patients.
Dvir, Cohen & Singer, Clin Nutr, 2005;25 :37

Correlation
between total
complications in
the 50 ICU
patients and
maximum negative
energy balance
(= measured
energy
expenditure energy intake)

Villet et al, Clinical Nutrition (2005) 24, 502
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Cutoff of underfeeding complications
Concept of cumulated energy deficit
Villet et al 2006:
Cut off
Complications
certain:
Critical level:
Dvir et al 2006:
problem starts

-10’000 kcal
-130 kcal/kg
-8’000 kcal
-100 kcal/kg
-4’000 kcal
- 50 kcal/kg

Problem:
Catch up feeding > 110 % mREE is not tolerated

Question 1: What is true about the refeeding
syndrome among the below options?
1. Its development is favour by the
administration of proteins
2. It can appear after the infusion of a
glucose 5% solution after 48 hrs of
fasting
3. Changes in plasma magnesium is the
most important alteration
4. The alterations include organ dysfunction

Question 1: What is true about the refeeding
syndrome among the below options?
1. Its development is favour by the
administration of proteins
2. It can appear after the infusion of a
glucose 5% solution after 48 hrs of
fasting
3. Changes in plasma magnesium is the
most important alteration
4. The alterations include organ dysfunction

Refeeding syndrome
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ICU patients after major CT surgery n=2610
Courtesy M.Hiesmayr PDMS data extraction

Refeeding Syndrome:

potentially fatal shifts in fluids and electrolytes that may occur in malnourished
patients receiving artificial refeeding (whether enterally or parenterally). These
shifts result from hormonal and metabolic changes and may cause serious clinical
complications (NICE 206)

•
•
•
•
•
•



Hypophosphatemia
Hypokalemia
Hypomagnesaemia
Fluid balance()
Glucose Homeostasis
Vitamin B1 deficit …. hyperlactatemia
25% cancer patients
34% ICU patients (up to 100%)!!!

Occurs already after 48 hours of fasting
Several organ failures are involved: heart, CNS,
liver, muscle

Physiopathology of the refeeding syndrome
Renutrition
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Intensive Nutrition in Acute Lung Injury (INTACT)
Braunschweig et al, JPEN 2015;39:13

E.Target:
30 kcal/kg
admission BW
or obesityadjusted IBW
Trial
stopped
Unadjusted analysis: participants in the IMNT
group experienced a 2.65 times higher hazard
of death vs those randomized to SNSC.
Adjusted for age (HR, 1.04; 95% CI, 1.02–1.07;
P = .001) and baseline SOFA score (HR, 1.32;
95% CI, 1.14–1.54; P = .0003), the hazard of
death in the IMNT group was 5.67 times (P =
.001) > in the SNSC group.

Incidence of hypophosphatemia in NON
critically ill patients with enteral feeding
Fernandez Lopez et al, Nutr Hosp 2017;34:761

• 181 ward (NON critically ill patients) aged 68
±15 yrs) started on EN for 7 days.
• RESULTS: 51.9% of the patients were at risk
of developing refeeding syndrome (NICE
criteria)
• Incidence of hypoP was 31.5%
• 1.1% of severe hypoP
• Older age and lower plasma proteins were
significantly associated with hypoP

Causas más importantes
de hipofosfatemia
Nutr Hosp 2017;34(4):761

Risk factors of refeeding syndrome (RFS) in
malnourished older hospitalized patients
Pourhassan et al, Clin Nutr, 2017 e-pub
Design: cross-sectional multicenter-study in older participants consecutively
admitted to the geriatric acute care ward.
Malnutrition screening NRS, MNA-SF
National Institute for Health &d Clinical Excellence (NICE) criteria  risk of
RFS
RESULTS: 342 participants (222 females) mean age of 83.1 ± 6.8 and BMI
range of 14.7-43.6 kg/m2.
Of total participants, 239 (69.9%; 157 females) were considered to be at risk of
RFS.
Based on NRS-2002, 75.9% (n = 192) of patients at risk of malnutrition are at
risk of RFS whereas according to MUST and MNA-SF, 85.9% (n = 146) and
69.1% (n = 132) of patients at risk of malnutrition are exposed to high risk of
RFS, respectively.
The prevalence of risk of RFS increased with higher score of NRS-2002 and
MUST and lower score of MNA-SF.
Conclusion: high prevalence of malnutrition in older patients with different
established nutritional screening tools used
three-quarters of geriatric hospitalized patients with risk of malnutrition
demonstrated significant risk of RFS

Risk factors of refeeding syndrome (RFS) in
malnourished older hospitalized patients
Pourhassan et al, Clin Nutr, 2017 e-pub

n = 342

a) Prevalence of risk of malnutrition according to NRS-2002, MUST and MNA-SF in
total study population and b) Prevalence of risk of RFS in malnourished older
patients using NRS-2002 (n = 192 at risk of RFS, n = 61 not), MUST (n = 146 at risk
of RFS, n = 24 not) and MNA-SF (n = 132 at risk of RFS, n = 59 not). ***P < 0.001
difference between at risk of RFS and Not at risk RFS within groups

Revisiting the refeeding syndrome: Results
of a systematic review.
Friedli et al, Nutrition 2017:35:151

• 45 records with a total of 6608 patients were
included (3 interventional trials, 16 studies
focusing on anorexic patients).
• Definitions for RFS were highly heterogenous with
most studies relying on blood electrolyte
disturbances only and others also including clinical
symptoms.
• Incidence rates varied between 0% and 80%,
depending on the definition and patient population
studied.
• Occurrence was mostly within the first 72 h of start
of nutritional therapy.

Restricted vs continued standard caloric intake during the
management of refeeding syndrome in critically ill adults
Doig et al, Lancet Resp Med, 2015; 3:943

At 90 days: p=0.041

Thiamine deficiency in the critically ill
Cruickshank AM, ICM14:384, 1988

Retrospective study on 158 ICU patients
requiring nutritional support
Surviving Patients had significantly higher body thiamine
status than those who died (p < 0.01)
no difference in serum albumin
20% patients - evidence of thiamine deficiency and the
mortality rate in these patients was 72% as compared
with 50% mortality overall.
current levels of thiamine supplementation are insufficient
for critically ill intravenously fed patients.
Suggestion - loading dose of 50-250 mg thiamine on ICU
admission

Risque = encéphalopathie de Wernicke … Korsako

Lactic Acidosis in
Thiamine - Deficiency

Madl et al. Clin Nutr 1993; 12: 65

Plasma lactate concentrations in two patients
with thiamine deficiency before and after thiamine infusion
Courtesy M. Hiesmayr

Thiamine - Vitamine B1
métabolisme du Glucose
Glucose

Pyruvate

Lactate

Acetyl CoA
Krebs Cycle

Succinyl CoA

a-ketoglutarate

Overfeeding

Over- & Under-feeding
Why prevent them?
Both generate complications, some very similar
Under
Over
Respiratory failure
Respiratory failure
Muscle weakness  FFM

Infections  immunity
Delayed wound healing

Prolonged ICU+hospital stay

Death

 CO2 production

Infections  immunity
Fatty liver
Stress (catecholamines)
Death

The risk for bloodstream infections is associated with
increased parenteral caloric intake in patients on PN
Dissanaike S et al,
Crit Care 2007, 11:R114

Overfeeding is deleterious
78 patients (39%) developed at
least one BSI, which were more
common in ICU patients than in
other hospitalized patients
(60/122 patients versus 18/78
patients; P

The risk for bloodstream infections is associated with
increased parenteral caloric intake in patients on PN
Dissanaike S et al, Critical Care 2007, 11:R114

200 patients on
PN
Including 122
ICU

What happens backstage ?

Shriners
A Aarsland 2003

TICACOS
Singer et al
ICM 2011
Overfeeding in the
calorimetry group
Measured energy
expenditure values were
significantly different
(p=0.008) from day to day in
the first 10 days in both
groups
VAP : 18 (27.7%) vs
9 (13.8%) p= 0.08

The relationship between nutritional intake and clinical outcomes in
critically ill patients: results of an international multicenter
observational study.
Alberda et al, ICM, 2009,35:1728

Energy - proteins received

<< prescribed

Cohort study in 167 ICUs - 37 countries
2,772 mechanically ventilated patients received an average of 1,034
kcal/day and 47 g protein/day

Question 2 – What is the optimal
nutrition progression strategy?
1. Start EN within 48 hours of admission at
target rate and use prokinetics if high GRV
2. Wait for resolution of shock and acidosis, but
no longer than 72 hours before starting EN
3. Wait for stabilisation of shock and initiate
progressive EN while watching the abdomen
4. With a failing GI tract, wait no longer than 72
hours before considering progressive PN

Question 2 – What is the optimal
nutrition progression strategy?
1. Start EN within 48 hours of admission at
target rate and use prokinetics if high GRV
2. Wait for resolution of shock and acidosis, but
no longer than 72 hours before starting EN
3. Wait for stabilisation of shock and initiate
progressive EN while watching the abdomen
4. With a failing GI tract, wait no longer than 72
hours before considering progressive PN

Adequate feeding

ICALIC
group
Q-NRG
11.09.17

Monitor
the energy
expenditure

Development and current use of parenteral nutrition in critical care
Berger & Pichard, Crit Care 2014
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Heidegger et al, Lancet 2013; 381: 385

SPN - Combined EN +PN strategy

Proportion without nosocomial infection

OPTIMIZATION of ENERGY PROVISION WITH SPN IMPROVES the
CLINICAL OUTCOME of CRITICALLY ILL PATIENTS: A RANDOMIZED
CONTROLLED CLINICAL TRIAL
Heidegger et al,

Lancet 2013; 381: 385

Noso.infection in
41 [27%] /153 SPN versus
58 [38%] / 152 EN patients during follow up
hazard ratio 0.65 [95%CI 0.43–0.97]
Intervention
Follow-up

Supplemental parenteral nutrition in intensive
care patients: A cost saving strategy
Pradelli et al Clin Nutr 2017
Swiss SPN Study (N = 305; ClinicalTrials.gov: NCT00802503 // Lancet 2013

Tornado diagram depicting the results of the one-way deterministic
sensitivity analysis

Table 1. General principles and precautions for using EEN
in critically ill patients at risk for intolerance.
Starting EN

Energy Target
Monitoring
& Protocol
Individualized

Question 1
Should we recommend EEN in critically ill
adult patients?
- 1A: Should we recommend EEN compared to early PN?
- 1B: Should we recommend EEN compared to delayed
nutritional intake?
1. We suggest using EEN in critically ill
adult patients (Grade 2C).
1a. We suggest using EEN rather than early PN
(Grade 2C).
1b. We suggest using EEN rather than delaying
EN (Grade 2C).

1A. Forest plots (a. mortality; b. infections):
early EN (EEN) vs. early PN (EPN)
in unselected critically ill patients

1. early EN in critically ill adult patients
a. early EN (over early PN) in critically ill adult patients
b. early EN (over delayed EN) in critically ill adult patients
2. shock receiving vasopressors or inotropes when shock is controlled
3. stable hypoxemia, compensated or permissive hypercapnia and acidosis
4. use of neuromuscular blocking agents per se is not a reason to delay EN
5. therapeutic hypothermia
6. ECMO
7. patients managed in prone position
8. traumatic brain injury
9. stroke (ischemic or hemorrhagic)
10. spinal cord injury
11. severe acute pancreatitis
12. after gastrointestinal surgery
13. after abdominal aortic surgery
14. abdominal trauma after the continuity of the GI tract is confirmed/ restored
17. open abdomen
18a. intra-abdominal hypertension without abdominal compartment syndrome
19. upper GI bleeding after the bleeding has been stopped + no sign of rebleeding
20. Bleeding is controlled with or without liver support strategies
22. absent bowel sounds unless bowel ischemia or obstruction is suspected
23. diarrhoea

Early enteral nutrition in critically ill patients: ESICM clinical
practice guidelines. Reintam et al, ICM 2017

Early enteral nutrition – 20 starts

Impact of the  of the energy target on protein delivery & outcomes
Cohort study: 2 periods of 3 months in patients staying >3 days
2011 n= 193
2008 n=196
Body weight (kg)

Prescribed E. target (kcal/day)
% of target delivered /day*
• EN
• Combined EN+PN
• PN
Energy delivery (kcal/day)
Protein delivery (g/day)

P value
0.98

74 ± 21
1947 ± 337

74 ± 18
1822 ± 245

< 0.0001

81.3 ± 37.6
98.8 ± 24.7
87.0 ± 31.9
1359 ± 884

86.2 ± 29.4
105.5 ± 22.2
91.4 ± 25.2
1238 ± 705

0.002
0.028
0.109
< 0.0001

75.2 ± 37.6

64.1 ± 29.9

< 0.0001

1.0

5.0 vs. 6.7 days
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Berger M et al Clin Nutr 2017; 36: 281
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Energy and protein intake and outcome
(observational studies)
Alberda 2009: N=2772; energy mortality ↓, protein mortality↓
Elke 2014: N=2270 sepsis; energy mortality ↓, protein mort.↓
Nicolo 2015: N=2828 D4/1584 D12; protein mortality ↓
Weijs 2012: N=886; MEE; protein+energy target mortality ↓
Allingstrup 2012: N=113; MEE; protein mortality ↓
Weijs 2014: N=843 day4; MEE; protein mortality ↓
Ferrie 2015: N=119; AA muscle mass and function
51

MEE=measured energy expenditure

Provision of protein and energy in relation to
measured requirements in intensive care patients
Allingstrup M et al, Clin Nutr, 2012:31:462

Low
n=37 53.8 g/d
Medium n=38 84.3 g/d
High
n=38 114.9 g/d

APACHE SOFA
23.2
6.8
21.9
6.7
22.1
7.7

28-Day survival in the ICU in 3 groups of patients, ranked according to
decreasing provision of protein during their stay.
Mantel log-rank P = 0.021; Breslow–Gehan: P = 0.027. Log-rank test for trend: P = 0.011

CSA – SPN2
Cross sectional area of the calf

•
•
•
•
•
•

Au lit du patient aux SI
Harnais
A quelle hauteur
Echographie
Sonde linéaire 12.5 MHz
Mode panoramique

Acute Skeletal Muscle Wasting in Critical Illness
Puthucheary et al, JAMA 2013; 310:1591

Muscle mass
(by CSA) 
by nearly
20% in 10
days

Effects of isoenergetic glucose based or lipid based PN on Glucose metabolism, DNL
and respiratory gas exchanges in critically ill patients
Tappy et al CCM 1998; 26:860

Substrate oxidation in critically ill patients
after a 3 day starvation
Resting metabolic rate
1824 kcal/ day - 116% of
predicted
Glycemia
7.3 mmol/L
Endogenous glucose production
3.1 mg/kg/min
310 g/ day
1230 kcal/day
Net glucose oxidation
8% (512 kcal/ day)
Net fat oxidation
46% (840 kcal /day)
Net protein oxidation
26% (470 kcal/ day
Net protein balance
‐117 g/ day
N=16, age 40 yrs, 69.3 kg, predominantly trauma patients

SPN2 - Endogenous glucose production (EGP)
by day 4 and Day 9. Berger et al – in preparation
N = 23
EE
kcal/ day
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g /day
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EGP

Day 04 (EN/SPN)

age 66 yrs, 78 kg, predominantly cardiac med/surg patients
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SPN2 - Berger et al – in preparation
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SPN2 – Changes in prealbumin and CSA – D04-D15
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Enteral vs parenteral early nutrition: a
RCT – NUTRIREA-2
Reigner J et al, Lancet, 2017 e-pub nov 8
•
•
•
•

RCT including 2410 patients in septic shock
Randomized to early EN/PN – 20-25 kcal/kg – early isocaloric
Analysis by ITT – no blinding, blocks 1:1
Primary end-point = 28 days mortality

Results: study interrupted at 2nd interim analysis NS
Mortality: EN 37% vs PN 35% (2%, p=0.33)
Infections: EN 14% vs PN 16% (ns, p=0.25)
Intestinal complications: more frequent in EN vs PN group
vomiting 34% vs 20% p<0.0001
diarrhea 36% vs 33% p = 0.009
bowel ischemia: 2% vs < 1% p=0.007
acute colonic pseudo-obstruction 11 vs 3 p=0.04

Energy

Proposed ICALIC Feeding strategy in the ICU
TOTAL energy expenditure
Σ Endogenous production
+ exogenous supply
Endogenous
production

GRV>300 ml Supplemental PN

Progressive
early EN

Time 1(hrs)

224

..3

..

72

7

Days

Indirect calorimetry
Adapted from Oshima et al, Clin Nutr 2017 e-pub

Q-NRG – Indirect calorimeter,
Cosmed
to come in 2018: < 3 kg, 12’000.- €

Spartacus 

Adequate feeding  
• Early enteral feeding within 48 hrs whenever
the gut is functional, and slow progression
• Progression over the first 3 days to respect
EGP and gut capacity
• High protein > energy solutions for the start
• Avoid early overfeeding
• Individual assessment of needs – calorimetry..
• Consider PN from day 3-4 when the gut is non
functional

Thank you for attention

