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Functional disability after ICU admission

Herridge et al. N Engl J Med 2011;364:1293-1304

Functional disability                Health-related Quality of Life
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Muscle wasting during ICU admission

Puthucheary et al. JAMA 2013;310:1591-600 2



Protein metabolism, muscle wasting and functional
recovery

Van Gassel et al. Curr Opin Clin Nutr Metab Care 2020;23:96-101

Net negative 
protein balance
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Recommended Dietary Allowance (WHO)

0.83 g/kg/day

https://iris.who.int/handle/10665/43411 4



Guideline recommendations ICU patients
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Allingstrup et al. Clin Nutr 2012;31:462-8
Weijs et al. Crit Care 2014;18:701

Shaw et al. Ann Surg 1987;205:288-94 
Ishibashi et al. Crit Care Med 1998;26:1529-35
Larsson et al. Acta Chir Scand 1981;147:317-24

1.2 – 2.0 g/kg  1.3 g/kg
(1.5 – 2.0 g/kg in trauma patients)

(2016/2022) (2019/2023)

5



0.8 g/kg       1.3 g/kg         1.8 g/kg

Association between protein intake and outcome

Zusman et al. Crit Care 2016;20:367 6



Summary background

• 1.2-1.3 g/kg protein current standard recommendation in ICU
• (However, no solid evidence base)

• Observational data suggest even higher targets associated with better outcome

Protein targets in critically ill

Low Standard High

0.8 g/kg/day 1.2-1.3 g/kg/day 2.0 g/kg/day

RDA (WHO) ASPEN (low end)/ESPEN ASPEN (high end)
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Intensive care medicine research agenda in nutrition 
and metabolism

during the acute phase of critical illnessEffects of high vs low protein dose

on (mortality and) recovery

What is the optimal protein dose to facilitate recovery

Arabi et al. Intensive Care Med 2017;43:1239-56

top 10 trials

1
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PRotEin provision in Critical IllneSs (PRECISe) 
trial

• Investigator-initiated

• Multicentre (10 sites)

• International (Belgium, the Netherlands)

• Double-blinded

• Parallel-group

• Randomised controlled

Aim

To assess whether high protein provision improves health-related quality 

of life and functional outcome in critical illness
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Patients

• High risk for functional disabilities

• Sufficient exposure to intervention to exert potential effect

Key inclusion criteria

• Unplanned ICU admission

• Intubation <24 hours

• Expected invasive ventilation >72 hours

• Start EN <48 hours
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• Blinded isocaloric enteral feeds 0

0,5

1

1,5

2

2,5

1 2 3 4 5 6 7 8 9 10

P
ro

te
in

 t
ar

ge
t 

(g
/k

g
/d

ay
)

Days

0

0,5

1

1,5

2

2,5

1 2 3 4 5 6 7 8 9 10

P
ro

te
in

 t
ar

ge
t 

(g
/k

g
/d

ay
)

Days

Procedures

• Volume based protocol

• 25 kcal/kg/day

• 1.3 vs. 2.0 g/kg protein/day

• Progressive dosing (100% from day 4 onwards)

• Untill cessation of enteral feeding within ICU (max 90 days)

• “Catch up feeding”
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Outcomes

• Primary

• Health related quality of life over 180 days (30, 90, 180 days)

• EuroQoL-5D-5L Health Utility Score

• Secondary (a.o.)

• Overall survival over 180 days

• Physical function

• Handgrip strength

• MRC-SUM score

• 6 minute walking test

• Tertiary (a.o.)

• Time-to-discharge alive

Needham et al. AJRCCM 2017;196:1122–30

Heyland et al. Lancet 2023;401:568–76
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Primary outcome: EuroQoL-5D-5L

degree of problems per domain

-1 -0,5 0 0,5 1

5 domains     5 levels

EQ-5D-5L Health Utility Score

0 1 2 3 4 5

Anxiety/depression

Pain/dyscomfort

Usual activities

Self-care

Mobility
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Sample size calculation
• Clinically important difference EQ-5D-5L Health Utility Score ≈ 0.06

preplanned interim 
analysis

N=824 N=935

McClure et al. Value Health 2017;20:644-50

Monte Carlo simulation
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Trial profile

High Protein

1 day 

10 days 

Standard Protein

Admission to intervention (median) 1 day 

Duration of intervention (median) 9 days
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Baseline characteristics
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Nutritional intake

4% of patients with >3 days >25kcal/kg

Daily protein intake during the intervention period (g/kg)

Standard Protein High Protein

Mean (SD) 0.95 (0.44) 1.48 (0.70)

Median (IQR) 1.19 (0.63;1.26) 1.87 (0.96;2.00)
17



Primary outcome – Health Related Quality of Life
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Secondary outcome – Overall survival over 180 days

aHR 1·24 (95% CI 0·99, 1·55)

p=0·063

(prescified adjustment for APACHE II score, sex, APACHE IV admission diagnosis, and NRS-2002 score) 19



Secondary outcome – Physical tests
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Tertiary outcome – Time-to-discharge alive

generalised Wilcoxon test*
p=0·043

EFFORT Protein trial, 
Heyland et al. Lancet 2023;401:568–76

HR 0·91; 95% CI 0·77, 1·07

*Post-hoc test upon request of statistical reviewer 21



Safety outcomes

P=0·030

P=0·015 22



Subgroup analyses

EQ-5D-5L Health utility score Overall survival over 180 days
Sex: F<M

Admission type: Medical<Surgical
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Conclusion

• High (2.0 g/kg) vs. standard (1.3 g/kg) protein target in critical illness:

• Impairs functional recovery
• Lower health-related quality of life

• Longer time-to-discharge alive

• Increases the incidence of GI intolerance

• Does not improve physical function in survivors

• Detrimental effects of high protein most profound in women and medical patients
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• Only 2nd RCT studying protein targets in ICU, powered for clinically 
relevant endpoint

• Results are in line with EFFORT Protein trial
• but not with prevailing concepts

• More prospective evidence on protein

targets needed

Discussion

?
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PICO PRECISe-2

26

• P: Adult patients with an unplanned admission to the ICU, who are mechanically ventilated within 48 

hours following ICI admission and have an expected duration of mechanical ventilation of at least 3 
days. (= prolonged critically ill patients)

• I: Enteral nutrition with a standard protein content (0.6 g protein/kg.day). Dosing of tube feeding is 15 

kcal/kg/d nutritional energy. (PRECISe 2 g protein/kg.day)

• C: Enteral nutrition with a standard protein content (1.3 g protein/kg.day). Dosing of tube feeding is 15 

kcal/kg/d nutritional energy. (PRECISe 2 g/kg.day) and identical to intervention group. (= ± control 
group PRECISe)

• O: - The primary efficacy overall between group-differences in health-related quality of life (EQ-5D-5L 

summary index) at 30 days, 60 days, and 90 days after index ICU admission, corrected for baseline.
- The primary safety outcome measure is overall survival at 30, 60 and 90 days after ICU-admission.
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