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IMPORTANCE Severe sepsis and septic shock are major causes of mortality in intensive care
unit (ICU) patients. It is unknown whether progress has been made in decreasing their
mortality rate.

OBJECTIVE To describe changes in mortality for severe sepsis with and without shock in ICU
patients.

DESIGN, SETTING, AND PARTICIPANTS Retrospective, observational study from 2000 to 2012
including 101 064 patients with severe sepsis from 171 ICUs with various patient case mix in
Australia and New Zealand.

MAIN OUTCOMES AND MEASURES Hospital outcome (mortality and discharge to home, to
other hospital, or to rehabilitation).

RESULTS Absolute mortality in severe sepsis decreased from 35.0% (95% CI, 33.2%-36.8%;
949/2708) to 18.4% (95% CI, 17.8%-19.0%; 2300/12 512; P < .001), representing an overall
decrease of 16.7% (95% CI, 14.8%-18.6%), an annual rate of absolute decrease of 1.3%, and a
relative risk reduction of 47.5% (95% CI, 44.1%-50.8%). After adjusted analysis, mortality
decreased throughout the study period with an odds ratio (OR) of 0.49 (95% CI, 0.46-0.52)
in 2012, using the year 2000 as the reference (P < .001). The annual decline in mortality did
not differ significantly between patients with severe sepsis and those with all other diagnoses
(OR, 0.94 [95% CI, 0.94-0.95] vs 0.94 [95% CI, 0.94-0.94]; P = .37). The annual increase in
rates of discharge to home was significantly greater in patients with severe sepsis compared
with all other diagnoses (OR, 1.03 [95% CI, 1.02-1.03] vs 1.01 [95% CI, 1.01-1.01]; P < .001).
Conversely, the annual increase in the rate of patients discharged to rehabilitation facilities
was significantly less in severe sepsis compared with all other diagnoses (OR, 1.08 [95% CI,
1.07-1.09] vs 1.09 [95% CI, 1.09-1.10]; P < .001). In the absence of comorbidities and older
age, mortality was less than 5%.

CONCLUSIONS AND RELEVANCE In critically ill patients in Australia and New Zealand with
severe sepsis with and without shock, there was a decrease in mortality from 2000 to 2012.
These findings were accompanied by changes in the patterns of discharge to home,
rehabilitation, and other hospitals.
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ICU Mortality
Decreasing 

...over last 10 years!



Are We 
Winning Many 

Battles?

And...Losing 
the War!!

In Critical Care...



Sometimes, success leads to tragedy
PYRRHIC  VICTORY



Pyrrhus of 
Epirus



JAMA, Online March 18, 2014

Although Sepsis Deaths Fall By Half…



JAMA, Online March 18, 2014

…Many More Patients to Rehab!



JAMA, Online March 18, 2014

Improved Hospital Survival..But...

How many survive 
even a year?



At 1 year following ICU admit...
What percentage of deaths 

occur after pts are 
“recovered” and discharged 

from ICU?
A.  < 5%
B.  10%
C.  20%
D.  30%
E.  > 40%



 > 40%
of Mortality at       

12 Month Follow-up 

Occurs
Post-ICU Discharge

Shiell AM, Griffiths RD et al Clinical Intensive Care 1990;1 (6): 256-262
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“Given low ICU mortality…

 Quality of Life 
…will become focus of future 

trials”



“Are we creating survivors...

or Victims?”



What Do Our Patients Think 
About Their Quality of Life?



Melissa M. - 58 y.o Female with 
3 d Hx of Influenza...



Evolves ARDS...
In ICU 3 weeks...

Acute Lung Injury / ARDS

• American-European 
consensus definition:

– Acute onset after ‘at risk’ dx

– Bilateral infiltrates on CXR

– PaO2/FiO2 ≤ 300 (ALI)– PaO2/FiO2 ≤ 300 (ALI)

– PaO2/FiO2 ≤ 200 (ARDS)

– No left atrial hypertension

• No evidence of CHF, 
or…

• PWEDGE ≤ 18 mm Hg

Bernard, et al.  AJRCCM
1994; 149:818-24.



 Tolerates 50% of EN goal 

14 d Caloric Debt = ~20,000 kCals

Protein Delivery- 0.60 g/kg/d

58 yo with ARDS...



PN Never Started! (Admit BMI: 30)

Massive loss of lean 
muscle mass

Difficult to ween from ventilator- 
Requires Trach...

58 yo with ARDS...



Discharged from ICU 23 days post-admit 
to long term care unit...

58 yo with ARDS...





Was she a 
success ?





Winning The War Against Critical Illness: 
“A Pyrrhic Victory”?
Is Quality of Life Where We 
Are Losing The ICU War?





We Must Be 
Winning MOST 
Battles in ICU...

Right??



ICU Survivorship 

Family 

Hobbies 

Work 
Iwashyna  Annals of Int Med 2010; 153:204-5 Courtesy: Wes Ely M.D.



http://www.ccctg.ca/index.php
http://www.ccctg.ca/index.php
http://www.ccctg.ca/index.php


Physical Role Score (SF-36) Following 
ICU Discharge
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Physical Role Score (Med) Normal Value



• 50% pts
• Not Back At Work At 1 yr 
•

• 33% pts 
• Never Return To Work 

(including young pts)

Post-Intensive Care Weakness
Survivors....or VICTIMS??



Impaired QOL
PERSISTS 

5 YEARS 
post-ICU 



Latronico Lancet Neurol 2011; 10: 931 

60-80% 
Functionally 

Impaired 
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Courtesy: Wes Ely M.D.



This is an

EPIDEMIC



What Can We 
Do?...

...to start 
winning this 

war?



Why Are We Losing the Quality of 
Life War?



Loss of lean body mass accelerates in critical illness

Critically Ill Patients Can Lose As Much As 1 
kg of Lean Body Mass Daily!

Demling RH. Eplasty 2009;9:e9.  



Herridge et al. NEJM 2003;348:683-693

Weight change from pre-ICU 
status

Not Lean Mass Gain!.. 
Mostly Fat! 



What can be 
done to end this 

epidemic?



POST-ICU Quality of Life...

Easy as ABC...



A..B..C..D..E..F..G...For Post-ICU QOL
Awake and Breathing

Trial Daily

Choose light 
sedation

& avoid benzos

Delirium 
Monitoring

& Management

Early 
Mobility

& Exercise

Goal Directed Feeding &
Early Adequate 

Protein

Gain
Function

& Grow Muscle



Could This Be Due To 
Protein/Calorie 
Malnutrition?...

Probably..

While in ICU/
Hospital?...



Nutrition must be the 
complete package...



Carbohydrate Lipid

Electrolytes,
Trace 

Elements

Protein



International ICU Nutrition Survey
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We Underfeed For 2 Weeks...



When We 
Underfeed Enteral 

Calories...

We Massively 
Underfeed 
Protein!



0.6 g/kg/d 
for 2 weeks in ICU!

Average Protein 
Delivery

Guideline Protein: 1.2-2.0 g/kg/d



Energy Expenditure and Protein  
Requirements 1.8X Increase

4X Increase

Fürst P, Protein and amino acid metabolism: Composition of stressed and nonstressed states, In Cresci G (ed), 
Nutrition support for the critically ill patient, Taylor & Francis (CRC), Boca Raton, 2005 pg 29



Can’t build a house without bricks...

Protein 
is Fundamental...



 Protein 
Delivery

(1.2-2.0 g/kg/day)



NO Benefit in Trials 
Giving 

< 1.0 g/kg/d
Protein
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 CURRENTOPINION Optimizing energy and protein balance in the ICU

Peter J.M. Weijsa,b,c,d and Paul E. Wischmeyere

Purpose of review
Perhaps now more than ever, appropriate nutrition delivery in the ICU is a highly debated issue. Nutrition
guidelines for ICU patients by European Society for Clinical Nutrition and Metabolism in Europe, The
Canadian Nutrition Guidelines, and American Society for Parenteral and Enteral Nutrition in the USA
continue to disagree about the need to feed early and how. Most ICU patients around the world appear to
be poorly fed.

Recent findings
Most studies have focussed on energy supply by enteral or parenteral nutrition. Some studies suggest that
late initiation of energy supply could be beneficial. However, studies still not provide the answer as to
when and how to feed the patient. A few studies have now also focussed on protein supply. Studies agree
on the importance of adequate protein supply, 1.2–2.0 g/kg, for outcome. In fact, early protein supply
might be more important than energy supply; however, limited data are available.

Summary
These findings implicate that optimization of protein balance in ICU patients as well as energy balance will
improve outcome. In clinical practice, protein targets for patients should be set and achieved. More
research is needed to define when and how to best feed the ICU patient.

Keywords
critical care, energy supply, outcome, protein delivery, protein dosing, protein supply

INTRODUCTION
Perhaps now more then ever, appropriate nutrition
delivery in the ICU is a highly debated issue. Our
lack of answers in this area is clearly demonstrated
by numerous recent publications with conflicting
results on the effect of protein/calorie delivery on
ICU outcome. Further, there continues to be dis-
agreement in Nutrition guidelines for ICU patients
by European Society for Clinical Nutrition and
Metabolism (ESPEN) in Europe, The Canadian Nutri-
tion Guidelines, and American Society for Parenteral
and Enteral Nutrition (ASPEN) in the USA, as they
disagree about the need to feed early and how [1–4].

WHAT IS THE ULTIMATE GOAL?
The basic reason for feeding the patient is to provide
essential nutrients for basic biologic function in
sufficient amounts to prevent loss of body mass.
It is likely some body mass, mainly fat mass, can
be lost without consequences. The importance of fat
and fatty acids as a fuel source in critical illness
is emphasized by classic ICU patient metabolism
studies showing that in severe sepsis and critical
illness glucose utilization decreases markedly and
free fatty acid (FFA) metabolism increases and

becomes a primary energy source [5,6]. However,
a study of normal weight versus obese critically ill
trauma patients showed that while normal weight
patients utilize FFA as the majority of their resting
energy expenditure (REE) (61%), obese patients
could not mobilize FFAs for REE (39% of REE). These
obese patients turned to amino acid metabolism for
energy and thus lost existing lean body mass (LBM)
much faster then normal weight patients [7&]. This
has helped lead to consensus recommendations for
obese ICU patients to receive 2.0–2.5 g/kg ideal
body weight of protein [3] (which no randomized
trial of ICU nutrition has achieved to date). Unlike

aDepartment of Nutrition andDietetics, Internal Medicine, bDepartment of
Intensive Care Medicine, VU University Medical Center, cDepartment of
Nutrition and Dietetics, Amsterdam University of Applied Sciences,
dEMGOþ Institute for Health and Care Research, VU University Medical
Center, Amsterdam, The Netherlands and eDepartment of Anesthesiol-
ogy and Nutrition Therapy Services, University of Colorado School of
Medicine, Aurora, Colorado, USA

Correspondence to Dr.ir. Peter J.M. Weijs, PhD, Department of Nutrition
and Dietetics, Internal Medicine, VU University Medical Center, De
Boelelaan 1117, 1081 HV Amsterdam, The Netherlands. Tel: +31
204443211; e-mail: p.weijs@vumc.nl, p.j.m.weijs@hva.nl

Curr Opin Clin Nutr Metab Care 2013, 16:194–201
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www.co-clinicalnutrition.com Volume 16 " Number 2 " March 2013

REVIEW

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

 CURRENTOPINION Optimizing energy and protein balance in the ICU

Peter J.M. Weijsa,b,c,d and Paul E. Wischmeyere

Purpose of review
Perhaps now more than ever, appropriate nutrition delivery in the ICU is a highly debated issue. Nutrition
guidelines for ICU patients by European Society for Clinical Nutrition and Metabolism in Europe, The
Canadian Nutrition Guidelines, and American Society for Parenteral and Enteral Nutrition in the USA
continue to disagree about the need to feed early and how. Most ICU patients around the world appear to
be poorly fed.

Recent findings
Most studies have focussed on energy supply by enteral or parenteral nutrition. Some studies suggest that
late initiation of energy supply could be beneficial. However, studies still not provide the answer as to
when and how to feed the patient. A few studies have now also focussed on protein supply. Studies agree
on the importance of adequate protein supply, 1.2–2.0 g/kg, for outcome. In fact, early protein supply
might be more important than energy supply; however, limited data are available.

Summary
These findings implicate that optimization of protein balance in ICU patients as well as energy balance will
improve outcome. In clinical practice, protein targets for patients should be set and achieved. More
research is needed to define when and how to best feed the ICU patient.

Keywords
critical care, energy supply, outcome, protein delivery, protein dosing, protein supply

INTRODUCTION
Perhaps now more then ever, appropriate nutrition
delivery in the ICU is a highly debated issue. Our
lack of answers in this area is clearly demonstrated
by numerous recent publications with conflicting
results on the effect of protein/calorie delivery on
ICU outcome. Further, there continues to be dis-
agreement in Nutrition guidelines for ICU patients
by European Society for Clinical Nutrition and
Metabolism (ESPEN) in Europe, The Canadian Nutri-
tion Guidelines, and American Society for Parenteral
and Enteral Nutrition (ASPEN) in the USA, as they
disagree about the need to feed early and how [1–4].

WHAT IS THE ULTIMATE GOAL?
The basic reason for feeding the patient is to provide
essential nutrients for basic biologic function in
sufficient amounts to prevent loss of body mass.
It is likely some body mass, mainly fat mass, can
be lost without consequences. The importance of fat
and fatty acids as a fuel source in critical illness
is emphasized by classic ICU patient metabolism
studies showing that in severe sepsis and critical
illness glucose utilization decreases markedly and
free fatty acid (FFA) metabolism increases and

becomes a primary energy source [5,6]. However,
a study of normal weight versus obese critically ill
trauma patients showed that while normal weight
patients utilize FFA as the majority of their resting
energy expenditure (REE) (61%), obese patients
could not mobilize FFAs for REE (39% of REE). These
obese patients turned to amino acid metabolism for
energy and thus lost existing lean body mass (LBM)
much faster then normal weight patients [7&]. This
has helped lead to consensus recommendations for
obese ICU patients to receive 2.0–2.5 g/kg ideal
body weight of protein [3] (which no randomized
trial of ICU nutrition has achieved to date). Unlike

aDepartment of Nutrition andDietetics, Internal Medicine, bDepartment of
Intensive Care Medicine, VU University Medical Center, cDepartment of
Nutrition and Dietetics, Amsterdam University of Applied Sciences,
dEMGOþ Institute for Health and Care Research, VU University Medical
Center, Amsterdam, The Netherlands and eDepartment of Anesthesiol-
ogy and Nutrition Therapy Services, University of Colorado School of
Medicine, Aurora, Colorado, USA

Correspondence to Dr.ir. Peter J.M. Weijs, PhD, Department of Nutrition
and Dietetics, Internal Medicine, VU University Medical Center, De
Boelelaan 1117, 1081 HV Amsterdam, The Netherlands. Tel: +31
204443211; e-mail: p.weijs@vumc.nl, p.j.m.weijs@hva.nl

Curr Opin Clin Nutr Metab Care 2013, 16:194–201

DOI:10.1097/MCO.0b013e32835bdf7e

www.co-clinicalnutrition.com Volume 16 " Number 2 " March 2013

REVIEW

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

 CURRENTOPINION Optimizing energy and protein balance in the ICU

Peter J.M. Weijsa,b,c,d and Paul E. Wischmeyere

Purpose of review
Perhaps now more than ever, appropriate nutrition delivery in the ICU is a highly debated issue. Nutrition
guidelines for ICU patients by European Society for Clinical Nutrition and Metabolism in Europe, The
Canadian Nutrition Guidelines, and American Society for Parenteral and Enteral Nutrition in the USA
continue to disagree about the need to feed early and how. Most ICU patients around the world appear to
be poorly fed.

Recent findings
Most studies have focussed on energy supply by enteral or parenteral nutrition. Some studies suggest that
late initiation of energy supply could be beneficial. However, studies still not provide the answer as to
when and how to feed the patient. A few studies have now also focussed on protein supply. Studies agree
on the importance of adequate protein supply, 1.2–2.0 g/kg, for outcome. In fact, early protein supply
might be more important than energy supply; however, limited data are available.

Summary
These findings implicate that optimization of protein balance in ICU patients as well as energy balance will
improve outcome. In clinical practice, protein targets for patients should be set and achieved. More
research is needed to define when and how to best feed the ICU patient.
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INTRODUCTION
Perhaps now more then ever, appropriate nutrition
delivery in the ICU is a highly debated issue. Our
lack of answers in this area is clearly demonstrated
by numerous recent publications with conflicting
results on the effect of protein/calorie delivery on
ICU outcome. Further, there continues to be dis-
agreement in Nutrition guidelines for ICU patients
by European Society for Clinical Nutrition and
Metabolism (ESPEN) in Europe, The Canadian Nutri-
tion Guidelines, and American Society for Parenteral
and Enteral Nutrition (ASPEN) in the USA, as they
disagree about the need to feed early and how [1–4].

WHAT IS THE ULTIMATE GOAL?
The basic reason for feeding the patient is to provide
essential nutrients for basic biologic function in
sufficient amounts to prevent loss of body mass.
It is likely some body mass, mainly fat mass, can
be lost without consequences. The importance of fat
and fatty acids as a fuel source in critical illness
is emphasized by classic ICU patient metabolism
studies showing that in severe sepsis and critical
illness glucose utilization decreases markedly and
free fatty acid (FFA) metabolism increases and

becomes a primary energy source [5,6]. However,
a study of normal weight versus obese critically ill
trauma patients showed that while normal weight
patients utilize FFA as the majority of their resting
energy expenditure (REE) (61%), obese patients
could not mobilize FFAs for REE (39% of REE). These
obese patients turned to amino acid metabolism for
energy and thus lost existing lean body mass (LBM)
much faster then normal weight patients [7&]. This
has helped lead to consensus recommendations for
obese ICU patients to receive 2.0–2.5 g/kg ideal
body weight of protein [3] (which no randomized
trial of ICU nutrition has achieved to date). Unlike
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ESEPN and ASPEN Guidelines: 
Recommend: 1.2-2.0 g/kg/d

Protein is Most 
Vital

Nutrient In ICU!



Extra-Protein Reduces 
Mortality!

Every additional        
30 g/d protein 

given...

Mortality decreased!
Alberda,C, Heyland D et al
Intensive Care Med.35:1728-37. 2009 



Has this already been 
shown in a 

multi-center RCT?
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Management of Acute Lung Injury (Omega)Management of Acute Lung Injury (Omega)
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NN--3 / A3 / A--O Supplement vs. ControlO Supplement vs. Control
Nutrient
Energy, cal
Osmolarity, kCal / mL
Protein, g
Carbohydrate, g
Fat, g

EPA, g
DHA, g
GLA, g

Vitamin C, mg
All-natural Vitamin E, IU
B-carotene, mg
Zinc, mg
Selenium, ug
L-carnitine, mg
Taurine, mg

N-3/A-O Suppl (120mL)
240 
2.04
1.9
2.1

22.3
3.42
1.70
2.96
500
220
2.4

12.1
42.6
90

175

Control (120mL)
237 
2.01
10

25.9
11
0
0
0

38
6
0

2.8
9

19
19

Daily dosage = 2 Modules



Did 5 x Protein 
Reduce Mortality 

in Large RCT?



To evaluate the sensitivity of these results, the following
subgroup analyses were done: Only the 100 septic patients (Mantel
log-rank P¼ 0.055; BresloweGehan P¼ 0.037; P for trend: 0.027).
Only the 95 patients with plasma creatinine <0.2 mmol/l (Mantel
log-rank P¼ 0.028; BresloweGehan P¼ 0.064; P for trend¼ 0.014).
Additionally, the survival analysis was limited to 28 days by giving
all patients with LOS> 28 days the LOS value¼ 28 and all later
outcomes the censor value 0, simulating a loss to follow up after
day 28 (Mantel log-rank P¼ 0.044; BresloweGehan P¼ 0.028;
trend¼ 0.023) and to 10 days’ survival (Mantel log-rank P¼ 0.015;
BresloweGehan P¼ 0.032; trend¼ 0.001).

Table 2 shows that the base-line prognostic variables: admission
APACHE II and SOFA score on the first day of REEmeasurements did
not differ much between the groups. The total ICUmortality did not
differ significantly between the three subgroups. ICU LOS was
shorter in the low protein&AA group. Body weight was lower in the
Low protein&AA group, but BMI did not differ significantly between
the groups. Blood glucose and urea did not differ between the
groups, indicating that metabolic tolerance was the same in the
three groups. The volume of discarded gastric residual was similar
in the three groups: 98" 171, 117"201 and 175" 280 [ml/day;
mean" SD] in the low, medium and high protein&AA groups,
respectively. Values for energy and protein are given per kg actual
body weight in Table 2, to allow for the observed differences in
body weight and since recommendations are usually given per kg
body weight. The provision of protein differed significantly
between the three groups while provision of energy was signifi-
cantly lower only in the low protein&AA group. N balance was
significantly lower in the low protein&AA group compared to the
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Fig. 2. 28-Day survival in the ICU. KaplaneMeier curve that depicts 28-day survival in
three groups of patients, ranked according to decreasing provision of protein during
their intensive care unit stay. Initial number of patients in the three groups: Low
protein&AA: 37; medium protein&AA: 38; High protein&AA: 38. The average provision
of protein in the three groups were: low protein&AA: 53.8 g/day; medium protein&AA:
84.3; high protein&AA: 114.9 g/day. The square brackets indicate the number of
patients remaining at risk on day 10, i.e. neither censored nor dead. The knobs indicate
censoring of one or several patients. Eight patients had longer observation time than
28 days, with a maximum of 77 days. Comparison of curves for all patients: Mantel log-
rank P¼ 0.021; BresloweGehan: P¼ 0.027. Log-rank test for trend: P¼ 0.011.

Table 2
Data in groups according to ranked protein intake.

Protein&AA provision group P

Low
N¼ 37

Medium
N¼ 38

High
N¼ 38

Distribution of patients Period 1 (N) 17 19 20
Period 2 (N) 20 19 18

Diagnoses Severe sepsis (N) 35 33 32
Burns (N) 2 5 6

Anthropometrics Age, years 59.7" 17.4 62.1" 15.4 56.7" 18.5
Height, m 1.70" 0.09 1.75" 0.07 1.77" 0.09
Body weight, kg 70.1" 16.1 82.2" 15.6 81.1" 16.2 L vs. M: <0.01

L vs. H: <0.05
BMI 24.0" 3.9 26.7" 4.7 25.9" 5.0

Severity scores APACHE II score (1st 24 h in ICU) 23.2" 7.4 21.9" 5.9 22.1" 6.8
SOFA, first score 6.78" 3.05 6.66" 3.05 7.68" 3.05
SOFA, average score in ICU 6.41" 3.25 6.07" 2.45 6.70" 3.56

Blood analyses Glucose, mmol/l 9.2" 2.3 9.1" 2.3 9.1" 2.2
Urea, mmol/l 13.5" 9.4 14.5" 9.0 15.7" 7.9

Nutrition Protein&AA provision, g/kg per day 0.79" 0.29 1.06" 0.23 1.46" 0.29 L vs. M: <0.001
L vs. H: <0.001
M vs. H: <0.001

N loss, Proteineq g/kg per day 1.40" 0.52 1.41" 0.45 1.67" 0.47
N balance, Proteineq g/kg per day #0.59" 0.48 #0.35" 0.41 #0.20" 0.58 L vs. H: <0.01
Energy provision, kcal/kg per day 21.7" 6.7 24.7" 5.7 27.2" 6.7 L vs. H: <0.001
Resting energy expenditure, kcal/kg per day 28.4" 6.2 28.1" 7.5 28.8" 7.2
Energy-balance, kcal/kg per day #6.4" 9.1 #3.5" 6.3 #1.5" 6.9 L vs. H: <0.05
Energy in Protein&AA/Energy provision, % 15.0" 3.3 18.1" 3.3 22.4" 3.4 L vs. M: <0.001

L vs. H: <0.001
M vs. H: <0.001

Energy in Proteineq/REE, % 20.6" 6.7 21.2" 6.6 21.2" 6.6
Outcome Length of stay in ICU, d# 5 (3e9) 10 (6e14) 10 (7e15) L vs. M: <0.01

L vs. H: <0.01
ICU mortality, n (%) 10 (27) 9 (24) 6 (16)
Discharged alive from ICU, n (%) 27 (73) 29 (76) 32 (84)

Data are presented as N (%), mean" SD, or #: median (interquartile range).
P values calculated by ANOVAwith Bonferroni’s test for multiple comparisons (mean" SD) or KruskaleWallis with Dunn’s test for multiple comparisons (median, IQR). L, Low
group; M, medium group; H, high group.
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Adequate protein intake is needed to attenuate disease- or 
injury-related catabolism in critically ill patients. However, the 
benefits accrued from delivery of prescribed protein intake are 
controversial and poorly described. This study found that 
delivery of protein intake ≥80% of prescribed was beneficial to 
60-day survival and shorter time to discharge alive, while 
energy intake ≥80% of prescribed did not improve survival but 
was associated with prolonged time to discharge alive. The 
study was limited by actual delivery of only 60% of prescribed 
protein intake, and further studies with greater protein intake 
are needed.

Background

More than 5 million patients are admitted to intensive care 
units (ICUs) in the United States each year, with an average of 
55,000 patients cared for each day.1 The cost of patient care 
represents 17%–39% of hospital costs, an amount that increases 
to $263 billion if the cost in the year after ICU discharge is 
included.2 Mortality in the adult ICU patient is estimated to be 

10%–29%.1 These economic and clinical realities compel us to 
investigate approaches to ICU care that have a potential impact 
on clinical outcomes.
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Abstract
Objective: Optimal intake of energy and protein is associated with improved outcomes, although outcomes relative to protein intake 
are very limited. Our purpose was to evaluate the impact of prescribed protein delivery on mortality and time to discharge alive (TDA) 
using data from the International Nutrition Survey 2013. We hypothesized that greater protein delivery would be associated with lower 
mortality and shorter TDA. Methods: The sample included patients in the intensive care unit (ICU) ≥4 days (n = 2828) and a subsample 
in the ICU ≥12 days (n = 1584). Models were adjusted for evaluable nutrition days, age, body mass index, sex, admission type, acuity 
scores, and geographic region. Percentages of prescribed protein and energy intake were compared with mortality outcomes using logistic 
regression and with Cox proportional hazards for TDA. Results: Mean intake for the 4-day sample was protein 51 g (60.5% of prescribed) 
and 1100 kcal (64.1% of prescribed); for the 12-day sample, mean intake was protein 57 g (66.7% of prescribed) and 1200 kcal (70.7% 
of prescribed). Achieving ≥80% of prescribed protein intake was associated with reduced mortality (4-day sample: odds ratio [OR], 0.68; 
95% confidence interval [CI], 0.50–0.91; 12-day sample: OR, 0.60; 95% CI, 0.39–0.93), but ≥80% of prescribed energy intake was not. 
TDA was shorter with ≥80% prescribed protein (hazard ratio [HR], 1.25; 95% CI, 1.04–1.49) in the 12-day sample but longer with ≥80% 
prescribed energy in the 4-day sample (HR, 0.82; 95% CI, 0.69–0.96). Conclusion: Achieving at least 80% of prescribed protein intake 
may be important to survival and shorter TDA in ICU patients. Efforts to achieve prescribed protein intake should be maximized. (JPEN 
J Parenter Enteral Nutr. 2016;40:45-51)
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 CURRENTOPINION Optimizing energy and protein balance in the ICU

Peter J.M. Weijsa,b,c,d and Paul E. Wischmeyere

Purpose of review
Perhaps now more than ever, appropriate nutrition delivery in the ICU is a highly debated issue. Nutrition
guidelines for ICU patients by European Society for Clinical Nutrition and Metabolism in Europe, The
Canadian Nutrition Guidelines, and American Society for Parenteral and Enteral Nutrition in the USA
continue to disagree about the need to feed early and how. Most ICU patients around the world appear to
be poorly fed.

Recent findings
Most studies have focussed on energy supply by enteral or parenteral nutrition. Some studies suggest that
late initiation of energy supply could be beneficial. However, studies still not provide the answer as to
when and how to feed the patient. A few studies have now also focussed on protein supply. Studies agree
on the importance of adequate protein supply, 1.2–2.0 g/kg, for outcome. In fact, early protein supply
might be more important than energy supply; however, limited data are available.

Summary
These findings implicate that optimization of protein balance in ICU patients as well as energy balance will
improve outcome. In clinical practice, protein targets for patients should be set and achieved. More
research is needed to define when and how to best feed the ICU patient.

Keywords
critical care, energy supply, outcome, protein delivery, protein dosing, protein supply

INTRODUCTION
Perhaps now more then ever, appropriate nutrition
delivery in the ICU is a highly debated issue. Our
lack of answers in this area is clearly demonstrated
by numerous recent publications with conflicting
results on the effect of protein/calorie delivery on
ICU outcome. Further, there continues to be dis-
agreement in Nutrition guidelines for ICU patients
by European Society for Clinical Nutrition and
Metabolism (ESPEN) in Europe, The Canadian Nutri-
tion Guidelines, and American Society for Parenteral
and Enteral Nutrition (ASPEN) in the USA, as they
disagree about the need to feed early and how [1–4].

WHAT IS THE ULTIMATE GOAL?
The basic reason for feeding the patient is to provide
essential nutrients for basic biologic function in
sufficient amounts to prevent loss of body mass.
It is likely some body mass, mainly fat mass, can
be lost without consequences. The importance of fat
and fatty acids as a fuel source in critical illness
is emphasized by classic ICU patient metabolism
studies showing that in severe sepsis and critical
illness glucose utilization decreases markedly and
free fatty acid (FFA) metabolism increases and

becomes a primary energy source [5,6]. However,
a study of normal weight versus obese critically ill
trauma patients showed that while normal weight
patients utilize FFA as the majority of their resting
energy expenditure (REE) (61%), obese patients
could not mobilize FFAs for REE (39% of REE). These
obese patients turned to amino acid metabolism for
energy and thus lost existing lean body mass (LBM)
much faster then normal weight patients [7&]. This
has helped lead to consensus recommendations for
obese ICU patients to receive 2.0–2.5 g/kg ideal
body weight of protein [3] (which no randomized
trial of ICU nutrition has achieved to date). Unlike
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“Are we creating survivors...

or Victims?”



Can Early Protein/
Calories Improve 
Quality of Life?



“Come Strong or 
Don’t Come At All”
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Improved Protein and Kcal Delivery in 1st 
ICU Week Improves Survival in Hi-Risk Pts

Wie,  Heyland et al. Crit Care Med, Online April, 2015

0-50% Kcals

N= 475 Pts on Ventilator > 8 Days

50 - < 80% Kcals

> 80% Kcals



Improved Protein and Kcal in First 
Week in MICU Improves Quality of Life 

N= 475 Pts on Ventilator > 8 Days

Subgroup Analysis of the Effect of Nutritional 

Adequacy on SF-36 scores 
 

 

! !

           Nutritional Adequacya per 25% increase  
 Medical Patients 
SF-36 Nb Adjusted Estimatec, 

d (95% CI) 
P  

PF: 3-mo 128 10.9 (4.3, 17.6) 0.001  
PF: 6-mo 144 6.7 (0.2, 13.2) 0.04  
RP: 3-mo 127 13.1 (6.7, 19.6) <.001  
RP: 6-mo 144 7.2 (0.9, 13.4) 0.03  
PCS: 3-mo 125      3.5 (1.2, 5.8) 0.003  
PCS: 6-mo 142      2.5 (0.2, 4.9) 0.03  

Wie,  Heyland et al. Crit Care Med, Online April, 2015



“7.8 point change in Physical Function 
(PF) score is meaningful change in 

QoL*...”

*- ANZICs Trials Group, BMJ open 2014;4(5):e004966

Thus... for every 25% increase 
in kcals/d delivered a clinically 

meaningful change in QoL 
occurs...



How you feed in the 1st 
week in ICU...

Changes Pts 
QoL 

Months Later!!
Wie,  Heyland et al. Crit Care Med, Online April, 2015



Increased Protein Improves Physical 
Function Post-ICU!

REDOXS Study
First 364 pts w/ SF-36 Score at 3 m 

Model  *

Estimate (CI)
P values

(B) Increased protein intake (30 g/d)
PHYSICAL FUNCTIONING (PF) at 3 m 2.9 (-0.7, 6.6) P=0.11

ROLE PHYSICAL (RP) at 3 m 4.4 (0.7, 8.1) P=0.02 

STD PHYSICAL COMPONENT SCALE (PCS) at 3 m 1.9 (0.5, 3.2) P=0.007

Presented at ASPEN, 2014



Promote Protein 
Provision!

...and good 
nutrition will 

follow...?



We All 
Underfeed

Protein 
Enterally!!



Failing EN at 2-3 d?
All Malnourished!

Supplement
 PN Early in 

At-risk
Patients?!? 



How Do We Put This 
Data Into Practice?

And what do new 
ASPEN/SCCM 

Guidelines say?



Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...

Peritonitis and SIRS in ED...



Nutritional Status
BMI 23, Weight 50 kg

Weight: Lost 6 kg over 
last month due to 
frequent “belly ache” 

Albumen - 2.2



Past Medical History

Hypertension

Type II Diabetes

Mild  CHF

Significant Peripheral 
Vascular Disease 



Nutritional 
Evaluation?



Which factor is Most sensitive 
for evaluating pt’s acute 
nutritional risk in ICU or 

hospital?

A. BMI
B.  Albumin 
C. Risk for poor PO intake over 
week
D. > 10% recent weight loss
E. Pre-Albumin



Which factor is Most sensitive 
for evaluating pt’s acute 
nutritional risk in ICU or 

hospital?

A. BMI
B.  Albumin 
C. Risk for poor PO intake over 
week
D. > 10% recent weight loss
E. Pre-Albumin



Loss of 

>10% 
of USUAL 

body weight

Definition of 
Malnutrition



Problem of 
Surgical 

Malnutrition 



Curr Opin in Anesthes, 24; 2011 

65%
Pts Undergoing       
GI Surgery are 
Malnourished



Low Pre-Op 
Albumin Predicts 

Mortality in 
Surgery!

1.5 million patient NSQIP 
database can’t be wrong...



>70%                           
of malnourished pts 
have complications

 

Complications from GI Oncology 
Surgery

Curr Opin in Anesthes, 24; 2011 



Key NSQIP Variables Predicting 30-d Mortality in 
Inpatient Elective Operations by Age 

Variable All patients Age 18-69 Age 70+
Funct. Status 1 1 1
ASA class 2 2 2
Dissem. CA 3 3 4
Albumen < 3.5 4 4 5
Sepsis 5 5 3
DNR Order 6 12 6
BMI 7 15 10
Creat>1.2 8 8 9
WorkRVU 9 11 7
Ascites 10 7 8

Courtesy of C. Gajdos and UCH SOARES grp



Nutritional Status 
Only Modifiable     

Risk Factor!
We Can Effect

Pre-Operatively to 
Reduce Mortality...



Michelle W. -  63 yr. old with 
Diverticulitis for colonic resection...

Albumen 2.2    >10% wght loss in 1 m                



Michelle W. -  63 yr. old with 
Diverticulitis for colonic resection...

Should we cancel surgery?



Michelle W. -  63 yr. old with 
Diverticulitis for colonic resection...

Give Pre-op Nutrition x 1 wk?



Michelle W. -  63 yr. old with 
Diverticulitis for colonic resection...

Unfortunately Pre-Op Nutrition 
Not Given...



ESPEN Surgical Guidelines
Malnourished Patients 

7- 14 d of pre-op EN
(Grade A)

EN not tolerated: 
7-10 d preop TPN 

(Grade A)



Post-Op Day 1 Patient is in SICU awake 
and alert

Should she be fed?



Question
After GI Surgery, patients 
have reduced Mortality 

with initiation of feeding on 
post-op day 1?

A. True
 
B. False



Question
After GI Surgery, patients 
have reduced Mortality 

with initiation of feeding on 
post-op day 1?

A. True
 
B. False



Early Feeding In GI Surgery

No Difference In: 
Pnemonia

Wound dehiscence
Vomiting

 Andersen HK, et al. Cochrane Database Rev 2006:CD004080.

Cochrane Review
Early vs Late Post-OP Nutrition



59%
 MORTALITY

 Andersen HK, et al. Cochrane Database Rev 2006:CD004080.

Early Feeding Reduces Death In 
GI Surgery



Do I need to tell you 
anymore ??

This works !





 What is the Optimal Nutrition 
Assessment Technique in 

Post-Op ICU Patients?

A. BMI
B. Albumin 
C. NRS Score
D. Nutric Score
E. C and D 
F. All of the Above



 What is the Optimal Nutrition 
Assessment Technique in 

Post-Op ICU Patients?

A. BMI
B. Albumin 
C. NRS Score
D. Nutric Score
E. C and D 
F. All of the Above



What do the new ASPEN/SCCM 
Guidelines Say?



2016 ASPEN/SCCM Guidelines

We suggest determination of nutrition 
risk (e.g.- NRS-2002 or Nutric Score)             

be performed on all post-op pts in ICU 

Traditional “visceral protein 
levels” (serum albumin, prealbumin and 

transferrin concentrations) should NOT be 
used as markers of nutrition status.

(Expert Consensus)



NRS Score??

Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...



NRS: Best Predictor of Hospital Nutritional Risk!  

Clinical Nutrition (2003) 22(4): 415–421

1. Is BMI < 20.5?
2. Has the pt lost weight in last 
3 months?
3. Has the pt had a reduced 
dietary intake in the last week?
4. Is the pt severely ill (in ICU)?

If yes to ANY above...go to Screen 2
If no...repeat q week

NRS
Score



NRS Score

ESPEN Guidelines for Nutrition Screening
Clinical Nutrition (2003) 22(4): 415–421

Head Inj, BMT, ICUSevere-3

Moder-2

Mild-1

Abd Surg, Stroke, Pneumonia,
Heme Malignancy

Wt Loss > 5% in 3 m
Food Intake:50-75% in last wk

Wt Loss > 5% in 2 m
or BMI 18.5- 20.5 + 

Food Intake:25-60% in last wk

Wt Loss > 5% in 1 m
or BMI < 18.5 +

Food Intake:0-25% in last wk

Severe-3

Moder-2

Mild-1 Hip Fx, DM, COPD



NRS Score  = 5 (High Nutrition Risk)

Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...



Albumen 2.2                   NRS=5

Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...



Post-Op Day 1 in ICU

Tube Feeds Started...

Trophic or 
Feed to Goal?



Question
In this patient, how would 
you plan for tube feeding...

A. Trophic only for first 5 days
B. Trophic only for 1st week 
C. Advance to goal over first 
24-48 hours
D. Advance to goal over first 
3-4 days



Question
In this patient, how would 
you plan for tube feeding...

A. Trophic only for first 5 days
B. Trophic only for 1st week 
C. Advance to goal over first 
24-48 hours
D. Advance to goal over first 
3-4 days



Why?...



Albumen 2.2                   NRS=5

Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...



What do the new ASPEN/SCCM 
Guidelines Say?



2016 ASPEN/SCCM Guidelines

 Should be advanced 
towards goal as quickly as 

tolerated over 24-48 h. 

(Expert Consensus)

Patients at high nutrition risk 
(NRS 2002 score >5 or Nutric score >6) 

or severely malnourished:



2016 ASPEN/SCCM Guidelines

The only pt group where trophic 
feeds over 1st wk should be 

considered:

ARDS/ALI
MV > 72h 
Patients



2016 ASPEN/SCCM Guidelines

Either trophic OR full nutrition by EN is 
appropriate for pts with ARDS or ALI
and those expected with duration of  

mech. vent. > 72 h:

 These two feeding strategies have 
similar patient outcomes over first 

week of hospitalization

Quality of Evidence: High



But Remember....

If Pt ends up on vent 
> 8 days...



Improved Nutrition Delivery in 1st Week 
in ICU Improves Survival...

Wie,  Heyland et al. Crit Care Med, Online April, 2015

0-50% Kcals

N= 475 Pts on Ventilator > 8 Days

50 - < 80% Kcals

> 80% Kcals



Improved Nutrition in First Week in 
MICU Improves Quality of Life 

N= 475 Pts on Ventilator > 8 Days

Subgroup Analysis of the Effect of Nutritional 

Adequacy on SF-36 scores 
 

 

! !

           Nutritional Adequacya per 25% increase  
 Medical Patients 
SF-36 Nb Adjusted Estimatec, 

d (95% CI) 
P  

PF: 3-mo 128 10.9 (4.3, 17.6) 0.001  
PF: 6-mo 144 6.7 (0.2, 13.2) 0.04  
RP: 3-mo 127 13.1 (6.7, 19.6) <.001  
RP: 6-mo 144 7.2 (0.9, 13.4) 0.03  
PCS: 3-mo 125      3.5 (1.2, 5.8) 0.003  
PCS: 6-mo 142      2.5 (0.2, 4.9) 0.03  

Wie,  Heyland et al. Crit Care Med, Online April, 2015



Very Hard to predict who 
will be on MV > 3 d, but 

less then 8 d...

...as trophic feeding 
has no benefit over 

full feeding...
Why take risk??



How you feed in the 1st 
week in ICU...

Changes Pts 
QoL 

Months Later!!
Wie,  Heyland et al. Crit Care Med, Online April, 2015



Despite Overwhelming 
Evidence Supporting it’s 

use...

EN not started....

Pt NPO > 2 d...



Should TPN be 
started now?

A. Yes
 
B. No



Should TPN be 
started now?

A. Yes
 
B. No



What do the new ASPEN/SCCM 
Guidelines Say?



Albumen 2.2                   NRS=5

Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...



2016 ASPEN/SCCM Guidelines

When EN is not feasible, we 
suggest initiating exclusive PN 
as soon as possible following 

ICU admission.

(Expert Consensus)

In pts at high nutrition risk
(NRS 2002 > 5 or Nutric score > 6) or 
found to be severely malnourished:



ESPEN Guidelines for
PN in ICU 

ALL Pts not expected to be 
on EN/oral within 3 d 

should start TPN w/in 24 
to 48 h (C)

ALL Pts receiving less than 
goal EN after 2 d should be 

considered for supplementary 
PN (C)



Despite Evidence 
Supporting it’s use...

EN and/or PN not 
started....

Pt NPO > 3 d...



Post-Op Day 3

Increased abdominal 
pain

White cell count: 31.1

 Zosyn started



Post-Op Day 4
BP 60/40 and patient with 

delerium

Transfer to ICU...                
Levophed and fluids started

Respiratory system: Lungs Clear



Laboratory
	 Na		 135
	 K	 	 2.7
	 Cl	 	 103
	 HCO3	 10
	 BUN	 10
	 Creat	 1.0
	
	 Ca	 	 7.8
	 Mg		 1.9
	 PO4	 2.9
	 Lactate	 9.8

Hb 9.4 

WBC	30.6    
(11.8-2 d ago)

Plts	 442
Neut   24.8

APTT	26.1-N
INR	 1.2- N

	 LFTs	 wnl
	 Trop I	 0.03
	 Dig		 1.1



Arterial Blood Gases
	 	
	 	 pH	 	 	       7.38
	 	 PaCO2	 	       21
	 	 PaO2	 	       69
	 	 Base Excess         -12
	 	 HCO3	 	       12
	 	 SaO2	 	       93%
		 FiO2		               0.3



Further Work-Up

CT Abdomen
Bowel wall thickening (small 

bowel)
Diffuse Pneumatosis
Poor vascular flow in SMA 
Intra-abdominal free fluid and 

free air



Ischemic small bowel

Small bowel resection leaving 160 
cm viable jejunum

Remainder of bowel well perfused

Admitted to ICU
It’s hospital day 5…..

Laparotomy



Arrival In ICU

Blood pressure 90/40 on 
levophed/dobutamine
On Ventilator...
CVP 11
MV O2 sat- 77%

Weight 54 kg....BMI 22



Can We Predict 
Nutrition Risk With 

An ICU-Specific 
Score?



Nutrition Status
micronutrient levels  -  immune markers  - muscle mass

Starvation

Acute
 Reduced po intake

 Pre ICU hospital stay

Chronic
 Recent weight loss

BMI?

Inflammation
Acute
IL-6
CRP
PCT

Chronic
   Comorbid illness

A Conceptual Model for Nutrition Risk 
Assessment in the Critically Ill

NUTRIC Score?



Development of NUTrition Risk in Critically Ill Score 
(NUTRIC Score)

BMI, CRP, PCT, weight loss, and oral intake excluded as not significantly 
associated with mortality or inclusion did not improve fit of final model
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Validation of NUTrition Risk in the Critically ill Score 
(NUTRIC Score) 

Heyland D et al, 
Crit Care, 15:R268, 2011

P value for the 
interaction=0.01 

Interaction between NUTRIC Score and nutritional adequacy (n=211)*

Nutric Score

Nutrition Adequacy Levels (%) 



Who Will Benefit From 
Aggressive Nutrition Delivery?

Pre-Injury Malnutrition

High Nutric Score (>5) ?
(Excluding IL-6)



Interpreting NUTrition Risk in Critically Ill Score?
(NUTRIC Score)

Nutric Score: 5-9
High Nutritional Risk!

Start EN at admit - goal over 24-48 h

If not on EN on ICU Day 1:
Start PN Day 1

If not at Goal EN 48 h post-ICU 
admit:

Start PN ASAP 



What Is Our Pts Nutric Score?



What Is Our Pts Nutric Score?

Nutric Score
 = 6 

High Nutrition Risk!



A. Start something now

B. Wait 1-2 more days to start 
anything

C. Wait 3-5 more days, perhaps 
she’ll be extubated and can 
eat on her own

What should nutrition plan be?



A. Start something now

B. Wait 1-2 more days to start 
anything

C. Wait 3-5 more days, perhaps 
she’ll be extubated and can 
eat on her own

What should nutrition plan be?



How would you provide 
nutrition?

A.  EN only-Trying to achieve 
goal needs

B.  EN only – Trophic feeds 
only

C.  TPN – Only
D.  TPN with Trophic EN

     



How would you provide 
nutrition?

A.  EN only-Trying to achieve 
goal needs

B.  EN only – Trophic feeds 
only

C.  TPN – Only
D.  TPN with Trophic EN

     



Does Parenteral 
Nutrition (TPN) lead 
to increased risk of 
infection in ICU pts?
A.	Yes
B. No



Does Parenteral 
Nutrition (TPN) lead 
to increased risk of 
infection in ICU pts?
A.	Yes
B. No



Three New Large Randomized 
Trials Show....               

TPN Does Not 
Increase   

Infection Risk                    
in 2017!

Doig et al. JAMA, 2013
Heidegger et al, Lancet, 2013

CALORIES Trial, NEJM, 2014





TPN No Longer Related To 
Infection in 2017!

- No Longer “Hyperalimentation”

- We Now Control Hyperglycemia

- Sterile TPN Compounding Centers

- No Hospital TPN Compounding!

- Better Central Line Care

Improved Lipids?



How many calories 
would you give this 

patient to start?

A.	 < 15 kcal/kg/d
B.	 15-20 kcal/kg/d
C.	 20-25 kcal/kg/d
D.	 25-30 kcal/kg/d



How many calories 
would you give this 

patient to start?

A.	 < 15 kcal/kg/d
B.	 15-20 kcal/kg/d
C.	 20-25 kcal/kg/d
D.	 25-30 kcal/kg/d



Is There Another 
Source of 

“Calories” in Acute 
Phase We Are 
Forgetting!?! 



What Happens to 
Metabolism in 
Acute Phase?



Catabolic Response to Stress and Injury

Body Can Generate 50-75% of Pts Glucose Requirements!

Exogenous 
Glucose Kcal 

Delivery?

Text

Adapted from: Anesthesiology 2015; 123:1455-72



During Acute Phase...
Body Can Generate 

50-75% of Kcals Needs 
from Endogenous 

Sources!

Basic Metabolic Physiology...

Preiser et al. Critical Care (2015) 19:35



Catabolic Response to Stress and Injury

Body Can Generate 50-75% of Pts Glucose Requirements!

Is 
Significant 
Exogenous 

Glucose Kcal 
Delivery 
Needed?

Text

Adapted from: Anesthesiology 2015; 123:1455-72

Early Protein 
Delivery 

Essential Due to 
Catabolism!



impact of amino acids on kidney function, Doig et al. demonstrated
that administering high level of protein (approximately 1.7 g/kg/
day) without accounting for the caloric intake improves neither the
kidney function nor the clinical outcome [16].

Despite the technical difficulties, some researchers have already
started the quest for the optimal protein-energy provision in the
clinical setting. Weijs et al. analyzed the effect of energy provision
guided by indirect calorimetry and protein provision of 1.2e1.5 g/kg
of preadmission body weight. The goals were achieved by pre-
scribing commercially available EN formulas to match the needs of
individual patients, and adding PN when the gut failed. Their
observation showed that avoiding overfeeding and reaching the
predefined protein target in mechanically ventilated non-septic
patients is associated with lower hospital mortality [8]. The result
of this study is further supported by the work of Allingstrup et al.
who demonstrated in an observational study of mixed critically ill
patients that only patients receiving a protein delivery of greater
than 1 g/kg/day had a reduced mortality, regardless of adequate
energy delivery [17].

To date, there are only a few clinical studies which investigated
the effect of meeting both energy and protein provision targets in
critically ill patients. Further prospective controlled trials are
needed to determine the optimal protein-energy targets, as well as
optimal protein delivery to various critically ill populations.

The extended focus on the current understanding on targets and
provision of energy and protein are reviewed in the following
sections to identify the key issues to be investigated.

3. Metabolic characteristics of the critically ill

Critically ill patients undergo severe stress as an evolutionarily-
conserved physiologic response to trauma, sepsis, multiple organ
failure, major surgery, etc. Under such conditions, energy is utilized
in a variety of reactions for survival. This state of hypermetabolism
is induced via signals from stress hormones, inflammatory cyto-
kines and other mediators. To meet the energy demand related to
this hypermetabolism, the body turns to its endogenous energy
sources, namely production of glucose by glycogenolysis and
gluconeogenesis in the liver, and to free fatty acids via lipolysis in
the adipocytes. Plasma amino acids generated from increased
skeletal muscle proteolysis and lactate from hypoxic/stressed tis-
sues, also contribute to glucose production in the liver. On the other
hand, about 21% of the critically ill patients are hypometabolic due
to the characteristics of the pathology such as important hypo-
thermia, muscles paralysis [18], while evolving therapies for critical
illness and physical mobilization also have significant influence on
the resolution of this catabolism and other metabolic alterations.
Experts in the field are generally convinced that adequate nutrition
is essential for optimal resolution of catabolism and the recovery of
quality of life after the ICU stay [19e21].

Table 1 shows the conceptual transition of the utilization of
endogenous and exogenous energy supplies in critically ill patients
according to the phases of the illness [22,23]. During the acute
phase of the critical illness, endogenous glucose production con-
tinues despite adequate glucose infusion (Fig. 3) [24]. Tappy et al.
demonstrated that the type of substrate used for energy delivery

does not change the endogenous glucose production, by comparing
the effect of energy provision by isoenergetic PN either with a
glucose-rich formula or a lipid-rich formula [25]. The use of the
glucose-rich formula resulted in an elevation of the oxidation of
glucose and de novo lipogenesis, while the endogenous glucose
production was not changed by the type of formula (Fig. 4). Due to
the signaling from inflammatory mediators and stress hormones
and the abundance of amino acids in the blood stream as a result of
protein breakdown, the anabolic signal of increased plasma amino
acids can be blunted [26]. Providing additional amino acids stim-
ulates protein synthesis to some extent, but does not arrest
catabolism [27,28]. This phenomenon, termed anabolic resistance,
is also a common metabolic alteration during the acute phase of

Table 1
Conceptual transition of the utilization of endogenous and exogenous energy supply.

Phase of critical illness

Acute Subacute Post acute

Utilization of energy source Endogenous Maximal Reduced Marginal
Exogenous Minimal Increasing Maximal

Fig. 3. Endogenous glucose production in different populations and the effect of
glucose infusion [24]: endogenous glucose production is suppressed by glucose infu-
sion in healthy individuals. During critical illnesses, however, the rate of glucose
production is not only increased, but it is also not sufficiently suppressed by glucose
infusion. This shows that due to the metabolic alterations during the critical illnesses,
supplementing glucose does not completely suppress the metabolic alterations due to
the critical illness (*: significant difference (p < 0.05)).
Reproduced with permission of Nature Publishing Group.

Fig. 4. Effects of isoenergetic glucose-rich or lipid-rich parenteral nutrition on glucose
and lipid oxidation [25]: the effects of isoenergetic parenteral nutrition with either
glucose-rich formula (75% glucose, 10% lipid, 15% amino acids) or lipid rich-formula
(15% glucose, 70% lipid, 15% amino acids) on the glucose and lipid oxidation are
compared. The use of the glucose-rich formula resulted in a significant elevation in the
oxidation of glucose and a significant reduction in the lipid oxidation (#: significant
difference (p < 0.05) vs. Basal, ¶: significant difference (p < 0.05) vs. Lipid Rich.
Reproduced with permission of Wolters Kluwer Health, Inc.
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Conceptual Transitions of Utilization of Energy Supply in Illness
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s u m m a r y

Background & aims: We hypothesize that an optimal and simultaneous provision of energy and protein is
favorable to clinical outcome of the critically ill patients.
Methods: We conducted a review of the literature, obtained via electronic databases and focused on the
metabolic alterations during critical illness, the estimation of energy and protein requirements, as well as
the impact of their administration.
Results: Critically ill patients undergo severe metabolic stress during which time a great amount of
energy and protein is utilized in a variety of reactions essential for survival. Energy provision for critically
ill patients has drawn attention given its association with morbidity, survival and long-term recovery, but
protein provision is not sufficiently taken into account as a critical component of nutrition support that
influences clinical outcome. Measurement of energy expenditure is done by indirect calorimetry, but
protein status cannot be measured with a bedside technology at present.
Conclusions: Recent studies suggest the importance of optimal and combined provision of energy and
protein to optimize clinical outcome. Clinical randomized controlled studies measuring energy and
protein targets should confirm this hypothesis and therefore establish energy and protein as a power
couple.

© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Medical innovations during the last 2 decades have allowed
patients benefiting from intensive care to survive injuries and
critical illness previously felt unrecoverable. These improved out-
comes have brought the intensive care unit (ICU) community to a

point where a patient's nutritional state has become a limiting
factor in their short and long-term clinical outcome. Energy pro-
vision for patients in the ICU has drawn attention given its
importance for morbidity, survival and recovery [1]. Determining
the optimal energy target is required for the accurate prescription
of nutrition support, but the best approach remains open to debate
[2,3].

Recommendations of the international academic societies for
partial or full coverage of energy requirements, as well as the
timing of administration, are inconstant and leave ICU physicians
without clear guidelines on which to base their practice. For prac-
tical reasons, the total provision of energy is generally calculated on
the basis of body weight. Protein need is often not calculated
separately and thus not taken into account. Thus, protein provision
is dependent on the protein content of the nutrition mixture.
Although there is a pragmatic rationale for such an approach,
proteins per se is likely to influence the patient outcome, both for

Abbreviations: ICU, intensive care unit; EN, enteral nutrition; PN, parenteral
nutrition; EE, energy expenditure.
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Wischmeyer PE. Curr Opin Crit Care, 22: 279-284, 2016



What do the new ASPEN/SCCM 
Guidelines Say?



2016 ASPEN/SCCM Guidelines

[Quality of Evidence: Low]

We suggest hypocaloric PN      
(≤ 20 kcal/kg/day or 80% of 

estimated energy needs) with 
adequate protein ( ≥ 1.2 g 

protein/kg/day) be considered 
in pts requiring PN, over first  

ICU week



2016 ASPEN/SCCM Guidelines

(Expert Consensus)

Suggest provision of trophic feeds 
(defined as 10-20 kcal/h- up to 
500 kcal/d) for initial phase of 

sepsis, advance as
tolerated after 24-48 h to > 80% of 

target energy over first week

In Early Sepsis:



How much protein 
would you give this 

patient?

A.	 0.5-1.0 g/kg/d
B.	 1.0-1.25 g/kg/d
C.	 1.2-2.0 g/kg/d
D.	 > 2.0 g/kg/d



How much protein 
would you give this 

patient?

A.	 0.5-1.0 g/kg/d
B.	 1.0-1.25 g/kg/d
C.	 1.2-2.0 g/kg/d
D.	 > 2.0 g/kg/d



2016 ASPEN/SCCM Guidelines

(Expert Consensus)

Suggest provision of trophic feeds 
(defined as 10-20 kcal/h- up to 
500 kcal/d) for initial phase of 

sepsis, advance as
tolerated after 24-48 h to > 80% of 

target energy over first week. 

We suggest delivery of 1.2 to 2 g 
protein/kg/d

In Early Sepsis:



Does This Sound Familiar?



20 
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Targeted Nutrition Delivery in Critical Illness

ICU 
Admit

Total Kcal 
Delivery in Well 

Nourished Pt

Protein Delivery

Activity/
Rehab 

Increases

(0-5 d Post ICU-admit)
Acute phase Chronic phase

(5+ days Post ICU-admit)
Recovery Phase
(Post-ICU Discharge)

Wischmeyer PE. Curr Opin Crit Care, 22: 279-284, 2016



We All 
Underfeed
Enterally!!



Use Enteral 
Protein 

Supplements!



Supplement with PN Early!



ICU Day 6
Pt weans off 

vasopressors...

EN advanced to goal...



Should Gastric Residuals Be 
Followed?



Would You Follow 
Gastric Residuals on 

This Patient?

A. Yes
 
B. No



Would You Follow 
Gastric Residuals on 

This Patient?

A. Yes
 
B. No?



What do the new ASPEN/SCCM 
Guidelines Say?



2016 ASPEN/SCCM Guidelines

[Quality of Evidence: Low]

We suggest GRVs not be 
used as part of routine 

care to monitor ICU
pts on EN



Michelle W. -  63 y.o. with perforated 
diverticulitis for exploratory lap...



Started on Oral Nutrition...
Will she eat enough on her own?

63 yo in ICU Recovered From Shock...

Not Likely!!



Does evidence support pts 
receiving Oral Nutrition 

Supplements vs. Oral intake 
alone to improve outcome 

(including mortality) on floor 
and post-discharge?

A. Yes
B. No



Does evidence support pts 
receiving Oral Nutrition 

Supplements vs. Oral intake 
alone to improve outcome 

(including mortality) on floor 
and post-discharge?

A. Yes
B. No



Started on Oral Nutrition...
- High Protein Oral Supplement?

- HMB?
- Propranolol?

- Oxandrolone?

63 yo in ICU Recovered From Shock...



Role for 
ORAL

Nutrition 
Supplements?

(ONS)
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ONS Reduces Hospital Mortality 

OR 0.61 [95% CI 0.48–0.78], p < 0.001
Meta-analysis of 11 trials, n = 1965;

Stratton et al, 2003

Control ONS
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ONS Reduces Hospital Complications

Stratton et al, 2003

OR 0.31; 95% CI 0.17–0.56, p < 0.001
Meta-analysis of 7 trials, n = 384

Control ONS



Oral Nutrition 
Supplements 

- Reduce Hospital LOS

- Reduce Hospital 
Readmission



Reduced 

Hospital  

Costs!



Mainly Small Trials...

Limited Data in Large 
Scale Trials and Elderly 

Medicare Population

Cawood, A.L., M. Elia, and R.J. Stratton (2012).  Ageing Research Reviews, 11: 278-96.



n = 724,000 
ONS patient episodes 

studied 

New Data for ONS...
Adults With Any 

Primary Diagnosis...

Philipson et al. American Journal of Managed Care. 19:121-128, 2013



Reduced Hospital 
LOS 

21% 

ONS Improves Outcome... 

Philipson et al. American Journal of Managed Care. 19:121-128, 2013



Reduced Hospital 
Cost 

21.6% 

ONS Reduces Costs...

Philipson et al. American Journal of Managed Care 19:121-128, 2013



Every $1 spent on ONS... 
Saves

$52.63 
in hospital costs

ONS Reduces Costs...

Philipson et al. American Journal of Managed Care 19:121-128, 2013



Conclusions
Use of ONS in 

hospitalized pts:

Improves clinical 
outcomes and 
reduces costs 



Is “Right” 
Nutrition Enough 
to Win the War?





July, 2014...



August 4th, 2014... 
Emergent Small Bowel Obstruction with 

Marked Bowel Edema and Rising Lactate...





In SICU for fear of bowel 
ischemia...



Hospitalized 23 days on 
PN....

Ileus x 21 days...vomiting daily



But...calories/
lipids limited 
due to soy-lipid 
cholestasis!



July, 2014...



20 kg weight 
loss in 17 d...  

on TPN...

Unable to walk 
down the block 
without being 

SOB...



Could not 
pick up my 
own child...
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 • When inflammation is acute and of severe degree, 
we propose the term “acute disease- or injury-
related malnutrition.” Examples of this syn-
drome include major infection, burns, trauma or 
closed head injury.

Figure 1 illustrates the theoretical relationship of 
these malnutrition syndromes with nutritional status 
(lean body mass).
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Figure 1.  Hypothetical relationship of Starvation-related Malnutrition (top graph) and Disease-related Malnutrition (bottom 
graph) assuming the inflammatory condition is relatively constant with changes in lean body mass.
For SRM (Red color solid line), Lean body mass is depleted without nutritional intervention but this can be corrected with nutrition 
support (NS) (SRM+NS, Red color dotted line). During partial SRM (Blue color solid line), lean body mass depletion is slower but 
still may be reversed by nutrition support (Partial SRM+NS, Blue color dotted line).
For ADRM (Red color solid line), significant depletion of lean body mass over a short period of time (< 1 month) occurs with no nutri-
tional intervention. With nutritional intervention (Red color dotted line), the loss in lean body mass is abated but loss still occurs if 
inflammation persists. For CDRM (Blue color dotted line), the loss in lean body mass is gradual and will eventually reach detrimental 
levels over time (several months). This process could be slowed or potentially reversed with nutritional interventions. In both scenarios, 
ADRM and CDRM, nutritional intervention may be beneficial but with success dependent on the degree and duration of the inflam-
matory response. 
Key: ADRM, acute disease- or injury-related malnutrition; ADRM+NS, ADRM with nutrition support; CDRM, chronic disease-related 
malnutrition; CDRM+NS, CDRM with nutrition support; SRM, starvation-related malnutrition; SRM+NS, SRM with nutrition sup-
port.SRM- starvation-related malnutrition, SRM+NS- starvation-related malnutrition with nutrition support.
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Calorie Delivery Alone Won’t Stop LBM Loss 
in ICU!

Acute (ICU) 
Malnutrition 

Acute (ICU)
Malnutrition + 

Nutrition Support

Chronic Dz 
Malnutrition 

Chronic Dz
Malnutrition + Nutrition Support 

Jensen et al,  JPEN, 34:156-159, 2010



Can’t build a house without bricks...

Protein 
is Fundamental...



Evolving to Survive Critical Illness 
and “Function Again” is 

Superhuman!



“Survival of 
the Fittest”We Are NOT 

Evolved For 
This!

Nutrition alone 
not enough...



A..B..C..D..E..F..G...For Post-ICU QOL
Awake and Breathing

Coordination

Choose light 
sedation

& avoid benzos

Delirium 
Monitoring

& Management

Early 
Mobility

& Exercise

Feeding &
Early Adequate 

Protein

Gain
Function

& Grow Muscle



Can We Learn From 
Elite Athletes…

…To help our pts?



Take “Right”
Anabolic 

Performance 
Enhancing  
Agents!?





Can we “pump you up” in ICU?

Beta-Blockers

HMB

Testosterone

Growth Hormone



A Role For Beta-Blockers?

To Maintain Lean 
Body Mass.... 

And...Improve 
Outcome?



Hypermetabolism in Critical Illness...

Plasma Catecholamines

BURN, SEPSIS? Increases 10-fold 
for up to 2 years 

post-injury or ICU!

β1 and β2 Receptors 

stimulate

Heart Rate Energy Expend. Muscle Protein Insulin Resist.

Hyperdynamic 
Circulation
Increased 

Cardiac Work

Muscle 
Catabolism Hyperglycemia



...Is Attenuated By Beta-Blockers

Plasma Catecholamines

BURN, SEPSIS?

Increases 10-fold!

β1 and β2 Receptors 

stimulate

Attenuated 
Hyperglycemia

Improved 
Cardiac Work

Attenuated 
Muscle 

Catabolism

Heart Rate Energy Expend. Muscle Protein Insulin Resist.

blocks

Beta-Blocker
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Propranolol Reduces REE...

Herndon DN, et al. N Engl J Med. 345:1223-9, 2001 



...and Increases Muscle Mass

Herndon DN, et al. N Engl J Med. 345:1223-9, 2001 
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40 % Reduction in Mortality With 
B-blocker in Septic Shock!



Can we “pump you up” in ICU?

Beta-Blockers

HMB

Testosterone

Growth Hormone



HMB-Containing ONS Reduces Death at 90 d 
Post-Hospital Discharge

Clinical Nutrition, Online First,  1/2016

HP-HMB ONS

Placebo

78 Center, RCT, 
n=652 pts 



Acute phase Chronic phase Recovery

time

Pre-injury

Treatment
-Exercise

-Arginine
-Creatine
-Pre-op 
Glucose 
Loading

Treatment
-Protein/Lower 

Non-protein 
Kcals?

-B-Blocker
-No Potent 
Anabolics’s

Treatment
-Calories/Protein

-Oxandrolone
-B-Blocker

-HMB/Creatine
-Vitamin D

-GLN-if no AKI or AKI on CRRT?
Exercise/Physical Therapy

Treatment
-Calories/Protein

-Propranolol
-Oxandrolone
-HMB/Creatine

-GH?
Exercise/PT

Tailoring Metabolic and Nutrition 
Therapy in ICU: The Future? 

Sepsis
Trauma
Surgery

Metabolic Cart Measures for Energy Needs Weekly



What Does       
“ICU Recovery”

Look Like For Me? 



4000-5000 
kcal/d

2.0 g/kg/d 
protein 

Over 1 yr...



Is it Possible 
We Have 

Known This 
Since 1945?



Minnesota Starvation Experiment 





Baseline
3200 kcal/d
x 3 months

Starvation
1800 kcal/d

0.75 g/kg/d protein
(Low Protein Diet)

x 6 months

Physiological and Metabolic Testing Throughout Study

Minnesota Starvation Experiment 

Plan to lose 
1 kg/week



All men develop 
significant edema 

from protein 
malnutrition...

Lose all interest 
in sex...

Depression, 
Anxiety, 

Neurologic 
Deficits...



Average Starting Weight 
152.7 pounds

(70 kg)

Average End Weight 
115 pounds

(52 kg)



Baseline
3200 kcal/d
x 3 months

Starvation
1800 kcal/d

0.75 g/kg/d protein
(Low Protein Diet)

x 6 months

Physiological and Metabolic Testing Throughout Study

Minnesota Starvation Experiment 

Recovery
 kcal/d

x 3 months



Regaining 
Weight and 
LBM Much 

Harder Then 
Expected!



Increased Calories

Grp 1-    400 kcal/d 
(2200 kcal/d)

Grp 2-    800 kcal/d 
(2600 kcal/d)

Grp 3-   1200 kcal/d 
(3000 kcal/d)

Grp 4-   1600 kcal/d 
(3400 kcal/d)



Most 
continued to 
lose weight...

Virtually none 
regained 
weight!



Raised All Groups by 
800 Kcal/d More!

Grp 2-    1600 kcal/d 
(3400 kcal/d)

Grp 1-    1200 kcal/d 
(3000 kcal/d)

  Grp 3-    2000 kcal/d 
(3800 kcal/d)

 Grp 4-    2400 kcal/d 
(4200 kcal/d)



12 men stayed for 2 more months eating ad lib...

“Men would take in average 
of 5000 kcal/d with some 
taking in as much 11,500 

kcal/d”



Recovery to normal weight took  
6 months - 2 years for most all 

men
No appreciable long term effects 

noted!



“Enough food must be supplied to allow tissues 
destroyed during starvation to be rebuilt...

 ...Our experiments show that in man                             
NO appreciable rehabilitation can take place on a diet of 

2000 kcal/d...

...The proper level is more then 4000 kcal/d 
daily for some months.”



What Does       
“ICU Recovery”

Look Like For Me? 





Over 1 yr...
BCAA’s
Fish Oil
Vit D. 
HMB

Creatine
DHEA



And Exercise...!



How Many of 
Our Patients Will 

Know What it 
Takes to 

“Recover”?



Who Will Teach 
Them?



“Creating Survivors...



...not Victims!”



Sometimes, success leads to tragedy
PYRRHIC  VICTORY



Getting Pts Out of ICU is... 

NOT ENOUGH!



Winning battle 
against 
sepsis?

And...Losing 
the War on 

QoL!!

In Critical Care...



Why Do We Do Critical 
Care At All?





“Are we creating survivors...

or Victims?”



ICU Pts Get Far Less Energy 
and Protein Then In “Minnesota 

Starvation Study”! 

Led to Severe Starvation in Healthy 
Individuals!

Imagine What It Does in 
Hypermtabolic ICU Pt?



Minnesota Starvation Study: 
1800 kcal/d

0.75-0.8 g/kg/protein
ICU Patients for 12 days

1034 kcal/d
0.6 g/kg/protein



POST-ICU Quality of Life...

Easy as ABC...



A..B..C..D..E..F..G...For Post-ICU QOL
Awake and Breathing

Coordination

Choose light 
sedation

& avoid benzos

Delirium 
Monitoring

& Management

Early 
Mobility

& Exercise

Feeding &
Early Adequate 

Protein

Gain
Function

& Grow Muscle



20 

15

30

35

40

45

1.0

1.5

2.0

2.5

Kcal/kg/day Protein (g/kg/d)

25 0.75

Targeted Nutrition Delivery in Critical Illness

ICU 
Admit

Total Kcal 
Delivery in Well 

Nourished Pt

Protein Delivery

Activity/
Rehab 

Increases

Severely 
Malnourished?

(0-5 d Post ICU-admit)
Acute phase Chronic phase

(5+ days Post ICU-admit)
Recovery Phase
(Post-ICU Discharge)

Wischmeyer PE. Curr Opin Crit Care, 22: 279-284, 2016



SPN/EN Goal: 25 kcal/Kg/d in Acute Phase?

Identify High Malnutrition 
Risk Patients!

- Weight Loss > 10% 
- NUTRIC Score > 5

-NRS > 5
- Low BMI < 20

Start PN or Supplemental PN On ICU 
Admit When Resuscitated! 



Acute phase Chronic phase Recovery

time

Pre-injury

Treatment
-Exercise

-Arginine
-Creatine
-Pre-op 
Glucose 
Loading

Treatment
-Protein/Lower 

Non-protein 
Kcals?

-B-Blocker
-No Potent 
Anabolics’s

Treatment
-Calories/Protein

-Oxandrolone
-B-Blocker

-HMB/Creatine
-Vitamin D

-GLN-if no AKI or AKI on CRRT?
Exercise/Physical Therapy

Treatment
-Calories/Protein

-Propranolol
-Oxandrolone
-HMB/Creatine

-GH?
Exercise/PT

Tailoring Metabolic and Nutrition 
Therapy in ICU: The Future? 

Could C12/13 Mass 
Spectroscopy Breath Test 
Determine Transitions???

Sepsis
Trauma
Surgery

Metabolic Cart Measures for Energy Needs Weekly
Exercise Physiology Testing 

For Targeted Rehab.



A Proposal- How To Feed ICU/Trauma Patients?

(1st 2-5 d Post ICU-Admit)
Acute phase

Ch
an

ge
 fr

om
 b

as
el

in
e +

-

time

Pre-injury Chronic phase Recovery
Phase

Acute Phase
-EN if able...SPN in 

Malnourished Early!
- Goal EN and/or PN: 

15-20 kcal/kg/d
(1.2-2.0 g/kg/d protein)
(Lower non-protein kcal)

Chronic Phase
-EN + PN to Goal...

-Goal EN+SPN: 
25-30 kcal/kg/d

(1.5-2.0 g/kg/d protein)

Recovery Phase
Increase Kcals 
With Activity

(1.5-2.0 g/kg/d 
protein)
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