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ASPEN/SCCMƱÞGƲ Ë��ƶ25�30kcal/kg/day
ƵĤĲŤË��ũ50�60%��ħwżË~ś

ESPENƱ�`Ʋ pq�ƶ20�25kcal/kg/day��
Di�ƶ25�30kcal/kg/day
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Sum of	points
(IL-6	available)

Sum of	points
(no	IL-6	available)

Category Explanation

6-10 5-9 High	Score ƯAssociated	with	worse	clinical	outcomes
ƯThese	patients	are	the	most	likely	to	benefit	
from	aggressive	nutrition	therapy.

0-5 0-4 Low	Score ƯThese patients	have	a	low	malnutrition	risk.
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Hiesmayr	MJ	et	alƶEnergy	and	protein	targetƶHow	to	prevent underfeeding,
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-50	kcal/kg

Critical	level
-100	kcal/kg

Complications	
-130 kcal/kg
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ƅƀƗƩƀƮ �T

ASPEN/SCCMƱÞGƲ BMI 30�40ƶ2.0	g/kg	IBW/day	��
BMI	40��ƶ2.5	g/kg	IBW/day	��

ESPENƱ�`Ʋ PNũM9ƶ1.3�1.5g/kg	IBW/day	��

CCPGƱƄƘƒƲ �TŧŚ

��><È¦W� 1.2�2.0	g/kg	IBW/day	��

_ŧŔťŲ1.2g/kg/dayŪlċ
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•P�ƶ1.2-1.5g/kg/day
•´�ƶ1.5-2.0g/kg/day

•ģ�rìƶ1.2-1.5g/kg/day

JPEN	J	Parenter Enteral	Nutr.	2016	;40(2):159-211
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Current New	Recommendations	>	65	years

0.8	g/kg

1.0-1.2	g/kg

Minimum
Protein	intake	
for	healthy

1.2-1.5	g/kg

Acute	or	
chronic	disease

Up	to	2.0	g/kg

Severe	illness	
or	injury	or	
marked	

malnutrition
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because of instability and low solubility. The solution we
used contains both these amino acids in the form of
dipeptides (glycyl-glutamine and glycyl-tyrosine). The
limitations of the study are that we studied the effect
during only a relatively short period of amino acid
and/or protein supplementation and that we assessed
only whole-body protein turnover and not the specific
proteins or tissues.

Conclusions
Supplemental parenteral amino acids can be used in
critically ill patients to stimulate whole-body protein
accretion during the initial week following ICU ad-
mission. The anabolic properties of such supplemental
amino acid administration can be effectively repeated
within merely a few days, still within the first week of
ICU treatment. Longer-term intervention studies are
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Figure 6 Statistical correlations between total amino acid and/or protein feeding and whole protein balance (A) and protein oxidation
rate (B) in 13 critically ill patients during baseline and parenteral amino acid supplementation (AA) on 2 study days. On the first study
day, 13 patients were studied, and on the second study day, 7 of these patients were still being treated in the intensive care unit and were
studied again. All measurements performed for all patients are included. The protein balance is presented in grams of protein per kilogram of
body weight per day. This was calculated assuming that the phenylalanine content of the human whole-body protein pool is 4% [12]. A positive
correlation with r =0.80 (P <0.0001) was observed between the amino acid and/or protein feeding and whole-body protein balance. No correlation
with phenylalanine oxidation was observed (r =0.02; P =0.88).
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Short-term amino acid infusion improves protein
balance in critically ill patients
Felix Liebau1, Martin Sundström1, Luc JC van Loon2, Jan Wernerman1 and Olav Rooyackers1*

Abstract

Introduction: Evidence behind the recommendations for protein feeding during critical illness is weak. Mechanistic
studies are needed to elucidate the effects of amino acid and/or protein supplementation on protein metabolism
before larger clinical trials with higher levels of protein feeding are initiated.

Methods: We studied the effects of parenteral amino acid supplementation (equivalent to 1 g/kg/day) over the
course of 3 hours on whole-body protein turnover in critically ill patients in the intensive care unit (ICU) during the
first week after admission. Patients were studied at baseline during ongoing nutrition and during extra amino acid
supplementation. If the patient was still in the ICU 2 to 4 days later, these measurements were repeated. Protein
kinetics were measured using continuous stable isotope-labeled phenylalanine and tyrosine infusions.

Results: Thirteen patients were studied on the first study occasion only, and seven were studied twice. Parenteral amino
acid supplementation significantly improved protein balance on both occasions, from a median of −4 to +7 μmol
phenylalanine/kg/hr (P =0.001) on the first study day and from a median of 0 to +12 μmol phenylalanine/kg/hr (P =0.018)
on the second study day. The more positive protein balance was attributed to an increased protein synthesis rate, which
reached statistical significance during the first measurement (from 58 to 65 μmol phenylalanine/kg/hr; n =13; P =0.007),
but not during the second measurement (from 58 to 69 μmol phenylalanine/kg/hr; n =7; P =0.09). Amino acid oxidation
rates, estimated by phenylalanine hydroxylation, did not increase during the 3-hour amino acid infusion. A positive
correlation (r =0.80; P <0.0001) was observed between total amino acids and/or protein given to the patient and
whole-body protein balance.

Conclusion: Extra parenteral amino acids infused over a 3-hour period improved whole-body protein balance and did
not increase amino acid oxidation rates in critically ill patients during the early phase (first week) of critical illness.

Introduction
Critically ill patients are characterized by a progressive
loss of lean body mass, mainly confined to skeletal
muscle mass. The loss of this lean body mass is related
to a worsened outcome. The most obvious way to prevent
this is by adequate nutrition, including protein feeding.
Although the effects of varying caloric and protein supply
have been addressed in clinical studies, the evidence
underlying clinical recommendations for protein feeding
in critically ill patients remains weak, as reviewed by
Hoffer and Bistrian [1]. Current recommendations for
protein intake in critically ill patients vary between 1.2 and

2.5 g/kg/day [1-3], also indicating the uncertainty of the
scientific evidence for the recommendations. Smaller
physiological, and subsequently larger, clinical trials are
needed to solve this problem.
Protein requirements are mostly studied by measuring

nitrogen balance in response to a certain diet. However,
the validity of the nitrogen balance technique to assess
the effects of different protein feeding regimens over a
short period (less than a few weeks) has been questioned
[4]. We have previously applied stable isotope amino
acid tracer techniques to study the impact of varying
feeding strategies on whole-body protein metabolism in
critically ill patients. This methodology allows for a direct
measurement of the impact of a feeding regimen on in vivo
protein breakdown, protein synthesis, protein balance and
amino acid oxidation. We found that patients with head
trauma had a better protein balance when fed standard

* Correspondence: olav.rooyackers@ki.se
1Division of Anesthesia and Intensive Care, Department of Clinical Sciences,
Intervention and Technology (CLINTEC), Karolinska Institutet and Karolinska
University Hospital, Hälsovägen 13, Huddinge 14186, Sweden
Full list of author information is available at the end of the article

© 2015 Liebau et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
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Reducing	the	incidence	of	nosocomial	infections
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Ë�{�Įũĩ|ƶ15kcal/kg/day,	20kcal/kg/day,	25kcal/kg/day
Ʊ Ĝ¶użđ�Śţĩ|Ʋ
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Variables

dŃ,	year,	median	(IQR) 70	(56-78)

q&,	À,	n	(%) 69	(69.7%)

APACHE	2,	median	(IQR) 22	(14-30)

SOFA,	median	(IQR) 8	(5-11)

BMI,	median	(IQR) 21.4	(18.8-
24.3)

øĪĈh,	n	(%) 11	(11.1%)

�a><C,	n	(%) 77	(77.8%)

İķā,	n	(%) 33	(33.3%)

�RNoAĮ (γ)	,	median	(IQR) 0	(0-0.14)

�RƟƂƮƑƙƫĮ (γ)	,	median	(IQR) 30	(10-50)

�Ĵ�Ĳ,	days 16.0	(5.6-36.2)

ICU��,	n	(%) 28	(28.3%)

Ĵ!��,	n	(%) 32	(32.7%)
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一変量の分布
ICU入室-経腸栄養開始時間 (h)
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一変量の分布
プロトコール中止回数
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一変量の分布
プロトコール減量回数
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下痢回数
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