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Table 2 Energy requirements in ICU patients according to the
underlying disease, as recommended by the European Society
for Clinical Nutrition and Metabolism 2006 and 2009 guidelines

Energy requirements

Pathologies at ICU admission (kcal/kg actual BW/day)
Acute and initial phase whatever the underlying disease
With severe undernutrition 25-30
Without undernutrition 20-25 (women)
25-30 (men)
With obesity 15
With overweight 20°
Except for
Burns 40
Postacute phase and long-term stay whatever the underlying disease
With severe undernutrition 30-35
Without undernutrition 25-30
With obesity 15
With overweight 252
Except for
Burns 40
Severe sepsis 30-35
Multiple trauma 30-35
Necrotizing pancreatitis 35-40

Heart, lung, kidney and liver insufficiency = 35-40

Current Opinion in Clinical Nutrition and
Metabolic Care 2010, 13:000-000
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A prospective survey of nutritional support practices in intensive
care unit patients: What is prescribed? What is delivered?

Bernard De Jonghe, MD; Corinne Appere-De-Vechi, MD; Muriel Fournier; Beatrice Tran, MD;
Jacques Merrer, MD; Jean-Claude Melchior, MD, PhD; Herve Outin, MD
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Enteral tube feeding in the intensive care unit: Factors
Impeding adequate delivery.

McClave, Stephen; Sexton, Leslie; Spain, David; Adams, Joyce; Owens, Nancy; Sullins, Mary; Blandford, Bal
Snider, Harvy

Reasons for Cessation Procedures RV Tube Diag Nurs Other
Patients affected (%) 39 45 41 27 30 32
Infusion time lost (%) 6.4 2.8 1.4 0.8 0.3 6.6
Cessation time (%) 34.99 15.14 7.66 4.62 1.43 36.15
Avoidable (%) 80.13 69.79 66.52 51.82 Y421 51.77

RV, residual volume; Tube, tube displacement; Diag, diagnostic tests; Nurs, nursing care.
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Critical Care Medicine. 27(7):1252-1256, July 1999.



Energy delivery (% est. needs)

Hospitalized mechanically ventilated patients
are at higher risk of enteral underfeeding

than non-ventilated patients

Ursula G. Kyle?, Laurence Genton?, Claudia P. Heidegger®,
Nadine Maisonneuve®, Veronique L. Karsegard®, Olivier Huberb,
Nouri Mensi¢, Jacques Andre Romand¢, Philippe Jolliet¢,
Claude Pichard®*
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Caloric Intake in Medical ICU Patients

Consistency of Care With Guidelines and
Relationship to Clinical Outcomes

Jerry A Krishnan, MD: Pat B. Parce, RN: Anﬁmng] Martinez, MD:
Gregory B. Diette, MD, MHS: and Roy G. Brower, MD
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Caloric Intake in Medical ICU Patients

Consistency of Care With Guidelines and

Relationship to Clinical Outcomes
Jerry A Krishnan, MD: Pat B. Parce, RN: A-n.tho-n.y Martinez, MD:
Gregory B. Diette, MD, MHS: anc Roy G. Brower, MD

133 -

Median 50,6 %
(31,6-68,7)

% RECOMMENDED CALORIC INTAKE

ICU day

# Participants 187 186 95 45 26 16 5 3 1 0

CHEST 2003; 124:297-305




Computerized energy balance and complications in
critically ill patients: An observational study

David Dvir®?, Jonathan Cohen®P, Pierre Singer
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Negative impact of hypocaloric feeding and energy
balance on clinical outcome in ICU patients

Stéphane Villet?, René L. Chiolero®, Marc D. Bollmann®,
Jean-Pierre Revelly®, Marie-Christine Cayeux RNP,
Jacques Delarue®, Mette M. Berger®*
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Negative impact of hypocaloric feeding and energy
balance on clinical outcome in ICU patients

Stéphane Villet?, René L. Chiolero®, Marc D. Bollmann®,
Jean-Pierre Revelly®, Marie-Christine Cayeux RNP,
Jacques Delarue®, Mette M. Berger®*
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Cathy Alberda

Leah Gramlich
Naomi Jones
Khursheed Jeejeebhoy
Andrew G. Day
Rupinder Dhaliwal
Daren K. Heyland

The relationship between nutritional intake

and clinical outcomes in critically ill patients:
results of an international multicenter
observational study

Total BMI <20 20 o <25 25 to <30 30 to <35 35< to 40 =40
Nutritional prescription
Mean energy, kcal/day (SD) 1,794 (364) 1.561 (314) 1.721 (350) 1,892 (334) 1.841 (368) 1,866 (363) 1,948 (389)
NIcan encrgy, kealkg/day (s0) A (5.5) 30T (5.8) 76.2 (&.0) 238 13.7) 202 (3.4) 7.9 12.8) IRV E )]
Mecan protein, grams/day (sD) 873 (25.1) TUZ1179) I8 (22.0] OT.7123.9) O TZ5.0] UsS (25.9] T30 (32.1)
Mean protein, [grams/kg/day] (SD) 1.2 (0.3) 1.4 (0.3) 1.2 (0.3) 1.2{0.3) 1.0 (0.2) 0.9 (0.2) 0.8 {0.3)
Nutrition received -
Mean enerey received, keal/day (S1D) 1034 (5149 004 (469 LO24 (490 1074 (536) LOO8 (534 L9 (532 1048 (5313
Mean energy, Keal/kg/day (SD) 14.0 (7.6) 19.7 (9.3) 157 (7.5) 13.6 (6.7) 11.2 (5.9) QR (51) 8.1 (4.4
Adequacy of calories from nutrition 59.2% 64.4% 61.3% (0.0 57.7% (0.0 56.2% 55.6% 56.2% (0.0
therapy® (0.0-236) (0.0-140) 236) 208) (0.0-117) (0.0-122) 115)
Mean protein, grams/day (SD) 47.1 (26.9) 44727 (23.4) 46,653 (25.9) 47469 (26.7) 47928 (28.3) 45825 (29.2)  50.349 (33.3)
Mean protein, grams/kg/day (SD) 0.6 (0.4) 0.9 (0.5) 0.7 (0.4) 0.6 (0.3) 0.5 (0.3) 0.4 (0.3) 0.4 (0.3)
Received EN protein supplements 173 (6.29%) 13 (4.5%) 43 (4.69%) 50 (6.1%) 28 (7.1%) 17 (10.5%:) 22 (12.9%)
Adequacy of protein from nutrition 56.1% (0.0 65 4% 59.4% (0.0 53.5% (0.0 51.8% (0.0 49 8% 504% (0.0
207 (0.0-180) 207 134) 121) (0.0-132) 118)

therapy®

Intensive Care Med (2009) 35:1728-1737
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Parenteral

Pharmaconutrition

Parenteral Nutrition
Enteral Nutrition

Enteral Pharmaconutrition

‘I ICU length of stay
Admission

Stephen A. McClave, MD'; and Daren K. Heyland, MD, FRCPC?
Nutrition in Clinical Practice / Vol. 24, No. 3, June/July 2009
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According to the Merriam-Webster Dictionary a poison
or toxin is ““a substance that through its chemical action
usually kills, injures or impairs an organism” [1]. Based
on this definition, in the critically ill, total parenteral
nutrition (TPMN) meets all the criteria of a poison/ftoxin.
Furthermore, TPN exhibits other properties common to
many toxins, namely, the presence of a dose response
curve (the more you give the greater the toxicity). its
toxicity is most evident in those with depressed host de-
fense mechanisms (the critically ill) and an antidote ex-
ists (enteral nutrition).

Although it is true that no disease is improved by star-
vation. the route of nutritional support is of fundamental
importance in determining outcome from critical illness. It
would appear intuitively obvious that the human body is
designed to receive nourishment and hydration via the
gastrointestinal route. The concept of parenteral matrition
was born in the 1930s with the realization that malnutri-
tion increases the complications associated with many dis-
eases [2]. The origins of “modern™ parental nutrition can
be traced to the publication in 1937 by Robert Elman [3]
of his successful studies in man of intravenous amino acid
infusion in the form of protein hydrolysates. Along with
other “therapeutic interventions™ of the time, TPM was ex-
tolled to be the “cure-all” for conditions ranging from
heart failure to cancer [4]. However, even at this time

ORIAL

Death by parenteral nutrition

there were skeptics who argued that the infusion of amino
acids that circumvent the liver is “unphysiological” and
probably “toxic to the brain and other organs™ [5]. None-
theless, unlike other treatments that disappeared once their
ineffectiveness and toxicity were established by controlled
clinical trials [6, 7], TPN in the management of critically
ill patients has managed to survive to this day.

The adverse sequelae associated with TPN result from
the combined detrimental effects of not directly feeding
the bowel, as well as the metabolic, immunological, en-
docrine, and infective complications associated with in-
fusing a synthetic “nutrient cocktail” into a patients sys-
temic venous system. The gastrointestinal mucosa is
metabolically highly active, and enteral nutrition increas-
es mucosal blood flow and provides a direct source of
nutrignts. Lack of enteral feeding results in gastrointesti-
nal mucosal atrophy, bacterial overgrowth, increased in-
testinal permeability, and translocation of bacteria andfor
bacterial products into the portal circulation [8, 9, 10, 11,
12, 13, 14, 15, 16]. Furthermore, the absence of enteral
nutrition causes liver atrophy with rapid depletion of the
liver’s antioxidant enzyme systems [17]. In addition,
TPN is often associated with significant hepatobiliary
complications, including hepatosteatosis and hepatocel-
lular injury leading to liver failure [18]. Enteral nutrition
has a major effect on the gut-associated lymphoid tissue
{(GALT), which is the source of most mucosal immunity
in humans. Experimental data have demonstrated that the
small intestine GALT is preserved by enteral nutrition,
However, TPN results in rapid and severe atrophy of
GALT [19, 20, 21, 22]. Kundsk et al. [19] demonstrated
that GALT atrophy in animals receiving parenteral nutri-
tion is associated with decreased IgA in the secretions of
the upper respiratory tract, and that this decreased Iga is
associated with a reduced resistance to infection [20,
21]. Enteral feeding during or after parenteral nutrition is
associated with rapid repletion of GALT cellularity [20].

TPN is immunosuppressive [23]. In addition to its ef-
fects on the GALT. TPN impairs humoral and cellular im-

Intensive Care Med (2003) 29:867-869



