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INTRODUCTION

Metabolic response to stress in critical
ilIness:

" Phased response

= Acute phase effects
" Changes in energy expenditure
* Changes in substrate utilization
= Anabolic resistance
" |[ncreased protein breakdown

= Persistent inflammation
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DIETARY MANIPULATION OF DYSREGULATION

@ = Energy requirements
" Specific nutrient needs
@ * Glutamine
* Omega-3 fatty acids
G * Vitamins and trace elements
@ * Antioxidants
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= Protein/ Amino acids

" Micronutrients
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SUBSTRATE SUPPLY

Overfeeding
Energy
targets
Exogenous
supply With time, endogenous
supply decrease and

demands on exogenous
supply increase. It is
important to consider
both supply sources
when meeting nutritional
targets to avoid
overfeeding.

Acute phase

Recovery phase
| Time (Days) |
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ENERGY REQUIREMENTS

" |ndirect calorimetry vs Predictive equations vs Simplistic
equations

= ESPEN?2
= Acute and initial phase: 20 — 25 kcal/kg/day
= Recovery phase: 25 — 30 kcal/kg/day

= ASPEN3
= High risk or severely undernourished: <20 kcal/kg/day
= 25 —30 kcal/kg/day (normal BMI)
= 11-14 kcal/kg actual body weight/ day for BMI = 30-50
m 22-25 kcal/kg ideal body weight/ day for BMI >50

1 Singer P et al. Clin Nutr 2009 2 Singer P et al. Clin Nutr 2014 3 McClave S et al. JPEN 2016

Re-evaluate continuously



PROTEIN REQUIREMENTS

= ESPEN?!?
= 1.3-1.5 g/kg ideal / actual body weight / day
= ASPEN3
= 1.2 — 2.0 g/kg actual body weight/day for BMI <30
= > 2.0 g/kg ideal body weight/ day for BMI 30-40
" < 2.5g/kg ideal body weight/ day for BMI >40

Disease-specific

1 Singer P et al. Clin Nutr 2009 2 Singer P et al. Clin Nutr 2014 3 McClave S et al. JPEN 2016



% Patients

MEDICINE AND HE

PERCENTAGE TARGETS ACHIEVED

N=71 mixed ICU patients, Johannesburg, South Africa
Median Energy intake = 26 kcal/kg/day

Protein intake = 1.1 g/kg/day

B Energy M Protein

1 in 2 patients not
meeting protein
targets

1 in 4 patients not
meeting energy
targets
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Correlation between nutritional intake and
clinical ICU outcome

* Prospective study in surgical ICU
* N=48

* Average energy requirements:

e 29 + 7 kcal/kg/d

 Largest deficit during first week

e Cumulated deficits correlated with
complications

e Cannot be compensated for
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Correlation between nutritional intake and
clinical ICU outcome

= N=886 mechanically-ventilated patients admitted to ICU
= Energy requirements = Indirect calorimetry
= Protein requirements: > 1.2 g/kg/d

Table 3. Relationship Between Nutrition Therapy and Intensive Care Unit, 28-Day, and Hospital Mortality®

Protein and Energy Target

Energy Target

Model 0°

Intensive care unit

0.91 (0.64-1.31), P =.626

28d

0.59 (0.40-0.88), P =.010

Intensive care unit

Hospital 0.76 (0.58—-0.99), P = .041
Model 1"

Intensive care unit 0.79 (0.54-1.17), P = .242

28d 0.51 (0.33—0.78), P = .002

Hospital 0.70 (0.53-0.94), P = .017
Model 2°

0.72 (0.48—-1.09), P=.116

1.03 (0.86-1.25), P = .733
0.90 (0.74-1.09), P = .291
0.93 (0.81-1.08), P = .339

0.99 (0.81-1.20), P = .88s6
0.84 (0.68-1.03), P = .085
0.91 (0.79-1.06), P = .233

0.98 (0.80—1.19), P = .834

28 d
Hospital

0.40 (0.26—0.64), P < .001
0.62 (0.46—0.84), P = .002

0.79 (0.64-0.97), P = .024

0.89 (0.77-1.04), P = .137

Weijs et al. JPEN 2012



Correlation between nutritional intake and
clinical ICU outcome

= N=886 mechanically-ventilated patients admitted to ICU
= Energy requirements = Indirect calorimetry
= Protein requirements: > 1.2 g/kg/d

“INot meeting Protein and Energy targets were
significantly correlated with:

= 28 day mortality

{= Hospital mortality
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ENERGY AND PROTEIN COMBINATION

Clrucal Mutmton 35 ( 2016) 968 49724

Contents lists available at ScienceDirect CLINICAL

MNUTRITIOM
Clinical Nutrition

journal homepage: http://www.elsevier.com/locate/clnu

Opinion paper

Protein-energy nutrition in the ICU is the power couple: A hypothesis @Cmmm
forming analysis

Taku Oshima *, Nicolaas E. Deutz ™2, Gordon Doig “ >, Paul E. Wischmeyer ¢,
Claude Pichard ©~



INFLAMMATORY RESPONSE

An appropriate response
» Fights infection
» Coordinates metabolic

response

» Supports wound healing i
Inflammatory
RS RO

An inappropriate response g

I Ty

» Exaggerated inflammation ore
» Excessive production of
free radicals Ay
and / or TR
» Immunosuppression
» Increased risk of
superinfection

Ott et al, Prostagl Leukotr Ess FA 2011
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GLUTAMINE

Non essential amino acid

Most abundant free amino acid "

Conditionally essential during periods of stress

— Increased requirements

— Adequate stores for 24-48 hr

Major surgery / critical illness

|

| plasma levels e——

- Immune dysfunction
- Increased mortality
- Indicator of poor outcome




Parenteral GLN and Hospital LOS in critically ill and

patients undergoing major surgery

Study
0

Surgery

Morllon 1998

Jiang 1999

Mertos 2000
Karwowska 2001
Nerl 2001

Spittior 2001
Goeters 2002

Exner 2003
Fuentes-Orozco 2004
Kiek 2005

Yao 2005

Jo 2006

Yeh 2008

Engel 2009

Fan 2009

Subtotal (I-squared = 72.4%, p = 0.000)

Critical lliness

Griffiths 1997

Wischmeyer 2001

Ockenga 2002

Xian-LI 2004

Zhou 2004

Sahin 2007

Cal 2008

Fuentes-Orozco 2008

Subtotal (I-squared = 30.1%, p = 0.188)

Mixed
Powell-Tuck 1999

+00”’

it

oo thob

»Hﬂ..

i

Déchelotte 2006

Pérez-Barcena 2008
Pérex-Barcena 2010
Andrews 2011
Cekmen 2011

Grau 2011

Subtotal (l-squared = 93.4%, p = 0.000)

Overall (I-squared = 86.2%, p = 0.000)

NOTE: Welghts are from fandom effects analysis

|
A

WMD (95% CI)

6.20 (-7.77, -4.63)
-3.90 (-7.03, -0.77)
-4.70 (-7.88, -1.52)
:2.60 (4.24, -0.96)
:3.50 (-5.38, -1.62)
6.50 (-9.70, -3.30)
6.60 (-13.10, 26.30)
:2.40 (-12.10, 7.30)
0.17 (-5.63, 5.29)
“1.60 (-5.97, 2.77)
1.10 (-2.12, -0.08)
0.50 (-5.40, 4.40)
4.10 (-11.51, 3.31)
0.00 (-1.56, 1.56)
:2.60 (-3.78, -1.42)
-2.89 (4.11, -1.66)

0.00 (-1.68, 1.68)
+0.50 (-21.11, 20.11)
-5.25 (-9.50, -1.00)
-3.30 (-7.75, 1.15)
4.00 (-8.87, 0.87)
-2.20 (-4.78, 0.38)
1,70 (-3.57, 0.17)
3.59 (-3.47, 10.65)
1.72 (-3.13, -0.32)

-3.00 (-4.49, -1.51)
4.00 (-40.61, 48.61)

-7.40 (-29.80, 15.00)
-15.25 (-21.82, -8.68)

-2.35 (-3.68, -1.02)

N, mean N, mean %
(SD); Treatment (SD); Control  Weight

15,155(.72)  13,21.7(2.8) 4.93
30,12.5(5.1)  30,16.4(7.1) 4.09
19,128 (26) 18,17.5(6.4) 4.06
15,125(1.2)  15,15.1(3) 4.90
16,11.5(25)  17,15(3) 479
20,136 (1.4) 10,201 (5.1) 4.08
33, 46 (49.1) 35,39.4 (31.3) 0.42
30,149 (9.3)  15,17.3(18)  1.39
17,16.5(8.9) 16, 16.7 (7.04) 2.80
30, 14.8 (8.25) 30, 16.4 (9) 337
20,10.6 (1.2) 20, 11.7 (2) 513

32, 14 (11.3) 28, 14.5 (B) 3.08
35,122 (6.8)  35,16.3(21.3) 2.00
31, 9.1 (2.8) 27,9.1(3.2) 4.94
20,22.3(2.1) 20,249 (1.7) 5.08
383 329 55.05

42, 10.5 (3.25) 42, 10.5(4.5) 4.88
12,435(24.7) 14,44(28.9) 039
14, 22 (5.23) 14,27.3(6.2) 3.44
20,25.3(7.6) 21,28.6(6.9) 3.32
15, 42(7) 15, 48 (6.6) 3.10
20, 14.2 (4.4) 20, 16.4 (3.9) 4.42
55,22.1(49) 55,23.8(5.1) 479
22,302 (10.4) 22, 26.6 (13.3) 2.12
200 203 26.46

83, 32 (4.83) 85, 35 (5) 4.97
58 30 (140) 56,26 (101)  0.09
15,355 (33.6) 15, 42.9 (28.8) 0.33
23,30.8 (5.75) 20, 46 (14) 2.31

ELE

488

shorter LOS

Bollhalder et al 2013



Parenteral glutamine and overall mortality in
critically ill patients

Table 4

Effect of parenteral glutamine on mortality
Study PN Glutamine Contral RR (Random) Wiight RR (Random)
or Sub-category [niM) (M) (95% CI) (%) [@5% CIj Year
Griffiths la/d42 25742 —a— 35.43 0.72 (0.47, 1.11) 1537
Povvell-Tuck 14783 Z0/85% — L7.40 0.7 (0,33, 1.32) 1593
Wischimeyer Z/1% 5/18 + & z2.58 0.43 (0.10, 1.88) 2001
Fuentaz-Orozen 2517 a/1& = 2_39 0.63 (0.12, 3.2@) 2004
Hian-Li os20 asz1 = a.97 0.15 (0.01, 2.73) 2004
Dechslotte 2008 /58 2/56 L.7& 0.97 (0.14, &6.62) 2008
Palmese 6/42 g/42 e 5.98 0.75 (0.28, 1.9%7) 2008
Sahin Z/E0 Bf20 ——— 3.00 0.33 (0.08, 1.46) 2007
Cai 17455 20,58 — . 73,44 0.85 (0.50, 1.44) Z008
Duska Z/10 0s10 - P 0.77 L£.00 {Q.27, %2.62) pd ]|
Exlivariz 1732 6431 +—= L.54 0.16 (0.02, 1.27) £003
Fiigres-Ofozco 2008 2rzz /22 + - 2.75 0.40 (0.09, 1.85) 2008
Lua 2008 os11 oJs9 Het estimable 2008
Perez-Barcens as1E 0/1E =—p 0.7% 7.00 {0,329, 124.83) 2004
Total (35% CI) 447 440 e 100. 00 0.71 (0.55, 0.9%)
Total everts: 71 (PN ghutamine), 103 (condral)
Test for haterogenaty: £° = 954, af = 12 (P= 53], F = 0%
Teat for overal effect z = 263 (F= 008)

01 02 0os 1 2 5 10
Favours PR ghtamine  Fivours control

29% reduction in mortality

Weitzel et al 2010



Parenteral glutamine in critically ill patients
Glucose control

N=82 critically ill trauma patients

i.v. Ala-GIn (0.5 g/kg/d) supplemented vs. isocaloric,
isonitrogenous standard nutritional support

Mean value of administered insulin

1009

90

807

707

60

509

40

307

A

Patients with insulin treatment

8 Patients without glutamine
treatment

Patients with glutamine
atreatment

Gin group:

Only 37% vs. 51% in the
control group required
exogenous insulin

Glucose levels, though not
significantly lower than in

the control group, showed
less variability

Grintescu et al, 2015




Parenteral glutamine in critically ill patients

Lower total infectious complication rate (RR 0.70, p<0.0001)

~1.5 days shorter LOS in the ICU (MD -1.61, p=0.04)

1.5 days shorter duration of mechanical ventilation (MD -
1.56, p=0.02)

Lower hospital mortality (RR 0.55, p=0.03)

Glutamine dipeptide Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cekmen et al. 2011 3 15 6 15 18.6% 0.50[0.15, 1.64] —
Estivariz et al. 2008 1 30 5 29 157% 0.19[0.02, 1.56] =
Fuentes-Orozco et al. 2004 2 17 3 16 9.6% 0.63[0.12, 3.29
Fuentes-Orozco et al. 2008 2 22 5 22 15.5% 0.40[0.08, 1.85 -
Perez-Barcena et al. 2008 3 15 0 15 1.5% 7.00[0.39, 124.83]
Perez-Barcena et al. 2010 4 23 3 20 9.9% 1.16[0.29, 4.57] S
Sahin et al. 2007 2 20 6 20 18.6% 0.33[0.08, 1.4g) I E—
Xian-Li et al. 2004 0 20 3 21 10.6% 0.15[0.01, 2.73
Total (95% CI) 162 158 100.0% 0.55[0.32, 0.94] < ’)
Total events 17 K1}
Heterogeneity: Chi*= 6.52, df =7 (P=0.48); 1*=0% 0.01 01 ] 10 100

Test for overall effect: Z=2.20 P = 0.03)

Favours GLN dipeptide Favours control

Stehle et al, 2016, Clinical Nutrition



FATTY ACIDS

Figure 1. Parallel pathways of polyunsaturated fatty acid \ﬁ

metabolism
¢ %
¢

18:3n-3

18:1n-9

18:2n-6
Oleic acid Linoleic acid

Alpha linolenic acid

l 3 b Oesamrase
18:2n-9 18:3n-6 18:4n-3

l l l Elongase
20:2n-9 20:3n-6 20:4n-3

l Delta 5 desaturase

20:3n-9

Eicosatrienoic acid

Various McCowen & Bistrian 2005
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OMEGA-3 FATTY ACIDS

Arachidonic acid i EPA DHA
COX 5-LO COX & LOX COX & LOX
L 3 L 3
2-series PGs 4-seres LTs 3-series PGs S5-series LTs E-series resolvins  D-series resolvins
= —— - - — - & protectins
High pro-inflammatory Low pro-inflammatory Anti-inflammatory
potential potential & inflammation resolving

Fig. 4. General overview of the synthesis of lipid mediators from arachidonic acid, EPA and DHA and of their effects on inflammation.

Calder, 2010
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Manzanares et al. Crtical Care (2015) 19:167
DOl 10.1186/513054-015-0888-7

C, cRiTICAL CARE |

RESEARCH Open Access

Intravenous fish oil lipid emulsions in critically ill
patients: an updated systematic review and
meta-analysis

-1 i* v £ : 3 : 3 1 =
William Manzanares |, Pascal L Langlois®, Rupinder Dhaliwal®, Margot Lemiew” and Daren K Heyland

Fish Oils LCT or LCT+MCT Risk Ratlo Risk Ratio
Study or Subgroup  Events Total Ewvents Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
5.15.1 PN based trials
Grecu 0 a 1 7 1.5% 0.30 [0.01, 6.29) 2003 4 s
Frissecka 10 B3 11 82 21.4% 0.90 [0.40, 2.00] 2008 - =
Wang 2009 G 28 9 28 17.3% 067 [0.27, 1.62] 2008 =
Grau-Carmona 17 81 29 78 52.3% 0.56 [0.34, 0.94] 2014 —
Subtotal (95% CI) 200 185 92.4% 0.64 [0.44, 0.94] -~
Total events 33 50

Haterogenaity: Taw® = 0.,00; Ch# =117, df = 3 (P = 0.76); I? = 0%
Test for averall effact: 2 = 226 (P = 0.02)

5.15.2 EN based trials

Hall 3 30 5 30 T.6% 0.60 [0.18, 2.29] 2014 -
Subtotal (95% CI) 30 30 7.6% 0.60 [0.16, 2.29] -—-*—-—-
Total events 3 5

Heterogensity: Nol applicable
Tast for overall effect: £ = 0.75 [P = 0.45)

Total {95% CI} 230 225 100.0% 0.64 [0.44, 0.92] ( *)

01 02 0.5 1 2 5 10
Favors Fish Qils  Favors LCT or LCT+MCT

11T
SCH

MEDI

Figure 1. Effects of parenteral fish oil-containing emulsions on infections.
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n-3 fatty acid-enriched parenteral nutrition
regimens in elective surgical and ICU patients:
a meta-analysis

Lorenzo Pradelli', Konstantin Mayerz, Maurizio Muscaritoli® and Axel R Heller*
Critical Care 2012, 16:R184

* Meta-analysis on 23 RCT’s to evaluate omega-3 enriched
PN regimens in elective surgery and ICU patients

* n=1502 patients

* Parenteral omega-3 containing lipid emulsions vs other
lipid emulsions without omega-3 fatty acids from fish oil




N-3 FATTY ACID ENRICHED LIPID EIVIULSIONS
Omega-3 fatty acid enriched lipid emulsions associated
with significant reductions in:

Infection rate Hospital LOS ICU LOS (1.92 days)
(39%) (3.29 days)

Rizk Ralia i (]
H.Random, 85% 1 Mean Diference . H -
d et = f IV, Rancom, 55% Ci [days] K Mean Oifference
- el : N Random, 35% Cl
—_— — T —l——
- Fa
—~— al|
- '
: | .
= e
* -
<~ & H : i :
1 4 0 5 ‘:u -1|:| 5 L] 5 1|:||
i Favours conto - Favours experimental Favours control

Pradelli et al, 2012



IVFE RECOMMENDATIONS

= Recommended Dosage and Expert Opinions
= 0.7 -1.5(2) g lipids/kg/day?-?
" Omega-6 : 3 FA ratio = 2:1 to 3:13
" Fish oil: 0.1 — 0.2 g/kg/day*
" |Infusion time: 12-24 hours

1 Singer P et al. Clin Nutr 2009 2 Vanek VW et al Nutr Clin Pract 2012 3 Mayer K. et al. 2006 4 Heller et al Crit Care 2006



MICRONUTRIENTS

Manzanares et al. Critical Care 2012, 16:R66
http:/fccforum.com/content,/16/2/R66

C, cRITICAL cARE

RESEARCH

Open Access

Antioxidant micronutrients in the critically ill: a
systematic review and meta-analysis

William Manzanares', Rupinder Dhaliwal®, Xuran Jiang?, Lauren Murch? and Daren K Heyland™’

Antioxidants Control Std. Mean Difference 5td. Mean Difference
study or Subgroup  Mean 5D Total Mean 5D Total Weight IV, Random, 35% CI IV, Random, 95% CI
Barger 1998 9 10 10 12 9 10 16.3% -0.30[-1.18, 0.58]
Berger 2001a b.2 3.5 g 54 B.S 12 16_B% 0.14 [-0.72, 1.01]
Berger 2001b 4.1 3.6 11 5.4 6.5 12 173% -0.24 [-1.06, 0.59]
Crimi 6.2 23 112 8.9 1.8 112 zZ64% =-1.30[-1.59,-1.01] =
El-Afttar 2009 9.4 7.3 40 17.8 7.B 40 2Z35% -1.12 [-1.59, -0.64] =
Total (95% Cl) 182 186 100.0% -0.67 [-1.22, -0.13] ( L

-10 -5 0 5 10

Heterogeneity: Tau® = - .
Tast for overall effect 0_33 Shorter Ventl|atIOn days

Figure 3 Effect of combined antioxidant therapy on ventilation days (n = 4). RR, risk ratio; 95% Cl, 95% confidence intenals.

Fawvours antioxidants Favours control
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MNutrition 27 (2011) 745-758

Contents lists available at ScienceDirect

journal homepage: www.nutritionjrnl.com

Nutrition

Review

Micronutrient supplementation for critically ill adults: A systematic review
and meta-analysis

Janicke Visser M.Nutr. **, Demetre Labadarios M.B.Ch.B., Ph.D.”, Renée Blaauw Ph.D.?

Micronutrients Control Risk Ratio Risk Ratio
Stuiy or Subgroup  Everts  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Hospital
Angstwurm 1894 T il 1 M 4% 0.64 [D.31,1.3% —
Berger 1398 1 10 ] 10 0.1% 3.00[0.14, 65.90]
Berger 2001 2 20 1 12 0.4% 1.20 [0.12,11.87]
Berger 2007 1 11 1 10 0.3% 0.91 [0.07,12.69]
Galley 1997 11 16 ] 14 7.0% 1.20 [0.69, 2.11] Tt —
Mishra 2007 11 18 15 2 10.2% 0.90[0.56,1.43] —_—
MNathens 2002 5 20 9 294 1.9% 0.54[0.18,1.60] =
Porter 1993 1] g 0 g Not estimable
Siriwardena 2007 4 22 ] 21 0.3% 86104915072
Young 1986 4 33 ] 3 18% 0.47 [D16, 1.38] —
Subtotal (95% CI) 461 448 26.3% 0.88 [0.66; 1.17] -
Total events 46 54
Heterogeneity. Tau® = 0.00; Chi*=7.14, df=8 (P = 0.52); F= 0%
Test for overall effect 7= 087 (P=0.38)
1.1.2 28 day
Angstwurm 2007 46 118 Bl 122 26.9% 0.79[0.60, 1.08] —
Crimi 2004 43 112 76 112 366% 0.64 [0.50,0.82 —-
Forceville 2007 14 kil 13 4 70% 1.01 [D.58, 1.78] ——
Praiger 2000 g 0 ] 17 31% 1.13[0.49, 2.62] = r
Subtotal (95% Cl) 279 280 73.7% 0.76 [0.62,0.93) <&
Total events 117 156
Heterogeneily Tau®= 0.01; Chi*= 3.61, df= 3 (P= 0.3); F=17%
Test for overall effect Z= 2.68 (P=0.007)
Total (95% CIj 740 728 100.0% 0.78 [0.67, 0.90] &

0.1 10 100

22% reduction in mortality

Fig. 3. Effect of micronutrient supplementation on overall mortality in critically ill patients. Cl, confidence interval; M-H, Mantel-Haenszel method.

ours micronutrients Favours conirol




MICRONUTRIENT RECOMMENDATIONS

= Recommendations

= All PN prescriptions should include a daily dose
of multivitamins and trace elementsi

" Combinations of antioxidant vitamins and trace
elements should be provided to patients
requiring specialized nutrition therapy?

1 Singer P et al. Clin Nutr 2009, 2 McClave S et al. JPEN 2016



TAKE HOME MESSAGES

1. Nutrition is dynamic and exciting

. Metabolic dysregulation can be altered through
nutrition.

. Nutrition prescription should be adapted
according to patient needs and clinical condition.

. One size does not fit all — Individualize
approaches are needed



