Kroppens reaktion ved faste og stress
metabolisme
DSKE temadag 23. Marts 2015

e Hvorfor vigtigt?
e Metabolisme
— dgdsdarsager ved faste og stress-metabolisme

e Proteinbehov
— anabol resistens
— aminosyre-behov

Jens Kondrup. Overlaege, Ernaeringsenheden, Rigshospitalet



Ern&ringsterapi hos den stress-metabole patient

 Hungersngd — underern@®ring; erneringsterapi er kausal behandling

 Sygdomme — darlig almentilstand; komplikationer; darlig livskvalitet.

— Underernaring er €n af komplikationerne
(stress-metabolisme — nedsat appetit, ggede behov)

e Immobilisering
 Infektioner
 Darlig sarheling
* ctc
— Alle disse konsekvenser af underernaring kan have andre arsager

— Ernaringsterapi hjelper, hvis underernaring er en vasentlig (med-) arsag til
tilstanden.

Stress-metabolisme = katabolisme = kachexi =
metaboliske forstyrrelser ved inflammatoriske tilstande.
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onkurrerende arsager !

apopleksi underernaring
\ / maktivitet (fraktur)
andre /
\ : andre
neurologi muskelatrofi <
gangbesvar

Ernaringsterapi vil virke pa gangbesver, hvis underernaring er en dominerende
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Kondrup J, Nielsen K. Z Gastroenterol 1996;34:26-31.



Degree of nutritional impairment of

function

In the hospital:
malnutrition & clinical condition, i.e. nutritional status and severity of disease
(i.e. nutritional requirements/stress-metabolism)

None
Severity of disease
Mild
Moderate
Severe Moderate
Severe

Time

Nutritional risk = risk of complications due to nutritional impairment




ved 1800 Kcal per dag

Kilde Vav Kg Kcal  Varighed
Fedt Fedtvaev 15 141.000 78
Protein Muskel 6l 24.000 13
Glykogen  Muskel 0,15 600 0,3
Lever 0,075 300 0,15

[ alt 165.900 92
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Death predictors in sepsis in 25 ICU patients
Moyer et al. 1981; J Trauma 21: 862-869
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Splanchnic metabolism in non-sepsis SIRS,

sepsis and multiorgan failure

Wilmore et al. Ann Surg 1980; 192: 491-504

Ctr SIRS  Sepsis MOF
% burn 58 62 65
Cardiac index, 1/min per m? 3.4 8.2 8.8 7.7
O, uptake, ml/min per m? 126 228 238 244
Glucose, mM 4.2 5.6 7.1 6.3
Spl O, uptake, ml/min per m? 37 68 66 73
Spl glucose output, mmol/min per m? 0.4 0.64 0.84 0.36
P-lactate, mM 0.6 1.02 144 1.53
spl lactate uptake, mmol/min per m? 0.15 0.38 0.43 0.27
P-alanine, mM 0.32 0.35 0.38 0.17
spl alanine uptake, mmol/min per m? 0.04 0.12 0.21 0.04
P-C reactive protein, mg/dl <1 25 27 14



Ctr small large
% burn 41 42
% leg burn 10 58
Glucoce mM 4.2 4.9 4.5
Cardiac index, 1/min per m? 3.4 7.8 7.5
O, uptake, ml/min per m? 126 204 241
Leg blood flow, ml/min per 100 ml 2.6 4.2 8.0
Leg O, uptake, ml/min per m? 0.12 0.19 0.24
Leg glucose uptake, mg/min per 100 ml 0.11 0.04 0.34
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Starvation (S) versus Stress-metabolism (SM)

S SM Cancer
24 h urinary nitrogen (LBM loss) l T T
REE J T T
P-glucose d T T
P-lactate T T T
P-FFA T T T
P-Ketone bodies T - T T
P-Insulin d T - T
Insulin resistance T TT T
Glucose intolerance T T T
P-Catecholamines T TT ?
P-Glucagon T TT ?
P-Cortisol T T7T ?
P-TNF-a, 1I-1, 11-6 > T T
Afferent nerves (pain) & T T
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Macronutrient regulation in stress metabolism (burns)
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 Hormon  Amag

Katekolaminer Sympatikus (smerter) Feber, REE T

Glukagon Katekolaminer
Cortisol Sympatikus (smerter)
Katekolaminer

glykogenolyse

glukoneogenese
insulin-insensitivitet

glukagon T

laktatproduktion (Na*/K* ATPase T)
lipolyse

glykogenolyse

glukoneogenese

ketogenese

hepatisk AA optag T, ureagenese,

glukoneogenese
insulin-insensitivitet




Cytokin Arsag

TNF-a, 11-1 Aktivering af
makrofag/monocyt

I1-6 Aktivering af
makrofag/monocyt

Effekt

PG — Feber, REE T,
Neuropeptid Y 4 — appetit 4
ACTH — cortisol

proteolyse (direkte?)
hepatisk AA optag T

GH receptor |\ — IGF-1 {

lipolyse T

ketogenese |

hepatisk AA optag T
proteolyse
glukoneogenese
ketogenese |




Metabolism to recover

Antigen/endotoxin/necrosis/tumor cells
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Complement
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Hunger: Dgd ved tab af:

IRA fanger: @Vrigt:
ca. 40% vagt ca. 50% LBM eller protein
ca. 50% protein BMI <11-13
ca. 85% fedt
Dgdsarsager:
respirationsstop
pneumoni
hudinfektioner
diaré (dehydrering)

Leiter et al. 1982 JAMA 248:2306-2307



Varighed af faste

Faste Stress
24t  5-6uger Brandsar

REE, Kcal 1800 1450 27700
Fedt, g/d 130 150 200
Protein, g/d 75 20 180
Dgd ved tab af:
85% fedt (af 15 kg), dage 98 85 64
50% prot (af 12 kg), dage 80 300 33



Sepsis: dgdelighed relateret til

e Granulocyt:
— fagocytose 4, O, |, TNF-a induceret adharence |

* Monocyt:

— HLA-DR !, TNF-a receptor |, TNF-otinduceret cytokin produktion {, LPS
induceret II-1 produktion | Anergi (CD, Th1 celle: TNF- {)

Lavt akut fase protein response

e Autopsi:
— Tab at CD, T celler fra milt, tab af lymfocytter og epitelceller fra tarm

(apoptose, ikke nekrose). Mitokondrie dysfunktion og apoptose 1
monocytter

e Andre us.: Hgj plasma TNF-q, Il-1, 11-6, II-10
- men ingen stgrre histologisk pavirkning af svigtende organer (ingen
nekrose) — celler ”holder bare op™: stunning

Hotchkiss et al N Eng J Med 2003; 348: 138-150. Adrie et al 2001; Am J Respir Crit care Med 164; 389-395.
Adrie Int Care Med 2000; 26: 364-375. Calvano et al. Arch Surg 1998; 133:1347-1350
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Duke et al. Surgery 1970; 68: 168-174

Pre-op Post-op Sepsis Trauma Burns

10

Protein Energy %
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Hvis 25-30 kcal/kg — 18 E%= 1.1-1.3 g/kg per dag



Protein balance (g/kg per dag)
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Balance (g protein/kg per d)

Protein utilization in cancer patients
Bennegard et al 1983. Gastroenterology 85: 92-9.

Protein intake (g protein/kg per d)
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Balance (g protein/kg per d)
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Balance (g protein/kg per d)

Protein requirement after major Gl surgery
All ptt received 1.5 g protein/kg per day PN

Tashiro et al. Nutrition 1996;12:763-5.

1.04
e esophagus resection
@ gastric/colon resection
Preop
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0.0 POSTOD DA o TIIR iieeeeeve oo s TIN ettt e e
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-0.54
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-1.0 T T T |
0 2 4 6 8

24 h urinary catecholamines (ung/kg per d)



Balance (g protein/kg per d)
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Protein requirement in ICU patients
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6 E% protein

total protein loss (g/kg BW/day)

Fig. 6. Non-linear regression between total protein loss and E/N measured in all 91
cohorts. Blue circles depict cohorts of fed subjects, filled red squares depict cohorts of
fasting subjects, and green diamonds cohorts of an undefined state. The figure shows 3
ranges of protein loss that can be discerned: A range of high protein losses (1.2—3.1 g/
kg/day), moderate protein losses (0.8—< 1.2 g/kg/day), and the range of mostly healthy
volunteers (<0.8 g/kg/day).




Protein intake, N excretion and N balance at given intakes
Based on Kreymann et al. Clin Nutr 2012, 31: 168-175

g protein/kg per day
Severity of Disease Diagnosis P intake P excretion P balance

Healthy
Malnourished
0 (N=28) Alcoholics 0.86 1.01 -0.15
Obese
Post-obese

HIV infection
Crohn’s
Colitis
1 (N=14) Femoral fracture 0.89 1.28 -0.40
Emphysema
Cancer
Spinal injury

Sepsis
2 (N=12) GI Surgery 0.94 1.69 -0.75
Stroke

Critically ill
Trauma
Head injury
Burns

3(=32) 1.07 1.79 -0.72



Proteinindtag og balance
Sveaerhedsgrad af sygdom, Score 0-3
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Ved indtag = ca. 1 g/kg er patienter med svaerhedsgrad i sygdom score 1-2-3 i mere negativ
balance end de raske og ikke-syge med score = 0.

Proteinbehovet kan ska@nnes at vaere indtaget + den negative balance, d.v.s. ca. 1,3 g/kg for
score = 1 og ca. 1,7 g/kg for score = 2.

Patienter med score = 3 fik lidt mere protein, men var naesten i samme negative balance som
patienter med score = 2, d.v.s. endnu hgjere behov. For disse patienter skal det dog
dokumenteres, at de kan udnytte en hgjere proteinindgift, f.eks. ved maling af dU-carbamid.



(o]
o
!

Healthy Burned
volunteers patients

*

MUSCLE PROTEIN BALANCE
phenylalanine nmol/min/100 m
& o

[0 Postabsorptive state M Amino acid infusion

* P<0.05 vs. postabsorptive state ~ #, P<0.05 vs. healthy volunteers
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AA in starvation and sandfly fever
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Percent of controls, or before values
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Kroppens reaktion ved faste og stress
metabolisme
Konklusioner

e Vigtigt for at forsta den mulige effekt af
ernaeringsterapi hos den enkelte patient

e Hvis metabolismen kunne behandles, ville almindelig
mad vaere nok

e Proteinbehov: gget,

— men god nyttevirkning
(anabol resistens er ‘kompetitiv’' haeming)

— aminosyre-sammensaetning svarende til vanlige
anbefalinger?



