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therapies.”

« “Cachexia may well represent the devastating flip
side of the tremendous achievements of modern
medicine, as the incidence of cachexia is also a
function of survival of chronic illness.”

* “Many diseases — which rapidly led to death only a
few years ago — are now better controlled by new
therapies. Even if we cannot cure and eradicate
these diseases, their natural history has significantly
increased by months and years. Although these new
therapeutic strategies represent a remarkable
advantage over the previous standards of care, it is
impossible to ignore the fact that many more
patients are now facing the nutritional and
metabolic consequences of prolonged
immunological and hormonal challenges due to
both the illness process itself and the aggressive

UMASS/AMHERST

3120kb 0290 7429 7

Nestlé Nutrition Workshop Series
Clinical & Performance Program, Vol. 8

Nutrition and
Critical Care

Luc Cynober
Frederick A. Moore

‘€ Nestis
u Tl 1.0 N

Baracos VE. Overview on
metabolic adaptation to
stress, pp. 1-13.

“An understanding of the
nature of stress is
fundamental to the rational
design of nutrient mixtures to
feed patients whose
homeostasis has been altered
by one or more stressors.”

“All stresses may be
presumed to be associated
with characteristic
modifications in the
metabolism of lipids,
carbohydrates, amino acids,
and micronutrients.”
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Table 1, Overlapping of symptoms of acute sickness behaviour as-
sociated with IFN-a therapy and the somatic symptoms in

MDD
Symptoms Prevalence in Prevalence
IFN-o therapy?, % in MDD®, %
Fatigue/asthenia 39-90 73
Headache 27-67 33¢
Gastrointestinal symptoms 50" 34-47"
Psychomotor slowing 40¢ 59-65¢
Insomnia 20-394 63
Irritability 354 50
Arthralgia 9-36 31°
Musculoskeletal pain 26-32 62-808 2
Abdominal pain 15-20 21¢
Anorexia 13-19 40
Anxiety 13-184 57
Poor concentration 144 51

1[46), unless otherwise specified; " [99], unless otherwise spec-
ified; € [100]; ¢ [101); ¢ {102); T [103]; & [104].

! Nausea, vomiting, bowel problems.

2 Result from depressed inpatient population.
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Pyruvate and lactate as major
Indicators of catabolic
physiology and overall

severity of chronic illness
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“Abnormalities of urinary excretion of
pyruvate and lactate provide useful
insight to basic metabolic factors due to
their position in the energy production
process.”

“Pyruvate and lactate are anaerobic
breakdown products of glucose.”
“Under conditions favoring anaerobic
metabolism, pyruvate is reduced to
lactate by the action of lactate
dehydrogenase.”

14
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» “Conditions favoring aerobic metabolism
increase the clearance of pyruvate by
oxidation to acetyl-CoA, avoiding a
buildup of lactate.”

» “Mitochondrial conversion of pyruvate to
acetyl-CoA requires the pyruvate
dehydrogenase complex (PDC), the
enzymatic gatekeeper for generation of
acetate units to drive the citric acid
cycle.”

15
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Ficure 6.4 — The Pyruvate Dehydrogenase Complex

The large enzyme complex contains multiple copies of three subunits, Ei, E; and E;, This figure emphasizes the bound
cofactors, thamin pyrophosphate on E, two lipoyl groups in peptide linkage to lysine side chains of E; and flavin adeni
dinucleotide on Ex. An isoenzyme that carries out similar oxidative decarboxylation of branched chain amino acids is
illustrated in Chapter 4, “Amino Acids,” Figure 4,13, A third isoenzyme carries out the oxidative decarboxylation of
u-ketoglutarate. The three forms differ in amino acid sequence for £, and E;, while maintaining the same gene for |
That means that genetic polymorphisms of E; will manifest metabolic interferences in all of the keto acid pathways sim
to that found in simple B-vitamin deficiency, Generic alterations of pathway-specific E; or E; can produce specific
abnormalities in pyruvate or «-ketoglutarate levels
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Jacobs DO & Robinson MK. Body composition, in
Fischer JE. Ed., Nutrition and Metabolism in the
Surgical Patient, Second Edition, Little, Brown & Co.,
Boston, pp. 3-26, 1996.
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« “...within the first 24 hours of iliness, glycogen stores
are rapidly depleted, and thus muscle amino acids,
glycerol, lactate, and pyruvate released from the
periphery are used as precursors for accelerated
hepatic gluconeogenesis.”

* “The magnitude of increase in glucose production is
proportional to the extent of illness.”

* “The glucose produced is used by the central
nervous system, which specifically requires
carbohydrate to meet its energy needs, although its
rate of utilization is relatively normal.”

* “The remainder of the glucose is used for reparative
processes in wounds or in other injured tissues.”

18
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 “Injured tissue abounds with
inflammatory cells, erythrocytes, and
fibroblasts.”

» “Cells populating such tissue undergo
anaerobic metabolism and produce
large quantities of lactate.”

* “The lactate is then transported back to
the liver for resynthesis of glucose that
can then be reused by tissues
undergoing repair (the Cori cycle).”

19
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« “Quantitatively, lactate is the most important
precursor of gluconeogenesis.”

» “As this substrate is the result of anaerobic
glucose metabolism, the glucose carbons
circulate between peripheral tissues and liver
(Cori cycle).”

» “Under normal conditions about 150 g of
lactate is metabolized in the liver, but this
amount can increase greatly in stress

conditions.”
* “The total energy loss in this cycle is 4 ATP
molecules.”
21
Liver Periphery
(red and white blood cells, ischemic tissue)
Glucose © — —— Glucose
6 ATP 2 ATP
b
Lactate ————; 1 Lactate
Energy gain (periphery) + 2 ATP
Energy need (liver) -6 ATP
I Total energy loss -4 ATP I
Fig. 1. Glycolysis and gluconeogenesis during critical illness (Cori cycle).
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Pathophysiological classification of lactic acidosis
P 9 % 6
PR T eBia R RS EI Dolayed Clearatice -0 St
Shock severe anemia, cardiac arrest Renal or hepatic dysfunction
i, ~ Global Hypoxia - Pyruvate Dehydrogenase
: —_—

i i Dysfunction

Carbon monoxide poisoning Sepsis, thiamine deficiency,

* catecholamine excess, alcoholic and
diabetic ketoacidosis

Uncouplmg of Ondama
Phosphorylation

Cyanide, salicylates, methanol &
.ethybne glycol metabolites, anti-

troviral drugs, valproic acid,
biguanides, INH

Acceleratsd Aerobic Glycnlysns =

leh or mesenteric ischerm.a Increased effort, sepsis, seizures, large
fructose loads, malignancies

Pathophysiologic classification of lactic acidosis.

« “...hyperlactemia in patients with sepsis
Is a marker of the severity of stress
response.”

» Hyperlactemia may possibly develop as
a byproduct of overall acceleration in
glycolysis in severe sepsis.”

* “This may well be an adaptive host
mechanism designed to provide efficient
generation of energy in response to
severe stress.”

26
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sctate versus

non-lactate metabolic acidosis: a retrospective outcome evaluation of critic... Page 1 of |

MEDLINE Abstract
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Gunnerson KJ et al. Lactate versus non-lactate
metabolic acidosis: a retrospective outcome
evaluation of critically ill patients, Crit Care, Vol. 10,
No. p. R22, 2006

Far 16507145
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“In critically ill patients in which a
measurement of lactate level was
ordered, lactate and strong anion gap
were strong independent predictors of
mortality when they were the major
source of metabolic acidosis.”

“Overall, patients with metabolic
acidosis were nearly twice as likely to
die as patients without metabolic
acidosis.”

28
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“Patients with progressive cancer have
been shown to have an increased
glucose synthesis not only from lactate,
but also from alanine and glycerol.”

“The Cori cycle normally accounts for
20% of glucose turnover, but it was
shown to be increased to 50% in
cachectic cancer patients, accounting
for the disposal of 60% of the lactate
produced.”

30
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Fuels: Aerobic and Anaerobic
Metabolism

continuous supply of oxygen, delivered by a coronary circulation that is suffi-
ulso requites & constant supply of fuels, largely derived from the coronary cir-
imcreases in heart work. Thess fisels are broken down by the peocesses of inter-
citrate cycle in the miscchondria (Fig. 11-1).

traticns and partly dependent on energy demand. In every cass, normal

ischernia {poor blood flow) resubts from coronary disease, then axidative pat-
survival of the myocardium.

eyele (Randle snd Margan, 1962). When there is anoxis o severs hypoxia, owida-

the delivery of both axygen and ghicose decreases, and glycoly-
sis mary decrease, Thus, severe ischemia limies the capacity of the tissue to survive.

requirements of the myocytes to o new hypameiaboiic stare (Hochachia et al.,
the hibernating myocardiu {see Chapter 19).

Fii]

Every day the buman heart must synthesize about 35 kg of adenosine triphos-
phste (ATP) o haw pamping { Taegleneyer, 1994). For this process, it nesds 3

cawlyﬂmhremmwwmuzrwm as during exercise. The heart
culatich but with cardise glveogen scting a2 & reserve to support sudden
mediary metabolism 1o acety] Ca, the two-carbon fragment that can enter the
The uptake of fuels by the beart i pantly dependent on their arterial concen-
corpnary

arteries ane required 1o fespond to any increase in the coergy demand If

terms of metabolism are replaced by the breakdown of ghacase or glycagen 10
Lactate with ibe production of anserobic energy, to play an sesential role in the

When the owygen supply of the heart is normal, the e of glycolysss is inhib-
ited by high Levels of citrate and ATF forneed by exidarive metabalism in the citrale

tive metabolism ceases, citrate and ATP levels decrease, and ghyalysis is ssimu-
lated (Fig. I1‘1}G|ym},-sucnnyfmdehwmﬂmmﬂormrgymmﬂw
ahsence of oxygen (anacrabic ATP). When there is not only extreme hiypoxia but
sevene ischentla,
Asother way of desling with hypoia or ischemia is 1o downgrade the ATP

1994), which coubd be one explanation for the adaptive processes thas undertie

Fuels of the heart
Pyruvate

“Pyruvate stands at the crossroads of
glycolysis and oxidative metabolism in the
citrate cycle. Itis formed from lactate taken
up by the heart and from glycolysis.”

“In the anaerobic heart, pyruvate forms
lactate. In the aerobic heart, the major fate of
pyruvate is oxidative decarboxylation and
entry into the citrate cycle, which requires the
activity of pyruvate dehydrogenase.”

32
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CHAPTER 11, FUELS: AEROBIC & ANAERORIC METAROLISM 303

GLYCOLYSIS
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CHga A CH3
| anaarcbic |
LAGTATE | CHOH - e €=0 | PYRUVATE
7 =
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+ glutamate anasrobic
/ heart
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Ople (1995) inactive —-—= el

ARBLIETOSS active
MNAD ) o CoA
NADH2 J— Cos
ACETYL
CoA CHg
1
Citrate C=0
malate  oyels (1:0A

FiG. 11-6. The major fates of pyruvate. In the normal aercbic heart, Jactate is taken up and
converted to pyruvate, the major part of which enters the citrate cycle. Transamination is a path-
way of minor significance. In the anaerobic heart, iactate is produced from pyruvate derived from
glycolysis. There is also formation of alanine and the possibility of ATP production via GTP as
succinate is ultimately formed. During postischemic reperfusion, pyruvate can be converted to
malate to help replenish the citrate cycle intermediates by anaplerosis. aKG, o-ketoglutarate:

PDH, pyruvate dehydrogenase.
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Signs & Symptoms

Signs & Symptoms:

e Cravings
«  Depression/anxiety

« Poorq

«  Chronic painfinfection

Clinical Findings:

High % body
Low bone density

High fasting insulin
Heavy metal burden
Calcium to phosphorus
ratio 3:1

s High normal globulin
e Cholesterol (220-280)
h LDL, low HDL

h triglycerides

*  Low normal serum
potassium, high normal
serum sodium

* High normal BUN with
normal creatinine

*  Low urinary sulfate

+  Genomic variations

Considerations for the Catabolic Patient

Treatment Plan

Monitor

Optimize fluid and electrolyte
balance

Optimize pH

Pay special attention 10 protein

Optimize musele mass
and amino acids

(reduc

| Reduce inflammation

Reducing inflammation
Address food a

Improving insulin

Optimize dietary
carbohydrate/protein
ratios

Replete protein defi
reduce carbohydrate intal
ang with improvements in

Optimize GI function

Optimize micronutrient |

[ deficiencies/imbalances | Possible emphasis on vitamin

D, iodine, and zinc
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