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Characteristics of Surgical Stress

 Hypermetabolism
* Protein catabolism
* Insulin resistance
Salt and water sequestration




Metabolic Response

T BMR

Negative Nitrogen balance

Increased gluconeogenesis

Increased synthesis of acute phase proteins



Table 8—3. resulting from injury.

1. An injury and a major operation are simiilar in that they
produce the same stimuli. Factors that trigger a biologic

response and reset the homostatic thhermostat are as fol-
lows:

Anxiety, fear, pain
Starvation
Immobilization
Anesthetic agents
Tissue injury
Blood and body fluid (extracellular fluid) loss
Drugs
Infection
2. Factors that produce only minor transient changes (an in-
guinal hernia, laparoscopic cholecystectomy, open chole-
cystectomy, modified radical mastectomy):
Pain, fear, fatigue
Anesthesia and drugs
Immobilization
Transient starvation
3. Factors that produce major, extensive efforts:
Multisystem injury
Long bone and pelvic fractures
Organ injury—spleen, liver, lung, bowel, heart
The wound
Tissue injury
Tissue necrosis
Major burns
Invasive sepsis
Shock

Prolonﬁed starvation




Minimal and appropnate.
Minor changes in the
homeostatic thermostat.
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Major changes that seem to
be interrelated and coordi-
nated. Homeostasis as we
understand it seems evident.
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Biologic chaos—dyshomeo-
stasis. The individual is
overwhelmed by the multi-
plicity of changes that
should be protective but
become self-destructive.

;;Major surgery and non-life-
= '_-f:t'hreatenmg injury: Large
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A Constellation of Changes in the Host

Injury and infection invoke a constellation of changes in
the host

A transitory ebb or shock or hypometabolic phase
develops first (conservation, protection)

This is followed by a flow or hypermetabolic phase
(mobilisation, preparation, self-preservation )

The magnitude of the response is proportional to the
extent of the injury

Comorbid conditions will impact on the response
Therapeutic procedures will impact on the response



A Constellation of Changes in the Host

How are the different components of this
composite and intricate process related ?

... the “psycho-”
to the “ ”?
to the “ ”?
to the “metabolic-”
to the “immunologic” component ????
Does it reflect order or chaos?
What does getting sick means?



E%Table' 8-2. Phases of the response to
*-';oderate injury.

g- JLasts 2-5 days or longer. Duration is related
- to the magmtude or "dose of injury and the presence or

%-‘trahsient period. May occur overnight or develop over 1
i or-2-days.

Gain in muscular strength. Phase of posi-
.. {ive nitrogen balance. Lasts 3-12 weeks or longer.
- Late anabolism. Gain in weight and body fat. Phase of

§? positive caloric balancl asts months to ears.l




The

Psycho-neuro-endocrino-immune
response

A total body, all systems, all cells
compensatory response intent on

self-preservation
= Host defense!
= Maintenance of
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MODULATION
BY CENTRAL
NERVOUS SYSTEM

1. Paln
2. Anxlety
3. Hypothermia
4. Hyperthermia
AFFERENT EFFERENT
ARC ‘ ARC
‘ o ‘ \
,‘LOCAL WOUND s 'ENDOCRINE RESPONSE
1. Cytokines 1. Catecholamines
2. Oxygen Radlcal Products \ 2. Glucagon
3. Neutrophll Products ‘ t 3. Conlisol
4. Prostanolds SYSTEMIC INFLAMMATION
‘5. Leukotrienes
1. Distant Organ Changes

2. Clrculating Medlators

SYSTEMIC RESPONSE

1. Increased Temperature
2. Increased Metabolic Ratlo

3. Proteln Catabolism (Ureageneslis)

4. Increased Oxygen Consumptlion, Increased Cardilac Output,

Vvasodllatation, Blood Flow Maldistributlon

-~

Schema of the host stress response to injury. The afferent arc iniliated by the poslinjury
inflammation initiates an elferent hormonal response, which can be amplilied by central

nervous syslem stress. The resull is hypermetabolism and catabolism.



ILLNESS Afferent

INJURY Neuronal » Hypothalamus
INFECTION impulses |

—  pituitary sympathetic
| nervous
adrenal AL

\ 4

Cytokine endocrine il
release effects )
Glucocorticoids Catecholamines

» receptors
metabolism P

l

Intermediary
metabolism

Schema of the metabolic response to stress

Acute
CeIIngr Phase
metabolism Response



Components involved in the development of
the Coagulopathy of Trauma

Hemorrhage

HYPOTHERMIA

-Tissue perfusion
-Clotting factors
-O2 carrying
capacity
-Intravascular
colloids



Table 8-6. Hormonal changes and systemic
‘Teffects of mjury

,‘r N
Major changes

--}"".Stress hormones increased
<=~ Cortisol

e Catetholamines

Argmme vasopressm (ADH)
wSex hormones decreased
Thyroid T; decreased
hyroid.rT;.increased
5 Wound medlators increased
ﬁgsults
"Hypermetabollsm
roteolysis - . .

Wpund heahng begms m spite of negatlve mtrogen

Q balance




Ketones

M <sf= nsulin sl B

Glucagon

Cortisol

71

Growth hormone

Thyroid hormone Thyroid hormone

Amino ‘acids

Figure 11-5. The metabolic response to trauma is a result of neuroendocrine stimulation, which accelerates pro-
tein breakdown, stimulates gluconeogenesis, and produces glucose intolerance.



Table 8-7. Components of the catabolic or acute
phase response.

Skeletal muscle proteolysis through the ubiqumn-
proteasome pathway

Decreased muscle protein synthesis Visceral : 2

Initial increased gut mucosal synthesis and export

Hepatic protein synthesis (acute phase reactants) Humoral 1

Hepatic gluconeogenesis o

Lung response (glutamine).

Kidney response



ADH
NE/E
ACTH
TSH
GH

Ketones

Cytokines
Glucose

Bacteria and
white blood cellis

2 Insulin ==l
4N Giucagon
" Free fatty

Growth hormone
' Thyroid hormone

Cytok-ines

Cortisol

Cortisol Thyroid hormone

Amino acids™

- IL-2, TNF) released by lymphocytes and macrophages contribute to ca-
e and amplify the neuroendocrine response to antecedent trauma.

re 77—6. During sepsis, cytokines (IL-1
ism of muscle protein and adipose tissu



Cytokines
Platelet-activating factor (PAF}
Complement

Kinins and kallikretns

Endorphins
Neutrophils, superoxides, proteases

Immune camplexes

Histamine
Nitric oxide (NO,}, endﬂthehum-clenved relaxing

factor (EDRF)
Myocardial depressant factor {(MDF)

Adhesion moilecules
Coagulation cascades
Serotonin




Table II. The pro-inflammatory cytokines*

Cytokine Source Main cell targets Main actions
[nterleukin 1a Monocytes, Neutrophils, T and B Immunoregulation, inflammation, fever (endogenous
Interleukin 1B macrophages lymphocytes, pyrogen), anorexia, sleep, acute-phase protein synthesis,
thymocytes, skeletal muscle proteolysis, T gluconeogenesis, lymphocyte activation,
muscle, hepatocytes IL-6 and CSF (colony-stimulating factors) production
Interleukin 6 Monocytes, T and B lymphocytes, Acute-phase protein synthesis (synergises with IL-2 in the
fibroblasts, T cells thymocytes, production of acute phase proteins by hepatocytes),
hepatocytes synergises with IL-3 in haematopoietic cell growth, immune cell
differentiation, induces CTL (cytotoxic T lymphocyte)
differentiation
Tumour necrosis ~ Monocytes, Fibroblasts, As for IL-1, induces IL-1, induces IFN-y secretion
factor o macrophages endothelium, skeletal
- muscle, hepatocytes

*Adapted from reference 26.




Table I1L. The major human acute phase proteins’

Positive APP Negative AP
Low rise: Moderate rise: Marked rise: Decreased plasma
+ 50% increase 2 - 4x Increase up to 1 000x increase concentrations
Caeruloplasmin Orosomucoid C-reactive protein Albumin
Complement C3 0y-acid glycoprotein Serum amyloid A Pre-albumin
Complement C4 0y-antitrypsin Transferrin

oy-antichymotrypsin RBP

Haptoglobin Fibronectin

Fibrinogen




METABOLIQEFFECTS

Fever Anorexia »«Vbh’ chase prolens = metabOliC fuel

Allerecd copgear, zinc & iraon metabalism
Enhancead anti-oxidant defences
Muscle proteolysss Giuconecgenas:s

Mitnc oxrde & free raaical generation
P ol B 053 Nutrients
Inflammatory / IL-1 TNF IL-6 and
SIMUH  c— Production # accessory
\ p e products

/ 't \ / {
SYSTEM ACTIVATION & MODULATION |

IL-3 IL-4 IL-8 |

l l ! l

T cell Haemalepoiesis Q class Chemotaxis
Cll’":lltft:?rf_‘:f,n}ﬂ S'-‘-'l".Chll'"g

Cytokine link to Metabolic + Immune reactions



The process can go the wrong way !

(Murphy’s 15t [aw ?)

Prevention is the best cure for MODS + MOF



Local _ . - Local
—infi . ant-inflammatory
pro ;gszmonmszt_ory INIT' 2 I ,“: I§tl ”_T response

(bacterial,
viral, traumatc.
thermmal)

Systemic spillover of < Systemic spillover of
pro-inflammatory mediators anti-inflammatory mediators

Systemic
reaction:

SIRS (pro-inflammatocry)

CARS (anti-inflammatory)

MARS
(mixed)

C H A O S
Cardiovascular Homeo- Apcptosis Organ Suppression

compromise stasis (cell ceath) dysfunction of the
(shock) immune
system

SIRS CARS and Death with SIRS - CARS

predominates SIRS minimal predominates predominates
balanced inflammation

FIGURE 4. New concepts for the clinical sequelae of sepsis. SIRS, CARS. and MARS. (This figure is
an adaptation of Figure 1 by Bone RC. Sir Isaac Newton. sepsis, SIRS. and CARS. Crit Care Med 1996:
24:1125-28.) =



HOST DEFENSE

“Psycho-neuro-endocrino-immunology”

Neuro-endocrine response

Metabolic and biochemical adaptation
Inflammatory response

Immunological reactions in blood and tissue

“General Adaptation Syndrome”
Hans Selye



STRESS RESPONSE

Shock == Resuscitation == Hypermetabolism == MODS = MOFS

Resuscitation in progress

Transition in emphasis over time............Later

Tissue oxygen delivery Cell metabolic regulation

Cell metabolic regulation Tissue oxygen delivery



HOMEOSTASIS

SUCCESSFUL SUPPORTIVE THERAPY

FOR CRITICALLY ILL PATIENTS

DEPENDS ON METABOLIC

RESUSCITATION



Characteristics of Metabolic Phases Occurring After

Severe Injury

Ebb Phase Response

Flow Phase: Acute
Response

Flow Phase: Adaptive
Response

Hypovolemic Shock

| tissue perfusion

| metabolic rate
| oxygen consumption

| blood pressure

| body temperature

Catabolism predominates

1 glucocorticoids

1 glucagon
1 catecholamines

Release of cytokines,
lipid mediators

Production of acute
phase proteins

1 excretion of nitrogen

T metabolic rate

1 oxygen consumption
Impaired utilization of fuels

Anabolism predominates

Hormonal response
gradually diminishes

| hypermetabolic rate
Associated with recovery

Potential for restoration
of body protein.

Wound healing depends in
part on nutrient intake




Effects of injury, sepsis and nutritional depletion on
resting energy expenditure

+110 ~
+100

el . Third degree burns
+80 >20% BSA
+70 Head injury

+60

+50 ];

+40 Severe infection
+30

+20 } Multiple fractures

+10

Normal } Postoperative

20 Partial starvation

-30
-40




Genetic Influences

Modulation by nutrients

/ Effect of genotype \
o N\
Pro-& anti Transcription
Inflammatory factors
Cytokine biology

Oxidant/
Antioxidant

Heat
Shock
proteins

Clinical

D ———
outcome
Immune Interorgan
function Substrate flow

balance




The Latest on Inflammation !

Human genome project
Baseline level of preconditioning

= ability of the host to tolerate and respond
to an insult without severe disturbance to homeostasis
Degree of preconditioning
Simultaneous pro- and anti-inflammatory responses

Suliburk et al Eur Surg Res 2008; 40: 184 - 189



Table 1. Summary: Hyperglycemia and immune function

Component of immune system » Effect of hyperglycemia

% Polymorphonuclear cells Impaired phagocytosis
Impaired chemotaxis
Decreased bactericidal activity
Decreased adherence
Increased apoptosis

¥ Lymphocytes Decreased response (all subsets)
Monocytes Impaired chemotaxis
Impaired phagocytosis
Decreased respiratory burst
% Immunoglobulins Non-enzymatic glycosylation
Decreased concentrations (IgA, lgG, IgM)

# Collectins (SP-A, SP-D) Non-enzymatic glycosylation
Impaired opsonization




Gut as Motor of MODS - A Vicious Circle?

I Intra-abdominal
Pressure

Mucosal

Capillary leak Breakdown Decreased O2 delivery

MSOF

ulti-System Organ Failure)

(
Free radical formation ] . Anaerobic metabolism
acterial translocati

Acidosis



Is It the Motor

for MOF ?

The Mucosal Barrier:
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The Latest on Inflammation !

Despite improvement in care, Multiple Organ Failure
continues to cause significant morbidity + mortality

“Shock” >>>organ ischaemia>>>critical for
development of MODS + MOF

MOF Is a gut-derived phenomenon
/0’s+80’s > improved resuscitation > ICU > MOF epidemic

90’s > understanding of MOF improves outcome — still
the prime cause of ICU deaths + prolonged stay

Roles of Trauma + Sepsis > early and late MOF

Suliburk et al Eur Surg Res 2008; 40: 184 - 189



Saveare
SIRS

= Early MOF

Moderate SIRS

Moderate CARS

Severe
CARS

Infections [ Late MOF

View of MOF in the 1990s: dysfunctional inflammation causes MOF.




Fulminant death
Severa SIRS —=Early MOF

Recovery

Preconditioned

Severe CARS

Infection —= Late MOF
N

Indolent death

Current evolving view of MOF: unbalanced early pro-inflammation.




2nd hit

Mild SIR5S

Enhanced Recovery
preconditioning and healing

Mild CARS

Alternative Rx

Alternative intervention to balance anti-inflammation will enhance preconditioning,
Leading to improve healing that will enable patients to recover. Alternative treatments
include use of as a sedative/analgesic agent, immune enhancing

, liberal use of , and body




Damage control Hemostatic
surgery resuscitation

Prevent ACS Factor VIl

External fixation Prevention of

, hypothermia
Interventional Bleeding yp

radiology Permissive
hy potension

Sepsis

Surviving sepsis campaign protocols

Global view of shock. Shock is common to trauma, bleeding and sepsis, with each
sharing some common biologic pathways with the other as well as a possessing their own
unique characteristics and treatments.




CONCLUSION

RF Grimble

1

The “psycho-neuro-immuno-endocrine response” to injury
or infection functions to enhance the possibility of survival
without treatment



Survival of an individual often depends on the effectiveness
of regulatory systems in changing the priority given to
different physiologic processes, particularly those that exert
a large metabolic demand



For the infected individual, marshalling of resources to
combat invading pathogens must assume a priority over
all other physiologic demands.



After the invasion has been repulsed and the damaged
done by the invader repaired, priorities normally given
to other physiological processes can be restored.



5

The high priority given to combating pathogens is
necessary because of the speed with which pathogens
multiply after they are established within the host.



6

Clearly, the provision of nutrients to allow the iImmune
system to function correctly cannot be left to chance.

Thus, cytokines act as modulatory agents by which the
activity of the system is changed and metabolic activity of
the host is direct toward providing nutrients for the system.



v

The enhanced production of cytokines and oxidants, which
follows pathogenic invasion and injury, although designed
to combat the invader, carries the potential to damage the
host. Damage is limited by concurrent enhancement of the
antioxidant defenses of the host and activation of systems
for retaining cytokine production within healthful confines,
as discussed earlier.



38

The future challenge for the clinician and scientist
working within the field of nutrition will be In
determining how the nature of the nutrient-cytokine
Interactions, identified in the experimental context, can
be used to achieve a healthful diet and clinical benefit.
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