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During infection with either gram-positive or gram-negative microorganism, activations
of the complement system, polymorphonuclear leucocyte, macrophage and platelet are involved
in cytokines release. Increased cytokine production such as tumor necrosis factor, interleukins
would interrupt the membrane phospholipid of many target cells namely endothelium of the
microcirculation, platelet, leucocyte and tubular epithelium. Such membrane-phospholipid
disruption of the endothelium would aggravate 3 major consequences as follow

I Conversion of the endothelial surface to a procoagulant state with subsequent formation
of intravascular fibrin and platelet aggregate.

II. Increased transmembrane calcium flux with subsequentlysis of the endothelium and
loss of its function.

11, Hemorrhcologic alteration in the microcirculation characterized by an initially pro-
found vasodilatation due to an increased release of vasodilators such as prostacyclin, endothelium-
dependent relaxing factor and kinin which results in decreased effective circulatory blood volume
(ECBYV). The decreased ECBV in turn would increase more production of vasoconstrictors and
enhance redistribution of blood from the periphery to the central vital organs. Uncontrolled sepsis
would induce progressive injury to the endothelium and eventually lead into endothelial dysfunction
and necrosis. Late hemorrhcologic alteration would be predominantly provasoconstrictive in the
microcirculatory vessel with subsequent blood-pooling in the splanchnic and pulmonary micro-
circulations. Massive pooling of blood in such regions would precipitate the septic shock and
associated multiple organ dysfunction syndrome.

Therapeutic implications have been proposed according to the preceeding view of
haemodynamic alteration.

Key words : Sepsis, Septic shock, Multiple organ dysfunction, Haemodynamics, Management.
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LPS, ENDOTOXIN, EXOTOXIN

'

PLATELET

!

! 1

MONOCYTE MACROPHAGE PMN

'

TNF, IL-1,

/

;

IL-2, IL-6, PROCOAGULANT ACTIVITY

&

TARGET CELLS

}

ENDOTHELIUM AND OTHERS

Diagram 1. Illustrates pathogenesis of sepsis.

CENTRAL VITAL ORGANS
(CNS - CARDIO - PULMONARY CIRCUIT)

1/5

EXTREMITIES

2/5

CARDIAC
OUTPUT

1/5

SPLANCHNIC

1/5

RENAL

Diagram 2. Represents redistribution of blood in response to reduced effective circulatory blood volume.
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Table 1. Definitions.

Infection: Microbial phenomenon characterized by an inflammatory response to the
presence of microorganisms or the invasion of normally sterile host tissue by those organisms.
Bacteremia: the presence of viable bacteria in the blood
Sepsis and Systemic inflammatory response syndrome:(!-
The systemic response to infection and a variety of severe clinical insults respectively.
The systemic response in early sepsis is manifested by two or more of the following conditions.
Clinical evidence of infection
Temperature > 38°C or < 36°C
Heart rate > 90 beats/min
Respiratory rate > 20 breaths/min or Pa Co, < 32 torr., respiratory alkalosis
WBC > 12,000 cell/m?, < 4,000 cells/mm?, or > 10% immature (band) form.
Severe Sepsis assopciated with organ dysfunction, hypoperfusion, or hypotension
- altered metal status
Pa O, < 70 mmHg on room air
Elevated lactic acid > 3 mmol/L,
Oliguria < 30 ml/hr
Swanz-Ganz readings: cardiac output < 4 L/min/m?. SVR < 600 dyne.sec.cm™>/m?,
PCWP < 8 mmHg
Septic shock = (sepsis + hypotension + multiple organ dysfunction)-
1. sepsis with hypotension, MAP < 60 mmHg, a systolic BP of < 90 mmHg or a
reduction of > 40 mmHg from baseline
2. Abnormalities in following systems.
CNS - such as encephalopathy, agitation
Gl — cholestatic jaundice, gastric erosion
Blood — early neutropenia, then neutrophilia, DIC especially with gram negative
bacteremia, thrombocytopenia
Renal — proteinuria
focal proliferative glomerulonephritis
acute tubular necrosis
Metabolic — Hyper —, hypoglycemia
skeletal muscle proteolysis
hypertriglyceridemia
lactic acidosis
hyponatremia
Pulmonary  Respiratory alkalosis
A — a O, gradient
respiratory muscle fatigue/failure (terminal)
Cardiovascular — decreased ejection fraction
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MEMBRANE PHOSPHOLIPID PERTURBATION OF ENDOTHELIUM
| PHOSPHOLIPASE A, + CYTOKINES RELEASE

11 1 I Ilﬂ
’ARACHIDONIC ACID PROCOAGULANT SURFACE VASODILATOR
CASCADE ACTIVATION - expresses tissue factor, PAF PREDOMINANT STATE
releases TXA, - adhesive molecules, ICAM -1, release NO,
eicosanoids, ELAM-1, vWF, MHC 1, 1 EDRF, PG,
reactive O, metabolites - decreases anticoagulant proteins. KININ
(ROM) thrombomodulin, PA REDUCED SVR
INCREASED TRANSMEMBRANE] - increases PA inhibitor ‘ - blood polling
CA** FLUX - complement activation
DECREASED ATP INTRAVASCULAR COAGULATION, REDUCED ECBV
lactic acidosis PLATELET AGGREGATION,
ATP-dependant pump GRANULOCYTES ACCUMULATION
dysfunction ischemia, hypoxia,
Na + H,0 accumulation increased viscosity,
abnormal rheology ’
'CELL SWELLING ————=> ENDOTHELIAL DYSFUNCTION, —————————» VASOCONSTRICTOR
NECROSIS PREDOMINANT
increased permeability STATE
consumption coagulopathy increased SVR
FURTHUR IMPAIRMENT OF MICROCIRCULATION <J

- more blood pooling in microcirculation
of splanchnic and pulmonary

MULTIPLE ORGAN DYSFUNCTION SYNDROME
T T

PUL:'IONARY RElNAL CARDIAC SPLANCHNIC ENS
ARDS ATN, RF DYSFUNCTION HEMORRHAGE MENTAL CHANGE
GN BACTERIAL
TRANSLOCATION

Diagram 3. Membrane phospholipid perturbation of endothelium in the pathogenesis and
pathophysiology of shock.
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A. Early stage with predominant vasodilators (PGIz, NO, KININ)

capillary bed open

40-60% POSTCAPILLARY SPHINCTER
ARTERIOLE CAPILLARY " VENULE
A-V SHUNT

B. Pro-vasocontrictive stage (endothelial necrosis)

= SPHINCTER CONSTRICTS =

A-V SHUNT

C. Pre-capillary sphincter

relaxes

\

o J

post capillary

sphincter tightly constricts

|

Capillary bed opens

60-100%

A-V SHUNTING

- increases local resistance

- increases local capillary hydrostatic pressure
- increases vascular premeability

- capillary pooling in splanchnic, pulmonary
- entrapment of PMN, platelet

Diagram 4. Pooling of blood in microcirculation.
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- awravaInalala (cardiac dilatation)
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- MIRUM SN 178980NF1A% (improve
0, delivery, DO,) M3tN§I8anGAU (DO,) = CaO,
x cardiac Output (CO)
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(impaired glucose oxidation) @i WiAag1sniduis
aadyu  anuAaUnddInsasnsoutlulidien s
sInglaw + insulin®7)

5. nsunlamazRaun@vesssuuudidrves

(Roa (correction of hemostasis)
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