ADVANCED AND CLINICAL CARE FOR
PATIENTS WITH SARI

PATHOPHYSIOLOGY OF SEPSIS AND ARDS
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Learning objectives

At the end of this lecture, you will be able to:
» Describe the pathophysiology of sepsis.

» Describe the interplay between oxygen delivery, cardiac output
and septic shock.

» Describe causes of hypoxaemia, focus on shunt.
» Describe the pathophysiology of ARDS.
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Sepsis

“Sepsis is life-threatening, acute

organ dysfunction secondary to a dysregulated host
response to infection.”

“Septic shock is a subset of sepsis in which underlying
circulatory, cellular, and metabolic abnormalities are
associated with a greater risk of mortality than sepsis alone.”
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Natural history of sepsis

Lung

Leaky vessel

Capillaries
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O, delivery (DO,)

* O, is delivered to tissues to maintain normal aerobic metabolism
— DO, ~ 900-1100 mL/min (normal).

« O, delivery to tissues is determined by cardiac output X content
of O, in the arterial blood.

= CO x CaO,
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Cardiac output (CO)

° CO iS determined by Figure1  http://ccforum.com/content/12/4/174
— preload — @
— afterload PRELOAD S
ntractili &
— contractility % _ HEART RATE

— heart rate.
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|
®eCO~5-6 L/min
( n O r m a I ) " Four determinants of cardiac output, using an analogy to the speed of

a bicycle.
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co Physiologic adaptations to septic shock and

determinants implications for treatment

Preload » Ventricular underfilling and hypovolaemia are common in sepsis.
* Fluid loading is major intervention to improve preload.

Heart rate  HR increases to compensate for septic shock adults and children.
« Children have higher basal heart rates and have less HR reserve.
 HR thresholds are targets of resuscitation in children.

Afterload Vascular tone can vary in response to sepsis-from cold mottled peripheries
(cold) to vasodilation with wide pulse pressure (warm).
 Vasopressors are used to improve perfusion pressure in adults and

children.

Myocardial function can vary in response to sepsis; from dysfunction to
hyperdynamic function.

* Inotropes may improve cardiac dysfunction, when present.

Contractility
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Ca0, (oxygen content of arterial blood)

» Determined primarily by saturation of arterial Hb:

— normal Hb is 120-180 g/L
— each g Hb carries 1.34 mL O, Sa0,
— normal Sa0, is 0.98-1.00.

® Ca0, ~200 mL/L (normal).

DO, = CO x CaO,

+ (Pa0, % 0.003)
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Oxyhaemoglobin dissociation curve

% saturation of
haemoglobin

Oxygen delivery to the
tissues falls rapidly if arterial

Sa0:; is less than 90%

Arterial point. Blood fully

A oxygenated: Sa0; 100%, PaO,
/ 13.3. kPa (100 mmHg)
100 T
80 T
60 T
40 + Mixed venous point.
Deoxygenated blood returning
to the heart: SaO. 75%, PaO-
20 + 5.3. kPa (40 mmHg)
: } : } : } I >
2 4 6 8 10 12 14
partial pressure
of oxygen (Kpa)
(8 kPa =60 mmHg) O WHOpUISe oxXimetry training manual, 2011
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Oxygen consumption (VO,)

* VO,, tissue oxygen consumption:

— ~ 200-270 mL/min(normal)
— determined by:

» metabolic demand (most important)
— e.g. increased in sepsis

« tissue ability to extract oxygen from arterial blood

« oxygen delivery, especially when this is very low.
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Oxygen extraction (ERO,) (1/2)

 Relationship between O, consumption and
O, delivery is the O, extraction ratio

(ERO,)

— Normally, the body extracts 25% of the oxygen that is
delivered

— The rest goes back to the heart

- EROZ= VOz/DOZ ~ 25%

—If Sa0, >0.9, then ERO, = 1-SvO,
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Oxygen extraction (ERO,) 2/2

¢ ER02 — V02/DOZ (normal 250/0)

300 A Critical Oxygen Extraction Ratio GooD

ERozcrit = Vo2 / Doz = 70% %58::725"% ° AS DOZ *,EROZ ¢ tO preserve VOZ

// copezmne « ERO, crit is the maximum possible
N / i Sibs < 40-50% E ROZ

— in sepsis, the body is less able to extract
O,

Oxygen Consumption (Voz: mLOz / minute)

o

T T
200 400 600 800 1000

N

Oxygen Delivery (Do2: mLOz / minute)

- If DO, WV to the point that ERO, crit is
o A Rean Crt Gare Mod 30111164 s14 g0 reached, then VO, falls and tissues
become ischemic.
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Central venous saturation (ScvO,)

« Scv0,, saturation of central venous blood (right
atrium):

— Determined by oxygen consumption relative to oxygen
delivery.

— Measured by blood sample from distal tip of internal
jugular or subclavian central line at the junction of the
superior vena cava and right atrium.

— > 70% (normal).
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Oxygen uptake and delivery
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Natural history of ARDS

Injury to
epithelial cells

Injury to
endothelial cells
of capillaries
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Cause of hypoxaemia in ARDS
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Intrapulmonary shunt

/

\

*Severe form of ventilation  Increasing FiO, does not
perfusion (V/Q) mismatch: readily improve hypoxaemia:
— areas of lung perfused but not — PEEP may recruit collapsed
ventilated (V/Q < 1). alveoli and improve shunt.
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Wasted ventilation (dead space ventilation)

 Areas of lung that are ventilated but not perfused
— due to vascular obstruction from thrombosis or destruction associated with inflammation

— Vd/Vt = (PaCO, — P expired CO, )/PaCO,.
« If present, associated with worse prognosis in ARDS.

» Can lead to severe respiratory acidosis.

A5\
(i, World Health HEALTH
&8 Organization EMERGENCIES



Recognize ARDS by S/F or P/F ratio

- Traditional diagnosis with arterial blood gas

— Pa0O, =+ FiO, ratio < 300
« Partial pressure of arterial O, + by fraction of O, in inspired gas.

« More easy bedside diagnosis with pulse oximeter
lnl SpO,/Fi0, < 315

@@ SPO,/FiO, < 264

» O, saturation + by fraction of O, in inspired gas.
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Summary

« In sepsis, infection causes a dysregulated host response
leading to widespread inflammation and altered coaqulation
which injures the microvasculature, leading to vasodilation,
increased capillary permeability, hypovolaemia, hypoperfusion,
1Icife-t)wreatening organ dysfunction and shock (in most severe
orm).

« In ARDS there is an overwhelming inflammatory process that
injures alveoli, which become flooded with protein-rich oedema
fluid. Alveolar collapse creates widespread ventilation perfusion
mismatch; clinically, patients present with severe and refractory
hypoxaemia.
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