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'; A rude unhinging of
the machinery of life.
w~-Samuel Gross (1862)




Shock

Shock is inadequate
tissue perfusion.
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,}:«\7 Cellular Energy Production
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q .
S Glycolysis

s (in cytoplasm)

— Cytoplasm

During the first steps,
two molecules of ATP are
consumed in preparing
glucose for splitting.

- Glucose

During the remaining _
Energy- steps, four molecules of
ATP are produced.

investment
phase

| The two molecules of Energy-
pyruvate then diffuse 2 NAD yield
from the gytoplasm into phase
the inner compartment
of the mitochondrion,
where they pass through
a few preparatory steps 2 NADH
(the transition reaction) 2
before entering the citric
acid cycle. i
g  Two molecules of nicotine
- | adenine dinucleotide
Pyruvate | (NADH), a carrier of

) high-energy electrons,
m also are produced.

Cr




Pyruvate (from glycolysis)

QA0

.One carbon (in the form.'
of CO,) is removed from
pyruvate.

A molecule of NADH is
formed when NAD*
gains two electrons
| and one proton.

.

NADH Coenzyme A

(electron passes (The two-carbon |
to electron ) molecule, called
transport chain) an acetyl group,
binds to
_ coenzyme A
) (CoA), forming
- acetyl CoA,
P — CoA which enters the
Acetyl CoA | citric acid cycle.

Acid Cycle
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Acetyl CoA, the
two-carbon compound
formed during the
transition reaction,
enters the citric acid
The citric acid cycle also | cycle.
yields several molecules of ]
FADH; and NADH, carriers of
high-energy electrons that Acetyl CoA
enter the electron transport

CoA

Citrate

Succinate

@CDE leaves cycle

The citric acid cycle yields
one ATP from each acetyl
CoA that enters the cycle,
| for a net gain of two ATP.




ectron Transport

Electron Transport Chain (inner membrane of mitochondrion)

Potential energy

:..The molecules of NADH and FADHEII

produced by earlier phases of
cellular respiration pass their
electrons to a series of protein
molecules embedded in the inner

 membrane of the mitochondrion. |

As the electrons are transferred
from one protein to the next,
energy is released and used to
 make ATP.

) [

Membrane
proteins

Eventually, the
electrons are passed
to oxygen, which
combines with two
_|hydrogens to form
2e" |water.




Cﬁ-}:\ Adenosine Triphosphate (ATP)

Adenosine triphosphate [ATP]

Adenine
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B A Oxygen
ARequired for the majority of energy

production derived from Krebs Cycle and
Electron Transport Chain.
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ISm with Oxygen = Aerobic

ISm

ISm without Oxygen = Anaerobic
ISm



A Oxygen Transport:

A Hemoglobin-bound
(97%)

A Dissolved in plasma
)

A Monitoring:

AHemogIobin—bound
(SpO,)

A Dissolved in plasma P
(PO,)
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Carbon Dioxide Transport

CO;, transported as:
1. CO, dissolved = 7%
2. HbCO, - 23%

L 3. HCO; _ 70%

COz + H)O &= H,COz = HCOé + H*

EC02 dissolved
CO, + Protein — NHy 2= Protein — NHCOO + H*

Plasma

CO, dissolved

CO7 + HyO < H,CO; < H + HCC

HbCO, -
chloride

coz+Hboz¥+> HHb & Gt

Red blood cell




%, Oxygen Delivery

DO, = Normal Oxygen Delivery
DO, = Q X CaO,
DO, = Q X (1.34 X Hb X SpO,) X 10

Normal DO, Is 520 to 570
mL/minute/m?




W, Clinical Correlation

DO, = Q X (1.34 X Hb X Sp0O,) X 10

What factors can affect oxygen delivery
to the tissues?

Cardiac Output (Q)
Available Hemoglobin (Hb)
Oxygen Saturation (SpO,)



B4 Oxygen Uptake

VO, = Q X 13.4 X Hb X (Sp0O,-SvO,)




b '%’ Oxygen Extraction Ratio

0,ER = VO, / DO, X 100

Normal O,ER = 0.2-0.3 (20 to 30%)



S Metabolic Demand

B A VRO, :
A1. The metabolic demand for oxygen at the
tissue level.

A2. The rate at which oxygen Is utilized In
the conversion of glucose to energy and
water through glycolysis and Kreb s cycle.




VO, O MR®Normal Metabolism

VO, < MRO,= SHARU

Wil Wi




A Causes of Shock:

Alnadequate oxygen delivery.
Alnadequate respiration and oxygenation
Alnadequate hemoglobin
Alnadequate fluid in the vascular system
Alnadequate blood movement

Almpaired oxygen uptake




A Causes of Shock:

Alnadequate nutrient delivery:
Alnadequate nutrient intake
Alnadequate nutrient delivery
Alnadequate fluid in the vascular system
Alnadequate blood movement

Almpaired nutrient (glucose) uptake




A Causes of Shock:

A Inadequate oxygen delivery
Alnadequate respiration and oxygenation
A Respiratory failure (mechanical, toxins)
Alnadequate hemoglobin
A Hemorrhage or anemia
Alnadequate fluid in the vascular system
A Hemorrhage or fluid loss (burns, vomiting, diarrhea, sepsis)

Alnadequate blood movement
A Cardiac pump failure

Almpaired oxygen uptake
ABiochemical poisoning (hydrogen cyanide)




A Impaired oxygen
uptake

A Cyanide:

A Inhibits metal-
containing enzymes
(I.e., cytochrome
oxidase)

A Halts cellular
respiration




> Shock

A Causes of Shock:

A Inadequate nutrient delivery
Alnadequate nutrient intake
A Malnutrition, Gl absorption disorder
Alnadequate nutrient delivery
A Malnutrition, hypoproteinemia
Alnadequate fluid in the vascular system
A Hemorrhage, fluid loss (burns, vomiting, diarrhea)
Alnadequate blood movement
A Cardiac pump failure

Almpaired nutrient (glucose) uptake
A Lack of insulin (Diabetes Mellitus)




