Respiratory Failure Classification
- Type | : hypoxemic, PaO2 < 60 mmHg
- Type Il : hypercapnic, PaCO2 > 50 mmHg
- Type lll : perioperative respiratory failure
Increased atelectasis due to low FRC

- Type IV : shock

Pressure and pressure gradient definition

(Transpulmonary pressure gradient)
PL = Palv - Ppl

(Trans-chest wall pressu

Pw = Ppl - Pb

(Respiratory system pres

gradient)
Prs = Palv - Pb

Prs =Pw + PL
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Pb (Barometric pressure)

Ppl (Pleural pressure)

Palv (Alveolar pressure)

Fig. 1 uam3 Pressure and pressure gradient definition

- PL (Transpulmonary pressure gradient) - T Jusn guide Tun15U5v ventilator

- Pw (Trans-chest wall pressure gradient) : laimag/lald

- Prs (Respiratory system pressure gradient) : Ventilator WUEAIATT
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Normal Lung

Elastic recoil of the chest wall  Elastic recoil of lung creates
tries to pull the chest wall outward.  an inward pull.

Fig. 2 Respiration cycle

Fig. 3 Pressure gradient during respiration
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- Inspiration : elastic recoil ¥84 chest wall wag diaphragm vilivaaveneesn
- Expiration : elastic recoil 984 lung ylianasdnas

- Atrest:Prs =0, Pw = -4 mmHg

- Collapsing force of lung 3-4 mmHg

Lung Volume and Residual Volume
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Fig. Ventilation cycle

- Functional residual capacity (FRC) 9zanas wasnfntatenuaydosvissdiuuu vlvian atelectasis s

I
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Surface Tension
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Fig. 4 Surface tension
a. Pressure is greater in the smaller bubble
b. Surfactant reduces surface tension (T). Pressure is equalized in the large and small bubbles

Tension=%k-P-r

T = Tension
k = Coefficient
r = Radius

According to the law of LaPlace, if two bubbles have the same surface tension, the smaller bubble

will have higher pressure

- oglsAnunvinle surfactant anas asvilAAe atelectasis 19 WU ARDS
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Normal partial pressure gradient of oxygen at pulmonary capillary circulation

Normal
Mild - moderate
031“""'
S Severe

0,

0 0.25 0.50 0.75

1 Time in the pulmonary capillary (s) ?
Start of End of
capillary capillary

Fig. 5 Partial pressure gradient

~ Normal : WarlunisuaniUdeuuia 0.25 3urit Tunisviiles PO, Tu pulmonary capillary wWasuulaswn
40 mmHg WU 100 mmHg

Oxygen Transport
02 delivery = C.0. * (Hb*1.34 * Ozsat) + (PaOz * 0.003)

- >98% bound to Hb

- <2% dissolved in plasma
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Normal

Anemia

[Hb) 15 15 75
Pa0; 80 45 20
Fig. 6 Effect of hypoxemia and anemia to O, content

- 9109 9ziudn anemia finasie 02 content 11NN31 hypoxemia LHB9371n oxygen oglu Henoglobin

1Al plasma

Oxygen uptake (VO,)
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Fig. 7 LL@A3 oxygen uptake 210 vessel L%’ﬁéj cell

V02 = Q*Hb*1.34*(Sa02 - Sv02) mL/L
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Factors influencing Hb saturation

(a) Effect of pH (b) Effect of temperature (¢) Effect of Pco,
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Fig. 8 Factors influencing Hb saturation
a. Effect of pH
b. Effect of temperature

c. Effect of PCO,

- Acidosis, hyperthermia, hypercapnic inavil PO,-oxygen saturation dissociation curve shift U

WU8AUI Hb Uaee O, 187U

- Tun1g metabolic acidosis aglw HCO, \iie pH <7.15 iesanidunalnnisuSudmessnsne dudemduiua

snAuly zviliiAe cellular hypoxia 161

CO, transport
- 70% bicarbonate ion in plasma wswaztiy sl HCO, Wihiiun1stv CO,
- 20% bound to hemoglobin (carbaminohemoglobin)

- 10% dissolved in plasma
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CO, and acid elimination

CO; Elimination Acid Excretion

VCO, =5 L/min x 40 mL/L
= 200 mL/min

VCO; = 5 L/min x 1.8 mEq/L
= 9 mEg/min

Normal acid excretion per day

Lung : 12960 mEq
Kidney: 40-80 mEq

From
Right Heart

VCO; = Q x (CvCO; - CaCOy)

- gdiuivesvivtnfidunsauinninle

Haldane effect
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- Effect of oxygen on CO, transport
- Deoxygenated Hb has a higher affinity for CO,than oxygenated Hb
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Key:

[T] initial stimulus

[C] Physiological response
|| Result

Ventilation-Perfusion Coupling

Increased ventilation
(more CO, exhaled)

E

Arterial Pco, and pH
return to normal

Mechanisms which maintain the correct proportion between alveolar airflow and pulmonary capillary

blood flow, including constriction and dilation of arterioles and bronchioles

Approach to Hypoxemia

Decreased FiO, or PiO,

Central/neuromuscular hypoventilation

V/Q mismatch
Shunt

Dead space
Diffusion defect

Low ScvO,
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V/Q mismatch
A-a gradient = PAO2 - Pa02 = [713(Fi0O2) - (PaC02/0.)] - PaO2

- Normal A-a gradient = Age/4 + 4
- Anabnormally increased A-a gradient suggests V/Q mismatch
Shunt
- Anatomical shunt (true shunt) : V = 0, Q normal
Intra-pulmonary AV fistula
Right to Left shunt
- Capillary shunt
Atelectasis
Alveolar filling disorder (pneumonia, edema, contusion)
- Relative shunt
Partial lung atelectasis
Redistribution after pulmonary emboli/high CO
Dead Space
- Anatomical dead space
Tracheal-bronchial circulation
- Relative dead space
Over distension
Decreased pulmonary flow/low CO
- Alveolar dead space

Pulmonary emboli



