RSPT 1050 - Module I: Ventilation/Perfusion Relationships

Definition of Terms

Apices of the Lung

Bohr Equation

Deadspace

- Anatomic

- Alveolar

- Mechanical

- Physiologic

High / ratio

Low / ratio

Lung Zones

-  Zone I

-  Zone II

-  Zone III

Refractory Hypoxemia

Respiratory Quotient

Shunt

- True shunt

- Shunt Effect (/ mismatch)

Vd/Vt ratio

Ventilation/Perfusion Ratio

RSPT 1050 Module I: Ventilation/Perfusion Relationships

I. Definition

A. If Alveolar Ventilation is 4 L/min and Capillary Blood Flow is 5 L/min, Ventilation/Perfusion Ratio (/) is 4 L/min/5 L/min = 0.8

B. Although the overall /  ratio is 0.8, the ratio varies throughout the lung.


1. The upper lobes of the lung receive good ventilation but little blood flow so the /  ratio is higher than 0.8.

2. The lower lobes have a higher blood flow than the upper lobes so the /  ratio is lower than 0.8.

3. The /  ratio progressively decreases from top to bottom of the lung.

C. Types of /  ratios in the lung

1. Normal /  ratio

2. High /  ratio

3. Low /  ratio

4. True Shunt

5. Silent Unit

II. Effects of V/Q ratio on Alveolar Gases (PaO2 and PaCO2)

A. Changes to /  ratio

1. When the ratio increases, the PAO2 rises and the PACO2 falls.

2. When the ratio decreases, the PAO2 falls and the PACO2 rises

3. These gas pressures mixed together as the blood from each pulmonary vein enters the left heart (SEE DIAGRAM ON PAGE 271).
B. Respiratory Quotient

1. Gas exchange between the systemic capillaries and the cells is called internal respiration.

2. Under normal conditions, the tissues consume about 250 mL/min of oxygen and produce 200 mL/min of CO2.

3. The ratio between the amount of carbon dioxide produced to the amount of oxygen consumed is called the respiratory quotient.

4. Normal value is 200/250 = 0.8.

5. This ratio can change if more CO2 is produced or more O2 is consumed.

III. Effect of Lung Disease on / ratios

A. High / ratios 

1. Respiratory disorders always cause the / ratio to be altered.  In diseases that decrease pulmonary perfusion, the affected lung area receives little or no blood flow in relation to ventilation.  This causes the ratio to increase above 0.8.

4 L/min = 2.0

or
4 L/min = infinity

2 L/min 


0 L/min

2. High / ratios can also result from areas in the lung with increased ventilation in relation to blood flow:

10 L/min =  2.0

5 L/min

3. As a result, a larger portion of alveolar ventilation will not be effective and is said to be wasted or deadspace ventilation.  

4. Diseases that increase the / ratio include:

a. Pulmonary emboli

b. Extrinsic pressure on the pulmonary vessels (tumors, pneumothorax)

c. Destruction of capillaries (emphysema)

d. Decreased cardiac output

e. Excessive PEEP
5. High / ratios cause deadspace and are calculated by the Bohr Equation
                            Vd (physiologic)  = PaCO2  -  PECO2 x Vt
                                                                     PaCO2
6. The Bohr Equation can also be rearranged to calculate the Vd/Vt ratio which is the % of tidal volume that is deadspace.
Vd/Vt ratio = PaCO2 - PECO2
PaCO2
B. Low / Ratios

1. In diseases that diminish pulmonary ventilation, the affected lung area receives little or no ventilation in relation to blood flow.  This condition causes the / ratio to decrease.  

2. That portion of the cardiac output that is not available for gas exchange is called a shunt.

3. A low / ratio is also called a Shunt Effect or / mismatch and the ratio will be less than 0.8

2L/min = 0.4

5 L/min

4. Low / ratios always lower the PaO2 and cause hypoxemia.

5. Diseases that lower the / ratio include:

a. Obstructive lung diseases (emphysema, bronchitis, asthma)

i. Mucous plugging

ii. Airway edema

iii. Constriction of the airway

b. Restrictive lung diseases (pneumonia, pulmonary fibrosis)

i. Hypoventilation

C. True Shunt

1. A “true” shunt is a type of low / ratio but implies no ventilation in relation to perfusion.

2. The / ratio is therefore 0

0 L/min  =  0

5 L/min

3. Situations which can cause a / ratio of 0 is:

a. Atelectasis

b. Consolidation

c. Pulmonary edema

d. A true shunt is calculated using the shunt formula:
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D. Silent Unit

1. A silent unit is an area in the lung with no ventilation and no perfusion

0 L/min = 0

0 L/min
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