EVALUATION AND TREATMENT OF HYPOXEMIA

I. Causes of hypoxemia (decreased PaO2)
A. Low PIO2 (High altitude, breathing FIO2 lower than .21)

B. Hypoventilation (high PaCO2)

1. Patients who don’t ventilate, don’t oxygenate!
C. True or Absolute Shunt (refractory hypoxemia)
D. Relative Shunt (low/ ratio,/ mismatch) 

1. **Most Common/  

E. Diffusion Defect (Pneumonectomy, Lobectomy, Pulmonary Fibrosis)

1. DLCO
II. Critical Life Functions
A. Ventilation (look at PaCO2 first)

B. Oxygenation (PaO2, Hemoglobin, SaO2, CaO2, abnormal Hb)

C. Circulation (Pulse, Cardiac Output)

D. Perfusion (Oxygen delivery, Sensorium, BP, Renal function, etc.)

III. Differential Diagnosis of Hypoxemia
A. PAO2  (Alveolar Air Equation)

1. PAO2 = [(PBARO – 47) x FIO2] – (PaCO2/.8) on FIO2 less than .60.

2. PAO2 = [(PBARO – 47) x FIO2] – (PaCO2) on FIO2 of greater than .60.

3. Normal Value approximately 100 – 104 mm Hg

4. Will be in the 600 range when breathing an FIO2 of 100% (normal lungs)

B. P(A-a)O2 (A-a gradient)

1. Normal Value:  

a. 5 – 20 mm Hg on room air

b. 25 – 65 mm Hg on 100%

2. Difficult to use because there are different normal values for each FIO2.

3. Normal A-a gradient on room air is seen with (see chart attached):

a. Pure hypoventilation

b. Decreased PIO2 (high altitude)

c. Diffusion defect (patient at rest)

4. Abnormal A-a gradient on room air is seen in

a. Relative shunt

b. Absolute shunt

c. If you place the patient on 100% and then calculate the gradient:

i. Relative shunt will improve

ii. Absolute shunt will not improve

d. If you place the patient on 100% and then calculate the gradient:

i. If it is less than 300 mm Hg it’s a/ mismatch

ii. If it is greater than 300 mm Hg, it’s a shunt

C. Shunt Equation
1. Classic Shunt Equation (“gold standard”)

2. Clinical Shunt Equation

3. A shunt greater than or equal to 20% is significant

4. ( Shunts usually will correlate with consolidation or “white out” on x-ray, unless it is a cardiac shunt (PFC/PDA)

5. Conditions include atelectasis, pneumonia, pulmonary edema (cardiogenic and non-cardiogenic), ARDS.


D. PaO2/PAO2 (a-A ratio)
1. Normal value is greater than 75% on any FIO2.  This means 75% or more Oxygen should diffuse across A-C membrane. 

a. Example:  

i. PaO2 = 100 mm Hg, PAO2= 104.  

ii. 100/104 = 96%.

iii. This means 96% of oxygen diffuses across the A-C membrane.

E. PaO2/ FIO2 ratio  (most commonly used)
1. Also known as PF ratio

2. Normal value is 400 – 500.

3. Example:  

a. PaO2 of 100 mm Hg on room air.

b. 100/.21  =  476 

c. Values between 200 – 300 indicate ALI

d. Values less than 200 are seen in ARDS

IV. Clinical Data Interpretation of Hypoxemia  (See Sheet Attached)

A. Treatment of Hypoxemia
1. Increase FIO2
2. Increase MAP

3. PEEP/CPAP (refractory hypoxemia, presence of Auto PEEP)

4. Inspiratory Time (PCV, Inspiratory Hold)

5. Vt (will also change PaCO2)

6. Positioning

a. Prone (ARDS)

b. Lateral decubitus (unilateral disease – good lung down)

7. Good bronchial hygiene

a. Suctioning

b. Bronchodilator

c. CPT/Flutter value/PEP therapy

V. Oxygen Administration
A. Indications for oxygen therapy
1. Treat hypoxemia/hypoxia

2. Decrease the work of the heart

3. Decrease the work of breathing (dyspnea)

B. Hazards of oxygen therapy
1. Absorption atelectasis

2. Oxygen toxicity (can occur within 6 hours after administration of 100%)

3. Retinopathy of prematurity

4. Oxygen induced hypoventilation in COPD

a. Look for oxygen levels above 60 mm Hg, a falling pH and rising PaCO2
b. Evaluate FIO2 patient is receiving

c. Symptoms:  

i. Patients will be sleepy, lethargic, tired, unresponsive

VI. Hyperoxemia
A. PaO2 level greater than 100 mm Hg.

B. Hyperoxemia is usually undesirable.

C. Very little additional oxygen content is gained and risk of complications(.

D. Above a PaO2 of 130 mm Hg, hyperoxemia is always the result of an increased FIO2.

E. Hyperoxemia is desirable in COHb% until SaO2 increases.

F. A SpO2 reading 100% could mean the PaO2 is between 100 and 600 mm Hg

1. This is very dangerous in newborns.

VII. Oxygen administration to the patient with COPD
A. PaO2 will increase 3 mm Hg for each 1% increase in FIO2
B. Try to keep PaO2 around 60 mm Hg.

C. Formula to calculate the FIO2 to deliver

1. FIO2 = 60 mm Hg - PaO2 on room air
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2. Example:

a. PaO2 is 39 mm Hg on 21%

b. FIO2 = 60 - 39

    3

c. = 7% increase

d. Set FIO2 at .28

VIII. Calculating the maximal PaO2 for any given FIO2
A. The PaO2 on room during hyperventilation may go up to 130 mm Hg.
B. A PaO2 of more than 5 times the % of oxygen is suspicious

1. Examples:


	FIO2 x 5
	PaO2

	.21 x 5
	105  (if patient is hyperventilating than 130 mm Hg)

	.30 x 5
	150

	.40 x 5
	200

	.50 x 5
	250

	.60 x 5
	300


2. Problem

a. PH: 7.32; PaCO2: 48 torr; PaO2; 200 mm Hg; FIO2: .30

b. PAO2 = (760 –47) x .30 – (48/.8)

c. PAO2 = 154 mm Hg

d. Can’t have an PAO2 less than the PaO2, so…

i. Either the FIO2 was not recorded accurately or

ii. Lab error (air bubble)

IX. Evaluating FIO2 delivered with oxygen delivery devices.
A. Low Flow:  

1. You do not set a FIO2 with low flow devices

2. FIO2 will vary with liter flow, ventilatory patterns (Vt, f, breathing pattern)

3. Not precise

B. High Flow:  

1. You do set a FIO2 with high flow devices 

a. Venturi masks

b. Aerosol set-ups

c. Air-O2 blenders

2. Need to match total liter flow from device with patients flowrate  

3. NOTE: PATIENT MAY NOT BE GETTING THE FIO2 SET ON THE DEVICE

4. Total liter flow = sum of air oxygen ratio x liter flow 

5. Total liter flow needs to be higher than patient’s flowrate or FIO2 will decrease.
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6. Water in the aerosol tubing will decrease flowrate from the device and increase FiO2 (increased back pressure on the venturi).  You may see no mist or sporadic mist coming out during inspiration.

7. Analyze high flow devices to determine correct FIO2
8.  With any FIO2 change, always analyze system.

a. Polarographic (battery and electrolyte solution)

b. Galvanic (fuel cell)

c. If oxygen analyzer is not reading the FIO2 within +/- 2%, calibrate analyzer first.  If unable to calibrate, change fuel cell on galvanic analyzer, change the battery and check electrolyte level (fill if low).

X. Correlating ABG to Patient Condition
A. A patient who looks good but has bad ABG
1. Suspect lab error

2. Venous blood sample

3. COPD (high PaCO2 and HCO3-)

B. A patient who looks & feels bad but ABG results are good
1. CO poisoning

2. Increased MetHb% (Need to evaluate how SaO2 is measured).

3. Tissue hypoxia (need to evaluate oxygen delivery to the tissues).

4. Evaluate for anemic hypoxia (assess hemoglobin level or abnormal hemoglobin.

5. Circulatory hypoxia (evaluate cardiac output or BP)

6. Histotoxic hypoxia (Cyanide poisoning)

7. Pulmonary Embolism (chest pain, dyspnea)

a. Has a high Vd/Vt ratio and high E, but blood gases can be OK (20/20 rule)

