RSPT 1050: MODULE H – CARBON DIOXIDE TRASPORT

CHAPTER 8
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RSPT 1050: MODULE H – CARBON DIOXIDE TRASPORT

I. Arterial Blood Gas

A. Ventilation

1. PaCO2 

a. Increase PaCO2, increased H+, decreased pH.

b. Decrease PaCO2, decrease H+, increased pH.

c. Think of CO2 as an acid.

d. Normal PaCO2 is 40 mm Hg.

e. Normal CO2 Content is 25.2 mEq/L.

2. pH

a. Normal pH 7.40 (7.35 - 7.45).

B. Renal (Metabolic)

1. HCO3-  

a. Increase HCO3-, decreased H, increased pH.

b. Decrease HCO3-, increased H, decreased pH.

c. Normal HCO3- is 24 mEq/L + 2 mEq/L.

d. Think of HCO3- as a base.

II. Carbon Dioxide Transport
A. CO2 production

1. 200 mL of CO2 is produced each minute by the tissue cells from catabolism of carbohydrates, fats & proteins.

2. The CO2 is transported from the tissue cells to the lungs by six different mechanisms

a. Three in the plasma

i. Carbamino Compound (bound to protein): 1% of the CO2 that dissolved in the plasma chemically combines with free amino groups of protein molecules and forms carbamino compounds
ii. Bicarbonate: 5% of the CO2 that dissolves in the plasma ionizes as bicarbonate (HCO3-).  CO2 combines with water in a process called hydrolysis.  The hydrolysis of CO2 and water forms carbonic acid (H2CO3) which in turn rapidly ionizes into HCO3- and H ions.
CO2  + H20  H2CO3  HCO3- + H
iii. Dissolved CO2: 5% of the total CO2 

· This is measured by PCO2
· To change the amount of carbon dioxide from partial pressure to mEq/L, multiply the PaCO2 by 0.03.

· 40 mm Hg x 0.03 = 1.2 mEq/L

b. Three in the RBC

i. Dissolved CO2: 5% of the total CO2 is dissolved in the intracellular fluid of RBC.

ii. Carbamino Hb: 21% of the CO2 combines with the RBC Hb to form a compound called carbamino Hb.
CO2  + HbO2  HbCO2 + O2 

iii. Bicarbonate: 63% or 2/3 of the total CO2 is transported from the tissue cells to the lung in the form of bicarbonate (HCO3-).

 CA



CO2 + H2O  H2CO3  H+ + HCO3-

· This reaction, which is normally very slow in the plasma, is greatly enhanced in the RBC by the enzyme carbonic anhydrase (CA).

· The reduced hemoglobin buffers the resulting H+ ions.

· The rapid hydrolysis of CO2 causes the RBC to become saturated with HCO3-.  To maintain concentration equilibrium between the RBC and plasma, the excess HCO3- diffuses out of the RBC.

· Once in the plasma, the HCO3- combines with sodium (Na+) that is normally in the plasma in the form of NaCl.  

· The HCO3-is then transported to the lungs as NaHCO3 in the plasma of the venous blood.

· As HCO3- moves out of the RBC, the Cl- (which has been liberated from the NaCl) moves into the RBC to maintain electric neutrality.  This movement is known as the Chloride Shift or Hamburger Phenomenon.  

· In the plasma, the ratio of HCO3- and H2CO3 is normally maintained at 20:1.  This 20:1 ratio keeps the blood pH within the normal range of 7.35 to 7.45.  The pH of the blood becomes more alkaline as the ratio increases and less alkaline as the ratio decreases.  

NaHCO3     20

H2CO3         1

III. CO2 Dissociation Curve

A. The CO2 Dissociation Curve is almost linear in comparison with the S-shaped O2 dissociation curve.

B. This means that in comparison to the oxygen dissociation curve, there is a more direct relationship between the partial pressure of carbon dioxide (PCO2) and the total amount of carbon dioxide in the blood (CO2 Content).

1. For example, when the PaCO2 increases from 40 to 46 mm Hg between arterial and venous blood, the CO2 content increases by 5 vol%.  The same partial pressure change of oxygen would increase the oxygen content by about 2 vol%.

C. The level of oxygen also affects the CO2 dissociation curve.  When the Hb is 97% saturated with O2, there is less CO2 content for any given PCO2 than if the Hb is 75% saturated.  The effect of oxygen on the dissociation curve is called the Haldane Effect.  Deoxygenated blood enhances the loading of CO2 and oxygenated blood enhances the unloading of CO2.
IV. Acid Base Balance

A. Definition of Terms

1. Electrolytes:  Charged ions that can conduct an electric current in solution.

2. Buffer:  A substance that is capable of neutralizing both acids and bases without causing an appreciable change in pH.

3. Acid:  An acid that dissociates into hydrogen ions and an anion (an acid is a H ion donor).

a. HCl ( H+ + Cl- (Strong Acid)

b. H2CO3 ( H+ + HCO3- (Weak Acid)

4. Fixed Acid or Non-volatile Acids: Catabolism of proteins continually produces fixed acids such as sulfuric and phosphoric acids.  Anaerobic metabolism produces lactic acid and untreated diabetes produces ketone acids (ketoacidosis).

5. Volatile Acids: Arise from and is in equilibrium with its dissolved gaseous component.  The only volatile acid is carbonic acid (H2CO3) which is in equilibrium with dissolved CO2.

6. Base:  Any substance capable of combining with or accepting a hydrogen ion in solution is called a base.  (H ion acceptor)

B. pH Scale

1. Normal blood pH is 7.40 (7.35 - 7.45).

2. A blood pH greater than 7.40 is alkalosis.

3. A blood pH less than 7.40 is acidosis.

4. pH is defined as the negative logarithm of the H ion concentration.

a. (pH  (    1   

                (H+
b. (pH  (     1    
              (H+ 
5. An acid is a substance that donates H+ and therefore increases the H ion concentration of a solution and causes the pH to fall (acidosis).

6. A base is a substance that accepts H+ and therefore decreases the hydrogen ion concentration and causes the pH value to increase.

7. The narrow range of pH is maintained by:

a. Buffer systems in the blood and tissue

i. The respiratory systems ability to regulate the elimination of CO2
ii. The renal system’s ability to regulate the excretion of hydrogen and the reabsorption of bicarbonate ions.

C. The Buffer Systems

1. The ability of an acid-base mixture to resist large changes in pH is called its buffer action.

2. The three buffer systems in the plasma are:

a. Carbonic Acid/Sodium Bicarbonate: H2CO3/NaHCO3
b. Sodium acid phosphate/sodium alkaline phosphate: NaH2PO4/NaHPO4
i. Acid proteinate/Sodium proteinate (Hprot/Naprot)

c. The two buffer systems in the erythrocytes: 

i. Acid Hemoglobin/Potassium Hemoglobin (HHb/KHb)

ii. Potassium acid phosphate/potassium alkaline phosphate (KH2PO4/K2HPO4)

3. The most important buffer system is H2CO3/NaHCO3 system.

a. When a strong acid like HCl is added to the H2CO3/HCO3- the following occurs:
            HCl + NaHCO3 ( H2CO3 + NaCl

b. This reaction reduces the strong acid (HCl) to a weak acid (H2CO3) and a neutral salt (NaCl).

c. The pH movement toward the acidic range is minimal.

d. In contrast, when a strong base (NaOH) is added to the H2CO3/ HCO3- system, the following occurs:
            NaOH + H2CO3 ( NaHCO3 + H20

e. This will limit the increase in the pH.

D. Henderson-Hasselbalch Equation

1. Calculation
a. pH = pK + log  HCO3    OR  pH  =  pK  +  log HCO3-   (Kidney)


                        H2CO3


PaCO2  (Lungs)
i. The pK of the H2CO3/HCO3 is 6.1
b. pH = 6.1 + log 24 mEq/L





 1.2 mEq/L


= 6.1 + log 20 


= 6.1 + 1.3


= 7.40


c. pH  (   HCO3-



PaCO2 
d. The ratio of HCO3/H2CO3 must be maintained at 20:1
i. 10:0.5



ii. 40:2

iii. 30:1.5

iv. 60:3

e. A ratio of greater than 20 indicates alkalosis.

f. A ratio of less than 20 indicates acidosis.

g. When the pH deviates from normal the following systems will kick in to minimize the pH change.

h. The buffer systems respond within seconds to try to neutralize the acid/base.

i. The respiratory system will respond within minutes by increasing or decreasing ventilation.

j. The kidneys will respond (in hours/days) by increasing or decreasing fixed acids.

V. Acid-base Disturbances

A. Type of Acid-Base Disturbances

1. Respiratory Acidosis (Lungs)

2. Respiratory Alkalosis (Lungs)

3. Metabolic Acidosis (Kidneys)

4. Metabolic Alkalosis
(Kidneys)

5. Mixed Acid Base Disturbances

B. Interpretation

1. Analyze pH  (First Step)

a. pH is ( (above 7.45) you have an alkalosis.

b. pH is ( (below 7.35) you have an acidosis.

2. Determine Primary Disturbance (Second Step)

a. If the PaCO2 is (, and pH is (, then the primary disturbance is the lungs (Respiratory Acidosis).

b. If the PaCO2 is (, and pH is (, then the primary disturbance is the lungs (Respiratory Alkalosis).

c. If the HCO3- is (, and pH is (, then the primary problem is metabolic (Metabolic Alkalosis).

d. If the HCO3- is (, and pH is (, then the primary problem is metabolic (Metabolic Acidosis).

3. Determine the degree of compensation (Third Step)

a. If the pH is abnormal, and either the PaCO2 or the HCO3- is normal, then the disturbance is uncompensated.  This is referred to as an acute condition.

b. If the pH, PaCO2 and HCO3- are all abnormal, then you have a partially compensated disturbance.

c. If the pH is normal, but the PaCO2 and HCO3- are abnormal, the disturbance is compensated. This is referred to as a chronic condition.

d. Note:  If one system is compensating for the other, they will follow each other.  Example: If PaCO2 is (, the HCO3- will also ( to attempt to return the ratio to 20:1, normalizing the pH.

4. Determine the degree of hypoxemia (fourth step)

a. PaO2 between 80 – 100 mm Hg is normal

b. PaO2 between 60 – 80 mm Hg is mild hypoxemia

c. PaO2 between 40 – 60 mm Hg is moderate hypoxemia

d. PaO2 less than 40 mm Hg is severe hypoxemia

e. It is never good to have a PaO2 below 60 mm Hg because you are on the down slope of the Oxygen Dissociation Curve.  All moderate and severe hypoxemia must be aggressively treated.
C. Detecting an Error

1. The PaCO2 + PaO2 cannot be greater than 140 mm Hg when the patient in breathing room air.

2. If the two values added together are greater than 140, suspect a lab error.

Step #1

Determine the pH

pH    (    7.35  (Acidosis)

pH    (    7.45  (Alkalosis)

STEP # 2:

Determine the Primary Acid-Base Disturbance

RESPIRATORY ALKALOSIS

RESPIRATORY ACIDOSIS
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METABOLIC ALKALOSIS
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Step #3:

Determine the Degree of Compensation

RESPIRATORY ALKALOSIS

UNCOMPENSATED

pH

(


PaCO2 (



HCO3- (Normal)

**Acute Respiratory Alkalosis

**Hyperventilation caused by hypoxemia/hypoxia, pain, anxiety, drug overdose, etc.

PARTLY COMPENSATED
pH

(


PaCO2
(


HCO3- (
**The kidneys are attempting to compensate by excreting HCO3 in order to return the HCO3-:PaCO2 ratio to 20:1.

COMPENSATED

pH
(Normal)


PaCO2  ( 



HCO3   (
**Chronic Respiratory Alkalosis

**The kidneys have compensated by decreasing the HCO3- and returning the HCO3-:PaCO2 ratio to 20:1.

Step #3:

Determine the Degree of Compensation

RESPIRATORY ACIDOSIS

UNCOMPENSATED

pH
(



PaCO2 
(

HCO3- (Normal)

**Inadequate Alveolar Ventilation

Treatment:  Closely Monitor; Consider Mechanical Ventilation

PARTLY COMPENSATED
pH
(



PaCO2
(

HCO3-  (
**The kidneys are attempting to compensate by retaining HCO3- in order to return the HCO3-:PaCO2 ratio to 20:1.

COMPENSATED

pH
(Normal)


PaCO2
(

HCO3-  (
** Chronic Respiratory Acidosis




** The kidneys have compensated by retaining HCO3- and returning the HCO3-:PaCO2 ratio to 20:1.

Step #3:

Determine the Degree of Compensation

METABOLIC ACIDOSIS

UNCOMPENSATED

pH
(



PaCO2  (Normal)
HCO3-  (
**Acute Metabolic Acidosis

**This is caused by a loss of HCO3- or a gain in acids

PARTLY COMPENSATED
pH
(



PaCO2
(

HCO3-  (
**The lungs are attempting to compensate by decreasing the PaCO2 in order to return the HCO3-:PaCO2 ratio to 20:1.

COMPENSATED

pH
(Normal)


PaCO2
(

HCO3-  (
**Chronic Metabolic Acidosis

**The lungs have compensated by excreting CO2 and returning the 

HCO3-:PaCO2 ratio to 20:1.

Step #3:

Determine the Degree of Compensation

Metabolic Alkalosis

UNCOMPENSATED

pH

(


PaCO2 (Normal)
HCO3-  (
**Acute Metabolic Alkalosis

**Caused by a gain of base or a loss of acid.  Check electrolytes.

PARTLY COMPENSATED
pH

(


PaCO2
(

HCO3-  (
**The lungs are attempting to compensate by retaining PaCO2.

COMPENSATED

pH
(Normal)


PaCO2  ( 



HCO3-   (
**Chronic Metabolic Alkalosis

**The lungs have compensated by retaining PaCO2 and restoring the HCO3-:PaCO2 ratio to 20:1.

Step #4:

Determine the degree of hypoxemia

	PaO2 Level
	Degree of Hypoxemia

	80 – 100 mm Hg
	· “No Hypoxemia” if on room air. 

· “Corrected Hypoxemia” if on supplemental oxygen.

	60 – 80 mm Hg
	Mild Hypoxemia

	40 – 60 mm Hg
	Moderate Hypoxemia

	Less than 40
	Severe Hypoxemia

	
	

	The PaO2 should stay above 60 mm Hg.  

Any PaO2 less than 60 mm Hg should be aggressively treated.


VI. Acid-Base Balance in the Patient with COPD

A. Hypoxic Drive

1. In a patient without lung disease, the normal stimulus to breath is a high CO2 or a low O2.

2. In COPD, this mechanism may not be present.  Inappropriate use of oxygen may lead to hypercarbia.  The cause of this is unclear: It could be due to ventilation-perfusion mismatching or due to removal of the hypoxic stimulus (Hypoxic Drive).

B. Normal blood-gas values for a patient with COPD.

1. pH  (normal to acidic range)

2. PaCO2  (50 – 60 mm Hg)

3. HCO3-  (elevated; 30 – 40 mEq/L)

4. PaO2
  (50 – 60 mm Hg)

C. Chronic respiratory acidosis (compensated respiratory acidosis)

1. Oxygen Administration

a. High flow oxygen mask is the best choice in choosing an oxygen delivery device.

i. Venturi-mask at 24%, 26%, 28%.

b. Low flow oxygen delivery device.

i. Nasal cannula at 1-2 L/min.

D. Detecting excessive oxygen administration in the COPD patient.

1. Blood-gas analysis will show a high PaO2 greater than 60 mm Hg.

2. Patient will be lethargic with decreasing minute ventilations (( f, ( Vt or apnea).

3. Treatment is to decrease the amount of oxygen administration.

4. Ventilation may need to be supported if Acute Respiratory Acidosis is present.

E. Detecting exacerbation of COPD 

1. ABG will show a drop in pH, higher than normal PaCO2 and low PaO2.

VII.  ACID-BASE INTERPRETATION
- CLASSROOM EXERCISE

A. INTERPRET THE FOLLOWING ARTERIAL BLOOD GASES: 

1. pH     

7.06
PaCO2     
55 mm Hg
PaO2     
111 mm Hg
HCO3-     
15 mEq/L
FIO2

.40


2. pH     

7.50
PaCO2     
38 mm Hg
PaO2     
59 mm Hg
HCO3-     
29 mEq/L
FIO2

.35


3. pH     

7.55
PaCO2     
20 mm Hg
PaO2     
105 mm Hg
HCO3-     
17 mEq/L
FIO2

.21


4. pH     

7.02
PaCO2     
12 mm Hg
PaO2     
134 mm Hg
HCO3-     
3 mEq/L
FIO2

.28


5. pH     

7.20
PaCO2     
69 mm Hg
PaO2     
57 mm Hg
HCO3-     
26 mEq/L
FIO2

.60


6. pH     

7.51
PaCO2     
31 mm Hg
PaO2     
78 mm Hg
HCO3-     
24 mEq/L
FIO2

.50


7. pH     

7.25
PaCO2     
28 mm Hg
PaO2     
40 mm Hg
HCO3-     
12 mEq/L
FIO2

.45


8. pH     

7.33
PaCO2     
57 mm Hg
PaO2     
115 mm Hg
HCO3-     
29 mEq/L
FIO2

.21


9. pH     

7.78
PaCO2     
20 mm Hg
PaO2     
70 mm Hg
HCO3-     
38 mEq/L
FIO2

.70


10. pH     

7.75
PaCO2     
28 mm Hg
PaO2     
17 mm Hg
HCO3-     
38 mEq/L
FIO2

.35


11. pH     

7.50
PaCO2     
50 mm Hg
PaO2     
29 mm Hg
HCO3-     
38 mEq/L
FIO2

.40


12. pH     

7.70
PaCO2     
54 mm Hg
PaO2     
41 mm Hg
HCO3-     
65 mEq/L
FIO2

.30


13. pH     

7.46
PaCO2     
55 mm Hg
PaO2     
78 mm Hg
HCO3-     
38 mEq/L
FIO2

.40


14. pH     

7.10
PaCO2     
60 mm Hg
PaO2     
46 mm Hg
HCO3-     
18 mEq/L
FIO2

.38


15. pH     

7.44
PaCO2     
55 mm Hg
PaO2     
60 mm Hg
HCO3-     
36 mEq/L
FIO2

.55


16. pH     

7.50
PaCO2     
20 mm Hg
PaO2     
84 mm Hg
HCO3-     
15 mEq/L
FIO2

.40

17. pH     

7.60
PaCO2     
20 mm Hg
PaO2     
58 mm Hg
HCO3-     
24 mEq/L
FIO2

.28


18. pH     

7.05
PaCO2     
45 mm Hg
PaO2     
57 mm Hg
HCO3-     
12 mEq/L
FIO2

.45


19. pH     

7.45
PaCO2     
24 mm Hg
PaO2     
35 mm Hg
HCO3-     
16 mEq/L
FIO2

. 50


20. pH     

7.20
PaCO2     
88 mm Hg
PaO2     
78 mm Hg
HCO3-     
33 mEq/L
FIO2

.21

Answers to Acid-Base Interpretation: Classroom Exercise

1. Mixed Respiratory and Metabolic Acidosis with hyperoxemia.


2. Uncompensated Metabolic Alkalosis with moderate hypoxemia.


3. Partially Compensated Respiratory Alkalosis with hyperoxemia.


4. Partially Compensated Metabolic Acidosis with hyperoxemia.


5. Uncompensated Respiratory Acidosis with moderate hypoxemia (Mechanical Ventilation Indicated).

6. Uncompensated Respiratory Alkalosis with mild hypoxemia.


7. Partially Compensated Metabolic Acidosis with moderate hypoxemia.


8. Lab Error (PaO2 + PaCO2 cannot be greater than 159 on room air)


9. Mixed alkalosis with mild hypoxemia.


10. Mixed alkalosis with severe hypoxemia.


11. Partially Compensated Metabolic Alkalosis with severe hypoxemia.


12. Uncompensated Metabolic Alkalosis with moderate hypoxemia.


13. Partially compensated Metabolic Alkalosis with mild hypoxemia.


14. Mixed Respiratory and Metabolic Acidosis with moderate hypoxemia.


15. Fully compensated Metabolic Alkalosis with mild hypoxemia.


16. Partially compensated Respiratory Alkalosis with normoxemia.


17. Uncompensated Respiratory Alkalosis with moderate hypoxemia.


18. Uncompensated Metabolic Acidosis with moderate hypoxemia.


19. Fully compensated Respiratory Alkalosis with severe hypoxemia.


20. Lab Error. (PaO2 + PaCO2 cannot be greater than 159 on room air)

II. ACID BASE BALANCE AND OXYGENATION

1. pH     

7.24
PaCO2     
80 mm Hg
PaO2     
65 mm Hg
HCO3-     
33 mEq/L
FIO2

.40


a. Interpret the ABG.



b. Is this acute or chronic?


c. Calculate the Total CO2 (CO2 Content).




d. Describe the ventilation.  Is the patient 

i. Hyperventilating

ii. Hypoventilating

iii. Eucapnic


2. pH     

7.40
PaCO2     
65 mm Hg
PaO2     
55 mm Hg
HCO3-     
39 mEq/L
FIO2

.28


a. Interpret the ABG.



b. What is the HCO3-/H2CO3 ratio?



c. Calculate the Total CO2 (CO2 Content).



d. Is this ABG acute or chronic?



e. Describe the type of ventilation:  Is the patient 

i. Hyperventilating

ii. Hypoventilating

iii. Eucapnic


3. pH     

7.34
PaCO2     
80 mm Hg
PaO2     
40 mm Hg
HCO3-     
42 mEq/L
FIO2

.35


a. Interpret the ABG.



b. Calculate the HCO3-/H2CO3 ratio.




c. Describe the type of ventilation:  Is the patient

i. Hyperventilating

ii. Hypoventilating

iii. Eucapnic  

4. pH     

7.62
PaCO2     
40 mm Hg
PaO2     
88 mm Hg
HCO3-     
40 mEq/L
FIO2

.30
a. Interpret the ABG.



b. Describe the type of ventilation.



c. Calculate the HCO3-/H2CO3 ratio.



d. Calculate the Total CO2 (CO2 content)

5. pH     

7.47
PaCO2     
20 mm Hg
PaO2     
110 mm Hg
HCO3-     
14 mEq/L
FIO2

.21

a. Interpret the ABG.



b. Calculate the HCO3-/H2CO3 ratio.



c. Calculate the Total CO2 (CO2 content).

6. pH     

7.02
PaCO2     
60 mm Hg
PaO2     
70 mm Hg
HCO3-     
15 mEq/L
FIO2

.50

a. Interpret the ABG.



b. The oxygen dissociation curve would most likely be shifted to the _______________.



c. Calculate the A-a gradient assuming the barometric pressure is 760 mm Hg.



d. Describe the type of ventilation.




e. Does the patient have hypoxia?

7. pH     

7.45
PaCO2     
24 mm Hg
PaO2     
90 mm Hg
HCO3-

16 mEq/L
SaO2     
55 %
COHb

50%
FIO2

.35

a. Interpret the ABG.



b. Does the patient have hypoxemia?     Does the patient have hypoxia?




c. Describe the type of ventilation.

8. pH     

7.93
PaCO2     
23 mm Hg
PaO2     
52 mm Hg
HCO3-     
47 mEq/L
FIO2

.60

a. Interpret the ABG.



b. Describe the type of ventilation.

