ARTERIAL BLOOD GAS INTERPRETATION

The analysis of arterial blood gas values (ABG's) can detect the presence and identify the causes of acid-base and oxygenation disturbances.  The body operates efficiently within a fairly narrow range of blood pH (acid-base balance).  Even relatively small changes can be detrimental to cellular function. The normal range of pH is maintained by removing acids from the blood via two organ systems.

· Respiratory -ventilation at the lungs removes carbon dioxide in exhaled air

· Metabolic-excretion of acids in urine by the kidney

Acid-base abnormalities therefore are due to imbalances in one or both of these systems. 

Respiratory mediated changes in acid-base status occur as a result of increases or decreases in the exhalation of carbon dioxide.  These changes occur within minutes.  When the rate and depth of ventilation increases, the CO2 level falls, more acid is removed and the blood pH will rise becoming more alkalemic (less acidic).  When ventilation decreases, CO2 levels rise, less acid is removed and blood pH falls (more acidic).

Metabolic regulation of acid-base occurs in the kidney where bicarbonate is conserved while acids (H+) are secreted into the urine.  Metabolic mediated changes in acid-base tend to occur more slowly than respiratory, taking several hours to days rather than minutes.  So it is the balance between the Respiratory and Metabolic regulators that maintains the acid-base status within normal limits.  We analyze arterial blood to determine if an acid-base disturbance is present and which system, either Respiratory, Metabolic or both is responsible for the problem. Arterial blood gases should never be interpreted by themselves.  You must always interpret them in light of the patient’s history and clinical presentation.  
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When arterial blood is analyzed, the main variables are:

1. pH - a measure of how acidic or alkaline the blood is.  The normal range is 7.35 - 7.45. 

·  If the pH is < 7.35 = acidemia

· When the pH falls below 7.20, the acidemia is severe 

· If the pH is > 7.35 = alkalemia

· When the pH is > 7.50, the alkalemia is severe

So, the pH tells us if an acid-base abnormality is present and whether it is an acidemia or an alkalemia.

2. PaCO2 is the partial pressure of carbon dioxide in the blood.  The normal range for Calgary is 30 - 40 mmHg.  The PaCO2 indicates the adequacy of ventilation at the lungs.  An increase in CO2 due to hypoventilation causes a fall in pH (acidemia) while a fall in CO2 due to hyperventilation causes a rise in pH (alkalemia).

3. PaO2 - the partial pressure of oxygen dissolved in the blood. This value reflects how effectively the lungs are moving oxygen into the blood.  In Calgary the normal range of PaO2 is 70 - 88 depending on the age of the patient. 


Tip!

· When the PaO2 falls below 50 mmHg, you need to act promptly to restore it to normal levels.

4. HCO3- is the actual bicarbonate level in the blood.  It only reflects changes in the bicarbonate buffer system, the most important of the blood buffers.  In Calgary the normal range is 20 - 24   

· If the bicarbonate is < 20 = acidemia

· If the bicarbonate is >24 = alkalemia

5. B.E/B.D. the Base Excess or Base Deficit - reflects the change in all blood buffering systems.  It is the most reliable indicator of the metabolic component of an acid-base disturbance.  The normal value range in Calgary is -5 to +1.

· If the B.E. is > +1 = Alkalemia

· If the B.E. is < -5 = Acidemia

So, as illustrated in diagram 1, the balance or imbalance in Respiratory and Metabolic factors affects pH.  A change in either side will affect pH. 






        Diagram 1

6. %HbO2 (SaO2)- reflects how much oxygen is being transported on hemoglobin.  Normal range in Calgary is 92 - 95%.  Clinically we need to be concerned if a patient cannot maintain a saturation of >90% 

Interpreting Blood Gas Results

The easiest way to interpret blood gas results is with a step by step method.

Step 1.

Is the pH within the normal range or not?  If the pH is out of range you need to determine if there is an alkalemia or an acidemia present.

pH > 7.45 = alkalemia (e.g. 7.52)

pH < 7.35 = acidemia (e.g. 7.24)

Step 2.

What is causing the abnormality in pH?  There are only two possibilities, Respiratory (changes in PaCO2) and /or Metabolic (changes in HCO3- or B.E.)

Respiratory

· Look at PaCO2 - increased PaCO2 when the pH is decreased =Respiratory Acidemia or decreased PaCO2 when the pH is increased =Respiratory Alkalemia


Metabolic

· Look at HCO3- or B.E. - increased Base Excess  or bicarbonate with an increased pH = Metabolic Alkalemia or a decreased Base Excess or bicarbonate with a decreased pH = Metabolic Acidemia

TIP !

Step3:
Assess for the presence of a compensated acid base imbalance.  Compensation is the return of an abnormal pH towards normal (7.35 – 7.45) by the organ system that was not primarily affected.

Step 4:

What is the oxygenation status?  Look at the PaO2 and the %HbO2.  A low PaO2 (< 77-88 mmHg) indicates a problem with the lungs while a low %HBO2 (< 90%) could be due to a problem anywhere in the body's oxygen transport system; the lungs, blood or heart pump.

TIP !

BLOOD GAS EXAMPLES 

1. Your patient returns from the O.R. on oxygen by simple mask at 6 lpm.

pH


7.25

pH is low indicating acidemia

PaCO2

68

CO2 is high- consistent with acidemia

PaO2

52

low due to hypoventilation

B.E.

+1

normal

%HBO2

88%

low due to low PaO2
Interpretation:
Pure (no compensation) respiratory acidemia with hypoxemia

2. Your patient is very agitated, bordering on hysteria.  Blood gases are drawn on room air.

pH



7.54

high - indicating alkalemia

PaCO2


22

low (hyperventilation) – consistent with high pH

PaO2


78

normal

B.E.


-2

normal

PaO2


78

normal

SaO2


97%

normal

Interpretation:



Pure respiratory alkalosis

3. A patient arrives in ER with a Hx of stomach pain.  Patient states that he has been taking anti-acid medication 6-8 times per day for 2 weeks.  Room air blood gases reveal,

pH



7.52

high indicating alkalemia

PaCO2


38

normal

PaO2


78

normal

B.E.


+8

high, consistent with alkalemia

%HbO2


96%

normal

      Interpretation:
respiratory compensation for this situation because it requires hypoventilation and retention of CO2 which tends to stimulate breathing thus limiting any compensation.

4. Patient is brought to ER comatose.  Provisional diagnosis is diabetic shock.  Room air blood gases:

pH



7.16

very low indicating severe acidemia

PaCO2


18

low (hyperventilation) not consistent with low pH

PaO2


95

high due to hyperventilation

B.E.


-12

low, consistent with low pH

%HBO2


98%

high due to high PaO2
Interpretation:



partially compensated metabolic acidemia



5. You find your patient non-responsive with no sign of breathing or heart rate.  The code team arrives and a blood gas is drawn immediately while patient is receiving100% oxygen.

pH


6.98

extremely low.  Severe acidemia

PaCO2

86

very high (hypoventilation) consistent with low pH

PaO2

34

very low. Severe hypoxemia

B.E.

-12

low, consistent with a low pH

%HBO2

74%

dangerously low due to hypoxemia 

Interpretation:
combined respiratory and metabolic acidemia with severe hypoxemia

	STATES OF COMPENSATION

              * PaCO2 30-40mmHg     HCO3- 20-24 mmol/L    pH 7.36-7.44

	Uncompensated    ((   80 mmHg
N   22 mmol/L
((   7.06

Partial Comp.        ((   80 mmHg
(    36 mmol/L
 (    7.30
      Respiratory
Fully Comp.          ((   80 mmHg
((  48 mmol/L
 N   7.40
      Acidemia

	Uncompensated    ((   20 mmHg
N   22 mmol/L
((   7.66

Partial Comp.        ((   20 mmHg
(    16 mmol/L
  (   7.53
      Respiratory
Fully Comp.          ((   20 mmHg         ((   12 mmol/L
 N   7.40
      Alkalemia



	Uncompensated
N  35 mmHg
((  12 mmol/L
((   7.16

Partial Comp.
(   23 mmHg
((  12 mmol/L
 (    7.34
      Metabolic
Fully Comp.          ((   20 mmHg
((  11 mmol/L
 N   7.40
      Acidemia

	Uncompensated
N  35 mmHg
((  48 mmol/L
((   7.70

Partial Comp.
(   60 mmHg
((  48 mmol/L
 (    7.53
      Metabolic
Fully Comp.          ((   80 mmHg
((  48 mmol/L
 N   7.40
      Alkalemia

                                                                                 

	                                                                                                             *NORMALS FOR CALGARY


	Respiratory Alkalemia:

( pH, (  PaCO2
Hyperventilation due to:  

· Hypoxemia

· Brain Tumor, Early stages of head trauma, Encephalitis

· Fever

· Psychoneurosis, Emotional stimuli

· Early Salicylate poisoning


	Respiratory Acidemia:

( pH, ( PaCO2
Hypoventilation due to:

· Cardiopulmonary disease

· Drug O.D. (Narcotics)

· End-stage head trauma

· CNS disease

· Cervical spinal injury

· Neuromuscular disease



	Metabolic Alkalemia:

( pH, ( HCO3-
Excessive intake of base:

· Vomiting

· ( Gastric suction

· Electolyte imbalance:  ( Na+, ( K+, ( Cl-


	Metabolic Acidemia:

( pH, ( HCO3-
Loss of Base:   Diarrhea

Accumulation of acid:

· Severe hypoxemia (Lactic Acid)

· Diabetes (Keto Acidosis)

· Salicylate Poisoning

Ethylene Glycol, Methanol poisoning

Electrolyte imbalance:  ( Na+, ( K+, ( Cl-



	Respiratory Alkalemia:

( pH, (  PaCO2
Hyperventilation due to:  

· Hypoxemia

· Brain Tumor, Early stages of head trauma, Encephalitis

· Fever

· Psychoneurosis, Emotional stimuli

· Early Salicylate poisoning


	Respiratory Acidemia:

( pH, ( PaCO2
Hypoventilation due to:

· Cardiopulmonary disease

· Drug O.D. (Narcotics)

· End-stage head trauma

· CNS disease

· Cervical spinal injury

· Neuromuscular disease



	Metabolic Alkalemia:

( pH, ( HCO3-
Excessive intake of base:

· Vomiting

· ( Gastric suction

· Electolyte imbalance:  ( Na+, ( K+, ( Cl-


	Metabolic Acidemia:
( pH, ( HCO3-
Loss of Base:   Diarrhea

Accumulation of acid:

· Severe hypoxemia (Lactic Acid)

· Diabetes (Keto Acidosis)

· Salicylate Poisoning

Ethylene Glycol, Methanol poisoning

Electrolyte imbalance:  ( Na+, ( K+, ( Cl-




	Respiratory Alkalosis:

( pH, (  PaCO2

Hyperventilation due to:  

· Hypoxemia

· Brain Tumor, Early stages of head trauma, Encephalitis

· Fever

· Psychoneurosis, Emotional stimuli

· Early Salicylate poisoning


	Respiratory Acidosis:

( pH, ( PaCO2

Hypoventilation due to:

· Cardiopulmonary disease

· Drug O.D. (Narcotics)

· End-stage head trauma

· CNS disease

· Cervical spinal injury

· Neuromuscular disease



	Metabolic Alkalosis:

( pH, ( HCO3-

Excessive intake of base:

· Vomiting

· ( Gastric suction

· Electolyte imbalance:  ( Na+, ( K+, ( Cl-


	Metabolic Acidosis:

( pH, ( HCO3-
Loss of Base:   Diarrhea

Accumulation of acid:

· Severe hypoxemia (Lactic Acid)

· Diabetes (Keto Acidosis)

· Salicylate Poisoning

Ethylene Glycol, Methanol poisoning

Electrolyte imbalance:  ( Na+, ( K+, ( Cl-




The PaO2 must always be interpreted in light of the oxygen concentration the patient is receiving.  A PaO2 of 85 mmHg when breathing room air (21%) indicates the lungs are functioning normally but a PaO2 of 85 when breathing 100% oxygen means the lungs are greatly impaired in their ability to move oxygen into the blood.








In a code situation, the pH may be very low, i.e. < 7.00 since both a metabolic acidemia (anaerobic metabolism, lactic acidemia) and a respiratory acidemia (inadequate ventilation) will be causing the pH to fall.





For example, if you hypoventilate and retain CO2 the pH will fall producing a Respiratory Acidemia. If this condition persists for several hours the kidneys will begin to compensate by retaining HCO3- thus raising the pH back towards normal.  If the pH is just within normal limits but the PaCO2 or B.E. is outside normal limits, then there is full compensation.  Sometimes the pH cannot be returned to normal limits and there is only partial compensation.





Remember that COPD patients may ‘normally’ have a %HBO2 in the 88% range.





Blood Gas values in Calgary are slightly different than textbook sea level values because of Calgary’s altitude, which causes the oxygen pressure to be decreased.  The decreased PaO2 causes us to increase our minute ventilation resulting in a lower PaCO2.  In order that pH remain within normal limits, the kidneys excrete HCO3- to compensate for the low PaCO2








