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 Blood gas and pH measurement are an important part of the care of the mechanically 
ventilated patient. It allows for evaluation of oxygenation, ventilation, and acid base balance. 
Both arterial and venous blood gas can be evaluated but for the purpose of  this lecture arterial 
blood gas values will be talked about. Keep in mind that a blood gas will only provide data at the 
point in time that the sample was drawn. A trend in blood gas values is typically more useful 
than a single value. A response to a single value should be avoided unless it is highly abnormal. 
 The total oxygen content is a combination of dissolved oxygen that is combined with 
hemoglobin. It is expressed by the abbreviation PaO2. The normal range of PaO2 of a patient on 
room air, which is 21% is 80 to 100 mmHg. When a patient is on, supplemental oxygen the 
normal range of PaO2 is 4 to 5 times the fraction of inspired oxygen (FiO2).  Hypoxemia occurs 
from the lungs failed to adequately oxygenate arterial blood. A patient with a PaO2 of less than 
60 mmHg should be placed on oxygen supplementation. 
 Determining the acid base status of the patient should be the first assessment of a blood 
gas analysis. Looking at the pH will determine whether the sample is acidemic, alkalemic or 
normal. A normal pH is 7.35 to 7.45. If the pH is lower than 7.35 it is considered acidemic, if the 
pH is above the 7.45 it is considered alkalemic. Severe alkalemia is considered to be a pH above 
7.60. It can cause arterial constriction and subsequent compromise of cerebral and myocardial 
perfusion. They can also decrease ionized calcium, depress respiration, hypoxemia, hypercapnia, 
and hypokalemia. Severe academia is considered a pH below 7.20. It can cause decreased 
contractility, cardiac output, arterial dilation, venoconstriction, centralization of blood volume, 
increased pulmonary vascular resistance, increase potassium, increase ionized calcium and cause 
insulin resistance. 

 The respiratory system plays a key role in acid base regulation.  This is done by 
the elimination of CO2, so the respiratory rate is either increased or decreased to accomplish the 
proper regulation.   The body is able to use the respiratory system immediately for this 
regulation.  When hydrogen ions from an acidic load immediately contact HCO3 in the 
extracellular space they then titrate the intracellular buffers.  This response happens within 
minutes to protect the extracellular fluid pH.  Then alveolar ventilation is stimulated and pCO2 is 
then decreased below normal.  This response occurs immediately and is completed within hours.  
This response will minimize the change of pH because the HCO3:PCO2 ratio is normalized.   
The kidneys help regulate acid base by the elimination or conservation of HCO3 and hydrogen.  
The kidneys will respond within hours but it will take up to 5 days to reach maximum 
effectiveness. 
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 The partial pressure of carbon dioxide (CO2) that is dissolved in the plasma of 
arterial blood is generally termed as PaCO2.  The normal value of PaCO2 is 35- 45 and is 
reported in millimeters of mercury (mm Hg).  If the PaCO2 is less than 35 mm Hg, it is known as 
hypocapnia and if the PaCO2 is greater than 45 mm Hg, it is known as hypercapnia.  The 
PaCO2in the body is the balance of minute ventilation and metabolic CO2 production.  Minute 
ventilation is amount of air breathed in a minute.  The formula for minute ventilation, in 
milliliters, is:  tidal volume (10 ml/kg) x respiratory rate.  Tidal volume is the amount, in 
milliliters, of gas expired during each breath. 

The metabolic component of acid base balance is monitored by HCO3 and base excess.  
Base excess is also called base balance or base deficit.  Base excess gives a quantitative 
estimation of the surplus of base or acid.  Normal values for base excess are 0 +/- 4 mEq/L and 
normal values for HCO3 is 18 – 24 mmol/L.  When the base excess is less than -4 mEq/L and the 
HCO3 is less than 18 mmol/L it is indicative of metabolic acidosis.  When the base excess is 
greater than 4 mEq/L and the HCO3 is greater than 24 mmol/L it is indicative of metabolic 
alkalosis.   
 Metabolic acidosis is a decrease in sodium bicarbonate and a decrease in PaCO2 and a 
decrease in pH. Causes of metabolic acidosis include renal disease, diabetic ketoacidosis, 
ethylene glycol toxicity, diarrhea, and a decreased perfusion causing lactic acidosis. 
 Metabolic alkalosis is an increase in sodium bicarbonate, an increase in PaCO2, and an 
increase in pH. Causes of metabolic alkalosis include G.I. loss of hydrogen caused by vomiting 
or gastric suctioning, renal loss of hydrogen caused by diuretics, hypercalcemia or 
glucocorticoids, administration of sodium bicarbonate and hyperkalemia. 
 Respiratory acidosis is a decrease in pH, increase in PaCO2 and an increase in sodium 
bicarbonate. Causes of respiratory acidosis are decreased ventilation by drugs or anesthesia, 
muscle weakness or paralysis or upper airway obstruction. 
 Respiratory alkalosis is a increase in pH, decrease in PaCO2, and a decrease in sodium 
bicarbonate. Causes of respiratory alkalosis include hypoxemia, pulmonary disease and 
stimulation of the respiratory center secondary to hepatic failure, sepsis, central nervous system 
lesions or Salicylate toxicity.  
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