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Intro 

 essential part of diagnosing and 
managing a patient’s oxygenation 
status and acid-base balance 

 



pH 
 = measurement of the acidity or alkalinity of 

the blood.  

 It is inversely proportional to the number of 
hydrogen ions (H+) in the blood 

 The more H+ present, the lower the pH will 
be. 

 The fewer H+ present, the higher the pH will 
be.  

 The pH of a solution is measured on a scale 
from 1 (very acidic) to 14 (very alkalotic) 



 The normal blood pH range is 7.35 to 
7.45. 

 In order for normal metabolism to take 
place, the body must maintain this 
narrow range at all times. 

 



The Respiratory Buffer 
Response 

 CO2: 

 is volatile acid. A normal by-product of cellular metabolism. 

 is carried in the blood to the lungs, where excess CO2 
combines with water (H2O) to form carbonic acid (H2CO3).  

 The blood pH change according to the level of 
carbonic acid.                                          

 This triggers the lungs to either increase or 
decrease the rate and depth of ventilation until the 
appropriate amount of CO2 has been re-established.  

 Respiratory compensation: within 15-30 minutes. 



 
 CO2 + H2O <--> H2CO3 <--> HCO3

- + H+ 

 

 ph = 6.10 + log ([HCO3] / [0.03 x PCO2]) 

 



Respiratory Acidosis 

 Resp acidosis =     pH < 7.35  

                                   PaCO2 > 45 mm Hg 

 
 Acidosis: caused by an accumulation of CO2 which 

combines with water in the body to 

   produce carbonic acid, thus, lowering the pH of the 
blood.  

   Elevation in PCO2 results from a reduction in 
alveolar ventilation. 



Causes of Respiratory Acidosis 

 Head injury 
 Medications eg narcotics, sedatives, or anesthesia 
 Impaired respiratory muscle function related to spinal 

cord injury, neuromuscular diseases, neuromuscular 
blocking drugs 

 Pulmonary disorders such as atelectasis, pneumonia, 
pneumothorax, pulmonary edema, or bronchial 
obstruction 

 Massive pulmonary embolus 
 Hypoventilation due to pain, chest wall 

injury/deformity, or abdominal distension 



Respiratory Alkalosis 

 Resp alkalosis=     pH > 7.45  

                               PaCO2 < 35 mmHg 

 

 Any condition that causes hyperventilation 
can result in respi alkalosis.  



 Causes of Hyperventilation: 
 Psychological responses, such as anxiety or fear 

 Pain 

 Increased metabolic demands, such as fever, 
sepsis, pregnancy, or thyrotoxicosis 

 Medications, such as respiratory stimulants. 

 Central nervous system lesions 



The Renal Buffer Response 
 

 To maintain the pH within normal range, the 
kidneys excrete or retain HCO3-.  

 If blood pH decreases, kidneys will retain 
HCO3-  

 If pH rises, kidneys will excrete HCO3- through 
the urine.  

 Compensation takes hours to days. 

 Acidosis when ↑ H+& ↓HCO3- 

 Alkalosis when H+↓ & ↑ HCO3- 

 
 



Metabolic Acidosis 

 Metabolic acidosis = pH < 7.35 

                           HCO3 < 22 mEq/L  

 Metabolic acidosis: deficit of base 

                             or excess of acids 
 

 Diarrhea and intestinal fistulas may cause 
decreased levels of base. 



Causes of increased acids  

  Renal failure 

  Diabetic ketoacidosis 

  Anaerobic metabolism 

  Starvation 

  Salicylate intoxication 



 Calculate the anion gap (if a metabolic 
acidosis exists):  

  AG= [Na+]-( [Cl-] + [HCO3-] ) 

 A normal anion gap is approximately 12 meq/L  
± 2  

 

 



The Causes 
 High anion gap 

Metabolic Acidosis 
 M - Methanol 

 U - Uremia 

 D - DKA 

 P - Paraldehyde 

 I  - Isoniazide 

 L - Lactic Acidosis 

 E - Ethylene Glycol 

 S - Salicylate 

 Normal anion gap 

Metabolic Acidosis 

 Hyperalimentation 

 Acetazolamide 

 RTA (Calculate urine 

anion gap) 

 Diarrhea 

 Pancreatic Fistula 



Metabolic Alkalosis 
 

 Metabolic alkalosis is= HCO3- >26 mEq/liter  

                                 pH > 7.45.  

 

 Either an excess of base or a loss of acid within the body 
can cause metabolic alkalosis.  

 Excess base: ingestion of antacids, excess use of 
bicarbonate, or use of lactate in dialysis.  

 Loss of acids: protracted vomiting, gastric suction, 
hypochloremia, excess administration of diuretics, or high 
levels of aldosterone. 





 B.E. 

 The base excess = the amount of 
excess or insufficient level of 
bicarbonate in the system. 

 A negative base excess = base 
deficit in the blood. 



 Anion Gap 

-to aid in the differential diagnosis of metabolic acidosis. 

-The 'unmeasured' cations include proteins,  
-The concentrations are expressed in units of 

milliequivalents/liter (mEq/L). 

 = ( [Na+]+[K+] ) − ( [Cl−]+[HCO3−] )  

 however, for daily practice, the potassium is frequently 
ignored because potassium concentrations, being very 
low,  

   = ( [Na+] ) − ( [Cl−]+[HCO3−] )  

 

 



Steps to an Arterial Blood 
Gas Interpretation 

 Step One 

 Assess the pH to determine if the blood 
is within normal range, alkalotic or 
acidotic.  

 If it is above 7.45, the blood is alkalotic. 
If it is below 7.35, the blood is acidotic. 



 Step Two 

 If alkalotic or acidotic, need to determine 
whether it is a respiratory or metabolic.  

 Assess the PaCO2 level. Remember that with a 
respiratory problem, as the pH decreases below 
7.35, the PaCO2 should rise.  

 If the pH rises above 7.45, the PaCO2 should 
fall. Compare the pH and the PaCO2 values. If 
pH and PaCO2 are indeed moving in opposite 
directions, then the problem is primarily 
respiratory in nature. 



 Step Three 

 Finally, assess the HCO3 value.  

 Recall that with a metabolic problem, normally as 
the pH increases, the HCO3 should also increase. 
Likewise, as the pH decreases, so should the 
HCO3. 

 Compare the two values. If they are moving in 
the same direction, then the problem is 
primarily metabolic in nature.  



pH PaCO2 HCO3 

Resp 
Acidosis 

↓ ↑ normal 

Resp 
Alkalosis 

↑ ↓ normal 

Met 
Acidosis 

↓ normal ↓ 

Met 
Alkalosis 

↑ normal ↑ 



Eg. 

 Example 1 

 Jane Doe is a 45-year-old female 
admitted to the nursing unit with a 
severe asthma attack.  

 She has been experiencing increasing 
shortness of breath since admission 
three hours ago.  



 pH            7.22 

 PaCO2       55 

 HCO3      - 25 



 Follow the steps: 

 1. Assess the pH. It is low; therefore, 
we have acidosis. 

 2. Assess the PaCO2. It is high and in 
the opposite direction of the pH. 

 3. Assess the HCO3. It has remained 
within the normal range (22-26). 



pH PCO2 HCO3 

Respiratory 
Acidosis 

↓ ↑ Normal 



2 

 John Doe is a 55-year-old male 
admitted to your nursing unit with a 
recurring bowel obstruction. 

 He has been experiencing intractable 
vomiting for the last several hours 
despite the use of antiemetics.  



ABG 

 pH   7.50 

 PaCO2   42 

 HCO3  - 33 



3 steps 

 1. Assess the pH. It is high, therefore, 
indicating alkalosis. 

 2. Assess the PaCO2. It is within the normal 
range (normal 35-45). 

 3. Assess the HCO3. It is high (normal 22-26) 
and moving in the same direction as the pH. 



pH PCO2 HCO3 

Metabolic 
Alkalosis 

↑ normal ↑ 



Compensation 

 When a patient develops an acid-base 
imbalance, the body attempts to bring pH to 
normal.  

 The lungs and the kidneys are the primary 
buffer response systems in the body.  



 A patient can be uncompensated, partially 
compensated, or fully compensated.  

 
 If uncompensated or partially compensated, the pH 

remains outside the normal range.  

 In fully compensated states, the pH has returned to 
within the normal range, although the other values may 
still be abnormal.  

 Be aware that neither system has the ability to 

   overcompensate. 



Partial Compensation 

 Assess the pH.  

 Assess the PaCO2. pH and PaCO2 are 
moving in the same direction. 

 The decreasing PaCO2 indicates that the 
lungs, acting as a buffer response, are 

 attempting to correct the pH back into its 
normal range by decreasing the PaCO2 
(“blowing off the excess CO2”) 

 



cont 

 If evidence of compensation is present, 
but the pH is not normal, this would be 
described as a metabolic disorder with a 

   partial respiratory compensation. 

 



 Assess the HCO3. 

 pH and HCO3 moving in opposite 
directions 

 Kidneys acting as a buffer response 
system, are compensating by retaining 
HCO3, 

 ultimately attempting to normalised the 
pH. 

 



Fully Compensated States 
pH PaCO2 HCO3 

- 

Resp 

Acidosis 

normal, 
but <7.40 

↑ ↑ 

Resp 

Alkalosis 

normal, 
but >7.40 

↓ ↓ 

Met Acidosis normal, 
but <7.40 

↓ ↓ 

Met 
Alkalosis 

normal, 
but >7.40 

↑ ↑ 



Partially Compensated 
States 

pH PaCO2 HCO3 

- 

Resp 
Acidosis 

↓ ↑ ↑ 

Resp 
Alkalosis 

↑ ↓ ↓ 

Met 
Acidosis 

↓ ↓ ↓ 

Met 
Alkalosis 

↑ ↑ ↑ 



 Notice that the only difference between 
partially and fully compensated states is 
whether or not 

 the pH has returned to within the 
normal range. 



Example 

 John Doe is admitted to the hospital. He 
is a kidney dialysis patient who has 
missed his last two appointments at the 
dialysis center.  



 pH   7.32 

 PaCO2   32 

 HCO3  - 18 



 1. Assess the pH. 

 2. Assess the PaCO2. 

 3. Assess the HCO3. 



pH PaCO2 HCO3- 

↓ ↓ ↓ 



Step Four 

 Assess the PaO2.  

 A value below 80 mm Hg can indicate 
hypoxemia. 

 Type of respiratory failures:- 

a) Type 1 

b) Type 2 



 Type 1 RF: Low PaO2   Normal PaCO2 

 

 Type 2 RF: Low PaO2   High PaCO2 



Normal compensatory mech 

 Metabolic acidosis 

 PCO2= (1.5 >< HCO3-) + 8 +/-2 

 

 Metabolic alkalosis 

 PCO2= [(0.6 >< HCO3 – 24)] +40 

            or 

        = 0.9 [HCO3-] + 16 

 

 


