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More Practice with ABGs 
 
The more practice you get with analyzing ABGs, the more comfortable you will become. 
In this program, you will go beyond the basic concepts to fully integrate compensation, 
base excess, and anion gap in interpretation.  The best way to get good at ABG analysis 
is to practice. Here are ten new and exciting ABGs to help you practice. 
 
More Practice with ABGs contains additional information about integrating base excess 
and anion gap with your interpretation of ABGs, and about correlating ABG findings with 
a clinical condition. 
 

Let's start with a review of the "6 Easy Steps to ABG Analysis." 

 
    Normal Arterial Values (At sea level): Range: 

pH  7.35-7.45 

pCO2  35-45 mmHg 
pO2  80-100 mmHg 

O2 Saturation  95-100% 

HCO3-  22-26 mEq/L 
Base Excess  + or - 2 
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The 6 Easy Steps to ABG Analysis: 

1. Is the pH normal? 
2. Is the pCO2 normal? 
3. Is the HCO3 normal? 
4. Match the pCO2 or the HCO3 with the pH 
5. Does the pCO2 or the HCO3 go the opposite direction of the pH? 
6. Are the pO2 and the O2 saturation normal? 

 
For our analysis to be useful, notes will have to be written next to the results on our lab 
slip.  Alternately, the ABG results can be transcribed onto another paper for analysis. 
 
1. The first step in analyzing ABGs is to assess the pH.  Normal blood pH is 7.4, plus or 

minus 0.05, forming the range 7.35 to 7.45.  If blood pH falls below 7.35, it is acidic.  
If blood pH rises above 7.45, it is alkalotic.  If the pH is in the normal range, label it 
based on which side of 7.4 it occurs.  Lower than 7.4 is normal/acidic, higher than 
7.4, is normal/alkalotic. Label it. 

 
2. The second step is to examine the pCO2.  Normal pCO2 levels are 35-45mmHg.  

Below 35 is alkalotic, above 45 is acidic.  Label it. 
 
3. The third step is to look at the HCO3 level.  A normal HCO3 level is 22-26 mEq/L.  If 

the HCO3 is below 22, the patient is acidotic.  If the HCO3 is above 26, the patient is 
alkalotic.  Label it. 

 
4. Next, match either the pCO2 or the HCO3 with the pH to determine the acid-base 

disorder.  For example, if the pH is acidotic, and the pCO2 is acidotic, then the acid-
base disturbance is caused by the respiratory system.  Therefore, we call it a 
respiratory acidosis.  However, if the pH is alkalotic and the HCO3 is alkalotic, the 
acid-base disturbance is caused by the metabolic (or renal) system.  Therefore, it is a 
metabolic alkalosis. 

 
5. Fifth, does either the pCO2 or HCO3 go in the opposite direction of the pH?  If so, 

there is compensation by that system.  For example, the pH is acidotic, the pCO2 is 
acidotic, and the HCO3 is alkalotic.  The pCO2 matches the pH making the primary 
acid-base disorder respiratory acidosis.  The HCO3 is the opposite of the pH and 
would be evidence of compensation from the metabolic system. 

 
6. Finally, evaluate the pO2, and O2 sat.  If they are below normal, there is evidence of 

hypoxemia. 
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Compensation 

The component of the respiratory system that balances the pH is the dissolved carbon 
dioxide (CO2) that is produced by cellular processes and removed by the lungs.  The 
component of the renal system that balances the pH is the dissolved bicarbonate 
(HCO3) produced by the kidneys.  The kidneys also help control pH by eliminating 
hydrogen (H+) ions.  The way the two systems interact is through the formation of 
carbonic acid (H2CO3).  Movement through the carbonic acid system is fluid and 
constant.  Water (H2O) can combine with CO2 and form carbonic acid.  If necessary, 
carbonic acid (H2CO3) can then break up to form hydrogen ions (H+) and bicarbonate 
(HCO3).  This system works in both directions.  By balancing back and forth, a normal pH 
occurs.  The respiratory system balances the pH by increasing or decreasing the 
respiratory rate, thereby manipulating the CO2 level.  Fast and deep breathing "blows 
off" CO2.  Conversely, slow and shallow breathing retains CO2.  The renal system 
balances pH by producing HCO3 or by eliminating hydrogen ions (H+). 
 
The renal system will reflect changes in metabolic activity within the body.  For example, 
a patient in shock will undergo anaerobic metabolism, which produces lactic acid.  The 
production of lactic acid will bind or use up available HCO3 and will be evidenced by a 
decrease in the HCO3 level.  Therefore, the HCO3 level is an indicator of metabolic acid-
base balance. 
 
 
 
 
 
Balance must always be achieved by the opposing system.  If an adult were on one side 
of a seesaw and a small child on the other, we would expect the child’s side of the 
seesaw to go up and the adult’s side to go down.  We cannot make the child go down by 
adding another adult to the adult's side.  In the same way, our body regulates pH by 
using the opposing system to balance pH.  If the pH is out of balance because of a 
respiratory disorder, it will be the renal system that makes the corrections to adjust the 
pH. 
 

Conversely, if the renal system is to blame for 
the pH disorder, the respiratory system will 
have to compensate.  This process is called 
compensation.  Compensation may be 
complete or incomplete.  Complete 
compensation returns the pH balance to 
normal.  There are times when the imbalance 
is too significant for compensation to restore 
the pH to normal -- this is called partial 
compensation. 

H2O+CO2 = H2CO3 = H+HCO3 

Water & carbon dioxide = carbonic acid = hydrogen & bicarbonate 

Respiratory side                 Metabolic side 
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Next, let’s review the base excess and anion gap. 

 
Base Excess (BE) 
The base excess evaluates the extent of the metabolic component of the pH imbalance.  
It measures all of the elements of the metabolic system that balance the pH. In our 
blood gas analysis, we used the bicarbonate to evaluate the metabolic acid-base 
balance.  Bicarbonate fluctuates to accommodate fluctuations that cannot be controlled 
by other body bases such as the hemoglobin and albumin. Base excess weighs all of 
these bases and determines the overall metabolic acid-base balance.  
 
A standard value is zero, with small fluctuations (+2 to -2) being acceptable. The larger 
the number, the more significant the imbalance. A positive number is alkalotic, and a 
negative number is acidotic. For example, a BE of -3 would indicate a minimal metabolic 
acidosis, whereas a BE of -10 would mean a severe metabolic acidosis. 
 
 
 
 
Anion Gap (AG) 
The difference between the major positive electrolytes (ions) and the major negative 
electrolytes (ions) in the body is called the anion gap. The formula is AG = Na+ + K+ - (Cl- + 
HCO3-).  A venous CO2 level can be substituted for the HCO3. A patient who has the 
following lab values would have an AG of 19. 

Na+  140 
K+    4.0 
Cl-    100 

CO2   25 
AG = 140 + 4 – (100+25) 
AG = 19 

 
The value of the AG is to determine the source of metabolic acidosis. If our patient in 
the example above has hypotension and has received fluid boluses this morning, and is 
also suffering from diarrhea, it might be difficult to determine the source of her 
metabolic acidosis. Hypotension, IV fluid administration, and diarrhea cause metabolic 
acidosis. Her AG of 19 is consistent with a wide-ratio anion gap and is probably the 
result of hypotension and the resulting lactic acidosis. 
 
A normal-ratio anion gap is 10-15 mEq/L. See the table below for causes of metabolic 
acidosis for normal, high, and low-ratio anion gaps. 

 

High Ratio Normal Ratio Low Ratio 

1. Ketoacidosis 
2. Lactic acidosis 
3. Uremic acidosis 
4. Poisonings 

1. Diarrhea 
2. Renal tubular acidosis 
3. Volume resuscitation 

1. Severe dilutional states 
2. Hypoalbuminemia 

Normal:  +2 to -2 
Minimal: 3-5 
Severe: 7-10 
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Ready to get started? 

If you’re feeling unsure, you could go back and review the “6 Easy Steps to ABG 
Analysis”, but it’s probably OK to keep going.  There will be plenty of discussion about 
the cases that follow.  
 
Case 1: 
Mr. Huff (82) presents with difficulty breathing since last evening.  He has a history of 
chronic obstructive pulmonary disease (COPD) and hypertension.  He also provides a 
history of having cold symptoms for the last several days with a worsening cough.  Mr. 
Huff appears dyspneic but not in severe distress.  Wheezes are heard throughout the 
lungs on auscultation.  He is started on oxygen at 2L by nasal cannula and is given an 
albuterol aerosol treatment.  An ABG is drawn with the following results: 
 

Test Value Interpretation 

pH 7.33  
PCO2 60  

PO2 75  
O2 Saturation 94%  

HCO3- 31  

BE +5  
 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
The primary problem expressed in this blood gas is respiratory acidosis.  However, there 
is compensation from the metabolic system (elevated HCO3-).  The base excess 
quantifies metabolic compensation as being significant. 
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Case 2 

Ms. Rivers is a 68-year-old admitted for acute pulmonary edema and adjustment of her 
CHF medications.  She has been recovering well, and the plans are to start ventilator 
weaning this morning.  During your morning assessment of Ms. Rivers, you find that she 
is tachycardic and is frequently registering high-pressure alarms (peak pressure 60 
cmH20) on the ventilator.  She suddenly becomes hypotensive and has a 
cardiorespiratory arrest.  During resuscitation, an ABG is drawn with the following 
results: 
 

Test Value Interpretation 
pH 6.82  

PCO2 75  
PO2 100  

O2 Saturation 89%  

HCO3- 12  
BE -19  

AG 20  
 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Ms. Rivers' extremely low base deficit indicates that her acidosis is primarily metabolic.  
The high anion gap suggests it is probably from lactic acidosis.  
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Case 3 

Mr. Myelin is a 58-year-old nursing home resident.  He is admitted to the floor for 
urosepsis and dehydration.  He has a history of diabetes mellitus, hypertension, and 
multiple sclerosis.  He needs total assistance with his ADL's.  During the next several 
hours, Mr. Myelin's mental status deteriorates, his urine output decreases, and he 
begins complaining of difficulty breathing.  Oxygen is applied using a 100% non-
rebreather mask, and an ABG is drawn. 
 

Test Value Interpretation 

pH 7.08  
PCO2 42  

PO2 144  
O2 Saturation 98%  

HCO3- 12  

BE -16  
AG 18  

 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Mr. Myelin's pO2:FiO2 ratio is 144, considerably lower than the normal of 300.  His 
primary acid-base disturbance is a severe metabolic acidosis, as defined by his base 
deficit of -16.  The anion gap of 18 indicates that it is probably lactic acidosis causing his 
metabolic acidosis.  
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Case 4 

Mr. Frank (40) is admitted to the medical floor with abdominal pain.  He complains of 
severe pain in the left upper quadrant, radiating to the back.  The pain worsens with the 
ingestion of food.  Although Frank has vomited three times since admission, his pain has 
not lessened.  The previous history includes peptic ulcer disease and asthma.  Social 
history includes heavy alcohol usage.  Due to Mr. Frank's account of asthma and 
increased respiratory rate, an ABG is drawn. 
 

Test Value Interpretation 

pH 7.55  
PCO2 32  

PO2 92  
O2 Saturation 98%  

HCO3- 27  

BE +5  
 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Mr. Frank has a mild metabolic alkalosis (BE +5), combined with a respiratory alkalosis 
from hyperventilation.  He is probably suffering from pancreatitis, and a common 
complication is vomiting with aspiration.  Care should be given to protecting his airway, 
especially since he is asthmatic.  
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Case 5 

Mr. Zenker is a 24-year-old with multiple fractures from a motor vehicle accident (MVA).  
He had surgery yesterday to repair his fractured femur and has been recovering well, 
but this morning he starts complaining of difficulty breathing.  Oxygen is applied using a 
100% non-rebreather mask, and an ABG is drawn. 
 

Test Value Interpretation 

pH 7.52  

PCO2 28  

PO2 131  
O2 Saturation 99%  

HCO3- 22  
BE -0.5  

 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Mr. Zenker has a considerably low pO2:FiO2 ratio of 131, with respiratory alkalosis.  
Given his history of long-bone fracture, fat embolism should be considered. 
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Case 6 

Ms. Newport is a 69-year-old with a history of COPD.  She is admitted to the hospital for 
right knee osteoarthritis and is scheduled for a right total knee arthroplasty today.  An 
ABG is drawn as part of her preadmission workup. 
 

Test Value Interpretation 

pH 7.36  

PCO2 75  

PO2 68  

O2 Saturation 92%  
HCO3- 41  

BE +15  
 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Ms. Newport has a history of COPD, and her ABG shows full compensation.  The HCO3- 
of 41 with a base excess of +15 indicates there is quite a bit of metabolic compensation 
for her respiratory acidosis.  No attempts should be made to correct her elevated pCO2 
level; it is normal for her. 
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Case 7 

Frannie is a 43-year-old who was admitted through the ED after collapsing at work.  She 
complained of a severe headache before collapsing.  She is admitted to the ICU for 
observation following a CT scan that revealed a subarachnoid hemorrhage.  She is 
complaining of a severe headache, and has nausea and vomited twice in the ED.  Her 
ABG on a 100% non-rebreather mask shows: 
 

Test Value Interpretation 

pH 7.48  

PCO2 40  
PO2 421  

O2 Saturation 100%  
HCO3- 29  

BE +5  

 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Frannie is suffering from a subarachnoid hemorrhage.  Her metabolic alkalosis is 
probably due to vomiting.  It may be from other causes but is probably insignificant 
because it is small (BE +5).  
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Case 8 

Latisha is a 3-year-old who was admitted to the Emergency Department (ED) with 
abdominal pain and confusion.  During the examination, she rapidly became 
unresponsive.  The family reported that she was playing in the garage before her 
symptoms started.  As her level of consciousness decreased, Latisha’s respiration 
became more depressed.  An ABG was drawn. 
 

Test Value Interpretation 

pH 7.20  

PCO2 50  
PO2 220  

O2 Saturation 99%  
HCO3- 18  

BE -8  

AG 17  
 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Latisha ingested Armor-All cleaning solution.  She is suffering from a combined acidosis 
(both respiratory and metabolic).  Her base deficit of -8 indicates that the metabolic 
component is significant.  However, her elevated pCO2 may be more significant since 
this means respiratory insufficiency.  
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Case 9 

Mr. Miller (32), was admitted to the hospital for upper GI bleeding.  He is a known 
alcohol abuser and was started on alcohol withdrawal precautions.  At this time, he is 
very shaky and appears exceptionally uncomfortable.  His physician orders an ABG to 
rule-out alcoholic ketoacidosis. 
 

Test Value Interpretation 

pH 7.28  

PCO2 32  

PO2 88  
O2 Saturation 89%  

HCO3- 15  
BE -11  

AG 19  

 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
The pathophysiology of alcoholic ketoacidosis is similar to diabetic ketoacidosis. Both 
conditions result in altered fat metabolism, resulting in ketone production.  The increase 
in serum ketones causes a metabolic acidosis.  Mr. Miller's metabolic acidosis is severe 
(base deficit of -11) and is caused by ketoacidosis (anion gap 19).  
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Case 10 

Kyle was a 12-year-old unrestrained passenger in an MVA.  He suffered a cervical spine 
injury in the accident.  On admission to the ED, his respirations are depressed, and an 
ABG is drawn on a 100% non-rebreather mask with the following results. 
 

Test Value Interpretation 

pH 7.21  

PCO2 59  

PO2 58  

O2 Saturation 83%  
HCO3- 23  

BE -4  
 
 
ABG Interpretation:  ________________________________________________ 
 
Cause:  ___________________________________________________________ 
 
Treatment:  ________________________________________________________ 
 
Kyle’s cervical spine injury is causing respiratory depression and resulting in respiratory 
acidosis with severe hypoxemia.  Airway management and respiratory support are the 
priorities for Kyle. 
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Additional resources to consider: 

Mastenbjörk, M., Meloni, S. & Andersson, D. (2018). Fluids and electrolytes: A thorough 
guide covering fluids, electrolytes and acid-base balance of the human body. Medical 
Creations.  
 
Wiseley, D. (2017). ABGs made easy: An easy reference for RNs and RRTs. CreateSpace 
Independent Publishing Platform. 
 
Woodruff, D. (2020). Critical care nursing made incredibly easy. Wolters-Kluwer.  
 
 
 

Thank you for using More Practice with ABGs!   
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