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Complex ABG Cases 
 
 
The more practice you get with ABGs, the easier analysis becomes. Level three goes 
beyond the basic concepts to fully integrate compensation, base excess, and anion gap 
in interpretation. For those who want more practice, critical thinking, and complex 
problem solving. "Complex ABG Cases" uses case studies to analyze trends and evaluate 
treatment strategies for acid-base abnormalities.  
 

First let’s start with a review of the “6 Easy Steps to ABG Analysis” 

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? 

 
In order for our analysis to be effective, 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 (see example one below). 
1. The first step in analyzing ABGs is to look at 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 raises above 7.45, it is alkalotic. If it falls into the normal range, determine 
where it is in relation to 7.4. 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 being 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 being caused by the metabolic (or renal) system. Therefore, 
it will be 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 
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acidotic, and the HCO3 is alkalotic. The pCO2 matches the pH making the primary 
acid-base disorder respiratory acidosis. The HCO3 is opposite of the pH (alkalotic) 
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. 

 
  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 

 

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. What this means is that 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 is achieved. 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 
manifested by a decrease in the HCO3 level. Therefore, the HCO3 level is an indicator of 
metabolic acid-base balance. 
 
 
 
 
 

H2O+CO2 = H2CO3 = H+HCO3 
Water & carbon dioxide = carbonic acid = hydrogen & bicarbonate 
Respiratory side           Metabolic side 
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Balance must always be achieved by the opposing system. We can use the 
metaphor of a seesaw to describe this relationship. 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 balance the pH. 
Conversely, if the renal system is to blame for the pH disorder, the respiratory system 
will have to compensate. The process is called compensation. Compensation may not 
always be complete though. Complete compensation returns the pH balance to normal. 
There are times when the imbalance is too large for compensation to return the pH to 
normal. In this situation we have partial compensation. 
 

 

Next, let’s review the base excess and anion gap 

Base Excess (BE) 
The base excess calculates the magnitude of the metabolic component of the pH 

imbalance. It measures all of the components 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 changes to accommodate fluctuations that cannot be 
controlled by other body bases such as the hemoglobin and albumin. Base excess 
combines all of the bases to determine the overall metabolic acid-base balance.  

A normal value is zero, with small fluctuations (+2 to -2) being acceptable. The larger 
the number, the larger 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 indicate a severe metabolic acidosis. 
 
 
 
 
 

Normal: +2 to -2 
Minimal: 3-5 
Severe: 7-10 
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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 if necessary. 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 diagnostic value of the AG is to determine the source of a 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 all 
cause metabolic acidosis. Her AG of 19 is consistent with a wide-ratio anion gap and is 
probably the result of hypotension with the resulting lactic acidosis. 

A normal-ratio anion gap is 10-15 mEq/L. See 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 

 
 

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.
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Case 1: 
Your patient is a 66-year-old male patient who is admitted for left lower-lobe 
pneumonia and an exacerbation of COPD. He has a history of COPD, hypertension, and 
NIDDM. His vital signs are 155/90, 118, 33, T-38.5°C. 
 
His initial ABG on 4 LNC shows:  
 

Test Value Interpretation 
pH 7.21  
PCO2 60  
PO2 75  
O2 Saturation 92%  
HCO3- 23  
BE -4  

 
 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
 
 
Your patient is started on BiPAP® with the initial settings of IPAP = 10cmH2O, EPAP = 5 
cmH2O, S/T mode, rate = 15, and FiO2 = 35%. His repeat ABG shows: 
 

Test Value Interpretation 
pH 7.35  
PCO2 43  
PO2 85  
O2 Saturation 95%  
HCO3- 23  
BE -2  

 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
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Case 2 
Your patient is an 88-year-old who was admitted for a urinary tract infection, 
dehydration and urosepsis. She became profoundly hypotensive and was started on 
dopamine and levophed and given IV fluids for blood pressure support. Her blood 
pressure stabilized, and tube feedings and other care were resumed. However, she 
continues to require high levels of pressor support for blood pressure control. An ABG is 
drawn on the following ventilator settings: AC-16, Vt-500, PEEP-8, FiO2-40% 
 

Test Value Interpretation 
pH 6.88  
PCO2 46  
PO2 100  
O2 Saturation 92%  
HCO3- 8  
BE -22  
AG 18  

 
 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
 
After adjusting the administration of IV fluids and vasopressors, with temperature and 
activity control your patient begins to stabilize. Her blood pressure is 90/60 with 
minimal pressor support. Vent settings remain the same on a repeat blood gas: 
 

Test Value Interpretation 
pH 7.28  
PCO2 46  
PO2 100  
O2 Saturation 97%  
HCO3- 20.9  
BE -5  
AG 15  

 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________  
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Case 3 
The patient in bed 2 suddenly goes into ventricular tachycardia (V-tach), which rapidly 
deteriorates into ventricular fibrillation (V-fib). Your patient is a 65-year-old with 
significant atherosclerotic coronary artery disease and sudden cardiac death syndrome. 
An ABG is drawn during his prolonged resuscitation: 
 

Test Value Interpretation 
pH 6.92  
PCO2 75  
PO2 144  
O2 Saturation 97%  
HCO3- 15  
BE -16  
AG 16  

 
 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
 
Your patient’s severe metabolic acidosis is contributing to his low oxygen carrying 
capacity. One amp of sodium bicarb is administered with the following results on the 
follow-up ABG: 
 

Test Value Interpretation 
pH 7.30  
PCO2 50  
PO2 210  
O2 Saturation 99%  
HCO3- 24  
BE -2  
AG 16  

 
 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
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Case 4 
Your patient is 44 years-old and has a history of abdominal pain. He complains of severe 
pain in the left upper quadrant, radiating to the back. The pain worsens with ingestion 
of food. Although he has vomited three times since admission, his pain has not 
lessened. Previous history includes peptic ulcer disease and asthma. Social history 
includes heavy alcohol usage. As part of a fluid and electrolyte assessment, an ABG is 
drawn: 
 

Test Value Interpretation 
pH 7.55  
PCO2 32  
PO2 92  
O2 Saturation 98%  
HCO3- 27  
BE +5  
AG 8  

 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
 
An antiemetic is administered, and the patient is instructed to breath into a paper bag 
for his hyperventilation. A repeat ABG is drawn: 
 

Test Value Interpretation 
pH 7.46  
PCO2 38  
PO2 92  
O2 Saturation 97%  
HCO3- 26  
BE +2  

 
 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
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Case 5 
A 77-year-old female was admitted on Friday night for cardiogenic pulmonary edema. 
She was intubated and ventilated for hypoxia and hypercarbia. Vent settings: AC-12, Vt-
700, PEEP-5, FiO2-80%. She diuresed well over the weekend and remained stable. An 
ABG is drawn on Monday morning before weaning her from the ventilator. 
 

Test Value Interpretation 
pH 7.42  
PCO2 18  
PaO2 178  
O2 Saturation 99%  
HCO3- 11  
BE -12  

 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
 
 
Orders for the following vent settings: SIMV-10, Vt-600, PEEP-5, FiO2-40%. A repeat ABG 
shows: 
 

Test Value Interpretation 
pH 7.14  
PCO2 38  
PO2 110  
O2 Saturation 98%  
HCO3- 13  
BE -15  

 
 
ABG Interpretation: ________________________________________________ 
 
Cause: ___________________________________________________________ 
 
Treatment: ________________________________________________________ 
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Additional Resources 
 
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 Complex ABG Cases!  
 
 

Brought to you by: 

 
 
 
 
 
Please visit us online: 
 

  YouTube.com/TheNursingProf 
 
  @TheNurseProf 
 
  fb.me/TheNursingProf 
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