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	Arterial blood gas analysis



The Activities on these Portfolio Pages correspond with the learning objectives of the Guided Learning unit published in Nursing Times 104: 18 (6 May 2008) and 104; 19 (13 May 2008). The full reference list for this unit follows Activity 4.

Before starting to work through these Activities, save this document onto your computer, then print the completed work for your professional portfolio. Alternatively, simply print the pages if you prefer to work on paper, using extra sheets as necessary.

Recording your continuing professional education

To make your work count as part of your five days’ CPD for each registration period, make a note in the box below of the date and the total number of hours you spent on reading the unit and any other relevant material, and working through the Activities.

	Hours: 
	Date: 


	ACTIVITY 1


Learning objective: Describe the components of an ABG report and their ‘normal’ parameters.
Activity: Look at the ABG results for practice examples 1-4 in these Portfolio Pages. Reflect on what the parameters actually indicate. Write beside each parameter what the normal range is, and mark with an arrow if the result is acceptable, high or low.
	RESPONSE


Begin your response here. 
	ACTIVITY 2


Learning objective: Perform a basic analysis of an ABG report with only one obvious abnormal parameter, that is, one without evident compensation
Activity: After studying each parameter, use the ‘golden rules’ to determine the main underlying problem for each practice example and suggest possible conditions that may cause this. The golden rules are explained in the step-by-step guide.
	rESPONSE


Begin your response here. 
	ACTIVITY 3


Learning objective: When interpreting an ABG result, be able to distinguish between the primary disorder and any evident compensatory action occurring
Activity: Look at the ABG results in practice examples 5-6 in these Portfolio Pages. Using what you have learnt, first determine the underlying problem using the ‘golden rules’. Then look to see if any attempts are being made to compensate, that is, is the body trying to create the opposite condition to this?
	RESPONSE


Begin your response here. 
	ACTIVITY 4


Learning objective: Understand what the ABG shows and be able to relate this to the patient, their clinical presentation and immediate needs.
Activity: Having ascertained the whole picture of the patient, describe each ABG example in more detail and suggest possible conditions/situations that may create this result. Consider factors such as the PaO2 and whether or not supplementary oxygen should be increased or reduced.
	RESPONSE


Begin your response here. 
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Interpreting the ABG sample

Having learnt the basics of pH control within the body and the normal parameters, ABG interpretation can begin. It is advisable to use a chronological approach, marking small arrows on the result paper if it helps. 

1. Look at the pH first and consider whether it is up ↑, or down ↓ - 7.4 should be taken as the absolute norm.

2. Look at the PaCO2 and consider whether it is up ↑ , down ↓ or within range.

3. Look at the HCO3 (or base excess range if you prefer this to HCO3) and consider whether it is up ↑, down ↓ or within range.

4. Determine the primary underlying problem.

Other aspects of the sample shall be discussed shortly but the first three alone are used in determining the primary underlying problem (step 4). The four main abnormalities are metabolic acidosis, respiratory acidosis, metabolic alkalosis and respiratory alkalosis. An alkalosis refers to a pH greater than 7.4 and an acidosis refers to a pH less than 7.4. It would seem logical that respiratory disorders are characterised by an abnormal PaCO2 and that metabolic disorders are denoted by an abnormal HCO3 result. This is true, but when compensation occurs (discussed in part 2 of this unit), there are often many abnormal parameters. The key therefore to determining the underlying complaint is to recognise how the pH is moving in relation to the PaCO2 or the HCO3. This is now explained in the two ‘golden rules’ which are fundamental to understanding ABG analysis. 
For the primary problem to be respiratory in nature, the PaCO2 has to move in the opposite direction to the pH. This concept can be explained as follows: imagine two escalators, one going up and one going down. It does not matter which one, but pH is never on the same escalator as PaCO2 when the primary problem is a respiratory one. If one is going up, the other is going down and vice versa.

Suppose the HCO3 result (or base excess) is abnormal and you suspect the primary problem may be a metabolic one. The second golden rule will confirm this if the HCO3 (or base excess) is moving in the same direction as the pH. Picture those escalators again. If there is an abnormal HCO3 (or base excess) result, and it is moving in the same direction as the pH (that is, both going up or both going down), this confirms that the primary underlying condition is metabolic in origin. 

5.  Now look again at the ABG result to confirm that it is a reliable sample. If you prefer to use HCO3 when interpreting the sample, take a few moments to look at the BE too. If the HCO3 is low and out of range, the BE should also be low and out of range, in this case a negative number. As long as the BE and HCO3 are mirroring each other, the sample can be accepted as accurate.

6. Now look at the PaO2. Remember that oxygen is not used in the diagnosis but is certainly very important to patients’ well-being. Consider what the normal range should be, and compare it with that on the result paper. Nurses should never agree to remove oxygen from an acutely ill patient in order to obtain a baseline PaO2. In theory a healthy patient receiving 30% oxygen should have a PaO2 of 20kPa. Use the ’10 less rule’ (discussed in part 1 of this unit) as a yardstick to determine the size of the gap and, consequently, how compromised the patient is. Depending on results of subsequent ABGs, oxygen can always be increased or reduced.

7. Look for signs of compensation (discussed in part 2 of this unit).

There are also practical examples to accompany each part of this unit on ABG analysis. Practice examples 1-4 relate to part 1 and examples 5-6 relate to part 2.
Practice examples for part 1 of the unit

Practice example 1

pH = 7.21

PaCO2 = 5.0

HCO3 = 16

PaO2 = 9.0

BE = -10

What is the diagnosis?

From this example you can see the pH is acidotic, the PaCO2 is within range but the HCO3 is abnormally low. As there is only one abnormal parameter (out of two), we suspect it is a metabolic disorder. However, to clarify this, the pH has to move in the same direction as the HCO3 and it does. The BE is also low (following the HCO3), signifying that the sample is accurate. This is a metabolic acidosis and the patient would benefit from oxygen as the PaO2 is below normal parameters.
A metabolic acidosis can be caused by many conditions, which result in the body gaining excess amounts of acid, or losing excess amounts of base. 
Practice example 2

pH = 7.57

PaCO2 = 3.2

HCO3 = 22

PaO2 = 11

BE = 0

What is the diagnosis?

The ABG sample shows an alkalosis. The PaCO2 is reduced, and because it is moving in the opposite direction to the pH, this confirms the primary disorder as respiratory in origin. We know it is an accurate sample because both the HCO3 and the BE are ‘moving together’. They are both low but within the normal range. Although the PaO2 is acceptable at the moment, it would be wise to monitor this closely. Causes of respiratory alkolosis are associated with states of hyperventilation.

Practice example 3

pH = 7.52

PaCO2 = 5.0

HCO3 = 34

PaO2 = 10.9

BE = +10

What is the diagnosis?

This example is again indicative of an alkalosis. However, this time the PaCO2 is within range and the HCO3 is deranged. It is high (as is the BE, confirming the accuracy of the sample) at 34mmol/L. One would suggest that the problem is metabolic but to confirm this, the pH needs to be moving in the same direction as the HCO3. In fact it is: they are both moving upwards. This is an ABG sample showing a primary metabolic alkalosis. It would also be beneficial to give this patient supplementary oxygen. 

Practice example 4

pH = 7.2

PaCO2 = 9.7

PaO2 = 8.0

HCO3 = 27

BE = +0.5

What is the diagnosis?

This example shows a low pH indicative of an acidosis. The PaCO2 is out of range at 9.7. The problem appears to be respiratory in nature as the HCO3 is within normal range (the BE is also in normal range, suggesting the sample is accurate). To confirm that it is a respiratory disorder, the pH needs to move in the opposite direction to the PaCO2, and it does. This is an example of a respiratory acidosis associated with states of under ventilation. Obviously the PaO2 is low and again the patient will require additional oxygen.

Practice examples for part 2

Practice example 5

pH = 7.37

PaCO2 = 6.9

HCO3 = 30

PaO2 = 9

BE = +2.4

What is the diagnosis?

This example shows a recovering acidosis because the pH, although in normal range, is less than 7.4. Because there are both abnormal respiratory and metabolic parameters we need to ascertain which one is moving accordingly with the pH. The PaCO2 is moving upwards, in the opposite direction to the pH, so we can consider it to be a primary respiratory condition. As the HCO3 is moving upwards and not in the same direction as the pH, the primary condition is not metabolic. Note that the BE is moving similarly to the HCO3 so it can be assumed that the sample is accurate. Nurses must check this each time themselves. 
This ABG example represents a patient whose primary condition is a respiratory acidosis. To compensate, she/he will need to create a state of metabolic alkalosis, and there is compensatory evidence of this nature. This ABG could be typical of a patient with an acute exacerbation of a chronic chest complaint. Such patients often have a high HCO3 in order to compensate for their high PaCO2 levels. In this instance do not be afraid to give oxygen. An acute exacerbation of a chronic condition will require oxygen. Remember that hypoxia kills and it is unlikely that such patients will lose their respiratory drive by administering supplementary oxygen. Frequent ABG monitoring will allow practitioners to titrate the oxygen carefully to patient need.


Practice example 6

pH = 7.17

PaCO2 = 3.5

HCO3 = 9

PaO2 = 8

BE = -16

What is the diagnosis?

In this example all the parameters are low. This is another acidosis. Because the pH is not moving in the opposite direction to the PaCO2 it is not a respiratory disorder. The HCO3 is moving in the same direction as the pH which confirms it is a primary metabolic condition. In order to compensate the patient will need to ‘flip’ into the opposite condition, which is respiratory alkalosis. This is why the PaCO2 is low. The body is trying to compensate by getting rid of as much acid as possible in the form of CO2. This could be a patient on a surgical ward with an acute bowel perforation. One of the first signs that might alert nurses to this would be a raised respiratory rate. As the PaO2 is dangerously low, the patient will need supplementary oxygen and close monitoring of their oxygen saturations.
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