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Getting the hang of this takes time and practice.

Once you have read the info and done the self assessment, go round every patient in the unit when you are on, to see if you can apply the questions asked in the self-assessment.

Don’t lose heart – you will get it eventually!

Arterial Blood Gasses

Arterial blood can be analysed for levels of various chemicals that indicate how well the respiratory system is functioning and how therapy is affecting the patient.

Acid-base balance

The body’s metabolic processes work best between pH 7.35 and pH 7.45. The pH number is the inverse log of the concentration of H+ ions in the blood and is always quoted to two decimal places. The greater the concentration the more acid the blood and the lower the pH number.  If acidosis or (severe) alkalosis occurs, cell, enzyme and hormone function will deteriorate until necrosis occurs.

Acidosis or acidaemia (low pH) can result from:

1) Excess production of acid within the body, e.g. keto-acidosis, lactic acidosis.

2) Excess intake of acid.

3) Failure to excrete acids in the urine

4) A build up of carbon dioxide caused by a failure to breathe adequately.

The first three are referred to as metabolic acidosis. The fourth is a respiratory acidosis.

Alkalosis or alkalaemia (high pH) can result from:

1) Excess intake of alkaline substances (e.g. Sodium Bicarbonate)

2) Excess acid loss (e.g. prolonged vomiting)

3) Over-excretion of carbon dioxide by hyper-ventilation.

The first two are metabolic alkaloses. The third is a respiratory alkalosis.

Therefore, if you notice an abnormal pH, the PaCO2 will tell you if there is a respiratory cause or element to the acidosis or alkalosis.

Does a pH of 7.33 represent acidosis or alkalosis?  ________________________
Does a pH of 7.50 represent acidosis or alkalosis?  ________________________

The body uses four systems to control the acid-base balance by buffering (balancing) or excretion:

The Bicarbonate buffer system

This works as an integrated part of the chemical buffer systems described below. However, because the bicarbonate system is directly involved in the respiratory control of acid-base it is also considered separately.  

HCO3- ions bind with free H+ ions to form H2CO3 – carbonic acid. This breaks down into CO2 and H2O:

HCO3-  +  H+   (  H2CO3   (  CO2   +   H2O.

The CO2 can then be excreted by breathing (see below).

The HCO3- level in blood is normally between 22 and 27. If the body becomes more acid, HCO3- levels fall as HCO3- ions bind to hydrogen, and breathing increases, to reduce levels of CO2.  Conversely, as the pH rises, HCO3- levels rise.

Chemical buffer systems 

Phosphate and protein buffers can bind to free H+ ions, reducing the concentration and raising the pH number. On a blood gas analyser, available chemical buffers (including bicarbonate) are expressed as the BE (Base Excess) number and the normal range is between –2 and +2mmol/L. As the body becomes more acid, buffer chemicals bind to H+ ions and the number of available buffers drops, so the BE figure falls. If the body becomes more alkaline, the buffers release the H+ ions and the number of available buffers rises, so the BE figure increases.  

Buffer systems provide some control, respiratory and renal systems are the only way to actually excrete acid.

The respiratory system

This is related to the bicarbonate system. Hydrogen ions bind to bicarbonate ions to produce carbonic acid, which breaks down into water and carbon dioxide. As the carbon dioxide level rises, the brain stimulates the respiratory system to breathe faster and/or deeper, excreting the carbon dioxide.

HCO3-  +  H+   (  H2CO3   (  CO2   +   H2O.

This, in effect, is what happens when you run for a bus. The normal pressure of dissolved carbon dioxide in arterial blood is PaCO2  4.5 – 6.0 kPa.
However, if the respiratory system starts to fail, and not enough carbon dioxide is excreted, the process is reversed: carbon dioxide binds to water, forming carbonic acid, raising the concentration of H+ ions in the blood (a respiratory acidosis).

CO2   +   H2O ( H2CO3  ( HCO3-  +  H+
If the body produces other acids faster than the lungs can get rid of CO2 a metabolic acidosis occurs.

The renal system 

H+ ions are excreted in urine, and may be interchanged at tubule level with other small cations like K+ to maintain homeostasis.

If the renal system fails, the resulting acidosis will take longer to develop than in respiratory failure but is harder to treat.

Why do we not give solutions of acid or alkali (bicarbonate) routinely to patients who are alkalotic or acidotic?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Some blood gas analysers give an option for base excess ABE (actual) and SBE 

(standardised).  Which one are you supposed to record?  

______________________________

Below, is the Oxygen-Haemoglobin Dissociation Curve, answer the questions by reading off the graph:

N.B. PaO2 is the measurement of dissolved oxygen in the plasma, it does not include oxygen attached to haemoglobin in the red blood cells.  It is not a measure of oxygen saturation, (SaO2), which is related only by this equation:

Hb + O2         increasing PaO2            HbO2 (measured by SaO2)

In other words, the higher the PaO2, the more the haemoglobin molecules want to hold O2 molecules, and the more oxygen can be transported around the body.  This is true whether Hb is 12g/dL or 4g/dL.


1. At PaO2 of 10kPa, how much of the available Hb will carry oxygen?

2. At PaO2 of 4kPa, how much of the available Hb will carry oxygen?

3. As PaO2 drops from 10 to 8kPa, what is the approximate drop in SaO2?

4. As PaO2 drops from 6 to 4kPa, what is the approximate drop in SaO2?

Interpreting Arterial Blood Gasses

To interpret a blood gas, consider the patient’s condition, history and any oxygen/ventilator therapy they are receiving.

The normal ranges are:

pH:   

7.35 – 7.45



Pa O2

11 – 13 kPa

Pa CO2 
4.5 – 6.0 kPa

HCO3- 
22 – 27

BE

-2 to +2


These may not be normal for this patient!
1. Start by looking at the pH:

Low pH - Acidosis

	
	Respiratory
	Mixed Respiratory and Metabolic
	Metabolic

	pH
	Low
	Low
	Low

	Pa CO2 
	High
	High
	Normal or low

	HCO3- 
	High or normal
	Low
	Low

	BE
	High or normal
	Low
	Low

	Clinical e.g.s
	Low resp rate – opiates

Low TV – muscle weakness, pleural effusion, pneumothorax, abdominal splinting

Inadequate ventilator settings
	Elements from columns on both left and right
	Renal failure 

Anaerobic metabolism due to low BP (hypovolaemic, cardiogenic, anaphylactic, septic or neurogenic shock)

Diabetic ketoacidosis, drug overdose,  poisoning, etc


High pH - Alkalosis

	
	Respiratory
	Metabolic

	pH
	High
	High

	Pa CO2 
	Low
	Normal 

	HCO3- 
	High-normal
	High

	BE
	High normal
	High

	Clinical e.g.s
	Hyperventilation – panicked patient, after bagging,
Inappropriate ventilator settings
	Loss of H+ ions – vomiting, diarrhoea, large NG losses, low total body K+ level ( high renal excretion of H+


2. Compensation

The term “compensation” refers to the body’s various mechanisms for correcting an acid-base imbalance or altered pH without addressing the underlying cause. A diabetic patient may compensate for a mild keto-acidosis by taking fast and/or deep breaths and sighing (so-called “air hunger”) thus blowing off carbon dioxide and raising his pH. 

If pH is improved but not normal, the compensation is described as partial.

Once normal pH is achieved, other parameters will continue to look abnormal until the underlying problem has been resolved (e.g. the diabetic has received insulin and his muscles and organs have started to receive glucose)

Some patients achieve long-term compensation, when pathophysiological changes occur gradually.  The changes are often irreversible, so the compensation should be permanent.  A patient with COPD, who cannot excrete as much CO2 as when he was young will have more buffer, especially bicarbonate, in his body and therefore maintain a normal pH for a high CO2.  If you then normalise his CO2 with ventilation, his high bicarb will make him alkalotic.

Compensation normally only applies to acidosis and not to alkalosis in the critically ill.  A compensated alkalosis is so unusual that you do not need to consider it.

Compensated Metabolic Acidosis


         Comp. Respiratory Acidosis

	pH
	Normal
	Normal

	Pa CO2
	Low
	High

	HCO3-
	Low
	High

	BE
	Low
	High

	Clinical e.g.s
	Early stages of any acidosis in a conscious patient – renal failure, shock or DKA
	COPD, kyphoscoliosis, muscular dystrophe


3. Oxygenation

Levels of PaO2 must be considered in light of FiO2.  A PaO2 of 11.0kPa on air is normal; a PaO2 of 11.0 on 0.6 FiO2 is not.  Target levels should be set daily by medical staff in light of the patient’s history and condition. 

What simple measures might increase the PaO2 of a patient?  ___________________________________________________________________

______________________________________________________________________________________________________________________________________
Other useful information on arterial blood gases

Depending on the analyser used, a variety of results may be available, including:

Na +

normal range 135-145mmol/L

K+

normal range 3.5-5.0mmol/L, aim usually 4.0 – 5.0mmol/L

Lactate
normal < 1.5mmol/L

Hb

transfuse if less than 8g/dL

Glucose
aim according to unit policy, usually around 4.0-7.5mmol/L

SaO2

especially useful from venous samples, aim >75% for filling guide

While these results are not as reliable as lab bloods, you are expected to notice, report and act on any abnormal results that you obtain so remember to record all of them and make a note of trends and changes.

Temperature Correction
Changes in temperature cause a change in the metabolic/oxygen demands of the cell.  They also cause a change in the affinity of haemoglobin for oxygen and the solubility of oxygen in plasma.  Therefore, a cold or hot patient does not have the same supply or demand at cellular level as a patient at 37oC.  This difference can be reflected by a gas analyser.  Does your unit record temperature corrected values?

If so, a change in the patient’s temperature might show a change in which blood gas results?

There are advantages and disadvantages to temperature correction – stick to local policy and if you use temperature correction, don’t let doctors get excited about a change in gases that’s due to a change in temperature or an inaccurate temperature reading rather than respiratory function!
 Self-assessment  For each of the scenarios answer the following questions:
a) Is the patient acidotic or alkalotic?

b) Is it respiratory or metabolic?

c) What other abnormal results do you notice?

d)
What do you think may be the cause of the problem(s)?

d) What action (if any) should be taken?

1) A 45 year old male patient has just returned from theatre for high dependency recovery

Resp rate 6/minute, regular. 5l/min O2 by mask

HR 60

BP 120/80

Temp 36.4

The blood gas is as follows:

pH
7.32

PaCO2   
6.8

PaO2
14.4 

HCO3
22

BE
- 2.2

Hb
10.9

Na+
142

K+
 4.1

Lactate
0.4

Gluc
 5.1

2) A 70 year old female patient has just returned from theatre following a coronary artery bypass graft x 3. The operation lasted four hours and the patient lost 500ml of blood.  She was previously on beta-blockers and experienced prolonged fasting pre-op as her operation was cancelled and delayed.

RR 12, TV 450, FiO2 0.6 via a ventilator on SIMV

HR 82

BP 110/60

Temp 34.4

The blood gas is –

pH
7.30

PaCO2
 6.4

PaO2 
22.4 

HCO3
17

BE
 - 4.2

Hb
 9.7

Na+
148

K+
 4.4

Lactate
 2.3

Gluc
  8.7

3) A 58 year old woman with COPD has been in intensive care for 27 days and currently has a chest infection.  She is ventilated via a tracheostomy on Pressure Support and PEEP.

The blood gas is –

pH
7.39

PaCO2
8.1

PaO2 
 9.0

HCO3
 32

BE
+ 5.2

Hb
8.9

Na+
137

K+
4.2

Lactate
1.1

Gluc
2.9

4) A 68 year old man with a history of rheumatoid arthritis and angina is admitted via A&E with shortness of breath. 
Resp rate 40min on air

HR 86 regular

BP 120/80

Temp 36.6

The blood gas is –

pH
7.33

PaCO2 
3.6

PaO2
12.1

HCO3
17

BE
- 5.8

Hb
 8.1

Na+
140

K+
 6.8

Lactate
 0.9

Gluc
 4.8

5) A 40 year old publican has been admitted with suspected pancreatitis.  He has an NG tube on free drainage and has been losing up to 200ml/hr from it for some time.

Resp rate16/min. FiO2 0.40

HR 100 regular

BP 120/80

Temp 36.6

The blood gas is –

pH
7.48

PaCO2 
5.7

PaO2
12.1

HCO3
 31

BE
 +3.3

Hb
12.7

Na+
146

K+
 3.2

Lactate
 2.4

Gluc
  6.1
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