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Introduction

Blood gas analysis is one of the most frequently requested blood tests when
caring for the critically ill patient, as it provides very valuable information
about the respiratory and acid-base status of the patient (Shoulders-
Odom, 2000).

However, many healthcare professionals find it difficult to get to grips
with blood gas analysis. It often seems complex and daunting, but if you
work your way through this book and carry out all the exercises, you will
soon become confident and competent at analysing blood gases and will
understand all the information that initially seemed so complicated.

Blood gas analysis is a skill which requires continuous practice, so once
you have completed this workbook keep analysing blood gases as often as
you can and discuss your findings with your mentor, until it becomes easy.
I promise you, with practice it will.

Here’s to easy learning!



How to use this workbook

Start at the beginning. Even if you are feeling quite happy about blood
gas analysis, it will be good revision for you. Work steadily through all the
material, ensuring you understand the information in each chapter before
moving on to the next.

Once you have read each chapter complete the Consolidation section
at the end. This will help you understand the information sufficiently. As
you work through Chapter 4 you should answer the questions as you go.
It will be helpful if you can find a mentor to help with any exercises you
are unsure about.

If you don’t know a particular answer, do try to work it out by
remembering the information you have already read. If you still can’t work
it out, try discussing it with your chosen mentor. If it is still not clear, then
look up the answer in the Answer and Teaching Notes section at the back
of the workbook. This section should be used as a last resort, for checking
purposes only. You will learn far more by working things out for yourself,
rather than by looking at the answers that have been provided. If you do
have to look up an answer, make sure you understand it — don’t just accept
it. Remember to discuss any problems with your mentor.

If you already have a reasonable knowledge and understanding of
blood gas analysis, you could — if you wish — attempt the Consolidation
sections before reading the explanatory text. This will give you a very good
idea of your current level of knowledge and will also identify any gaps in
your knowledge, which you can then concentrate on filling.



Aims of this workbook

This book aims to extend your knowledge and clinical application of
arterial blood gas analysis.

After completing this workbook you will be able to:

* State the normal values of blood gases.

* Define each parameter and understand its significance.

* Discuss gas transport in the blood.

* Briefly discuss acid—base balance.

* Identify the steps for safely obtaining an arterial sample of blood.
* Determine if there is acidosis or alkalosis present.

* Determine whether disturbances are respiratory or metabolic.

* Discuss the term ‘compensation’ in relation to blood gas analysis.
* State the possible causes of abnormal blood gases.

* Discuss what actions are appropriate for different abnormalities.

Xi






Chapter 1

The parameters

The majority of critically ill patients need to have analysis
of their blood gases and you need to be able to interpret
the results. Firstly, we will consider which parameters are
examined, describe their normal values, and explain what
they mean.

Acidity and alkalinity (pH)

Hydrogen is an end-product of cellular metabolism. pH is directly
proportional to the hydrogen (H) ion concentration and measures the
acidity or alkalinity of a substance (Haworth ez 4/., 2004). The pH scale is
a continuum from a value of 0 to 14, with 7 in the middle (see Fig. 1.1).

Extreme Neutral Extreme
acid alkali

7 14

Fig. 1.1 The pH scale.

A pH of 0 is strongly acidic, a pH of 14 isstrongly alkaline, and a pH of
7 isneutral. Water is a neutral substance. Blood has a pH of 7.35-7.45,
so it is very slightly alkaline. However, even when the pH of blood is 7.0
(neutral on the pH scale) it is very ‘acidic’, because a pH of 7.0 indicates
an increase of hydrogen ions well above the upper limit of normal
(45 nmol/L) (see Chapter 3). Patients with this pH would be extremely
acidotic and in need of urgent treatment.
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The term pH is a mathematical expression relating to the amount of
free hydrogen ions present and it is a negative logarithm:

pH6 = 1x107¢ = 0.000001
pH7 = 1x1077 = 0.0000001

It is not important to remember these equations, but what is important
is knowing that a change in pH from pH7 to pH6 represents a ten-
Jfold change in the actual number of hydrogen ions present (Bruck
et al., 2005) — or put more simply, hydrogen ions affect the pH of
the blood, and a relatively small change in pH is dangerous for the
patient.

Partial pressure (P)

The letter ‘P’ in PO, and PCO, stands for partial pressure. You may
have seen these parameters expressed as PaO, and PAO, and PaCO,
and PACO, . The small ‘@’ stands for arterial and the capital ‘A’ stands
for alveolar. Generally, PaO, and PaCO, are expressed with the small
‘4 as we examine arterial blood gases. However, in practice the @ is
not usually used very much and you will see the terms PO, and PCO,
far more often. Dalton’s Law explains the term ‘partial pressure’.

Dalton's Law

Each gas in a mixture exerts a partial pressure that is

relative to its concentration in the mixture (Viney, 1999).

Adding together all partial pressures exerted by each gas
gives the total pressure of the mixture.

Air is made up of nitrogen (N,), oxygen (O,), carbon dioxide (CO,)
and water (H,O) vapour:

0O, + CO, + N, + H,O = Air
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All of these exert a partial pressure. If the pressure of the oxygen is added
to the pressure of the nitrogen, carbon dioxide and water vapour, the sum
total is 760 mmHg, which is atmospheric pressure.

Table 1.1 Partial pressures of oxygen, carbon dioxide, nitrogen and

water in air
Oxygen @ Carbon | Nitrogen | Water Total
(02) dioxide (N>) vapour in
(CO2) (H,0) air
% 20.84 0.04 78.62 0.5 100
mmHg | 1584 0.3 597.5 3.8 760
kPa 21.12 0.04 79.6 0.5 101.26

Therefore PO, and PCO, are the measurements of the partial pressures
which oxygen and carbon dioxide exert in the blood. PO, and PCO, are
measured either in kiloPascals (kPa) or in millimetres of mercury (mmHg).
You will find both measurements throughout this workbook.

Converting between kPa and mmHg
To changekPa to mmHg — multiply by 7.5
To change mmHg tokPa — divide by 7.5
(Jevon and Ewens, 2002)

Example:

To convert a PO, of 10.83kPa into mmHg
Multiply 10.83 by 7.5
10.83 x 7.5 = 81.225 mmHg
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Partial pressure of oxygen (PO;)

PO, is the measurement of the partial pressure of oxygen that is dissolved
in the plasma of the blood, which is usually less than 3% of the total
oxygen in the blood (the rest being carried by haemoglobin, the pigment
found in red blood cells) (Janson-Cohen, 2005). We will consider this in
more detail later.

‘The PO, gives no indication of the acid—base status of the body, but clearly
gives an indication of oxygen uptake and therefore the respiratory status of
the patient as it demonstrates the efficiency of gaseous exchange.

Normal PO,
10.6-13.3 kPa or 80-100 mmHg

Partial pressure of carbon dioxide (PCO,)

PCO, is the measurement of the partial pressure of carbon dioxide that
is dissolved in the blood. When carbon dioxide is dissolved in water (as
it is, as a result of metabolism) it changes into carbonic acid which, if
not dealt with by the body, causes a respiratory acidosis. Therefore, the
higher the PCO,, the more acidotic the patient becomes. In terms of blood
gas analysis, the PCO, is referred to as the respiratory component as it is
indicative of ventilation.

Normal Pco,
4.6-6.0kPa or 35-45 mmHg
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Bicarbonate (HCO5)

We need to know the amount of bicarbonate in the blood because 70% of
CO, is carried in this form from the tissues to the lungs for excretion. It is
calculated by the blood gas analyser from measurement of pH and PCO,.

Some blood gas analysers measure both the actual and standard bicarbonate.
The standard bicarbonate is the calculated bicarbonate taking the PCO, at

a standard 5.6 kPa and is the more important parameter of the two.

Bicarbonate is referred to as the metabolic component.

Normal HCO;
22-26 mmol/L

Base excess (BE)

Rising levels of bicarbonate make the blood more alkaline and a depletion
of bicarbonate renders the blood more acidic. Base excess refers to the
amount of base (alkali) which needs to be added to, or taken away from,
the blood to return the pH to 7.4 (Mattson-Porth, 2005).

We cannot take bicarbonate away from the blood but it is easy to add,
although this is rarely done as it may precipitate cellular acidosis and a left
shift of the oxygen dissociation curve (see Chapter 2) resulting in decreased
oxygen delivery (Resuscitation Council UK, 2000).

Base excess is not a tangible substance (as are the other measured
parameters) but it represents how much the body is using the buffering
systems to maintain normal pH (see Chapter 3).
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Base excess is also calculated by the blood gas analyser.

o Ifthe bicarbonate is high, the amount of base (alkali) in the blood will be
excessive and therefore the base reading will be strongly positive, that is, a
base excess (Mattson-Porth, 2005).

e If the bicarbonate is low, there is a base deficit and the reading will be
negative (Mattson-Porth, 2005).

Therefore the value of base excess should ideally be 0 as there should be
neither an excess nor a deficit of base. However, this is rarely the case.

Normal base excess (BE)
-2to +2

Oxygen saturation (Sa0,)

This refers to the amount of oxygen being carried by the haemoglobin
(Hb) molecules. The haemoglobin molecule is divided into two portions:
a globin portion (made up of protein) and a haem portion (made up of
iron). The haem portion is further divided into four areas on the molecule
(see Fig. 1.2).

Each haem portion is capable of carrying one oxygen molecule. If all haem
portions are carrying one oxygen molecule, the haemoglobin is 100%
saturated. This usually only occurs when breathing oxygen-enriched air.
The normal oxygen saturation is 97% because 97% of oxygen is carried
by the haemoglobin (the other 3% is carried in the plasma in a dissolved
form).

e Each gram of haemoglobin (if 100% saturated) carries 1.34 mL of
oxygen.

* Each red blood cell contains around 250 million haemoglobin molecules
and is capable of carrying more than a billion oxygen molecules (Janson-

Cohen, 2005).
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Globin portion ."": Haem portions
S (iron)

(protein)

Fig. 1.2 The haemoglobin molecule.

e There are over 5 million red blood cells in every mL of blood.
 Each 100 mL of arterial blood can carry 20 mL of oxygen.

The actual amount of oxygen carried by the blood depends on the amount
of haemoglobin present, but just because a patient is 100% saturated
does not necessarily mean that enough oxygen is available to the tissues.
If haemoglobin is low, there will be less oxygen carrying capacity — even if
oxygen saturation levels are high. So, patients can be hypoxic when oxygen
saturation levels are normal.

Consider two patients, both of whom have an oxygen saturation of 92%,
but patient 1 has a haemoglobin of 14g/dL (grams per decilitre) and
patient 2 has a haemoglobin of 7g/dL. Patient 1 will be carrying more
oxygen in the blood, simply because there is more haemoglobin present,
and therefore has the higher oxygen-carrying capacity.
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COﬂSOIIdatIOﬂ See pages 71-72 for answers

1.1 Write down the blood gas parameters that are measured and their

normal values, including the units in which they are measured:

1.2 What does pH measure?

1.3 Isa pH of 3 acidic or alkaline?

1.4 Isa pH of 11 acidic or alkaline?

1.5 Name a pH-neutral substance:

1.6 Is blood normally slightly acidic or slightly alkaline?
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1.7 Which end-product of cellular metabolism affects blood pH?

1.8 What does the @ in PaO, stand for?

1.9 What does the ‘A’ in PACO, stand for?

1.10 What does ‘P’ in PO, and PCO, stand for?

1.11 Explain the term partial pressure:

1.12 Convert 9.98 kPa to mmHg:

1.13 Convert 45.3 mmHg tokPa:
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1.14 Does the level of oxygen in blood affect the acid-base status of the

patient?

1.15 When CO, is dissolved in water, what is the name of the compound

formed?

1.16 What percentage of CO, is carried to the lungs by HCO3?

1.17 If there is a base excess, will the level of HCOj be high or low?

1.18 If there is a base deficit, will the level of HCOj be high or low?

1.19 Does oxygen saturation measure the oxygen that is dissolved in the

plasma or the oxygen that is being carried by the haemoglobin?

1.20 Which substance makes up the ‘haem’ portion of the haemoglobin

molecule?
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1.21 Which substance makes up the ‘globin’ portion of the haemoglobin

molecule?

1.22 How many oxygen molecules can one haemoglobin molecule

carry?

1.23 If one haemoglobin molecule is carrying three oxygen molecules,

what will be the percentage oxygen saturation?

1.24 How many mL of oxygen is 1g of haemoglobin carrying if it is
100% saturated?

1.25 Patient 1 has an Hb of 11.6g/dL and SaO, of 98%. Patient 2 has an
Hb of 13.2g/dL and SaO, of 96%. Which patient has the greater oxygen

carrying capacity?

11
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Chapter 2

Gas transport

Before considering specific disturbances in acid—base
balance, we should first explore how gases are normally
transported in the blood.

Oxygen transport

Oxygen is transported in two ways:

* in the form of oxyhaemoglobin
¢ in dissolved form.

Around 97% of oxygen is transported in the form of oxyhaemoglobin,
where the oxygen molecule is attached to haemoglobin.

Less than 3% is transported in the plasma in a dissolved form. It might
seem a very small amount but it is very important because dissolved oxygen
exerts the partial pressure.

A low oxygen saturation indicates a VQ mismatch.

VQ mismatch

This means there is a mismatch of ventilation and perfusion in the lungs, so
that blood goes to parts of the lungs that are not oxygenated and/or there
is a lack of perfusion to the parts of the lungs where oxygen is available.
Therefore, deoxygenated blood is shunted through the lungs without being
able to pick up oxygen.

13
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Oxygen dissociation

It is useful to be able to measure the partial pressure of oxygen (PO,)
as there is a direct relationship between this and oxygen saturation, as
illustrated in the oxygen dissociation curve (see Fig. 2.1). The curve

highlights the affinity of oxygen for haemoglobin.

00— -

BO: [~ Shift ,"' e
s
N i Fal

A4 i shift

40 - ' .

% Oxygen saturation
wn
Qo
I

30 r s

Partial pressure of oxygen P02 (kPa)

Fig. 2.1 Oxygen dissociation curve showing shifts to the left and right of
the normal curve.

When PO, is high, oxygen is strongly affiliated to haemoglobin, so oxygen
saturation will also be high. That simply means that when blood arrives
at the lungs and oxygen affinity for haemoglobin is high, the blood will
pick up a lot of oxygen — hence PO, and O, saturation are high. There is
a problem here, however, because when the blood arrives at the tissues,
oxygen affinity for haemoglobin remains high, so it is more difficult for



Gas transport

the oxygen to be released into the tissues. This happens when there is a
shift to the left of the curve, which occurs during alkalosis. This explains
why alkalotic patients can have a good PO, and O, saturation yet may look
pallid or even cyanosed.

Low PO,

When PO, is low, there is less affinity of oxygen for haemoglobin, so oxygen
saturation drops. Thus, when blood arrives at the lungs and oxygen aflinity
to haemoglobin is low, the blood will pick up less oxygen — hence PO,
and O, saturation are low. However, when the blood arrives at the tissues,
oxygen aflinity for haemoglobin remains low, so it is easy for the oxygen
to be released into the tissues. This happens when acidosis is present and
there is a shift of the curve to the right.

It can be seen from the shape of the oxygen dissociation curve (Fig. 2.1)
that initially there is a slight drop in saturation when there is a reduced
PO,. At a certain point (approximately 8 kPa), however, there is a sudden
drop in saturation, as indicated by the steep decline in the curve. Therefore,
oxygen saturation normally only drops sharply if the PO, is at a very low
level.

A saturation of 8kPa is the point at which the patient is in respiratory
failure and is very hypoxaemic. This means that a patient’s oxygen
saturation may be normal or only slightly low for some time, even though
their PO, is decreasing fairly rapidly. Therefore it is important in patients
with a compromised respiratory system to carry out blood gas analysis in
conjunction with pulse oximetry, because a decreasing PO, will indicate
deterioration sooner than pulse oximetry alone (Jevon and Ewens, 2002).

Remember
The oxygen dissociation curve can shift
to left or to the right (see Fig. 2.1 and Table 2.1)

15
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Table 2.1 Shifts of the oxygen dissociation curve

Right shift Left shift
Features | Decreased oxygen— Increased oxygen—
haemoglobin affinity haemoglobin affinity
Less oxygen carried from the | More oxygen carried from
lungs the lungs
Oxygen given up more easily | Oxygen given up less easily
in the tissues (thus tissue in the tissues
hypoxia may occur with
normal oxygen saturation)
Causes | Acidosis Alkalosis
Increased temperature Hypothermia
Hypercarbia Hypocarbia

Transport of carbon dioxide

Carbon dioxide is transported as follows:

* 7% dissolved in the plasma

® 23% carried by the globin portion of haemoglobin (this is known as
carbaminohaemoglobin)

*70% (the majority) transported as bicarbonate ions (in the plasma)

back to the lungs.

Bicarbonate is formed as a result of a series of chemical reactions. First,
cellular metabolism produces carbon dioxide and water. In the presence
of an enzyme called carbonic anhydrase, this carbon dioxide and water
combine to form carbonic acid (HCOj5). Carbonic acid is a weak acid
so, to prevent acidosis, a hydrogen ion splits from the carbonic acid and
is buffered by haemoglobin, and this leaves bicarbonate ions (Martini,
20006). This is shown in the equation below:

Carbonic

anhydrase
co, + H,O—— H,CO,——> H + HCO,
Carbon Water Carbonic acid Hydrogen Bicarbonate
dioxide
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Once formed, the bicarbonate ions move out of the red blood cell and
into the plasma. In order to maintain electrical equilibrium, a chloride
(Cl) ion moves into the cell. This is known as the chloride shift and it is
illustrated in Fig.2.2.

Fig. 2.2 The chloride shift in the red blood cell.

On reaching the lungs, the whole process is reversed so that carbon dioxide
and water can be excreted. Thus it can be seen that carbon dioxide has a
very important role in acid—base balance.

17
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COHSOIIdatIOﬂ See page 73 for answers

2.1 In which two ways is oxygen transported in the blood?

2.2 What percentage of oxygen is dissolved in the plasma?

2.3 Does the oxygen carried by the haemoglobin exert a partial pressure?

2.4 What percentage of oxygen is carried by the haemoglobin?

2.5 Which of these statements is correct? (a) When PO, is low, oxygen is
strongly affiliated with haemoglobin, or (b) when PO, is high, oxygen is
strongly affiliated with haemoglobin.

2.6 If oxygen affiliation to haemoglobin is high, what effect will this have

on oxygen delivery to the tissues?
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2.7 If oxygen affiliation to haemoglobin is low, what effect does this have

on oxygen delivery to the tissues?

2.8 If PO, and SaO, are high, does this indicate a left or right shift of the

oxygen dissociation curve?

2.9 If PO, and SaOs are low, does this indicate a left or right shift of the

oxygen dissociation curve?

2.10 What are the major causes of a right shift of the oxygen dissociation

curve?

2.11 What are the major causes of a left shift of the oxygen dissociation

curve?

19
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2.12 What percentage of COj is transported to the lungs in the form of

bicarbonate ions?

2.13 What percentage of CO3 is dissolved in the plasma?

2.14 What percentage of CO3 is carried by haemoglobin?

2.15 Which portion of the haemoglobin molecule carries CO»?

2.16 What is the name given to haemoglobin whilst carrying CO2?

2.17 When CO2 and water combine, what is the name of the compound

that is formed?

2.18 Which enzyme has to be present for the formation of carbonic

acid?
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2.19 To prevent acidosis, carbonic acid (H2CO3) splits into bicarbonate
(HCO3) and hydrogen (H) ions. The HCOj3 ions move out of the red
blood cells into the plasma and for each one a chloride (Cl) ion moves into

the cell. What is this process called?

2.20 What happens to the free hydrogen ion during this process?

21
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Chapter 3

Acid-base balance

To understand acid-base balance properly we need to
understand where hydrogen ions come from. Before this,
we need to know what acids and bases are.

What are acids and bases?

An acid is a substance which will give up hydrogen ions (pH of <7.0) and
a base is a substance which will accept hydrogen ions (pH of >7.0). The
body is very sensitive to small changes in the concentration of hydrogen
ions. Any changes lead to modification of cellular function and disruption
of homeostasis, and ultimately to death. Therefore, it is vital for normal
cellular metabolism that the pH of the blood remains within the normal
range (Martini, 2006).

Cellular metabolism produces hydrogen ions from glucose, fatty acids and
amino acids. The balance of acids and bases is maintained by controlling
the hydrogen ion concentration. If hydrogen ion concentration is not
controlled by the body, acidosis or alkalosis will develop quickly (Bruck
et al., 2005).

Acidosis is a process causing acidaemia (pH <7.35)
Alkalosis is a process causing alkalaemia (pH>7.45)

The normal pH of blood is 7.35-7.45 and this range is maintained while
the normal hydrogen ion concentration of 36-45 nmol/L (nanomoles per
litre) is maintained.

23
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Maintaining normal acid-base balance

The body has different ways of maintaining a normal acid—base balance.
Briefly, these consist of:

* buffering systems
* the respiratory system, and
* the renal system.

Buffering systems

Buffers are chemical substances that act quickly to temporarily bind
hydrogen ions, therefore minimising changes in the overall pH by accepting
hydrogen ions when pH falls (acidosis) and donating hydrogen ions when
pH rises (alkalosis). In these ways, the highly reactive excess hydrogen ions
are removed from solution, but not from the body (Bruck ez al., 2005).
There are actually three buffering systems. These are known as:

1. The carbonic acid-bicarbonate system.
2. The phosphate system.

3. The protein system (haemoglobin and plasma proteins).

A ratio of 20 to 1 (bicarbonate ions to carbonic acid ions) is required to
maintain normal pH (Marieb, 2006).

Ratio for maintainence of normal pH
bicarbonate 20 : 1 carbonic acid

The buffering systems have two functions:
1. To provide an important and immediate response to potential
changes in pH.

2. To prevent changes in pH until excess hydrogen ions can be excreted
or bicarbonate levels restored (Gonce-Morton ez al., 2005).

If there are excessive changes in base or acid levels — so that the 20 to 1
ratio cannot be maintained — then a change in pH will occur.
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The respiratory system

Carbon dioxide and water are produced by cellular metabolism and
when carbon dioxide is dissolved in water, carbonic acid is formed. It is
important that carbonic acid, having been transported back to the lungs,
is excreted as carbon dioxide.

If the rate and depth of breathing are increased, more carbon dioxide will
be exhaled. Therefore, excess acid (in the form of carbon dioxide) will
be exhaled. This reduces the levels of carbonic acid within the body by
clearing excess carbon dioxide and is effective within minutes (Marieb,
2000).

Thus the respiratory system is important in the control of acid—base
balance. Furthermore, because it is able to respond quickly, it contributes
to the short-term control of pH (Gonce-Morton et al., 2005).

The renal system

The renal system assists in the long-term control of acid—base balance by
regulating the secretion of bicarbonate ions and excreting acids. The cells
of the renal tubule can alter blood pH in three ways:

1. They secrete hydrogen ions into the filtrate. This clears the blood of
acids by making the urine more acidic.
2. They reabsorb bicarbonate ions.

3. They produce new bicarbonate ions to augment the buffering of
hydrogen ions in the blood.

25
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COHSOIIdatIOﬂ See page 74 for answers

3.1 How are hydrogen ions produced in the body?

3.2 What is the definition of an acid?

3.3 What is the definition of a base?

3.4 What is the effect of a significant increase in hydrogen ions in

the body?

3.5 What is the definition of acidosis?

3.6 What is the definition of alkalosis?

3.7 What is the normal range of hydrogen ion concentration?
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3.8 In which three ways does the body maintain normal acid-base

balance?

3.9 How do buffers work?

3.10 Name the buffering systems:

3.11 What ratio of bicarbonate to carbonic acid ions is required to

maintain normal blood pH?

3.12 What happens if this ratio is not maintained?

27
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3.13 In what way does the respiratory system help to maintain normal

acid—base balance?

3.14 Does the respiratory system provide short-term or long-term control

of acid—base balance?

3.15 In which three ways does the renal system help to maintain normal

acid—base balance?

3.16 Does the renal system provide short-term or long-term control of

acid—base balance?
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Notes
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Chapter 4

How to analyse blood gases

Now that we have looked at all the essential information we
can get down to the task in hand — that is, how to analyse
arterial blood gases.

Acidosis and alkalosis

Firstly, review the following pH values and decide if acidosis or alkalosis is
present (see page 75 for the answers):

4.1 Isa pH of 7.25 acidotic or alkalotic?

4.2 Isa pH of 7.53 acidotic or alkalotic?

4.3 Isa pH of 7.48 acidotic or alkalotic?

4.4 Isa pH of 7.19 acidotic or alkalotic?

There are two types of acid—base imbalances — these are acidosis and alkalosis.
Each imbalance can affect either the respiratory component (PCO,) or the
metabolic component (HCO3). This means there can be a:

* respiratory acidosis or respiratory alkalosis, or 2
* metabolic acidosis or metabolic alkalosis.

(Jevon and Ewens, 2002.)
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Occasionally there can be a mixed imbalance, for example a respiratory
acidosis with a metabolic acidosis, or a respiratory alkalosis with a metabolic
alkalosis which is very dangerous for the patient. Mixed imbalances are
covered in more detail later in this chapter.

A systematic approach to analysis

Here is a four-step approach to analysis.

STEP 1

Examine the PO; and Sa0;
Are they normal, increased or decreased?
What action needs to be taken? Is the patient receiving
oxygen therapy? Are there other factors which will affect
ventilation?

1

STEP 2
Examine the pH
Is the pH normal? Or is it high (alkalosis) or low (acidosis)?

{
STEP 3

Examine the PCO,
Is the PCO, normal? Or is it high (respiratory acidosis) or
low (respiratory alkalosis)?

1

:
f—"

Examine the HCO; and base excess (BE)
Are they normal? Or are they high (metabolic alkalosis) or
low (metabolic acidosis)?

- ) S
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Considering the PCO, and HCO,/BE will help you to decide if an acidosis
or alkalosis is caused by a problem with the respiratory or metabolic
component. Also think about what could be causing the problem and,
therefore, what you could do about it.

Table 4.1 gives a brief overview of acid-base disturbances and causative
factors that may be of help in your interpretation.

Table 4.1 Interpretation of blood gas results for carbon dioxide and
bicarbonate

Parameter Condition Causative factor
Respiratory | Decreased elimination of
Increased T
acidosis CO,
PCO T
2 Respiratory Increased elimination of CO,
Decreased .
alkalosis
Increased Metabolic Non-volatile acid is lost or
alkalosis HCOs is gained
HCO;/BE . Non-volatile acid is added
Metabolic .
Decreased S and/or HCO; is used up or
acidosis lost

Now you should be able to analyse the five sets of blood gases that appear
on the following pages (answers are given on pages 75-76).
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4.5 Consider these results:

pH7.14

PO, 6.8kPa (51 mmHg)
PCO, 7.5kPa (56.25 mmHg)
HCO; 24 mmol/L

BE +1

Sa0, 87%

What is the problem with the gases? What is a possible cause? What

intervention is required?

4.6 Consider these results:

pH 6.9

PO, 10.6kPa (80 mmHg)
PCO, 4.5kPa (33.75 mmHg)
HCO; 10.3 mmol/L

BENX7

$a0, 96%

What is the problem with the gases? What is a possible cause? What

intervention is required?
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4.7 Consider these results:

pH7.51

PO, 13.6kPa (102 mmHg)
PCO, 2.4kPa (18 mmHg)
HCO; 24 mmol/L

BE +1

Sa0, 100%

What is the problem with the gases? What is a possible cause? What

intervention is required?

4.8 Consider these results:

pH7.52

PO, 11.0kPa (82.5 mmHg)
PCO, 4.8kPa (36 mmHg)
HCO; 35 mmol/L

BE +10

$a0, 96%

What is the problem with the gases? What is a possible cause? What

intervention is required?

35



36

Arterial Blood Gas Analysis: An Easy Learning Guide

4.9 Consider these results:

pH 7.37

PO, 11.7kPa (87.75 mmHg)
PCO, 4.8kPa (36 mmHg)
HCO; 24 mmol/L

BE +1

Sa0, 97%

What is the problem with the gases? What is a possible cause? What

intervention is required?

Compensation

Unfortunately, blood gas analysis is not always as straightforward; this is
because if the pH is too high or too low, then cellular function ceases. The
body therefore has natural mechanisms for keeping pH within normal
limits. It is therefore possible to have widely abnormal blood gases with a
relatively normal pH:

e If there is a respiratory acidosis (increased PCO,) the metabolic
component (bicarbonate) will increase, so increasing alkalinity to
compensate and bring the pH back towards normal.

e If there is a metabolic acidosis (decreased bicarbonate) the respiratory
component (CO,) will decrease (by hyperventilation — to blow off
CO, and therefore acid) to compensate and bring the pH back towards
normal, and so on.

If there is sufficient compensation to bring the pH back to within normal
limits, this is referred to as full compensation. If there is some compensation
but it is insufficient to alter pH, it is known as partial compensation.



How to analyse blood gases

Bearing this in mind, you should now be able to analyse patients
results and explain what the problem is, whether there is full, partial
or no compensation, what might be wrong with the patient and what
intervention is required to improve his or her gases. The flowcharts in Figs
4.1 and 4.2 outline the steps of blood gas analysis. and might be of some
help in your interpretation of the exercises that follow.

Examine the PO, and 5a0,

'
Normal High Low
Y
No action needed Reduce oxygen Increase oxygen
(slowly) and/or ventilation

and/or ventilation

Repeat blood gas analysis after 1 hour

N.B Always inform medical staff or nurse in charge before taking any action

Fig. 4.1 Interpretation of PO, and Sao,.
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Examine the pH

Normal High Low
______ (alkalosis) (acidosis)
Is it nomal Caused by: Caused by:

Repeat blood gas analysis after 1 hour

In all cases, it is important that the cause of the acid-base
disturbance is treated rather than the disturbance itself.

Fig. 4.2 Interpretation of acid-base status.
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To help you to determine whether the respiratory or metabolic component
is causing the primary problem, consider which one (PCO, or HCO3)
— matches what the pH is telling you.

* Thus, if the PCO, is high (respiratory acidosis), then is the pH tending
towards acidosis? If it is, there’s your match — so it will be a respiratory
acidosis with metabolic compensation.

* Conversely, if the HCOj is low (metabolic acidosis) and the pH is
tending towards acidosis, that will be the primary problem and the body
will ensure the other component (PCO,) compensates (the patient will
be hyperventilating in an attempt to blow off excess acid in the form of

CO,).

The information given in Table 4.2 on the next page summarises all the
compensatory mechanisms that exist in response to specific disturbances.
Using this informatiion, analyse the ten sets of blood gases below (answers
are given on pages 76-78).

4.10 Consider these results:

pH 7.35

PO, 6.8kPa (51 mmHg)
PCO, 7.5kPa (56.25 mmHg)
HCOj; 32 mmol/L

BE +6

Sa0, 87%

What is the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?
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Table 4.1 Overview of acid-base problems

Causes and examples

Compensation

loss of acids, such as:

« Severe vomiting
« Diuretic overdose
 Antacid overdose

RESPIRATORY | Any condition leading to Bicarbonate is
ACIDOSIS inadequate ventilation and | reabsorbed by the
retention of carbon dioxide, | kidneys to augment
such as: the buffering of free
hydrogen ions in the
» COPD (chronic obstructive | blood
pulmonary disease)
» Pulmonary oedema
* Under-ventilation
* Over-sedation
RESPIRATORY | Any condition leading to Re-breathing of carbon
ALKALOSIS hyperventilation causing dioxide using a bag, or
the excretion of too much reduction of mechanical
carbon dioxide, such as: ventilation (by reducing
« Hysterical hyperventilation el
« Over (mechanical)
ventilation
METABOLIC Any condition leading to Hyperventilation, in
ACIDOSIS excess acid production or which the rate and
loss of bicarbonate, such as: | depth of breathing are
. . . increased to blow off
: RD;ant;th';”ﬁteoaC'dos's excess acid in the form
. Sepsis of carbon dioxide
» Cardiac arrest
METABOLIC Any condition leading to an | The rate and depth
ALKALOSIS increase in bicarbonate or of respiration are

decreased in order to
retain carbon dioxide
(i.e. acid)
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4.11 Consider these results:

pH7.21

PO, 13.6kPa (102 mmHg)
PCO, 2.4kPa (18 mmHg)
HCO; 14 mmol/L

BE -6

Sa0, 100%

What is the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?

4.12 Consider these results:

pH 7.25

PO, 10.6kPa (79.5 mmHg)
PCO, 2.3kPa (17.25 mmHyg)
HCO; 19.6mmol/L

BE -3

Sa0, 96%

What is the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?
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4.13 Consider these results:

pH 7.46

PO, 11.0kPa (82.5 mmHg)
PCO, 5.5kPa (41.25 mmHg)
HCO; 29 mmol/L

BE +5

$a0, 96%

What s the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?

4.14 Consider these results:

pH 7.21

PO, 6.3kPa (47.25 mmHg)
PCO, 10.0kPa (75 mmHg)
HCO; 39.8 mmol/L

BE +7.7

Sa0, 63.9%

What s the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?
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4.15 Consider these results:

pH 7.28

PO, 8.0kPa (60 mmHg)
PCO, 7.5kPa (56.25 mmHg)
HCO; 24 mmol/L

BE -2

Sa0, 94%

What is the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?

4.16 Consider these results:

pH 7.49

PO, 16.1kPa (120.75 mmHg)
PCO, 3.1kPa (23.25 mmHg)
HCO; 23 mmol/L

BE -2

$a0, 99%

What is the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?
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4.17 Consider these results:

pH 7.29

PO, 11.9kPa (89.25 mmHg)
PCO, 3.1kPa (23.25 mmHg)
HCO; 16 mmol/L

BE -6

Sa0, 97%

What s the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?

4.18 Consider these results:

pH 7.49

PO, 15.3kPa (114.75 mmHg)
PCO, 1.9kPa (14.25 mmHg)
HCO; 20 mmol/L

BE -6

Sa0, 100%

What s the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?
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4.19 Consider these results:

pH 7.33

PO, 9.2kPa (69 mmHg)
PCO, 8.1kPa (60.75 mmHg)
HCOj; 29 mmol/L

BE +8

Sa0, 94%

What is the problem with the gases? Is there full, partial or no compensation?
What might be wrong with the patient? What intervention is required?

Over-compensation

There are occasions when there is ‘over-compensation’. This over-
compensation over-corrects the pH. As you become more experienced,
this will become evident. Generally, you will also know the patient, or
will at least have a clinical picture (that’s a luxury you don’t have in this
workbook) and these things will guide you in determining the patients
problems.

This set of blood gases shows over-compensation

pH 7.49
PO, 9.2kPa (69 mmHg)
PCo; 8.1kPa (60.75 mmHg)
HCO; 36 mmol/L
BE +14
\_ Sa0; 93% )

45



46

Arterial Blood Gas Analysis: An Easy Learning Guide

This patient has a respiratory acidosis as the PCO, is high and the HCO;
has risen to such a level that the pH is demonstrating an alkalosis. The
respiratory acidosis would require treatment and the metabolic acidosis
would then correct itself.

Mixed imbalances

There are occasions when the patient has both a respiratory and a metabolic
acidosis, or a respiratory and a metabolic alkalosis, and it is therefore
impossible for the body to compensate.

[ )

This set of blood gases shows a patient with both a
respiratory acidosis and a metabolic acidosis

pH 7.13
PO, 9.2kPa (69 mmHg)
PCO; 8.1kPa (60.75 mmHg)
HCO; 10 mmol/L
BE -6
\_ Sa0, 93% J

This patient may be suffering from an acute exacerbation of chronic
bronchitis and also diabetic ketoacidosis. Physiological compensation is
therefore impossible.

Medical intervention is required to overcome the rising PCO, and falling
HCO:;. The patient would require some form of assisted ventilation and
insulin therapy as well as other supportive measures.

In the following exercises you will collect and analyse six consecutive
samples from a single patient, then collect and analyse samples from six
different patients. You will do the same as you did with previous samples,
but now you will state what action was taken and whether or not this
worked.

Remember to discuss your findings with your mentor.
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4.20 Record the results of six consecutive samples from one of your

patients.

Sample 1

pH

PO

PcCoO,

HCO;

SaOz

Give an overview of these results:

‘What action was undertaken?

‘What effect did the action have?
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Sample 2

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

What action was undertaken?

What effect did the action have?




How to analyse blood gases

Sample 3

pH

PO,

PcCo,

HCO;

BE

SaOz

Give an overview of these results:

‘What action was undertaken?

What effect did the action have?
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Sample 4

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

What action was undertaken?

What effect did the action have?
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Sample 5

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

‘What action was undertaken?

What effect did the action have?
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Sample 6

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

What action was undertaken?

What effect did the action have?
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4.21 Record samples from six different patients as before. Discuss your

findings with your mentor.

Patient 1

pH

PO,

PCO,

HCO;

BE

SaOz

Give an overview of these results:

What action was undertaken?

What effect did the action have?
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Patient 2

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

What action was undertaken?

What effect did the action have?
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Patient 3

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

‘What action was undertaken?

What effect did the action have?
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Patient 4

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

What action was undertaken?

What effect did the action have?
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Patient 5

pH

PO,

Pco,

HCO;

BE

SaOz

Give an overview of these results:

‘What action was undertaken?

What effect did the action have?
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Patient 6

pH

Poo

Pcon

HCOg

BE

Saon

Give an overview of these results:

What action was undertaken?

What effect did the action have?
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