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Introduction

Introduction
The job of an ICU nurse is complicated and involves many
different skills. This can be frightening for a new ICU nurse.
BASIC for Nurses aims to give the new ICU nurse the
knowledge and skills needed to safely look after the critically
ill patient.
In order to look after the patient safely, it is important in
intensive care nursing to be able to quickly identify changes
in patients’ condition and respond correctly.
To do this you need to have a good understanding of your
environment and the common conditions ICU patients
experience. You need to understand how equipment works
and how to use it safely and you need to know what
observations you need to make and understand what to do if
something goes wrong.
You are not expected to solve every problem but should be
able to recognize when help is needed
This manual is designed to go together with the BASIC for
Nurses training course which involves presentations and
practical demonstration skill stations which supplement the
information provided in this manual; it is therefore essential
that you read through the manual and complete the precourse multiple choice questions before attending the course.
Practical sessions will be led by an instructor and will
incorporate commonly experienced ICU situations.
Equipment that you may come across in your ICU will be
used in these sessions.
At the end of the course you will complete a multiple choice
question examination.
We hope that you will enjoy the course and value your
feedback.
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Applied cardiovascular physiology
The function of the cardiovascular system is to deliver
oxygen and nutrients to the body tissues and remove carbon
dioxide and other waste products.

Factors affecting tissue blood flow

Flow

Tissue blood flow occurs as a result of a difference in
pressure between the artery supplying the tissue and the
vein draining the tissue. However the amount of blood flow is
not proportional to the pressure difference. Within certain
limits, the blood flow is relatively constant, despite a change
in blood pressure. Above and below these limits, flow is
dependent on pressure (Figure 1). This process, called
autoregulation, is often impaired in critically ill patients, so
ICU patients are often more dependent on blood pressure to
maintain an adequate blood flow.

Pressure

Figure 1. Autoregulation

Factors affecting blood pressure
Blood pressure depends on the cardiac output and the
amount of vasoconstriction of the peripheral blood vessels.
The greater the vasoconstriction, the higher the blood
pressure.
The amount of vasoconstriction is reflected by the resistance
to blood flow through the blood vessels, which is called the
total peripheral resistance.
MAP = CO x TPR

Factors affecting cardiac output
Cardiac output depends on the heart rate and the volume of
blood pumped with each contraction (the stroke volume).
CO = HR x SV
The force produced by muscle on contraction is partially
dependent on the amount of stretch of the muscle before
contraction. This is known as preload. Within limits, the
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Cardiac output

greater the preload, the greater the force of contraction and
the greater the stroke volume. Increasing the return of blood
to the heart (known as venous return) will increase the
volume of blood in the ventricle and therefore the stretch of
cardiac muscle before contraction (preload). Therefore
increase in venous return results in an increase in stroke
volume and therefore cardiac output (Figure 2).

Volume loading
Figure 2. Effect of increased preload on cardiac output

The stroke volume is also dependent on how much the
ventricles contract. Contraction is increased by sympathetic
stimulation and is decreased by a wide range of drugs,
ischaemia, acidosis and sepsis.
The final determinant of stroke volume is afterload. Afterload
is the wall tension that the ventricle has to generate during
systole in order to eject blood from the heart. It is, therefore,
dependent to a large extent on the resistance in the blood
vessels but also is increased by stenosis (narrowing) of the
aortic or pulmonary valves. An increase in afterload
decreases cardiac output and vice versa.

Cardiac contraction and relaxation
Both cardiac contraction and relaxation require energy. As a
result, both may be damaged/reduced if the heart is
ischaemic.

Coronary blood flow
As a result of the high pressure produced in the left ventricle
during systole, blood flow to the myocardium of the left
ventricle occurs during diastole only, whereas blood flows
through the coronary circulation to the right ventricle through
both systole and diastole. Therefore, blood flow to the left
ventricle depends on diastolic blood pressure while flow to
the right ventricle is dependent on mean blood pressure.
Furthermore, the length of time of diastole is important.
When the heart rate increases, the length of time of both
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systole and diastole decrease, but there is a
disproportionately greater reduction in diastole.
As a result, tachycardia increases the risk of left ventricular
ischaemia.

Heart rate
Heart rate depends on specialised pacemaker cells. The rate
will be controlled by the pacemaker cells that are discharging
at the fastest rate. Usually these are the cells in the sinus
node. If the sinus node fails, the pacemaker function is taken
over by the pacemaker cells with the next highest rate –
usually those in the sinoatrial node. The rate of the sinus
node is increased by sympathetic stimulation and decreased
by parasympathetic stimulation.
Electrical impulses that start in the sinus node spread across
the atrium (causing atrial contraction) to the atrioventricular
node and are then conducted down specialised conduction
fibres to the ventricles, stimulating ventricular contraction
(Figure 3).

Sino-atrial node

Atrioventricular node

Specialized
conduction fibres

Figure 3. Electrical excitation of the heart

These events are represented on the ECG by the P wave
(atrial excitation) and the QRS complex (ventricular
excitation) (Figure 4).
The length (in time) of the QRS is short because impulses
pass down specialised, rapidly conducting fibres. If an
impulse arises in the ventricle (eg during ventricular
tachycardia), it is not conducted along these fibres and
therefore spreads across the ventricles more slowly, resulting
in a wide QRS complex.
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Figure 4. Atrial (P wave) and ventricular (QRS complex) excitation

Homeostasis
The way the body adjusts itself to maintain a stable
environment is called homeostasis. The body automatically
makes changes to keep the blood pressure in a normal
range. If the stroke volume falls, the heart rate will increase
and the blood vessels will constrict to keep the blood
pressure constant. The blood pressure will only fall if the
reduction in stroke volume is so severe that the
compensatory mechanisms are unable to maintain
homeostasis.

Response to bleeding




Under normal circumstances, most of the circulating
blood volume is located in the venous capacitance
vessels. In moderate to mild hypovolaemia, the body can
compensate by constricting venous capacitance vessels
to maintain venous return and preload. As a result, there
is no change in blood pressure or pulse (but the central
venous pressure may fall).
In more severe cases:
 preload   stroke volume

In order to maintain blood pressure, the body increases heart
rate and total peripheral resistance
In very severe cases this compensation is not enough and
the blood pressure falls.

The heart and the lungs
The heart may affect the lungs and vice versa.
If the left ventricle does not empty adequately, usually due
to impaired contraction, then during diastole, pressure in the
ventricle will rise. This causes back pressure in the left atrium,
the pulmonary veins and the pulmonary capillaries. If the
pressure in the capillaries rises fluid may leak out of the
pulmonary capillaries. If the volume of fluid is more than the
lymphatic system is able to drain, the patient will develop
pulmonary oedema (Figure 5).
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Figure 5. Fluid tends to move out of the capillary as a result of hydrostatic
pressure. This is counteracted by oncotic pressure, due to albumin and
other proteins in the blood. Excess fluid leaking out of the capillary is drained
via the lymphatic system, but if the capacity of this system is overwhelmed,
fluid leads into the alveolus.

This form of heart failure is called systolic heart failure.
Impaired relaxation of the heart during diastole can also lead
to a rise in the diastolic ventricular pressure and pulmonary
oedema, or diastolic heart failure.
Venous return to the heart occurs as a result of the pressure
gradient (difference in pressure) between the peripheral
venous system and the heart. When the patient breathes in,
the pressure in the chest becomes negative (drawing air into
the lungs) and the pressure gradient between the rest of the
body and the heart is increased. This produces an increase
in venous return and therefore an increase in stroke volume.
In a patient who is receiving positive pressure ventilation, the
pressure within the chest is never negative. As a result, there
is a reduction in venous return and preload, particularly in
patients who are hypovolaemic. This will tend to reduce
cardiac output. At the same time, the afterload is reduced
and this will tend to increase cardiac output. The net effect
on cardiac output is dependent on whether the left ventricle
is functioning normally. In patients with a normally functioning
left ventricle, mechanical ventilation will tend to reduce
cardiac output. In patients with left ventricular failure,
mechanical ventilation will tend to increase cardiac output.
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Haemodynamic monitoring
Haemodynamic monitoring is an essential part of caring for
the ICU patient. Ideally, haemodynamic monitoring should
monitor how well individual organs are being perfused;
however, no monitoring devices are able to measure this.
Instead, we use clinical measures and simple laboratory
tests to assess organ function, based on the assumption that
if organ function is normal, then organ perfusion is probably
adequate. Other monitors, such as ECG, central venous
pressure, cardiac output and pulmonary artery occlusion
pressure are useful in determining the cause of inadequate
perfusion.

Measures of adequacy of organ
perfusion
Skin


Capillary refill:
 Squeeze a finger or toe for 2 seconds then release,
keeping the digit at the level of the heart
 Make a note of the time it takes for the pallor caused
by squeezing the digit to disappear
 Capillary refill time should be <2 seconds

Figure 1. Slow capillary refill (>3 seconds) indicates inadequate blood flow in
children and younger adults. In elderly patients capillary refill may take up to
4-5 seconds. Press for 2 seconds before releasing.
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Peripheral temperature and skin colour



Pale or cyanotic or cold hands and feet suggest poor
perfusion
Mottled skin also suggests poor perfusion

Kidney



Urine output is a good indicator of renal blood flow, in the
absence of diuretics or established renal failure
Urine output should be >0.5 ml/kg/hr in adults

Brain
Altered mental status (e.g. confusion, agitation, decreased
consciousness) may indicate inadequate cerebral blood flow

Laboratory tests
Metabolic acidosis and raised serum lactate may be due to
inadequate blood flow to tissues.

Blood pressure
Although not strictly a measure of blood flow, hypotension is
likely to be associated with poor blood flow to the organs. It is
important to understand that blood flow to the organs may be
impaired and the patient may be in shock even if the blood
pressure is normal.

Blood pressure monitoring
Blood pressure can be either performed non-invasively using
a cuff or invasively using an arterial line.

Non-invasive blood pressure measurement
A non-invasive blood pressure measurement is obtained
using a manual or automated sphygmomanometer. It is
important to be aware that although an automated device
displays the blood pressure continuously, the measurement
is intermittent. Thus the blood pressure displayed may not
reflect the current situation.
The accuracy of the measurement, depends on the size of
the cuff which should be ~ 40% of circumference of the arm
(Figure 2).

Figure 2. The size of the cuff should be correct in order to give an accurate
reading
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Automated devices tend to:
 Overestimate the blood pressure when it is low
 Underestimate the blood pressure when it is high
 Give inaccurate results in patients with arrhythmias,
especially atrial fibrillation.

Invasive arterial blood pressure monitoring
An arterial line is a catheter that is inserted into an artery,
most commonly the radial artery. The other end of the
catheter is attached to a fluid-filled system of pressure tubing.
A mechanical signal created by the pressure inside the
tubing is converted into an electrical signal by a transducer,
which displays the signal as a waveform on the monitor. An
arterial line provides an accurate and continuous blood
pressure measurement. In most circumstances, a mean
arterial pressure >65 mmHg is desirable.

Levelling and zeroing



The accuracy of the arterial line monitoring depends on
the level of the pressure transducer
The transducer should be levelled at the phlebostatic
axis − the 4th intercostal space at the midaxillary line
(Figure 3)

Figure 3. Arterial line-transducer position in level position




For accurate readings, the transducer should be relevelled every time the patient is moved (Figure 4)
For accurate readings, the transducer should be zeroed
at least once per shift

Figure 4. The transducer should be level with the point where the midaxillary line and the 4th intercostal space meet, regardless of the patient’s
posture
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Normal arterial line waveform

Figure 5. Normal waveform

The arterial waveform represents the cardiac cycle. The
waveform starts with a sharp rise, known as the ascending
limb or anacrotic rise. This represents the rapid ejection of
blood into the aorta following the opening of the aortic valve.
The peak on this rise represents maximum ventricular
pressure, called Peak Systolic Pressure. This is followed by
a downward slope, known as the dicrotic limb or descending
limb, which represents the decline in pressure during diastole.
The dicrotic notch represents the closure of the aortic valve.

Arterial line troubleshooting
Overdamping/underdamping of the waveform
Overdamping of the pressure waveform occurs when there is
blockage between the fluid-filled system and the transducer,
such as a blood clot or air bubbles.
Underdamping can occur when the tubing is too long or the
heart rate is too high.
The following figures illustrate damping of the arterial line.

Figure 6. Underdamped. Underdamping causes overestimation of the
systolic BP and underestimation of the diastolic BP. The mean arterial
pressure is relatively unaffected. Causes include tubing being too long and
increased vascular resistance
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Figure 7. Overdamped. Overdamping results in an underestimate of systolic
BP and overestimate of diastolic BP. Again, the mean is relatively
unchanged. Causes include air bubbles, tubing that is too flexible, bent
catheter, clots in system, absence of fluid in flush bag or low flush bag
pressure

Square wave test
The square wave test is used to assess whether the arterial
waveform is underdamped or overdamped. To perform a
square wave test, use the fast-flush device attached to the
transducer to flush the arterial line. This will square off the
trace. When the flush device is released observe the speed
and pattern with which the waveform returns to zero. In an
optimally damped arterial waveform, one or two rapid up and
down waves should occur before the waveform returns to
zero (Figure 8) and the trace should look like Figure 5.
If it takes >2 waves for the waveform to return to zero and
the waveform has exaggerated peaks and troughs, then the
waveform is underdamped. This will cause a falsely high
systolic pressure and a falsely low diastolic pressure. If it
takes <2 waves for the wave to return to zero and the
waveform is slurred with a loss of fine detail, then the
waveform is overdamped. This can lead to a falsely low
systolic pressure and a falsely high diastolic pressure. The
best way to correct an overdamped or underdamped
waveform is to pull back some fluid and flush the line and
remove extra lengths of tubing.

Figure 8. Square wave test

True systolic pressure
The damping of the system can be formally tested but it is
often simpler to check the accuracy of the arterial line by
checking the true systolic pressure using a manual
sphygmomanometer. Place a manual (not automated) blood
pressure cuff on the limb in which the arterial line has been
inserted (Figure 9a). Inflate the cuff until the arterial trace is
flat and then slowly deflate it until pulsation can just be seen
on the arterial trace (Figure 9b). The pressure displayed on
the manometer is the true systolic pressure (Figure 9c).
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Figure 9a.

Figure 9b.

Figure 9c.

Complications of arterial blood pressure
monitoring
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Infection
Haemorrhage
Disconnection

Haemodynamic monitoring



Interruption to peripheral circulation

Arterial line care









0.9% normal saline is used to flush the set. Do NOT use
glucose-containing solutions
Keep the transducer bag pressure inflated to 300 mmHg
Observe the insertion site for signs of bleeding or
infection
Dress the insertion site with a sterile dressing.
Use an aseptic technique for connection or
disconnection of new pressure tubing.
Check the blood circuation of the limb furthest from the
arterial line (Figure 10)
Arterial line insertion and removal is an aseptic
procedure.
Never give any drugs via an arterial line.

Figure 10. Poor circulation in the fingers due to presence of arterial line

Heart rate monitoring
The ECG measures electrical activity of the heart and
displays it on the screen as a waveform and a heart rate.
Continuous 3-lead or 5-lead ECG monitoring is common in
the ICU and allows the patient’s heart rate and rhythm to be
continuously monitored and recorded. If only one single lead
is displayed, the usual lead is lead II as this displays a good
view of the P wave. The usual amplitude is 1 mV/cm. The
correct position for the electrodes is shown in figures 11 and
12.
A slow heart rate will reduce cardiac output, unless the
patient is able to increase stroke volume. Very fast heart
rates may result in not enough time for ventricular filling,
reducing cardiac output.
A 12 lead ECG should be recorded on admission to ICU and
sometimes pre- and post-operatively. In addition a 12 lead
ECG should be recorded if there is a significant change in
heart rate or waveform on the monitor or if the patients has
chest pain. The correct positions for placing electrodes to
record a 12 lead ECG are shown in figure 13.
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Figure 11. 3-lead ECG

Figure 12. 5-lead ECG

Figure 13. Placement of leads for a 12-lead ECG. The 12-lead ECG is useful
for diagnostic purposes and for ST segment monitoring, which may give an
early indication of cardiac ischaemia
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Central venous pressure monitoring
A central venous catheter (CVC) is a catheter inserted into a
large central vein (eg superior vena cava, subclavian or
femoral vein). It can be used to give IV medications and to
measure central venous pressure (CVP). CVP is the
pressure in the right atrium and is often used to reflect
preload and provide an estimate of the circulating blood
volume. A normal CVP is between 2-6 mmHg for a nonventilated patient. However, when assessing whether the
patient requires more fluid, the response of the CVP to a
bolus of fluid is more useful than a single measurement. As a
rough rule, if the response to a bolus of fluid is an increase in
CVP of:
 0-3 mmHg: the patient is probably hypovolaemic (low in
fluid volume) and may require more fluid
 >3 mmHg: the patient’s fluid volume is either correct or
high and does not require more fluid

Indications for CVC insertion




Monitor fluid balance of patient
Administration of vasopressors, Total Parenteral Nutrition
(nutrition given intravenously) or irritant drugs
To avoid multiple venous puncture

Complications of CVC








Pneumothorax
Infection
Bleeding
Cardiac arrhythmias
Arterial puncture or cannulation
Air embolism
Loss of guidewire

Leveling and zeroing





The accuracy of CVP monitoring depends on the level of
the transducer.
The transducer should be leveled at the pheblostatic axis
− the 4th intercostal space at the mid axillary line.
The transducer should be re-leveled as the patient is
repositioned
The transducer should be zeroed to atmospheric
pressure at least once a shift. This is important for an
accurate pressure reading.

CVP waveform
The CVP waveform corresponds with the cardiac cycle. It is
made up of an ‘a’ wave, which represents atrial contraction, a
‘c’ wave, which represents the closure of the tricuspid valve
and a ‘v’ wave, which represents passive atrial filling. The ‘x’
descent represents decreasing atrial pressure following atrial
contraction and the ‘y’ descent represents the atrial pressure
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drop as the tricuspid valve opens.

Figure 14. CVP waveform

CVC care
 Use 0.9% normal saline to flush the set.
 Keep the transducer pressure bag inflated to 300 mmHg
 Observe the insertion site for signs of bleeding or
infection.
 Dress the insertion site with a sterile dressing.
 Use an aseptic technique for line insertion and removal,
the connection or disconnection of any intravenous lines
and dressing changes.
 Evaluate on a daily basis whether the CVC is really
necessary or can be removed.
 Put patient in a head down position before removal of the
CVC line.

Pulmonary artery catheter
A pulmonary artery catheter (PAC), also called a SwanGanz catheter, is a balloon tipped thermodilution catheter
inserted into the pulmonary artery via one of the large veins.
It is a haemodynamic monitoring device that can be used to
assess a patient’s cardiac output and fluid status. PACs are
associated with a number of risks and the benefits of the
device are controversial; therefore many clinicians no longer
routinely use them.
The catheter has at least 4 lumens (Figure 15). These
lumens allow the following pressures to be monitored:
 Pulmonary Artery (PA) Pressure
 Pulmonary Artery Occlusion (PAO) Pressure
 Right Ventricle (RV) Pressure
 Right Atrium (RA) Pressure
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Figure 15. Pulmonary artery catheter and sheath

Cardiac Output Studies
The PA catheter is also useful for obtaining advanced
haemodynamic values. To do this a bolus of fluid is injected
into the proximal (CVP) lumen. As the fluid (mixed with
blood) passes through the right atrium, right ventricle and
then into the pulmonary artery, it’s temperature changes. The
temperature probe on the end of the PA catheter measures
this temperature change and uses this information to
calculate haemodynamic values such as:
 Cardiac index
 Systemic vascular resistance
 Pulmonary vascular resistance
 Systemic vascular resistance index
 Pulmonary vascular resistance index
These values are useful in determining the fluid and inotrope
requirements of the patient.

Complications of PAC





The catheter is inserted via a sheath, which lies in a
central vein. As a result, all the complications of CVC
lines also apply to pulmonary artery catheters
Arrhythmias
Lung infarction
Pulmonary artery rupture

PAC Care
The PAC pressure waveform should be continuously
monitored to ensure that the tip is properly positioned (Figure
16). It should lie in the pulmonary artery but should not be
“wedged”, as persistent wedging may lead to infarction of the
lung. Equally, it should not be in the right ventricle, where it
can stimulate ventricular tachycardia.
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Figure 16. Pressure waveforms depend on the position of the tip of the
catheter.
Note that the same waveform is seen, regardless of whether the branch of
the pulmonary artery is blocked by the balloon or the catheter is moving
further away. The waveform that should be displayed on the screen, if the tip
of the pulmonary artery catheter is correctly placed (and the PAOP is not
being measured), is the PA pressure waveform.
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Always keep the balloon deflated except during
measurement of pulmonary artery occlusion pressure
(PAOP).
When inflating the balloon, if the specified volume of air
does not lead to inflation of the balloon, do not keep
injecting more air – the balloon may have ruptured and
you will be causing air emboli.
The position of the PAC at the entry site should be
measured and documented every shift. Each thick black
line represents 50cm in length and each thin black line
represents 10cm in length (total length 110cm).
Never give anything except 0.9% normal saline via the
PA catheter lumen.
Use 0.9% normal saline to prime the set.
Keep the transducer pressure bag pressure inflated to
300 mmHg.
The transducer should be at the level of the mid-axillary
line and the 4th intercostal space (same as the arterial
transducer).
Observe the entry site for signs of bleeding or infection.
Dress the entry site with a sterile dressing.
Use an aseptic technique for line insertion and removal,
the connection or disconnection of any intravenous lines
and dressing changes.
Put the patient in head down position before removal of
the PA catheter.

Shock & oliguria

Shock and oliguria
Definition of shock
Shock is a life-threatening condition, characterised by
inadequate blood flow to tissues. It often requires immediate
medical intervention and ICU admission.

Applied physiology
MAP = CO X TPR ; CO = HR X SV
Therefore MAP = HR X SV X TPR
MAP = mean arterial pressure
CO = cardiac output
HR = heart rate
SV = stroke volume (depends on the preload, afterload &
contractility)
TPR = total peripheral resistance
Therefore the following are importanat in assessing shock:
 Heart rate
 Preload (CVP)
 Contractility
 Total peripheral resistance

Causes of shock
Shock is caused by any condition that reduces blood flow.
The major classes and causes of shock and the interventions
for each class are shown in the following table:
Type of shock

Common causes

Intervention

Hypovolaemic

Blood loss
Fluid loss

Cardiogenic

Myocardial injury
Valvular or
structural
abnormalities

Obstructive

Pulmonary
embolism
Cardiac
tamponade
Tension
pneumothorax

Distributive

Septic
Anaphylactic
Neurogenic

Rapid fluid resuscitation with
IV fluids or blood products.
Identify the cause of the
hypovolaemia, consider
surgical intervention.
Vasopressor therapy may be
required in severe cases
Maintain an adequate
diastolic blood pressure with
vasopressor
If the cardiac output remains
low after restoring DBP, add
an inotrope
Caution is needed with fluid
management
Thrombolytic therapy if
pulmonary embolism is
present
Emergency decompression
for tamponade or
pneumothorax
Rapid fluid resuscitation
Vasopressor therapy
Antibiotic therapy for septic
Shock

Table 1. Diagnostic clues to cause of shock in the emergency setting.
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Nursing management of a patient in
shock






Monitor and treat the patient for signs and symptoms of
shock, including heart rate, blood pressure, CVP, urine
output, peripheral temperature and capillary return (see
Haemodynamic monitoring chapter).
Make sure patient has IV access to enable fluid
resuscitation.
Medication, such as vasopressors and inotropes, may be
required to maintain adequate blood pressure following
fluid resuscitation.
Monitor the patient’s lactate level to detect organ
hypoperfusion.

MAP=CO x TPR
Therefore, if the blood pressure is low, either the cardiac
output is low or the total peripheral resistance is low (see
Applied cardiovascular physiology chapter). Peripheral
resistance can be estimated by assessing peripheral
circulation. If the patient appears vasoconstricted (cold
peripheries with slow capillary refill) the resistance is high. If
the patient is vasodilated, the resistance is low.
If the cardiac output is low, then either the heart rate is low or
the stroke volume is low. If the stroke volume is low, then
either the preload is low, the contractility is low or the
afterload is high. Afterload and contractility are not routinely
monitored.
Assessment of the following should be made and reported on
when caring for a hypotensive patient:
 Peripheral perfusion – good or poor
 Heart rate
 Central venous pressure or left atrial pressure (and
response to fluid bolus if known)
What to do:




If the problem is low preload, give fluid
If it is low stroke volume, restore the diastolic pressure to
normal first to restore adequate coronary blood flow
If the stroke volume remains low, give an inotrope. If the
cause is a low heart rate, give a chronotrophic drug or
pace the patient.

Common vasopressor and inotropes
used in the management of shock
Norepinephrine (noradrenaline)
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A catecholamine that stimulates alpha receptors and
causes vasoconstriction. In hypotensive patients, often
increases cardiac output.
Given as an infusion via CVC and adjusted according to
the patient’s blood pressure

Shock & oliguria



Can also produce tachycardia and poor peripheral
perfusion.

Epinephrine (adrenaline)






A potent inotrope, vasoconstrictor and chronotrope
It can be given either as a bolus dose (during cardiac
arrest or life-threatening hypotension) or as an infusion.
Administration via CVC is recommended but it can be
given peripherally.
When given as an infusion, it is adjusted according to the
patient’s blood pressure
Can also produce tachycardia, tachyarrhythmias,
hyperglycaemia and urinary retention.

Dobutamine



Has inotropic, vasodilatation and chronotropic effects
Usually used with noradrenaline or adrenaline because it
may cause hypotension in a patient with severe shock
due to its vasodilator effect.

Oliguria
Causes of oliguira (urine output <0.5 ml/kg/h in adults) can
be divided into pre-renal, renal and post- renal causes
(Figure 1).

Figure 1. Classification of renal failure





Post-renal causes
 Mainly due to a blockage in the urinary system and
include causes such as an enlarged prostate, tumour,
haematoma (blood clot) or fluid collection.
Pre-renal causes
 Mainly due to poor blood flow to the kidney and
include causes such as long-term hypotension due
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to hypovolaemia or sepsis, dehydration, cardiogenic
shock or drug-induced toxicity.
Renal causes
 Due to kidney damage and include causes such as
severe reduced blood flow, rhabdomyolysis and
drug-induced toxicity.

Management of oliguria
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Confirm true oliguria
 Normal urine output ≥0.5ml/kg body weight.
 Perform a bladder scan to identify the fluid volume in
bladder and assess bladder emptying
 Flush urinary catheter with normal saline using
aseptic technique to ensure catheter is not blocked.
Removal of the urinary catheter should be considered if
the patient has ongoing oliguria (24 hours) unless contraindicated.
Maintain optimal blood flow pressure (generally
MAP>65-75 mmHg) to improve renal blood flow
Maintain adequate hydration and preload (CVP between
8-12 mmHg).
Consider indications for renal replacement therapy:
 Oliguria with worsening urea and creatinine and
electrolyte disturbances, particularly hyperkalemia.
The use of diuretics in oliguria is controversial. It is not
clear if diuretics should be given if the patient is oliguric

Rhabdomyolysis: rapid
breakdown of skeletal muscle.

Arrhythmias

Life-threatening arrhythmias
Normal sinus rhythm
Sinus rhythm is the regular beating and rhythm of the heart.
This is set by the heart’s internal pacemaker, known as the
sinoatrial (sinus) node. The sinus node is found in the upper
right chamber of the heart (right atrium), and electrical
impulses travel from the sinoatrial node to the atria and down
to the ventricles. If the patient does not have a normal sinus
rhythm, this is called an arrhythmia – and is abnormal.

Figure 1. Normal sinus rhythm

Arrhythmia
Arrhythmias occur when there is a problem with the heart’s
electrical conduction system. They are caused by a number
of conditions, including damage to the heart, electrolyte
disturbances and poor coronary blood flow. Arrhythmias may
be life threatening or non-life threatening. Arrhythmias
become life threatening if they significantly affect cardiac
output.

Nursing management of arrhythmias

Figure 2. Nursing management of an arrhythmia
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Life-threatening arrhythmias
A life-threatening arrhythmia is one that will result in the heart
failing to produce enough cardiac output. The main lifethreatening arrhythmias are:
 Ventricular fibrillation (VF)
 Ventricular tachycardia (VT)
 Asystole
 Profound bradycardia
 Pulseless electrical activity (PEA)
 Complete heart block
Ventricular fibrillation, asystole and pulseless electrical
activity usually result in cardiac arrest. These are dealt with
in the Cardiopulmonary resuscitation chapter.

Ventricular tachycardia (VT)
This is a broad-complex tachycardia (QRS duration >0.12
seconds). The ventricular rate is 120-250 bpm and the
rhythm is regular and has a “saw toothed” pattern. The P
wave is usually not seen and may be retrograde or hidden in
the QRS complex. Ventricular tachycardia requires
immediate medical attention as it may deteriorate to
ventricular fibrillation leading to death.

Figure 3. Ventricular tachycardia

Ventricular Fibrillation
This is a disorganized rhythm. No P waves or QRS
complexes are seen.

Figure 4. Ventricular fibrillation

Pulseless Electrical Activity
Regular rhythm but no pulse or cardiac output.

Figure 5. Sinus rhythm

Asystole
No electrical activity is seen, so no rhythm or rate is seen on
the ECG.

Figure 6. Asystole

Symptomatic bradycardia
Bradycardia is a rhythm with a rate of less than 60 bpm. It is
called symptomatic bradycardia if the patient experiences
symptoms associated with hypoperfusion, such as
hypotension, chest pain, decreased consciousness and
shortness of breath
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Third-degree (complete) heart block
Regular rhythm but the atria and the ventricle beat
independently of each other. Atrial rate is often faster than
ventricular rate (which is usually slow).

Figure 7. Third-degree heart block

Other arrhythmias seen in the ICU
Atrial fibrillation (AF)
This is the most common cardiac arrhythmia. It is an
irregularly irregular rhythm where P waves are not visible.
The atrial rate cannot be measured but is usually greater
than 400 bpm, whereas the ventricular rate varies from less
than 100 bpm to greater than 150 bpm.

Figure 8. Atrial fibrillation

Atrial flutter
Atrial flutter is characterised by abnormal P waves that
produce a saw-tooth appearance. The number of
conductions through the node is expressed as a conduction
ratio. Atrial rate is >350 bpmbut ventricular rate may be slow,
fast or normal.

Figure 9. Atrial flutter

Supraventricular tachycardia (SVT)
A narrow complex tachycardia with a rate of >150 bpm; P
waves may not be visible, as they are merged with T waves.

Figure 10. Supraventricular tachycardia
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Cardiopulmonary resuscitation
The outcome of in-hospital cardiac arrest is generally very
poor. The goal of treatment should always be to treat the
patient early before they have a cardiopulmonary arrest.

Who should be resuscitated?
Cardiopulmonary resuscitation (CPR) should only be carried
out in patients who are likely to survive with a good quality of
life afterwards. It should not be carried out in patients who
are expected to die or who suffer from a deteriorating
condition, which is likely to result in cardiac arrest in the near
future. Whether cardiopulmonary resuscitation should be
carried out should be considered for each patient, and should
be reviewed on a regular basis in consultation with a senior
doctor. Factors to consider include age, premorbid status,
underlying illness, life expectancy, quality of life and, of
course, the patient’s wishes.
Resuscitation status should be discussed with patient, family
and/or surrogate. “Do not attempt cardiopulmonary
resuscitation” orders should be clearly documented along
with the reason for the decision. It should also be clearly
understood that this order refers only to resuscitation in the
event of a cardiac arrest and that all other care and treatment
should be continued.

Recognition of cardiopulmonary arrest
in the ICU
Many patients in ICU are ventilated and monitored closely,
and this may alter the the way cardiopulmonary arrest is
recognised:
 In many patients, cardiac arrest is recognised by the
ECG appearance of a life-threatening arrhythmia such as
ventricular fibrillation, ventricular tachycardia or asystole.
 However it is also possible for cardiac arrest to be
secondary to pulseless electrical activity (relatively
normal cardiac rhythm but no pulse)
 Note that in all cases of cardiac arrest, there is no pulse.
 Both ventricular fibrillation and asystole result in no blood
flow. If your patient appears to have either on the ECG
but has a pulse, then the diagnosis of ventricular
fibrillation or asystole is wrong. The ECG is more likely to
be the result of faulty equipment
 In a patient who is ventilated, cardiac arrest is not usually
recognised by absence of breathing.

Management of in-hospital
cardiopulmonary arrest
The keys for a successful resuscitation are:
 Early recognition of cardiac arrest
 Early calling for help
 Early chest compressions
 Early connection of the patient to a defibrillator
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Shockable vs. Non-shockable rhythms
Management decisions in CPR are based on whether the
patient is in a shockable rhythm or a non-shockable rhythm.
 Shockable rhythms include VF and pulseless VT.
 Non-shockable rhythms include asystole and PEA.
 It is important, therefore, to make sure that the patient is
connected to the defibrillator or an ECG monitor early so
that the rhythm can be detected early. It should not be
delayed by an attempt to gain intravenous access,
secure the airway or perform cardiac compressions if the
defibrillator is available.
 If the patient is in VF, begin defibrillation as soon as
possible.
 If the patient is in VT, check for a pulse or signs of life. If
none are present, then begin defibrillation as soon as
possible. If pulse or signs of life are present, continue to
monitor patient and await help.
 If the patient is in a non-shockable rhythm chest
compressions are the priority.
 If a defibrillator is not immediately available, cardiac
compressions and ventilation should continue.
 In most situations a single shock should be delivered
then chest compressions recommenced. However 3
shocks should be delivered consecutively without restarting chest compressions between shocks when:
 A non-automated defibrillator is rapidly available
 The onset of cardiac arrest is witnessed AND
 The patient is already being monitored AND
 The rhythm is VF or pulseless VT and this persists
after each shock
 In addition 3 shocks should be used for cardiac surgical
patients who develop VF or pulseless VT in the
immediate post-operative period.
Many hospitals have a step by step formula for the
management of in-hospital cardiac arrest, which should be
followed.

Figure 1. Steps for managing a patient with suspected cardiac arrest in the
ICU
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Basic life support (BLS)
Early basic life support contributes to preservation of heart
and brain function and improves survival. Basic life support
should be started in any patient who is suspected to be in
cardiac arrest. Signs of a suspected cardiac arrest may
include:
 Monitored life-threateningl arrhythmia
 Sudden unresponsive patient
 Absence of breathing or presence of agonal an abnormal
breathing pattern.
If a patient is suspected of being in cardiac arrest, check for
a pulse but do not spend too much time doing this.
If a pulse is not felt, start BLS. Begin with chest
compressions then start artificial ventilation.

Compressions












Flatten the bed
Kneel beside the patient or stand beside the bed
Place the heel of one hand over the middle of the lower
half of the sternum
Place the heel of the other hand on top of the first hand
Interlock your fingers, ensuring that you do not apply
pressure over the ribs, upper abdomen or lower end of
sternum
Lean over the patient so that your shoulders are
vertically above the patient’s sternum
Keeping your arms straight, press down on the sternum,
compressing the chest by at least 5-6 cm or 1/3 of the
chest depth.
Allow the chest to return to the normal position between
compressions whilst keeping contact between your
hands and the sternum
Compression and release should take an equal amount
of time
Compress the chest at a rate of 100-120 per minute
(slightly less than 2/sec)
If there is more than one rescuer, change the person
performing chest compressions each time a pulse check
is carried out (approximately every 2 minutes)

Figure 2. Chest compressions
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Ventilation





Begin artificial ventilation using basic airway maneuvers,
airway aids and oxygen.
Where possible, provide ventilation using bag mask
ventilation using a 2-person technique to ensure an airtight seal. One person holds the mask with two hands
while the other squeezes the bag (Figure 4).
Continue chest compressions and artificial ventilation at
a ratio of 30:2.

Figure 3. Bag-valve-filter-mask assembly for manual ventilation of potentially
infectious patients

Figure 4. Two-person technique for bag mask ventilation

Defibrillation
Defibrillation gives a therapeutic dose of electrical energy to
the affected heart, using a device called a defibrillator. This
electrical energy depolarises a critical mass of the heart muscle, which helps to stop the arrhythmia and enables normal
sinus rhythm to be re-established by the sinoatrial node.
Before defibrillation, make sure the environment is safe to do
so. The patient and the bed space must be dry and the
patient should not be in direct contact with metal fittings.
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During compressions and ventilation, apply defibrillation
paddles / electrodes as soon as they are available.
Apply defibrillation pads as follows:
 LEFT side of chest on the midaxillary over the 6th intercostal space
 RIGHT parasternal area over the second intercostal
space

Figure 5. Defibrillation pads

When applying defibrillation pads, key considerations
include:
 Make sure the skin is dry to prevent fire risk.
 If the patient is hairy, then the skin may need to be
shaved to make sure the pads come in close contact
with the skin to reduce the chance of burns (this should
not delay defibrillation).
 Place pads/electrodes firmly on the skin to prevent air
pockets between the skin and the defibrillator pads, as
this can cause burns on the patient.
 Make sure the pads do not touch any other electrodes,
lead wires, dressings or transdermal patches. Such
contact can cause electrical arching and give the patient
skin burns during defibrillation, and may divert the
defibrillation current away from the heart.
 Make sure defibrillation pads are not placed close to a
pacemaker or internal defibrillator.
When delivering a shock:
 Make sure oxygen-delivering devices are removed from
the bed space.
 Tell everyone involved you are about to deliver a shock
by saying ‘Stand Clear’ to ensure safety.
 Make sure everyone is clear by a visual check before
delivering shock.
 Announce the end of shock by saying ‘Shock delivered’
to indicate CPR should restart.
 If helping be aware that defibrillation may be starting and
stand clear when requested.
 Make sure defibrillator does not remain charged. If
defibrillator is charged but is no longer required then
‘dump’ the charge.
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Make sure the correct charge is given for the defibrillator
used: 150-360J for biphasic defibrillator (depending on
the manufacturer), 360J for monophasic defibrillator.

Medications
Drugs are always of secondary importance to basic CPR. No
medications have been shown to improve survival following a
cardiac arrest. CPR, defibrillation and proper airway
management are the keys to a successful resuscitation.

Agents to optimise cardiac output and
perfusion pressure
Epinephrine is commonly used in the treatment of cardiac
arrest, including a VT, VF, asystolic or PEA arrest.
Epinephrine is a strong peripheral vasoconstrictor, shifting
available blood supply to the myocardium. The standard
dose of epinephrine in this situation is 1 mg every 3-5 min.
Adverse side effects to adrenaline administration include
hypertension, tachycardia, tachyarrhythmia’s,
hyperglycaemia, tissue necrosis and urinary retention.

Anti-arrhythmics
Defibrillation is more effective than giving anti-arrhythmic
drugs, and at least 3 shocks should be given before antiarrhythmic drugs are given. Amiodarone is the most common
anti-arrhythmic used during cardiac arrest. It is used as it can
prolong the cardiac action potential duration, which then
slows the heart rate. Amiodarone may be given for VF/
pulseless VT that does not respond to shock from the
defibrillator or recurrent VF/ VT. Adverse side effects of
amiodarone include hypotension, bradycardia and heart
block.

Cardioversion
In cardioversion, an electrical current is given to the
myocardium to cause depolarisation of the cardiac cells, so
that the sinus node resumes normal pacemaker activity. It is
used to treat patients with unstable VT, atrial fibrillation, atrial
flutter, or SVT. During Cardioversion, a shock is given to the
patient, which is exactly timed to be given on the R wave of
the QRS complex. It is important to make sure the
defibrillator is set to ‘synch’ mode. If the shock is not exactly
timed to deliver on the R wave an event called R on T
phenomena can occur. This causes repolarisation of the
cardiac cells to occur within the T wave and can result in the
VT or VF.
To perform cardioversion the defibrillator pads are placed in
the same position as for defibrillation but a lower amount of
joules are selected, generally 50-100 joules.
It is important to tell the patient before giving the shock and
to consider the use of sedation.
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External Pacing
External pacing gives a small electrical current through the
defibrillation paddles to stimulate myocardial contraction with
an aim to improve cardiac output. It is indicated for use in
patients with symptomatic bradycardia.
To perform external pacing, the defibrillator pads are placed
in the same position as for defibrillation. Pacing mode is then
selected on the defibrillator, a heart rate is selected (usually
60-90 bpm) and a pacing current (in milliamps) is selected.
The initial current selected is low and the current is increased
until an electrical capture, a QRS complex following the
pacing spike, is obtained

Identifying and treating the cause
Patients who are about to have or are actually having a
cardiopulmonary arrest can only be saved if a reversible
cause is found and treated quickly.
5 Hs
Hypovolaemia
Hypothermia
Hypo/Hyperkalaemia, H+
concentration (acidosis)
Hypoglycaemia
Hypoxia

5 Ts
Tamponade (cardiac)
Tension pneumothorax
Thromboembolic disease (PE,
ACS)
Toxins (particularly opioids,
tricyclics)
Trauma

Table 1. Reversible causes of cardiorespiratory arrest

By definition, if a patient in cardiac arrest has no reversible
cause, then they are dead. Common reversible causes are
listed in Table 1.
Most blood test results will take too long to come back to be
useful. However, samples for arterial blood gases (to exclude
hypoxia and assess pH levels, and to measure the serum
potassium) and capillary blood glucose (to exclude
hypoglycaemia) can be obtained quickly but need to be taken
early as the results will still take 5 minutes or longer to get.

Teamwork
Successful resuscitation depends on good teamwork with
everyone involved having the right knowledge and skills.
Excellent communication skills are essential for successful
resuscitation and teamwork. Team members should use eye
contact and call people by their name to make sure
instructions are given clearly. Instructions should be clear
and short (For example, instead of saying, “Can someone
give 1 mg of adrenaline?’, say, ‘Jane, can you give 1 mg of
IV adrenaline now?”). Closed-loop communication, where
instructions are immediately repeated back, should be used
to ensure they have been correctly understood (For example,
“Did you say 1 mg of IV adrenaline, Paul?”)
There should be a team leader who is responsible for
assessment /evaluation of the situation and who gives
everyone a task to do. Everyone should follow the
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instructions of the team leader and stay focused, while
staying aware of any changes during the resuscitation
Tasks include:
 Defibrillation
 Airway management
 Chest compressions with relief person (rotate person
performing compressions each time rhythm is checked)
 Intravenous access
 Drug administration
 Recording and documentation
 Informing attending physician and family
At the end of resuscitation, time should be taken for the team
to discuss how things went.

Post-resuscitation
If the resuscitation was successful







Perform a physical assessment of the patient
Explain to the patient and their family what has
happened
Inform the patient’s medical team of the patient’s
deterioration
Ensure documentation has been completed
Restock the emergency trolley
Debrief with other staff

If the resuscitation was unsuccessful







Provide end-of-life care to the patient
Inform the patient’s family what has happened and
provide support
Inform the patient’s medical team
Ensure documentation has been completed
Restock the emergency trolley
Debrief with other staff

Infection control guidelines for CPR
Cardiopulmonary resuscitation of patients with infectious
diseases is a high-risk procedure because of the high risk of
contamination of staff by body fluids, respiratory droplets and
aerosols.
Practical tips for resuscitation in patients with infectious
diseases:
 Put on the correct personal protective equipment (PPE),
e.g. N95 mask, full-face shield, protective gowns, gloves
 A high-efficiency bacterial-viral filter should be added to
the resuscitator bag to form a bag-valve-filter-mask
assembly (Figure 4).
 For intubation, reduce coughing by using appropriate
sedation/paralysis and make sure all equipment is ready
before the procedure
 Place contaminated equipment onto tray/incontinence
pads to prevent contamination of the surroundings
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Health care workers should wash hands, remove
contaminated PPE, and take a shower shortly after the
resuscitation
Instruments should be properly disposed of or
disinfected
The environment should be properly cleaned and
disinfected.

Valve

Filter – only required for
potentially infectious
patients

Mask

Reservoir
bag

Figure 4. Self-inflating resuscitator with filter
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Upper Airway Obstruction and
Airway Management
Airway obstruction means the airway is partially or
completely blocked so that it is difficult or impossible to get
air in and out of the lungs. Airway obstruction is a dangerous
situation that can threaten life. Identify the signs and
symptoms of airway obstruction early and CALL FOR HELP
immediately.
In a non-intubated patient, upper airway obstruction may be
due to the tongue falling backwards (in unconscious patients),
a foreign body or swelling of the structures in the upper
airway. The sign and symptoms are:
1. Hoarseness of voice
2. Stridor
3. Difficulty in breathing
4. Agitation
5. Bluish discoloration of lips (a late sign for
hypoxaemia/low oxygen levels)
In an intubated patient, the airway is usually blocked by
sputum. However blood, the patient biting on the
endotracheal tube, kinking of the tube and wet filters may
also cause obstruction. In volume-preset modes of ventilation,
obstruction will cause a rise in airway pressure. In pressure
preset modes it will cause a fall in tidal volume (see
Mechanical ventilation: troubleshooting).
A spontaneously breathing patient may show evidence of
difficulty in breathing.

Airway management
Airway emergencies need action straight away as patients
may deteriorate very quckly. It is essential to both train to
manage these situations and be adequately prepared. When
starting work in an unfamiliar environment, always check that
the emergency airway management equipment is available
and working correctly, including the location and contents of
the difficult airway “kit”.
Airway management is needed when a patient is not able to
keep their airway open or breathe adequately on their own
This may be due to:
 Decreased level of consciousness
 Obstructed airway
 Respiratory failure
The objectives of emergency airway management are to:
 Make sure the airway is open
 Make sure the lungs are ventilated
 Prevent anything harmful from entering the lungs
The most important thing is to make sure the airway is kept
open.
Airway management should always start with a check for an
open airway, followed, if necessary, by basic airway
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management to open the airway ± bag-mask ventilation.
Check for an open airway by looking, listening and feeling
(Figure 1).

LOOK for chest
movement

LISTEN
for
breath
sounds
FEEL for air movement
against your cheek

Figure 1. Look, listen and feel for breathing

If an open airway and ventilation cannot be restored rapidly
and easily, call for help early. In most cases simple measures
will be enough to keep the patient safe before they need
more advanced procedures.

Basic airway techniques
There are a number of ways to lift the tongue and pharyngeal
tissues anteriorly and open the airway. You should be
familiar with and be able to perform all these techniques.
 The head tilt is easy and effective. A hand firmly placed
on the forehead tilts the head backward on the atlantooccipital joint.
 The head tilt-chin lift is completed by placing the fingers
of the other hand under the bony part of the lower jaw
and lifting the chin forward.
 The triple airway manoeuvre is used when other
methods have failed to open the airway. The head is
tilted back in extension and the fingers of both hands
should grasp the ramus of the mandible, which is
displaced forward and upward. Both thumbs are then
used to open the lower lips (Figure 2).
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Figure 2. Triple manoeuvre
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The modified jaw thrust does not include the head tilt and
is useful if the cervical spine is unstable (Figure 3).

Figure 3. Modified jaw thrust

Oro/nasopharyngeal airways
Inserting an oropharyngeal airway or nasopharyngeal airway
may be useful to prevent soft tissues from obstructing the
airway in the unconscious patient at the levels of the soft
palate, epiglottis and base of tongue.
If correct head and jaw positioning is not enough to keep the
patient’s airway open when they are breathing on their own
or being ventilated using a bag-mask, then an oropharyngeal
airway can be used to keep the airway open. It is inserted
with the inside of the curve facing the palate and then rotated
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180° into the proper position as it is placed further in (Figure
4).

Figure 4. Insertion of oropharyngeal airway

Complications include mucosal trauma, worsening the
obstruction by pressing the epiglottis against the laryngeal
outlet or displacing the tongue more posteriorly. The
following sizes (length measured from flange to tip) are
recommended: Large adult: 100 mm (Guedel size 5);
medium-sized adult: 90 mm (Guedel size 4); small adult; 80
mm (Guedel size 3).
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A nasopharyngeal airway is a soft rubber or plastic tube put
into the nostril and advanced along the floor of the nose into
the posterior pharynx. It is better tolerated by semi-conscious
patients than the oropharyngeal airway. Complications
include epistaxis, aspiration, laryngospasm and oesophageal
placement.

Figure 5. Nasopharyngeal airway

Bag-mask ventilation
Requires time and experience to master. Most resuscitators
are self-inflating with a separate reservoir bag in series that
ensures a consistent oxygen concentration (Figure 6).

Valve

Filter – only required for
potentially infectious
patients

Mask

Reservoir
bag

Figure 6. Self-inflating bag valve resuscitator

The addition of positive end-expiratory pressure (PEEP)
valves may improve arterial oxygenation and help to
overcome airway obstruction due to laryngospasm.
Transparent masks are recommended.
Tips and possible problems
 Inadequate ventilation: The seal of the mask against the
face must be good. Ventilation of toothless patients may
be difficult. Two operators, one to hold the mask and the
other to squeeze the bag, are recommended if there is a
lot of leaking around the face-mask.
 Air passing into the stomach: Common and increases
the risk of vomiting and of vomit entering the lungs
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(aspiration). Severe intra-abdominal distension may
cause cardiovascular compromise. Carefully applied
cricoid pressure may prevent air entering the stomach.
Over-inflation of the lungs: Most manual bag-valve
resuscitators allow tidal volumes of 1.5-2 L to be
delivered. Rapid delivery of high tidal volumes can easily
lead to gas trapping in the lung. Over inflation and high
intra-thoracic pressures may cause serious
haemodynamic instability. Use tidal volumes of only
about 300-500 ml at respiratory rates of 10-15/min.
Pulmonary aspiration: Passing a nasogastric tube to
aspirate gastric contents may help, but complete
emptying of gastric contents is not guaranteed, and it
may cause vomiting.
Mask ventilation with an assistant providing cricoid
pressure may be necessary until the airway can be
secured.

Advanced techniques
An advanced airway is required if a patient requires ongoing
artificial ventilation. Inserting an advanced airway requires
teamwork and it is important that you are familiar with the
technique and your role in the team.
Endotracheal intubation by direct laryngoscopy is the method
of choice for the unconscious, apnoeic patient. Other
indications for intubation include:
 Acute upper airway obstruction
 To help with tracheal suctioning
 Protection of the airway from aspiration
 Respiratory failure requiring invasive mechanical
ventilation.

Rapid sequence induction (RSI)
It is an advanced airway technique that involves quickly
making the patient unconcscious and relaxing their muscles
in order to make it easier to quickly intubate the trachea.
The purpose of a rapid sequence induction is to minimise the
risk of aspiration during the intubation procedure. This is
achieved by minimising the time between loss of
consciousness and correct placement of the endotracheal
tube with an inflated cuff. It is important therefore that all
parts of the procedure are carried out as quickly and
efficiently as possible. Effective teamwork is essential.
The steps to successful RSI are:
 Preparation
 Pre-oxygenation
 Pre-treatment
 Paralysis with induction
 Protection (cricoid pressure) and Positioning
 Placement and confirmation of placement
 Post intubation management

Preparation



Discuss the intubation plan
Clarify roles:

49

BASIC for Nurses



 Airway doctor
 Airway assistant
 Drug administration
 Cricoid pressure
Gather equipment, drugs for intubation and vasopressors
and fluids for resuscitation

Equipment


2 standard laryngoscopes and blades (Macintosh size 2,
3 and 4)
 Attach blade and extend to check light (Figure 7)

Figure 7. Check laryngoscope light






Endotracheal tubes
 Usually 8.0-9.0 mm in adult males and 7.0-8.0 mm in
adult females
 Inflate the cuff and check that it is intact
Syringe for cuff inflation
Bougie (Figure 8)
 Sufficiently stiff, so that it can be held sideways by
one end

Figure 8. Check bougie stiffness
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Stylet (Figure 9)
 Ask the person who will perform the intubation if they
want you to insert this into the endotracheal tube. If
so, lubricate with lubricating jelly first and make sure
that the tip of the stylet does not come out beyond
the end of the endotracheal tube

Airway obstruction & management

Figure 9. Stylet



Magill forceps (Figure 10)

Figure 10. Magill forceps




Large artery forceps
Catheter mount (connects circuit to endotracheal tube)
(Figure 11)

Figure 11. Catheter mount









Oropharyngeal airways
Self-inflating bag valve resuscitator (Figure 6) and
correct sized masks
Suction, suction catheters for endotracheal suction and
Yankauer-type sucker.
Monitoring
 Blood pressure
 ECG
 Pulse oximetry
 End-tidal carbon dioxide
Giving set run through with appropriate fluid for rapid
infusion should the patient become hypotensive.
Sedative medications and muscle relaxants

Pre-oxygenation and Patient positioning
The patient should be lying on their back with the neck
slightly flexed (best achieved by elevating the occiput about
7-10 cm with a firm pillow or wedge) and the top of the head
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close to the top edge of the bed (figure 12). If the patient is
very breathless, position the patient’s head and neck first but
wait until the last moment to place him/her on their back.

Figure 12. Positioning for laryngoscopy

Give 100% oxygen for at least 5 minutes before intubation
using bag mask ventilation

Pre-treatment
Give an anaesthetic agent and flush the line with saline
immediately after. Do not give the drugs until all equipment
and staff are ready and until you are given a clear instruction
to give them.
Close monitoring of blood pressure is required following
administration of anaesthetic agents. Be prepared that the
patient may become hypotensive, so have a vasopressor
drug (e.g. epinephrine, phenylephrine, metaraminol) and fluid
ready.

Paralysis with induction
This involves the giving of neuromuscular blockage agents,
for example, vercuronium, Rocuronium or suxamethasone
immediately before intubaton.

Protection and Cricoid pressure
Involves giving muscle relaxants immediately after
anaesthetic agents have been given and applying cricoid
pressure.
The purpose of cricoid pressure is to block off the
oesophagus (Figure 13) and reduce the risk of stomach
contents coming up and into the trachea.
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Figure 13. Cricoid pressure

1. Find the cricoid cartilage (Figure 14a-d). This is most
easily found by finding the thyroid cartilage (Adam’s
apple) and moving your fingers down in the centre,
towards the chest. Below the thyroid cartilage you will
feel a soft area (the cricothyroid membrane) and then
another cartilage – this is the cricoid cartilage.

Thyroid cartilage

Cricothyroid
membrane
Cricoid cartilage
Tracheal cartilage

Figure 14a. Anatomy of the larynx
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Thyroid cartilage

Figure 14b. Surface anatomy of larynx

Thyroid cartilage

Figure 14c. To find the cricoid cartilage, start by feeling for the thyroid
cartilage

Cricothyroid
membrane

Figure 14d. Run your finger down the neck. You will feel a softer area (the
cricothyroid membrane) and below that, the hard cricoid cartilage

2. Place your thumb on one side of the cartilage and your
middle finger on the other (Figure 14e)
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Cricoid cartilage

Figure 14e. Finger position for cricoid pressure

3. At the correct time (just as the patient is losing
consciousness) use your first finger to push the cricoid
cartilage back against the spine (Figure 13)
4. Do not release the pressure until correct placement of
the endotracheal tube has been confirmed, the cuff has
been inflated and the person responsible for intubation
tells you to.

Placement and Confirmation
To assist with placement of the ETT:
 Stand on the right side of the person intubating
 He/she will start by pre-oxygenating the patient with
15 L/ min of oxygen given through a self-inflating
bag-valve resuscitator and mask.
 After the drugs have been given, he/or she will
remove the mask and insert a laryngoscope (Figure
15)

Figure 15. Laryngoscopy



Depending on what is seen during laryngoscopy, he/she
will want one of the following pieces of equipment. It is
important to understand that the doctor needs to keep
looking at the larynx throughout the procedure and
should not need to look away to take the equipment that
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you give him/her. The equipment needs to be put in
his/her right hand, facing in the right direction (Figure 16)
 Endotracheal tube, with or without stylet
 Bougie
 Yankauer sucker
 Bag-valve resuscitator and mask (to provide manual
ventilation)

Figure 16. Place equipment into doctor’s right hand, facing in the right
direction



If an endotracheal tube is inserted and the doctor thinks
it is properly placed:
 Connect the end-tidal carbon dioxide sensor
 Connect a bag-valve resuscitator
 Inflate the cuff until the pilot balloon is inflated but not
tense (Figure 17)

Figure 17. Inflate the cuff
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If a bougie is required:
 Lubricate the far end of the bougie (i.e. the end that
will go into the patient) with lubricating jelly. Do not
lubricate the entire bougie, as this will make it difficult
to hold it.
 Once the bougie is placed, feed the endotracheal
tube over the bougie, taking care not to displace it
(Figure 18)

Airway obstruction & management

Figure 18. Feed the endotracheal tube over the bougie



The doctor will then feed the endotracheal through
the pharynx into the trachea. While he/she does this,
hold the end of the bougie keep it steady (Figure 19)

Figure 19. Hold the tip of the bougie while the endotracheal tube is fed into
the trachea



When told to and only when told to, pull out the bougie
while the doctor holds the endotracheal tube (Figure 20)

Figure 20. Pull out the bougie while the endotracheal tube is held steady
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Once the endotracheal tube is in position, check for
chest wall movement, listen to the chest for breath
sounds and connect end tidal CO2 monitoring to confirm
the ETT is in the right place.
Once it has been confirmed that the ETT is is in the right
place, inflate the pilot tube and check cuff pressure.
Secure the ETT with tape, making a note of the length of
the tube where it touches the front teeth (Figure 21).

Figure 21. Secure the ET tube in place. Make note of the length of the tube



If the patient cannot be intubated after two attempts, call
for more help and ask someone to get the difficult
intubation equipment if it is not already immediately
available.

Post intubation care
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Assess the patient- ABC
Start sedative infusion (if appropriate)
Arrange a chest X-ray to check the position of the
endotracheal tube
Inform the patient and their family
Start standard care of the ventilated patient.

Respiratory physiology

Respiratory physiology
The aim is to understand the relationship between ventilation
and gases exchange and the causes of respiratory failure.
The function of the respiratory and cardiovascular systems is
the oxygenation of blood and the removal of carbon dioxide
(CO2). An effective circulation is needed to deliver
oxygenated blood to the cells and return CO2 to the lungs for
excretion.

Pulmonary ventilation
Ventilation is the movement of air from the atmosphere to
various parts of the lung and back. It is caused by the
pressure difference between the air (atmosphere) and the
lungs. Inspiration results from the contraction of the
inspiratory muscles, which results in a downward movement
of the diaphragm and an outward upward movement of the
chest wall (Figure 1).

Figure 1.

This results in a negative intrapleural pressure, which sucks
the lungs open (Figure 2).

Figure 2.
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This sucks gas through the mouth, nose, upper and lower
airways into the alveoli (Figure 3).

Figure 3.

Relaxation of the respiratory muscles, powered by elastic
recoil properties, causes the opposite effect. With the
relaxation of the inspiratory muscles and deflation of the
lungs, the alveolar pressure is more than atmospheric
pressure, so gas flows from the alveoli to the atmosphere.
 For each inspiratory muscle effort, the amount of gas
that is sucked in will depend on the stiffness of the chest
wall, the pleura and the lung tissue and the resistance to
flow through the airways.
 Therefore disease affecting the inspiratory muscles,
chest wall, pleura, lung tissue or airways may cause
hypoventilation
 The volume of gas breathed in and out during in normal
quiet breathing is known as the tidal volume (VT)
 The volume of gas breathed in and out during normal
quiet breathing during 1 minute is known as the minute
volume or minute ventilation.
Minute ventilation = VT x Respiratory rate


Part of the gas breathed in and out only passes into and
out of the upper airways and other parts of the lung
where no gas exchange occurs. This volume of gas is
known as deadspace (VD). The ventilation that is
involved in gas exchange is the alveolar ventilation:

Alveolar ventilation = (VT - VD) x Respiratory rate
Thus an increase in deadspace can result in hypoventilation.

Gas transfer across the alveolarcapillary membrane
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Gas transfer depends on the pressure gradient across
the membrane
Carbon dioxide passes from the blood into the alveoli
because the level in the blood is higher than the level in
the alveoli (PACO2) (Figure 4)

Respiratory physiology



Oxygen passes in the opposite direction because the
level in the alveoli (PAO2) is higher than in the blood.
Once oxygen passes into the blood, it binds to
haemoglobin. Only a small amount of oxygen is present
in blood as dissolved oxygen.
Gas flow

Gas flow

CO 2
High

CO 2

Low CO2

High O2

O2
Low O2

Figure 4. Transfer of carbon dioxide and oxygen in a normal alveolus








Perfusion: blood flow to tissues

A change in the level of carbon dioxide in the alveolus
will change the gradient between blood and alveolus and
will alter the level in the blood. Similarly a change in
alveolar oxygen level will affect the blood level
The other gases present in the alveoli are nitrogen and
water vapour
The atmospheric pressure will affect the partial pressure
of all gases in the alveoli
The other major factor that affects PAO2 is the inspired
oxygen concentration
The major factor affecting the PACO2 is the speed of
removal, which depends on the alveolar ventilation

Perfusion and ventilation-perfusion
matching




In order for oxygen to be transferred from the alveoli to
the blood and carbon dioxide from blood into the alveoli,
the alveoli must be perfused
For optimal gas exchange, each region of the lung
should be equally ventilated and perfused
If alveoli are ventilated but not perfused, they add to
deadspace. Gas goes in and out of these alveoli but no
carbon dioxide is removed because there is no blood
flow to the alveoli (Figure 5). If the patient cannot make
up for the increased deadspace by increasing tidal
volume or rate, an increase in deadspace will result in an
increase in the level of carbon dioxide in the blood.
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Figure 5. Because this alveolus is not receiving any blood, carbon dioxide
cannot be transferred out of the blood and oxygen cannot be transferred in



Blood perfusing non-ventilated alveoli is not involved in
gas exchange (Figure 6) and therefore, in effect,
bypasses the lungs. This is known as shunting and
causes desaturation (lowering of oxygen levels) often
seen in critically ill patients. Some shunting occurs
normally, which is why the normal saturation in healthy
humans is approximately 97%, not 100%.

Figure 6. If the alveolus is not ventilated (in this case because it is full of
pus), there is no oxygen to be transferred into the blood.



Therefore, balancing ventilation and perfusion is
important in maintaining normal gas exchange.

Transport of oxygen to tissues
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Most oxygen in the blood binds (attaches to)
haemoglobin and is then carried to the tissues.
The amount of oxygen in the blood mainly depends on
the haemoglobin concentration, the oxygen saturation of
blood and the ability of the oxygen to bind to
haemoglobin
Conditions in the lung favour the binding of oxygen to
haemoglobin, ensuring maximum uptake of oxygen

Respiratory physiology




Conditions in the tissues favour the release of oxygen
from haemoglobin, ensuring maximal transfer of oxygen
from blood into cells
The other key factor affecting oxygen delivery to tissues
is the cardiac output, as blood has to be pumped from
the lungs to the tissues.

Control of ventilation



Ventilation is controlled by the respiratory centre in the
brainstem
This responds to changes in pH and PCO2 of the
cerebrospinal fluid

pH ⇒ ventilation
pH ⇒ ventilation
Metabolic acidosis and/or PaCO2 ⇒ventilation

Metabolic alkalosis and/or PaCO2 ⇒ ventilation




The respiratory centre can also be stimulated by hypoxia,
but this is not a significant factor until the oxygen level in
the blood is very low
The respiratory centre is also under voluntary control
When the respiratory centre is stimulated, a nerve
impulse is transmitted to the inspiratory muscles via the
descending brainstem tracts, spinal cord, cervical and
thoracic nerve roots, peripheral nerves and
neuromuscular junction (Figure 7). Disease at any of
these sites may cause decreased ventilation

Brainstem
Spinal cord
Nerve root
Nerve

Neuromuscular
junction
Respiratory
muscle

Figure 7. Structures involved in ventilation
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The most important nerve roots and nerves are those
supplying the diaphragm (cervical roots 3, 4 and 5 and
phrenic nerves)

Respiratory failure

Acute respiratory failure
Clinical assessment
For practical reasons, clinical assessment of the patient with
respiratory failure should start with firstly checking that the
airway is open and then assessing the severity, type and
cause of respiratory failure (in that order).
If the patient has a blocked or partially blocked airway or
severe respiratory failure, treatment should be started before
any further clinical assessment is done

Severity
This can be assessed by finding out the amount of tissue
hypoxia and by assessing the compensatory response
(increased respiratory effort and sympathetic response).
 Clinical signs of tissue hypoxia: altered mental status –
ranging from agitation to coma and seizures; cyanosis
 Pulse oximetry
 Arterial blood gases
 Increased respiratory effort – tachypnoea (fast breathing),
use of accessory respiratory muscles, nasal flaring
(widening of the nostrils during inspiration),
intercostal/suprasternal/ supraclavicular retraction
(caving in of the chest) or a paradoxical or dyskinetic
(see-saw) breathing.
 Sympathetic stimulation: sweating, tachycardia,
hypertension (hypotension and bradycardia are late
signs).

Management principles
Hypoxaemia is damaging to tissues and if uncorrected, fatal.
Rapid reversal of hypoxaemia is obviously extremely
important. Hypoxaemia should be treated by giving extra
oxygen while the pathophysiological cause is found out and
specific therapy started.

Posture
In general, ventilation-perfusion matching and alveolar
ventilation are improved in the sitting position, compared to
the lying position. As a result simply sitting the patient up
may result in a large improvement.

Giving extra oxygen
There are a number of different ways to give extra oxygen.
Methods that supply a relatively constant oxygen
concentration to the lungs are called fixed performance
devices. Variable performance devices provide variable
concentrations, depending on the patient’s respiratory rate
and inspiratory flow pattern.

Nasal cannula
This is a variable performance device. The maximal tracheal
FiO2 is not likely to exceed 0.4.
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Higher flow rates have a drying and irritating effect on nasal
mucosa. The nasal cannula, is comfortable and easily
accepted by the patient at low flows, but does not allow exact
control of FiO2.

High flow nasal cannulae
These are specially designed to deliver a high flow of warm
humidified gas. A FiO2 of up to 0.6 can typically be achieved.
If the patient keeps his/her mouth closed approximately 1 cm
H2O CPAP is provided for every 10 l/min of gas flow. In
addition, by flushing out expired gas from the oropharynx
deadspace can be reduced. Preliminary evidence suggests
that mortality may be reduced by the provision of high flow
nasal oxygen to patients with severe respiratory failure.

Simple face masks (Hudson masks)
These are variable performance devices. The approximate
FiO2 supplied by these masks is given in table 1.
Oxygen flow rate (l/min)
2
4
6
10

Approximate FiO2
0.28
0.35
0.4
0.55

Table 1. Approximate FiO2 delivered by simple face masks

Air-entrainment masks (Venturi masks)
Air-entrainment masks are designed to deliver constant
concentrations of oxygen from a FiO2 of 0.24 to 0.5,
regardless of the patient’s inspiratory flow pattern and
respiratory rate. This is achieved by delivering a very high
total gas flow. These masks are most useful when it is
necessary to control the FiO2 or to know the FiO2.

Figure 1. Air entrainment mask
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Reservoir face masks
The reservoir face mask contains a mask with valves and a
reservoir bag. The reservoir bag is filled from the 100%
oxygen supply source. The delivered oxygen flow rate is
adjusted so that the bag remains inflated throughout the
respiratory cycle. During inspiration, oxygen is breathed in
from both the oxygen source and the reservoir. The delivery
of oxygen can therefore be maximised. The mask is not
tightly sealed and therefore some air can enter with the result
that it is not a true fixed performance device. The FiO2 at an
oxygen flow rate of 15 L/min is approximately 0.7.

Figure 2. Reservoir face mask
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Bag valve resuscitator

Figure 3. Bag valve resuscitator

When the mask is held firmly over the face, very little air can
enter. If the oxygen flow to the bag is kept high (≥15 L/min), a
high oxygen supply is provided at sufficient flow. The addition
of a reservoir bag increases the ability of the system to
provide 100% oxygen. The resuscitation bag does not need
to be squeezed to supply oxygen as the valve system also
allows the patient to breathe by themselves. It is a closed,
high-oxygen, high-flow device.

Mechanical ventilation
In some cases the decision to ventilate a patient is very
simple. The patient who is hypoxic, even though they are
being given high inspired oxygen concentrations, or who is
unconscious due to hypercapnia (high carbondioxide levels)
clearly needs mechanical ventilation. Patients who need
intubation for airway protection are usually ventilated, at least
temporarily. In many cases, however the decision is a
complicated one in which a number of factors need to be
considered. These include:
 How severe the respiratory failure is.
 Cardiopulmonary reserve. Patients with less reserve
should be ventilated earlier
 How well the patient is able to compensate. Patients who
are failing to compensate require earlier ventilation
 Ventilatory demand (how much oxygen the patient
requires) should also be considered. Patients with a high
ventilatory requirement (eg severe sepsis, severe
metabolic acidosis) are more likely to develop respiratory
muscle fatigue and therefore fail to meet their ventilatory
requirement without support.
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How quickly the patient will respond to treatment of the
underlying condition. Patients who respond quickly are
more likely to cope with respiratory failure without
ventilatory support. Any estimate of speed of response
should be based on knowledge of underlying disease
and the treatment that has already been given.
Risks of complications associated with ventilation.
Certain conditions (e.g. asthma) are associated with
higher risk of ventilator-associated complications.
Need for mechanical ventilation for non-respiratory
reasons, e.g. intubation to secure the airway, mechanical
ventilation for surgery.

When considering mechanical ventilation, it is important to
consider whether it is necessary to intubate the patient or
whether the patient can be ventilated non-invasively.
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Mechanical ventilation: Basics
What is mechanical ventilation?
Mechanical ventilation involves pumping gas into a patient’s
lungs and letting it flow out passively. The function of the
ventilator is getting oxygen into the patient and getting
carbon dioxide out.
The aim of mechanical ventilation is to ensure adequate
ventilation and oxygenation, reduce the work of breathing
and make sure the patient is comfortable on the ventilator,
while minimising the risk of adverse effects.

Indications for mechanical ventilation




General anaesthesia
Patient who has been intubated for airway protection or
airway obstruction. Low-level mechanical ventilation
makes sure the patient is ventilated properly.
Refractory respiratory failure.

The basics
A simple lung model explains the relationship of pressure,
volume and flow between mechanical ventilation and
ventilated lungs. The ventilated lungs can be thought of as a
tube with a balloon on the end. The tube represents the
ventilator tubing, the endotracheal tube and the major
airways while the balloon represents the alveoli.

The relationship of flow and volume
Flow is volume of gas delivered over time. It is measured in
litres per minute.
Flow = Volume / Time
Therefore, volume of gas delivered from ventilation is equal
to Flow x Time.

Factors affecting airway pressure
For gas to flow from one area to another, there must be a
difference in pressure in those areas. Pressure is required to
overcome the resistance of the tube and to inflate the balloon.
The pressure needed to overcome the resistance of the tube
is determined by the resistance and the flow.
The pressure inside the balloon (alveolar pressure) can be
divided into two parts: the baseline pressure and the
pressure due to inflation of the lung. The baseline pressure is
the pressure in the alveoli at the end of expiration or PEEP
(positive end-expiratory pressure). The pressure due to
inflation is determined by the additional volume of gas
pumped into the lung and the stiffness or compliance of the
lung. As a result:
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Alveolar pressure = Volume/Compliance + PEEP
The total pressure (airway pressure) during inspiration is
therefore:
Airway pressure = Flow x Resistance + Volume/compliance
+ PEEP.

Flow x resistance

Volume/compliance
+PEEP

Figure 1. Simple lung model

As pressure, flow and volume are all related, it is only
possible to set any of these two variables in different
ventilation modes, with the third variable being dependent on
the settings for the other two. For example:
Ventilation mode

Parameters setting

Volume control
Pressure control

Flow / volume
Pressure

Dependent
variable
Pressure
Volume

Table 1. Volume and pressure control mode

Common ventilator modes
Assist-control modes
In these modes breaths can be started by the patient (assist
breath) or by the ventilator (control breath). The
characteristics of each breath are the same whether they are
started by the patient or by the ventilator (Figure 2). A preset
respiratory rate needs to be set. If the patient is unable to
take any breaths at all, the ventilator will give the mandatory
breaths according to the preset respiratory rate. If the patient
tries to breathe during the expiration phase, an assisted
breath will be given with the same preset tidal volume. If the
patient’s own breathing rate is greater than the preset
respiratory rate, the ventilator will not give any breaths.
The characteristics of the breath are set so that the ventilator
either delivers a set tidal volume (volume preset assist
control) or a set pressure (pressure preset assist-control).
When the term “assist control” is used without specifying
whether it is volume preset or pressure preset, it usually
refers to volume preset assist control.
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Volume pre-set assist control ventilation
This is also known as Volume Control (Macquet ventilators)
and IPPV (Intermittent Positive Pressure Ventilation in
Drager ventilators).
A preset tidal volume is given with a preset flow pattern
during the preset inspiratory time and the preset respiratory
rate. During the inspiratory pause time, there is no flow given
to the patient but the lungs are held in inspiration to allow
better gas distribution in the lungs and hence better
oxygenation.
Peak airway pressure can vary from breath to breath if the
patient’s compliance and resistance change. For example,
increased resistance (sputum) and decreased compliance
(lung congestion) will lead to increased airway pressure.
Trigger

Pressure

Flow

Volume

Time

Figure 2. Volume control mode ventilator waveform

Important
In order to protect the lungs from damage by high pressure, it
is important to set an appropriate “upper pressure limit”
(usually <40 cmH2O). If the pressure reaches the upper
pressure limit, the ventilator will immediately change to
expiration and display an alarm for “high airway pressure”.
(See Mechanical ventilator: Troubleshooting chapter for more
detail).

Pressure pre-set assist control ventilation
(Pressure Control Ventilation)
In this setting, the ventilator gives the preset pressure during
a preset inspiratory time. Giving a constant pressure during
inspiration results in a high initial flow, which falls to zero or
close to zero by the end of inspiration.
Delivered tidal volume may vary, as it depends on the preset
pressure level, patient’s lung compliance, resistance of the
endotracheal tube and the patient’s airway.
This preset pressure control level is usually set as a pressure
above PEEP (positive end expiratory pressure) so that the
“peak airway pressure” shown on the ventilator is the sum of
PEEP and the set pressure above PEEP.
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Pressure

Flow

Volume

Time
Figure 3. Pressure control mode ventilator waveform

Important
As the delivered tidal volume can vary, it is important to set
the “Expired minute volume alarm” to make sure the correct
ventilation is given to the patient.

Synchronised intermittent mandatory
ventilation (SIMV)
In this mode, the patient receives a set number of mandatory
breaths, which are synchronised with any attempts by the
patient to breathe. The patient can also take additional
breaths between the mandatory breaths. The mandatory
breath is usually a volume control breath but can be a
pressure control breath.
Each SIMV cycle consists of SIMV period and spontaneous
period. If the patient attempts to take a breath and triggers
the ventilator during the SIMV period, a synchronised
mandatory breath will be given. If the triggering occurs in the
spontaneous period, a pressure support breath is given.
SIMV cycle
Spontaneous period

SIMV period

Mandatory
breath

PS breath

Pressure

PEEP
Time

Flow
Time

Trigger

Trigger

Figure 4. The effect of patient triggering in different parts of the SIMV cycle
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Pressure support (PS)
In this mode the patient receives a preset inspiratory
pressure when he begins a breath. If he does not begin a
breath, no breaths are delivered. If the duration of apnoea
exceeds the apnoea alarm limit the ventilator will either alarm
(older ventilators) or switch to an assist-control mode (newer
ventilators). In this mode of ventilation the tidal volume
depends on lung compliance and resistance and the patient’s
inspiratory effort. As the patient has control over the
ventilatory rate, duration of ventilation and, to some extent,
the tidal volume, this mode of ventilation is more comfortable
for most patients.

Figure 5. PS mode waveforms

Important
 The trigger sensitivity must be set accurately so that
attempts to breathe are properly sensed by the ventilator.
Usually flow triggering is more comfortable than pressure
triggering.
 Monitor the tidal volume levels and the respiratory rate.
 The apnoea alarm should always be set to suit the
situation of the individual patient.
 Make sure that the alarm limits for the expiratory minute
volume alarm and for the respiratory rate are
appropriately set to make sure the patient receives
adequate ventilation

Continuous positive airway pressure (CPAP)
In this mode, a constant pressure is applied through
inspiration and expiration (although some ventilators will
automatically apply a low level of pressure support during
inspiration). Continuous positive pressure is maintained in
the alveoli and may prevent the collapse of the airways.
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Figure 6. CPAP mode waveforms

Positive end-expiratory pressure (PEEP)
PEEP is very similar to CPAP, except the set pressure is
only applied during expiration. It is only used when the
patient is being ventilated. The effects are similar to CPAP.
It is important to monitor closely to make sure the PEEP is at
the pre-set level. Higher PEEP will cause haemodynamic
compromise leading to hypotension, due to the abnormal
increase in intra- thoracic pressure leading to decreased
venous return to the heart.
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Basic ventilator settings
Common terms used for ventilator settings are described in
table 2.
Fractional
inspired oxygen
(FiO2)
Respiratory rate
(RR)
Tidal volume
(VT)

Inspiratory
pressure
(Pi)

Inspiratory flow

Minute
ventilation or
volume (MV)
Inspiratory time

Inspiratory
pause
Time

Inspiratory cycle
off
Expiratory time
I:E ratio
Trigger
sensitivity

PEEP (Positive
End Expiratory
pressure)

% of inspired gas oxygen concentration
Ranges from 0.21 to 1.0
In general, use lowest FiO2 that maintains
arterial saturation at 90-94%
Rate of controlled breaths
An average RR for adult is 12 breaths per min.
The amount of gas given by ventilator in each
breath
Normally 6 to 8 ml/kg of predicted body weight
Expired tidal volume is monitored as it is a more
accurate indicator of the tidal volume received
by the patient
Adjust the set inspiratory pressure to achieve an
adequate tidal volume
The inspiratory pressure is usually set above
PEEP.
The sum of PEEP and set inspiratory pressure
above PEEP should be <30 cm H2O
This may be set directly or may be a
consequence of the set tidal volume and
inspiratory time. Use of accessory muscles and
respiratory distress in a ventilated patient may
be due to inadequate inspiratory flow
Total amount of gas delivered to patient during 1
minute
MV is equal to VT times RR
Normal minute ventilation  100 ml/kg but varies
depending on the metabolic rate
Duration of inspiratory phase
Includes the time that gas is flowing into the
lungs (inspiratory flow time) and the time during
which it is simply held in the lungs before
expiration (inspiratory pause time)
The time during which the lungs are held in
inspiration
This allows better distribution of gas between
various parts of the lungs, resulting in better
oxygenation.
Pressure at this point is more reflective of the
alveolar pressure and thus more related to the
risk of barotraumas than peak airway pressure
This determines the end of inspiration in
pressure support mode
In some ventilators, it cannot be adjusted
This cannot usually be set and is simply the time
from the end of inspiration until the next breath
The ratio of inspiratory time to expiratory time.
The normal I: E ratio for an adult is 1:2.
Level of patient effort to trigger the ventilator to
deliver a breath. Ventilator may sense flow or
pressure changes.
Flow triggering tends to be more sensitive,
making it easier for patient to trigger a breath.
A positive airway pressure is maintained at the
end of expiration to improve the oxygenation
without increasing FiO2.

Table 2. Common terminology for ventilator setting
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Predicted body weight
The predicted body weight is determined by patient’s sex and
height (appendix 1). Height should be measured with the
patient lying flat.

Figure 7. Measurement of height

Adverse effects of mechanical
ventilation
Ventilator-induced lung injury
Caused by high alveolar pressure, high tidal volumes and
repeated collapse and re-expansion of alveoli, it results in
pneumothorax, surgical emphysema and acute lung injury.
Therefore, in general, the peak inspiratory pressure should
be kept below 30 cmH2O and the tidal volume 6-8 ml/kg of
ideal body weight. To ensure safe mechanical ventilation, the
peak inspiratory pressure limit is usually set between 30 to
40 cmH2O If a higher limit level is required, it should be
clearly documented by ICU doctors.
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Gas trapping
This occurs if there is not enough time for alveoli to empty
before the next breath and is therefore more likely to happen
in patients with airflow obstruction (asthma, COPD), when
the inspiratory time is long or the respiratory rate is high.
Thus, the I:E ratio is usual set at 1:2 ratio for normal and the
pre-set ventilator rate is 15 to 20 breaths per minute.

Cardio-vascular effects
Positive pressure from mechanical ventilation will cause
intra- thoracic pressure changes, leading to cardiovascular
changes (see Applied cardiovascular physiology chapter)

Infection
Nosocomial pneumonia is a common complication of
mechanical ventilation. It is important to follow infection
control practices strictly to prevent cross infection (see
Infection control chapter).
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Mechanical ventilation:
troubleshooting
Troubleshooting mechanical ventilation is a skill that requires
practice and accuracy. When nursing patients who need
mechanical ventilation at a developmental stage it is crucial
to recognise and understand your limitations. Skilled
resources such as senior nurses and medical staff are your
advisors during this learning stage and should be used as
soon as troubleshooting issues begin.
When starting to nurse patients who are mechanically
ventilated it is firstly important to perform a patient
assessment. You should find out the following:



Is the patient breathing? (look, listen and feel)
Does this patient need urgent resuscitation?

If the patient is getting air into their lungs the following
checks should be made:





How quickly is the chest moving and are both sides of
the chest rising equally?
Is the patient looking cyanosed (blue in colour)?
What are the arterial and peripheral saturations?
Is the patient haemodynamically stable?

Note: under no circumstances should the ventilator alarms
be muted / turned to silent before correcting the problem.
Any doubts – get help immediately.

Ventilator alarms
Do not rush to the ventilator as soon as it alarms but FIRST
check the patient and the monitors, as this will give you the
most important information you need to know about the
patient’s breathing. Go back to the basics and start with a
basic assessment of Airway, Breathing, Circulation and
Disability, and check your monitoring, in particular,
capnography, oxygen saturation, respiratory rate and
haemodynamic status of the patient.
The ventilator has settings that can be set by the user and
changed to improve and give the best possible ventilation.
Alarms for these settings are also set and adjusted to let the
user know if there are signs that the patient may be over or
under ventilating. Some of the most common alarms are
described below:

High airway pressure
A high airway pressure alarm in a ventilated patient can be
due to:
 Endotracheal tube blockage: sputum plug, tubing is
kinked (bent) or the patient is biting on the tube.
 Decreased compliance: pneumothorax, decreased chest
wall compliance, patient fighting the ventilator, sputum
plugging and lung collapse
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Increased airway resistance: bronchospasm
Ventilator settings: incorrect settings e.g. tidal volume or
flow too high and a short inspiratory time
Circuit problems: fluid pooling in the circuit, filter and
kinking of tubing



Management:


Look at the patient: Is the chest moving? Are there
breath sounds? Is there a capnograph waveform?
What is the oxygen saturation and is the patient
haemodynamically stable?
If the patient is not deteriorating, pass a suction catheter
down the endotracheal tube, noticing if it passes easily
and the approximate depth at which it meets resistance.
Suction any secretions and see if this solves the problem.
If not, get help immediately.
If the patient is deteriorating, CALL FOR HELP, take the
patient off the ventilator and bag ventilate with 100%
oxygen
While help is on its way, check the circuit for kinks, check
if the heat and moisture exchangers are filled with water
vapour or if a large volume of water has collected in the
circuit







You may find when senior help arrives that the patient may
be disconnected from the ventilator and placed on a manual
resuscitation bag. This is done to further assess the patient’s
ability to ventilate and work out if it is a problem with the
patient or the ventilator. If the problem lies in the ventilator or
circuit, it will be easy to bag ventilate the patient. If it is
difficult, the problem probably lies in the endotracheal tube or
the patient.
Ventilator

Circuit

Ventilator
malfunction

Kinking
Pooling of
condensed
water
vapor
Wet filters
causing
resistance

Endotracheal
tube
Obstructed,
by kinking,
patient biting
the tube, with
sputum, blood
etc.
Endobronchial
intubation

Patient
Bronchospasm
Poor lung
compliance
(pulmonary
oedema,
collapse,
consolidation)
Poor pleural
compliance
(eg.
pneumothorax)
Patient fighting
ventilator
Coughing

Table 1. Causes of high airway pressure in volume preset modes and low
tidal volume in pressure preset modes

Desaturation
Oxygen desaturation can lead to a hypoxic injury if not
corrected early. If desaturation occurs perform a primary
assessment of Airway, Breathing, Circulation and consider
the following troubleshooting tips:
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Check monitoring such as pulse oximeter and
capnography for waveform and numbers to determine
accuracy
Increase the fraction of inspired oxygen concentration to
1.0
Get help immediately
Perform suctioning technique to exclude endotracheal
tube obstruction
Ventilate via the manual resuscitation bag to work out if
the problem is with the patient or ventilator

Tidal volume
Tidal volume is the amount of gas in milliliters that is needed
to deliver a single breath, with the typical target of 6-8 ml/kg
of predicted body weight (appendix 1).
Depending on the ventilator mode, the tidal volume may be
patient dependant (spontaneous) or a pre set value
(mandatory).
In the acute phase of critical illness, inadequate tidal volumes
may result in inadequate ventilation and respiratory acidosis.
The following alarms are explained below:
 Tidal volume high: The patient is being over ventilated or
taking large breaths. Excessive tidal volumes may also
cause acute lung injury known as barotrauma.
 Tidal volume low: a low tidal volume may indicate the
patient is under-ventilating and may be a result of the
following causes: neurological deterioration, sedation,
obstruction or ventilator compliance. Management:
Perform a primary assessment and specifically look for
chest rise, symmetry, oxygen saturations, carbon dioxide
monitoring, level of sedation and evidence of
neurological deterioration
 Perform a suction of the ETT to exclude tube obstruction
 Seek help immediately.
 If the patient is not ventilating: place on emergency
resuscitation bag with an FiO2 1.0 until help arrives
 Patient may need to be placed on a mandatory mode of
ventilation to deliver set tidal volumes.
 Identify underlying cause
Note: some ventilators do not have alarms for low or high
tidal volumes. Make sure you are familiar with the equipment
in your unit
Monitoring the tidal volume is particularly important in
patients who are being ventilated using a pressure control or
pressure support mode. In these modes, a change in system
resistance or compliance results in a change in tidal volume.
In patients who are being ventilated in volume preset modes,
the tidal volume is unlikely to vary very much unless the
ventilator settings have been changed or the ventilator is not
working properly. All the conditions that result in high airway
pressure in volume preset modes (Table 1) can result in low
tidal volumes in pressure preset modes.

Respiratory rate
Respiratory rate can be a spontaneous rate that the patient
controls or is a pre set rate given by the ventilator. A high
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spontaneous respiratory rate generally indicates a high
metabolic rate, anxiety or discomfort or there is an attempt to
correct an inadequate tidal volume (VT). A high respiratory
rate and high tidal volume will contribute to a high minute
volume due to the calculation:
RR X VT = MV

Minute ventilation
Minute ventilation is the amount of gas breathed out by the
patient in one minute. Measured in litres, the range for
satisfactory minute ventilation is 4-10L/min. Minute volume is
calculated from the expired tidal volume and respiratory rate.
So a change in either of these will affect the minute volume
Management: If the low minute ventilation alarm is sounding,
always check that the ventilator is still connected to the
patient, the endotracheal cuff is adequately inflated and the
endotracheal tube is still in the airway. Start with a primary
assessment and get help if the problem is not solved
immediately.

Apnoea
Unless there is a problem with the ventilator, this alarm
should only sound in patients who are ventilated in a pure
support mode (such as pressure support) without backup
ventilation. Try to get the patient to breathe. If this is
unsuccessful, switch to assist control or SIMV modes, or bag
ventilate and seek help to find out a cause. If you are having
to repeatedly stimulate the patient to get him/her to breathe,
a change of mode may be required. Consider if sedation
should be changed or if there are any signs of neurological
deterioration, which may be the cause of apnoea.
Note: under no circumstances should patients be simply
switched to a mandatory mode of ventilation due to apnoea
without knowing the cause of the apnoea. If your patient is
apnoeic and it is not due to sedation, the medical team
should be informed so a cause can be found.

Hypotension and cardiac arrythmias
Hypotension is rarely due to mechanical ventilation, although
it can occur shortly after intubation, due to the effect of drugs.
When it is related to mechanical ventilation, it is usually due
to gas trapping (see Mechanical ventilation: Basics chapter)
or tension pneumothorax. Hypotension and cardiac
arrhythmias can also occur due to endotracheal suctioning.
This is due to the vagus nerve and its distribution of nerve
branches in the pharynx, larynx, trachea and other organs.
Although they usually only last for a short while, hypotension
and cardiac arrhythmias can occur as a result of the suction
catheter being inserted too deeply in the tracheo-bronchial
tree causing vagal stimulation.
Tip: to reduce the risk of vagal nerve stimulation: insert the
catheter until a cough reflex is present, remove the catheter
one centimeter, then apply suction and withdraw.
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Low oxygen concentration
This is usually a brief alarm that occurs immediately after the
inspired oxygen setting has been increased. Nevertheless it
should not be ignored. Check that the measured inspired
oxygen concentration is rising to the set level. If not, check
your gas supply and that the ventilator is properly connected
to it. Most but not all modern ventilators have a separate
alarm for low oxygen supply pressure.
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Non-invasive ventilation
Noninvasive positive pressure ventilation (NIPPV) is the
giving of mechanically assisted breaths without using artificial
airways.
NIPPV works best for patients with chronic obstructive airway
disease or cardiogenic pulmonary oedema and is less
effective for patients with pneumonia or acute respiratory
distress syndromes (ARDS).
NIPPV requires the patient to be alert, cooperative, able to
protect their airway (positive gag reflex) and be
haemodynamically stable.
Note: NIPPV is also referred to as NIV (non-invasive
ventilation)

Indications for non-invasive positive
pressure










Acute exacerbation of COPD
Non-COPD hypercarbic acute respiratory failure
Cardiogenic pulmonary oedema
Hypoxemic respiratory failure
Immunocompromised patients
Weaning from ventilatory support
Community-acquired pneumonia
Asthma
Post-operative patients

Non-invasive positive pressure
interfaces
Non-invasive positive pressure interfaces include nasal
masks, full-face masks, nasal mask, oral interfaces or the
helmet, and are crucial to the success of NIV as the choice of
ventilation. Ideally, discuss with your patient the choices of
mask available to them, as any discomfort to the patient will
reduce their tolerance of the NIV.

Figure 1. Nasal mask
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Figure 2. Full face mask

Figure 3. Total face mask

Interfaces
Nasal
mask

Advantages
Good for long-term use in
adults

Full
facemask

Can solve problems with
mouth leak
Useful in confused patients
and children
No pressure over nasal
bridge
Helpful for claustrophobic
individuals
Can be used easily by
patients wearing
spectacles
Small functional
deadspace, reduced leaks
Helpful in some
claustrophobic patients
Useful in preventing sores
formation when compare
with use of nasal or full
face mask
No contact with face or
head
May have infection control
advantages
Helpful for short-term
emergency application

Nasal
plugs

Total
facemask

Helmet

Disadvantage
Problems in
patients with
mouth leaks or
nasal pathology
Can be
claustrophobic
Can be unstable
and slip off face
Not available in
small enough
sizes for young
children
Limited sizes and
none yet suitable
for children
Designed for
short-term use
Expensive
Greater likelihood
of rebreathing
Intended for
short-term use
Not easy to sleep
in device

Table 1. Factors to be considered in individual circumstances
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Practical checklist for NIPPV
1) Check the alarm setting and oxygen supply (some
machines can operate on room air even when oxygen
supply is disconnected).
2) Initial settings are based upon the clinical decision of the
prescribing doctor. Start with low pressure and increase
as and when the patient is comfortable.
3) Give reassurance and adequate explanation to patients:
a) Explain to the patient the reasons and purposes of
the NIPPV therapy. Because a high flow of NIPPV is
expected during therapy and its use is difficult to
tolerate in the beginning, patient cooperation is
crucial to the success of the therapy.
b) Select a mask that fits the patient and hold it in place
to allow patient to sense the “high flow” of the
machine.
c) When starting NIPPV, hold the mask over the
patient’s face and allow a few minutes for the patient
to get used to the high flow and pressure before
securing the mask in place.
d) Secure the mask in place with straps or headgear
and observe the patient’s tolerance.
4) Ventilator settings and monitoring of patient vital signs:
a) Check for adequate ventilation and oxygenation.
Correct any problems of respiratory failure, and
make sure the patient is comfortable and tolerating
the mask and settings.
b) Look for any evidence of leaking around the mask
that may lead to a decreased tidal volume and
oxygen desaturation.
c) For settings, focus on:
i) Achieving adequate tidal volume, 6 to 8 ml/kg
ii) ↓ RR < 25 breaths per minute
d) Alter the oxygen to achieve SpO2> 90%.
e) Monitor ABG’s and make necessary adjustments.
5) Emergency action:
a) If the patient vomits, it is important to remove the
mask quickly to prevent aspiration. Masks usually
have a rapid release mechanism. Make sure you are
familiar with how to remove your patient’s mask
quickly
b) Teach the patient how to remove the mask and how
to ask for help. This may include providing them with
communication aids, watching them carefully and
providing them with a call bell.
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Problem
Facial and
nasal
pressure
injuries and
sores
Gastric
distension
Thirstiness
or thick
secretions

Solution
The mask may be too tight
Minimise pressure by intermittent
application of NIPPV with timed breaks for
pressure relief and mouth care,
Balance strap tension: Reduce leak
without excessive pressure from tight
mask
Insert nasogastric tube if patient develops
gastric distention
Avoid high airway pressure
Provide humidification in the NIPPV circuit
if indicated
Provide mouth care whenever necessary
Provide sips of water between intervals if
allowed
Administer moisturising eye drops as
prescribed
Facial hygiene

Table 2. Specific care of patients with non-invasive ventilation

90

Care of the ventilated patient

Care of the mechanically
ventilated patient
The care of mechanically ventilated patients is an essential
and core practice in the intensive care unit, however it is a
skill that requires sound theoretical knowledge and practical
experience. This chapter will provide a guide for the nursing
tasks required to care for a patient who is needing
mechanical ventilation.

Establishment of mechanical
ventilation
Requires:
 Ventilator
 Ventilator tubing
 Humidification
 Ventilator filter
 In-line suction (closed suction system)

Essential emergency equipment and
safety check
At the beginning of each shift, check the essential items that
should be readily available at the bedside for emergency use.
Make sure that the bedspace is clean and tidy and
equipment is ready to use in case an emergency situation
occurs

Essential equipment required at the bedside





Self-inflating manual resuscitation bag with mask and
oxygen tubing
Correct sized face mask
High-flow suction unit with Yankauer sucker and
endotracheal suction catheters
Guedel airways in several sizes

Safety checks of the mechanical ventilator






Make sure the ventilator is working and connected to an
uninterrupted power supply
Make sure oxygen and air connections are tight with no
leak
Check the ventilator mode, setting, FiO2 level. Check the
alarm limit against the ventilation orders
Make sure the ventilator alarms are on and the limits are
set correctly (consult senior nursing staff if unsure)
Make sure monitoring devices e.g. pulse oximetry,
capnography and cardiac monitoring are connected
properly and safe alarm limits are set.
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Nursing observations of the
mechanically ventilated patient
The nursing observations of a patient receiving mechanical
ventilation are based on assessment of the patient,
understanding of the mechanical ventilator modes, ventilator
settings and troubleshooting management of a mechanical
ventilator. (Please refer to the chapters Nursing assessment
of the critically ill patient, Mechanical ventilation: Basics, and
Mechanical ventilation: Troubleshooting).
A baseline assessment of the patient should be done so that
any changes or deterioration can be observed immediately.
A thorough physical assessment should be done at the start
of every shift and regularly throughout the day. Remember,
that it is the patient that will be able to provide you with the
most accurate clinical information. If you are unsure about
anything to do with the patient’s condition, consult senior
nursing or medical staff immediately.

Nursing care of a mechanically
ventilated patient
Patient comfort
Nursing care to ensure patient comfort should be done
regardless of mechanical ventilation. The following points will
outline the nursing care required and how to overcome some
special problems.
 Hygiene: Daily bed bathing (and hairwashing if needed)
should be given to all patients Dressings should be
changed if they become wet and wounds/insertion
sites/surgical sites should be kept free from moisture.
 Eye care: Eye care is especially important for patients
without blinking reflexes or who cannot close their eyes.
For these patients, eye drops should be given every 3
hours and lubricants as necessary.
 Mouth care: Teeth brushing should be done on patients
with an endotracheal tube daily. Make sure the ETT cuff
is inflated, put a small amount of toothpaste on the brush
and gently clean around gums, teeth, tongue and oral
cavity. The inside of the mouth can be cleaned using an
oral antiseptic solution or water drawn into a 10ml
syringe and gently rinsed inside the mouth; at the same
time use a y-suction catheter to remove liquid and
prevent aspiration. Apply a lip moisturiser to lips. Once
this is done, use swabs with water or oral antibacterial
solution regularly to prevent drying of oral mucosa and to
promote comfort.
 Pressure area care: This should be performed every 3
hours and patients should be turned on their side to
assess the condition of their skin. If possible, ask the
patient how they would like to be positioned to help with
their comfort levels.
 Patient position: Patient positioning should be performed
every 3 hours to prevent the development of pressure
areas. Ask the patient how they would prefer to be
positioned if appropriate. For spinal injury patients,
properly trained staff should use the correct manual
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handling techniques, reassure the patient and provide
head and neck support during positioning. Care should
be taken to ensure skeletal alignment post positioning. It
is important to note that some patients may need pain
relief before re-positioning

Communication
Patients who are conscious and aware of their own treatment
and condition but unable to communicate verbally with
nurses and family are a challenge for both patients and
nurses. As nurses, it is essential we make every effort to
establish a relationship with our patients, which includes a
plan to overcome communication problems.
There are various ways to improve communication with
mechanically ventilated patients.
















Body language and touch: Introducing yourself to your
patient in a calm and relaxed manner can help to
reassure the patient. Simple touch when appropriate and
if acceptable to the patient’s culture, (such as gently
holding the patients hand) may help with reassurance
and care.
Facial Expressions: Patients can read a lot through our
facial expressions. A calm, relaxed and friendly face is
more reassuring and comforting than an angry and
anxious one.
Eye contact: It is important to look at the patient when
you are speaking and listening to them so they feel they
have your full attention.
Closed questions: These make it easier for the patient to
communicate as they can nod or shake their head in
answer simple to questions such as: ‘are you in any
pain?’ or ‘would you like me to shut the curtains?’ Hand
signals can also sometimes be useful to establish simple
answers (good=thumb up, bad=thumb down).
Writing communication: Even when intubated, and if only
lightly sedated, some patients may be able to
communicate by writing thngs down.
Picture board: These can be either bought or made with
the patient and/or their family. This could include a list of
phrases on a piece of paper such as ‘I have pain’ or ‘I
need to go to the toilet’ to which the patient can point
when required.
History taking: Information about a patient’s likes and
dislikes can be obtained from family members so the
nurse can have a better understanding of the patients’
needs.
Finding out if the patient has any vision or hearing
problems: Providing the patient with their glasses and/or
hearing aids helps them communicate with others and
reduces their isolation.
Providing flexible visiting hours: These help the patient
feel less isolated and allow the family more opportunity
to stimulate and be involved in supporting the patient.
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Endotracheal tube care
Once the endotracheal tube is safely inserted by the doctor
and its placement confirmed by x-ray, the daily management
and safety of the endotracheal tube is the nurse’s
responsibility. This section describes how to safely look after
and remove the endotracheal tube.

Securing the endotracheal tube
The endotracheal tube can be secured in different ways.
Please check your hospital policy to confirm which method is
used.

Cotton twill tape

Figure 1. Securing of an endotracheal tube the using cotton twill tape
method

This is often used in the intubation procedure, as it is quick
and strong. A hitch should be made around the tube close to
the patient’s teeth followed by a single knot (figure 1). The
remaining cotton should be fed behind the patient’s neck and
secured firmly near the patient’s cheek by creating a single
knot that is looped around twice to prevent the knot from
sliding. To check it is secure, two fingers should be able to
be placed under the tape.
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Suitable for: Any patient except for those with a neurological
injury. Excellent for the intubation procedure.
Precautions: This method may restrict venous drainage,
which may lead to intracranial hypertension. Long-term use
may result in pressure areas on corners of mouth due to the
tape cutting in.

Adhesive Tape (Lillehei method)
Adhesive tape is another way of securing the tube, Tapes
can be applied only to cheek areas or wrapped behind the
patient’s head. Two long pieces of tape should be cut and
then split lengthways to look like a ‘trouser leg’. With one
person holding the tube, the adhesive tape is then stuck to
the cheek and the top piece of split tape used to wrap around
the tube. The bottom tape is then brought across the top tape
and secured to the other cheek. The second tape is in the
same way on the other side of the face, creating a
comfortable and secure method of tube security.
Suitable for: All patients except those with facial skin trauma
(e.g. burns)
Precautions: Patients who are allergic to adhesive tape.
Tape should be changed as soon as it becomes wet or soiled
to prevent the tube from moving or coming off.

Changing tapes
This procedure involves two nurses, one to firmly hold the
tube while the other removes the existing tape and applies a
new one. The following points will make sure that the tape is
changed correctly.
Explain procedure to patient: Changing the tapes can be
frightening for the patient. A sedation bolus may need to be
given to reduce factors such as coughing or agitation.
Confirm cuff pressure: This should be checked before the
procedure to avoid the risk of aspiration. Using the cuff
monometer ensure the pressure is in the green section.
Suction: Using a y-suction catheter, gently suction the
patient’s mouth especially above the endotracheal cuff to
minimise the risk of aspiration.
Check the initial position of the ETT: ETT’s should be
measured by matching the number on the ETT that is closest
to the patient’s teeth. Lips swell and can provide a false
measurement, which is why they should not be measured
against.
Firmly secure the tube: This can be achieved by one nurse
holding the tube close to the patient’s lips by holding it with
their index finger and thumb, with their hand resting
underneath the patient chin to provide added security. The
second nurse can then remove the existing tape or tie safely,
taking care not to cut the pilot tube.
Skin Care: Skin should be free of any previous tape and
washed with a wet cloth. If possible, the upper lip can be
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shaved so the tape will stick better. A skin preparation should
be used (such as a barrier wipe) to protect skin before reapplying the tape. Before replacing the tape, inspect the skin
and oral mucosa for any sign of damage caused by the tube
or tapes and reposition the tube if necessary.
Re-applying of tapes: by using one of the methods explained
above or according to your own hospital policy.
Check the ETT is in the right place: Once tapes have been
applied or tied it is essential to re-check the position of the
ETT to make sure it has not moved or become dislodged.
Assess the patient to determine effective airway, breathing
and circulation, ensure all monitoring has not altered from
your baseline (such as carbon dioxide, oxygen saturation
and ventilation observations)

Suctioning
When do I suction?
Suctioning is done for patients who are unable to clear their
own airway. This should be done when the patient needs
rather than at set times. However, the nurse should assess
the patient’s need for suctioning regularly through their shift
and a minimum of every 4 hours is recommended.
Indicators for a need to suction include increased work of
breathing, sputum in the endotracheal tube when coughing,
changes in respiratory rate, patient distress of diaphoresis,
decreased oxygen saturations and copious amounts of
sputum.
Suctioning is a high-risk procedure that could produce the
following complications:
 Respiratory (hypoxia, alveolar collapse)
 Cardiac (dysrhythmias, bradycardia and hypertension)
 Mucosal damage
 Neurological (increased intracranial pressure)

Types of suction equipment
There are different products available for the suction of
patients. The uses for each are described below:
Yankeur sucker: This is a large, wide bore, hard plastic hand
held tube that allows for rapid suctioning. This is used in
procedures such as intubation, extubation and can be used
for emergency situations such as vomiting. This tube is also
useful in patients that are able to open their mouth wide to
allow for easier suctioning.
Precautions: Care should be taken with patients who have a
tendency to bite on objects placed in their mouth as they may
break or chip their teeth. This device only suctions the mouth
not the airways.
Y-suction catheter: This catheter is softer, smaller and more
flexible, allowing for suctioning of oral secretions in patients
who may not be able to open their mouth wide. Y-suction
catheters are useful for above cuff suctioning and for oral
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care. They are also useful in palliative patients for upper
airway suctioning.
Precautions: Whilst they are effective at removing secretions
and gentle to the oral mucosa, for emergency situations, the
Yankeur sucker will be quicker
In-line suction (closed catheter system): In-line catheters are
used in patients with an endotracheal tube and are covered
in a plastic sheath for infection control. The catheter can be
fed down the ETT until the patient coughs. At this stage the
suction button should be pressed for no more than 15
seconds as the catheter is removed at a steady pace.
Precautions: Avoid passing the catheter down to the point of
the carina as this can cause trauma and stimulate the vagus
nerve, which can have haemodynamic consequences such
as bradycardia and can cause severe patient distress

Suctioning technique
For in-line (closed catheter) systems:
 Pre-oxygenate the patient with 100% oxygen prior to
suctioning to reduce the risk of hypoxia
 Gently pass the closed-suction catheter down the
endotracheal tube without applying suction, and then
withdraw the catheter in a twisting motion while applying
suction force. Each round of suctioning should be
maintained for no more than 15 seconds.
 Allow the patient to rest for at least 30 seconds to 1
minute whilst their respiratory effort and observations are
assessed. Consider the need for further suctioning
based on their clinical condition.
 Rinse the closed-suction tubing with a syringe filled with
5 mls of normal saline as per manufacturers’ guidelines.

Was suctioning effective?
To check the suctioning was effective the following
observations should be made:
 Sputum: was there much sputum removed? Also
consider the thickness and colour of secretions to
suggest possible trauma or infection
 Breath sounds: do they sound clear? Does the patient
require further suctioning?
 Work of breathing: Assess the patient’s ability to breathe
through looking at chest rise and symmetry. Ideally the
patient should find it easier to breathe and have
improved chest wall movement
 Monitoring and observations Assess the patient’s clinical
observations such as heart rate, blood pressure, End
tidal CO2 and SpO2 monitoring, respiratory rate, minute
volume and tidal volume (if ventilated)

Monitoring endotracheal cuff pressure
Ensuring the endotracheal cuff is at the right pressure is a
nursing responsibility that should be performed at the start of
every shift and intermittently through the day/night. An
endotracheal cuff that is underinflated could potentially lead
to movement or dislodgement of the tube with the risk of
aspiration. Alternatively, a cuff pressure set too high can
place too much pressure on the tracheal wall, leading to
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tracheal necrosis. All endotracheal cuff pressure should be
maintained between 25-30 cmH2O

Prevention of infection
Patients who are mechanically ventilated are at risk of
developing Ventilator Acquired Pneumonia (VAP), which is a
life threatening condition. Bacteria can enter the lungs
directly via the endotracheal tube or as a result of aspiration.
As nurses, there are simple and essential tasks that can be
performed to reduce the risk of the patient developing VAP.


Change the ventilator circuit according to your unit
protocol including tubing, inspiratory/expiratory filters, in
line suction catheters and heat/moisture exchange
(HME) filters
 Follow strict hand hygiene practices: before/after
entering or leaving a room, before/after a procedure
 Perform oral care regularly: oral mouth care has been
shown in studies to significantly reduce the incidence of
VAP
Nurse the patient with the head of the bed at 30 to 45
degrees (if not contraindicated) for the prevention of
aspiration.

Weaning of ventilation:
Weaning is a process of change from mechanical ventilation
to extubation.
It starts from reducing the level of mechanical support to
spontaneous breathing.
Nurse’s role in weaning:
 Explain the process and reassure the patient
 Encourage the patient to breath on his own
 Sit the patient up
 Close monitoring to detect signs of respiratory distress
(see Nursing Assessment of Critically Ill Patient)

Extubation
Extubation is a complex nursing procedure, which must be
carried out by two nurses, and can be life threatening should
complications arise. Ensure all your emergency equipment is
available for immediate use and confirm senior nursing and
medical staffs are nearby to help should a complication occur.
In some cases, immediate re-intubation may be necessary,
so frequent and accurate clinical assessments of the patient
are required to assess for areas of deterioration.
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Place the patient nil by mouth for at least 4 hours prior to
extubation. Aspirate orogastric or nasogastic tube. (Look
out for hypoglycaemic events. Stop insulin infusion if
patient is fasting).
Assess patient’s effort to cough to see whether they will
be able to effectively clear sputum after extubation
Before extubation, explain the procedure to the patient to
make sure they understanding and can therefore
cooperation.
Prepare equipment:
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Oxygen mask, bag-valve mask with oxygen tubing,
yankeur sucker and suction, 10 ml syringe, blue
drape
Sit up patient to at least 30 degrees
Perform oropharyngeal suction and ETT suction
Whilst one nurse secures the ETT by holding it firmly, the
second nurse should loosen the ETT tape or tie
Deflate cuff with syringe
Remove ETT steadily while the patient coughs
Perform suction to clear secretions
Apply oxygen mask immediately
Continue to monitor the patient’s respiratory status,
clinical observations and perform an ABG a minimum of
2 hours post extubation
Consider physiotherapy to assist with sputum clearance,
deep breathing and coughing exercises

Managing unplanned extubations
Despite good intentions, unplanned extubation does
occasionally happen. This may be a result of the patient
accidentally removing the tube due to confusion and agitation,
during manual handling or through the tube becoming
dislodged.
There are things you can do to prevent unplanned
extubation:
 Always make sure the ETT tape or tie are tied properly
 Help the patient to accept the ETT by:
 Explaining why they need the tube and when it may
be removed.
 Helping them to communicate their needs to try to
reduce their anxiety.
 Regularly remind the patient what is the place, date and
time and promote sleep/awake patterns by allowing
natural light when possible and turning lights off for rest
 Minimise confusion and agitation by providing adequate
sedation and pain killers.
 Apply physical restraints only when necessary
Do the following if an unplanned extubation occurs:
 Call for help
 Perform oropharyngeal suction with a yankeur sucker
 Assess the patient’s condition including Airway,
Breathing and Circulation
 Apply 100% O2 via bag valve resuscitator.
 Sit the patient up if safe to do so.
 Use manual bag to ventilate the patient with 100%
oxygen if the patient cannot breathe on their own
 Continue to monitor the patient’s vital signs: SpO2,
respiratory rate, work of breathing, evidence of stridor or
wheeze and haemodynamic status
 Take an ABG if available
 Have equipment and drugs ready for emergency reintubation.
 Record the event in the patient’s notes and emergency
record form.
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Respiratory monitoring
Types of respiratory monitoring





Clinical assessment: This is the most important form of
monitoring
End-tidal carbon dioxide (EtCO2) capnography
Pulse oximetry (oxygen saturation)
Arterial blood gases (see Arterial blood gas interpretation
chapter)

Clinical assessment
Nasal flaring: widening
of nostrils during
breathing.
Recession: in-sucking of
the intercostal muscles
during inspiration.
Tachypnoea: rapid
breathing

Look for signs of obvious respiratory distress, such as nasal
flaring, recession, use of accessory muscles and tachypnoea
(Figure 1).
Altered mental
status

Nasal flaring
Accessory
muscles

Intercostal
recession

Subcostal
recession
Figure 1. Signs of respiratory distress

If any of these signs of respiratory distress are present, get
help immediately. Patients who are ventilated should not be
showing signs of respiratory distress.
If the patient does not show signs of respiratory distress,
work systematically through your assessment:
1. Level of consciousness
Is the patient awake or drowsy? Use GCS or AVPU to
assess their neurological state. A decrease in
consciousness may be due to inadequate oxygen supply
to the brain (hypoxia) or inadequate carbon dioxide
removal (hypercapnia). Alternatively, a decrease in level
of consciousness due to a primary neurological problem
can cause airway obstruction and impaired ventilation
and oxygenation.
2. Respiratory rate
Count the patient’s respiratory rate manually. The
bedside monitor does not do this reliably. Be particularly
suspicious of the value displayed on the monitor if the
waveform is poor or very irregular (Figure 2). However, if
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the respiratory rate counted manually by counting the
chest movements and the respiratory rate from
capnography are the same, then the rate is likely to be
correct (Figure 3).
Some possible causes of a decreased respiratory rate
are sedation or analgesia, neurological deterioration and
cardiac or respiratory arrest.
Tachypnoea (rate >35 breaths per minute) may indicate
the respiratory distress either from a respiratory condition
or agitation. Low respiratory rate (rate <10 breaths per
minute) may indicate the patient is near to having a
respiratory arrest.

Figure 2. Irregular respiratory waveform due to interference – displayed
respiratory rate is inaccurate

Figure 3. Regular respiratory waveform and rate that corresponds to rate
determined from capnography – probably accurate.

3. Chest movement
Look for depth, both sides of chest moving together and
use of accessory muscles. Only one side of the chest
moving suggests an endotracheal tube that has been
inserted too far, with ventilation to one lung only or a lung
condition affecting one side (e.g. pneumothorax). Are the
patient’s attempts to breathe happening at the same time
as the ventilator breaths? (There should not be any
visible delay between the patient’s attempts to breathe
and the delivery of the breath by the ventilator).
4. Breathing sounds and speech
Quiet, noisy or gurgling sounds may indicate sputum or
airway obstruction. Stridor (inspiratory) presents as a
high-pitched, musical sound. It is usually due to upper
airway obstruction such as bronchospasm. Hoarseness
may indicate vocal cord damage, especially shortly after
extubation.
5. Auscultation of chest
Is there any air entry? Is it equal on both sides? Are
there any wheezes or crackles? Wheeze (expiratory)
presents as a high-pitched, musical sound, which is
caused by a partial obstruction of the lower airways (e.g.
asthma or chronic obstructive airways disease.
6. Haemodynamic status
Tachycardia and hypertension may indicate patient has
an early sign of respiratory distress. Cyanosis,
hypotension and bradycardia indicate the patient is about
to have a cardio- respiratory arrest as the patient is no
longer able to compensate.
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7. Skin colour/temperature
Does the patient look pink and warm or grey and
clammy? Look for signs of cyanosis (bluish lips) and
check capillary refill (<2 secs) as this may indicate poor
perfusion.
Note: Cyanosis is a late sign of respiratory distress.
8. Pulse oximetry
Check the SpO2 value and waveform (96-100%). An
undetectable SpO2 waveform may indicate the patient
has poor peripheral perfusion due to cold extremities.
However, a true desaturation is a late sign of respiratory
failure and the aim is to detect deterioration before the
patient desaturates.

Expired carbon dioxide monitoring
Basics
Carbon dioxide is a waste product of cellular metabolism,
which provides our bodies with energy. Its removal from the
body is dependant on how efficient alveolar ventilation is. To
help with the removal on CO2, the body can increase its
respiratory rate or tidal volume to try to remove the gas.
Note: Alveolar ventilation = Respiratory rate x (Tidal volumedead space)
Capnography is the continuous monitoring of the
concentration of expired CO2 (in a graphic display). The endtidal carbon dioxide (EtCO2) is the concentration in expired
gas at the end of a tidal expiration. It changes with changes
in arterial CO2.
Capnography works on the principle that CO2 absorbs
infrared radiation. A beam of infrared light is passed through
expired gas and falls on the sensor. The CO2 concentration
is then worked out by the amount of infrared absorbed.

Figure 4. Normal capnography waveform

Clinical use
As EtCO2 provides a breath-by-breath indication of a
patient’s PaCO2, it can reduce the need for arterial blood gas
sampling and allows for safe, comfortable, continuous
monitoring with alarm limits that provide an early warning to
take action before the patient is in danger.
If there is a sudden change in EtCO2 measurement of arterial
PaCO2 and patient assessment should be done immediately.
Capnography is an essential way of checking the
endotracheal tube position after intubation and should be
used when transporting intubated patients. Carbon dioxide
should be detectable in expired gas if the endotracheal tube
is positioned in the tracheobronchial tree.
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As described above, perfusion of the lung is required for
there to be carbon dioxide in expired gas. The causes for no
carbon dioxide in expired gas are:
 Endotracheal tube is not in tracheobronchial tree
 Cardiac arrest. Note that expired carbon dioxide should
be detectable if the patient has been correctly intubated
and chest compressions have started.
 Massive pulmonary embolus.
 Tip: CO2 monitoring is sometimes difficult in patients who
have wet ventilation circuits due to humidification. If you
are not seeing a number or waveform, remove the CO2
sensor, dry it, recalibrate it and return to ventilation
tubing. You may find you need to do this more regularly
with a wet circuit.

Pulse oximetry







Measures haemoglobin saturation as a percentage of the
haemoglobin (SpO2) that can transport oxygen. It does
not detect significant amounts of dysfunctional
haemoglobin, such as carboxyhaemoglobin or
methaemoglobin.
Determines SpO2 by passing a red infrared light through
the capillary bed and measures the light absorption of
oxygenated haemoglobin during the pulsatile cycle. The
oximeter then converts this light absorption intensity into
SpO2 and pulse rate values.
A normal SpO2 value is between 96-98%
SpO2= 100 x oxyhaemoglobin/(oxyhaemoglobin +
reduced haemoglobin)

The relationship between oxygen saturation and partial
pressure of oxygen in blood (PaO2) can be described by the
oxyhaemoglobin dissociation curve (Figure 5)

Figure 5. Oxyhaemoglobin dissociation curve

Saturation around 90% is the critical limit. Above this, a large
rise in PaO2 has only a small effect on saturation.
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On the contrary, when below 90%, a small drop of PaO2
causes a sharp fall in SpO2 (Figure 5).

Interpretation
Check that there is a good waveform and the pulse rate
detected by oximetry corresponds to the ECG rate and
arterial waveform.

Figure 6. Normal SpO2 waveform

Factors affecting accuracy








Movement
Tip: Use a sensor that can be stuck to the patient’s
extremities to reduce movement interference or change
the sensor location
Low perfusion
Tip: Change the position of the sensor to the ear lobe or
other extremities and find out the cause of low perfusion
Venous pulsation
Venous blood is normally non-pulsatile. However,
several conditions may cause it to pulsate, like a tight
sensor creating a tourniquet-like effect
Outside light
Tip: Cover the sensor site with a sheet or towel
Nail varnish/artificial nails
Tip: Change the sensor location to lower limbs or ear
lobe.
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Arterial blood gas interpretation
Arterial blood gas (ABG) is one of the most common tests
performed in the ICU. An ABG can guide patient
management and monitor a patient’s response to a treatment.
An understanding of how to interpret an ABG is a key
responsibility of the ICU nurse.
An ABG measures the pH, partial pressure of oxygen (PaO2),
partial pressure of carbon dioxide (PaCO2), bicarbonate level
and base excess (BE) of the blood. These values reflect the
patient’s gas exchange, ventilation and acid-base status.

Indication for ABG sampling
ABG measurements can provide vital information; however,
they should only be taken when the patient’s condition
requires them. Some common reasons ABG should be
measured include:
 To assess oxygenation and ventilation
 To monitor acid base status
 To monitor electrolyte levels and haemoglobin.
 To accurately measure blood sugar levels
 In response to a clinical change (e.g. desaturation,
increased work of breathing, change in mental status,
tachycardia, hypotension, arrhythmias)
 To assess a patient’s response to an intervention or
change in management.

Steps for arterial blood sampling
1. Prepare an empty 5 ml syringe and heparinise a 2.5 ml
syringe or obtain a pre-heparinised syringe.
2. Remove cap from 3-way tap and alcohol wipe the tap
3. Use a 5 ml syringe to withdraw 3 ml of blood and throw
this away.
4. Use the heparinised syringe to gently withdraw 2 ml of
blood.
5. Make sure there is no air bubble in the tubing.
6. Flush the tubing with the flush/flow device.
7. After taking the sample, cap the sample port using an
aseptic technique.
8. Remove any air bubbles from the syringe.
9. Perform the ABG as per hospital policy (either in the ICU
or send the capped syringe to the laboratory in ice).

Normal ABG values
Parameter
pH
PaCO2
PaO2
Bicarbonate
Base excess

Normal values
7.35 – 7.45
4.7 – 6 kPa or 35-45 mmHg
10 – 13 kPa or 75-100 mmHg
22 – 26 mmol/L
-2 - +2 mmol/L

Table 1. Normal ABG values
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pH
pH refers to the hydrogen (H+) level in the blood. It shows
whether the patient is acidotic (more H+) or alkolotic (less H+).
An alkalosis or acidosis may be present even if the pH is
normal; this is called compensation and will be discussed
further in this chapter.

PaO2
The partial pressure of oxygen in arterial blood. The PaO2
reflects oxygenation of the blood. A low PaO2 indicates the
blood is not properly oxygenated and the patient is
hypoxaemic.

PaCO2






The partial pressure of carbon dioxide in arterial blood.
Reflects the patient’s ventilation
High PaCO2 indicates under-ventilation
Low PaCO2 indicates hyperventilation
Hypoventilation results in respiratory acidosis and
hyperventilation in respiratory alkalosis.

Bicarbonate
Reflects the metabolic component of acid-base balance. A
low bicarbonate indicates metabolic acidosis, while a high
bicarbonate indicates metabolic alkalosis.

Base excess
Base excess is used to assess the metabolic component of
acid-base disorders. It indicates whether a patient has a
metabolic acidosis (negative base excess) or a metabolic
alkalosis (positive base excess).

ABG interpretation
Steps for ABG interpretation
To correctly understand an ABG, a step-by-step approach
should be used.
1) The first step is to assess the pH.
a) Is the pH normal (7.35-7.45), acidotic (<7.35) or
alkalotic (>7.45)?
2) The second step is to assess whether an abnormal pH is
due to the lungs (respiratory) or the kidneys (metabolic).
a) If it is a primary respiratory problem, the CO2 will be
abnormal. The pH and CO2 will change in opposite
directions, i.e. as the pH decreases, the CO2 will
increase.
b) If it is a primary metabolic problem, the bicarbonate
will be abnormal. The pH and the bicarbonate will
move in the same direction, i.e. as the pH increases,
the bicarbonate also increase.
c) Note: If the pH is normal, it is still important to assess
whether the CO2 and the bicarbonate are within the
normal limits, as the patient may still have an
acidosis or alkalosis but compensation may have
occurred.
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Compensation
Generally, the pulmonary and renal systems act together in
order to maintain a normal pH. This process is called
compensation.
It is important to note that an alkalosis or acidosis may be not
compensated, partially compensated or fully compensated.

No compensation
The pH is abnormal and the 'other' value, the value where
the problem is not occurring, is normal (e.g. the patient has a
respiratory acidosis but the bicarbonate has not increased as
a compensatory mechanism; there is no normalising of the
pH).

Partial compensation
The pH is abnormal and the 'other' value, where the problem
is not occurring, is also abnormal (e.g. the patient has a
respiratory acidosis and the HCO3 has increased in an
attempt to normalise the pH).

Full compensation
The pH is normal and the 'other' value is abnormal and has
successfully normalised the pH.
The following table summarises this compensatory
mechanism.
pH
Respiratory
acidosis
Respiratory
alkalosis
Metabolic
acidosis
Metabolic
alkalosis

Primary change

pH 

PaCO2 

Compensatory
change
Bicarbonate 

pH ↑

PaCO2 

Bicarbonate 

pH 

Bicarbonate 

PaCO2 

pH 

Bicarbonate 

PaCO2 

Table 2. Compensation mechanisms

If the observed compensation is not the expected
compensation, more than one acid base disorder may be
present.

What causes acid base disorders?
Acid-Base disorder
Metabolic acidosis
Metabolic alkalosis
Respiratory acidosis
Respiratory alkalosis

Causes
See below
Prolonged vomiting,
hypokalaemia, gastric suctioning.
Hypoventilation, pneumonia,
pulmonary oedema, pulmonary
embolus and asthma.
Increased metabolic demandssepsis, fever, pregnancy, anxiety
and pain.

Table 3. Causes of acid base disorders
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To find out the cause of a metabolic acidosis, it may be
useful to calculate the anion gap.

Anion gap
Calculating the anion gap can identify the cause of a
metabolic acidosis. A normal anion gap is 12. It is calculated
using the formula:
(AG = Na – (Cl + HCO3)
Anion gap < 12 indicates a normal anion gap acidosis
≥12 indicates a high anion gap acidosis.
High Anion Gap
Lactic acidosis
 Severe Sepsis
 Ischemic bowel
 Prolonged shock
 Metformin-induced
Ketoacidosis
Salicylate poisoning
Methanol poisoning

Normal Anion Gap
Gastro-intestinal loss
Biliary drainage
Renal Tubular Acidosis

Table 4. Causes of high and normal anion gap acidosis

Lactate
A rise in lactate may reflect anaerobic metabolism due to
tissue hypoperfusion.

Examples of ABG Interpretation
Example 1
FiO2
pH
PaO2
PaCO2
Bicarbonate
Base excess
SaO2

0.5
7.23
8 kPa or 60 mmHg
8.1 kPa or 60.7 mmHg
30 mmol/L
+3 mmol/L
86%

Interpretation:
 Low PaO2, high PaCO2 and high bicarbonate
 This represents a respiratory acidosis, partially
compensated.

Example 2
FiO2
pH
PaO2
PaCO2
Bicarbonate
Base excess
SaO2

0.3
7.54
12.1 kPa or 90 mmHg
2.9 kPa or 21 mmHg
21 mmHg
+2
95%

Interpretation:
 High pH, low PaCO2 and normal bicarbonate
 Respiratory alkalosis with no compensation.
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Example 3
FiO2
pH
PaO2
PaCO2
Bicarbonate
Base excess
SaO2

0.4
7.23
29.9 kPa or 224 mmHg
3.3 kPa or 24.7 mmHg
12 mmol/L
-10 mmol/L
98%

Interpretation:
 Low pH indicates an acidosis
 Low bicarbonate indicates it is metabolic
 Low PaCO2 indicates it is partially compensated
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Neurological assessment
Assessment of neurological function is an essential skill
when caring for the critically ill patient. It allows the health
practitioner to detect abnormalities and changes in a
patient’s nervous system. Assessment of neurological
function requires assessment of:
 Level of consciousness
 Pupils
 Limb strength
 Cranial nerves
 Vital signs.

Assessing level of consciousness
Assessment of level of consciousness is the most significant
indicator of neurological function and neurological change in
a patient. A number of tools have been developed to
standardise the assessment of a patient’s level of
consciousness, such as the AVPU score and the Glasgow
Coma Scale (GCS).

AVPU Scale
The AVPU scale is a tool to quickly assess a patient’s level
of consciousness. It is a simple form of the Glasgow Coma
Scale (GCS), which is often used during the ABCDE
approach to evaluate their level of ‘disability’.
 Alert
 Verbal
 Pain
 Unresponsive

Procedure





If the patient is fully awake and talking, they are alert (A).
If the patient is not alert, check if they are responding to
voice (V), such as opening their eyes, responding by
voice or moving.
If the patient does not respond to voice, give a painful
stimulus and check for a response to pain (P), such as
eye opening, voice or movement.
If the patient does not respond to pain they are
unresponsive (U).

Glasgow Coma Scale (GCS)
The GCS is a tool used to perform a thorough assessment of
a patient’s level of consciousness.
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Test
Eye
Response

Patient response
Spontaneous
To speech
To pain
Nil

Score
4
3
2
1

Verbal
Response

Orientated
Confused Speech
Inappropriate Words
Incomprehensible Sounds
Nil

5
4
3
2
1

Motor
Response

Obeys Commands
Localises
Withdraws
Abnormal flexion
Abnormal extension
Nil

6
5
4
3
2
1

Table 1. Glasgow Coma Scale

Procedure
Eye response:
 If the patient is opening his or her eyes spontaneously,
the score is a 4.
 If the patient has his or her eyes closed, check to see if
they open them to speech. If so, the score is 3.
 If the patient does not open his or her eyes to speech,
then apply central pain using a trapezius squeeze
(Figure 1), sternal rub (Figure 2) or supraorbital pressure
(Figure 3). If the patient opens his or her eyes to pain,
the score is 2. (Trapezius squeeze is the recommended
method for hourly observations).
 If the patient does not open his or her eyes to central
pain, the score is 1.

Figure 1. Trapezius squeeze
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Figure 2. Sternal rub

Figure 3. Supraorbital pressure

Verbal response:
 Ask the patient to tell you the day and date, location
where they are and his or her name. If the patient
answers all questions correctly, the score is 5.
 If the patient answers questions but is confused about
any question related to time, place or person, the score
is 4.
 If the patient cannot answer questions correctly and is
not able to have a conversation, the score is 3.
 If the patient is moaning or groaning and unable to say
any words, the score is 2.
 If the patient makes no sound, the score is 1.
Motor response:
 Ask the patient to obey simple commands, such as
squeezing hands then letting go and putting out tongue.
If he or she obeys commands, the score is 6.
 If the patient cannot obey commands, apply central pain.
If the patient makes a deliberate movement towards
painful stimulus when central pain is applied, then he or
she is localising to pain and the score is 5 (Figure 4).
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Figure 4. Localising to pain



If the patient does not make a deliberate movement to
remove the painful stimuli, apply a painful stimulus to
each limb. If he or she attempts to withdraw from the
painful stimuli the score is 4 (Figure 5).

Figure 5. Withdrawal from pain



If the patient flexes his or her elbows rigidly in response
to painful stimulus, called decorticate posturing, the
score is 3 (Figure 6).

Figure 6. Decorticate posturing
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If the patient extends his or her arms against the trunk of
the body with fists rotated outwards, called decerebrate
posturing, the score is 2 (Figure 7).

Neurological

Figure 7. Decereberate posturing



If the patient makes no movement in response to painful
stimuli, the score is 1.

Important points:
 Minimum GCS is 3/15
 Before doing a neurological assessment on a patient, the
patient’s history should be understood in case there are
any reasons that might affect an accurate assessment
such as language difference, hearing and vision
problems, presence of a tracheostomy, spinal injury, limb
paralysis, etc. These problems should be overcome if
possible, i.e. with the use of family members, interpreters,
communication aids, hearing aids etc.
 The use of sedative and paralysis drugs should be noted.
A GCS should not be performed on a medically
paralysed patient. Sedative drugs may need to be
paused to perform an accurate patient assessment.
 The patient should be observed for signs of speech
disturbances, such as dysarthria, dysphasia and aphasia
that may affect their GCS.
 The painful stimulus must be painful.
 A change in GCS of 2 points or more represents a
significant change in the patient’s condition, that requires
a medical review.
 Also consider non-neurological causes of decreased
level of consciousness, such as hypoxia, certain
medications and metabolic disturbances.

Pupillary assessment
Pupillary assessment is used together with the GCS to
monitor for neurological dysfunction and deterioration.
Pupillary response is controlled by cranial nerves II and III.
Normal pupils are the same size on both sides, about 2 to 6
mm and round.

Procedure
Consensual light
response: shining light
in one eye produces
constriction of pupil in
other eye

To assess pupil reaction, make sure that the light in the room
is dim. Bring a light source in towards the eye from the side
of the eye towards the pupil. The smaller the light source, the
better. Observe pupils for size, shape, reactivity to light and
consensual light response (Figure 8).
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Figure 8. Assess pupils for reactivity

Observations
Pupil size:
 Pupils are measured in millimetres using a uniform scale.
 Both pupils should be the same size. Unequal pupils
(called anisocoria) can be due to pressure on the
oculomotor nerve or brainstem ischaemia; however,
about 15% of people normally have anisocoria.

Figure 9. Large pupils







Pinpoint pupils (called miosis) are sometimes seen in
patients following the use of drugs, such as opiates,
antipsychotics, cholinergic agents and chemotherapy
drugs. They are also seen in patients with Horner’s
syndrome or a haemorrhage in the pons of the brainstem.
Large pupils may be seen in patients following the use of
some drugs, following dilating eye drops, in patients with
a third cranial nerve palsy and in patients with traumatic
iris or orbital injuries.
Dilated pupils are an abnormal finding. A single dilated
pupil or bilateral dilated pupils may indicate damage to
3rd cranial nerve, orbital injury or increased intracranial
pressure. Bilateral dilated pupils can also be caused by
the use of certain drugs, such as anticholinergic drugs.

Pupil shape:
 Round pupils are a normal shape.
 Ovoid pupils are oval shaped. This can indicate
intracranial hypertension and can be an early sign of
transtentorial herniation (Figure 10).
 Irregularly shaped pupils may be seen in patients with
traumatic orbital injury, iritis or glaucoma (Figure 11).
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Figure 10. Ovoid pupil

Figure 11. Irregular pupil

Reactivity to light:
 Quick reaction is a normal response. The pupils constrict
to light and quickly dilate when the light source is
removed.

Figure 12. Normal response to light. Both pupils respond to light shone in
one eye







Slow pupil reaction to light is seen in patients taking
certain drugs and conditions that affect the second or
third cranial nerve, such as increased intracranial
pressure.
Nonreactive or fixed pupils means do not react to light.
This is seen in conditions that put pressure on the 3rd
cranial nerve, such as cerebral herniation, severe
hypoxia and ischaemia
Hippus phenomenon is when the pupils alternate
between dilation and constriction. It is often associated
with early signs of transtentorial herniation or may
indicate seizure activity.
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Consensual response to light:
 The introduction of light into one eye should cause the
pupil to constrict, called the direct response, and should
also cause a similar constriction in the other pupil, called
the consensual response. This consensual response
indicates that the afferent pathways are intact. The lack
of a consensual response indicates a presence of a
lesion or damage to the optic nerve, oculomotor nerve or
brainstem. Both pupils should be individually tested for a
consensual response to light.

Figure 13. Dilated unresponsive right pupil. Note that the left pupil shows a
normal consensual response

Limb strength assessment
Procedure




Test the patient’s limb power in the upper and lower
limbs, one limb at a time.
Begin by asking the patient to lift their straight leg up off
the bed to test limb movement against gravity.
Test leg strength against resistance by placing your hand
above the knee and tell the patient to push against your
hand. Then place your hand on the sole and then the top
of the foot, and tell the patient to push against your hand
(Figure 14).

Figure 14. Leg strength test
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To test upper limb power, ask the patient to raise their
arms to shoulder height to test movement against gravity.
Then test their arm strength by placing your hand on the
forearm and tell the patient to push against your hand.
To test for pronator drift, have your patient close their
eyes and extend their arms with their palms up in front of
them. Observe if one arm drifts outwards or downwards,
indicating a weakness (Figure 15).

Figure 15. Limb strength assessment: pronator drift
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Observations
Grade
1
2
3
4
5

Observation
No muscle contraction is visible
Muscle contraction is visible but there is no
movement in the joint
Active joint movement is possible with gravity
eliminated.
Movement can overcome gravity but not resistance
The muscle group can overcome gravity and move
against some resistance
Full and normal power against resistance

Table 2. Medical Research Council (MRC) scale for muscle strength

Assessing the cranial nerves
There are twelve pairs of cranial nerves that come out
directly from the brain. The cranial nerves are not always
tested as part of the neurological assessment; however, the
presence of certain clinical signs or symptoms may indicate
the need to perform a cranial nerve assessment. These
clinical signs and symptoms include changes in pupil size,
shape or reaction, changes in eye movements, presence of
double vision or nystagmus, presence of hoarse voice,
development of facial droop or drooling and changes in facial
sensation, vision or sense of smell. The medical team should
be informed of any clinical changes indicating cranial nerve
dysfunction.

Vital signs
Cardiac and respiratory centres are found in the brainstem.
Changes in a patient’s vital signs can mean there is pressure
on these centres due to increased intracranial pressure and
impending herniation. The following change in vital signs
may indicate a change in neurological status, particularly in a
patient with a low level of consciousness:
 Decreased respiratory rate
 Irregular breathing pattern
 Bradycardia
 Cardiac arrhythmias
 Increased systolic blood pressure
 Widened pulse pressure.
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Intracranial hypertension
Intracranial pressure (ICP) is the pressure inside the skull
and therefore in the brain tissue and cerebrospinal fluid
(CSF). ICP is usually affected by a few factors: coughing,
increased intra-abdominal pressure, pain and straining. With
an intact cerebral compensatory mechanism, ICP can be
kept between 5 to 15 mmHg.
Intracranial hypertension is a condition where pressure builds
up inside the skull. This condition can happen slowly or
quickly depending on the cause. If there is no medical
treatment, intracranial hypertension can lead to brain
ischemia and therefore brain death.
Some common causes for intracranial hypertension include:
 Brain tumour
 Hydrocephalus, an increase in CSF within the ventricles.
 Infections such as encephalitis or meningitis
 Vascular abnormalities such as arterio-venous
malformations or aneurysms.
 Traumatic brain injury
 Haemorrhage

Monro-Kellie hypothesis
The Monro-Kellie hypothesis describes the relationship
between ICP, CPP (cerebro perfusion pressure) and the
volume of blood, brain and CSF in the skull. The hypothesis
states that the skull is a rigid compartment made up of 80%
brain matter, 10% intravascular blood and 10% CSF. If one
of these parts increases (for example, a brain tumour
increasing the amount of brain matter or hydrocephalus
increasing the amount of CSF) there must be a decrease in
the volume of one of the other components in order to
prevent a rise in intracranial pressure.
One of the main ways of keeping an equal volume within the
skull is by altering CSF volume. The body will reduce the
volume in the skull by moving CSF down the spinal canal,
therefore decreasing the CSF volume within the skull. If this
does not restore the balance then blood within the vessels
will also be shunted out of the brain. These mechanisms can
compensate for an increase in volume up to approximately
100mls. Any further increase in volume will cause an
increase in ICP.
As ICP continues to rise, the ways the body has used to
correct the increase in volume will no longer be enough to
prevent a rise in pressure and just a small increase in volume
can lead to sharp rises in ICP (Figure 1). If the pressure
becomes very high, the brain matter is pushed through the
foramen of Monro, pressing on the brain stem, the area
essential for breathing and neurological functions. If this
pressure is not relieved quickly, this can have fatal
consequences for the patient.
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Volume of space occupying lesion
Figure 1. Relationship between volume of intracranial space-occupying
lesion and intracranial pressure

Cerebral Perfusion Pressure
Intracranial pressure (ICP) has a major effect on cerebral
perfusion pressure, which in turn affects the cerebral blood
flow.
Cerebral oxygen delivery is dependent on arterial oxygen
content and cerebral blood flow. Cerebral blood flow is, in
turn, dependent on cerebral perfusion pressure, which is
usually impaired in the early stages after cerebral injury.
Cerebral perfusion pressure (CPP) is the difference between
mean arterial pressure (MAP) and intracranial pressure (ICP).
Generally, CPP is maintained above 60 mmHg to ensure
adequate perfusion of the brain; however, it is important to
check your hospital policy.
CPP = MAP – ICP

Intracranial pressure monitoring
Setting up the ICP monitoring system
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Use strict aseptic technique to prime the external
ventricular drain (EVD) system and transducer set with
sterile 0.9% normal saline.
The EVD catheter is cleaned with chlorhexadine and
aseptically connected to the EVD system.
All connections must be tight to prevent leakage or
infection.
Use an adhesive dressing to cover the EVD site.
The ICP transducer level should be kept at the level of
the tragus (nodule of inner aspect of patient’s ear).

Intracranial hypertension

Figure 2. ICP monitoring system. Note that the giving set and saline used to
prime the system should either be removed or precautions should be taken
to prevent inadvertent infusion of saline through the catheter into the brain.

ICP waveform monitoring
When assessing ICP, the value and the waveform trace
should be assessed. The ICP should be re-zeroed at the
start of every shift or if there is a sudden change in the ICP.
The ICP transducer should be re-levelled at the start of every
shift and whenever the patient is moved. It is extremely
important to monitor your ICP waveform and notify senior
staff if you are unsure about waveform or ICP changes.
An adult’s normal ICP is between 5 to 15 mmHg.

Figure 3. Normal ICP waveform

Figure 4. Damped ICP waveform

A flattened ICP waveform can be caused by:
 The location of the EVD tip
 Obstruction of the EVD system such as an air bubble,
blood or debris in the catheter.
 Or if the patient has undergone a decompressive
craniectomy (the lack of bone prevents signal rebound)
When the ICP waveform becomes flat or damped, you
should:
 Assess the patient’s neurological condition
 Re-level the transducer
 Re-zero of the transducer
 Check the positioning of all 3-way stopcocks in the
system to make sure that it does not block the monitoring
line and the transducer.
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Raise then lower the EVD burette to assess whether the
CSF in the tube is oscillating. If it is still oscillating the
EVD is not blocked completely.
Check the EVD catheter site to make sure it is not kinked
or displaced
Inform doctors who may flush the ICP system to test
whether the system is blocked or not. If the catheter is
blocked, re-insertion of EVD catheter may be required.

Clinical signs and symptoms of
intracranial hypertension:
A number of other signs and symptoms can indicate raised
intracranial pressure. These include:
 Headaches
 Nausea and vomiting
 Agitation
 Drowsiness
 Decreased consciousness
 Pupillary changes
 Hypertension & bradycardia
 Decreased respiratory rate
 Changes in respiratory pattern
 Seizures

Nursing interventions for high ICP
Regular neurological assessment


Assess the patient’s GCS at least once an hour. If the
GCS has decreased by 2 or more or the patient develops
pupil changes, inform senior nurses or medical staff
immediately.
Note. Hourly GCS assessment may not be appropriate for a
heavily sedated patient with a GCS of 3. Check the
appropriate frequency with medical staff..
 Accurate shift/break handover of the GCS is crucial for
early detection of any change in neurological condition

Positioning






126

Unless the patient’s condition doesn’t allow it they should
be nursed in the head-up position (around 30-45
degrees), with the head in a neutral plane relative to
body to prevent obstruction of venous return from the
brain.
In patients who have undergone a decompressive
craniectomy, the patient’s head should be free from any
pressure on the part of the head from which the bone
has been removed. It is important to roll these patients,
with a staff member holding their head to ensure their
brain is not compressed by sharp objects.
Ask medical staff if a cervical spine collar can be
removed and replaced with sandbags for patients with a
GCS 3 to promote venous return from the brain.

Intracranial hypertension

Clustering of nursing tasks



Nursing activities, such as patient turning, bed bathing,
eye care and mouth care should be done at the same
time to avoid excessive stimulation of the patient.
If ICP is continuously high, nursing activities (such as
pressure area care) may need to be limited as the
priority is the patient’s brain.

Medical interventions to prevent high
ICP
Blood pressure control





Maintain CPP as per medical orders, generally
>60mmHg
Using the principle of MAP-ICP =CPP, a patient with a
high ICP will generally require their MAP to be kept
above normal limits (i.e. a patient with an ICP of
20mmHg will require a MAP of 80mmHg to maintain a
CPP of 60mmHg)
Intravenous fluids and vasopressors may be needed to
ensure an adequate CPP is maintained.

Temperature regulation






Patients who have a high temperature have an increased
metabolic rate, which increases cerebral oxygen demand
and increases the mismatch between oxygen delivery
and oxygen demand.
It is important to maintain a normal temperature in a
patient with an elevated ICP. In some circumstances,
patients may be actively cooled using a machine to
decrease their temperature; however this must be
ordered by the medical staff.
Note: be careful when applying ice or cooling devices, as
it may make the patient shiver, which can further elevate
ICP. If shivering occurs, consult the medical team, as
muscle relaxants may be required.

Carbon dioxide regulation







Carbon dioxide regulation is important in controlling ICP
Carbon dioxide influences vasodilation and constriction.
A high CO2 level causes vasodilation in the brain. This
increases the intracranial blood volume and therefore
ICP. Conversely, a low CO2 vasocontricts the blood
vessels, decreasing the cerebral blood flow. If this goes
on for a long time, this hypoperfusion may cause
cerebral ischaemia and infarction.
In cases of sudden, uncontrollable increase in ICP,
hyperventilation may be used as a method to reduce ICP,
although this should be avoided for long-term
management.
Most institutions aim for a PaCO2 of 4.5-5 kPa (35-38
mmHg) in patients with raised ICP.
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Sedation
Sedation is used for the control of high ICP for its effect in
reducing pain, agitation and cerebral metabolic rate. Shortand long-acting sedatives can combine with each other and
can be titrated altered according to ICP. The choices and
combinations of sedatives depend on unit practice. Some
common sedatives used for ICP control are midazolam,
propofol, fentanyl and morphine. Patients who are sedated
require ICP monitoring or frequent CT scanning, as it is not
possible to assess their neurological state due to the
sedation.

Muscle relaxants
Muscle relaxants are used to control ICP by preventing
shivering and coughing, which can increase ICP. Patients
receiving a muscle relaxant should also receive a sedative.
Muscle relaxants can be given as a bolus dose or as an
infusion. For infusion, monitor the degree of paralysis agents
using a nerve stimulator. Signs of a patient who is paralysed
but inadequately sedated include tachycardia and
hypertension.

Osmotic therapy/hypertonic saline




Mannitol is an osmotic diuretic used to treat uncontrolled
intracranial hypertension. It produces an osmotic
gradient across the blood brain barrier, causing a
hyperosmotic environment in the blood and leading to
the shift of water from brain tissue into blood vessels.
Hypertonic saline (3%) uses the same principle.

Barbiturate coma
A barbiturate coma may be used in patients with raised ICP
unresponsive to normal treatment. It reduces cerebral
metabolic rate together with a reduction in cerebral blood
flow. Added to this, barbiturate therapy may also contribute
to preservation of neuronal function. It is given as a bolus
followed by an infusion (ideally adjusted to EEG burst
suppression pattern).

Surgical interventions for ICP
management
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Surgery may be needed to reduce intracranial pressure
and remove or fix particular conditions, such as tumour,
haemorrhage drainage, vascular clipping, coiling or
embolisation and a variety of other surgical conditions
Insertion of an external ventricular drain (which can be
used to monitor ICP) may be needed for drainage of
CSF
In cases where intracranial pressure is uncontrolled, a
decompressive craniectomy (removal of portions of the
patients skull to allow the swollen brain to expand
outwards) may be done.

Sedation

Sedation
Sedative drugs are often used in the ICU for a number of
reasons. They can help calm the patient when their breathing
is not in time with the ventilator or when the endotracheal
tube is not tolerated. They are also used to reduce pain,
agitation and delirium, and to aid sleep and control
intracranial pressure. The under-sedation or over-sedation of
patients can worsen clinical outcomes. For this reason,
sedation scores should be used together with sedation
therapy to objectively assess a patient’s level of sedation.
The aim of sedation management is for the patient to be
awake and comfortable but with minimal distress.

Sedation scores in the ICU
There are several sedation scores that can be used in the
ICU. Two of the most common and useful tools are the
Richmond Agitation Sedation Score (RASS) and the Riker
Sedation Agitation Scale (SAS).

Richmond Agitation Sedation Score (RASS)
RASS is a sedation score assessment tool based on
observation of the patient.

Combative: fighting or
resisting

Score
+4
+3
+2
+1
0
-1
-2
-3
-4
-5

Descriptor
Combative - Overtly combative, violent, immediate
danger to staff
Very agitated- Pulls or removes tube(s) or
catheter(s); aggressive
Agitated Frequent- non-purposeful movement,
fights ventilator
Restless- Anxious but movements not aggressive
vigorous
Alert and calm
Drowsy- Not fully alert, but has sustained
awakening (eye-opening/eye contact) to voice (>10
seconds)
Light sedation- Briefly awakens with eye contact to
voice (<10 seconds)
Moderate sedation- Movement or eye opening to
voice (but no eye contact)
Deep sedation- No response to voice, but
movement or eye opening
to physical stimulation
Unarousable- No response to voice or physical
stimulation

Table 1. RASS scoring

Steps for performing RASS
1. Observe the patient
2. If patient is agitated or restless, grade accordingly (+1 to
+4)
3. If patient is awake, alert and calm, grade (0)
4. If patient is drowsy or sleepy, ask patient to open his
eyes and grade accordingly (-1 to -3)
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5. If patient dose not respond to verbal stimulation, apply
noxious physical stimulation and grade accordingly (-4 to
-5)

Noxious: unpleasant

Riker Sedation Agitation Scale (SAS)
Similar sedation score tool, also based on observation of the
patient.
Score
7
6
5
4
3
2
1

Descriptor
Dangerous agitation - pulling at ET tube, trying to
remove catheters, climbing over bedrail, striking at
staff, thrashing side-to-side
Very Agitated - Requiring restraint and frequent
verbal reminding of limits, biting ETT
Agitated - Anxious or physically agitated, calms to
verbal instructions
Calm and Cooperative - Calm, easily arousable,
follows commands
Sedated - Difficult to wake but awakens to verbal
stimuli or gentle shaking, follows simple commands
but drifts off again
Very Sedated - wakes to physical stimuli but does
not communicate or follow commands, may move
spontaneously
Unrousable - Minimal or no response to noxious
stimuli, does not communicate or follow commands

Table 2. SAS scoring

Steps for performing SAS
1. Observe the patient.
2. If the patient is awake and agitated, score according to
behaviour (SAS 5-7).
3. If patient is awake or awakens easily to voice stimulation,
the SAS is 4 (same as “Calm and cooperative” as the
patient might be sleeping).
4. If more stimuli is required, such as trapezius squeeze or
sternal rub, but the patient eventually does wake, the
SAS is 3.
5. If patient arouses to stronger physical stimuli but never
awakens to the point of responding or following
commands, the SAS is 2.
6. If the patient shows little or no response to noxious
physical stimuli, the SAS is 1.

Clinical assessment of delirium
Delirium is a condition characterised by an acute change or
fluctuation in mental status, inattention, disorganised thinking
and hyperactivity or hypoactivity. The treatment of delirium
includes drug and non-drug therapies.
Drug:
 See section ‘Common sedative medications used in the
ICU’ below.
Non-drug:
 Re-orientate the patient to time and place
 Identify any causes of distress
 Provide means of communication if the patient is unable
to communicate normally.
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Striking: hitting
Thrashing: moving
forcefully or violently
Arousable: can be woken
up

Sedation




Help the patient to sleep at night.
Encourage mobilisation during the day.

Common sedative medications used
in the ICU


Midazolam: A benzodiazepine which makes the patient
sleepy and have no memory but has no pain killing
effects. May be given as a bolus dose or as an infusion.
It can cause hypotension and respiratory depression.



Propofol: A short-acting drug which makes the patient
sleepy and less anxious but has no pain killing effects. It
may be given as a bolus dose or as an infusion. As it is
short acting, it is useful for patients who need to be
woken up regularly. It can cause dose dependent,
hypotension and respiratory depression.



Fentanyl: An opioid analgesic sedative, which may be
given as a bolus dose or as an infusion.



Morphine: An opioid analgesic sedative, which may be
given as a bolus dose or as an infusion.



Dexmedetomidine: An alpha-2 antagonist with opioid
sparing analgesic and sedative properties without
causing respiratory depression. It is given as a
continuous infusion for 24 hours. It can cause
hypotension and bradycardia.



Haloperidol: An anti-psychotic drug, which is given as a
bolus dose.

Muscle relaxants in the ICU
Muscle relaxants may be needed in the management of the
ICU patient to make it easier to peform medical procedures,
control intracranial hypertension and to avoid the patient
breathing out of time with the ventilator.

Nursing considerations








Muscle relaxants do not provide sedation or analgesia so
it is essential to ensure that a patient who receives
muscle relaxants also receives enough sedation and
analgesia.
Observe for signs the patient is paralysed but not
properly sedated, such as tachycardia and hypertension
Muscle relaxants may be given as a bolus or an infusion,
depending on the drug used and the reason it is being
given.
To monitor the drug effect of a muscle relaxant given as
an infusion, a nerve stimulator may be used. This can
allow the dose of muscle relaxants to be altered
according to the patient's level of paralysis.
It is important to make sure your patient is on a
mandatory mode of ventilation before giving muscle
relaxants.
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It is important to understand the side effects and half-life
of any muscle relaxants before giving them.

Pain

Pain management
Most patients admitted to the ICU experience pain and it is
an essential role of the ICU nurse to be able to assess and
manage this pain. However this can be difficult as the patient
is often unable to tell the nurse how much pain they are in,
due to their altered mental state, ventilation, sedative agents
or muscle relaxants which prevent them communicating.
There are now pain aseessment tools available that can be
used to help assess the patient’s level of pain. The goal of
pain management is to make sure patients are free from
ongoing pain.

Common signs of pain
A patient’s vital signs and behaviour help indicate that they
are in pain. Common signs include:
 Tachycardia
 Hypertension
 Ventilator dysynchrony
 Facial grimacing
 Reluctance to move or cough
 Agitation and restlessness

Pain assessment tools
Self-reporting (subjective)
Only the person experiencing pain can accurately assess it.
Therefore, whenever possible, the patient themselves should
be asked to explain their pain. Awake patients should be
asked to explain the type of pain, where it is and how severe
it is. To assess how severe the pain is, a numerical scale can
be used. A numerical scale is used by asking the patient to
score their pain out of 10 with 0 being no pain and 10 being
extreme pain. It is important to make sure that the patient
understands the scale before using it and can distinguish
between pain and just feeling upset.

Hetero-evaluation (objective)
If a patient is unable to self-report their pain, then an
objective pain assessment tool should be used. Of the tools
available, one of the most valid and reliable is the CriticalCare Pain Observation Tool (CPOT).

CPOT
The CPOT uses four categories that are each given a score
of 0 to 2, based on observation of the patient’s behaviour. A
score of 0 represents no pain, with higher numbers indicating
a higher level of pain.
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Indicator

Facial expression

Body movements

Muscle
tension
Evaluation by
passive flexion
and extension of
upper extremities
Compliance with
the ventilator
(intubated patients)
OR
Vocalisation
(extubated
patients)

Description

Score

No muscular tension
observed
Presence of frowning, brow
lowering, orbit tightening,
and levator contraction
All of the above facial
movements plus eyelids
tightly closed
Does not move at all (does
not necessarily mean
absence of pain)
Slow, cautious movements,
touching or rubbing the
pain site, seeking attention
through movements
Pulling tube, attempting to
sit up, moving
limbs/thrashing, not
following commands,
striking at staff, trying to
climb out of bed
No resistance to passive
movements
Resistance to passive
movements
Strong resistance to
passive movements,
inability to complete them
Alarms not activated, easy
ventilation
Alarms stop spontaneously

Relaxed, neutral

0

Tense

1

Grimacing

2

Absence of
movements

0

Protection

1

Restlessness

2

Relaxed

0

Tense, rigid

1

Very tense or rigid

2

Tolerating ventilator
or movement
Coughing but
tolerating
Fighting ventilator

0

Asynchrony: Blocking
ventilation, alarms
frequently activated
Talking in normal tone or
no sound
Sighing, moaning
Crying out, sobbing

Talking in normal tone
or no sound
Sighing, moaning
Crying out, sobbing

Total
Table 1. The four categories of CPOT

Selecting a pain management
strategy
The modification of the World Health Organization pain
ladder shown in Figure 1 outlines a method for selecting a
treatment plan based on severity of pain.
Examples of analgesics used in the ICU:
 Non-opioids: Paracetamol, aspirin, ibuprofen, NSAIDs
 Weak opioids: Tramadol, codeine
 Strong opioids: Morphine, fentanyl, oxycodone,
hydromorphine

Management of patient receiving analgesics:
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Monitor for signs of respiratory depression in a patient
who has been given opioids, such as a respiratory rate of
<8 per minute.
Assess for signs of airway obstruction, such as snoring
or noisy breathing
Inform a doctor immediately if you are concerned.

1
2
0
1
2
0-8

Pain

Figure 1. Select a strategy based on severity of pain

Routes of administration
Enteral




Easy to administer
Slower onset
The effect is variable according to the absorption of the
GI tract

Intravenous




Fast onset
Close monitoring of the drug effect and side effects of
the drug is required
A patient-controlled analgesia (PCA) device can be used
to enable the patient to self-administer IV pain relief. It
requires frequent monitoring of the patient’s pain level
and vital signs to prevent over-sedation. Patient
education is also required.

Epidural analgesia







Requires specialised insertion of an epidural catheter to
enable administration of an opioid and/or local anaethetic
into the epidural space.
Provides pain relief by blocking the spinal nerves as they
run through the epidural space.
Analgesic effect can be given to the specific site of pain
whilst minimizing the side effects associated with other
methods of analgesia such as nausea, vomiting and
sedation.
Check the epidural insertion site at least once per shift to
assess catheter position. Regularly review how effective
the analgesia.is.
Check the sensory level and motor power of the lower
limbs to detect any sensory or motor abnormalities.
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Nurse’s roles in pain management
Ensure you provide regular pain assessments
 Consider the use of analgesia before procedures and
mobilising the patient.
 Observe the effects of the analgesic, reassessing their
pain level.
 Non-drug therapy should also be considered, such as
distracting the patient with another activity, musical
therapy, splinting etc.
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Nutritional support
Providing adequate nutritional to the patient is an essential
part of caring for critically ill patients. ICU patients are at an
increased risk of malnutrition due to increased metabolic
demands that occur in response to stress. Malnutrition is
associated with increased morbidity and mortality due to
impaired immune function, prolonged ventilator dependence
and poor wound healing. The goal of nutritional support in
ICU is to prevent malnutrition and its associated
complications. Nutrition support is a therapy that reduces the
metabolic response to stress and helps with the immune
system.

When should nutritional support be
given?
Ideally nutritional support should be started within 24-48
hours of ICU admission, unless contraindicated.

Nutritional requirements of an ICU
patient
Because of increased metabolic demands, ICU patients
require more calories and protein than a healthy person. To
calculate the nutritional needs of a patient, an assessment of
their energy needs, height and weight and electrolytes is
required.
It is important to remember that certain groups of patients
have particularly increased nutritional needs, including
ventilated patients, burns and sepsis patients.

Route of administration
Enteral feeding
Enteral feeding is when a nutritionally complete liquid formula
is given directly into the stomach or small intestine using a
specially designed tube.

Indications




Any patient who is not able to eat and drink enough to
meet their nutritional requirements and who don’t have
any reason why they cannot have enteral feeding
The patient must have a nasogastric tube, nasoduodenal,
nasojejunal, trans-oeshapeal or percutaneous
endoscopic gastrostomy feeding tube
Before starting feeding, it is essential to make sure the
feeding tube is in the stomach or small intestine by both
listening for sounds in the stomach with a stethoscope
when air is injected AND chest X-ray (Figure 2)
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Figure 1a. Equipment needed: Radio-opaque NG tube, stethoscope, tape,
KY jelly, 60 cc syringe, drainage bag (optional)

Figure 1b. Measure the length from the tip of patent’s nose, loop around the
ear and then measure down 5 cm below the xiphoid process. Mark the tube
at this level.

Figure 1c. Lubricate the end of the tube with KY jelly

Figure 1d. Insert the tube into one of the patient’s nostrils. The tube should
be directed straight towards the back of the patient as it moves through the
nasal cavity and down into the throat. When the tube enters the oropharynx
and glides down the posterior pharyngeal wall, the patient may gag. Ask
patient to mimic swallowing or give some water to sip through a straw. Then
continue inserting the tube as the patient swallows. Once the tube is past
the pharynx and enters the oesophagus, it is easily inserted down into the
stomach.

138

Nutrition

Figure 1e. To check the tip is in the right place, withdraw some fluid from the
tube with a syringe and test acidity with pH paper. If the pH is low, the tip is
probably in the stomach. Confirm with a chest X-ray.

Figure 1f. Another method is to listen with a stethoscope. Inject air into the
tube. If air is heard in the stomach using a stethoscope, the tube is probably
in the correct position. Take a chest X-ray to confirm.

Figure 1g. Secure the tube with tape.
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Figure 2. Appropriately positioned nasogastric tube with tip in the stomach

Contraindications




Prolonged ileus
Intestinal obstruction or perforation
Active gastrointestinal bleeding

Benefits





Enteral nutritional (EN) is the most suitable route, due to
the increased benefits and reduced complications.
Enteral feeding protects the lining of the intestinal tract
and helps keep it functioning normally.
Enhances immune function
Reduces the incidence of nosocomial infection and
ventilator dependence, improves wound healing, and
decreases mortality.

Complications of enteral feeding
Associated with feeding tube
Associated with feeding
insertion
Trauma and bleeding of nasopharynx
Nosocomial infection from bacterial
Perforation, abscess of
contamination of feed
retropharyngeal space
Nausea, abdominal discomfort and
Oesophageal perforation,
distention
pneumomediastinum
Regurgitation or vomiting
Pneumothorax, pulmonary
Pulmonary aspiration of feed
haemorrhage, pneumonitis, pleural
Potential for interactions with enteral
effusion, empyema
medications
Gastric perforation, bowel perforation
Diarrhoea
Table 1. Complications of enteral feeding

Nursing management
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Enteral nutrition should be started at a low rate and
increased to the correct rate slowly so it can be observed
that the feed is being absorbed properly
Some feeding tubes can be aspirated (fluid can be
sucked up using a syringe). This should be carried out

Nosocomial: acquired in
hospital or nursing home

Nutrition












every 4 hours to make sure the patient is absorbing the
feed and does not have an ileus. The use of gut motility
medications may be required if the patient has high
aspirates.
The patient should be monitored for signs and symptoms
that they are not absorbing EN, such as nausea,
vomiting, abdominal distention, constipation and diarrhea.
The use of gut motility medications and aperients may be
required if symptoms persist.
The patient should be monitored for re-feeding syndrome,
a syndrome caused by restarting feeding in a
malnourished person. The symptoms are electrolyte
disturbances, particularly low phosphate levels.
Blood sugar levels should be checked every four hours
to detect hyperglycaemia or hypoglycaemia
Regular flushing of the feeding tube with water to make
sure it doesn’t block is a common practice in many ICUs
Feeding tubes should be secured properly.
The patient's weight should be checked regularly to
assess their nutritional state.
The patient’s electrolytes should be checked regularly.
Check to make sure all medications given through the
feeding tube are compatible with enteral nutrition. Some
medications, such as warfarin and phenytoin, require the
feeds to be turned off before and after giving the drug.

Parenteral feeding
Total parenteral nutrition (TPN) is a sterile, concentrated
solution of nutrients for IV infusion. TPN is usually custommade in the pharmacy. Parenteral nutrition (PN) does not
produce the same benefits as EN and it is generally only
given to patients where EN is not possible or contraindicated.
PN does not protect the function and structure of the
intestinal epithelium.

Indication
Patients who are not suitable for enteral nutrition.

Contraindication
Patients who do not have central venous access.

Complications of parenteral feeding


Cholestasis: reduced flow of
bile






Immediate and delayed complications of central catheter
placement
Electrolytes and glycaemic imbalance
Infection
Vitamin and trace element deficiency
Cholestasis

Nursing management




TPN should only be given via the lumen of a central
venous catheter used specifically for the TPN.
Connecting the TPN line is a sterile procedure. If the line
is disconnected for any reason, it should be thrown away
and a new TPN bag and line should be used.
TPN should be started at a low rate and increased
gradually.
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Electrolytes, such as sodium and potassium, magnesium
and phosphate, should be checked daily.
Close checking of blood sugar levels when starting and
finishing TPN is required.
Patients should be given medication to prevent ulcers.
Patients should be weighed regularly to check their
nutritional state.

Infection control

Infection control
Infection control is a matter of practice, but is often not done
well within the ward. This chapter will look at infection control,
the importance of good hand-hygiene and common
nosocomial infections in the ICU, as well as ways to prevent
infections.
Nosocomial infections may be acquired from other patients,
hospital staff, contaminated objects or solution, or from the
patient (including transferal of bacteria from one part of the
body to another). The most common nosocomial infections
in the ICU are respiratory tract, bloodstream and urinary tract
infections. These infections can become resistant and cause
serious problems to the patient, hospital and community.
Nurses play a very important role in preventing and
controlling infections in the hospital. It is therefore important
that they understand how infection can be prevented and that
they carry out infection control measures accurately and
strictly.

General measures
Hand-hygiene
All staff should be educated on the technique for performing
proper hand hygiene. Spreading of bacteria can be greatly
reduced when nurses perform hand hygiene properly at the
correct time. Making sure that everyone understands the
importance of good hand hygiene is every health care
worker’s responsibility. Staff should, regardless of rank,
remind each other to clean their hands properly. Staff should
be actively prevented from touching patients if their hands
are not properly cleaned.

How to perform proper hand hygiene:

Figure 1a. Apply a palmful of handrub or disinfectant soap to cupped hand

Figure 1b. Rub hands palm to palm
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Figure 1c. Rub palm of right hand over back of left hand with fingers in
between each other and vice versa

Figure 1d. Rub hands palm to palm with fingers in between each other

Figure 1e. Rotational rubbing of left thumb clasped in right hand and vice
versa

Figure 1f. Rub back of fingers against opposite palm with fingers interlocked
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Figure 1g. Rotational rubbing, backwards and forwards, with clasped fingers
of right hand in left palm and vice versa

Figure 1h. Rotational rubbing of both wrists

Hands should be rubbed until dry if using hand rub or should
be dried thoroughly with clean paper towels if they have been
washed. Drying is an important part of the process and
should not be missed out.

5 moments of hand hygiene
When to perform hand hygiene:
1. Immediately before touching the patient: to protect the
patient against harmful germs carried on the health
worker’s hand (example: shaking hands, applying
oxygen mask, taking pulse).
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2. Immediately before clean/aseptic procedures: to protect
the patient against harmful germs (including his/her own)
entering his/her body (example: brushing patient’s teeth,
inserting intravenous catheter, preparation of medication).

3. Immediately after body fluid exposure: to protect the
health care worker and the health care zone from
contamination from patient’s harmful germs (example:
brushing patient’s teeth, emptying urine bag, handling
visibly soiled linen).
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4. Immediately after touching the patient: to protect health
care worker and health care zone from harmful germs
(example: helping a patient to move, applying oxygen
mask, taking pulse).

5. Immediately after contact with patient’s surroundings: to
protect health care worker and health care zone from
harmful germs (example: clearing bedside table,
adjusting an infusion, touching a monitoring device).

Gloving



Wear gloves for handling respiratory secretions, wound
discharge, drain sites, excreta and urine.
Change into new gloves between patients and between
clean and contaminated sites on the same patient.
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Even if wearing gloves, it is still necessary to wash
hands before and after putting/taking them off.

Gowning
When handling large amounts of blood, excreta or secretions,
put on a protective gown for self-protection and to prevent
the risk of infection to other patients. Change gowns when
the procedures are finished.

Preventing nosocomial infections
Preventing Ventilator Associated Pneumonia
Pneumonia is the most common nosocomial infection in ICU
patients. It occurs at a rate of 10 – 15 cases per 1,000
ventilator days and at about 1 to 3% per day of intubation
and mechanical ventilation. Pneumonia is also associated
with a significant death rate and increased length of hospital
stay in patients.

Ventilator bundle
The ventilator bundle is designed to reduce complications in
patients receiving mechanical ventilation, including ventilatorassociated pneumonia:
 Unless specially indicated, do not change the ventilator
circuit.
 Perform hand hygiene.
 Perform oral care with chlorhexidine and teethbrushing
 Daily assessment of readiness for ventilator weaning
and/or extubation. Nurse patient with 30-45° head-of-bed
elevation to prevent entry of gastric contents into the
lungs, unless otherwise indicated.
 Monitor endotracheal tube cuff pressure. Keep pressure
at a minimum of 20 cmH2O.
 Take actions to prevent deep vein thrombosis with antiembolic stockings, sequential compression devices, low
molecular weight heparin.
 Give drugs to prevent ulcers to prevent stress-induced
and decreased splenic blood flow (which results from
increased intrathoracic pressure from mechanical
ventilation).
 Increase compliance with preventive measures by
educating and training staff.

Ventilator and breathing circuit care
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The internal machinery of a ventilator should not be
routinely changed unless it is dirty or not working.
The ventilators should be changed between patients.
Change the breathing circuit or humidifier only when it is
visibly dirty or not working correctly.
Any condensation in the breathing circuit tubing should
be drained from time to time. Remove any condensate
that collects in the breathing circuit and be careful to
avoid letting the condensation drain towards the patient.
Use only sterile water to fill a bubbling humidifier or
oxygen humidifier.

Infection control










The HME should be routinely changed every 24- 48
hours or when it is visibly dirty
In-line nebulisers should be cleaned and disinfected
before use. Use sterile water to rinse the in-line nebuliser
(if rinsing is needed) between each treatment on the
same patient, and dry the nebuliser.
Use only sterile fluid for nebulisation, and put the fluid
into the nebuliser aseptically.
Use aerosolised medications in single-dose vials
whenever possible
Change the closed-suction catheter according to the
manufacturer’s instruction.
If open suction is required, use a sterile, single-use
catheter and wear sterile disposable gloves when
performing suction on the patient.
Only use sterile water to rinse external lumen of the in
line catheter connecting with argle tubing.

Preventing Catheter-Associated Bloodstream
Infection (CABSI)
The use of intravenous catheters is important for patient care,
especially in the ICU, yet these catheters can easily become
infected. A catheter infection is dangerous because it can
move into the patient’s bloodstream and cause a more
serious infection elsewhere. This kind of infection is known
as a catheter-associated blood stream infection (CABSI).
Implementation of CABSI care bundle can help in prevention
of blood stream related infections.

CABSI bundle










Use maximal sterile barrier precautions during central
venous catheter insertion. Maximal sterile barrier: Cap,
mask, sterile gown, sterile gloves, sterile drape and
sterile equipment.
Use a solution of chlorhexidine (>0.5%) with alcohol as
an antiseptic to prepare skin for central venous catheter
insertion.
Check arterial, central venous and all peripheral lines
daily.
Remove unnecessary lines when indicated
Be selective about catheter and catheter site selection;
avoid femoral vein catheter insertion.
Practice hand hygiene
Enforce patient hygiene
Replace intravenous infusion sets as per ICU protocols
and guidelines.
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Figure 2. Cap, surgical mask, sterile gown and sterile gloves should be worn
during insertion of the CVC.

Nursing care of IV catheters
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Inspect arterial line, central venous line and peripheral
line sites daily. Observe for any signs or symptoms of
infection or bleeding. Inform the doctor if there are any
signs and symptoms of infection or bleeding is
uncontrollable.
Ensure all IV catheters are adequately dressed and
secured.
Assess the need for individual IV catheters daily to
encourage early removal of unnecessary IV catheters.
Remove IV catheters that have been in place longer than
recommended time.
Document insertion and removal date of IV catheters
Change IV giving sets at set time intervals according to
hospital policy.
Mark the date of dressing and infusion line change with
proper labels.
Use of 70% alcohol to “scrub” the access port of a line
for blood taking, medication injection or infusions.
Access the port with sterile devices only, such as a
sterile syringe.
Cap the 3-way stopcock with a sterile cap when a
catheter lumen is not in use.

Infection control

Catheter site care
Arterial
Catheter
Use sterile or clean
gloves for catheter
site care
Disinfectant for
catheter care
Change of dressing

Sterile
preferred
70% alcohol
Every 3 days +
prn

Central
Venous
Catheter
Sterile
Chlorhexidine in
alcohol base
Dressing with
gauze: Every 2
days
Transparent
dressing:
Every 7 days
Yes

Peripheral
Catheter
Clean
70% alcohol
Every 3 days
+ prn

Change dressing
Yes
Yes
when clinically
indicated, e.g. damp,
loosened or visibly
soiled
Use a sterile set to
Not required
Required
Not required
change dressing
Change of
Every 4 days
Not applicable
＊ Every 4
transducer
days
assemblies
(including tubing,
continuous-flush
device and flush
solution)
Flush the catheter
Not applicable
Yes
Yes
port when not in use
(per shift duty)
Table 1. Catheter site care
*Change of transducer should be done by two persons in order to avoid
accidental dislodging of the catheter.

Preventing Catheter-Associated Urinary Tract
Infection (CAUTI)
The urinary catheter puts patients at risk of urinary tract
infection. The urinary catheter allows bacterial to grow and
provides an entrance to the body. The longer the catheter is
in place, the greater the chance of infection. This urinary tract
infection is called catheter-associated urinary tract infection
(CAUTI).

Nursing Care of Indwelling Urinary Catheters





Avoid unnecessary urinary catheterisation:
 Do not insert an urinary catheter to take a urine
sample from a patient if they can pass urine by
themselves.
 The urinary catheter is not a substitute for nursing
care in incontinent patients
Monitor the patient daily to see if they still need the
catheter so the catheter can be removed as soon as
possible.
Use aseptic technique when inserting the urinary
catheter
 Use sterile equipment and single-use consumables
only:
 Antiseptic solution, sterile set, sterile drape,
sterile lubricating jelly, single use catheter, sterile
gloves, sterile drainage bag.
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Use antiseptic solution to clean the area around the
urethra thoroughly before insertion.
Make sure the urine flow is not obstructed.
 Prevent bending or sagging of the urinary catheter.
 Keep the urine drainage bag below the level of the
bladder. The drainage bag outlet should never rest
on the floor.
 Clamp the drainage tube before raising the drainage
bag to prevent backflow of urine.
 Empty drainage bag before it becomes over full.
Handle the catheter and open the drainage bag as little
as possibe.
Make sure each patient has their own urine-collecting
container and disinfect the container between uses.
Change the urinary catheter at routine, fixed intervals.
Document insertion date of catheter in patients’ notes
according to unit policy or manufacturers’ instructions.
Daily meatal care:
 Use soap and water or disinfectant to clean the
meatal area (area where catheter enters body). Keep
the area around the urethra clean and dry.
 Remove gross debris from the catheter tubing when
bathing patient.
Use a sterile syringe and clean access port with alcohol
swab prior to collecting a urine specimen.

Transport

Transport of the critically ill patient
ICU patients often require moving to other departments
within the hospital for tests and procedures. It is the role of
the ICU nurse to maintain patient safety during transport as
they would within the ICU.

Before transport

















Consider whether your patient can be safely transported
and whether transport is necessary. For example an xray of a patient’s hand may not be required immediately
if a patient is on a high rate noradrenaline infusion.
Make sure a doctor is available to accompany transport
of patient. Communicate with the doctor your concerns
and limitations.
Clearly establish roles during transport; often the doctor
will be primarily responsible for the patient’s airway.
If it is your first time transporting a patient outside of the
ICU environment, it may be necessary to be
accompanied by an experienced staff member.
Some ICU’s have a transport pack that is taken on all
patient transports and contains emergency equipment
and emergency drugs. Make sure you are familiar with
the pack and check to make sure nothing is missing or
past its use-by date.
Remove any unnecessary equipment from the bed, such
as unused infusion pumps, pillows and patient’s
belongings.
Make sure the patient is wearing an identification band.
Check the patient’s allergy status and infection status
and inform the receiving department if the patient has
any allergies or infections.
Make sure the patient’s notes are on the bed and can be
found easily.
If consent is required for a procedure or test that the
patient is having, ensure it is completed before leaving
the ICU.
Make sure the receiving department is aware and
prepared for the patient’s arrival.
Make sure you know the phone number for the ICU,
team leader and medical team in case there are
concerns or emergencies.
For safety reasons, it is best to encourage family
members not to accompany the patient on transport.
Complete pre-transport checklist (it is extremely difficult
to remember everything).

Airway management



Check the ETT position and size and record it
Make sure emergency airway equipment is easily
available including emergency intubation kit, spare ETTs,
airway equipment and bag and mask.

Respiratory management


Check that the portable ventilator is working properly.
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Make sure you understand how the portable ventilator
works as it may be quite different from the ventilators
used in the ICU.
Make sure the battery is fully charged and take the
power cord if necessary.
Make sure the ventilator is attached to a full oxygen
cylinder with at least one spare oxygen cylinder taken on
transport.
Adjust portable ventilator settings to be the same as the
current ventilator settings.
Set ventilator alarm limits according to current ventilator
settings.
Make sure portable suction is set up and easily reached.
Prepare EtCO2 monitoring.
Patients are often given extra sedation and/or muscle
relaxants immediately before transport to aid with
ventilation and movement during transport. If the patient
has previously been on a spontaneous mode of
ventilation, they will need to be changed to a mandatory
mode of ventilation.

Cardiac monitoring




Make sure cardiac monitor is fully charged and consider
taking a power cord
Set alarm limits appropriately
Consider applying defibrillator pads and taking a portable
defibrillator for patients with haemodynamic instability

Medications








Make sure patient has adequate IV access
Identify an emergency access port in case emergency
medication needs to be given.
Secure all IV lines to prevent them becoming dislodged,
including the arterial line, CVC and any peripheral
cannulas.
Consider disconnecting any IV lines that may not be
essential for transport, such as central venous pressure
monitoring, maintenance fluids, etc.
Make sure there are enough fluids available for all
infusions.
Consider taking emergency medications.
Check the patients medication allergy status and inform
the receiving department of any allergies.

Specific considerations




If the patient needs to be transported to MRI, all of the
equipment needs to be compatible with the MRI machine
Monitoring the ICP during transport is recommended for
patients with an ICP catheter.
For patients with a chest drain, it is important to take
clamps in case the drain becomes disconnected.

During transport
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Make sure you can see the monitor and ventilator at all
times during transport.

Transport









Check the battery level of equipment during transport
and plug in equipment when available.
Make sure there are enough staff to safely move the
patient.
Make sure the patient’s privacy is maintained during
transport.
If available, use a lift priority key to prevent delays in
transport.
Often a porter will help to take the patient on transport. It
is important to tell the porter any concerns you may have.
If they are pushing the bed too quickly or you are
concerned for any reason, ask the porter to slow down or
stop.
If at any stage during transport, you are concerned, stop
and check the patient.

After transport




Connect patient back onto the ICU ventilator and check
them.
Reassess patient using a systematic head-to-toe
approach.
Document patient’s vital signs, drugs given and any
concerns you had during the during transport.

The ideal way to imagine transport of a critically ill patient is
to imagine it as a “mobile, but seamless continuation of the
ICU environment”.
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Communication with patients and
their families
Good communication to all members of the team plays an
extremely important part in providing safe and effective
health care to the intensive care patient. Communication with
patients and their families is as important as communicating
with the multi-disciplinary team and can be delivered in a
variety of styles, depending on the situation.

Welcoming patients and families into
ICU
Stress, worry and anxiety is often part of the job in intensive
care nursing. High-pressured environments and
a fast-paced workplace are common in the ICU. For patients
and families entering this environment, it can be extremely
frightening and worrying (Figure 1).
As we are acting on the behalf of the patient and their family,
it is our responsibility as nurses to protect them and get them
used to the intensive care environment as quickly as possible.
Using other members of the team like the hospital chaplain
or social workers can help reduce patient uncertainty and
help guide them through their stay in intensive care.

Figure 1. Intensive care can be a daunting and intimidating environment for
patients’ families

Introducing yourself
It is important to welcome your patients and their relatives
and friends in an approachable and friendly way. When the
family arrives to visit their loved one or you are meeting the
patient for the first time, introduce yourself and let them know
you are the nurse looking after their family member (Figure
2b).
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Figure 2a & b. A friendly welcome and introduction are crucial.

This will help them to relax in the intensive care environment
and feel that they can ask you any questions they may have.
Be very aware of your body language and try to avoid
negative cues. Closed off body language, such as crossed
arms (Figure 3) or not looking at someone when you are
speaking to them, could be seen as negative communication.
This can increase anxiety and worry in patients and their
families. Speaking in a calm but confident manner not only
makes you appear competent; it also gives a positive
impression and helps to relax the family.
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Figure 3. Closed body posture

Providing clinical information and
support
Another part of communicating with families is keeping them
informed about their loved one’s condition and providing
support. This can be extremely frightening for a nurse just
starting their career and it is at this time that using your
resources effectively, such as senior nursing staff and the
medical team, will not only reassure and inform the patient
and their family on their clinical condition but provide an
excellent opportunity for you to watch how this information is
given (Figure 4).

Figure 4. Observe senior nursing staff and the medical team for ways to
communicate effectively with a patient’s family

Here are a few key tips to providing effective communication
to your patient and their family:

Recognising your limitations
Recognising your limitations can become difficult sometimes,
especially in situations of high stress and pressure. In some
circumstances, nurses can often be the ‘piggy in the middle’
when it comes to delivering information to patients and their
families. Quite often, we are aware of the results of
procedures and tests and can feel pressured to relieve the
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patient and their family of worry and anxiety, especially if a
relative is asking for information.
Recognising your limitations and how much you are able to
do legally within your nursing practice, is very important in
order to avoid giving out information that should not be given
out by you. In this situation, it is okay to tell your patient or
relatives that you are not the best person to speak to about
this information and that you will find out the appropriate
health professional to discuss this with them.

Non-verbal communication
Sometimes verbal communication is not required in particular
situations in the intensive care unit. It is important to
recognise when it is an appropriate time to communicate
verbally and when the patient and their families need their
time to absorb and process information. These cues often
can be subtle, and the skills for managing this are developed
over time.
In some situations, such as those with patients who are
terminal or critically ill, time should be given for people to be
with each other as a family unit. When possible, allow privacy
for the patient and their families by closing the patient’s doors
or curtains (only if this is clinically safe), or offering the
patient’s relatives a quiet space, and let them know that you
are there should they need anything from you.

Open disclosure
Sometimes mistakes occur which may or may not harm the
patient. In this situation, it is essential to be honest and open
and explain to the patient what has happened, why it
happened, and what is happening to prevent this from
happening again. If an incident happens with your patient, it
is important that you report this to the senior staff available to
you (nursing unit manager and/ or medical specialist) so that
the patient’s safety is maintained and a plan is put in place to
prevent the incident from happening again.
The process of informing the patient can be emotionally very
difficult so it is recommended that this task is done by a
trained professional.

Providing opportunities for questions
and feedback
Patients and their families often feel there is too much
information (information overload) given to them when in the
intensive care unit. The constant use of medical language for
the non-medical person and unfamiliar surroundings can
make them feel confused and anxious.
While communicating with patients and families, give them
enough time to absorb and process the information you have
given. Sometimes this information may need to be repeated
and the words altered to non-medical terms to improve
understanding.
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Reassure your patient and their family that it is normal to ask
questions in this environment and that either you yourself or
the most appropriate health professional will be happy to
help answer these questions for them.
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Clinical handover
What is a clinical handover?
Clinical handover is the transferring of information and
responsibility from one clinician to another. It is an essential
part in providing safe and effective healthcare for patients.
Clinical handover can be done in a number of ways but is
most common in the following situations:
 Changing of shifts from one team or clinician to another
(nursing or medical handover of patients)
 Group handover (beginning of shifts to provide a general
view of the unit).
 Admission and discharge and transferring of patients
 Meal or break relief.
 Updating a fellow health professional on a change in
clinical condition.
All of these situations may require a different approach and
may vary in length of time and detail depending on the
situation. When handing a patient over to another clinician for
a shift change, the process may be longer and more detailed.

Systematic handover
This should include a head to toe assessment. An example
of this can be broken down into the following areas:
 Identifying the patient
 Reason for admission
 Diagnosis
 Past medical history, including current medications and
allergies
 Social history
 Neurological system (CNS)
 Cardiovascular system (CVS)
 Respiratory system (RESP)
 Gastrointestinal system (GIT)
 Renal system
 Integumentary system
 Other clinically relevant information, including a patient
plan
When providing a face-to-face handover, use the patient
records to cross-check information, such as medication
charts and medical orders. Make sure that you have
supported your clinical handover with documentation, such
as progress or clinical notes and accurately filled-out flow
charts and other forms of documentation.
The approach above is a systematic way of providing a
thorough clinical handover for a patient who is not acutely
deteriorating. However, it is important to understand that
different styles of communication are important in different
situations. A story-like approach in which all the events in a
patient’s history are given in order of time is important to
understand the patient’s experience and to make sure that
no important facts are missed, but this is less useful when
reporting an immediate problem.
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Rapid handover
Some situations require only essential information to be
delivered in a quick and efficient format. There are a number
of easy to use tools for these situations, such as SBAR,
ISBAR, ISOBAR. Although there are minor differences
between these tools, they are all designed for short but
effective communication. This helps the person you are
talking to understand what is needed.
In urgent situations – do NOT provide information that is
clinically irrelevant. Only report on vital information that will
provide the clinician with enough detail to be informed and
make an accurate decision. This will allow you to provide a
detailed handover for the receiving clinician in the shortest
amount of time. In order to do this, it is important to ask
yourself: What does the person I am consulting need to know
in order to help the patient (Figure 1)?
What does she
need to know?

Figure 1. Consider the information your listener needs to know

Use the tool that is commonly used in your hospital. One
example of such a tool is ISBAR

ISBAR
Introduction
Introduce yourself

Situation
Give a brief (5-10 sec) introduction to what you are calling
about.

Background
Give data relevant to the problem including history and
clinical findings.

Assessment
Say what you think the problem is (a precise diagnosis is not
necessary but give an indication of severity)
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Recommendation
Say what you think needs to be done for the patient and if
appropriate get an estimated time frame for a response. The
estimated time frame is important, as you do not want to slow
down the person you are calling by repeated unnecessary
phone calls but you do want to make sure that he/she has
not been distracted or forgotten to respond, e.g. Please could
you come to see the patient? How soon do you think you will
be here? Would you like me to do an ECG while you are
coming?
The following comic strips illustrate how using one of the
handover tools, such as ISBAR, can improve communication.
The case is one of a patient who was admitted with
pneumonia but has developed ischaemic chest pain and
acute pulmonary oedema.

Figure 2. Failure to convey the message to the listener

You can see from this example that the caller failed to
communicate the urgency of the situation to the doctor. A
story-like communication was used with the nurse telling the
doctor the time sequence of events. Unfortunately before the
nurse got to the important information, the doctor was
interrupted and ended the call. No time frame was
established for the doctor to see the patient. The result was
that the doctor and nurse had an different understanding of
how urgent the review was.
The strip below illustrates how using ISBAR would have
been more effective. The nurse starts with identifying himself,
describes the situation in a few words, followed by a
background to the situation and an assessment. Finally he
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gives a recommendation (in the form of a request to see the
patient urgently), which includes a timeframe.

Figure 3. Message successfully delivered to listener

Finally, it is important to make sure that the person you have
handed over to understands the information you have given,
has had all their questions answered and accepts
responsibility for the patient.
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Nursing assessment of the
critically ill patient
The aim of the nursing assessment of critically ill patients is
to identify any abnormal findings, to identify priorities of care
and to help with clinical decision making.
There are a number of assessments that can be performed
on a patient, depending on the need for assessment,
including the initial first assessment and the ongoing
assessment.

Initial assessment or primary survey
This is a rapid assessment used to assess the patient’s vital
functions and identify and treat any potentially lifethreatening conditions that require immediate medical
attention. Use an ABCD (airway, breathing, circulation,
disability) approach. (See Airway management and airway
obstruction, Acute respiratory failure, Haemodynamic
monitoring and Neurological assessment chapters for
details.)
Component
Airway

Breathing

Circulation
Disability

Assessment
Assess airway patency
Looking for:
Abnormal chest movement may indicate airway
obstruction

Listening for:
Snoring (indicates tongue or soft tissue
obstruction)
Stridor (indicates obstruction at or above the vocal
cords)
Wheezing (indicates obstruction below the vocal
cords)
Gurgling (indicates fluid in the airway)
Hoarse voice (indicates oedema of the vocal
cords) or
Silence (indicates complete obstruction)
Assess rate and depth of breathing and SpO2
Look for:
Signs of respiratory distress
Increased respiratory rate
Shallow breathing
Use of accessory muscles
Nasal flaring
Paradoxical abdominal breathing
Forward posture
Respiratory depression
Decreased respiratory rate
Shallow breathing
Heart rate, heart rhythm and blood pressure
Diaphorehesis
Assess skin colour
Assess level of consciousness using the GCS or
AVPU scale.
Generally a GCS <9 indicates that intubation
should be considered

Table 1. Assessing the patient’s vital signs
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Identification and management of any life-threatening
condition should happen together. If you are concerned with
any of your findings during the initial assessment, call for
help early (see Cardiopulmonary resuscitation chapter).

Systematic assessment or secondary
survey
The systematic assessment is a head-to-toe nursing
assessment of the patient’s major body systems to identify
and treat any abnormal conditions. It should be performed,
following the primary survey, on any patient you receive care
of, whether it is at the start of your shift or a patient arriving in
the ICU post operatively, and if there is a change in your
patient’s clinical condition.
The systematic assessment begins with a review of the
patient’s medical notes to establish:
 History of presenting complaint
 Past medical history
 Social history
 Drug and food allergies
 Infections (current or past)
 Past and present medication use
The next step is to introduce yourself to the patient, explain
the importance of the systematic assessment and ask for
consent to perform the assessment. If the patient consents,
gather the equipment you will need to perform the
assessment and alter the environment to maintain patient
privacy and dignity. This may involve asking the patient’s
family to wait outside whilst the assessment is done. Make
sure infection control procedures, such as wearing gloves
and handwashing, are adhered to.

Head-to-toe assessment
Head
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Evaluate patient’s mental status and level of
consciousness by completing a Glasgow Coma Scale.
Assess pupils for size, shape and reaction to light.
Assess upper and lower limb strength against resistance
Assess patient’s communication pattern (ability to speak
and understand) and provide communication tools if
required.
Assess patient’s level of sedation using an appropriate
sedation assessment tool
Assess patient’s level of pain using an appropriate pain
assessment tool.

Nursing assessment

Figure 1a. Evaluate patient’s level of consciousness with the Glasgow Coma
Scale (see Neurological assessment chapter for details)

Figure 1b. Assess pupils for size, shape and reaction to light.

Stridor: high pitched musical
sound, most commonly
produced during inspiration but
may also be heard on
expiration. Caused by upper
airway obstruction.
Wheeze: a continuous, hoarse,
whistling sound. Most
commonly produced during
expiration but may also be
heard in inspiration. Occurs
when air moves through
narrowed or obstructed
bronchi.

Airway
Assess airway patency
 For an un-intubated patient: Listen for stridor, wheeze,
gurgling, hoarse voice or silence. Abnormal chest
movement may indicate respiratory distress.
 For an intubated patient: make sure the endotracheal or
tracheostomy tube is not blocked by suctioning through
tube. Check the tube position/ marking and cuff pressure
and make sure the tube is well secured with ties or tapes.

Breathing
Observe the respiratory rate, depth of breathing and SpO2.
 For an un-intubated patient: Look for signs of breathing
becoming more difficult such as increased respiratory
rate, shallow breathing, use of accessory muscles, nasal
flaring, see-saw abdominal breathing and forward
posture. Assess for signs of respiratory depression, such
as low respiratory rate and shallow breathing.
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For an intubated patient: Assess ventilation mode,
respiratory rate and other ventilator settings. Assess the
patient for signs of ventilator dysynchrony.
Listen to the lungs with a stethoscope to assess air entry
and to identify any abnormal breath sounds. Listen to left
and right and top and bottom lung fields. Are breath
sounds normal, reduced or absent? Are breath sounds
between the right and left sides of the chest equal or
unequal? Are there any abnormal breath sounds, such
as wheezing, crepitations or crackles?
Ask the patient to cough or make them cough by
suctioning the artificial airway. Assess strength of cough
reflex and amount of sputum being produced. If sputum
is being produced, describe the amount, colour and
consistency of sputum.

Figure 2a and 2b: Auscultate by listening to breath sounds bilaterally

Circulation
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Assess heart rate and heart rhythm
Assess blood pressure: If an invasive blood pressure
monitoring is being used, assess the arterial waveform
and take a non-invasive blood pressure to check
accuracy.

Crackles or crepitations:
crackling, rattling or clicking
noises, most commonly heard
during inspiration. Occur when
fluid or exudate-filled small
airways and alveoli are suddenly
opened during inspiration.

Nursing assessment












Assess CVP: is the patient under or over filled?
Test capillary refill: It should be <2 seconds
Observe hands and feet for swelling/oedema
Assess skin colour, temperature and moisture: Is the skin
pink, pale or white? Is the skin warm, cool or cold? Is the
skin dry, moist or wet?
Assess whether peripheral pulses are present.
Assess calves for redness, pain and swelling. Observe
whether patient is wearing TEDs or calf-compression
devices.
Assess temperature.
Assess IV access, including and IV cannulas, CVC,
arterial line and pulmonary artery catheter. Make sure
lines are properly dressed, well secured and not blocked.
Observe for signs of infection.
Identify a port for emergency IV access

For capillary refill test, see Figure 1 in the Haemodynamic
monitoring chapter.

Gastrointestinal tract





Listen for the presence of bowel sounds
Palpate the abdomen, checking for signs of distension,
rigidity, masses and tenderness.
Check when the patient last had his or her bowels open
and assess the need for aperients
Assess the patient’s diet and their ability to tolerate
feeding

Figure 3. Place the diaphragm of the stethoscope on the patient’s abdomen.
Listen to the four upper and lower quadrants for bowel sounds.

Genitourinary





Make sure urinary catheter is not blocked and secure
Observe urine output for the previous hours
Observe colour and consistency of urine
Assess fluid balance for previous 24 hours
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Figure 4. Examine the perineum for abnormal discharge and check the skin
condition

Skin




Examine the skin condition and note any skin tears,
wounds, inflammation or pressure sores.
Observe wounds, including surgical wounds for signs of
infection and assess condition of wound dressings.
Check the wound drains are not coming out and note
how much they are draining.

Figure 5a. Examine the skin for abrasions, wounds or inflammation
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Figure 5b. Examine the buttocks for sores

Figure 5c. Assess the calves for any tenderness, pain, swelling, which are
features of deep vein thrombosis.

Blood results



Check the patient’s most recent blood results, including
electrolytes, liver function tests, kidney function tests,
blood count and coagulation profile.
Assess the patient’s most recent ABG.

Medications



Observe the patient’s medication chart. Assess individual
medications for indication, contraindications, etc. and
note when medications are next due.
Make sure infusions have adequate supply.

Report any concerns or abnormal findings of the systematic
assessment to the medical team.
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Equipment assessment
Equipment safety check






Electrical equipment should be connected to a power
socket.
Make sure gas supplies are connected to equipment
properly and securely.
Make sure suction is working and readily available
Set alarm limits and ventilator at the correct levels for the
patient.
Zero and level all transducers appropriately.

Bed space assessment




Make sure patient’s bed space is clean and free of
unnecessary items
Make sure bed space is stocked with everything needed
and emergency equipment is readily available.
Note where the emergency trolley is in relation to your
patient’s bed space and find the emergency button within
the patient’s room.

Figure 6. Summary of head-to-toe assessment
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Appendix 1
Height
(cm)
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

Male

Female

38.7
39.6
40.5
41.4
42.4
43.3
44.1
45.1
46.0
46.9
47.8
48.7
49.6
50.5
51.5
52.4
53.3
54.2
55.1
56.0
56.9
57.8
58.7
59.6
60.6

34.2
35.1
36.0
36.9
37.9
38.8
39.7
40.6
41.5
42.4
43.3
44.2
45.1
46.0
47.0
47.9
48.8
49.7
50.6
51.5
52.4
53.3
54.2
55.1
56.1

Height
(cm)
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

Male

Female

61.5
62.4
63.3
64.2
65.1
66.0
66.9
67.8
68.7
69.7
70.6
71.5
72.4
73.3
74.2
75.1
76.0
76.9
77.8
78.8
79.7
80.6
81.5
82.4
83.3

57.0
57.9
58.8
59.7
60.6
61.5
62.4
63.3
64.2
65.2
66.1
67.0
67.9
68.8
69.7
70.6
71.5
72.4
73.3
74.3
75.2
76.1
77.0
77.9
78.8

Table 1. Predicted body weight based on height of men and women
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