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  Foreword          

  The  Manual of Clinical Paramedic Procedures  is unique in its extensive use of refer-
ences to support the practical guidance that it offers. Evidence - based medicine is a 
core principle of practice in the modern UK National Health Service and in many 
other health providers throughout the world. Its application in pre - hospital care is, 
however, still under - developed, but this text goes a long way towards addressing 
this defi ciency. 

 Both authors are experienced paramedics and educators, and draw on a consider-
able body of expertise to meet the needs of their readers. The appropriate audience 
for this book includes student paramedics, who will fi nd this a rich source of material 
to support their studies, but also the broadest range of practitioners in pre - hospital 
care, resuscitation, and emergency medicine, including registered paramedics, 
doctors, nurses, resuscitation offi cers, and medical students. 

 Each chapter starts with a defi nition of the topic to be addressed. Where appropri-
ate, the relevant anatomy and physiology are briefl y but helpfully reviewed, followed 
by a detailed description of each clinical procedure. The use of copious colour pic-
tures adds signifi cantly to the utility of the clear, concise, and eminently readable 
text. Scenarios are used to establish the context of each chapter in true - to - life 
clinical settings, and break - out boxes prompt the reader to apply the principles 
described as they read through the material. Step - wise descriptions of each proce-
dure are supported by detailed rationales for each sub - process and provide an 
important insight into the concepts behind each technique. Key points boxes empha-
sise particularly critical issues and summarise chapter contents, and each chapter 
ends with an extensive reference and further reading list. The use of this wide range 
of methods for presenting information means that this book will suit most readers, 
regardless of their preferred learning style, will aid retention, and prevent boredom. 

 I am naturally a lazy reader when studying, preferring to disappear into a good 
science fi ction novel rather than a textbook. Yet I can enthusiastically recommend 
the  Manual of Clinical Paramedic Procedures  as the book that I wish had been avail-
able to me when I was studying to become a paramedic, and the one which I wish I 
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had written myself! It should take pride of place on the bookshelf of any student or 
experienced practitioner of pre - hospital care  –  but should be re - read at regular 
intervals to support the highest standards of clinical practice that we all aspire to. 

   Malcolm Woollard,  PA02584, MPH, MBA, MA(ED), DipIMC (RCSED), PGCE, RN, MCPara, NFESC, 
FASI, FHEA, FACAP  

  Professor in Pre - hospital and Emergency Care and Director, Pre - hospital, 
Emergency  &  Cardiovascular Care Applied Research Group, Coventry University  
  Chair, College of Paramedics  
  Honorary Consultant Paramedic, West Midlands  &  South East Coast Ambulance 
Service NHS Trusts  
  Professor in Pre - hospital Care, Charles Sturt University, NSW, Australia  
  Adjunct Senior Research Fellow, Monash University, Victoria , Australia  
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  Introduction          

  Clinical skills are fundamental in the day - to - day work of prehospital care providers, 
yet it is diffi cult to fi nd a text book that not only demonstrates a step - by - step 
approach to clinical skills, but also provides evidence to support the approaches 
being advocated. At a time where pre - hospital providers are becoming ever more 
high - profi le and public expectations are increasing, it is essential that Paramedics, 
Emergency Medical Technicians (EMT), and those working in the voluntary services 
adopt practices that are supported by the evidence. There is currently a dearth of 
high - quality research in prehospital care to either support or refute many of the 
activities carried out by prehospital providers but there is often good evidence from 
other disciplines that can be extrapolated to fi ll the void. 

  The Manual of Clinical Paramedic Procedures  serves to review the available lit-
erature surrounding the application of key skills in prehospital care, challenges some 
current practices, and offers recommendations based upon the fi ndings. The clear 
diagrams, pictures and supporting evidence will provide a sound reference text for 
those at the beginning of their health care careers through to those who are already 
established as competent practitioners. It will also serve the many proactive members 
of the voluntary ambulance organisations looking to enhance the service that they 
provide to their communities. 

 For the qualifi ed Paramedic, the manual provides the evidence to underpin their 
practice and offers a ready source of information that will prove invaluable when 
mentoring paramedic students. It will also add to the Paramedic ’ s portfolio of con-
tinuing professional development by challenging current thinking and allowing the 
Paramedic to refl ect upon how the evidence has infl uenced changes in their practice. 
Many of the clinical skills discussed within the book also fall within the remit of non -
 paramedic prehospital practitioners so there is plenty of value for the EMT, fi rst 
responder and members of a voluntary care organisation. For the Paramedic student, 
the book is invaluable for learning clinical skills and has the advantage over other 
texts in that it clearly cites its references, which can easily be integrated into aca-
demic essays and refl ections. 
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 The application of clinical skills in emergency care is rarely straightforward, espe-
cially in the hostile prehospital environment. It is hoped that by using this manual 
as a basis for performing clinical skills, the practitioner will be better placed to make 
decisions and will have the underpinning knowledge to perform the skills safely and 
to greatest patient benefi t.      
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 In emergency care, airway management is an essential fi rst step as a means of 
achieving both oxygenation and ventilation. Failure to manage and maintain the 
airway can lead to neurological dysfunction and even death within minutes.  1   This 
chapter discusses the concept of a stepwise approach to airway management 
and provides the rationale for the airway interventions currently available to the 
paramedic.  

  Defi nition of  a irway  m anagement 
 Airway management may be defi ned as the provision of a free and clear passage-
way for airfl ow. Obstruction of the airway may be partial or complete and may 
occur at any level from the nose to the trachea. In the unconscious patient, the 
most common site of airway obstruction is at the level of the pharynx  2   and this 
obstruction has usually been attributed to posterior displacement of the tongue 
caused by reduced muscle tone. However, the cause of airway obstruction is often 
the soft palate and the epiglottis rather than the tongue.  3,4   Obstruction may also 
be caused by vomit or blood, swelling of the airway (e.g. anaphylaxis), a foreign 
body, or laryngeal spasm.  

  Concept of a  s tepwise  a pproach 
 Airway management techniques range from basic manual manoeuvres to the more 
complex techniques of tracheal intubation and cricothyroidotomy. Each technique 
comes with its own inherent risks and it is essential that the paramedic is aware of 
the problems and limitations of each technique. It is advocated that a stepwise 
approach that leads from the least invasive to the most invasive technique be 
adopted.  1   The paramedic may choose to miss out certain steps based upon the needs 
of the patient, but a risk - benefi t analysis should be undertaken to ensure that the 
most appropriate airway management technique is employed. It should be noted that 
measurement of airway adjuncts only provides a starting point for deciding on the 
appropriate size; it is essential to assess the effectiveness of any airway manoeuvre 
once undertaken.     

 You are called to attend a 37 - year - old female patient in cardiopulmonary arrest. 
On arrival you fi nd that the patient is in the third trimester of pregnancy lying 
supine on the fl oor. What anatomical and physiological changes occur during 
pregnancy that may affect your airway management strategy? How would you 
manage the patient ’ s airway? 

 Scenario 
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  Basic  a natomy of the  a irway 
 See Figure  1.1 .   

 Safe airway management requires sound knowledge of the relevant anatomy. This 
section provides an overview of the nose, pharynx, larynx, trachea and main bronchi; 
the practitioner is advised to refer to an appropriate anatomy text book for a deeper 
description of the airway. 

  Nose 
 The nose can be divided into external and internal portions. The external portion 
provides a supporting structure of bone and cartilage for the overlying muscle and 
skin; it is lined with a mucous membrane. The bony framework of the external nose 
is formed by the frontal bone, nasal bones and maxillae. 

 The internal portion lies inferior to the nasal bone and superior to the mouth and 
contains both muscle and a mucous membrane. It is worth remembering that the 
internal nares extend in an anterior - posterior direction, especially when inserting a 
nasopharyngeal airway.  

  Mouth 
 The mouth is not strictly a part of the airway, but as many airway management 
interventions involve the mouth, it is worth reviewing basic anatomy. The mouth is 
formed by the cheeks, hard and soft palates, and the tongue.  5   The lips surround the 
opening to the mouth and each lip is attached to its respective gum by the labial 
frenulum. The vestibule is the space between the cheeks or lips, and the teeth. The 
roof is formed by the hard and soft palates, whilst the tongue dominates the fl oor. 
The anterior portion of the tongue is free but connected to the underlying epithelium 

    Figure 1.1     Lateral wall of nasal cavity.  Reproduced from Faiz, O. and Moffat, 
D.  Anatomy at a Glance , 2nd edn, copyright 2006, with permission of 
Blackwell Publishing.   
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    Figure 1.2     Cartilages of the larynx.  Reproduced from Faiz, O. and Moffat, D. 
 Anatomy at a Glance , 2nd edn, copyright 2006, with permission of Blackwell 
Publishing.   
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by the lingual frenulum. The border between the mouth and the oropharynx extends 
from the dangling uvula to the base of the tongue.  6    

  Pharynx 
 The pharynx is divided into three anatomical sections; the nasopharynx (extending 
from the internal nares to the posterior edge of the soft palate), the oropharynx 
(extending to the base of the tongue at the level of the hyoid bone) and the laryn-
gopharynx (extending to the opening of the oesophagus).  

  Larynx 
 See Figures  1.2  and  1.3 .   

 This is a very important structure in terms of airway management and it is essen-
tial to know the anatomy in depth. Basic anatomy is outlined here but it is recom-
mended that revision should be undertaken with an appropriate anatomy text (see 
reference  5 ). 

    Figure 1.3     Larynx as viewed through a laryngoscope.  Reproduced from Faiz, 
O. and Moffat, D.  Anatomy at a Glance , 2nd edn, copyright 2006, with 
permission of Blackwell Publishing.   
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 The larynx consists of nine cartilages; three paired and three single, as described 
below. 

 The epiglottis projects above the glottis and protects the larynx during swallow-
ing. The thyroid cartilage forms most of the anterior and lateral surfaces of the 
larynx and tends to be more prominent in men. The cricoid cartilage is the ring -
 shaped cartilage that connects the larynx to the trachea. The three paired carti-
lages are found within the interior structure of the larynx and are the arytenoids, 
corniculate and cuneiform cartilages.  

  Trachea 
 See Figure  1.4 .   

 The trachea is approximately 11 – 12   cm long and 2.5   cm in diameter. It is held 
open by  ‘ C ’  shape cartilage, which is open posteriorly to allow for extension of the 
oesophagus during swallowing. The trachea bifurcates into the left and right main 
bronchi around the level of the 5th thoracic vertebra. The right main bronchus is 

    Figure 1.4     Trachea and main bronchi.  Reproduced from Faiz, O. and Moffat, D., 
 Anatomy at a Glance  2nd edn, copyright 2006, with permission of Blackwell 
Publishing.   
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larger in diameter than the left and extends at a steeper angle  –  an endotracheal 
tube that has been inserted too far is most likely to locate itself in the right side, as 
are foreign body obstructions.   

  Basic  a irway  m anagement  m anoeuvres 
  Head  t ilt and  c hin  l ift 

 This manoeuvre has been the mainstay of basic airway management for nearly 50 
years with few changes advocated since the early 1960s. The rescuer ’ s hand is 
placed on the patient ’ s forehead and the head gently tilted back; the fi ngertips of 
the other hand are placed under the point of the patient ’ s chin, which is gently lifted 
to stretch the anterior neck structures (Figure  1.5 ).    

  Jaw  t hrust 
 The jaw thrust is recommended where there is a risk of cervical spine injury but it 
may be used electively on any patient. Where there is no risk of spinal injury, the 
manoeuvre may be applied on its own or in conjunction with a head tilt manoeuvre. 

 The jaw thrust brings the mandible forwards and relieves obstruction by the soft 
palate and epiglottis. The practitioner places their index and other fi ngers behind 
the angle of the mandible and their thumbs on the mandible itself (Figure  1.6 ). The 
thumbs gently open the mouth whilst the fi ngers are used to apply pressure 
upwards and forwards. This movement causes the condyles of the mandible to 
sublux anteriorly in the temporomandibular joints. This displaces the mandible and 
tongue anteriorly, thereby clearing the airway.  7          

    Figure 1.5     Head - tilt, chin - lift.  
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    Figure 1.6     Jaw thrust.  

     Is there any circumstance where it would be 
permissible to perform a head tilt and chin 
lift manoeuvre in a patient with suspected 
cervical spine injury? 

  Basic  a irway  a djuncts 
  Nasopharyngeal  a irway 

 See Figure  1.7 .   
 The nasopharyngeal airway (NPA) is a simple airway adjunct that is used by a 

number of different healthcare disciplines. It has advantages over the oropharyngeal 
airway (OPA) in that it can be used in the presence of trismus, an intact gag refl ex, 
or oral trauma.  8   Despite these advantages, the NPA is used less frequently than 
the OPA.  9,10   
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    Figure 1.7     Nasopharyngeal airways.  

 The NPA is designed to relieve soft tissue upper airway obstruction in a patient 
requiring airway support. The tube follows the natural curvature of the nasopharynx 
and extends to the posterior pharynx below the base of the tongue where it sepa-
rates the soft palate from the pharynx. The distal end is bevelled to facilitate placing 
of the tube; the bevel should be placed against the nasal septum (Figure  1.8 ).   

    Figure 1.8     Bevel of NPA against the septum.  
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  Sizing of an  NPA  

 Traditional methods of sizing have tended to compare the NPA with the patients 
little fi nger or the size of their external nares; these methods are based on anecdote 
rather than evidence and are likely to be fl awed. Both methods place emphasis on 
the diameter of the tube rather than the length despite an earlier study clearly 
showing that the length of the tube was more important than the diameter.  11   This 
study suggested that the tube should lie within 1   cm of the epiglottis. If too short the 
airway would not separate the soft palate from the posterior wall of the pharynx 
and if too long would enter either the larynx and stimulate laryngeal refl exes, or 
enter the vallecula with the inherent risk of obstructing the airway. 

 One small study has shown that neither of the traditional methods for measuring 
the NPA correlated with the nasal anatomy of the subject, so are unreliable.  12   A clear 
correlation between patient height and their nares – epiglottis length has been dem-
onstrated  11   so it is perhaps more sensible to base NPA size on the patient ’ s height 
and sex. In the absence of a more accurate measurement, it is recommended that 
a size 6 (130   mm length) be used for an average female and a size 7 (150   mm length) 
for an average male.  8,12   Longer or shorter lengths may be considered for patients 
who are taller or shorter than average. 

 Once the initial choice has been made the NPA should be measured to ensure that 
only the correct length is inserted. A reasonable way of ascertaining this is to 
measure from the tip of the nose to the tragus of the ear. There is suffi cient ana-
tomical correlation for this to prove reliable although checks to ensure correct 
placement should be undertaken afterwards. When the length has been ascertained, 
the safety pin should be inserted into the proximal end of the NPA at the maximum 
point of insertion; this will prevent the NPA from being inserted too far into the 
pharynx and possibly into the oesophagus. For example, if a size 7 (150   mm) had been 
selected and the measure from the tip of the nose to the tragus was 145   mm, the pin 
should be placed 5   mm distal to the fl ange of the NPA. The safety pin is not there to 
prevent loss of the NPA into the external nares. When inserting the safety pin, place 
to the side of the NPA to allow free passage for suction catheters if required.  

  Contraindications 

 A commonly taught contraindication to the use of an NPA is a potential or known 
basal skull fracture. Two published case reports of an NPA being inserted through 
a fractured cribriform plate into the cranial vault  13,14   may have been responsible for 
the development of this contraindication and it has been propagated by the Advanced 
Trauma Life Support Manual and courses. It is diffi cult to know whether these were 
isolated occurrences or whether further reports are less likely as it is no longer a 
novel complication, plus there may be a tendency to under report clinical errors.  15   
The consensus appears to be that NPA placement may be necessary, even where 
relative contraindications exist, to avoid sub - standard airway management in 
patients with suspected or apparent base of skull fracture.  

  Complications 

 The most common complication is bleeding, which may cause serious airway obstruc-
tion if not managed. Blood tends to coagulate in the trachea and will form a solid 
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occlusion to the passage of air. Patient positioning may help if bleeding does occur 
and suctioning will also be of benefi t, although it is possible that suctioning may not 
be suffi cient to maintain a clear airway. 

 If the bleeding is in the anterior portion of the nose, consider use of a tampon to 
stem the fl ow. If in the posterior portion of the nose, it may be necessary to insert 
a device such as a urinary catheter so that the balloon can be infl ated to prevent 
aspiration of blood. Any practitioner who inserts an NPA must have a contingency 
plan for managing haemorrhage should it occur. 

 Necrosis of the anterior aspect of the nose may also occur if the diameter of the 
NPA is too large. If there is evidence of blanching around the external nares the NPA 
should be removed and a smaller one inserted. Necrosis will commence within about 
20 minutes of the occlusion of blood supply and it is very diffi cult to cosmetically 
alter any damage.  

  Equipment  r equired 

     •      Range of nasopharyngeal airways  
   •      Water - based lubricant  
   •      Devices to arrest haemorrhage in both anterior and posterior portion of nose 

should it occur.     

  Technique for  i nsertion 

   Procedure     Additional information/rationale  

  1. Select appropriate size, 7.0 as a 
starting point for an average adult male 
and 6.0 for an average adult female.  

    

  2. Once the selection has been made, 
measure from the tip of the nose to the 
tragus of the ear. Insert safety pin to 
mark the maximum depth of insertion 
(this should be at the proximal end of 
the NPA).  

  If too short the airway would not separate 
the soft palate from the posterior wall of the 
pharynx; if too long may enter either the larynx 
or vallecula where the airway could become 
obstructed.  

  3. Where no risk of cervical spine injury 
exists, hyperextend the head and neck.  

  Stretches the anterior neck structures to 
relieve obstruction of the soft palate and 
epiglottis.  

  4. Lubricate the exterior of the tube with 
a water - soluble gel.  

  Minimises trauma during insertion.  

  5. If there is no obvious nasal deformity, 
it is recommended that the right nostril 
be used. 12   

  The bevel of the NPA is designed to cause less 
trauma to the mucosa when inserted into the 
right nostril.  

  6. Where deformity exists, the most 
patent nostril should be selected.  
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   Procedure     Additional information/rationale  

  7. If inserting into the left nostril the 
bevel is placed alongside the septum and 
the airway rotated through 180    °  when it 
enters the nasopharynx.  

  To minimise trauma to the internal nares.  

  8. Insert the tube into the selected 
nostril and follow the nasal fl oor parallel 
to the mouth. It is imperative that the 
airway is not pushed in a cephalad 
direction.  

  This ensures correct location and reduces risk 
of cranial insertion where basal skull fracture 
exists.  

  9. Avoid pushing against any resistance. 
If resistance is felt, remove the airway, 
review technique and reinsert using the 
other nostril.  

  Pushing against resistance may cause bleeding 
and kinking of the NPA.  

  10. Verify appropriate position by 
listening for clear breath sounds and 
looking for chest rise and fall. Air may 
also be felt at the proximal end of the 
airway in the spontaneously breathing 
patient.  

  Ensures correct placement.  

  11. Check to make sure there is no blanch-
ing of the patient ’ s nostrils. If there is, 
remove NPA and select a smaller 
diameter.  

  Prevents necrosis of the tissues.  

  Oropharyngeal  a irway 
 See Figure  1.9 .   

 Oropharyngeal airways (OPA) are available in sizes suitable for neonate (00) 
to large adult (4). It is a curved plastic device designed to follow the curvature 
of the palate. It works to keep the tongue away from the posterior pharynx and 
to separate the soft palate from the pharyngeal wall. The OPA is designed to be 
used in unconscious patients requiring airway support and should only be inserted 
in those patients who have absent laryngeal and glossopharyngeal refl exes.  16   
Use of an OPA in patients with these refl exes intact may cause vomiting or 
laryngospasm. 

 The oropharyngeal airway can become obstructed at three possible sites:  17   part 
of the tongue can occlude the end of the airway; the airway can lodge in the 
vallecula; and the airway can be obstructed by the epiglottis. 

  Sizing of an  OPA  

 There is little evidence to support or contradict the traditional methods of sizing an 
OPA. Current teaching suggests that the length of the OPA should correspond with 
the vertical distance between the patient ’ s incisors and the angle of the jaw (Figure 
 1.10 ).  16   This measurement is achieved by placing the fl ange of the OPA against the 
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    Figure 1.9     Oropharyngeal airways.  

    Figure 1.10     Measuring an OP airway.  

patient ’ s cheek, parallel to the front of the incisors and viewing the tip at the angle 
of the jaw.  18   If the airway is too long it may occlude the airway by locating within 
the vallecula and displacing the epiglottis; if too short it will not separate the soft 
palate or tongue from the posterior wall of the pharynx.    
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  Contraindications 

 The OPA should not be used in any patient with an intact gag refl ex.  

  Equipment  r equired 

 Range of oropharyngeal airways.  

  Techniques for  i nsertion 

   Procedure     Additional information/rationale  

  1. Select appropriate size.    If too short the airway would not separate the soft 
palate from the posterior wall of the pharynx; too 
long may displace the epiglottis.  

  2. Where no risk of cervical spine 
injury exists, hyperextend the head 
and neck. Grasp the patient ’ s jaw and 
lift anteriorly.  

  Stretches the anterior neck structures to relieve 
obstruction of the soft palate and epiglottis.  

  3. Using other hand, hold the OPA at 
its proximal end and insert it into the 
patients mouth with the tip pointing 
towards the roof of the mouth.  

  Avoids unnecessary trauma to the delicate tissues 
in the mouth and inadvertent blocking of the 
airway by pushing the tongue back.  

  4. Once the tip reaches the level of 
the soft palate, gently rotate the 
airway 180    °  until it comes to rest over 
the tongue.  

  Brings the OPA into the alignment required for 
use.  

  5. The fl attened, reinforced section of 
a correctly sized OPA should lie 
between the patient ’ s teeth/dentures 
or gums. The lips should not be pulled 
over the fl ange of the OPA as this 
may cause damage to the labial 
frenulum.  

  Acts as a bite block.  

  6. Verify appropriate position by 
listening for clear breath sounds and 
looking for chest rise and fall.  

  Ensures correct placement.  

 See also Figures  1.11  –  1.14 .   
 In small children the above technique should not be used due to the friable nature 

of the hard palate. Instead a tongue depressor should be employed and the OPA 
should be inserted  ‘ right side up ’  with the tip pointing towards the tongue rather 
than the roof of the mouth.  19   This technique may also be utilised for adult patients 
where a tongue depressor is available.  18         
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    Figure 1.11     Insertion of an OPA.  

    Figure 1.12     Insertion of an OPA.  
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    Figure 1.13     Insertion of an OPA.  

    Figure 1.14     Insertion of an OPA.  
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     What factors would infl uence you when 
deciding whether to use a nasopharyngeal 
or oropharyngeal airway? 

  Advanced  a irway  a djuncts and  c ricothyroidotomy 
  Laryngeal  m ask  a irway 

 See Figure  1.15 .   
 The laryngeal mask airway (LMA) comprises a wide - bore tube with an elliptical 

infl atable cuff designed to seal around the laryngeal inlet.  16   The proximal end of the 
tube is fi tted with a standard 15/22   mm connector. The LMA can be placed blind, 
requires less skill and is easier to insert than a tracheal tube.  20 – 26   The LMA provides 
for more effi cient ventilation than with a bag - valve - mask (BVM) alone,  27   and when 
an LMA can be inserted without delay, it is recommended that bag - mask ventilation 
be avoided altogether.  16   

    Figure 1.15     Laryngeal mask airway.  
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 The LMA has been studied during cardiopulmonary resuscitation (CPR) but no 
studies have made a direct comparison with endotracheal intubation. The literature 
suggests that during CPR successful ventilation is achieved with an LMA in 72 – 98% 
of cases  28 – 34   and there is a reduction in the number of cases of regurgitation.  35   The 
perceived disadvantages of the LMA over endotracheal intubation surround the 
increased risk of aspiration and the inability to provide adequate ventilation for 
those with low lung or chest compliance.  16   There is currently no evidence demon-
strating whether it is possible to perform continuous chest compressions with an 
LMA in situ; this may be one of the main benefi ts of endotracheal intubation. 

 A case series suggests that the LMA may have a use in the prehospital manage-
ment of critically ill patients with inaccessible airways following trauma,  36   a conten-
tion supported by a manikin - based study comparing LMA with endotracheal 
intubation or Combitube in a simulation of restricted access to the patient ’ s airway.  37   
Times to ventilation with the LMA were much more rapid than with either of the 
other options but further research is required before a categorical recommendation 
can be made. Given the current level of evidence it is reasonable to suggest that 
where basic airway adjuncts do not provide the level of airway support required and 
endotracheal intubation is constrained by poor access to the patient ’ s airway, the 
LMA should be considered as an alternative. 

 There are signifi cant concerns regarding the intubation success of paramedics 
(mainly from literature in the USA [see later in this chapter]) and the LMA may be 
a reasonable alternative where endotracheal intubation has failed, or electively as 
part of a stepwise approach to airway management. 

  Sizing of a  l aryngeal  m ask  a irway 

 Sizing of the LMA is based upon the weight of the patient and this information can 
normally be found on the sterile packet and the LMA device itself. Table  1.1  gives 
typical ranges, but these values may change depending upon the brand of LMA used.    

  Contraindications 

 The LMA cannot be used in a patient with an intact gag refl ex. 
 As the LMA is less effective at preventing aspiration, consideration needs to be 

given to alternative methods in patients at higher risk of regurgitation; for example, 
patients who are pregnant or who have a hiatus hernia.  38    

 Table 1.1     Typical values for  LMA  

   Size     Age/weight range     Maximum cuff infl ation (mL air)  

  1    Neonates up to 5   kg    4  
  1.5    Children 5 – 10   kg    7  
  2    Children 10 – 20   kg    10  
  2.5    Children 20 – 30   kg    14  
  3    Children 30 – 50   kg    20  
  4    Small/normal adults    30  
  5    Normal/large adults    40  
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  Equipment  r equired 

     •      LMA  –  range of sizes  
   •      50   mL syringe  
   •      Tie  
   •      Lubrication  
   •      Stethoscope.     

  Procedure 

 Note: this describes the  ‘ classic ’  technique; modifi ed techniques exist for specifi c 
situations and LMA devices.  

   Procedure     Additional information/rationale  

  Check and prepare all equipment:  

  1. Check the cuff by infl ating it with 50% more air 
than is required.  
      •  Completely defl ate the cuff, conforming it so 

that no folds appear near the tip; this may be 
achieved by pressing the device, cuff down, on a 
fl at surface. Use the inside of the sterile LMA 
packet to minimise the risk of contamination.  

      •  Lubricate the base of the device with a 
water - soluble lubricant.  

  Reduces the risk of inserting a 
device that will fail.  
  To ensure that the cuff will infl ate 
and seal correctly when in situ. 
 Hygiene.  
  Minimise trauma during insertion.  

  2. The patient should be preoxygenated prior to 
insertion and ventilation should be interrupted for 
no more than 30 seconds to achieve correct 
placement. Before inserting the LMA, the patient ’ s 
neck is fl exed and the head extended ( ‘ sniffi ng 
position ’ ) by pushing the head from behind with the 
non - dominant hand. 39   

  Preoxygenation replaces the 
primarily nitrogenous mixture of 
ambient air, which constitutes the 
patient ’ s functional residual capacity, 
with oxygen, so increases the interval 
before desaturation in a patient who 
is hypoventilating or apnoeic.  

  3. Place the index fi nger of the dominant hand in the 
notch between the tube and the cuff  

    

  4. Open the patient ’ s mouth and slide the convex 
side of the airway against the roof of the patient ’ s 
mouth.  

  Guides the LMA and avoids pushing 
the tongue backwards with the risk 
of airway obstruction.  

  5. Use your fi nger to push against the hard palate 
and advance past the tongue; once past the tongue, 
the LMA should advance easily. It is usually 
necessary to remove the dominant hand from the 
tube in order to facilitate fi nal positioning of the 
LMA into the hypopharynx. Maintain a hold of the 
LMA with the sub - dominant hand whilst the 
dominant hand is withdrawn and then ease the LMA 
into its fi nal position with the dominant hand.  
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   Procedure     Additional information/rationale  

  6. Infl ate the cuff with the appropriate amount of air 
and, if properly positioned, the LMA should move out 
of the airway slightly (1 – 2   cm).  

  Infl ation of the cuff forms a seal 
around the laryngeal inlet.  

  7. Following infl ation, ventilate the patient and look 
for rise and fall of the chest. Auscultate the chest to 
confi rm air entry.  

  Re - oxygenates the patient and 
ensures correct placement.  

  8. Secure the tube with an appropriate tie and 
consider using a rigid cervical collar to reduce 
fl exion and extension of the head and neck.  

  The LMA was not designed to be 
used in patients who are being 
transported so careful attention 
must be paid to the airway during 
any patient manoeuvres.  

  Complications 

 Complications from LMA use can be categorised into mechanical, traumatic and 
pathophysiological.  40   Mechanical complications relate to the technical performance 
as an airway device and include failed insertion (0.3 – 4%), ineffective seal ( < 5%), 
and malposition (20 – 35%).  40   Traumatic complications relate to local tissue damage 
and include sore throat (10% with ranges between 0 – 70%), dysphagia (4 – 24%), and 
dysarthria (4 – 47%).  40   Pathophysiological complications relate to the LMA ’ s effects 
on the body and include coughing ( < 2%), vomiting (0.02 – 5%) detectable regurgita-
tion (0 – 80%), and clinical regurgitation (0.1%).  40   

 There is little evidence available from prehospital studies so the fi gures presented 
above are derived largely from studies in the operating department. It has been 
stated that prehospital LMA success rates are lower than those seen in the hospital 
cardiac arrest or elective surgical patient but the data are old and may not refl ect 
current trends.  41   

 An incident of gastric rupture associated with paramedic use of the LMA during 
CPR has been reported although there appears to be only one published report of 
such an occurrence;  42   healthcare professionals should not discount the use of the 
LMA on the basis of one case report.   

  Endotracheal  i ntubation 
 Endotracheal intubation (ETI) is considered to be the  ‘ gold standard ’  of airway man-
agement  43   and involves the introduction of a cuff - sealed tube into the trachea. The 
cuffed tube seals the trachea up to peak pressures of approximately 50   mbar and 
prevents aspiration of solid or liquid foreign material.  44   Endotracheal intubation 
confers numerous advantages over the bag - valve - mask:  44  

    •      Secure ventilation with patient - adjusted airway pressures  
   •      Optimum protection against aspiration  
   •      Option of administering medication (e.g. epinephrine, lidocaine, atropine, 

naloxone)  
   •      Bronchial suction.    
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 The indications for prehospital ETI may be dependent upon the availability of seda-
tives or neuromuscular - blocking agents to facilitate endotracheal intubation; without 
pharmacological adjuncts, the practitioner may be unable to intubate unless the 
patient has a severely reduced level of consciousness. 

 There are numerous concerns surrounding out - of - hospital intubation by para-
medics as studies evaluating either survival or neurological outcome following 
out - of - hospital ETI have failed to show any signifi cant benefi ts.  45 – 59   It is acknowl-
edged that there are weaknesses in many of these studies in that they were 
mainly retrospective analyses of trauma patients involving a single centre or coun-
trywide trauma register. Studies tended to evaluate survival to discharge only 
rather than long - term follow - up, and often inferred neurological outcome based 
on discharge destination, e.g. to home, to rehabilitation centre; none used formal 
neurological scales to measure outcomes. Not all studies took into account the 
confounding factors that may have affected patient outcome, which is a major 
factor in retrospective studies, and some did not adjust outcomes for severity of 
injury or illness. 

 Although there are inherent weaknesses in the studies, it has to be recognised 
that multiple studies have arrived at similar conclusions.    

     You have tried unsuccessfully to intubate a 
patient but still believe this to be the 
correct course of action. What can you do 
to improve your chances of success? 

  Equipment  r equired 

     •      Oxygen and ventilation equipment  
   •      Laryngoscope handle and blades  
   •      Endotracheal tube, bougie  
   •      10   mL syringe  
   •      Water - soluble lubricant (see notes below)  
   •      Magill forceps  
   •      Tape, tie or commercial tube securing device  
   •      Suction.     

  Preparation of  e quipment and  d iscussion 

     •       Oxygen:  Ensure adequate supply of oxygen with which to ventilate the patient.  
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   •       Endotracheal tube:  Select correct tube size. The size of the tube is printed on 
the sterile package as well as on the tube itself. Traditionally, the largest diam-
eter was advocated to minimise resistance to airfl ow; 9   mm for an adult male, 
8   mm for an adult female and 7   mm for an adolescent  60   (see Table  1.2    for paedi-
atric sizes). Balance the desire for a large diameter with the risk of mucosal 
damage that may be caused by an oversized tube.  60    
   •      Infl ate the cuff with 10   mL of air and check there are no leaks.  
   •      Check to ensure that the connector is fi rmly attached to the proximal end of 

the tube.  
   •      There is debate as to whether tubes should be cut or uncut; cutting tubes to 

the appropriate length reduces the risk of right bronchial intubation and may 
reduce movement and rotation of the tube when connected to a ventilator.    

   •       Laryngoscope blades and handle:  It is best to have a selection of blades avail-
able as some patients may be easier to intubate with one rather than another. 
Check the integrity of the blade, and the brightness and tightness of the bulb. A 
straight  61   or McCoy blade  62   may improve the view at laryngoscopy; however, 
extra skill and training are required for these laryngoscopes to be effective. 
There is no evidence to suggest that it is appropriate to have either the straight 
or the McCoy blade available for paramedics.  63   A recent device, the Airtraq 
laryngoscope has proved successful in manikin trials,  64,65   and will be discussed 
later in this chapter.  

   •       Bougie:  Bougies are 60   cm long tracheal tube introducers with an external diam-
eter of 5   mm to accommodate tracheal tubes  > 6   mm internal diameter. There is 
generally a  ‘ coud é  ’  tip, which comprises a 35 degree angle 2.5   cm from the distal 
end; this facilitates insertion of the bougie through the vocal cords when only 
the epiglottis (Grade III view) or tip of the arytenoids (Grade II view) can be visu-
alised. The traditional technique has been for a 2nd operator to thread the tube 
over the bougie although there is sense in having the tube already positioned on 
the bougie in prehospital care given the emergency nature of the intubation. 
    •      A literature review recommended that the bougie should be available to 

paramedics as long ago as 2000  66   but it is likely that many paramedics do 
not have access to, or have not been trained in their use.  63   A shaped bougie 
has been shown to be better than a straight bougie,  67   and JRCALC are now 
advocating that a bougie be available for all prehospital intubation. Given that 
the practitioner should be aiming for a fi rst time successful intubation, it is 
reasonable to assert that a bougie should be used for EVERY intubation rather 
than visualising fi rst only to fi nd a grade III view.  

   •       Recommendation:  All ambulance paramedics should have access to and be 
trained in the use of bougies. Paramedics should routinely use a bougie for 
tracheal intubations to avoid delays created when a poor view is obtained 
through laryngoscopy.    

   •       Magill forceps:  Magill forceps are curved forceps that may be useful for remov-
ing obstructions under direct vision, or helping to guide the tip of the tube 
towards the trachea.  

   •       Lubricant:  Tubes for orotracheal intubation are usually lubricated prior to use 
as a matter of routine based on tradition. Searches have identifi ed no literature 
to support the use of water - based lubricant to ease the passage of the tube and 
products such as KY Gel have been shown not to reduce the incidence of post -
 operative sore throat.  68   There has been a report of obstruction of a lubricated 
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tracheal tube with a fl exible clear membrane said to be  ‘ like a lump of glue ’ .  69   
Analysis suggested that the most likely contaminant that caused the problem 
was a water - based lubricant.  70   
    •      It has been stated that lubricants may result in tube obstruction and interfere 

with inspection of the tube  70   and there appears to be nothing to be gained 
from lubricating oral tracheal tubes.  71    

   •       Recommendation:  Routine lubrication of orotracheal tubes is to be discour-
aged until evidence shows that benefi ts outweigh the potential problems.       

 Table 1.2     Recommended tracheal tube sizes for children 

   Age     Diameter (mm)     Length 
(cm)  

  Birth    3    10  
  1 month    3    10  
  3 months    3.5    11  
  6 months    4    12  
  9 months    4    12  
  12 months    4.5    13  
  18 months    4.5    13  
  2 years    5    14  
  3 years    5    14  
  4 years    5    15  
  5 years    5.5    15  
  6 years    6    16  
  7 years    6    16  
  8 years    6.5    17  
  9 years    6.5    17  
  10 years    7    18  
  11 years    7    18  

    Reference: Joint Royal Colleges Ambulance Liaison Committee.  UK Ambulance Service 
Clinical Practice Guidelines . London: JRCALC, 2006.    

  Confi rming  p lacement of the  t ube 

 There has been concern over the safety of endotracheal intubation by paramedics 
in the prehospital environment. At time of writing no studies have taken place in 
the UK to evaluate paramedic success rates although the College of Paramedics 
(CoP) Research and Audit Committee are looking to facilitate this study. Reports 
suggest that between 5.8% and 25% of endotracheal intubations carried out by 
paramedics are misplaced and unrecognised on arrival at the emergency depart-
ment (ED).  72,73,74,75   

 In a 2004 survey, 76% of UK ambulance services provided nothing more than a 
stethoscope to confi rm tube placement.  63   A stethoscope on its own is unreliable to 
confi rm correct placement as breath sounds have been shown to be present in 48% 
of oesophageal intubations.  76    
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  Additional  m easures for  c onfi rming  t ube  p lacement 

     •       Oesophageal detector devices:  The oesophageal detector device (ODD) is a 
suction device fi tted to an endotracheal tube (ETT) and depends on anatomical 
differences between the oesophagus and the trachea. When suction is applied 
with an oesophageal ETT placement, the oesophageal wall collapses and very 
little air can be suctioned. The person operating the device will notice a marked 
resistance. With correct ET tube placement, the rigidity of the tracheal cartilage 
prevents collapse so air can be suctioned and no resistance will be noticed. 
    •      Reports on the effectiveness of the ODD have varied. One report found that 

only 50% of oesophageal intubations were detected,  77   whilst two other 
studies found the ODD to have high sensitivity for oesophageal intubation but 
low specifi city for tracheal intubation (meaning correctly placed tubes may 
have been removed)  78,79   A further study found the ODD to be more specifi c 
for tracheal intubation than end tidal CO 2  in the context of cardiac arrest 
although this study was undertaken in the ED rather than out of hospital.  80    

   •       Recommendation:  The ODD is useful as a further adjunct to confi rm tube 
placement but it is neither sensitive enough nor specifi c enough to be used 
as the sole measure of correct placement.    

   •       Capnometry:  Capnometry measures the amount of CO 2  in a gas sample. Cap-
nometers may use colorimetric or electronic technology. Colorimetric capnom-
eters use a chemical reaction to detect the presence of CO 2  in exhaled gas. A 
fi lter containing metacresol purple is placed between the ETT and ventilation 
device and when CO 2  is greater than 2%, the fi lter turns yellow. This reaction is 
rapid and should occur with each breath.  38   Electronic capnometers detect and 
calculate the amount of CO 2  in each breath and provide real - time indication of 
the patient ’ s CO 2  levels. It should be noted that capnometry is one of the minimum 
standards used by UK anaesthetists  81   and its use should be compulsory in pre-
hospital care.  

   •       Condensation in the tube:  Teaching related to condensation in the tube is based 
on tradition rather than evidence. Only one study has been conducted to evalu-
ate the value of misting in the tube and that was conducted on dogs so has limited 
applicability to humans. In this study, condensation appeared in 100% of tracheal 
intubations and 83% of oesophageal intubations.  82   
    •       Recommendation:  Evidence is limited but condensation in the tubing should 

not be relied upon as an indicator of tracheal tube placement.          

 No single method of assessing tube placement is infallible so 
practitioners should use more than one methodology. 
Combined use of visualisation, ODD, capnography, 
auscultation, and patient condition should conspire to 
improve the recognition rate for misplaced intubations.     

 Key Point 



Chapter 1 Airway management

24

  How  m any  a ttempts? 

     •      A large multi - centre prospective study looked at the number of attempts required 
by paramedics, out - of - hospital nurses and physicians to accomplish out - of - 
hospital ETI.  83   Cumulative success for the fi rst three attempts was 69.9%, 84.9% 
and 89.9% respectively with an overall success rate of 91.8%. When considering 
the number of attempts, the practitioner needs to assess the time taken to 
undertake ETI. Rapid sequence induction has been shown to add 10.7 minutes to 
on scene times whilst standard ETI added a mean of 5.2 minutes.  84   
    •       Recommendation:  It would be reasonable to suggest a maximum of three 

attempts at ETI as the overall success rate does not increase with subsequent 
attempts but the increased time to secure an airway, the delay on scene and 
the emergency nature of the intubation suggest that fewer attempts should 
be made. Where an intubation fails, consider if another member of the team 
is better placed to successfully perform the task. It may be better to limit 
the number of intubation attempts on any patient to a maximum of two to 
minimise the risks to the patient.       

  Airway  p ositioning and  m anipulation 

     •       Head position:  The  ‘ sniffi ng ’  position has been widely accepted as the correct 
position for alignment of the airway.  85,86   In cases of Cormack and Lehane grade 
III view under direct laryngoscopy, elevation of the patient ’ s head beyond the 
sniffi ng position and external laryngeal pressure may improve the view.  87   The 
utility of the  ‘ sniffi ng ’  position for intubation outside the hospital environment 
has not been established.  88    

   •       Cricoid pressure v Bimanual laryngoscopy v BURP:  Initially described by 
Sellick in 1961,  89   cricoid pressure is used during laryngoscopy to prevent regur-
gitation of stomach contents into the lungs by compressing the oesophagus. 
The value of this manoeuvre has been questioned in a study that found that 
the oesophagus was lateral to the larynx in  > 50% of study subjects and that 
cricoid pressure caused a small amount of airway compression in 81% of the 
subjects studied.  90   Cadaver studies have demonstrated the effi cacy of cricoid 
pressure   91   and clinical studies showing that gastric insuffl ation with air during 
mask ventilation is reduced when cricoid pressure is applied.  92   

 Studies have demonstrated that the quality of laryngeal view is likely to be worsened 
by cricoid pressure.  93,94   

 Bimanual laryngoscopy  –  the manipulation of the larynx by the free hand of the 
intubationist  –  has been shown to improve the laryngeal view compared with cricoid 
pressure and backwards, upwards, right pressure (BURP) on the thyroid cartilage, 
or no manipulation.  95   

    •       Recommendations:  The sniffi ng position is important in prehospital intubation 
but where a grade III view exists, the practitioner should consider asking an 
assistant to elevate the head beyond the sniffi ng position and applying external 
laryngeal pressure. Cricoid pressure should not be used to improve the view 
during laryngoscopy but may be useful when ventilating with a bag - valve - mask. 
Bimanual laryngoscopy should be taught and practitioners should use this tech-
nique in preference to cricoid pressure or BURP of the thyroid cartilage.      
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  Preoxygenation 
 Preoxygenation replaces the primarily nitrogenous mixture of ambient air, which 
constitutes the patient ’ s functional residual capacity, with oxygen, so increasing the 
interval before desaturation in a patient who is hypoventilating or apnoeic. The 
effectiveness of preoxygenation has been found to be limited in those with signifi -
cant cardiopulmonary pathology such as congestive heart failure and respiratory 
failure complicated by excessive secretions,  96   and it is likely that patients who will 
be intubated in the prehospital environment will be physiologically compromised. 
Preoxygenation may be diffi cult to achieve but effort should be expended to ensure 
that the patient is well oxygenated before intubation attempts take place. There is 
no categorical evidence as to how much preoxygenation is required but it is likely 
to be more than the 4 – 8 vital capacity breaths used in elective preoxygenation.  97   It 
is suggested that SpO 2  levels should be 100% for two minutes prior to intubation 
and should not be allowed to fall below 96%  38   although SpO 2  readings will not be 
available in a cardiac arrest situation. 

  Procedure 

   Procedure     Additional information/rationale  

  1. Check, prepare and assemble equipment.  
   •  Ask colleague to preoxygenate patient whilst 
equipment is being prepared  

   •  Remove the patient ’ s upper and lower dentures, 
if present, immediately before laryngoscopy.  

   •  Position patient in the  ‘ sniffi ng ’  position.  

    
  Increases interval before 
desaturation during intubation 
attempt  
  Provides greater aperture for 
inserting laryngoscope and 
tubes.  
  Aligns the axes of the airway  

  2. Holding the laryngoscope in the left hand, insert blade 
in right hand side of mouth and displace tongue to the 
left. Move the blade towards the midline and advance 
until the distal end is located in the vallecula; lift the 
laryngoscope handle slightly upward and towards the 
feet without levering back on the teeth or gums. At this 
point check the position of the blade  –  it may need to be 
adjusted to visualise the cords.  

  A curved blade should be placed 
in the vallecula, a straight blade 
is normally used to lift the 
epiglottis directly.  

  3. Visualise the larynx and insert the ETT under direct 
vision. Consider use of bimanual laryngoscopy and/or 
repositioning of the patient ’ s head if the view is 
sub - optimal.  

    

  4. Use a bougie to aid tracheal placement.      

  5. The black mark on the distal end of the tube should 
pass just beyond the vocal cords.  

  Reduces the risk of intubation of 
the right main bronchus and 
prevents infl ation of the cuff 
between the vocal cords.  
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   Procedure     Additional information/rationale  

  6. Infl ate the cuff with just enough air to stop the 
leaking sound around the tube. In a correctly sized tube 
this should require only 4 – 6   mL 38 . Ventilate the patient 
using BVV or mechanical ventilator.  

  Forms a seal to prevent 
aspiration.  

  7. Check tube placement by listening across the stomach 
and then across the lungs for bilateral breath sounds. 
Use ODD, and capnometry as per local guidelines. When 
in doubt, remove the tube and re - ventilate.  

  Ensures correct placement of 
endotracheal tube.  

  8. Insert OP airway.    Acts as a bite block.  

  9. Secure tube with commercially produced device, 
tape or bandage.  

  Helps to maintain correct tube 
positioning during patient 
movement.  

  10. Consider applying cervical collar.    Minimises tube movement during 
transportation of the patient.  

  11. Recheck tube placement periodically, especially after 
patient movement.  

  Ensure that the tube is still 
correctly located.  

  Airtraq ®  
 The Airtraq is an anatomically shaped laryngoscope with two separate channels: An 
enclosed channel that contains a high defi nition optical system, and a guiding 
channel that holds the endotracheal tube (ETT) and guides it through the vocal 
cords. It is a single - use device that can be used with any standard endotracheal tube. 
Recent studies have shown that the device improves the view, reduces time for 
tracheal tube placement, and appears to be easier for less experienced intubationists 
to acquire the skills of intubation.  98 – 100   At time of writing the device is not available 
for use by UK paramedics, but it is felt that this is such an important breakthrough 
that its inclusion is warranted. 

  Procedure 

   Procedure     Additional information/rationale  

   Preparation   

  1. Check, prepare and assemble equipment.      

  2. Ask colleague to preoxygenate patient whilst 
equipment is being prepared.  

  Increases interval before desaturation 
during intubation attempt.  

  3. Remove the patient ’ s upper and lower 
dentures, if present, immediately before 
laryngoscopy.  

  Provides greater aperture for inserting 
Airtraq and tubes.  
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   Procedure     Additional information/rationale  

  4. Use of the  ‘ sniffi ng the morning air ’  
position is less important with the Airtraq but 
the patient ’ s head should not be hyperextended 
on the neck.  

    

  5. Select the ETT size and the corresponding 
Airtraq.  

    

  6. Turn the light ON. Wait until the light stops 
blinking if the patient is breathing spontaneously.  

  When the light stops blinking, the lens is 
heated to prevent misting. This is only 
necessary in a breathing patient.  

  7. Lubricate the ETT and place it into the 
Airtraq ’ s guiding channel.  

  Facilitates easy passage of tube 
through Airtraq device.  

   Airtraq placement   

  1. Insert the Airtraq into the midline of the patient ’ s 
mouth.  

    

  2. Slide the Airtraq through the oropharynx and 
larynx, keeping it in the midline.  

    

  3. Look through the eyepiece to view the airway 
and to identify structures.  

    

  4. Place the tip of the Airtraq at the vallecula. 
Gently lift up the Airtraq to expose the vocal 
cords.  

    

  5. Alternatively the tip can be placed under the 
epiglottis (Miller style).  

    

   ETT insertion   

  1. Align the centre of the visual fi eld by gently 
moving the tip of the Airtraq.  

    

  2. Advance the ETT by gently pushing it down the 
guiding channel until you see the ETT passing 
through the vocal cords.  

    

  3. If the ETT won ’ t advance, slowly repeat the 
BACK  &  UP manoeuvre until vocal cords are 
centred in the view fi eld: BACK: Rotate the 
Airtraq back, taking it away from the glottis. 
UP: Gently pull the Airtraq Up.  

  Should help to align the tip of the ETT 
with the opening of the glottis.  
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   Procedure     Additional information/rationale  

   Verifi cation, Airtraq removal and disposal   

  1. Verify ETT placement and insertion length as 
previously described. Infl ate the ETT cuff, 
connect the ETT to the breathing circuit and 
verify placement and seal.  

    

  2. Separate the ETT from the Airtraq by pulling it 
laterally and then rotate the Airtraq backwards. 
 Make sure to hold the ETT.  

    

  3. Insert OP airway.    Acts as a bite block.  

  4. Secure tube with commercially produced 
device, tape or bandage.  

  Helps to maintain correct tube 
positioning during patient movement.  

  5. Consider applying cervical collar.    Minimises tube movement during 
transportation of the patient.  

  6. Recheck tube placement periodically, espe-
cially after patient movement.  

  Ensure that the tube is still correctly 
located.  

  Needle  c ricothyroidotomy 
 Needle cricothyroidotomy is a technique used as a temporary life - saving procedure 
when it is determined that the airway and ventilation cannot be maintained in any 
other way  101  . It represents the fi nal step in the Diffi cult Airway Society ’ s guidelines 
for managing the  ‘ can ’ t intubate, can ’ t ventilate ’  emergency.  102   Needle cricothyroid-
otomy involves the insertion of a 14/16 gauge cannula into the trachea via the crico-
thyroid membrane with ventilation achieved via a low - pressure oxygen set - up or, 
less commonly, jet ventilator. Needle cricothyroidotomy is inferior to the surgical 
procedure due to the limited airfl ow afforded by the narrow lumen but has been 
shown to be the technique of choice in the prehospital and emergency depart-
ment.  103 – 108   The use of a low - pressure oxygen delivery system is ineffective and all 
ambulance services should be provided with high - pressure jet ventilation systems.  101   
Needle cricothyroidotomy should be considered as an emergency procedure to 
be used for no longer than 15 – 45 minutes until a more defi nitive airway can be 
secured.  109   

  Indications for  u se 

 Can ’ t intubate; can ’ t ventilate emergencies.  

  Complications 

     •      The technique provides high fl ow of oxygen to the lungs but does not allow 
for proper ventilation. CO 2  levels will rise quickly so transportation should be 
expedited rapidly in order to secure a defi nitive airway.  
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   •      Bleeding may occur at the wound site although this is rare.  
   •      Subcutaneous emphysema through incorrect catheter placement and excessive 

air leakage around the insertion site.  
   •      Risk of barotrauma or pneumothorax when using jet ventilation  –  this can be 

minimised by opening the release valve only long enough to ensure adequate 
rise of the chest.     

  Equipment  r equired 

     •      14/16 gauge catheter - over - needle cannula with 10   mL syringe attached  
   •      Alcohol swab  
   •      Oxygen tubing with 3 - way tap  
   •      Oxygen cylinder and fl ow - meter  
   •      Tape.     

  Procedure 

   Procedure     Additional information/rationale  

  1. Check, prepare and assemble equipment.    Remove the blood reservoir from the rear of 
the cannula and attach the 10   mL syringe.  

  2. Maintain attempts at oxygenating the 
patient and clearing obstruction whilst 
preparing equipment.  

  May prevent the need for the procedure if the 
airway can be cleared by other means.  

  3. Identify the cricothyroid membrane in 
the midline between the thyroid cartilage 
and cricoid cartilage.  

  Locates the correct point of insertion.  

  4. Swab the site and then insert tip of 
cannula through the membrane angled at 
45    °  towards the feet; aspirate on the 
syringe as the needle is inserted.  

  Tracheal entry can be confi rmed when air 
freely enters the syringe.  

  5. Railroad the cannula over the needle 
into the trachea and secure with tape.  

    

  6. Connect one end of oxygen tubing to 
the catheter and the other end to the jet 
ventilator.  

  This can be achieved by connecting the 
oxygen supply via a Y - connector  –  give 
15   L/min for an adult.  

  7. Open the release valve on the jet 
ventilator and adjust the pressure to 
provide adequate chest rise.  

    

  8. Auscultate over both apices and lung 
bases, and over the epigastrium.  

  To confi rm placement.  
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    1.     Airway management is a key feature of prehospital care.  
  2.     It is essential to understand the anatomy of the airway in order to perform 

airway management knowledgably.  
  3.     Airway management techniques should be used in 

a step - wise approach.  
  4.     The practitioner needs to be able to justify airway 

management decisions.  
  5.     Each airway technique has its own inherent prob-

lems; the practitioner should be aware of the 
problems and limitations associated with each 
technique and have tools to remedy them.        
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 Assisted ventilation is one of the core skills of the prehospital practitioner. There 
has been a tendency to view assisted ventilation as a simple skill for ambulance 
practitioners yet it can be diffi cult to ventilate a patient correctly in the prehospital 
environment. This chapter discusses the indications for assisted ventilation and the 
equipment and techniques that can be used in the fi eld.  

  Defi nition of  a ssisted  v entilation 
 Assisted ventilation is where the practitioner offers ventilatory support to a patient 
whose alveolar ventilation is inadequate to maintain normal partial pressures of 
oxygen and carbon dioxide. This can be achieved by using either mechanical or 
manually generated positive pressure and may be a lifesaving treatment. In prehos-
pital care the pressure may be generated using expired air ventilation (mouth - to -
 mouth/nose), a mechanical ventilator such as the Pneupac ®  paraPAC, or a 
bag - valve - mask (BVM) (Figures  2.1  and  2.2 ). Either may be used with a mask or 
endotracheal tube/laryngeal mask airway.   

 Normal inspiration occurs when the diaphragm (primary muscle of inspiration) 
contracts, causing an increase in the size of the thoracic cavity. As a result, 
intrathoracic pressure falls to below that of atmospheric pressure and air is drawn 
into the lungs. Assisted ventilation creates a positive pressure that pushes air 
into the lungs. Failure to provide adequate ventilation for an indicated patient will 
lead to hypoxia, retention of CO 2 , development of acidosis and cardio - respiratory 
arrest.     

    Figure 2.1     Pneupac ®  paraPAC. Reproduced with permission of Smiths 
Medical International.  
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    Figure 2.2     Silicone bags.  

 You are called to attend an elderly male patient who is known to suffer from COPD. 
On arrival you are confronted with a centrally cyanosed obese male patient with 
poor respiratory effort  –  you assess his respiratory rate to be 5 breaths per minute. 
The patient opens his eyes to voice but is unable to speak due to inadequate 
ventilation. You notice he has a full moustache and beard. 

   •      Make a list of the problems you may encounter when attempting to support the 
ventilation of this patient and identify some techniques you may be able to use 
to overcome them.  

   •      Would you use a bag - valve - ventilator or mechanical ventilator? Provide a ratio-
nale for your answer.    

 Scenario 

  Indications for  a ssisted  v entilation 
 Inadequate ventilation is the overriding indication for assisted ventilation. In cases 
of apnoea, the indication is unequivocal but, for patients with depressed ventilation, 
the requirement may be less obvious. Artifi cial ventilation should be provided as 
soon as possible in any patient in whom spontaneous ventilation is inadequate or 
absent.  1   

 Patients with a life - threatening respiratory emergency will present in either 
respiratory failure or respiratory distress.  2   Those with respiratory distress are still 
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able to compensate for the effects of their illness, and urgent treatment may 
prevent their further deterioration. These patients present with signs and symp-
toms indicative of increased work of breathing but may show few signs of the sys-
temic effects of hypoxia or hypercapnia. Patients with respiratory failure tend not 
to show evidence of increased work of breathing as exhaustion overrides their 
ability to compensate. These patients will normally exhibit signs of the systemic 
effects of hypoxia and hypercapnia, and immediate treatment will be required to 
prevent cardiac arrest. Box  2.1   2   shows the key fi ndings associated with increased 
work of breathing and weak respiratory effort; these are indicative of a patient with 
a life - threatening respiratory condition. For these patients, it is suggested that 
assisted ventilation should be undertaken if the respiratory rate is  < 10 or  > 29/min 
(adult), titrated to SpO 2 . 

 2   However, some patients presenting with respiratory rates 
between 10 and 29/min will still benefi t from assisted ventilation; it is a clinical 
judgement for the paramedic to make based upon ALL physical observations not 
just the respiratory rate.   

Box 2.1 Key fi ndings indicating increased work of breathing or weak respiratory 
effort   2   

     •      Stridor associated with other key fi ndings  
   •      Use of accessory muscles  
   •      Adopting orthopnic position (sat upright)  
   •      Tracheal tug  
   •      Intercostal recession  
   •      Expiratory wheeze associated with other key fi ndings  
   •      Cessation of expiratory wheeze without improvement in condition  
   •      Inability to speak in whole sentences  
   •      Respiratory rate  < 10 or  > 29     

  Weak  r espiratory  e ffort 

     •      Decreased, asymmetrical, or absent breath sounds  
   •      Oxygen saturation  < 92% on air or  < 95% on high concentration oxygen  
   •      PEFR  < 33% of normal  
   •      Hypercapnia (measured with end tidal CO 2  monitor where available)  
   •      Tachycardia ( ≥ 120) or bradycardia (late and ominous fi nding)  
   •      Arrhythmias  
   •      Pallor and/or cyanosis (particularly central cyanosis)  
   •      Cool clammy skin  
   •      Falling blood pressure (late and ominous fi nding)  
   •      Changed mental status  –  confusion, feeling of impending doom, combativeness  
   •      Falling level of consciousness  
   •      Exhaustion (+/ − muscular chest pain)     

   Increased  w ork of  b reathing 
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 Fatigue induced by a prolonged, severe asthma attack, head injury induced 
hypoventilation, and drug induced respiratory depression (e.g. opiates) are typical 
causes of inadequate ventilation requiring assisted ventilation. Apnoea is an 
absolute indication for assisted ventilation irrespective of the cause.  

  The  l iterature and  c omplications  a ssociated with 
 a ssisted  v entilation 

 The most common initial form of ventilatory assistance in the emergency clinical 
setting is usually accomplished using bag - valve - ventilation (BVV) techniques. The 
BVV mask was developed in 1955 by Henning Ruben in Denmark and has been the 
most common method of ventilating a patient in respiratory or cardiac arrest since 
that time.  3   Performing ventilation with a bag - valve - mask device is regarded as a 
relatively simple task that all healthcare personnel should be able to perform with 
little training. Ventilation utilising this technique is accepted worldwide and consid-
ered to be the standard of care in a variety of clinical settings.  4,5   

 Even though the technique is considered to be safe and effective and has been used 
in the emergency setting for many years, it has some potentially fatal complications. 
Among them are decreased oxygenation, lung aspiration due to gastric dilatation, or 
even gastric rupture.  6   The main complications should be recognised early but it is 
questionable as to whether problems are always rectifi ed. Gastric over - distention, 
aspiration of gastric contents, and barotrauma can lead to the premature death of a 
patient.  7   By utilising too much pressure whilst ventilating, the rescuer may overcome 
the lower oesophageal sphincter pressure and produce aspiration.  8   

 In a patient with an unprotected airway, the distribution of inspiratory gas 
volume between lungs and stomach during bag - valve - mask ventilation depends on 
several variables. These variables include: upper airway pressure, inspiratory fl ow 
rate, airway resistance and compliance, and lower oesophageal sphincter pressure.  9   
The lower oesophageal sphincter pressure is normally 20 to 25   cm H 2 O in a healthy 
adult, but is signifi cantly reduced in patients with cardiac arrest.  10   Bag - valve - mask 
(BVM) ventilation is often applied with a high fl ow rate over a short infl ation time, 
which inevitably produces a high peak airway pressure. If the peak airway pressure 
exceeds the lower oesophageal sphincter pressure during ventilation, the stomach 
is infl ated. Thus, it is essential to keep the peak airway pressure to a minimum 
during ventilation of a non - intubated patient. 

 Several strategies are available to reduce peak inspiratory fl ow rates, and there-
fore, peak airway pressure. These include the use of a paediatric bag - valve - mask 
instead of an adult one, use of cricoid pressure, or a mechanical ventilator.  11,12   Studies 
looking at the effi cacy and safety of mechanical ventilators suggest that pulmonary 
barotrauma may result from excessive peak inspiratory fl ow rates, so a recommen-
dation has been made that lower peak inspiratory fl ow rates should be used.  13   There 
have been few studies investigating the effectiveness of mechanical ventilators 
although one study does suggest signifi cant benefi ts of a mechanical ventilator over 
BVV. The study found that when compared with the resuscitation ventilator, the 
bag - valve - mask resulted in signifi cantly higher peak airway pressure and signifi -
cantly lower oxygen saturation.  14   This study suggests that the mechanical ventilator 
may be a suitable alternative to BVM even in the non - intubated patient. 
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 A further option is offered by the SMART BAG ® , which has a pressure - responsive 
fl ow - limiting valve. If properly squeezed, there are no differences in performance 
between this valve and a standard valve. The piston provides both a tactile and 
visual feedback to the provider when excessive pressure is applied and prevents 
excessively high peak airway pressure. In simulated scenarios, this bag provided 
ventilation performance that was more consistent with current guidelines and deliv-
ered similar tidal volumes when compared with ventilation with a traditional bag -
 valve - mask resuscitator.  15   However, in the patient with low compliant lungs it is 
possible that this bag will not allow for adequate ventilation. 

 The ventilation rate is also very important as hyperventilation of a patient during 
cardiac arrest is linked with adverse haemodynamic effects and decreased cerebral 
perfusion, which translate into increased mortality.  16   Several studies have docu-
mented high respiratory rates during pre - hospital resuscitation,  17,18   despite the 
recommended rate of 10 breaths per minute.  1   

       Can you remember the last time you 
ventilated a patient with a BVM? Did 
you ventilate once every 6 seconds as 
per the guidelines? How can you 
improve your performance?   

 There are many potential reasons for the apparent failings in assisted ventilation, 
including stress, fatigue, the inability to convert training into real world situations, 
failings in training manikins, and an erroneous belief that in cardiac arrest the patient 
can never receive too much oxygen. The use of a correctly set - up mechanical ven-
tilator may overcome many of these issues although the question of bag or machine 
remains unanswered. 

 When using a mask rather than a tube, the seal between face and mask is the key 
component to minimising the risk of leakage and hypoventilation (Figure  2.3 ). Tra-
ditionally, ambulance staff have been expected to perform this as a single - handed 
operator in the rear of a moving vehicle, but it is unlikely that this is an effective 
procedure due to movement, stress and the need to undertake other tasks. This is 
particularly true in the case of obese patients or those without teeth or with abundant 
facial hair. In addition, practitioners with smaller hands may not be able to squeeze 
the bag suffi ciently to ventilate the patient.  19   When using a ventilator with a mask it 
is best practice for one person to hold the mask in place whilst maintaining the 
patient ’ s airway and the second person squeezes the bag, paying particular attention 
not to overinfl ate  20   (Figure  2.4 ). This would require a second person to squeeze a 
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    Figure 2.3     Making a seal (single - operator).  

    Figure 2.4     Making a seal (two - operators).  
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BVV device (not always available), so it may be necessary to connect the mask to a 
mechanical ventilator in order to achieve this.   

 In an intubated patient or a patient with an LMA in situ, use of a mechanical 
ventilator has been shown to allow paramedics to accomplish extra tasks, improve 
documentation and provide better patient care.  21   In addition, side effects are no dif-
ferent between the automatic transport ventilator and the bag valve ventilator.  

  Equipment and  p rocedures for  a ssisted  v entilation 
  Bag -  v alve -  v entilator 

 The bag - valve - ventilator comprises of a squeezable bag, oxygen reservoir and 
oxygen connection tubing, one way valve, and 15   mm/22   mm universal connector 
(Figure  2.2 ). When squeezed, the increase in pressure forces air forward to the 
patient ’ s lungs via a one - way valve; when released, the bag self - infl ates and draws 
air from the ambient atmosphere or oxygen reservoir if attached. The valve is 
designed to function during both spontaneous and manually controlled ventilation. 
A self - infl ating bag can be connected to a face mask, tracheal tube, or alternative 
airway device.  1   

 There are many types of face masks, varying in design, size, and construction 
materials. Transparent masks are preferred because they allow for inspection of lip 
colour, condensation, secretions, and vomitus.  22   The mask ’ s size and shape must 
conform to the facial anatomy if a good seal is to be achieved, thus several different 
mask shapes and sizes should be available. 

 Suction should be available and normal airway management techniques should 
be utilised prior to attempting ventilation (see Chapter  1 ). 

  Procedure 

   Procedure     Additional information/rationale  

   Preparation   

  1. Test the bag - valve device ’ s capability for 
delivering positive - pressure ventilation before 
use.  

  To ensure that the device will function 
correctly. 
 Seal the bag - valve device connector with 
the thumb and squeeze the bag with 
reasonable force. If it is diffi cult to 
compress the bag or if air is forced 
between the connector and thumb, positive 
pressure can be delivered.  

  2. Connect mask to patient delivery valve and 
oxygen tubing to oxygen supply.  

    

  3. Turn on oxygen (normally 15   L/min for an 
adult) and allow reservoir to fi ll.  
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   Procedure     Additional information/rationale  

   One - hand technique  23   

  1. Place the thumb and index fi nger on the 
body of the mask while your other fi ngers pull 
the jaw forward and extend the head (see 
Figure  2.3 ).  

  Helps to maintain the airway and creates a 
seal with the mask. 

  Caveat: 
 Extreme caution is advised in patients with 
cervical spine injuries, in which fl exion or 
extension of the neck is contraindicated. In 
this situation, the jaw - thrust manoeuvre 
without head extension is indicated. 25    

  2. Place your middle and ring fi ngers on the 
ridge of the mandible and the fi fth fi nger 
behind the angle of the mandible. 22,24   

  Prevents obstruction of the airway created 
by pushing the tongue against the palate. 24   

  3. Minimize the pressure applied to the 
submandibular soft tissues.  

    

  4. Maintain an adequate seal whilst extending 
the patient ’ s head, thrusting the jaw forward, 
and then squeeze the bag with the other 
hand.  

    

  5. Ventilate the lungs at 10 breaths min with a 
tidal volume of no more than 10   ml/kg. 1  
Deliver each breath over approximately 1   sec 
and give a volume that corresponds to normal 
chest movement.  

  This represents a compromise between 
giving an adequate volume, minimising the 
risk of gastric infl ation, and allowing 
adequate time for chest compression 
during CPR. 1   

  6. Assess adequacy of ventilation by 
inspecting and auscultating the chest and 
abdomen.  

  Rising and falling of the chest and breath 
sounds synchronous with the delivered tidal 
volume suggest adequate ventilation. 

 Epigastric sounds and abdominal distension 
indicate gastric insuffl ation and poor 
ventilation  

   Two - hand technique  23   

  1. Hold the mask with two hands, with each 
hand positioned as described in the one - hand 
technique (see Figure  2.4 ).  

    

  2. A second person should compress the 
bag - valve device in the same way as 
described above.  

    

  3. Assess adequacy of ventilation using the 
same techniques as for one - hand technique.  
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    *  CMV/Demand   =   Continuous mandatory ventilation.  
  *  *  SMMV   =   Synchronised minimum mandatory ventilation.  

    Figure 2.5     Controls and features of ParaPac 20D. 
    1.     Infl ation pressure monitor  
  2.     Frequency Control  
  3.     Tidal Volume Control  
  4.     Air mix control  
  5.     Supply gas failure alarm  
  6.     Main pneumatic switch (Demand  -  CMV/Demand)  
  7.     Patient valve  
  8.     Patient hose  
  9.     Input hose  

  10.     Inlet connection  
  11.     Audible alarm  
  12.     Relief pressure control     
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   Mechanical  v entilator 
 There are many different transport mechanical ventilators available but this section 
will discuss the Pneupac ®  paraPAC as it is the most commonly used in UK prehos-
pital practice (Figure  2.5 ). The fi gure lays out the controls and the functions of each; 
this will be useful reference when viewing the procedures.   

 The Pneupac ®  paraPAC is suitable for transportation use by trained prehospital 
providers. It has dual controls that allow easy selection of tidal volume and frequency 
to match the patient ’ s ventilatory requirements, and is suitable for ventilation during 
controlled or emergency transportation. 
 The paraPAC includes a CPR setting, CMV/Demand  *   (SMMV  *  *  ), air mix, integrated 
pressure monitoring/alarm system and a separate tidal volume control, allowing for 
selection of optimum ventilation. The  ‘ demand ’  system detects spontaneous 
breathing by an adult patient and inhibits the ventilator appropriately to the level 
of breathing. The tidal volume required to completely inhibit the ventilator is about 
450   ml. 
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  Functional check and procedures   26    

     •      Functional check 

   1.     Check the ventilator controls as follows:     
  a. Main pneumatic switch     ‘ Demand ’  (model 20D)  
  b.  ‘ 0 ’     (model 20)  
  c. Frequency    12   b/min (detent position)  
  d. Tidal volume    800   ml  
  e. Air mix switch     ‘ No air mix ’   
  f. Relief pressure    30   cmH 2 O  

  2.     Connect the probe on the input hose to an appropriate gas outlet.  
  3.     If connected to a cylinder regulator, turn on cylinder valve slowly.  
  4.     Check that the visual alarm for supply gas failure has changed from red to 

white.  
  5.     Switch the main pneumatic switch to  ‘ CMV/Demand (model 20D) or  ‘ 1 ’  (model 

20). The ventilator should commence cycling. Occlude the output port on the 
patient valve and check that the manometer gives a reading of between 30 and 
50   cmH 2 O during each inspiratory phase. The audible alarm should sound. 
Check that the unit cycles every 5 seconds.  

  6.     Switch over to air mix and repeat step 5; the change in the manometer reading 
should not exceed 5   cmH 2 O.  

  7.     Set the  ‘ tidal volume ’  to its minimum setting, occlude the output port and check 
that at least 20   cm pressure is attained on the manometer. Gradually increase 
the fl ow setting and observe how the pressure rises. At the end of the green 
segment, the pressure should be attaining the nominal set value.  

  8.     Reset the  ‘ tidal volume ’  to its minimum setting and select  ‘ no air mix ’ . Occlusion 
of the output port should now cause the manometer to rise sharply to between 
30 and 50   cmH 2 O and the alarm should sound.  

  9.     Set the  ‘ frequency ’  and  ‘ tidal volume ’  controls to the extremes of their range. 
By listening to the gas fl ow, check that the ventilator is responding to the con-
trols and that no irregularities of performance can be discerned.  

  10.     Finally, set the controls as specifi ed in step 1 so that the ventilator is left set 
for emergency use.      

     Why set the tidal volume at 800   ml 
when the average adult tidal volume is 
only around 500   ml? 
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   Procedure     Additional information/rationale  

   Operation   

  This equipment should only be used and operated by 
personnel trained and competent in its use.  

  For patient safety.  

  1. Connect supply hose to gas supply.      

  2. Turn on gas supply slowly (if relevant).      

  3. Check that the visual alarm for supply gas failure has 
changed from red to white.  

  Determines problem with gas 
supply or unit.  

  4. Turn the main pneumatic switch to  ‘ CMV/Demand 
(model 20D) or  ‘ 1 ’  (model 20).  

  CMV ventilates the non - breath-
ing patient, demand overrides.  

  5. Set ventilation parameters to suit patient.    Ensure correct volumes and 
rates are chosen for age of 
patient.  

  6. Briefl y occlude the patient connection port of the 
patient valve with the thumb and check that the peak 
infl ation pressure reading on the manometer is 
appropriate for the patient and that the audible alarm 
sounds.  

  Safety check prior to 
commencing ventilation.  

  7. Having ensured a clear airway, apply face mask to 
patient, or connect patient valve to ET tube/LMA.  

    

  8. Check chest movement and Infl ation Pressure 
Manometer is appropriate to ensure correct ventilation.  

    

  9. Make adjustments as necessary.      

 The patient ’ s condition and chest movement, as well as the infl ation pressure monitor 
should be kept under constant observation so that adverse ventilation conditions 
can be detected and corrected before the patient is put at risk. When ventilating 
with a mask, the peak infl ation pressure should be kept below 20   cmH 2 O to minimise 
the risk of gastric insuffl ation. 
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    1.     Artifi cial ventilation should be provided as soon as possible in any patient in 
whom spontaneous ventilation is inadequate or absent.  

  2.     The most common initial form of ventilatory assistance in the emergency 
clinical setting is usually accomplished using the bag - valve ventilation tech-
nique. Even though the technique is considered to be safe and effective and 
has been used in the emergency setting for many years, it has some potentially 
fatal complications.  

  3.     A high fl ow rate over a short infl ation time inevitably produces a high peak 
airway pressure in an unprotected airway. High peak airway pressure over-
comes the pressure of the lower oesophageal sphincter and causes gastric 
infl ation.  

  4.     Use of a paediatric BVM, cricoid pressure, or mechanical ventilation may help 
to overcome the high pressures involved.  

  5.     The ventilation rate is very important as hyperventilation of a patient during 
cardiac arrest is linked with adverse haemodynamic effects and decreased 
cerebral perfusion; the recommended rate is 10 breaths per minute.  

  6.     When using a ventilator with a mask it is best practice for one person to hold 
the mask in place whilst maintaining the patient ’ s airway 
and the second person squeezes the bag, paying 
particular attention not to overinfl ate.  

  7.     In an intubated patient or a patient with an LMA in situ, 
use of a mechanical ventilator has been shown to allow 
paramedics to accomplish extra tasks, document 
better, and provide better patient care.        

 Chapter Key Points 
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        Sudden death as a result of cardiac arrest is a leading cause of ischaemic heart 
disease deaths in Europe.  1   Survival rates calculated from cardiac arrest to hospital 
discharge is estimated to be 10.7% in all types of cardiac arrest with cardiac arrest 
of ventricular fi brillation origin having the highest survival rate at 21.2%.  1   However 
these fi gures are a culmination of both in - hospital and out of hospital cardiac arrests; 
taken in isolation, out of hospital cardiac arrests have a survival rate of approxi-
mately 6.4%.  2   The provision of cardiopulmonary resuscitation is paramount in the 
management of all patients in cardiac arrest by potentially maintaining low level 
circulation to key organs.  1   This chapter discusses cardiopulmonary resuscitation 
across the age continuum, including the use of mechanical chest compression 
devices. In addition procedures allied to life support in the treatment of foreign body 
airway obstruction and the unconscious casualty will be reviewed.  

  Defi nitions 
 Cardiac arrest is defi ned as the sudden and complete loss of cardiac output due to 
asystole, ventricular fi brillation, ventricular tachycardia or loss of mechanical 
cardiac function.  3   The clinical diagnosis is based upon the patient being unconscious 
and pulseless (breathing can take some time to stop after cardiac arrest). Death is 
virtually inevitable unless effective treatment is given. 

 Cardiopulmonary resuscitation (CPR) or basic life support (BLS) consists of a 
series of manoeuvres that attempt to maintain a low level of circulation to perfuse 
the vital organs such as the heart and brain until more defi nitive treatment such 
as defi brillation or advanced life support can be given or there is a return of 
spontaneous circulation.  1,4   For the purposes of this chapter CPR and BLS are used 
interchangeably.  

  The  c hain of  s urvival 
 The chain of survival (Figure  3.1 ) is a sequence of events that are necessary to 
maximise the chances of survival following a cardiac arrest. The chain is based upon 
the principle that a patient in cardiac arrest is most likely to survive if all of the links 

    Figure 3.1     The chain of survival.  Reproduced with kind permission of Laerdal 
Medical Ltd.   
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in the chain are present and timely. The focus of this chapter will be upon steps 1 
and two of the chain. Further information regarding the following steps of the chain 
is provided in other chapters (e.g. defi brillation).   

  The  i mportance of  CPR  
 CPR is aimed at providing oxygen delivery to vital organs until more defi nitive treat-
ment or spontaneous circulation can be restored and is therefore of great signifi -
cance in the management of cardiac arrest. Several studies have supported the role 
of early CPR in cardiac arrest, with improved outcomes, including the role of 
bystander CPR in successful cardiac arrest outcome.  5 – 9   It is believed that successful 
outcomes from cardiac arrest are improved by CPR due to the creation of a  ‘ bridge 
to successful defi brillation ’ , whereby CPR prolongs the phase of ventricular fi brilla-
tion which has a higher successful resuscitation rate.  1,10   With such a wealth of 
evidence supporting the use of CPR in cardiac arrest and subsequent outcomes, a 
clear understanding of the process of CPR is imperative.  

  Lay  r escuers  v ersus  h ealthcare  p roviders 
 There is a distinct difference between the provision of CPR between the trained 
healthcare provider and the lay person. It is important to bear this in mind when 
attending a scene where bystander CPR is underway. This chapter will describe the 
process of CPR for the trained healthcare provider, however the main differences 
between the processes are highlighted below: 

   •      Lay rescuers are not taught to assess for pulses or signs of life. The lay rescuer 
may commence CPR in an unresponsive patient with abnormal breathing.  

   •      The lay rescuer may not perform rescue breathing or  ‘ mouth - to - mouth ’  ventila-
tion due to fears of contamination.  13      

 The change to recent guidelines for the lay person not to assess for a pulse or 
absence of breathing is a result of studies into the ability of the lay person (and 
healthcare professionals) to undertake carotid pulse checks.  11   In addition confusion 
has been found over the presence of agonal breathing and an association as normal 
breathing.  12   Therefore it may be found that the lay person has undertaken CPR on 
a premise that differs from the trained healthcare provider.   

  Adult  b asic  l ife  s upport 
 This section contains the guidelines for single rescuer CPR. The recommendations 
of this are based upon the 2005 International Consensus Conference on Cardiopul-
monary Resuscitation and Emergency Cardiovascular Care Science document  13   
and European Resuscitation Council Guidelines,  1   with further supporting evidence 
included. 

 Figure  3.2  shows the adult CPR algorithm, whilst it is designed for the lay rescuer 
the principles remain the same for the trained healthcare provider. This chapter will 
outline the process of basic life support, for further information and guidance upon 
principles raised such as airway management and defi brillation please see the 
relevant chapters of this text.   
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    Figure 3.2     Adult basic life support algorithm.  Reproduced with permission of 
Resuscitation Council UK.   

Unresponsive? Collapsed patient 

Shout for help (Call for assistance) 
and assess patient. 

Open airway 

2 rescue breaths 

Not breathing normally? 

30 chest compressions 

Continue with cycles of 30

chest compressions

followed by 2 ventilations



Cardiopulmonary resuscitation and basic life support Chapter 3

53

 The main principle of basic and advanced life support is the adherence to the ABC 
approach. 

  A     Airway  

  B     Breathing  

  C     Circulation    

 You should remain on each level until any major defi ciencies are rectifi ed. Source: 
Resuscitation Council UK.  1   

  Sequence of  BLS  
    1.     Ensure personal/patient and bystander safety:  

   •      This is of undoubted importance to all healthcare providers and lay 
persons.    

  2.     Check the victim for a response: 
    •      Gently shake the shoulders and ask loudly  ‘ are you all right? ’   
   •      Consider any suggestion of cervical spine injury and provide support for the 

c - spine during shaking the shoulders as required. This can be achieved by 
holding the head still with one hand whilst shaking the patient ’ s shoulders.    

  3.     If the patient responds: 
    •      Urgent medical assessment may be required.  
   •      During this time consider oxygen therapy, clinical assessment and 

treatment.    
  4.     If the patient does not respond: 

    •      Consider requesting assistance.  
   •      Turn the patient onto their back (considering c - spine injury).  
   •      Open the airway, if no c - spine injury suspicion use the head tilt and chin lift 

technique. See airway management chapter for guidance.  
   •      If there is suspicion of c - spine injury consider a jaw thrust or chin lift with 

assistance from others to manually stabilise the head and neck. If a life 
threatening airway obstruction persists, despite airway manoeuvres add a 
head tilt gently a small amount at a time. The lack of patency of an airway 
overrides the hypothetical risk of a cervical spine injury.    

  5.     Keeping the airway open look, listen and feel for breathing for no more than 10 
seconds: 
    •      Look for chest movement.  
   •      Listen for breath sounds.  
   •      Feel for air upon your cheek.  
   •      In the fi rst few minutes after cardiac arrest a victim may be breathing 

(barely) or be taking infrequent noisy gasps, this shouldn ’ t be confused for 
normal breathing.  1,13      

  6.     Check for the presence of a carotid pulse for no more than 10 seconds. This 
can be undertaken at the same time as checking for the presence of normal 
breathing for those who are experienced in clinical assessment. Inexperienced 
providers may check for a carotid pulse after checking for breathing: 
    •      There may be other signs of life such as movement which may contradict 

the absence of a palpable pulse. Remember to view the patient as a whole.    
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  7.     If the victim is breathing normally and has a pulse: 
    •      Turn the patient into the recovery position. This is discussed later in the 

chapter.  
   •      Continue to monitor airway status, breathing and pulse.  
   •      Continue to perform a medical assessment and required interventions.    

  8.     If there is a pulse but no breathing: 
    •      Ventilate the patient ’ s lungs using a bag - valve - mask, pocket mask or mouth 

to mouth ventilations. This should be at a rate of 10   min  − 1 , the easiest way 
to determine this is to provide a breath when you would need a breath. Be 
careful not to hyperventilate or over - infl ate.  

   •      To provide mouth - to - mouth ventilation:  
  a.     Ensure head tilt and chin lift.  
  b.     Pinch the soft part of the nose closed with the index fi nger and thumb 

of your hand on the forehead.  
  c.     Open the mouth a little, but maintain the chin upwards.  
  d.     Take a breath and place your lips around the mouth, making sure that 

you have a good seal.  
  e.     Blow steadily into the mouth over about 1 – 1.5   sec watching for chest rise.  
  f.     Maintaining head tilt and chin lift, take your mouth away from the victim 

and watch for the chest to fall as air comes out.  
  g.     Only those who are confi dent and competent in assessing for breathing 

and a pulse will be able to make this diagnosis. If in doubt treat as if the 
patient is in cardiac arrest.      

  9.     If there is abnormal breathing, no pulse or signs of life: 
    •      Commence CPR.  
   •      Kneel beside the patient. Place the heel of one hand in the centre of the chest.  
   •      Place the heel of the other hand on top of the other hand.  
   •      Interlock the fi ngers and ensure that pressure is not applied over the ribs 

but over the sternum (Figure  3.3 ). Do not apply pressure over the upper 
abdomen or lower part of the sternum.  

   •      Position yourself vertically above the victim ’ s chest with the arms straight.  
   •      Press the sternum down approximately 4 – 5   cm.  
   •      After each compression release the pressure off of the chest, without losing 

contact between the hands and the sternum.  
   •      Repeat at a rate of 100   min  − 1  for 30 compressions.  
   •      Compression and release should take equal amounts of time.    

  10.     Follow with two rescue breaths: 
    •      After 30 compressions, re - open the airway and provide two ventilations 

using a bag - valve mask, pocket mask or mouth to mouth ventilation.  
   •      Use an inspiratory time of 1 second and provide enough volume to produce 

a chest rise as in normal breathing.  
   •      Allow for the chest to fall prior to the second ventilation.  
   •      If a ventilation fails repeat until successful up to a maximum of fi ve attempts.    

  11.     Recommence chest compressions as before. This cycle should continue until 
defi nitive care is reached or provided.  

  12.     Reassess the patient only if changes occur such as signs of life. If not continue 
CPR.  

  13.     If assistance is available consider changing rescuer every two minutes to avoid 
fatigue and subsequent reduction in quality of CPR.  1    
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    Figure 3.3     Positioning the hands for chest compressions.  
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  14.     In the case of lone rescuer or CPR in confi ned spaces, overhead CPR or strad-
dle CPR may be used for resuscitation.  1   See Figure  3.4 . 
    •      Note that the hands must be positioned so that the heel of the bottom hand 

is over the sternum as with the  ‘ standard ’  chest compression position. This 
reduces pressure over the ribs and ensures compressions are delivered to 
the correct area with reduced likelihood of rib fracture.         

  Rescuer  d anger 
 The safety of the rescuer and victim are paramount during resuscitation. There have 
been a relative few incidences of rescuers suffering adverse effects from CPR, with 
isolated reports of infections such as tuberculosis and severe acute respiratory 
distress syndrome being transmitted via mouth - to - mouth ventilation.  1   There have 
been no reported incidences of HIV being transmitted during CPR. With the avail-
ability of fi lters, barrier devices and one way valves it is recommended that rescuers 
take appropriate precautions and risk assess each situation.  

  Initial  r escue  b reaths 
 During the fi rst few minutes following non - asphyxial cardiac arrest blood oxygen 
remains high and lack of oxygenation to the vital organs is limited more by the 
lack of cardiac output. It is therefore less important to provide initial rescue 
breaths than to provide chest compressions.  14   In addition it is recognised that 
rescuers are often unwilling to undertake mouth - to - mouth ventilation, therefore 
the emphasis has been placed upon effective chest compressions as opposed to 
ventilation.  

    Figure 3.4     Overhead CPR.  
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  Chest  c ompressions 
 Chest compressions produce blood fl ow by increasing intrathoracic pressure and 
directly compressing the heart.  13   Chest compressions are able to produce systolic 
blood pressures of 60 – 80   mmHg, this enables a crucial amount of blood fl ow to the 
vital organs.  15   There is little evidence to support the specifi c placement of the hands 
during chest compressions, however the placement of the hands in the current posi-
tion is aimed at being simplistic and reducing injury to underlying tissues.  16   

 Chest compression depth is aimed at providing an adequate intra - thoracic pressure 
and compression of the heart to allow for the forcing of blood to the vital organs. 
The recommended depth for adult chest compression is 4 – 5   cm. The majority of 
evidence that supports the recommended compression depth is based upon animal 
studies due to the ethical nature of such research. It is believed that blood fl ow 
increases with compression force and depth during CPR, thus improving circula-
tion.  17,18   However studies suggest that in both out of hospital cardiac arrest and in 
hospital cardiac arrest that compression depths are often inadequate.  19   It is suggested 
in a small scale animal study that a reduction in compression depth of 30% can 
signifi cantly reduce coronary perfusion pressure and subsequent successful resus-
citation.  20   However no large scale study has been undertaken to validate these results. 

 Compression rate is recommended at 100   min  − 1 ; this rate is suggested as a speed 
for compressions not as a target for the number of compressions to be given per 
minute. This number will be reduced by a number of interruptions such as airway 
management and defi brillation. The rate of compressions is aimed at maintaining 
coronary perfusion pressure (CPP) and to allow for the heart to refi ll with blood 
following each ejection. Therefore rates that are too slow will allow CPP to fall thus 
reducing perfusion, whereas rates that are too high will cause reduced cardiac fi lling 
and subsequent falls in CPP.  13   Whilst there is little evidence to support the recom-
mended rate mathematical models suggests that this rate would achieve best blood 
fl ow.  13    

  Compression to  v entilation  r atio 
 Insuffi cient human studies have been undertaken to support a specifi c compression 
to ventilation ratio, however a small number of animal studies suggest that a ratio 
above 15   :   2 is required to optimise blood fl ow and oxygen delivery.  21   Interruptions to 
chest compressions should be minimised as stopping chest compressions causes the 
coronary fl ow to decrease substantially; on resuming chest compressions, several 
compressions are necessary before the coronary fl ow recovers to its previous level. 
Therefore a ratio of 30 compressions to 2 ventilations is now recommended. Studies 
utilising this new ratio suggest that CPR has been improved with increased chest 
compression numbers and reduced time where no CPR was being performed,  22   with 
a perceived benefi t to patient outcome being identifi ed.  23   However this is yet to be 
demonstrated in a large scale prospective study.  

  Compression  o nly  CPR  
 Both lay persons and healthcare professionals are often reluctant to perform mouth -
 to - mouth ventilation when no device is available to provide protection from con-
tamination. Animal studies have demonstrated that compression only CPR may be 
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     Basic life support and CPR follows a stepwise approach to patient assessment 
and management. It is important that any defi cits at each 
level are rectifi ed prior to moving onto the next step. If 
acting without equipment (i.e. in a non professional capacity) 
chest compression only CPR may suffi ce in the event that 
artifi cial ventilations are not possible. 

as effective as standard CPR in the fi rst few minutes following non - asphyxial cardiac 
arrest.  24   In adults chest compression only CPR has also been demonstrated to be 
more effective than no CPR on survival rates.  25   Recent human observational studies 
have supported this concept fi nding no signifi cant differences in survival rates 
between standard CPR and compression only CPR by lay persons.  26,27   It has been 
suggested but yet to be empirically proven that compression only CPR may provide 
some level of passive airfl ow to ventilate patients when the airway is open and elastic 
recoil of the chest allows for air exchange.  28,29   Based upon current evidence it is 
recommended that compression only CPR should be undertaken as an alternative 
to no resuscitation.

 Key Point 

      Basic  l ife  s upport in  p regnancy 
 Cardiac arrest seldom occurs late in pregnancy, however survival from such an 
event is exceptional.  30   There are a number of physiological changes that are pecu-
liar to pregnancy that may affect life support and resuscitative measures, these 
include relative haemodilution (increased blood volume but relatively less red blood 
cells); increased gastric pressure due to the enlarged uterus and laryngeal oedema 
making airway management more diffi cult.  30,31   However in the third trimester the 
most important physiological change is the compression of the inferior vena cava 
by the gravid uterus (aortocaval compression). In a full term patient (without 
known obstetric abnormality) the vena cava may be completely occluded when in 
the supine position, this is believed to occur in up to 90% of cases and may result 
in a stroke volume of only 30% of the value expected in a non pregnant patient.  32   
During cardiac arrest or when in the supine position the gravid uterus in a notice-
ably pregnant woman should be displaced to the left, either by manually displac-
ing the uterus using two hands or by tilting the pelvis to the left by between 15 °  
and 30 °  (a wedge or pillow/blankets may be used to achieve this),  32   Angles of 
greater than 30 °  will greatly inhibit adequate chest compressions and should there-
fore be avoided. It is recommended that a lateral tilt or manual displacement of 
the uterus is achieved or considered in any third trimester patient, this can be 
seen in Figure  3.5 .   
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     The gravid uterus may signifi cantly reduce cardiac output 
during CPR, therefore displacement of the uterus is 
paramount in effective CPR. 

    Figure 3.5     Manual displacement of the uterus.  

 Key Point 

      Mechanical  c hest  c ompression  d evices 
 Following concerns over a variety of factors within CPR, such as provider fatigue 
and the health and safety issues of performing CPR on a stretcher in a moving 
ambulance,  33   a series of mechanical devices have been designed to provide continu-
ous chest compressions. An example of this is the LUCAS device (Lund University 
Cardiopulmonary Assist System) which is a gas driven CPR device which provides 
active compression/decompression (ACD) CPR.  34   ACD devices lift the anterior chest 
actively during decompression. Decreasing intra - thoracic pressure during the 
decompression phase increases venous return to the heart. This theoretically 
enables an increased cardiac output, coronary/cerebral perfusion pressures during 
the compression phase. In randomised animal studies, the use of ACD devices has 
been demonstrated to improves cardiac output and coronary perfusion pressure.  31,35   
However throughout a series of studies no consensus has been reached to support 
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a defi nitive use of or rejection of such devices, suggesting that greater research is 
required to fully validate the introduction of such devices.  36    

  The  r ecovery  p osition 
 There are several variations of the recovery position, however there is no single 
position that will suit all patients and no evidence to support a single recovery posi-
tion. The recovery position is designed to ensure that the unconscious casualty has 
a clear unobstructed airway which allows for postural drainage of any secretions or 
vomit that may occur. The position should be stable and be as near to lateral as 
possible, with no pressure upon the chest to inhibit breathing. 

 The Resuscitation Council UK recommends the following sequence of actions to 
place a patient in the recovery postion  1  : 

  1.     Remove any spectacles or loosen any tight clothing around the neck.  
  2.     Kneel beside the victim and ensure that both of the legs are straight.  
  3.     Place the arm nearest to you out at right angles with the elbow bent with the 

palm uppermost (Figure  3.6 ).  
  4.     Bring the far arm across the chest and hold the back of the hand against the 

patient ’ s cheek nearest to you.  
  5.     With the your other hand grasp the far leg, just above the knee and pull it up, 

keeping the foot upon the ground (Figure  3.7 ).  
  6.     Keeping the hand pressed against the cheek pull on the far leg to roll the patient 

towards you onto their side.  
  7.     Adjust the upper leg to place the knee and hip at right angles, this will provide 

stability for the patient.  

    Figure 3.6     The recovery position: Step one.  
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    Figure 3.7     The recovery position: Steps two and three.  

  8.     Tilt the head back to ensure that the airway is open. If necessary adjust the 
hand under the cheek to keep the head tilted (Figure  3.8 ).  

  9.     Ensure that the airway, breathing and circulation is re - checked frequently.  
  10.     If the patient remains in the recovery position for long periods ( > 30 minutes) 

then consider alternating the sides to reduce pressure upon the lower arm.       

    Figure 3.8     The completed recovery position.  
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  Paediatric  b asic  l ife  s upport 
 Paediatric basic life support guidelines have been recently amended to include both 
the latest evidence and to allow for simplifi cation to assist skill retention. The 
following guidance is recommended by the Resuscitation Council (UK)  1   and the 
European Resuscitation Council.  13   

  Age  d efi nitions 
 New guidance upon paediatric resuscitation has allowed for a simplifi ed defi ning of 
age groups in relation to basic life support protocols. 

   •      An infant is a child under 1 year of age.  
   •      A child is between 1 year and puberty. It is unnecessary and inappropriate to 

establish the onset of puberty formally. If you feel the patient is a child then the 
paediatric guidelines should be used.     

  Sequence of  p aediatric  BLS  
      1.     Ensure the safety of yourself, bystanders and the child.  
  2.     Check the child ’ s responsiveness:  

   •      Gently stimulate the child and ask loudly,  ‘ Are you all right? ’   
   •      Do not shake infants, or children with suspected cervical spine injuries as 

this may potentiate injury.    
  3.     If the child responds by answering or moving: 

    •      Leave the child in the position in which you fi nd him (provided no further 
danger).  

   •      Continue to monitor airway status, breathing and pulse.  
   •      Continue to perform a medical assessment and required interventions.    

  4.     If the child does not respond: 
    •      Shout for help or call for assistance.  
   •      Turn the patient onto the back (considering c - spine injury).  
   •      Open the airway, if no c - spine injury suspicion use the head tilt and chin lift 

technique.  
   •      Do not push on the soft tissues under the chin as this may block the 

airway.  
   •      If you still have diffi culty in opening the airway, use the jaw thrust method.  
   •      If there is a suspicion of cervical spine injury try to open the airway using 

chin lift or jaw thrust alone. If this is unsuccessful, add a head tilt a small 
amount at a time until the airway is open. The lack of patency of an airway 
overrides the hypothetical risk of a cervical spine injury.    

  5.     Keeping the airway open, look, listen, and feel for normal breathing: 
    •      Putting your face close to the child ’ s face and looking along the chest  
   •      Look for chest movements.  
   •      Listen at the child ’ s nose and mouth for breath sounds.  
   •      Feel for air movement on your cheek.  
   •      Look, listen, and feel for no more than 10   sec before deciding that breathing 

is absent.    
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    Figure 3.9     Paediatric basic life support algorithm.  Reproduced with 
permission of Resuscitation Council UK.   

Unresponsive? Collapsed patient 

Shout for help (Call for assistance) 
and assess patient. 

Open airway 

Still unresponsive (no signs of life)? 

Not breathing normally? 

5 rescue breaths 

Continue with cycles of 15 
chest compressions

followed by 2 ventilations 



Chapter 3 Cardiopulmonary resuscitation and basic life support

64

  6.     If the child is breathing normally: 
    •      Turn the child onto his side into the recovery position (see adult recovery 

position above).  
   •      Monitor for continued breathing.    

  7.     If the child is not breathing or is making agonal gasps (infrequent, irregular 
breaths): 
    •      Carefully remove any obvious airway obstruction.  
   •      Give 5 initial rescue breaths.  
   •      While performing the rescue breaths note any gag or cough response to 

your action.  
   •      Rescue breaths for a child over 1 year:  

  a.     Ensure head tilt and chin lift.  
  b.     Pinch the soft part of his nose closed with the index fi nger and thumb 

of your hand on his forehead.  
  c.     Open his mouth a little, but maintain the chin upwards.  
  d.     Take a breath and place your lips around his mouth, making sure that 

you have a good seal.  
  e.     Blow steadily into his mouth over about 1 – 1.5   sec watching for chest rise.  
  f.     Maintaining head tilt and chin lift, take your mouth away from the victim 

and watch for his chest to fall as air comes out.  
  g.     Take another breath and repeat this sequence 5 times. Identify effective-

ness by seeing that the child ’ s chest has risen and fallen in a similar 
fashion to the movement produced by a normal breath.    

   •      Rescue breaths for an infant: 
   a.     Ensure a neutral position of the head and apply chin lift.  
  b.     Take a breath and cover the mouth and nasal apertures of the infant 

with your mouth, making sure you have a good seal. If the nose and 
mouth cannot both be covered in the older infant, the rescuer may 
attempt to seal only the infant ’ s nose or mouth with his mouth (if the 
nose is used, close the lips to prevent air escape).  

  c.     Blow steadily into the infant ’ s mouth and nose over 1 – 1.5   sec suffi cient to 
make the chest visibly rise.  

  d.     Maintain head tilt and chin lift, take your mouth away from the victim, 
and watch for his chest to fall as air comes out.  

  e.     Take another breath and repeat this sequence 5 times.  
  f.     If you have diffi culty achieving an effective breath, the airway may be 

obstructed:  
  g.     Open the child ’ s mouth and remove any visible obstruction. Do not 

perform a blind fi nger sweep as this may force an obstruction further 
into the airway.  

  h.     Ensure that there is adequate head tilt and chin lift but also that the neck 
is not overextended.  

  i.     If head tilt and chin lift has not opened the airway, try the jaw thrust 
method. 
 Make up to 5 attempts to achieve effective breaths. If still unsuccessful, 
move on to chest compressions.  Please note:  This describes mouth to 
mouth ventilation for those trained to do so. If the equipment is available, 
the bag valve mask ventilation should be used. The airway management 
and ventilation chapters will demonstrate how this is achieved.      
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  8.     Check for signs of a circulation: 
    •      Take no more than 10   sec to look for signs of a circulation. These include 

any movement, coughing, or normal breathing (not agonal gasps  –  these are 
infrequent, irregular breaths).  

   •      Check the pulse (if you are trained and experienced) but ensure you take no 
more than 10 seconds to do this:  
  a.     In a child over 1 year  –  feel for the carotid pulse in the neck.  
  b.     In an infant  –  feel for the brachial pulse on the inner aspect of the upper 

arm.      

  9.     If you are confi dent that you can detect signs of a circulation within 10   sec: 
    •      Continue rescue breathing, if necessary, until the child starts breathing 

effectively.  
   •      Turn the child onto his side (into the recovery position) if they remain 

unconscious.  
   •      Re - assess the child frequently.    

  10.     If there are no signs of a circulation or no pulse, or a slow pulse (less than 
60   min  − 1  with poor perfusion), or you are not sure: 
    •      Start chest compressions.  
   •      Combine rescue breathing and chest compressions.  
   •      For all children, compress the lower third of the sternum:  
   •      To avoid compressing the upper abdomen, locate the xiphisternum by 

fi nding the angle where the lowest ribs join in the middle. Compress the 
sternum one fi nger ’ s breadth above this.  

   •      Compression should be suffi cient to depress the sternum by approximately 
one - third of the depth of the chest.  

   •      Release the pressure, then repeat at a rate of about 100   min  − 1 .  
   •      After 15 compressions or 30 if a lone rescuer, tilt the head, lift the chin, and 

give two effective breaths.  
   •      Continue compressions and breaths in a ratio of 15   :   2.  
   •      Lone rescuers may use a ratio of 30   :   2, particularly if they are having dif-

fi culty with the transition between compression and ventilation.  
   •      Although the rate of compressions will be 100   min  − 1 , the actual number deliv-

ered will be less than 100 because of pauses to give breaths. The best 
method for compression varies slightly between infants and children.    

  11.     Chest compression in infants: 
    •      The lone rescuer should compress the sternum with the tips of two fi ngers 

(Figure  3.10 ).  
   •      If there are two or more rescuers, use the encircling technique:  
   •      Place both thumbs fl at, side by side, on the lower third of the sternum (as 

above), with the tips pointing towards the infant ’ s head.  
   •      Spread the rest of both hands, with the fi ngers together, to encircle the 

lower part of the infant ’ s rib cage with the tips of the fi ngers supporting the 
infant ’ s back.  

   •      Press down on the lower sternum with your two thumbs to depress it 
approximately one - third of the depth of the infant ’ s chest (See Figure  3.11 ).    

  12.     Chest compression in children over 1 year: 
    •      Place the heel of one hand over the lower third of the sternum (as above).  
   •      Lift the fi ngers to ensure that pressure is not applied over the child ’ s ribs.  
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    Figure 3.10     Two fi nger chest compressions.  

    Figure 3.11     Encircling technique in infant CPR.  
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     In paediatric life support 5 initial rescue breaths are provided 
due to the increased likelihood of a primary respiratory cause, 
this differs from adult guidance. A compression/ventilation 
rate of 30   :   2 is recommended for the lone rescuer, whereas 
15   :   2 should be used in the event of 2 or more rescuers. 

   •      Position yourself vertically above the victim ’ s chest and, with your arm 
straight, compress the sternum to depress it by approximately one third of 
the depth of the chest.  

   •      In larger children, or for small rescuers, this may be achieved most easily 
by using both hands with the fi ngers interlocked as with adult patients.    

  13.     Continue resuscitation alternating between ventilations and chest compres-
sions until: 
    •      the child shows signs of life (spontaneous respiration, pulse, movement) or 

further qualifi ed help arrives.    
  14.     If only one rescuer is present, undertake resuscitation for about 1   min before 

going for assistance. To minimise interruptions in CPR, it may be possible to 
carry an infant or small child whilst summoning help.       

  Compression to  v entilation  r atio 
 Recent guidelines have sought to clarify the ratio of compressions to ventilation,  1,13   
with a consensus that ratio should be based upon the number of rescuers. With 30   :   2 
for lone rescuers to allow for simplicity. However in situations of two or more trained 
rescuers a ratio of 15   :   2 is recommended. This has been validated in both animal 
and mathematical studies, however for ethical reasons human studies are not 
applicable.  37 – 39   

 Despite these recommendations there is little evidence to support the superiority 
of any ratio; however studies comparing 5   :   1 and 15   :   2 ratios suggest that a 5   :   1 ratio 
delivers too few chest compressions to be effective.  35,40    

  Chest  c ompression  t echnique 
 The modifi ed age defi nitions allow for a simplifi ed approach to chest compressions. 
Previous guidance has been superseded in an effort to reduce compression of the 
upper abdomen as opposed to the chest.  41   Infant chest compression technique has 
remained the same however older children chest compressions have moved to a 
dynamic choice between one or two hands, with an emphasis upon providing ade-
quate depth.  42  

 Key Point 

      Newborn  l ife  s upport 
 During the birthing process the foetus experiences a potential period of hypoxia due 
to inadequate placental oxygen exchange. Although most babies are able to tolerate 
this experience, a few may require newborn life support post delivery.  1   
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  Newborn  l ife  s upport  s equence 
 The following guidance is recommended by the Resuscitation Council (UK)  1   and the 
European Resuscitation Council  13   in the treatment of the newborn. 

  1.     Keep the baby warm and assess:  
   •      Babies are born small and wet. They can experience rapid heat loss, especially 

if they remain wet and in a draught.  
   •      Whatever the problem, ensure the cord is securely clamped and then dry the 

baby, remove the wet towels, and cover the baby with dry towels.  
   •      For signifi cantly preterm babies (30 weeks and below), there is now good 

evidence that placing the baby under a radiant heater and without drying the 
baby beforehand, immediately covering the head and body, apart from the 
face, with food - grade plastic wrapping, is the most effective way of keeping 
these very small babies warm during resuscitation or stabilisation at birth.  

   •      Drying the baby will provide signifi cant stimulation and will allow time to 
assess colour, tone, breathing, and heart rate.  

   •      Reassess these observations regularly (particularly the heart rate) every 
30   sec or so throughout the resuscitation process. The fi rst sign of any 
improvement in the baby will be an increase in heart rate.  

   •      A healthy baby will be born blue but will have good tone, will cry within a few 
seconds of delivery, will have a good heart rate (the heart rate of a healthy 
newborn baby is about 120 – 150 beats min  − 1 ), and will rapidly become pink 
during the fi rst 90 seconds or so.  

   •      A less healthy baby will be blue at birth, will have less good tone, may have 
a slow heart rate ( < 100 beats min  − 1 ), and may not establish adequate breath-
ing by 90 – 120 seconds.  

   •      An ill baby will be born pale and fl oppy, not breathing and with a slow or very 
slow heart rate.  

   •      The heart rate of a baby is best judged by listening with a stethoscope. It can 
also be felt by gently palpating the umbilical cord but a slow rate at the cord 
is not always indicative of a truly slow heart rate  –  feeling for peripheral pulses 
is not helpful as the anatomy of the baby makes this diffi cult to achieve with 
confi dence.    

  2.     Before the baby can breathe effectively the airway must be open: 
    •      Place the baby on his back with the head in the neutral position, i.e. with the 

neck neither fl exed nor extended. Most newborn babies will have a relatively 
prominent occiput, which will tend to fl ex the neck if the baby is placed on his 
back on a fl at surface. This can be avoided by placing some support under 
the shoulders of the baby, but be careful not to overextend the neck.  

   •      If the baby is very fl oppy it may also be necessary to apply chin lift or jaw 
thrust.    

  3.     If the baby is not breathing adequately by about 90 seconds give 5 infl ation 
breaths. Until now the baby ’ s lungs will have been fi lled with fl uid. Aeration of 
the lungs in these circumstances is likely to require sustained application of pres-
sures of about 30   cm of water for 23   sec  –  these are  ‘ infl ation breaths ’ . 
    •      If heart rate was below 100 beats min  − 1  initially then it should increase as 

oxygenated blood reaches the heart. If the heart rate does increase then it 
can be assumed that you have successfully aerated the lungs. If the heart 



Cardiopulmonary resuscitation and basic life support Chapter 3

69

    Figure 3.12     Newborn life support algorithm.  Reproduced with permission of 
Resuscitation Council UK.   
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     In the newborn patient a slow pulse (below 60bpm) is an 
inadequate pulse rate for vital organ perfusion therefore CPR 
should be commenced at a compression/ventilation ratio of 
3   :   1. 

rate increases but the baby does not start breathing independently, then 
continue to provide regular breaths at a rate of about 30 – 40   min  − 1  until the 
baby starts to breathe.  

   •      If heart rate does not increase following infl ation breaths, then either you 
have not aerated the lungs or the baby needs more than lung aeration alone. 
The most likely is failure to aerate the lungs effectively. If the heart rate does 
not increase, and the chest does not passively move with each infl ation 
breath, then you have not aerated the lungs effectively.    

  4.     If the heart rate remains slow (less than 60   min  − 1 ) or absent following 5 infl ation 
breaths, despite good passive chest movement in response to your infl ation 
efforts, start chest compressions as indicated below:  

  5.     Chest compressions should commence only when the lungs have been aerated 
successfully. 
    •      In babies, the most effi cient method of delivering chest compression is to grip 

the chest in both hands in such a way that the two thumbs can press on the 
lower third of the sternum, just below an imaginary line joining the nipples, 
with the fi ngers over the spine at the back.  

   •      Compress the chest quickly and fi rmly, reducing the antero - posterior diam-
eter of the chest by about one third.  

   •      The ratio of compressions to infl ations in newborn resuscitation is 3   :   1.  
   •      Chest compressions move oxygenated blood from the lungs back to the heart. 

Allow enough time during the relaxation phase of each compression cycle for 
the heart to refi ll with blood. Ensure that the chest is infl ating with each 
breath.         

 Key Point 

      Foreign  b ody  a irway  o bstruction ( c hoking) 
  Defi nition 

 Choking is defi ned as the presence of a foreign body within the airway causing a 
partial or complete obstruction.  43   Foreign body airway obstruction (FBAO) is an 
uncommon but preventable cause of cardiac arrest,  44   with the key element of treat-
ment being swift recognition followed by a set of simple steps.  1   Key signs and symp-
toms of the choking patient include: 

   •      History  –  the patient may have been eating, or a child playing with a small toy.  
   •      The victim may clutch their neck (universal choking sign).  
   •      The victim may be coughing.  
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    Figure 3.14     Deliver up to fi ve sharp blows between the shoulder blades.  

   •      Inability to breathe or cough (severe airway obstruction).  
   •      The victim may be unconscious.    

 Guidance for the treatment of the choking patient has been devised and stan-
dardised in the UK by the Resuscitation Council (UK)  1   and the European Resuscitation 
Council  13   utilising current best evidence and will therefore be recommended here.  

  Adult  c hoking  s equence 
      1.     If the patient has a mild airway obstruction encourage them to cough. No other 

action is required.  
  2.     If the patient shows signs of severe airway obstruction and is conscious:  

   •      Give up to fi ve back blows.  
   •      Stand to the side of but slightly behind the patient.  
   •      Support the chest with one hand and lean the victim well forward, so that any 

obstructing objects that are removed comes out of the mouth rather than 
progresses down the airway.  

   •      Give up to fi ve sharp blows between the shoulder blades with the heel of your 
other hand (Figure  3.14 ).    

  3.     Check to see if each back blow has cleared the obstruction. If the obstruction is 
removed do not continue to give all fi ve back blows.  

  4.     If fi ve back blows fail, continue to give up to fi ve abdominal thrusts. 
    •      Stand behind the patient and put both hands around the upper part of the 

abdomen.  
   •      Lean the patient forward.  
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   •      Clench your fi st and place it between the umbilicus and inferior to the 
xiphisternum.  

   •      Grasp this hand with the other hand and pull sharply inwards and upwards 
(See Figure  3.15 ).  

   •      Repeat up to fi ve times.    
  5.     If the obstruction is not relieved then continue to alternate fi ve back blows with 

fi ve abdominal thrusts.  
  6.     If the patient becomes unconscious begin CPR as described earlier in this chapter. 

This should be undertaken even if the choking patient has a pulse, this is because 
chest compressions (thrusts) will reproduce pressure within the thoracic cage to 
potentially expel a FBAO.       

  A  s ingle  m ethod for  r elieving  FBAO ? 
 Clinical data for the relieving of FBAO is relatively sparse with mainly single case 
studies and retrospective data being used. However some of this data is infl uential in 
the care of the FBAO victim. Approximately 50% of all FBAO cases are not relieved 
by a single technique,  45   whereas the use of multiple techniques such as back blows, 
abdominal thrusts and chest thrusts signifi cantly improves the likelihood of success.  46   

 There is much debate as to what technique should be utilised to relieve FBAO, 
however no consensus has been reached. Cadaver and anaesthetised volunteer 
studies have demonstrated that chest thrusts can deliver a signifi cantly higher 
airway pressure than abdominal thrusts, thus have the potential to be a more effec-
tive treatment for FBAO.  40,47   A similar study comparing abdominal thrust and back 
blows found that abdominal thrusts produced signifi cantly higher airway pressures 
and where therefore more likely to dislodge a foreign body.  48   However there is no 
evidence of suitable quality to validate or dispute any of the suggested techniques 
or to change current practice.  

  Aftercare  f ollowing a  c hoking  e pisode 
 There has been anecdotal evidence that suggests the use of FBAO relieving tech-
niques, especially the abdominal thrust can result in underlying injury such as rib 
fracture, oesophageal rupture and gastric rupture among others.  40,49   Therefore it is 
always recommended that any victim of choking who has required abdominal thrusts 
should be reviewed by a doctor.  1,13   

      Paediatric  c hoking  s equence 
      1.     If the patient has a mild airway obstruction, encourage them to cough. No other 

action is required.  

     If the patient is still able to cough effectively then supportive 
measures only are required. If the patient deteriorates then 
FBAO manoeuvres should be considered. 

 Key Point 
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    Figure 3.15     The abdominal thrust.  
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      1.     Basic life support and foreign body airway obstruction is age specifi c. It is 
essential that you are comfortable with the processes involved in each age 
group so that you are less anxious and more prepared in 
the event of attending a paediatric or adult cardiac 
arrest or choking.  

  2.     There is a clear step by step approach to resuscitation 
across the age continuum provided by the Resuscita-
tion Council (UK) that is based upon current best 
evidence and provides standardised care.    

 Chapter Key Points 

  2.     If the patient shows signs of severe airway obstruction and is conscious:  
   •      Give up to fi ve back blows as with the adult patient (see Figure  3.14  above).    

  3.     If back blows do not relieve the FBAO then provide chest thrusts to infants or 
abdominal thrusts with children.  

  4.     Back blows in an infant: 
    •      Support the infant in a head down position to allow for gravity to assist in 

removing the foreign body.  
   •      A seated or kneeling position may assist in this with the child across the lap.  
   •      Support the infants head by placing the thumb of one hand at the angle of 

the jaw and one or two fi ngers of the same hand at the same point on the 
other side of the jaw.  

   •      Deliver up to fi ve sharp back blows with the heel of the other hand, aiming to 
relieve the obstruction with each blow.    

  5.     In a child over 1 year this may be achieved with the same technique, or if a large 
child support the child in a forward position as with adults.  

  6.     Chest thrusts are performed in the same way as with adults i.e. using a chest 
compression but sharper and at a slower rate.  

  7.     Abdominal thrusts should only be performed in children over 1 year of age using 
the same technique as with adults. This is due to increased likelihood of underly-
ing intra - abdominal injury in the younger child.  

  8.     The cycle of back blows and abdominal thrusts or chest thrusts (in the child under 
1) should continue until the obstruction is cleared.  

  9.     In the unconscious child CPR should be commenced as with Paediatric Basic Life 
Support.    
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        Out - of - hospital cardiac arrest is a public health problem that results in survival to 
hospital discharge rates of between 6% and 7%.  1   Ventricular fi brillation is the most 
common initial rhythm in out - of - hospital cardiac arrest  2   and has a signifi cantly 
higher survival rate than patients presenting in non - shockable cardiac arrest 
rhythms. In some exemplary systems, survival to hospital discharge approaches 
30%.  3   Early defi brillation is the key to successful resuscitation of these patients. 
External cardiac pacing is not commonly used in ambulance services but may have 
value in the management of symptomatic bradycardia that does not respond to 
pharmacological intervention.  

  Defi nition of  d efi brillation 
 Defi brillation is the only effective therapy for cardiac arrest caused by ventricular 
fi brillation and can be defi ned as an attempt to depolarise a critical mass of the 
myocardium in order to restore the synchronicity of the heart ’ s electrical conduction 
system.  4   The overarching aim is to achieve the highest effi cacy with the lowest pos-
sible energy and current, allowing for depolarisation of the myocardial cells with 
minimal or no myocardial damage.  5   

 There are numerous factors that may impact on the effectiveness of defi brillation:   

 You are a fi rst responder called to attend a 55 - year - old female patient in cardiac 
arrest following a short period of  ‘ crushing ’  central chest pain. The patient has a 
previous history of ischaemic heart disease and has recently been discharged from 
hospital with unstable angina. You are the fi rst on scene and the responding 
ambulance crew is not expected for another 5 minutes. The only other person at 
the location is the patient ’ s mother who is 79 years of age. 

  1.     What are your priorities with this patient given that you are the only health 
care professional on scene?  

  2.     Given the history it is highly likely that this patient is in a shockable rhythm, 
when will you connect the defi brillator and what will you stop doing in order to 
achieve this?    

 Scenario 

  The  l iterature  b ehind  d efi brillation 
  Strategies  b efore  d efi brillation 
  Precordial  t hump 

 There is little high quality evidence to support the use of a precordial thump although 
3 old case series suggest that VF or pulseless VT was converted to a perfusing 
rhythm by a precordial thump.  6,7,8   It has been suggested that an effective precordial 
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thump may be delivered by the closed fi st from between 5 and 40 cm.  9   There are 
suggestions that a precordial thump may lead to rhythm deterioration but it is not 
possible to judge the likelihood of this occurring. Current recommendations suggest 
that a single precordial thump may be considered after a monitored cardiac arrest 
if a defi brillator is not immediately available.  9    

   CPR   b efore  d efi brillation 

 In two studies, 1½ – 3 minutes of CPR by paramedics or EMS physicians before 
attempted defi brillation improved return of spontaneous circulation (ROSC) and 
survival rates for adults with out - of - hospital VF or VT when the response interval 
and time to defi brillation was  ≥ 4 to 5 minutes.  10,11   A more recent trial contradicted 
these results and found no improvement in ROSC in adults with out - of - hospital VF 
or VT, in which 1 ½ minutes of paramedic CPR was delivered before defi brillation.  12   
In animal studies of VF lasting 5 minutes, CPR (often with administration of 
epinephrine) before defi brillation improved haemodynamics and survival rates.  9    

  Recommendation 

 In the case of out - of - hospital cardiac arrest attended, but unwitnessed, by healthcare 
professionals equipped with manual defi brillators, 2 minutes of CPR should be given 
prior to defi brillation (approximately 5 cycles of 30   :   2).  13     

  Transthoracic  i mpedance 
 Energy selection and transthoracic impedance are the two main determinants of 
intracardiac current fl ow during defi brillation. Transthoracic impedance (TTI) is the 
resistance to current fl ow created by body size and structure. Factors that deter-
mine TTI include energy selected, electrode size, paddle – skin coupling material, 
number and time interval of previous shocks, phase of ventilation, distance between 
electrodes (size of the chest), and paddle electrode pressure.  9   

  Pad/ p addle  p ositioning and  s ize 

 See Figure  4.1 .   
 No human studies have evaluated the effect of pad/paddle position on defi brilla-

tion success or survival rates; most studies evaluated cardioversion or used second-
ary endpoints such as TTI.  9   A review of the science in 2005 suggests that placement 
of paddles or electrode pads on the superior - anterior right chest and the inferior -
 lateral left chest were effective, whilst alternative positions such as apex - posterior 
and anteroposterior positions were also reported to be effective.  9   Where paddles 
are being used it is suggested that the apical paddle should be placed longitudinally 
to maximise contact with the chest;  14   it is not clear if this is applicable to adhesive 
pads. Care should be taken to avoid placing pads or paddles directly on breast tissue 
as this has been shown to increase TTI.  15   

 One human study  16   and one animal study  17   documented higher success rates with 
larger 12.8 cm paddles compared with 8 cm paddles. A number of studies have 
reported reduced TTI with larger paddles  15,    18 – 23   and one animal study has shown 
signifi cant myocardial damage when using small (4.3 cm electrodes) when compared 
with 8 cm or 12.8 cm pads.  24    
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    Figure 4.1     Defi brillation electrode position.  

  Recommendations  9   

     •      Pads should be placed on the superior - anterior right chest and inferior lateral 
left chest where possible.  

   •      In large - breasted women it is reasonable to place the left electrode pad/paddle 
lateral to or beneath the breast, where paddles are used; the apical paddle should 
be placed longitudinally.  

   •      Defi brillation success may be improved with 12.3 cm pads rather than 8 cm pads, 
small pads should be avoided to reduce the risk of myocardial injury.  

   •      Where paddles are being used, the apical paddle should be placed longitudinally.     
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  Adhesive  p ads or  p addles? 

 Several studies reported in the 2005 International Consensus on Cardiopulmonary 
Resuscitation suggest that levels of TTI are similar with both paddles and pads. It 
has been suggested that TTI is reduced where an optimum 8 kg of pressure is applied 
to paddles but there are several safety and practical advantages to the use of pads, 
particularly in the prehospital environment.  9    

  Ventilation  s tatus 

 During the inspiratory cycle the patient ’ s lungs are fi lling with air, which increases 
TTI. Delivering shocks at the end of expiration when the lungs are defl ated will 
reduce TTI and increase the chances of successful defi brillation.  4    

  Recommendations 

     •      Adhesive pads are safe and effective and suitable as an alternative to paddles.  
   •      Defi brillation should coincide with the peak of expiration to minimise TTI.      

  Defi brillation  w aveform 
  Biphasic  v   m onophasic  d efi brillation 

 Defi brillation waveforms are complex interventions; it is not important to understand 
the waveforms used by these defi brillators but it is important that the most effective 
devices are used. Monophasic waveforms vary in the speed at which the waveform 
returns to the zero voltage point  –  gradually (damped sinusoidal) or instantaneously 
(truncated exponential)  –  and deliver a current that proceeds in a single direction.  25   
All new defi brillators produce a biphasic waveform, which means that the current 
fl ows initially in a positive direction and then, after a predetermined time reverses 
to a negative direction. The modern generation of biphasic defi brillators are cali-
brated to alter the waveform delivered to the patient based on TTI (that is, imped-
ance compensated biphasic waveforms (ICB)). These devices aim to deliver a shock 
 ‘ dose ’  that is proportional to each patient.  26   

 This waveform has been shown to be more effective than the monophasic wave-
form defi brillators,  27   and is successful with fewer shocks.  28   Biphasic defi brillators are 
smaller and lighter than monophasic defi brillators and use lower energy levels so 
require less battery power.  

  Recommendation 

     •      Biphasic waveform shocks are safe and effective for termination of VF when 
compared with monophasic waveform shocks.  9        

  Energy  l evels for  d efi brillation 
 A metanalysis identifi ed insuffi cient evidence for or against a specifi c energy level 
for either fi rst or subsequent shocks when using a defi brillator.  9   It is reasonable to 
use energy levels of 150 – 200 joules with BTE waveform biphasic defi brillators, and 
120 joules with the rectilinear biphasic waveform. An initial shock of 360 joules is 
considered reasonable when using a monophasic waveform defi brillator.  9    
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  Automated  e xternal  d efi brillation 
 Automated external defi brillators (AED) are sophisticated, computerised devices 
that deliver defi brillatory shocks to those in cardiac arrest caused by VF or 
ventricular tachycardia (VT).  29   AEDs use voice and visual prompts to guide the 
practitioner in the delivery of defi brillatory shocks and have become more sophis-
ticated and safer over recent years. For AEDs to perform reliable ECG signal 
analysis and make a shock/no - shock decision, CPR must be discontinued due to 
the artefacts introduced by chest compressions and ventilations;  30   this introduces 
periods where there is no blood fl ow from compressions. One study identifi ed 
that patients were not perfused for approximately 50% of the time when an 
AED was used in out - of - hospital cardiac arrest.  31   Animal studies have shown these 
delays to be linked to a worse outcome in cases of prolonged VF.  32   

 A number of studies indicate that the use of AEDs by trained lay and profes-
sional responders has signifi cantly improved the outcome for those who suffer an 
out - of - hospital VF cardiac arrest where an effective response plan is in place.  33 – 37   
The evidence for the use of AEDs by trained responders (e.g. police and fi re) is 
less clear with some studies indicating improved survival whilst others show no 
improvement.  9   

  Recommendations 

 Use of AEDs by trained lay and professional responders is recommended to 
increase survival rates in patients with cardiac arrest. Use of AEDs in public set-
tings (airports, casinos, sports facilities, etc) where witnessed cardiac arrest is 
likely to occur can be useful if an effective response plan is in place.  9   In order to 
minimise the time where there is no blood fl ow due to interruptions in compres-
sions, professional ambulance staff should be trained in and have the use of manual 
defi brillators.    

  Procedure for  d efi brillation  

   Procedure     Additional information/
rationale  

  1. Perform CPR until defi brillator/monitor is attached.    Maximises perfusion whilst 
awaiting equipment.  

  2. Prepare patient ’ s chest. Check for: 
   •      Patches (e.g. GTN) remove if found.  
   •      Jewellery or piercings in the pathway of defi brillation; 

remove if found.  
   •      Moisture: dry wet chests.  
   •      Pacemaker sites: avoid defi brillating over pacemaker 
sites.  
   •      Underwired bras: remove if found.     

  Maximises contact 
between pads and chest 
and reduces TTI.  
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   Procedure     Additional information/
rationale  

  2. It may be necessary to shave chest hair for pad positioning 
but this should not delay defi brillation if no razor is available.  

    

  3. Place the right (sternal) electrode to the right of the 
sternum, below the clavicle, and the apical paddle vertically 
in the mid - axillary line, approximately level with the V6 ECG 
electrode position or the female breast.  

  Ensures that the current 
passes through a critical 
mass of the myocardium.  

  4. Assess rhythm.    To identify shockable or 
non - shockable rhythm.  

  5. Select appropriate energy for defi brillator.      

  6. Use strong verbal commands: 
   ‘ VF/VT seen ’   
   ‘ Charging at 150 joules ’  (energy stated here is an example 
only).     

  Ensure safety during 
defi brillation  

  7. Confi rm that nobody is in direct or indirect contact with the 
patient. Consider commands such as: 
   ‘ Top, middle, bottom clear ’  whilst checking those specifi c areas 
of the patient.     

    

  8. Ensure that oxygen is off and intravenous lines are down.      

  9. State:  ‘ stand clear ’ .      

  10. Perform a fi nal quick visual check to ensure that everyone 
is clear.  

    

  11. Deliver shock.      

  12. Immediately recommence CPR irrespective of the present-
ing rhythm.  

    

   Defi nition of  t ranscutaneous  c ardiac  p acing ( TCP ) 
 External (transcutaneous) pacing is a temporary method of pacing a patient ’ s 
heart during an emergency. Pulses of electrical current are delivered through 
the patient ’ s chest to stimulate the cardiac muscle to contract. It restores elec-
trical stimulation to the myocardium in an emergency setting and can be initi-
ated quickly by any healthcare professional who has undertaken the necessary 
training.  38    
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  Terminology  u sed in  t ranscutaneous  c ardiac  p acing 
     •      Capture:     The presence of a QRS complex after a pacing spike (electrical capture). 

If the patient has a palpable pulse consistent with the heart rate on the monitor 
then mechanical capture has also been achieved.  

   •      Demand pacing:     The provision of a pacing stimulus only when the patient ’ s heart 
rate falls below a predetermined limit.  

   •      Fist (percussion) pacing:     The use of serial rhythmic blows with the closed fi st 
over the left lower edge of the sternum to pace the heart. This will only be used 
in the emergency setting in P - wave asystole and profound bradycardia resulting 
in clinical cardiac arrest.  39    

   •      Fixed - rate pacing:     The provision of a pacing stimulus irrespective of the 
patient ’ s intrinsic heart rate.  

   •      Threshold:     The minimum energy required to maintain consistent capture.     

  Indications for  u se of  t ranscutaneous  c ardiac  p acing 
 The European Resuscitation Council Guidelines for resuscitation 2005 advocate 
TCP in bradycardia where there is no response to atropine, if atropine is unlikely to 
be effective or if the patient is severely symptomatic, particularly if there is high -
 degree block (M ö bitz Type II or third - degree block).  40   The Joint Royal Colleges 
Ambulance Liaison Committee (JRCALC) also advocates the use of TCP where 
available.  41     

     How does atropine work? 
 Can you explain how the different heart 
blocks manifest themselves on the ECG 
and relate them to the 
electrophysiology of the heart? 
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  The  l iterature  b ehind  t ranscutaneous  c ardiac  p acing 
 There are few studies evaluating the use of transcutaneous pacing in the prehos-
pital environment and all are over 15 years old. The conclusion of a systematic 
review of the literature suggests that there is no evidence to support the use 
of TCP in bradyasystolic cardiac arrest, and inadequate evidence to determine 
the effi cacy of prehospital TCP in the treatment of symptomatic bradycardia.  42   
However, temporary pacing has become the standard method for providing imme-
diate treatment of severe bradycardias and certain tachycardias for the past 20 
years.  43   

 A pilot study has been undertaken to assess the feasibility of undertaking a ran-
domised controlled trial (RCT) to evaluate the safety and effectiveness of prehospi-
tal TCP;  44   its results may help provide further evidence to support or refute the use 
of prehospital TCP.  

  Equipment 
     •      Defi brillator/ECG monitor with TCP function.  
   •      Pacing pads.  
   •      Scissors.  
   •      Analgesia may also be required.    

  Skin  p reparation 
 Prepare the patient by removing excess hair; this will help to improve contact 
between the electrodes and the patient ’ s skin. It is recommended that scissors are 
used for this rather than a razor as any nicks in the skin can cause burns and exces-
sive discomfort.  45,46   Consider cleaning the patient ’ s skin with alcohol to remove salt 
residue from sweat as this has been linked to increased discomfort and a reduction 
in the effectiveness of pacing.  47    

  Pad  p ositioning 
 The positioning of the electrodes will depend upon whether the electrodes used are 
multi - function electrodes (MFE) capable of defi brillation and pacing, or pacing only 
electrodes. 

  Pacing  o nly  e lectrodes 

 An anterior/posterior (AP) position is recommended for use so that defi brillation 
pads can be applied rapidly in the event that defi brillation becomes necessary. 
The anterior electrode is placed on the left anterior chest (i.e. left of the 
sternum) centred over the position for lead V3. The posterior electrode should 
be placed to the left of the thoracic vertebrae, opposite the anterior electrode 
position.  45    
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  Multi -  f unction  e lectrodes 

 These electrodes are capable of defi brillation and monitoring as well as pacing. They 
must be placed in a position where defi brillation and chest compressions can be 
performed if required. Either an AP position or a right pectoral and apical position 
may be chosen. The AP position is preferred but should not be used if the patient is 
in cardiac arrest as compressions should not be interrupted to allow placement of 
the posterior electrode.  39     

  Procedure for  TCP   

   Procedure     Additional information/
rationale  

  1. Explain the procedure to the patient, gain consent and 
co - operation.  

  Legal requirement.  

  2. Attach ECG electrodes to the patient and connect to 
the ECG monitor.  

    

  3. Prepare the patient ’ s chest.    Reduces discomfort and 
improves effectiveness of 
pacing.  

  4. Remove excess hair (preferably trim with scissors) and 
consider cleaning chest with alcohol.  

  Improves electrode contact 
whilst reducing discomfort.  

  5. Following the instructions on the package, apply the 
MFE or pacing electrodes and connect to the pacing 
machine.  

    

  6. Select the appropriate pacing mode  –  demand pacing is 
normally selected in the emergency setting.  

    

  7. Set an appropriate rate; normally 60 – 90 beats/
minute.  45   Start the output at the lowest setting and 
gradually increase until electrical capture is gained.  

  If the bradycardia was extreme, 
it is recommended that the 
initial pacing rate be lowered.  39    

  8. The output needs to be higher than the threshold so it 
is recommended that output is increased by about 2   mA.  45    

  Allows capture to be main-
tained once threshold has been 
reached.  

  9. Monitor the patient ’ s heart rate and rhythm to assess 
ventricular response to pacing; assess the haemodynamic 
response by palpating central pulses and taking blood 
pressure.  38    

  Ensures mechanical as well as 
electrical capture and assesses 
the patient ’ s physiological 
response to the procedure.  

  10. Administer analgesia as required and per guidelines.    To minimise pain.  

  11. Monitor and adjust output if capture is lost.      
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      1.     Defi brillation is the only effective therapy for cardiac arrest caused by ven-
tricular fi brillation and can be defi ned as an attempt to depolarise a critical 
mass of the myocardium in order to restore the synchronicity of the heart ’ s 
electrical conduction system.  

  2.     A 1½ to 3 - minute period of CPR may be considered before attempting defi bril-
lation in adults with out - of - hospital VF or pulseless VT when the EMS response 
(call to arrival) interval is  > 4 to 5 minutes  

  3.     Adhesive pads are safe and effective and suitable as an alternative to paddles.  
  4.     Defi brillation should coincide with the peak of expiration to minimise TTI.  
  5.     External (transcutaneous) pacing is a temporary method of pacing a patient ’ s 

heart during an emergency.  
  6.     The European Resuscitation Council Guidelines for 

resuscitation 2005 advocate TCP in bradycardia 
where there is no response to atropine, if atropine is 
unlikely to be effective or if the patient is severely 
symptomatic, particularly if there is high - degree block 
(M ö bitz Type II second -  or third - degree block).    
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 Assessment of vital signs is a very important aspect of health care and assessment 
as these can rapidly refl ect basic health status or manifestations of physiological 
and psychological reactions of stress or disease processes. Vital signs or observa-
tions include areas such as pulse rate, respiratory rate, blood pressure and tem-
perature, in addition, in advancing healthcare investigations such as blood glucose 
measurements, peak expiratory fl ow and oxygen saturations are common clinical 
observations that are measured. 

 In understanding disease processes and homeostatic mechanisms the body ’ s 
physiological responses can be assessed through the accurate measurement of such 
vital signs. Therefore the ability to undertake and perform correct observation tech-
niques is essential in patient monitoring. This chapter will guide the practitioner 
through the process of performing vital sign measurements and provide a theoreti-
cal underpinning for each skill using best evidence. 

 
         

       What methods can you think of that 
will enable you to assess the 
cardiovascular function of a patient? 
Consider the wider effects of an 
altered cardiovascular system. 

  The  a ssessment of  p ulses 
 A pulse is the alternating expansion and recoil of arteries during each cardiac cycle; 
it is felt as the pressure wave passes through the arterial tree.  1   A pulse can be pal-
pated in any artery that lies close to the surface of the body by compressing the 
artery against fi rm tissue such as bone; this provides a simple method of counting 
heart rate. Due to accessibility the radial pulse is the most routinely used, the radial 
artery surfaces prominently at the wrist. However there are a variety of sites that 
can be utilised and may be clinically important; these include: 

   •      The carotid artery  
   •      The subclavian artery  
   •      The brachial artery  
   •      The aorta  
   •      The ulna artery  
   •      The femoral artery  
   •      The popliteal artery  
   •      The dorsalis pedis artery.    
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 The locations of and fl ow of these can be found in the majority of anatomy and 
physiology textbooks or on - line. 

  Indications for  m easuring a  p ulse 
 A pulse is taken for a variety of reasons, both clinically and psychologically, these 
include: 

   •      To gather information on the patients cardiovascular status  
   •      To gain a baseline measurement for future review and monitoring  
   •      To provide reassurance and gain a bond with patients who may be anxious.    

 The pulse is palpated to assess for the following: 

   •      Rate  
   •      Rhythm  
   •      Amplitude.     

  Pulse  r ate 
 Normal pulse rates vary across client groups with factors such as age (see Table  5.1 ) 
and health status affecting rate. The pulse may also vary due to posture, for example 
a healthy adult male may have a pulse of 66 beats per minute when laying down, 
however this may rise to 70 when sitting up and rise again to 80 upon standing. This 
may rise further during times of distress or vigorous exercise; rates of between 
140 – 180 are not unusual at these times.  1     

 A normal adult resting pulse rate is between 60 – 100   bpm,  2   with rates below 
60   bpm termed as bradycardic and greater than 100   bpm tachycardic. These defi ni-
tions are however arbitrary and should be taken in context of the clinical situation. 
There are numerous causes of both fast and slow pulse rates, examples of these can 
be seen in Table  5.2 .   

 The pulse rate is a major factor in cardiac output, cardiac output is the volume 
of blood ejected by each ventricle per minute. This is a factor of stroke volume which 
is the volume pumped by each contraction of the ventricle and the heart rate. The 
relationship between these is shown in the following equation:

   Cardiac output heart rate stroke volume= ×   

 The pulse rate of a healthy individual tends to be relatively constant, however in 
disease states or injury the stroke volume can be reduced, this is especially promi-
nent in damage to cardiac muscle and reduced blood volume states.  2   In these cases 
cardiac output can only be maintained by increases in heart rate.  

 Table 5.1     Normal pulse rates per minute across the age continuum 

  Age (years)     < 1    2 – 5    5 – 12     > 12  

  Pulse range    110 – 160    95 – 140    80 – 120    60 – 100  
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 Table 5.2     Causes of bradycardia and tachycardia ,  adapted from Douglas G, 
Nicol F, Robertson C. (2005)  Macleod ’ s Clinical Examination.  London: Elsevier.  2     

   Fast heart rate (tachycardia)     Slow heart rate (bradycardia)  

  Exercise    Sleep  
  Pain    Athletic training  
  Excitement/anxiety    Hypothyroidism  
  Fever    Medication (beta blockers, digoxin)  
  Medication (sympathomimetics, vasodilators)    Complete and second degree heart block  
  Hyperthyroidism    Sick sinus syndrome  
  Cardiac arrhythmia (atrial fi brillation, atrial 
fl utter, supraventricular tachycardia, 
ventricular tachycardia)  

  Carotid sinus sensitivity  

  Pulse  r hythm 
 The rhythm of a pulse is regular in health, due to the co - ordination of the cardiac 
muscle fi bres. The heart has an independent, co - ordinated conduction system that 
is a function of gap junctions and the hearts intrinsic cardiac conduction system.  1,3   
Gap junctions in cardiac muscle cells form interconnections between adjacent cells 
allowing for the passing of charged ions and therefore nervous impulses from cell 
to cell. The intrinsic cardiac conduction system consists of a group of non - contractile 
cardiac cells specialised in initiating and distributing impulses throughout the heart, 
so that it depolarises and contracts in an orderly manner.  1   

 It is important to identify any irregularity of the pulse rhythm, considering whether 
this is a permanent change or an intermittent problem. A normal pulse may be 
altered by extra systoles, ectopic beats or cardiac arrhythmia. Common causes of 
an irregular pulse can be seen Box  5.1 .   

 Often the pulse wave produced by an extra systole is diffi cult to palpate at the 
wrist as it is too weak, therefore this may produce a pulse defi cit where the pulse 
felt at the wrist differs from the heart rate at the apex of the heart.  2   Ventricular 
ectopic beats (extra beats originating from within the ventricles) are followed by a 
compensatory diastolic pause to allow for increased ventricular fi lling, thus a delayed 
beat is noted following the extra systole. 

 The presence arrhythmias such as atrial fi brillation or second degree heart block 
cause an irregularity in pulse rhythm due to loss of co - ordination of the electrical 
conduction system this may be through rapid electrical discharge or delayed dis-
charge. Pulse rhythms can be classed either regular or irregular, however variations 
exist as seen in Table  5.3 .    

Box 5.1 Common causes of an irregular pulse   2   

     Sinus arrhythmia 
 Atrial extrasystoles 
 Ventricular extrasystoles 
 Atrial fi brillation 
 Second degree heart block  
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 Table 5.3     Heart rate rhythm abnormalities   4    

  Regular    Self explanatory. It should be noted that heart rate can accelerate 
with inspiration and decrease with expiration in the normal adult. 
This is due to reduced tone of the vagus nerve (which slows the 
heart) during inspiration  6  . This is often referred to as sinus 
arrhythmia.  

  Irregularly irregular    This is a completely random pattern of pulsation. This is normally 
associated with atrial fi brillation where irregular impulses reach 
the ventricles causing irregular pulsation with no discernable 
pattern.  

  Regularly irregular    It is possible to have an irregular beat that occurs in a regular 
pattern. This is commonly seen in second degree heart blocks 
and pulsus bigeminus.  

  Regular with ectopics    A normal heart rate may be interrupted by a beat that is out of 
sequence making the pulse feel irregularly irregular. This requires 
electrocardiography to confi rm.  

  Pulse  v olume/ c haracter 
 Also referred to as amplitude, the strength of a pulse is a refl ection of force of ejec-
tion of blood from the ventricles and the elasticity of the arterial wall. The fl exibility 
of an elastic artery in a healthy young adult feels different from a hardened arte-
riosclerotic vessel. A large volume pulse may be felt during times of high cardiac 
output such as exercise, stress, heat and pregnancy. It may also occur with fever, 
thyrotoxicosis, anaemia, peripheral arteriovenous shunts and Paget ’ s disease.  2   It 
may also be caused by aortic regurgitation, a condition which results in back fl ow 
of blood through the aortic valve. A low volume pulse is a sign of reduced stroke 
volume secondary to cardiovascular disease or peripheral vascular disease. A weak 
or thready pulse is most commonly seen in the hypovolaemic patient.  3,5   

 The term character has a similar yet distinct meaning, with volume you are looking 
for the strength of a pulse, however with character the strength is assessed along-
side how quickly or slowly this is achieved.  6   This is best assessed at the carotid artery 
as the source is nearer to the heart and less subject to damping and distortion from 
the arterial tree. This is not an easy skill to acquire and requires experience therefore 
further reading is suggested (see References).  

  Pulse  s ymmetry 
 Symmetry of the major arteries can provide useful information, however this is not 
routinely required. The undertaking of these tests is usually as a result of clinical 
suspicion of conditions such as acute aortic dissection or obstruction of the arterial 
tree.  7   Pulses should be bilaterally equal and felt simultaneously, any delay or reduc-
tion of volume could indicate an abnormal pathology. Any delay between the radial 
artery and femoral artery on the same side may also indicate an underlying 
condition.  
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  Technique for  p ulse  t aking 
 The technique for pulse taking applies to all pulses with only the location altering. 
A step by step guide to the process of pulse taking can be seen below. 

  The  p rocedure for  p ulse  t aking 

   Procedure     Rationale  

  1. Explain and discuss the procedure to the 
patient.  

  This is vital for both consent and 
relaxing the patient to get a more 
accurate reading.  

  2. Place the fi rst, second and third fi nger 
along the artery and press gently.  

  The thumb should not be used as it has 
a strong pulse which may be mistaken 
for the patient ’ s pulse (although in 
stronger pulses such as the brachial or 
the carotid it may be used as there is 
less likelihood of confusion). Pressing 
hard will occlude the artery making it 
diffi cult to palpate the pressure wave in 
the artery.  

  3. The pulse should be counted for 15 
seconds (minimum) and multiplied by 4 to 

provide the number of beats per minute.  7   
If the beat is irregular or is either too 
rapid or too slow then a 60 second count 
may be more appropriate.  8,9   Make note of 
the strength and character of the pulse.  

  An irregular, slow or fast pulse may be 
poorly estimated using a short counting 
period, therefore a longer period will 
allow for a more accurate estimation of 
pulse rate.  

  4. Counting should start from 1 as 
opposed to 0.  

  This method has been proven more 
accurate in recording heart rate.  8    

  5. Record the pulse rate on the patient 
record.  

  This allows for trends to be recognised 
over time.  

  6. Now palpate the opposite artery in the 
same manner.  This should not be 
undertaken with the carotid artery.   

  If either pulse feels diminished in volume 
confi rm the difference by simultaneously 
palpating the arteries. This may indicate 
conditions such as coarctation, blockage 
of any artery or aneurysm. You should 
not palpate both carotid arteries 
simultaneously as this will reduce 
cerebral blood fl ow.  

  7. In carotid artery palpation the patient 
should lie on a bed or couch.  

  Palpation of the artery may cause a 
refl ex bradycardia; this may cause a 
reduction in blood pressure and 
subsequent syncope.  
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  Locating the  a rtery 
 There are four key arteries for pulse taking; the radial artery; the brachial artery; 
the femoral artery and the carotid artery. However, any artery may be of clinical 
signifi cance, for example dorsalis pedis artery in the foot in extremity trauma, which 
is often used in assessing peripheral blood fl ow beyond the site of a leg injury. 

  The  r adial  a rtery 

 The radial artery is most commonly palpated proximal to the wrist on the radial 
(thumb) side of the palmar aspect (inner) of the forearm. In some patients you may 
be able to see the pulsation of the artery; therefore it is often worth visually inspect-
ing the area prior to locating the pulse.  

  The  b rachial  a rtery 

 The brachial pulse is located medially to the bicep tendon in the crease of the elbow. 
In the anatomical position this will be on the medial aspect of the arm.  

  The  f emoral  a rtery 

 This is palpated at the midway point between the upper extremity of the pubis and 
the anterior portion of the iliac spine.  

  The  c arotid  a rtery 

 The carotid artery is located between the larynx and the anterior border of the 
sternocleidomastoid muscle. Gently pressing between these structures should allow 
for palpation of the artery.  

  The  d orsalis  p edis  a rtery 

 This is often referred to as the pedal pulse and is located over the dorsum of the 
foot. This is felt by compressing over the tarsal bones of the mid - foot. 

 
     

 It is important not only to assess for the presence of a pulse 
but to consider the rate, volume and rhythm as these factors 
may indicate altered physiology and disease processes. 

 Key Point 
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  Capillary  r efi ll  t ime  m easurement 
 Capillary refi ll time (CRT) is defi ned as the time taken for blood that has been 
removed from the tissues by the application of pressure to return to the tissues.  10   
Traditionally CRT has been taught as a tool for rapid cardiovascular assessment and 
an indication of the adequacy of tissue perfusion (often after traumatic injury). 
Normal CRT is proposed to be less than two seconds, with any time longer than this 
deemed as prolonged or abnormal, however there is considerable debate as to the 
accuracy of such a parameter.  11   

  What  c an  i nfl uence  CRT ? 
 In three studies that sought to verify the accuracy of a parameter for  ‘ normal ’  CRT, 
results of up to 6 seconds were found.  12   Findings suggest that CRT is age, sex and 
environment dependant, with adult males and children having signifi cantly shorter 
CRT than women and the elderly. It has also been noted that ambient and body 
temperature can signifi cantly alter CRT with reduced temperatures increasing 
CRT.  12,13   There is also a potential infl uence upon CRT with the use of vasoactive 
medications such as inotropes in the critically ill.  

  Where  d o  I   m easure? 
 Traditionally CRT is measured on the pulp of a digit,  11   however the sternum and 
forehead are also areas of common usage. In the assessment of tissue perfusion 
below the site of an injury then naturally the site must be distal to the injury for the 
assessment to be of use. There is little defi nitive evidence to suggest one area for 
measurement is superior to another; however the use of differing areas for measure-
ment, such as the foot may be linked to an increase CRT in cooler ambient tem-
peratures.  13    

  Is this  a ccurate? 
 In a series of studies into the predictive value of CRT as an indicator of severity of 
illness or hypovolaemic status there appears little confi dence in CRT use, with little 
validity found. Holcomb  et al .  14   and Schriger and Baraff  15   found that CRT had little 
specifi city and sensitivity in recognising hypovolaemia in trauma fi eld studies and 
lab based studies respectively. A further study by Klupp and Keenan,  16   suggests that 
CRT is a poor predictor of peripheral vascular supply and therefore limited in its 
application. 

 Whilst there is little evidence to support the use of CRT as a measure of haemo-
dynamic status, it is perceived as a quick and easy test that can be undertaken in 
any condition  17   and is therefore likely to remain as a part of clinical practice in the 
near future. It must however be considered as a part of a holistic assessment process 
and not in isolation.  

  Technique for  m easuring  c apillary  r efi ll  t ime 
 There is no evidence to support a specifi c process for the measurement of CRT, 
therefore guidance is based upon current opinion and practice. 
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  Capillary  r efi ll  t ime  m easurement  p rocedure 

   Procedure     Rationale  

  1. Explain the procedure to the patient and 
gain informed consent.  

  This is vital in all episodes of patient care 
to ensure conformity to professional duty 
of care and legal implications of consent.  

  2. If using the pulp of the fi nger raise the 
hand to the level of the heart.  

  This will ensure assessment of arteriolar 
capillary and venous stasis refi ll.  11    

  3. Apply pressure to the digit for fi ve seconds 
to compress blood from the tissues. The 
pressure should be enough to produce 
blanching.  

  There is little evidence to support a 
specifi c time for this, however shorter 
times may not remove blood from the 
tissues and subsequently falsely reduce 
CRT. A single study in neonatal patients 
suggests that there is no signifi cant 
difference between 3s – 7s.  18   However in 
the absence of strong evidence a 
suggested time of at least 5 seconds is 
recommended.  

  4. Release the pressure and time how long it 
takes for the colour of the digit to return to 
the same colour as the surrounding tissues.  

  This is the capillary refi ll time.  

  5. Document the fi ndings.    This is essential to monitor trends over 
time.  

  6. Remember to consider ambient tempera-
ture, patient temperature and other fi ndings.  

  This will allow for more appropriate 
application of the fi ndings.  

  Blood  p ressure  m easurement 
 Blood pressure is defi ned as the force per unit area exerted on a vessel wall by the 
contained blood.  1   Within the context of prehospital care blood pressure refers to 
systemic arterial blood pressure. The nearer a blood vessel is to the heart the higher 
the blood pressure. It is this pressure gradient that maintains blood movement 
throughout the body.  1   Blood pressure is highest during the systolic phase of the 
cardiac cycle following contraction of the ventricle and lowest during the diastolic 
phase when the ventricles relax and refi ll. Blood pressure is usually expressed in 
term of millimetres of mercury (mmHg); this is the force exerted by a column of 
mercury of a height stated in millimetres. It is recorded as a systolic value over a 
diastolic value, for example 135/76   mmHg. The gap between the systolic pressure 
and the diastolic pressure is known as the pulse pressure.  1   

 Blood pressure is a function of two main factors: (i) how much the elastic arteries 
near to the heart can be stretched and (ii) the volume of blood forced into them at 
any one time.  1   
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  Indications for  m onitoring  b lood  p ressure 
 Blood pressure is monitored for a variety of reasons including: 

  1.     To record a baseline for future measurements  
  2.     To record changes in response to treatments or condition  
  3.     To monitor haemodynamic status.     

  What Infl uences  b lood  p ressure? 
 Infl uences upon blood pressure are wide and varied. Blood pressure can be affected 
by weight, age, diet, time of day, pain, pregnancy, anxiety and further wide ranging 
medical conditions.  19,20   The circumstances of the measurement itself may also be a 
factor in blood pressure readings with rises in systolic blood pressure of over 
20   mmHg being attributed to anxiety and a perceived  ‘ white coat effect ’ .  21   White coat 
hypertension is a condition in which a normotensive subject becomes hypertensive 
during blood pressure measurement, but then becomes normotensive again outside 
of the medical environment. 

 
   

    
    

What medical conditions can you think of that 
will cause alterations to blood pressure? What 
conditions may lead to increased or decreased 
blood pressure?

  Normal  b lood  p ressure 
 Normotension is a diffi cult notion as blood pressure can vary in individuals and can 
fl uctuate due to a variety of factors. General consensus suggests that systolic read-
ings of around 120   mmHg and diastolic readings around 80   mmHg are considered 
 ‘ normal ’ .  22   However these may vary between 140/90   mmHg to 100/60   mmHg.  3   Any 
blood pressure reading must be taken in context as a blood pressure of 100/60   mmHg 
in a patient who has a normal blood pressure of 180/110   mmHg may well be 
hypotensive.  

  Hypertension 
 Hypertension is an elevation of the blood pressure that may be acute or chronic. 
In an adult this is generally considered to be any values above 140/90   mmHg 
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and defi ned as  ‘ the level of blood pressure at which there is evidence that 
blood pressure reduction does more good than harm ’ .  23   With variations in blood 
pressure measurement and the fl uctuating nature of blood pressure, diagnoses 
of high blood pressure are not made upon single measurement but upon a series 
of measures. Hypertension is a signifi cant risk factor for cardiovascular diseases 
such as myocardial infarction and stroke, therefore early diagnosis and treatment 
are key.  

  Hypotension 
 Hypotension or low blood pressure is generally defi ned as a systolic reading below 
100   mmHg.  1   It may simply be a variation in blood pressure, however in the acutely ill 
patient it may be an indication of hypovolaemia, sepsis or cardiogenic shock.  24   
Orthostatic or postural hypotension is a fall in systolic blood pressure of at least 
20   mmHg or 10   mmHg in diastolic blood pressure within three minutes of quiet stand-
ing.  25   This may be asymptomatic or cause the patient to feel light - headed and in 
older patients this is linked with falls and poor mobility.  26    

  Mean  a rterial  p ressure 
 Mean arterial blood pressure is the average pressure required to move blood 
through the circulatory system. The mean arterial pressure may be calculated 
mathematically or electronically. Mathematically it is calculated as below:

   
Mean arterial pressure

1

3
Systolic blood pressure Diastol= +

2

3
iic blood pressure

  

 For example, a blood pressure of 120/90   mmHg gives a mean arterial pressure of 
100   mmHg.  

  Measuring  b lood  p ressure 
 There are two overall methods for measuring blood pressure; direct and indirect. 
Direct methods are considered more accurate, however these involve the placement 
of a pressure transducer (sensor) into an artery to directly measure the blood intra -
 arterial pressure. This method is commonly used in critical care areas such as 
intensive care units where patients require continuous and accurate monitoring. 
However this is not practical outside of these areas. Indirect blood pressure monitor-
ing uses external cuffs to assess blood pressure either through auscultation or 
changes in cuff pressure. Wherever the environment, blood pressure measurements 
should be undertaken by trained healthcare professionals using equipment that is 
accurate, validated and well maintained. Failure to achieve this may result in errone-
ous or inaccurate readings being obtained. 

 The auscultatory method of measurement using mercury sphygmomanometers 
(a sphygmomanometer is a blood pressure measuring device) has been the mainstay 
of blood pressure measurement since blood pressure has been measured. However 
with an anticipated withdrawal of mercury devices for health and safety reasons 
alternative devices are required.  27   
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  Mercury  s phygmomanometers 

 The mercury sphygmomanometer has been the perceived gold standard equipment 
for blood pressure measuring for many years. The simplistic design of these devices 
makes them easy to use and maintain. However there is a risk of chemical spillage, 
therefore special precautions are required in areas where they are used.  26   Despite 
the simplistic design this equipment requires maintenance with studies fi nding that 
many devices are often inaccurate or defective due to poor maintenance sched-
ules.  28,29   This system relies upon the pressure created by a column of mercury within 
the device to provide a measurement.  

  Aneroid  s phygmomanometers 

 In these devices the pressure is registered by a series of metal bellows that expand 
as the cuff pressure increases and a series of levers that register pressure on a 
circular scale.  26   This device is however susceptible to damage from rough handling 
and poor maintenance.  30   The accuracy of these monitors does appear questionable 
with variations between manufacturer and mercury devices.  31    

  Non -  i nvasive  a utomated  s phygmomanometers 

 The use of automated devices has been common place for many years, with many 
ambulance services and acute care settings opting for the ease of use to reduce 
staff workload and to allow for measurement in a variety of settings. The majority 
of these devices are based upon a technique known as oscillometry. This relies upon 
oscillations of pressure being felt in the cuff being maximal at mean arterial pres-
sure.  32   The oscillations begin well above systolic blood pressure and continue below 
diastolic blood pressure. This requires the blood pressure to be estimated from an 
algorithm. This method has the benefi t of not requiring the cuff to be placed on 
specifi c points over the brachial artery as there is no transducer as with the mercury 
and aneroid sphygmomanometer.  

  The  s phygmomanometer 

 A sphygmomanometer consists of a compression bag or bladder within a non - elastic 
cuff and an infl ation bulb, pump or other device that is linked to the bag by durable 
tubing. In addition there is a measurement scale for reading the value and a control 
valve to release the pressure within the cuff.   

  Measuring  b lood  p ressure ( m anual  m ethods) 
  Location of the  m easurement 

 The standard location for blood pressure measurement is the upper arm, with a 
stethoscope positioned over the brachial artery at the crease of the elbow. There 
are other sites that can be used such as the wrist, fi nger and leg but these have yet 
to fully validated for accuracy.  33,34    
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  Posture of the  s ubject 

 Posture effects blood pressure, generally blood pressure will generally increase from 
the lying to the sitting or standing position. In the clinical setting the position of the 
patient should be based upon how they are most comfortable, however the position 
should be considered when documenting fi ndings and making clinical decisions.  

  Arm  p osition 

 The position of the arm can have a major infl uence upon blood pressure measure-
ment. The upper arm should be at the level of the right atrium (mid - sternal level). 
If the arm is too high readings can be falsely low or if the arm is too low readings 
can be too high. It is suggested that the change in reading may be up to 10   mmHg 
or 2 mmHg for every inch above or below the heart level.  35   If the arm in which mea-
surement is being taken is unsupported this results in isometric exercise which can 
increase blood pressure and heart rate. Effects of this are estimated to be as much 
as a 10% increase in diastolic blood pressure, therefore supporting the arm is 
recommended.  36    

  Which  a rm? 

 This remains a controversial area as some studies have found differences in blood 
pressure between arms in same subject simultaneous measurements.  37   At present 
there appears no agreed reason for this, although a consensus of opinion suggests 
any marked difference ( > 20   mmHg systolic or  > 10   mmHg diastolic pressure) between 
arms should be investigated further as they may indicate pathology of the aorta or 
upper extremity arterial obstruction.  26   It is recommended that blood pressure should 
initially be checked in both arms and the arm with the higher blood pressure should 
be used for subsequent measurements.  26,38,39    

  The  c uff and  b ladder 

 The sizing of the cuff and bladder in blood pressure measuring is paramount to 
accurate fi ndings. The estimation of intra - arterial pressure by indirect means such 
as sphygmomanometry is predicated on a proper relationship between cuff size and 
the extremity. However sophisticated the measuring device used if it is dependent 
upon cuff occlusion of the arm, it will be prone to inaccuracy due to miscuffi ng. 
Several dated studies noted that undersized cuffs cause falsely high reading and 
oversized cuffs produced falsely low readings.  40,41   With more recent studies suggest-
ing that a cuff that is too small produces larger errors in blood pressure recording 
than a cuff that is too large.  42 – 45   The optimal size of cuff that should be used should 
have a bladder length that is 80% of the arm circumference and a width that is at 
least 40% of arm circumference.  26,46    

  The  s tethoscope ( a uscultation) 

 Using a stethoscope placed over the brachial artery it is possible to identify a series 
of fi ve stages as the blood pressure reading falls from the systolic to the diastolic.  1,26   
These sounds are known as Korotkoff ’ s sounds. During the raising of the pressure 
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in the cuff and bladder the blood fl ow through the brachial artery is cut 
occluded, as it is gradually defl ated pulsatile blood fl ow is restored though the artery, 
resulting in a series of sounds. These sounds have been classifi ed as phases as seen 
below: 

  Phase 1: A clear tapping sound corresponding with the return of a palpable pulse. 
The onset of phase 1 corresponds with systolic blood pressure.  
  Phase 2: Sounds become softer and longer.  
  Phase 3: Sounds become crisper and louder.  
  Phase 4: Sounds become softer and muffl ed.  
  Phase 5: Sounds disappear completely. This is considered to be the diastolic blood 
pressure value.    

 The Korotkoff sounds method tends to give lower systolic values than that of intra -
 arterial methods and diastolic values that are higher.  47 – 50   There has been disagree-
ment over the reliability of using phase 4 or 5 to determine diastolic value as it is 
often diffi culty in differentiating when phase 4 commences, in addition this tends to 
give an inaccurately high diastolic value. It is now considered appropriate to use 
phase 5 sounds for diagnostic accuracy as they are easier to determine. This method 
is not however possible in all patients, as in some patients, the disappearance of 
sounds does not occur despite complete defl ation of the cuff. In this scenario the 
4th phase sound should be used.  37,51   Patients who are prone to the continuation of 
the Korotkoff sounds include pregnant women, those with aortic insuffi ciency and 
patients with arterio - venous fi stulas (for haemodialysis). 

 In older patients with a wide pulse pressure the Korotkoff sounds may disappear 
between the systolic and diastolic pressures and reappear as the cuff is defl ated, 
this is known as the auscultatory gap.  26   The auscultatory gap is thought to be a result 
of fl uctuating intra - arterial pressures or organ damage.  52    

  Palpatory  e stimation of  b lood  p ressure 

 In some situations such as a noisy road traffi c collision site it can be diffi cult to 
achieve a valid blood pressure based upon auscultatory techniques. This is also the 
case with those patients in whom it is diffi cult to determine the Korotkoff sounds. 
In these situations it is possible to estimate systolic blood pressure by palpation of 
the brachial artery when defl ating the cuff.  53   The cuff should fi rstly be infl ated to 
approximately 30   mmHg above where the brachial pulse can no longer be felt and 
then as the cuff is defl ated the return of the pulse should be noted. This is suggested 
to be the approximate value of the systolic blood pressure. 

 Advanced Trauma Life Support principles  54   suggest that if the patient has a 
carotid pulse that the systolic blood pressure is 60 – 70   mmHg; if carotid and 
femoral pulses are present the systolic blood pressure is 70 – 80   mmHg and if the 
radial pulse is present the systolic blood pressure is greater than 80   mmHg. However 
there is little support provided for these broad estimations, Deakin and Low (2000)  55   
found these fi gures to be an overestimate of actual intra - arterial blood pressure in 
a small scale study. It appears that the suggested ATLS estimations may not be 
reliable and management should not be based solely upon information gained by 
this technique until further evidence has been provided to either support or dispel 
the proposal.      
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  Technique for  b lood  p ressure  m easurement ( a uscultatory  m easurement) 
  A  s tep -  b y -  s tep  g uide to  b lood  p ressure  m easurement 

   Procedure     Rationale  

  1. Explain to the patient the procedure and 
gain informed consent.  

  To reduce the likelihood of  ‘ white coat ’  
hypertension and gain a more accurate 
measurement.  

  2. Allow the patient to rest if possible.    To reduce anxiety and orthostatic 
changes can be eliminated.  

  3. Ensure that the upper arm is exposed, 
supported and positioned at heart level.  

  This allows access to the brachial artery 
for measurement and ensures that a 
true measurement is achieved as arm 
height can infl uence blood pressure.  

  4. Ensure that tight or restrictive clothing 
from the upper arm is removed.  

  To reduce any tourniquet effect above 
the measurement site as this will alter 
blood pressure recording.  

  5. Select and appropriate sized cuff (covers 
80% of the circumference of the arm and 
width is 40% of the arm circumference).  

  Both overcuffi ng and undercuffi ng can 
infl uence blood pressure measurement 
(see earlier in this section).  

  6. Apply the cuff fi rmly around the upper 
arm with the indicator line or centre of the 
bladder of the brachial artery.  

  This ensures that the pressure sensor is 
over the site of the artery and the site 
for auscultation is clear.  

  7. Place the measurement scale where it can 
easily be seen.  

  So the reading can be clearly seen.  

  8. Ask the patient to remain still and not talk 
during the procedure.  

  This can cause inaccurate measure-
ments and inhibit the ability to hear the 
Korotkoff sounds.  

       How will you assess the blood pressure 
or circulatory assessment in a trapped 
patient at a noisy RTC? What else can 
you do to assess your patient? 
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   Procedure     Rationale  

  9. Palpate the brachial artery.    To ensure that the site for auscultation 
can be clearly identifi ed.  

  10. Infl ate the cuff, noting when the brachial 
pulse disappears and infl ate the cuff a 
further 30   mmHg.  

  This can assist in providing an estimate 
of systolic blood pressure.  

  11. Slowly defl ate the cuff noting when the 
brachial pulse returns.  

  12. Wait for approximately 30 seconds and 
then re - infl ate the cuff to 30   mmHg above 
where the brachial pulse is lost.  

  The previous steps allow for an 
estimation of when the Korotkoff ’ s 
sounds are expected.  

  13. Place the diaphragm of the stethoscope 
over the brachial artery just below the cuff.  

  This is the ideal site for auscultating for 
Korotkoff ’ s sounds.  

  14. Defl ate the cuff slowly (approx 2   mmHg 
per second or per heart beat).  

  This will allow for a precise measure-
ment.  

  15. The systolic value is taken when distinct 
clear tapping sounds can be heard (phase 1).  

  This will be expected around the 
identifi ed pressure when the brachial 
pulse is no longer felt.  

  16. When all sounds disappear the diastolic 
value is recorded (phase 5); be aware of the 
auscultatory gap.  

  This can be problematic in certain 
groups; therefore the sound may not be 
fully lost.  

  17. Record all relevant details.    To monitor trends in blood pressure 
over time or pre -  and post - treatment.  

 In automated blood pressure measurement the principles remain the same whereby 
cuff size and placement is paramount, alongside arm and patient positioning. It is 
recommended that the user refers to the guidance for the equipment in their work-
place.   

  Common  s ources of  e rror 
 Errors in blood pressure measurement are often the result of incorrect technique 
or faulty equipment.  56   Whilst equipment failure can be limited by regular checks and 
maintenance, observer error is more widely prevalent.  54   Observer error can be clas-
sifi ed into three broad areas.  57  

    •      Systematic error  –  This may be caused by lack of concentration, poor hearing, 
poor technique and failure to interpret Korotkoff ’ s sounds.  

   •      Terminal digit preference  –  This refers to the notion that observers will com-
monly  ‘ round up ’  or  ‘ round down ’  to the nearest 0 or 5. Studies into this area 
report high levels of reporting for the fi gures ending in 0 or 5, suggesting that 
this may be a common occurrence.  58,59    
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   •      Observer prejudice or bias  –  This is the practice whereby the observer adjusts a 
blood pressure measurement to meet a perceived notion of what the blood pres-
sure should be. This is most evident when an arbitrary fi gure is placed against 
what a blood pressure should be, for example to justify a treatment.  60      

 Utilising the suggested blood pressure measuring technique will assist in the reduc-
tion of such observer error and lead to more accurate recording of blood pressure 
parameters.  

  Blood  p ressure  m easurement in  s pecial  s ituations 
 Arrhythmias can be a cause of considerable variation in blood pressure. When the 
cardiac rhythm is very irregular the cardiac output and blood pressure can vary 
greatly from beat to beat.  26   This can make the interpretation of Korotkoff sounds 
virtually impossible, with evidence suggesting that the presence of major arrhythmia 
can cause a high level of observer error.  60   There are no set guidelines for the mea-
surement of blood pressure in patients with arrhythmias, therefore it is suggested 
that blood pressure should be measured several times and an average value used. 
Automated devices are also of questionable benefi t in the patient with a signifi cant 
arrhythmia, with frequent inaccuracies reported; therefore any device used should 
be validated for that patient group.  61   If severe bradycardia is present (i.e. under 50 
beats per minute) defl ation of the cuff should be slower to prevent underestimation 
of systolic blood pressure and over estimation of diastolic blood pressure. 

 
    

 

  The  e lectrocardiogram 
 Contraction of muscle is secondary to depolarisation of cells whereby ionic move-
ments within the sodium, potassium and calcium channels cause a shift in the elec-
trical balance. These electrical currents that are generated in and transmitted 
through the heart can be detected throughout the body by electrodes, using a 
machine known as an electrocardiograph.  1   This technology allows for the collection 
of a graphic record of the electrical activity of the heart, referred to as an electro-
cardiogram (ECG). It is not the intention of this chapter to provide the reader with 
the ability to interpret the ECG but to provide the reader with techniques and under-
standing of how to prepare the patient and collect an ECG tracing. 

 The position of the patient, the arm and inappropriate use of 
equipment may all lead to erroneous blood pressure 
measurements; therefore careful adherence to the detailed 
procedure is essential for accurate blood pressure 
measurement. Ensure the cuff is the correct size and that 
the arm is supported at the level of the heart. 

Key Point
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  Indications for  ECG   r ecording 
 There are a variety of situations when an ECG is required including: 

   •      Electively prior to surgery or drug treatments.  
   •      As an investigation into the acutely unwell patient usually in the presence of 

indicators such as chest pain, cardiac rhythm changes or haemodynamic distur-
bance.  

   •      In the assessment of the collapsed patient or in cardiac arrest.     

  Types of  ECG  
 There are two common types of ECG tracing that are undertaken. These are the 
3 - lead ECG and the 12 - lead ECG. Both types of ECG have specifi c areas of value, with 
the 3 - lead ECG being commonly used for gross rhythm abnormality assessment in 
cardiac arrest and for continuous monitoring. However the 12 - lead ECG is more com-
monly used for its diagnostic capability in acute coronary syndromes and cardiac 
assessment. Whilst the each procedure will be discussed individually, the general 
principles of patient preparation will be discussed as a whole as it does not markedly 
differ between the two types of ECG recording. It is important to note that the term 
lead does not refer to the number of cables running from the ECG machine to the 
patient but to the number of  ‘ views ’  of the electrical activity that these leads provide.  

  Basic  p rinciples of  e lectrocardiography 
 The ECG is a non - invasive procedure that records all action potentials and electrical 
activity within the heart, not just a tracking of a single action potential through the 
heart.  1   The electrocardiograph is a galvanometer (a sensitive electromagnet) which 
can detect and record changes in electromagnetic potential. It has a positive pole 
and a negative pole. The wire extensions from these poles have electrodes at each 
end; a positive electrode at the end of the extension from the positive pole, and a 
negative electrode at the end of the extension from the negative pole. The paired 
electrodes together constitute an electrocardiographic lead. Recording electrodes 
(leads) are placed at various sites of the body to ensure that a variety of  ‘ views ’  of 
the conduction system of the heart are obtained. An electrode is normally attached 
to the skin using a sticky pad that has a layer of conductive gel on the skin surface 
side to allow for transmission of action potentials through the skin to the 
electrocardiograph. 

 A typical 3 - lead ECG will comprise of 3 bipolar leads that measure the voltage 
difference between two electrodes, either between the arms or between an arm and 
a leg as seen in Figure  5.1 . These lead are referred to as standard leads I, II, and III 
and measure the voltage between two distinct pints for each lead. 

  Lead I: Right arm to the left arm  
  Lead II: Right arm to the left leg  
  Lead III: Left arm to the left leg.      

 The relationship between these leads is known as the principle of Einthoven ’ s Tri-
angle and is used in the determining the electrical axis of the heart. As an action 
potential is generated within the heart and moves along the conduction pathways it 
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will move away from one electrode to be nearer to another. When this current is 
moving toward an electrode it will cause a positive (upward) defl ection on the elec-
trocardiogram; if the current moves away from the electrode it will result in a 
negative (downward) defl ection. In the event that the current moves at an equidis-
tant point between two electrodes or there is no electrical activity the electrocar-
diogram will see neither a positive or negative defl ection (isoelectric). Typically 
patients will be monitored using standard lead II as this provides the most electrical 
information regarding the electrical conduction pathways of the heart. 

 The development of the 12 - lead ECG as an improved diagnostic tool saw the inclu-
sion of 9 further views of the heart from the placement of additional unipolar leads 
(using a further 7 not 9 extra electrodes). These leads take a view of the electrical 
activity of the heart from a single electrode; these electrodes are designed to 
measure the voltage that passes towards it. Again electrical activity towards the 
electrode will result in a positive defl ection, and away from the electrode will produce 
a negative defl ection. These leads include three limb leads (aVR, aVF and aVL) and 
six chest (or pre - cordial) leads (V1 – V6). 

 The limb leads are unipolar and are placed on the limbs, they are often referred 
to as the augmented limb leads (thus prefi xed with the letter  ‘ a ’ ). This means that 
the voltage (V) is amplifi ed (by approximately 50%) to make it more readable. These 
leads are derived from the standard leads (I, II, III), however they look at the heart 
from a different angle to the standard leads as shown in Figure  5.1 . 

     Figure 5.1     Three bipolar leads and augmented limb leads.  
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 The pre - cordial or chest leads (V1 – 6) are not augmented as they are near enough 
to the heart for a strong electrical signal to be obtained. These leads view the hearts 
electrical activity from the horizontal plane and measure anterior voltage change 
(Figure  5.2 ).   

 Each pre - cordial lead has a view and section of the heart that it views the best: 

  V1 – V2: The right side of the heart  
  V3 – V4: The interventricular septum and apex  
  V5 – V6: The left side of the heart.     

   ECG   s ettings 
 A standard electrocardiograph is set to run at a paper speed of 25   mm/second 
although some machines are set to run at different speeds. In the ECG paper the 
vertical lines are set to show time, these show small boxes that equate to 0.04 
seconds and larger boxes (made up of 5 small boxes that equates to 0.2 seconds 
(hence there are 5 large boxes per second). The horizontal lines show amplitude, in 
a standard electrocardiograph the paper is set to record 1   cm (10   mm) per millivolt 
(mV). A standard ECG recording will provide a calibration signal of 1   mV prior to the 
recording to ensure that the machine is correctly calibrated for interpretation. An 
example of ECG standard paper setting can be seen in Figure  5.3 .    

     Figure 5.2     The horizontal plane of the precordial leads.  From Petersen O. 
 Human Physiology Lecture Notes , 5th edn, copyright 2007, with permission 
of Blackwell Publishing.   
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  Patient  p reparation 
 Unrestricted access to the skin in the chest area, arms and legs is required to allow 
for the correct placement of ECG electrodes.  62   The practitioner should ensure that 
the patient is relaxed and dignity is maintained at all times to ensure that minimal 
artefact is present on the recording. The appearance of the ECG can vary depending 
upon the position of the body at the time of recording; therefore current guidance 
suggests that the patient should be in a recumbent position with any variation upon 
this position documented upon the ECG.  63   Ideally the patient should be upon a com-
fortable surface and relaxed to reduce motion and muscular artefact as this can aid 
in the collection of a clinically accurate recording. 

 Skin preparation is often required to help produce an artefact free accurate ECG, 
as such there are a variety of methods available that are designed to reduce the 
impedance between the skin and the electrode.  63   The American Heart Association 
and British Cardiovascular Society suggest the following methods can be used.  63  

    •      The removal of chest hair using a razor to allow for greater contact between the 
electrode and the skin. This requires consent, a clean razor and sharps disposal 
box.  

   •      Exfoliation of the skin may be required and should be undertaken gently using a 
paper towel, gauze swab or specifi cally designed abrasive tape. This can further 
reduce impedance between the skin and the electrode.  

   •      It may be necessary to cleanse the skin to remove excess contaminants or sweat, 
a variety of methods can be used such as soap and water or alcohol wipes. 
However care should be taken if there is broken or sensitive skin.     

     Figure 5.3     Standard ECG paper settings.  
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  Positioning of the  e lectrodes 
  General  p rinciples 

 There are a few principles that are applied relating to general placement in both 
3 -  and 12 - lead ECGs, adherence to these principles can signifi cantly improve ECG 
recording and subsequent interpretation. 

 

   Procedure     Rationale  

  1. Make the patient at 
ease.  

  A tense or anxious patient is likely to have increased movement 
and subsequently increased artefact. If the patient is not 
relaxed the ECG will record somatic muscle action potentials as 
well as cardiac thus making the ECG more diffi cult to interpret; 
a common example of this is clenched fi sts.  

  2. Place the electrode 
over bone not muscle.  

  This will reduce the likelihood of muscle movement interfering 
with the recording.  

  3. Place the patient in a 
recumbent position.  

  Other positions may alter the trace by increased muscle activity 
in sitting or by altering the anatomic position of the heart.  

  4. The patient should be 
on a surface (i.e. couch) 
that can support the 
limbs.  

  This will again reduce muscle movement and artefact. If the 
patient is not in a recumbent position this should be noted upon 
the trace as it may affect comparison with subsequent ECG 
recordings.  

 
  

       Are you able to achieve this with all 
patients? When might it be diffi cult to 
achieve a high quality ECG? What can 
you do to improve the tracing? 

 The positioning of the electrodes is primarily determined by the type of ECG being 
recorded with the 3 - lead ECG differing from the 12 - lead ECG.   
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  The 3 -  l ead  ECG  
 Due to the 3 - lead ECG being non - diagnostic, there are often differing derivations of 
lead placement used in clinical practice.  64   However the alteration of lead placements 
can lead to changes in the amplitude of an ECG and subsequent interpretation, 
therefore it is important that a standardised approach is used. This is especially 
important in 12 - lead electrocardiography due to the diagnostic quality of the tracing. 

 In a 3 - lead ECG there are naturally, 3 electrodes; these electrodes are commonly 
colour coded to allow for easy recognition or are labelled to identify their position. 
The leads are: 

   •      Right arm limb lead (RA/or red electrode)  –  right forearm, proximal to the wrist.  
   •      Left arm limb lead (LA/or yellow electrode)  –  left forearm, proximal to the wrist.  
   •      Left leg limb lead (LL/or green electrode)  –  left lower leg, proximal to ankle.  
   •      Some machines may have a fourth lead (right leg lead [RLL]/or black electrode), 

this lead acts as an  ‘ earth ’  and is neutral to prevent current interference  –  right 
lower leg, proximal to the ankle.     

  The 12 -  l ead  ECG  
 The 12 - lead ECG is a diagnostic tool and therefore the placement of the leads is 
paramount. Small changes in position of electrodes may lead alter the appearance 
of the ECG and evidence suggests that such variations may invalidate subsequent 
diagnosis.  65 – 67   To ensure consistency between recordings it is recommended that 
that the electrodes are placed in standardised positions.  63   

 The limb leads should be placed as per the standard leads as shown with 3 - lead 
electrocardiography. It is imperative that any recordings made from other sites (for 
example the upper arms for RA and LA leads in a patient with excessive limb tremor) 
are clearly identifi ed as such to avoid later confusion or misdiagnosis. The correct 
anatomical positions for the precordial leads have been defi ned and are shown in 
Table  5.4 .   

 This is shown anatomically in Figure  5.4 .   
 When recording an ECG in female patients, convention suggests that the lateral 

chest electrodes (V4, V5, V6) should be placed below the left breast. There is recent 
evidence to suggest that positioning of the electrodes over the breast may not 
attenuate the signal,  68,69   however there is currently insuffi cient evidence to make an 
informed decision upon this.  

 Table 5.4     The position of the precordial leads   63    

   Lead/electrode     Position  

  V1    Fourth intercostal space at the right sternal edge  
  V2    Fourth intercostal space at the left sternal edge  
  V3    Midway between V2 and V4  
  V4    Fifth intercostal space mid - clavicular line  
  V5    Left anterior axillary line at the same horizontal level as V4  
  V6    Left mid axillary line at the same horizontal level as V4 and V5  
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     Figure 5.4     The anatomical placement of the precordial leads.  Reproduced 
from Clinical Guidelines by Consensus,  ‘  Recording a 12 - lead Electrocardiogram: 
An Approved Methodology  ’ , copyright 2006 with permission of The Society 
for Cardiological Science and Technology.   

V1
Fourth intercostal space
Immediately right of sternum

V3

V2
Fourth intercostal space
Immediately left of sternum

V4
Fifth intercostal space
Mid clavicular line

V6
Same horizontal level as V4
Mid-axillary line

Note: This is not a rib
space. Do not include
when counting.

Mid-way between V2 and V4

V5
Same horizontal level asV4
Anterior axillary line

  Recording the  ECG  
 In order to record a good quality ECG it is imperative that the patient is relaxed and 
comfortable to ensure reduced muscle artefact; this may be problematic in some 
patients due to anxiety or pre - existing medical conditions, try to make the patient 
as comfortable and relaxed as possible. It may be necessary to adapt the recom-
mended ECG recording techniques, for example the wheelchair patient or amputee. 
Any change from the standard position of the patient or leads should be annotated 
in the patient notes and on the ECG to make sure that diagnostic changes are not 
infl uenced. Patient details should be recorded upon the tracing (either inputted 
into the machine or hand written); failure to do so will mean that the recording is 
discarded as it cannot be linked to the specifi c patient. Ideally place the patients 
name and another identifi er such as date of birth or hospital number on the 
ECG. 

 If the ECG complexes are of a high or low voltage the recording can be diffi cult 
to interpret, in such an event the  ‘ gain ’  (scale) of the recording can be adjusted to 
aid interpretation. Any change to the gain should be noted on the tracing as this 
may alter diagnostic criteria. 
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  Cardiac  a uscultation 
 The recognition and interpretation of heart sounds is an infrequently used skill for 
prehospital care providers, however the information gathered from such an investi-
gation can be useful in the assessment and diagnosis of many conditions. Normal 
heart sounds are created by the noise of the valves of the heart closing (they do 
not make a noise when they open). It is therefore essential to have a clear compre-
hension of cardiac anatomy and the cardiac cycle to understand the sounds that are 
produced in the normal or abnormal heart. The recognition of heart sounds is often 
problematic as the sound of a normal heart may well be faint and abnormalities are 
often very subtle, in addition prehospital care staff often have little exposure to such 
a skill therefore skill decay is likely. 

 It is not the purpose of this section to provide a detailed description of heart 
sounds and classifi cation of abnormal heart sounds but to provide the practitioner 
with the basic skills in cardiac auscultation. 

 

 The positioning of the electrodes, especially in the case of a 
diagnostic 12 - lead ECG are of utmost importance. The leads 
should be placed as described; any variation of this (if 
unavoidable) should be noted on the ECG tracing. 
    

 Key Point 

       Do you understand the anatomy and 
physiology of the heart and cardiac 
cycle? If not then refer to a good anatomy 
and physiology text to help. 
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    Indications for  a uscultation of the  h eart 
 There are a variety of reasons for cardiac auscultation that are often dependent 
upon your area of work. Indications include: 

   •      The assessment of chest injury and consideration of cardiac contusion or 
tamponade.  

   •      The assessment of cardiac function, especially if suspicious of cardiac murmur.  
   •      As a part of the assessment for the confi rmation of death.     

  General  p rinciples of  c ardiac  a uscultation 
 To adequately assess cardiac sounds it is essential to have a stethoscope that incor-
porates a bell and a diaphragm; correct use of this will enhance the quality of heart 
sounds.  70   The  ‘ bell ’  when applied gently to the skin will pick up low frequency sounds, 
however the diaphragm when pressed fi rmly against the skin will allow for high 
pitched sounds to become more audible. 

 The normal heart has two distinct sounds heard during the a single cardiac cycle, 
these are described as a  ‘ Lub ’  and  ‘ Dub ’ .  2,4   The fi rst heart sound (S 1 ) (Lub) is gener-
ated by the vibrations from the closure of the mitral valve and tricuspid valve during 
ventricular systole; this is usually heard as a single sound but on occasion the two 
distinct valve closures can be heard.  71   The second heart sound (S 2 ) (Dub) is produced 
by the closure of the aortic and pulmonary valves at the start of ventricular diastole. 
As the pressure of blood in the aorta is usually higher than in the pulmonary artery 
the aortic valve closure is often louder resulting in a potential  ‘ split ’  sound whereby 
the two valves closing can be heard separately. 

 There are a variety of  ‘ added ’  or abnormal sounds, it is beyond the scope of this 
section to describe each sound however the added sounds heard are described as 
one of the following categories: 

   •      Extra heart sounds  –  These are classed as third and fourth heart sounds. A third 
heart sound (S 3 ) is a low pitched sound in early diastole best heard at the apices 
of the heart. It coincides with rapid ventricular fi lling immediately after the 
opening of the atrioventricular valves. A fourth heart sound is less common as 
is caused by the forceful atrial contraction against a non compliant ventricle. The 
fourth heart sound is actually heard before the fi rst heart sound and is described 
as soft and low pitched.  2    

   •      Added sounds  –  These consist of snaps (caused by the sudden opening of a ste-
nosed mitral valve); ejection clicks (occurs in early systole  –  caused by pulmonary 
or aortic stenosis); mid - systolic clicks (occur in mitral valve prolapse).  

   •      Mechanical heart valves  –  These valve replacements make a sound both on 
opening and closing. They are described as high pitched and metallic sounding. 
They may be audible without a stethoscope.  

   •      Pericardial rub  –  This is described as a superfi cial scratching sound that is best 
heard with the diaphragm of the stethoscope. It is most commonly caused by 
conditions such a viral pericarditis.  

   •      Murmurs  –  These are caused by turbulent blow fl ow over an abnormal valve, 
septal defect, obstruction or increased blood fl ow over a normal valve. There are 
numerous causes of heart murmur ranging from innocent murmurs in a healthy 
heart to severe cardiac disorders. Murmurs are characterised by a number of 
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factors including timing; duration; character; pitch; intensity; location and 
radiation.    

 
     
 Examples of heart sounds and additional information can be found in essential reading 
and on - line at websites such as: 
  http://depts.washington.edu/physdx/heart/demo.html  
  http://www.merck.com/  

  The  t echnique of  c ardiac  a uscultation 
 There is no consensus upon what constitutes a correct structure for auscultation of 
the heart, however it is essential to have a structured approach so that the examina-
tion is performed fully. There are four standard sites that are utilised for this 
procedure: 

   •      Mitral area  –  The left fi fth intercostal space in the mid - clavicular line. This is the 
best site for auscultating the mitral valve.  

   •      Tricuspid area  –  The left fourth intercostal space lateral to the sternum. This 
location will provide the best site for auscultating the tricuspid valve.  

   •      Pulmonary area  –  Second intercostal space at the left sternal border. This is 
noted as the best location for auscultating the pulmonary valve.  

   •      Aortic area  –  Second intercostal space at the right sternal border. This is where 
the aortic valve sounds are best heard.    

 These can be seen in Figure  5.5 .   

     Figure 5.5     Standard sites for cardiac auscultation.  
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  The  p rocedure of  c ardiac  a uscultation 

   Procedure     Rationale  

  1. Explain the procedure to the patient.    To ensure that you have informed consent and 
a co - operative patient.  

  2. Whilst ensuring patient dignity, expose 
the patient ’ s chest.  

  Patient dignity is essential; however exposure 
of the relevant anatomy is vital in locating the 
relevant auscultation areas.  

  3. Ensure that the environment is as 
quiet as possible.  

  The heart sounds may be diffi cult to hear in 
ideal circumstances therefore the less ambient 
noise present the better.  

  4. Position the patient in a supine 
position at an angle of approximately 
45    ° .  

  This aligns the auscultation areas with the 
underlying heart.  

  5. Ask the patient to breathe normally.    Deep breathing or Valsalva manoeuvre in 
holding the breath can either interfere with aus-
cultation or reduce venous return thus causing 
murmurs to become quieter.  2,71    

  6. Using the diaphragm auscultate over 
the mitral area at the same time palpate 
the carotid artery.  

  This will allow easier determination of S1 and 
S2, the carotid pulse will coincide with S1.  

  7. Continue to auscultate using the 
diaphragm over the tricuspid, pulmonary 
and aortic areas.  

  Identify S1 and S2 at all points, assess for the 
presence of any added sounds or third/fourth 
heart sounds.  

  8. Ask the patient to roll into a left lateral 
position (known as left lateral decubitus), 
auscultate using the bell over the mitral 
area.  

  This will bring the left ventricle nearer to the 
chest wall making mitral valve disorders easier 
to hear. The sound of mitral stenosis for 
example is a low pitched mid - diastolic sound.  

  9. Note and record the presence of 
normal heart sounds (S1 and S2); also 
record the presence of any sound 
splitting, added sounds or murmurs.  

  It is essential to note any examinations 
undertaken and the results obtained to examine 
changes over time.  

  10. Remember that the absence of heart 
sounds or the muffl ing of sounds may be 
clinically signifi cant.  

    

 As previously stated, this is a rarely undertaken and diffi cult to master skill, 
therefore a sound understanding of cardiac auscultation is vitally important for 
those times when the skill is required. See References for suggested resources for 
this skill.    
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  Temperature  m easurement 
 Accurate temperature measurement and monitoring is a critical component of the 
assessment and management of the critically ill patient and in minor illness 
assessment. All cell metabolism results in heat production and any illness, injury, 
activity or environmental change may affect the body ’ s temperature. Generally 
the body ’ s temperature is maintained between 36 and 37.5    ° C.  4   Humans are described 
as homoeothermic which is defi ned as have a core temperature that is regulated 
despite environmental changes. The human body is generally broken down into two 
compartments in reference to temperature, the peripheral compartment and the 
core thermal compartment. The peripheral compartment is described as non - 
homogeneous in which temperature may vary over time and be infl uenced by 
extremes of environment and physiological challenges.  71   The core thermal compart-
ment is well - perfused and comprises of 50 – 60% of the body mass including 
the major organs of the trunk and head. This compartment is relatively stable as 
it is well supplied by arterial blood and represents the balance between heat 
generation and heat loss well.  72   The body core generally has the higher temperature, 
with temperature at the exterior (skin) being the coolest. As such core body tem-
perature is considered the most accurate and effective method of temperature 
assessment.  3,72   

  Indications for  t emperature  m easurement 
 There are a variety of reasons for temperature monitoring, these include: 

   •      To determine a set a baseline observations for the monitoring of trends over 
time.  

   •      In the presence of infection or severe systemic illness.  
   •      In extreme environmental conditions, i.e. in cold water near drowning or falls in 

the elderly in a cold environment, or in hot temperatures with suspected heat -
 related illness.    

 These are just a few of the indications for temperature measurement it is recom-
mended that the practitioner considers the necessity for temperature measurement 
on an individual case basis.  

  Extremes of  t emperature 
 There are a variety of causes of temperature fl uctuation including elevated tem-
perature in the morning due to the body ’ s circadian rhythm  3  ; elevated temperature 
due to ovulation, exercise and eating  1   and the effects of aging. In the emergency 
setting there are three key concepts of temperature; normothermia; hypothermia 
and pyrexia. 

 Normothermia is the state of normal core body temperature (between 36 and 
37.5    ° C), this is maintained by the body ’ s homeostatic mechanisms. A body tem-
perature outside of this range will result in derangement of the cellular activity of 
the body. Hypothermia is defi ned as a core body temperature below 35.0    ° C, at 
temperatures below this point the patient will deteriorate in neurological, cardiovas-
cular and respiratory function and ultimately death will occur at temperatures below 
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23    ° C.  72   There are a variety of causes of hypothermia, those most relevant to the 
prehospital care practitioner are: 

   •      Environmental conditions.  
   •      Medications that increase heat loss or alter cold perception (such as alcohol).  
   •      Metabolic conditions such as hypoglycaemia.    

 Pyrexia (sometimes referred to as hyperthermia or fever) is defi ned as a signifi cant 
rise in core body temperature above 37.0    ° C; beyond this pyrexia may be referred 
to as low grade (normal  –  38.0    ° ); moderate to high - grade pyrexia (38.0 – 40.0    ° C) 
and hyperpyrexia (40.0    ° C and above).  3   As with hypothermia extremes, symptoms 
will include changes to neurological, cardiovascular and respiratory function and 
ultimately death.  

  Methods of  t emperature  m easurement 
 There are a variety of methods of temperature measurement each with relevant 
fl aws and benefi ts. These include: 

  Pulmonary  a rtery  c atheterisation 

 A pulmonary artery catheter is the passing of a probe into the pulmonary artery 
where it is bathed in arterial blood. This is considered the most accurate method of 
core temperature measurement,  73   however this method is inappropriate in the pre-
hospital and non - critical care environment due the technical and invasive nature.  

  Tympanic  t hermometry 

 Tympanic thermometry is the preferred instrument of non - invasive temperature 
measurement in the majority of emergency and primary care settings, often due 
to the rapidity and simplicity of measurement. The tympanic thermometer works 
by recording temperature of the tympanic membrane, using infra - red light to 
detect thermal radiation, which receives blood from the internal carotid artery, 
which also supplies blood to the hypothalamus (the thermoregulatory centre of the 
brain).  74   

 However, despite the appeal of tympanic thermometers there are a number of 
factors that may infl uence recording. These include operator technique, patient 
anatomy, calibration, accuracy and inherent error.  72,74   Values obtained from this 
equipment vary due to the position of the probe in the ear canal with temperature 
being highest nearer to the tympanic membrane and reducing with distance away 
from the tympanic membrane. Exposure and accessibility of the tympanic membrane 
may be improved with a  ‘ tugging ’  technique that aligns the ear canal. By pulling back 
on the pinna of the ear it is proposed that the probe will be able to pass further into 
the ear canal. 

 However despite the anatomical justifi cation of this technique little evidence 
exists to support the  ‘ tug ’  technique over simply placing the probe in the ear.  72,74   It 
is recommended that whichever technique for insertion is used that a seal must be 
obtained around the probe to stop environmental air being sensed at the probe as 
this may alter the acquired reading.  3    
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  Mercury  t hermometers 

 Mercury thermometers were initially the mainstay of temperature recording; 
however they are now being phased out due to concerns over mercury safety, the 
time constraints of their use and effi cacy of thermometers at extremes of tempera-
ture.  3   As such these thermometers are not recommended for use in the prehospital 
environment.  

  Digital  a nalogue  p robe  t hermometers 

 These thermometers are growing in popularity due to ease of use and timeliness of 
measurements. These non - disposable probes are used alongside disposable covers 
to ensure infection control measures are adhered to and may be placed either orally 
(in the sub - lingual pocket), rectally or in the axilla (armpit). Whilst the measurements 
acquired from these methods appear to be reliable and accurate, evidence suggests 
for accurate measurements to be obtained the probe should be in place for between 
6 – 10 minutes.  75    

  Chemical  t hermometry 

 Chemical thermometers rely upon a chemical reaction to heat to provide a readable 
measurement. These disposable probes are increasing in use within the prehospital 
fi eld as they provide a cheap alternative to other methods. These probes can be 
placed orally, in the axilla or rectally (dependent upon manufacturer), however they 
are restricted in temperature range (35.5 – 40.4    ° C).  76    

  Temporal  a rtery  t hermometers 

 These thermometers use radiation sensors to capture the infra - red heat from the 
temporal artery by scanning the forehead. The temporal artery branches from the 
carotid artery, therefore is suggested to be a reliable indicator if core body tem-
perature. Recent studies suggest that this method is a reliable measure in children, 
however there is little evidence at present to support the use in adults.  74     

  Which  t hermometer and  s ite  i s  m ost  a ccurate? 
 There is little conclusive data to suggest that one site of temperature recording is 
more accurate and reliable than another. The rectal route is not recommended for 
prehospital care due to issues of privacy and the duration of such a procedure. 
Comparison of oral temperature sites and tympanic sites suggest that the oral route 
is preferred due to decreased variability of results  74   yet data also suggest that the 
tympanic route is reliable. Overall there is insuffi cient evidence to support one par-
ticular method, placing the onus upon the user to understand the limitations of all 
devices and subsequent clinical decision making. There is a growing body of evidence 
that the side (i.e. left versus right ear) of temperature recording may cause fl uctua-
tions of between 0.1 – 1.0    ° C.  3,77   

 There is little evidence to support the use of one thermometer over another 
(excluding the impractical pulmonary artery catheter), therefore no specifi c guid-
ance can be issued at this point.  74 – 76   It is recommended that the practitioner ensure 
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that they are suitably knowledgeable about the instrument of use in their own 
clinical area and apply caution in all temperature measurement interpretations. The 
use of digital thermometers and chemical thermometers may be limited in applica-
tion due to the time constraints associated with their use.  

  The  p rocedure of  t emperature  a ssessment 
 Due to the common use of both tympanic and digital thermometers a procedure for 
each will be discussed. 

  Tympanic  t hermometer: A  s tep -  b y -  s tep  g uide to  t ympanic  t emperature  r ecording 

   Procedure     Rationale  

  1. Explain and discuss the procedure with 
the patient.  

  To ensure that informed consent is 
gained.  

  2. Wash your hands.    To minimise the risks of cross infection.  

  3. Remove the thermometer from the base 
and ensure it is clean and the probe is 
clear. Use a dry wipe if required.  

  Alcohol based wipes can lead to low 
measurement and degrade the 
instrument.  

  4. Place a disposable probe cover on the 
instrument as per manufacturer guidelines.  

  This protects the probe and minimises 
infection risk.  

  5. Carefully place the probe into the ear 
canal ensuring a snug fi t. Tugging of the 
pinna may align the ear canal making this 
easier to place the probe.  

  A snug fi t is required to reduce the 
fl ow of ambient air to the probe tip.  

  6. Press the scan button (as per manufac-
turer guidance).  

  To commence scanning.  

  7. Remove the probe as soon as the 
measurement is complete.  

  This procedure can be uncomfortable.  

  8. Read the recording and document, 
include which ear is measured.  

  The reading may vary between ears 
therefore a baseline is essential.  

  9. Remove and dispose of the probe cover.    To ensure infection risk is minimised.  
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  Digital  t hermometer: A  s tep -  b y -  s tep  g uide to  d igital  t emperature  r ecording 

   Procedure     Rationale  

  1. Repeat steps 1 to 4 above.      

  2. Place the thermometer in the axilla 
or sub - lingual pocket (as appropriate).  

  There appears to be no link between oxygen 
or medical gases and reducing oral tempera-
ture; the axilla is less invasive for the patient 
and enables them to talk during measurement.  

  3. Leave the probe in place for between 
5 – 10 minutes.  

  Peak measurement occurs at approximately 9 
minutes.  

  4. When a peak reading is reached remove 
the thermometer and record the reading.  

    

 

    1.     The process of cardiovascular assessment is complex and altered by a large 
number of variables.  

  2.     It is advisable to further research this area and take 
up any opportunities to gain experience to gain 
confi dence and profi ciency of skills. It is important to 
note the process of assessment of cardiovascular 
observations as slight changes in technique may 
cause signifi cant changes in fi ndings.        
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 The respiratory system has two primary functions  –  to supply the body with oxygen 
and dispose of carbon dioxide.  1   To achieve these four processes, collectively known 
as respiration must occur: 

   •      Pulmonary ventilation  –  Movement of air into and out of the lungs, usually 
referred to as breathing.  

   •      External respiration  –  Movement of oxygen from the lungs into the blood and 
movement of carbon dioxide from the blood into the lungs.  

   •      Transport of respiratory gases  –  Oxygen and carbon dioxide must travel from 
the lungs to the tissues and from the tissues to the lungs respectively.  

   •      Internal respiration  –  Movement of oxygen from the blood to the tissues and 
movement of carbon dioxide from the tissues to the blood.    

 The respiratory system comprises of the nose, nasal cavity, pharynx, larynx, trachea, 
bronchi, smaller airways (bronchi and bronchioles) and the alveoli.  1   Due to the loca-
tion of the lungs a major proportion of respiratory assessment requires an assess-
ment of the anterior and posterior chest as well as the axillae. The lungs are situated 
within the thoracic cage with the apex sitting above the level of the clavicle and the 
anterior portion of the base at approximately the sixth rib. However due to the 
conical shape of the lungs the posterior base of the lung sits much lower at approx-
imately the level of the eleventh rib. This is refl ected in some of the examination 
techniques used in respiratory assessment. 

 The control of ventilation occurs through voluntary mechanisms regulated by the 
central nervous system and involuntary mechanisms controlled by the respiratory 
centre in the medulla oblongata and pons in the brain stem.  2   Breathing consists of 
two distinct phases, the inspiratory phase  –  lasting for approximately 2 seconds as 
the lungs fi ll; and the expiratory phase  –  a passive phase lasting approximately 3 
seconds where air is expelled from the lungs.  1   The volume of air that is moved in and 
out of the lungs per minute is termed minute volume, this is determined by the 
respiratory rate and the tidal volume (volume of air moved by each breath), and 
therefore changes in either of these values can signifi cantly change minute volume 
and the subsequent delivery of oxygen to the alveoli and carbon dioxide from the 
lungs to the environment. 

 The deterioration of breathing is one of the major causes of critical illness in the 
UK,  3   therefore the accurate assessment and management of respiratory function is 
paramount in patient care.        

  Indications for  r espiratory  a ssessment 
 There are a variety of conditions that require respiratory assessment of varying 
levels, the level of assessment and observation should be based upon clinical judge-
ment; however a basic assessment should be undertaken in any patient contact. 
Common indications for respiratory assessment are: 

   •      To determine a baseline level of respiratory function and adequacy for future 
assessment.  

   •      To provide diagnostic information in respiratory conditions such as asthma and 
COPD.  

   •      To provide assessment of the effi cacy of treatments/interventions.     
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  Respiratory  r ate 
 Respiratory rate is the number of times per minute that a person breathes. There 
is some disagreement over what constitutes a  ‘ normal ’  rate or Eupnoea in adults, 
with normal rates varying from 10 breaths per minute to 25 breaths per minute.  1,2,4,5   
It is agreed however that breathing rates rise in the young and in the elderly,  6   as 
can be seen below. The ratio of respiratory rate to pulse rate is suggested to be 
approximately 1   :   5,  6   with some authors suggesting a ratio of 1   :   4.  7   As there is little 
consensus as to what constitutes a normal rate, it is therefore diffi cult to ascertain 
what is abnormal rate, therefore consideration of respiratory rate should be taken 
as an overall picture using other observations of the patient, such as level of con-
sciousness or colour, as a guide  .   

 

       List what factors can infl uence respiratory 
rate? How will this affect your assessment 
and management of respiratory rate? 

 Table 6.1     Respiratory rates by age   8    

   Age     Respiratory rate (range)  

   < 1 year    30 – 40 (breaths/min)  
  1 – 2 years    26 – 34 (breaths/min)  
  2 – 5 years    24 – 30 (breaths/min)  
  5 – 12 years    20 – 24 (breaths/min)  
   > 12 years    12 – 20 (breaths/min)  

    Tachypnoea 
 Tachypnoea is an abnormally fast respiratory rate based upon norm values ( > 20 
breaths per minute),  8   and can be one of the fi rst indications of respiratory distress. 
There can be numerous causes of tachypnoea such as anxiety, fever, exercise, 
hypoxia and pain.  1,4,9   The British Thoracic Society (2007) suggest that respiratory 
rate is a major indicator in severity of respiratory illness, with respiratory rates of 
over 25 breaths per minute indicative of acute severe exacerbation of conditions 
such as asthma (in adults).  10    
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  Bradypnoea 
 Bradypnoea is an abnormally slow respiratory rate ( < 12 breaths per minute),  8   that 
can indicate a severe deterioration of a patients condition.  10   Causes include fatigue, 
hypothermia, central nervous system depression and certain drugs such as opiates.  11    

  Measuring  r espiratory  r ate 
 There is little evidence of how to measure respiratory rate, however consensus sug-
gests that rate should be counted over a minute with the patient at rest and ideally 
without the patients knowledge it is being counted so as not to make them conscious 
of their respiratory rate.  2,5   There are a variety of methods that can be used to iden-
tify respiratory rate as seen below: 

   •      Direct vision of chest movement.  
   •      Use of specialist oxygen masks that incorporate respiratory rate indicators. The 

accuracy of these has been validated within the Emergency Department; however 
large scale studies have not been undertaken.  12    

   •      Counting of respiratory rate during auscultation.    

 Other methods have been suggested such as the visualisation of condensation on 
the inside of an oxygen mask; however the use of such techniques has not been 
validated and cannot be recommended.   

  Respiratory  d epth  a ssessment 
 Respiratory depth is the volume of air inhaled and exhaled from the lungs with each 
respiration. The volume of air moved in a normal breath is termed tidal volume, in 
the average adult tidal volume is considered to be 500   mL.  1   This is typically measured 
with a spirometer, however a spirometry is not commonly utilised in prehospital care, 
and therefore the estimation of respiratory depth is undertaken by reviewing chest 
expansion or through the use of ventilatory methods discussed in other chapters 
such as the bag - valve - mask. However the assessment of the depth of respiration is 
important when considering the respiratory status of any patient. 

 
   

       What is more important respiratory rate 
or depth? Or are they equally important? 
Can you assess depth of breathing 
accurately? If not what can you do to 
make this estimation more accurate? 



Respiratory observations and examination techniques Chapter 6

133

  Chest and  r espiratory  i nspection 
 Whilst there is no scientifi c evidence to support the visualisation and inspection of 
the respiratory system, it is an inherent consideration for all patients with respira-
tory disease and related injury as visual indicators can emphasise the level of effort 
required for the patient to breathe, highlight the presence of injury, and provide 
clues in the formulation of a diagnosis. A thorough inspection of the airways, the 
neck (larynx and trachea), and the chest (for signs such as bruising, deformity, acces-
sory muscles and equality of chest movement) can aid the practitioner and should 
form a part of every respiratory assessment. It is recommended that a thorough 
understanding of the underlying anatomy, physiology and pathophysiology of illness 
and injury be achieved so that the presence of and importance of visual indicators 
can be fully understood.  

  Chest  c ompliance 
 Healthy lungs are stretchy and distensible; this is known as lung compliance. Lung 
compliance is determined by two factors, the distensibility of the lung tissue and 
alveolar surface tension.  1   However since the lungs are contained within the thoracic 
cage the compliance of the thoracic wall is also a key factor in lung compliance. 
Within the prehospital setting it is not possible to measure lung compliance, however 
thoracic wall compliance can be considered using a simple technique. In the healthy 
adult both sides of the thorax should expand symmetrically. Failure of the chest wall 
to expand either unilaterally or bilaterally may indicate disorders such as fi brosis, 
lung collapse or pleural effusion. 

  Assessing  c hest  c ompliance 
 There is little evidence regarding the use of chest compliance as a measurement of 
respiratory function, however it can be a useful tool in the assessment of respiratory 
illness or injury. The method described below is a simple technique to assess the 
equality and depth of respiration. 

  Step -  b y -  s tep  p rocedure for  a ssessing  c hest  c ompliance 

   Procedure     Rationale  

  1. Gain informed consent from the patient 
and explain the procedure.  

  This procedure involves placing the hands 
upon the chest and back; therefore consent 
is vital.  

  2. To assess the function of the lower 
lobes place the hands fi rmly upon the 
chest with the fi ngers spread around 
the sides of the chest and extended 
thumbs meeting at the midline of the chest 
as seen in Figure  6.1  below.  

  This will provide an assessment of the 
expansion of the lower ribs and anterior 
chest wall.  



Chapter 6 Respiratory observations and examination techniques

134

   Procedure     Rationale  

  3. The thumbs should be lifted slightly off 
of the chest.  

  This will allow easier movement of the hands 
upon the chest wall with inspiration and 
exhalation.  

  4. Ask the patient to inhale deeply (take a 
deep breath).  

  A normal inhalation may not provide enough 
movement to give an adequate assessment of 
the movement of the chest wall.  

  The thumbs should move apart symmetri-
cally at least 5   cm.  14    

  This is the expected norm for chest expansion 
in a healthy adult.  

  This technique may also be performed 
upon the back with the hands placed below 
the scapula (Figure  6.2  below).  

  This will provide an indication of the move-
ment and expansion of the posterior chest 
wall.  

     Figure 6.1     Expansion of the lower anterior chest.  
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  Respiratory  p attern/ r hythm  a ssessment 
 The normal respiratory rhythm has regular cycles co - ordinated by the central 
nervous system, with the expiratory phase slightly longer than the inspiratory phase. 
However, variations exist in the presence of underlying disorders. It is therefore 
important to note the rhythm of breathing during the measurement of 
respiratory rate. 

  Defi nitions 
 There is a variety of recognised breathing patterns that have clinical signifi cance 
and should be noted if present. 

   •      Apnoea is a loss of all respiration,  1   therefore it is an indication of critical illness 
or injury and death.  

   •      Hypopnoea is a severe reduction of respiratory rate and depth that differs from 
bradypnoea due to the severity.  

   •      Biot ’ s breathing is an irregular breathing pattern that is differentiated from 
Cheynes – Stokes breathing (below) by the equal depth of respiration. It is com-
monly a result of central nervous system disorders.  6    

   •      Cheyne – Stokes breathing is a periodic breathing pattern in which there is a 
gradual increase in depth of breathing, followed by diminished respiratory effort, 
often associated with a brief period of apnoea.  13   This is often seen in patients 
with severe illness and most noticeably seen in cardiac failure, narcotic poisoning 
and neurological disorders.  

     Figure 6.2     Expansion of the posterior chest.  
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   •      Kussmauls breathing is described as an increase in the depth and rate of breath-
ing often resulting in a sighing pattern. This is commonly a result of metabolic 
acidosis secondary to conditions such as renal failure, salicylate poisoning and 
diabetic ketoacidosis.  14   Kussmauls breathing is a variation of hyperventilation 
that is also an increase in respiratory rate and depth.  1       

  Measuring  r espiratory  r hythm 
 There are no set guidelines or evidence for the observation of respiratory patterns; 
however consensus of opinion suggests that observing breathing for a period of one 
minute is best practice to allow for any changes to be noted and evaluated.  6,13     

  Oxygen  s aturation/ p ulse  o ximetry 
 Oxygen is transported to the tissues in the blood, with approximately 3% trans-
ported in the blood plasma and 97% transported on haemoglobin creating oxyhae-
moglobin.  1,15   Oxygen saturation is defi ned as the ratio of oxyhaemoglobin to the total 
concentration of haemoglobin.  15   Disease and injury processes can alter the ability of 
blood to carry or receive oxygen. Therefore the ability to measure oxygen levels in 
the blood can be a useful indicator of respiratory function. Oxygen saturations can 
be measured invasively via arterial blood gases (SaO 2 ) and non - invasively via pulse 
oximetry (SpO 2 ). Prior to the introduction of methods such as pulse oximetry detec-
tion of hypoxaemia (lack of oxygen in the blood) was reliant upon observation 
methods such as cyanosis at the lips (circumoral cyanosis). However this is consid-
ered to be a late sign with high levels of subjectivity due to eyesight differences and 
experience of the examiner.  16   The ability to undertake arterial blood gas sampling 
for SaO 2  levels is impractical in the prehospital; setting, therefore pulse oximetry is 
the routinely utilised method. 

  Pulse  o ximetry 
 The pulse oximeter measures the pulse rate and the saturation of haemoglobin in 
arterial blood. Through the use of two light sources (red and infrared) and a sensor, 
light absorption is measured. Pulse oximeters utilise the physiological difference in 
light absorption between oxygenated haemoglobin and reduced (deoxygenated) 
haemoglobin to provide a ratio reading displayed as a percentage of total 
haemoglobin. 

 There are a wide variety of products available within healthcare settings, provid-
ing pulse oximetry probes that are designed for differing areas of the body including 
the fi nger, forehead and the ear - lobe. Each practice area will have a preferred pulse 
oximeter manufacturer and probe confi guration, however the principles remain the 
same regardless of make and model.  

  Indications for  p ulse  o ximetry 
 There are numerous reasons for the undertaking of pulse oximetry; examples of 
these are shown below: 
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   •      To assess respiratory function in respiratory illness or injury.  
   •      To review the effi cacy of respiratory interventions such as oxygen therapy.  
   •      To gain a baseline measurement of oxygen saturation prior to interventions such 

as sedation and anaesthesia.     

  Limitations of  p ulse  o ximetry 
 The use of a pulse oximeter is not without limitations and sources of error. A variety 
of potential limitations have been identifi ed and call into question measurements 
achieved through pulse oximetry: 

   •      Nail polish  –  there has been growing concern over the validity of SpO 2  measure-
ments achieved in patients who are wearing nail polish. Common practice as a 
result has been to remove nail polish prior to measurement  17   which obviously has 
time and expense implications. However recent large - scale studies have noted 
that whilst small differences ( < 1.6%) occur with dark colour nail polishes (brown 
and blue), that these changes are not clinically signifi cant.  17,18   However it is noted 
that a difference in measurement can be caused by nail polish.  

   •      Carbon monoxide poisoning  –  due to the affi nity of carbon monoxide (CO) 
and haemoglobin, the presence of CO will result in the formation of carboxy-
haemoglobin. However pulse oximeters are unable to detect the difference 
between oxyhaemoglobin and carboxyhaemoglobin, therefore in the presence 
of carbon monoxide (for example in smoke inhalation) pulse oximeters can 
provide a falsely elevated reading. In these situations SpO 2  should not be relied 
upon.  2,16,19    

   •      Poor peripheral circulation  –  as the pulse oximeter is reliant upon pulse waves, 
poor perfusion due to conditions such as cold or hypotension can result in inad-
equate readings.  16   Pulse oximetry has been found to be reliable with systolic 
blood pressures of  > 80   mmHg; however blood pressure readings below this level 
can lead to inaccurate or unreliable detection of the pulse waves and subsequent 
erroneous readings.  20,21   This is supported by fi ndings in critically ill patients in 
two studies reviewing centrally sited SpO 2  probes (ear lobe/forehead) versus 
peripheral fi ngertip probes, with greater reliability and sensitivity found in more 
centrally sited probes.  22,23    

   •      Motion artefact  –  the excessive motion of digits from tremor, seizure or shivering 
can interfere with signal detection or interpretation. Therefore the placement of 
the probe is vital, alongside calming of the patient wherever possible.  16,24    

   •      High intensity lighting  –  this can lead to false readings due to the infi ltration of 
light into the probe. This can be limited by correct application of the probe and 
by reducing bright light sources.  16    

   •      Age, sex and dark skin have not been shown to interfere with SpO 2  monitoring 
in previous studies  25   however a recent study suggests that dark skin can decrease 
the accuracy of pulse oximetry at low levels of oxygen saturation ( < 80%). 
Further research is required to clarify this situation before practice can be 
changed.  

   •      High bilirubin levels in hepatitis and cirrhosis of the liver and some blood dyes 
used in angiography may reduce the accuracy of monitoring as they alter the 
colour of the blood.  26    
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   •      Oximeters require a steady pulse signal, therefore conditions that affect the 
consistency of a pulse may reduce accuracy. One common example is the pres-
ence of cardiac arrhythmias such as atrial fi brillation.     

  Technique of  p ulse  o ximetry 
 A standardised approach to pulse oximetry can aid accuracy of results, and a step -
 by - step procedure is given below. 

  A  s tep -  b y -  s tep  a pproach to  p ulse  o ximetry 

   Procedure     Rationale  

  1. Gain informed consent from the patient and 
explain the procedure.  

  This should be gained in all procedures 
as it is a legal requirement in any patient 
who can consent.  

  2. Ensure that the patient is warm and relaxed.    To reduce muscular artefact and anxiety 
related movement. Also consider bright 
lighting and rectify if safe and practical 
to do so.  

  3. Ensure that the equipment is clean and in 
good working order.  

  To minimise cross infection risk and 
ensure an accurate reading.  

  4. Select a suitable site for the probe, avoiding 
cold or shaking extremities, this is usually a 
fi nger tip. If there is nail varnish on the fi nger 
nail this may be removed to aid accuracy.  

  Shaking or cold extremities can affect 
the reading.  

  5. Turn on the pulse oximeter.    Naturally this is essential; turning on the 
probe prior to the procedure can cause 
noise alarms on the probe to be activated 
which may increase patient anxiety.  

  6. Ensure that the pulse oximeter is registering 
the pulse, and ensure that the pulse registered 
matches the patient pulse.  

  Artefact may alter the pulse reading and 
result in erroneous readings.  

  7. Take the reading. Some pulse oximeters can 
take a few seconds to register a true level so do 
not rush the procedure. It is recommended that 
an oximeter is given fi ve minutes to  ‘ settle ’  
prior to taking a reading.  26    

  Taking the reading too early may 
produce a false result and alter the 
clinical impression or management 
plan.  

  8. Consider external factors and limitations of 
pulse oximetry when interpreting readings.  

  A variety of factors may infl uence 
readings, therefore place the reading in 
context with other examination fi ndings.  
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        Peak  fl  ow  m easurement 
 Peak expiratory fl ow rate measurement (PEFR) or peak fl ow is a simple and com-
monly used test of lung function. It is defi ned as the highest fl ow achieved from a 
maximal forced expiration started without hesitation from a maximal inhalation.  27   
PEFR is measured in litres per minute, occurring early in forced expiration, within 
the fi rst tenth of a second.  28   PEFR can be used as an indicator of airfl ow obstruction 
and restriction. It is a single measure of lung function and therefore should be 
utilised alongside other measures. 

 
  

       There are limitations in the accuracy of 
oximetry. What other factors should you assess 
when considering the oxygen saturation levels 
in any patient? 

 Pulse oximetry has a number of potential fl aws and 
limitations, therefore reliance upon such measures should be 
avoided and oxygen saturations used to compliment a full 
patient assessment. 
    

 Key Point 

  
 Measurements obtained should be considered against a set of norm values which can 
be acquired from a variety of sources such as: 
 The British Thoracic Society:  www.brit-thoracic.org.uk/  
 Asthma UK:  www.asthma.org.uk  
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 A PEFR measurement is commonly obtained with a mini Wright peak fl ow meter. 
This device is a plastic tube with a plastic mouthpiece leading to the tube, along the 
barrel of the meter runs a scale that allows for the measurement. At the far end of 
the device is an air exhaust that allows exhaled air to be vented. 

  Indications for the  u se of  PEFR  
 The PEFR reading is commonly used for the monitoring and assessment of asthma 
and COPD,  29   however it can be used in any respiratory condition. The common indi-
cations for PEFR assessment are: 

   •      Confi rmation of diagnosis of asthma.  
   •      Measurement of severity of respiratory illness.  
   •      Monitoring of treatment for respiratory conditions.    

 Whilst the British Thoracic Society (2007)  10   suggest that PEFR can be a useful tool 
in the assessment of severity of illness, further studies question the reliability of 
PEFR as a single indicator for illness severity.  30,31   However these studies are not 
without fl aws suggesting that further research is required to fully evaluate the use 
of PEFR for indication of severity.  

  Technique of  PEFR   m easurement 

   Procedure     Rationale  

  1. Gain informed consent from the 
patient and explain the procedure.  

  This should be gained in all procedures as it is a 
legal requirement in any patient who can consent.  

  2. Establish patient ’ s best known 
PEFR or Norm value.  

  Whilst standardised charts are useful, patients 
with a respiratory illness history will have different 
normal value based upon their previous attempts.  

  3. Ensure that the equipment is clean 
and in good working order.  

  To minimise cross - infection risk and ensure an 
accurate reading.  

  4. Instruct the patient on the 
procedure and the fl owing steps that 
must be taken.  

  A prior understanding of what is expected from 
the patient will provide a more fl uent and accurate 
attempt.  

  5. Ask the patient to take a deep 
breath (maximum inhalation).  

  The reading is based upon maximal exhalation, 
therefore maximal inhalation is required fi rst.  

  6. Immediately place the mouthpiece 
of the meter between the teeth so 
that the teeth and tongue do not 
obstruct the mouthpiece.  

  Obstructing the mouthpiece will reduce the 
acquired measurement.  

  7. The patient is then required to 
undertake a maximal exhalation 
without delay. This should be 
described as a short sharp  ‘ huff ’ .  

  The fi rst tenth of a second is key in PEFR 
measurement, delay in exhalation will reduce 
the maximal fl ow produced.  
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   Procedure     Rationale  

  8. Note the reading on the meter and 
document.  

  Changes over time are important in assessing 
condition and effi cacy of treatment.  

  9. This process should be undertaken 
three times to provide a best of three 
recording. However it important that 
suffi cient recovery time is given 
between attempts.  

  More than fi ve efforts are not likely to be 
benefi cial as exhaustion and fatigue can occur.  27    

 PEFR measurements in asthma can induce bronchoconstriction, therefore if repeated 
measurements produce lowering results testing should be ceased to prevent dete-
rioration.  27   Consideration should also be given as to whether the patient is able to 
undertake testing, as severe reduction of respiratory function may inhibit the ability 
to record a PEFR reading.  

  Factors  a ffecting  PEFR   m easurement 
 As with any measurement technique in health assessment there is always potential 
for error in measurement. Common errors noted in PEFR measurement include: 

   •      Failure to take a maximal inhalation  –  this will result in a sub - maximal exhalation.  
   •      Holding the breath at the point at maximal inhalation  –  thus reducing the ability 

to provide a maximal exhalation.  
   •      Blocking the mouthpiece with the tongue or the teeth  –  thus reducing the airfl ow 

through the meter.  
   •      Failure to make a maximal exhalation  –  thus providing a falsely low reading.  
   •      Leaks within the PEFR meter  –  thus reducing airfl ow through the device resulting 

in a falsely low reading.  
   •      Blocking of the pointer  –  thus stopping an accurate reading.    

  Adapted from Booker (2007).  28    
 There are no studies that investigate the extent of these sources of error; however 

a consensus of opinion suggests that they do commonly occur.  6,28     

  Chest  p ercussion 
 Percussion is a technique of physical examination that allows for the recognition of 
differing sounds resulting from vibrations through differing types of tissue poten-
tially differentiating between air fi lled, fl uid fi lled or solid areas beneath. It can be 
undertaken on either the chest for respiratory percussion or the abdomen to assess 
intra - abdominal injury and illness. Percussion of the chest will only penetrate tissues 
approximately 5 – 7   cm into the chest; therefore not all lesions and respiratory disor-
ders can be recognised using this technique,  32   but in the absence of chest X - ray 
facilities in the fi eld percussion is still a major tool within prehospital care.  5   

 The aim of chest percussion is to compare the percussion note of the right and 
left sides of the chest. There are fi ve typical percussion sounds that can be heard, 
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as seen in Table  6.2 . These can be simply examined and recognised (even on your 
own chest) using the technique explained later.   

  Indications for  c hest  p ercussion 
 The percussion of the chest should be performed as an aid to diagnosis when there 
is suspicion of an underlying respiratory illness or injury, such as those listed below: 

   •      Pneumothoraces and haemothoraces  
   •      Pneumonia and chest infections  
   •      Pleural effusion  
   •      Lung lesions  
   •      Asthma, emphysema and chronic bronchitis.     

  The  t echnique of  c hest  p ercussion 
  A  s tep -  b y -  s tep  g uide to  c hest  p ercussion 

   Procedure     Rationale  

  1. Gain informed consent from the patient and 
explain the procedure.  

  This should be gained in all procedures 
as it is a legal requirement in any 
patient who can consent.  

  2. Place your left hand palm down fi rmly against 
the chest, ensuring that the middle fi nger is 
aligned between the ribs and the fi ngers are 
spread slightly apart (Figure  6.3  below).  

  Sound conduction through bone can be 
reduced.  

  3. Press the left middle fi nger fi rmly against the 
chest wall.  

  To allow for transmission of the 
pressure wave when the fi nger is struck.  

 Table 6.2     Percussion note characteristics.   Adapted from  Bates ’  Guide to Physical Examination 
and History Taking   32   Bickley and Szilagyi (2003)   

        Relative 
intensity  

   Relative pitch     Relative 
duration  

   Example location  

  Flatness    Soft    High    Short    Thigh or over areas of pleural effusion  
  Dullness 
(hyporesonant)  

  Medium    Medium    Medium    Liver or over consolidated lung tissue/lung 
collapse. This can be heard whenever fl uid or 
solid tissue replaces air containing lung tissue  

  Resonance    Loud    Low    Long    Normal lung  
  Hyperreso-
nance  

  Very loud    Lower    Longer    None normally  –  may be present in pneumo-
thoraces, emphysema and exacerbations of 
asthma  

  Tympany    Loud    High (a musical 
timbre)  

  Distinguished by 
its musical timbre  

  Gastric air bubble or puffed out cheek  
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   Procedure     Rationale  

  4. Flex the right hand at the wrist with the 
middle metacarpophalangeal joint slightly 
fl exed.  

  This will ensure that a fl uid motion is 
used and the force applied is 
appropriate.  

  5. Hyperextend the wrist further then briskly 
fl ex the wrist using the pad of the middle fi nger 
of the right hand to strike the middle phalanx or 
distal interphalangeal joint of the left middle 
fi nger (see Figure  6.4  below).  

  6. Immediately remove the percussing fi nger 
(the right hand).  

  Maintaining the percussion fi nger on the 
struck fi nger will dull the sound wave 
produced.  

  7. This procedure can be repeated swiftly to 
provide a second sound.  

  This is only necessary if you wish to 
confi rm the fi rst sound.  

  8. As you strike the two fi ngers listen and feel 
the percussion note.  

  Try to identify the quality of the 
percussion note.  

  9. Percussion should be undertaken upon a 
minimum of four areas on each side (left and 
right) of the anterior chest  –  including over the 
clavicles; the axillae should also be percussed at 
this time.  

  A thorough examination should be 
undertaken to ensure no areas of lung 
are omitted.  

  10. Further percussion should be undertaken on 
a minimum of four sites on each side of the 
posterior chest, excluding over the scapulae.  

  The thickness of muscle and bone alters 
the percussion note from the tissue. 
This is to ensure that all lung fi elds are 
percussed for fi ndings. An example 
pattern of percussion can be seen in 
Figures  6.5 – 6.7  below.  

  11. If the upper posterior chest is percussed the 
patient should be encouraged to fold their arms.  

  This will move the scapulae laterally for 
ease of percussion.  

 
  

 You are called to a patient in severe respiratory distress following being struck in 
the chest by a piece of machinery. You notice that the patient has severe bruising 
to the left side of his chest and has poor oxygenation (SpO 2    =   82%) recorded, 
alongside a marked tachycardia (140   bpm). On auscultation and percussion you are 
unable to hear any sounds due to the noisy environment. What are the likely 
diagnoses for this patient? How can you assess the patient further? What actions 
may you need to take in treating this patient? 

 Scenario 
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     Figure 6.4     Strike the middle phalanx or distal interphalangeal joint of the left 
middle fi nger.  

     Figure 6.3     The initial hand position for chest percussion.  
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     Figure 6.5     Anterior chest percussion points.  

     Figure 6.6     Posterior chest percussion points.  
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     Figure 6.7     Axilla percussion points.  
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 If a difference in percussion tone is noted between sides the area should be re -
 percussed to confi rm fi ndings. The skill of percussion does take some practice to 
attain competence therefore practice is necessary. This technique can be practiced 
on both yourself, colleagues and even on inanimate objects such as walls. 

 
     

  
 You can use surfaces such as walls or boxes to practice. Each surface will produce a 
different sound. Percussing the right side of the abdomen will also produce differing 
sounds ranging from resonance over the lung to a dull note over the liver. Practise on 
willing colleagues or friends to get used to identifying differing notes. 

  Tactile vocal fremitus 
 Tactile vocal fremitus is a vibration test felt upon the chest when the patient speaks. 
It is a technique that is seldom used by practitioners due to lack of sensitivity, 
however this test can be useful in the assessment of suspected effusion and con-
solidation. Human speech is generally at a low frequency that can be detected as 
vibration upon the chest wall. At times of consolidation vibrations will increase due 
to transmission of sound waves through thicker tissue. However in cases such as 
lung collapse, pneumothorax and pleural effusion vibrations are reduced. 

  Technique of  t actile  v ocal  f remitus 
  A  s tep -  b y -  s tep  g uide to  t actile  v ocal  f remitus  a ssessment 

   Procedure     Rationale  

  1. Gain informed consent from the 
patient and explain the procedure.  

  This should be gained in all procedures as it is a 
legal requirement in any patient who can consent.  

  2. Place the ulna border of the hand 
horizontally against the chest.  

  This side of the hand is sensitive to movement 
beneath.  

  3. Ask the patient to say  ‘ ninety 
nine ’ , whilst the patient is speaking 
concentrate upon the vibrations felt 
in the hand.  

  The vibration caused by saying  ‘ ninety nine ’  is 
accentuated by effusion and consolidation in the 
lung.  

  4. This should be repeated in all 
fi elds of the anterior/posterior 
chest and the axilla in the areas 
highlighted in Figures  6.5 – 6.7 .  

  A thorough examination should be undertaken to 
ensure no areas of lung are omitted.  

 This is a test that requires skill and experience to utilise fully therefore practice is 
highly recommended. As an uncommonly used skill this is not expected to be used 
frequently but can be a useful addition in the assessment of respiratory disorders.    
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  Chest  a uscultation 
 Auscultation of the lungs is the most important assessment of airfl ow through the 
trachea - bronchial tree. It allows the practitioner to assess the quality of airfl ow to 
the lungs and the condition of the lungs. Auscultation is the technique of listening 
to the sounds generated by airfl ow in breathing; in addition the examiner should 
listen for added (adventitious) sounds produced during the respiratory cycle. Despite 
the frequency of auscultation in patient assessment there is little evidence to support 
current techniques therefore a general consensus of expert opinion is most com-
monly considered. 

 Most sounds that reach the chest wall are low frequency and are theoretically 
more easily heard by using the bell of the stethoscope despite little consensus 
over this, the diaphragm is most commonly used in clinical practice.  5,14,31   The use of 
the diaphragm can lead to the stretching of the skin and trapping of hairs beneath, 
thus producing sounds similar to crackles (an adventitious sound); it may also be 
diffi cult in the thin patient to achieve full contact between the diaphragm and the 
chest wall. 

  Breath  s ounds 
 Breath sounds are differentiated by their intensity, pitch and duration of their inspi-
ratory and expiratory phases. 

   •      Normal breath sounds: These are described as vesicular and are produced by 
airfl ow in the large airways and larynx and altered by passing through the smaller 
airways. The sounds are soft and low pitched; described as a rustling sound. They 
start at the beginning of inspiration and continue through until about one third 
of the way through expiration where they fade away.  

   •      Bronchial breath sounds: This is caused by increased density of matter in the 
peripheral lung fi elds allowing for the transmission of sound unchanged from the 
larger airways. These sounds are louder and higher in pitch, often described as 
hollow and blowing, often having a pause between inspiration and expiration, the 
expiratory phases tends to last longer than the inspiratory phase. These sounds 
are commonly heard in conditions such as pneumonia where air fi lled tissue is 
fi lled with fl uid or solid lung tissue.  

   •      Bronchovesicular: These sounds have an inspiratory and expiratory phase of an 
even length, there may be a pause between inspiration and expiration. These 
sounds are again found in conditions that alters the air fi lled lung tissue by fl uid, 
fi brosis or collapse.  

   •      Reduced breath sounds: The intensity of breath sounds relates to the airfl ow 
through the tissues, therefore reductions in airfl ow will from causes such 
as obesity, pleural effusion, fi brosis, pneumothorax and asthma to name a few 
can result in reduced ability of air to fl ow into the tissues. A silent or quiet 
chest is not a sign that the lung fi elds are clear. In some cases asking the patient 
to cough can ease a bronchial obstruction and make breath sounds easier to 
hear.  14       
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  Added  s ounds ( a dventitious) 
 There are a variety of additional breath sounds that can have a clinical signifi cance, 
therefore practitioners should be able to recognise and describe adventitious sounds. 
A selection of common additional sounds can be seen below: 

   •      Wheeze: These are musical sounds and should be timed with the respiratory 
cycle. They are caused by narrowing of the airways. A wheeze tends to be louder 
on expiration as the airways naturally dilate on inspiration and narrow on expira-
tion. High pitch wheezes emanate from the smaller airways such as the bronchi-
oles, whereas lower pitch wheezes come from larger airways such as the bronchi. 
A wheeze however is a poor discriminator of airway narrowing as severely 
restricted airways will produce a quieter wheeze due to limited air fl ow. Wheezes 
are commonly seen in asthma and COPD.  

   •      Crackles (rales/crepitations): Crackles are usually a result of collapsed airways 
and alveoli being fi lled with air at high pressure causing an opening  ‘ snap ’ . It is 
important to note when the crackles occur within the respiratory cycle as this 
can aid diagnosis. Early inspiratory crackles are indicative of small airway disease 
such as bronchiolitis. In pulmonary oedema crackles occur in mid inspiration. 
Late phase inspiratory fi ne crackles are suggestive of conditions such as pulmo-
nary fi brosis and bronchial secretions in COPD, these sounds are commonly 
described as like rubbing hair between your fi ngers. Crackles may also be heard 
when air passes through secretions in the larger airways, these sounds are com-
monly more coarse and have a gurgling quality.  

   •      Pleural rub: These sounds are produced by the infl ammation of the parietal and 
visceral pleura that surround the lungs. The sound is likened to creaking such as 
bending a new leather belt or the sound of a footstep in fresh snow. It is best 
heard with the diaphragm of the stethoscope due to the high pitched nature of 
the sound and is commonly heard at the end of inspiration and the beginning of 
expiration. Pleural rub is often diffi cult to hear unless the patient is breathing 
deeply, so is therefore normally sought when a pleuritic type pain is presented.    

 
   

  
 Examples of breath sounds can be found on - line at sites such as: 
  http://www.merck.com/  
  http://www.rale.ca  
  http://www.emsvillage.com  
 They may also be found on CD at most medical libraries. 
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  Technique of Auscultation 
  A  s tep -  b y -  s tep  g uide to  c hest  a uscultation 

   Procedure     Rationale  

  1. Gain informed consent from the patient 
and explain the procedure.  

  This should be gained in all proce-
dures as it is a legal requirement in 
any patient who can consent.  

  2. Ask the patient to take deep breaths in 
and out through the mouth.  

  This increases the turbulent airfl ow to 
allow for easier recognition of sounds.  

  3. Place the diaphragm of the stethoscope 
(or bell if the patient is very slim or has a 
hairy chest) over the chest, commencing 
above the clavicle.  

  The apex of the lung can be heard in 
the supra - clavicular notch.  

  4. Listen to both inspiration and expiration.    Adventitious sounds may be heard on 
both inspiration and exhalation.  

  5. After each breath move the stethoscope 
from side to side covering all lung fi elds 
both anteriorly, posteriorly and in the 
axillae. It is suggested that for a thorough 
assessment the sites shown in earlier in 
the chapter for percussion sites should be 
used.  

  A thorough examination should be 
undertaken to ensure no areas of lung 
are omitted.  

  6. It may be useful to coach the patient ’ s 
breathing by saying  ‘ in  … .and out ’ .  

  This will allow you to control the 
procedure.  

  7. Be aware of the patient ’ s physical 
condition as long periods of deep breathing 
may cause dizziness or not be achievable 
in the dyspnoeic patient.  31    

  It may be necessary to stop and allow 
the patient to breathe normally.  

  8. Take note of the breath sounds and 
presence of adventitious sounds in each 
lung fi eld auscultated. If abnormality is 
noted then listen for longer over each lung 
fi eld.  

  To ensure that the quality of the 
sound is fully assessed.  

  Vocal  r esonance 
 Also referred to as transmitted voice sounds, this is an assessment tool not com-
monly used in prehospital care; however it has a signifi cant diagnostic benefi t when 
combined with other examination techniques. Vocal resonance is the auscultatory 
equivalent of tactile fremitus, whereby sounds are transmitted through the chest 
wall when the patient speaks. Normally when auscultation is performed, whilst the 
patient is speaking, muffl ed indistinct sounds will be heard. However over an area 
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of consolidation sound transmission is increased so sounds become more distinct or 
more resonant. In cases such as pleural effusion, lung collapse and pneumothoraces, 
sound transmission is reduced thus making sounds less intelligible. 

  Technique of  v ocal  r esonance 
  A  s tep -  b y -  s tep  g uide to  v ocal  r esonance 

   Procedure     Rationale  

  1. Gain informed consent from the patient and 
explain the procedure.  

  This should be gained in all proce-
dures as it is a legal requirement in 
any patient who can consent.  

  2. Place the diaphragm of the stethoscope upon 
the chest, it is suggested that the same areas 
are used as with auscultation (Figures  6.5 – 6.7 ).  

  To ensure that all lung fi elds are 
examined.  

  3. Ask the patient to say  ‘ ninety nine ’ . Normally 
the sound will be muffl ed and indistinct.  

  These procedures will elicit differing 
sounds that are required to assess 
for consolidation or effusion.  

  4. Ask the patient to say  ‘ ee ’ . Normally a 
muffl ed long  ‘ ee ’  will be heard. If  ‘ ee ’  is heard as 
 ‘ ay ’  this is known as egophony and can indicate 
consolidation within the affected area.  

  5. Ask the patient to whisper  ‘ ninety - nine ’ , the 
voice is normally faint and indistinct if heard at 
all. However in the consolidated lung the 
whispered voice may be heard. This is known as 
whispering pectoriloquy.  

 Due to the complexity of this examination skill, it is not routinely recommended or 
required. 

 

    1.     Respiratory examination requires experience and knowledge of signs and 
symptoms present in differing conditions.  

  2.     There are a number of steps in undertaking a full 
respiratory assessment; these procedures form only 
the core of assessment and are part of a fuller 
holistic assessment. Physical assessment must be 
considered alongside careful history taking and 
visual assessment.        

 Chapter Key Points 
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 The importance of undertaking a reliable and timely neurological assessment of 
acutely ill patients cannot be overestimated. However evidence suggests that the 
neurological assessments undertaken by healthcare professionals may not always 
be consistent and appropriate.  1   There are numerous presentations that the practi-
tioner may experience which require neurological assessment to establish treatment 
or diagnosis; these can include conditions such as hypoglycaemia, cerebro - vascular 
accident (or stroke) and the head injured patient. It is the intention of this chapter 
to provide the practitioner with an evidence based approach to standardised neuro-
logical observations that can be utilised in dealing with such patient groups.  

  Defi nitions 
 Neurological observations are those investigations and examination that relate 
to the assessment of the nervous system. These commonly focus upon six key 
areas: 

   •      Level of consciousness  
   •      Pupillary activity  
   •      Motor function  
   •      Sensory function  
   •      FAST (stroke recognition)  
   •      Vital signs.    

 One observation that is commonly part of a neurological assessment (although 
primarily an endocrine function) is blood sugar analysis. This will also be discussed 
as a part of this chapter. 

  Indications 
 There are a variety of indications for neurological assessment and observations that 
relate to any condition or presentation that could or does exhibit altered neuro-
logical status. Neurological observations should be aimed at: 

   •      Detecting abnormality  
   •      Detecting deterioration  
   •      Detecting improvement.    

 A systematic approach to neurological assessment can assist in the detection of 
changes over time.   

  Level of  c onsciousness  a ssessment 
 Consciousness encompasses a conscious perception of sensations, voluntary initia-
tion and control of movement, and capabilities associated with higher mental func-
tion (such as memory, logic or judgement).  2   Clinically, consciousness is graded upon 
a four - point scale relating to response to stimuli running on a continuum from the 
highest level of awareness to the most depressed, as seen below: 

  1.     Alertness  
  2.     Drowsiness or lethargy  
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  3.     Stupor  
  4.     Coma.    

 From Marieb E, Hoehn K. (2007)  Human Anatomy and Physiology .  2   
 There are two common methods used in the assessment of levels of conscious-

ness by healthcare professionals, the AVPU score and Glasgow Coma Scale. 

   AVPU   s core 
 The AVPU score is a brief examination of responsiveness that is initiated in the 
primary survey.  3   The scale was introduced as a method for rapid neurological assess-
ment in the trauma patient  4   with the use of scoring based upon a grading of initial 
response upon the following stimuli:

  A    Alert (no stimulus required).  

  V    Verbal stimulus required to elicit a response.  

  P    Painful stimulus required to elicit response.  

  U    Unresponsive to all stimuli.  

 The method for eliciting pain response will be discussed later (see GCS section). 
Anecdotal evidence suggests that AVPU is simpler and quicker to use than the 
Glasgow coma score,  5   however studies have suggested that the AVPU score may 
not provide the sensitivity to detect subtle changes in neurological status that result 
from non traumatic causes of neurological derangement.  5,6    

  The Glasgow Coma Scale 
 This scale was introduced in 1974 by Teasdale and Jennett  7   as a standardised tool 
to aid physicians in the assessment and comparison of patients with altered levels 
of consciousness. This scale, following modifi cations, has been in use by healthcare 
professionals ever since.  8   Whilst this method is commonly accepted as the technique 
of choice within health services, studies have suggested that the scale may not 
always be reliably used in comparison to other methods such as AVPU.  9,10   

 The Glasgow Coma Score (GCS) evaluates three key categories of behaviour that 
closely refl ect activity in the higher centres of the brain; eye opening, verbal response 
and motor response.  11   Within each category a score is given for the level of response, 
with the lower the score the greater the deterioration of neurological function. The 
lowest score a patient can receive is 3 and the highest value is 15 (indicating a fully 
alert state). The GCS chart for adults can be seen in Box  7.1 .   

 The GCS table is applicable for adolescents and has been adapted for paediatrics 
as seen in Box  7.2 ; however the use in children under the age of 3 is questionable 
due to developmental issues.  13      

  Best  e ye  r esponse 
 Eye opening is closely linked with being awake and alert and as such is easily identi-
fi ed. Eye opening mechanisms are controlled by a collection of neurones located in 
the brain stem, hypothalamus and thalamus known as the reticular activating system 
that is stimulated by sensory input.  2   The patient is considered to have spontaneous 
eye opening when the eyes are opened without any stimulation. If either a verbal or 
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Box 7.1 The  Glasgow Coma Scale  table for adults.   12   

painful stimulus is required then this must be recorded, a guide to undertaking eye 
response testing is seen in Table  7.1 .    

  Best  v erbal  r esponse 
 The best verbal response assesses two aspects of cerebral function: 

   •      Comprehension or understanding of what has been said.  
   •      Ability to express thoughts into words or expression.    

 This can be achieved by speaking to the patient in a normal voice. It is best practice 
not to ask yes or no questions as they can lead to missed information. The best 
verbal response also assesses the patient ’ s awareness of themselves in relation to 
time and space. An element of consideration is required when assessing a best verbal 
response, many authors suggest that the patient must be able to state the day and 
date to be considered orientated.  7   However thought must be given to the patient ’ s 
status, as many patients who have been hospitalised for a long time for example will 
have little need to know the date. A guide to undertaking a best verbal response can 
be seen in Table  7.2 .   

 Discrepancies can occur in the assessment of verbal response; therefore it is 
imperative that the practitioner uses language that the patient can understand to 
reduce the likelihood of misunderstanding. 

 
   

    

  Best eye response (4) 

   1.     No eye opening.  
  2.     Eye opening to pain.  
  3.     Eye opening to verbal command.  
  4.     Eyes open spontaneously.    

  Best verbal response (5) 

   1.     No verbal response  
  2.     Incomprehensible sounds.  
  3.     Inappropriate words.  
  4.     Confused  
  5.     Orientated    

  Best motor response (6) 

   1.     No motor response.  
  2.     Extension to pain.  
  3.     Abnormal fl exion to pain.  
  4.     Normal fl exion to pain.  
  5.     Localising pain.  
  6.     Obeys commands.     
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Box 7.2  Paediatric version of the Glosgow Coma Scale .   14   

     What diffi culties can arise in assessing 
a verbal response? What can you do to 
improve or assist in these situations? 

 

     Best eye response (4) 

   1.     No eye opening.  
  2.     Eye opening to pain.  
  3.     Eye opening to verbal command.  
  4.     Eyes open spontaneously.    

  Best verbal response (5) 

   1.     No vocal response.  
  2.     Occasionally whimpers and/or moans.  
  3.     Cries inappropriately.  
  4.     Less than usual ability and/or spontaneous irritable cry.  
  5.     Alert, babbles, coos, words or sentences to usual ability.    
 Communication with the infant or child ’ s caregivers is required to 
establish the best usual verbal response. A ‘grimace’ alternative to 
verbal responses should be used in pre - verbal or intubated patients. 

  Best grimace response (5) 

   1.     No response to pain.  
  2.     Mild grimace to pain.  
  3.     Vigorous grimace to pain.  
  4.     Less than usual spontaneous ability or only response to touch 

stimuli.  
  5.     Spontaneous normal facial/oro - motor activity.    

  Best motor response (6) 

   1.     No motor response to pain.  
  2.     Abnormal extension to pain (decerebrate).  
  3.     Abnormal fl exion to pain (decorticate).  
  4.     Withdrawal to painful stimuli.  
  5.     Localises to painful stimuli or withdraws to touch.  
  6.     Obeys commands or performs normal spontaneous movements.     
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 Table 7.1     Best eye response   18    

   Observation     Score     Method  

  Eye response: If the patient is unable to open their eyes as a result of trauma or 
surgery the letter  ‘ c ’  indicating closed should be recorded. This will ensure that false 
recordings are reduced.  

  This score 
indicates the 
level of arousal/
consciousness  

  4  –  Spontaneously    The patient ’ s eyes should open as you 
approach. If the patient is asleep wake them 
fi rst as the assessment is based upon best 
response.  

  3  –  To speech    The patient will respond to your voice. The 
simplest way is to use their name. If there is 
no response consider using a raised voice as 
the patient may be hearing impaired.  

  2  –  To pain    The patient should open their eyes to painful 
stimulus (discussed below)  

  1  –  No response    The patient ’ s eyes remain closed despite 
painful stimuli.  

 Table 7.2     Best verbal response   19    

   Observation     Score     Method  

  Verbal response: The patient may have diffi culty in speaking (dysphasia). If this is the 
case  ‘ D ’  should be indicated in the chart, if the patient is intubated then the letter  ‘ T ’  
should be used.  

  This score indicates 
the level of orientation 
to time, place and self.  

  5  –  Orientated    The patient must be able to state their name, 
who they are, where they are and what the 
month is (or time of day  –  morning, evening, 
night).  

  4  –  Confused    If the patient is able to hold a conversation 
but unable to answer the previous questions 
correctly they should be considered confused. 
Correct any wrongly answered questions and 
re - ask them later in the assessment using a 
different order to avoid copying.  

  3  –  Inappropri-
ate words  

  The patient will use random words that make 
little sense or are out of context. This typically 
consists of swearing and shouting. A painful 
stimuli may be required to gain a response.  

  2  –  Incompre-
hensible sounds  

  The patient will only respond with moaning 
and groaning. Painful stimuli may be required 
to gain a response.  

  1  –  No response    There is no verbal response despite painful 
stimuli.  
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  Best Motor Response 
 The best motor response is used to test how well the brain is functioning as a whole 
by testing the identifi cation of sensory input and the subsequent motor response. 
The best possible motor response is the ability to understand simple commands and 
respond.  11   A guide to undertaking an assessment of best motor response can be seen 
below in Table  7.3 .   

 It is not recommended to use the command of  ‘ squeeze my fi ngers ’  as an obeyed 
command as this is a primitive refl ex and may occur involuntarily.  16   It is recom-
mended that a central response is used to test a response to pain as a peripheral 
stimulus may provoke a spinal refl ex and therefore not assess cerebral functioning.  11   
Spinal refl exes may cause limbs to fl ex briskly and can even be elicited in patients 
who have been certifi ed as brainstem dead.  15   It can also be very diffi cult to differ-
entiate fl exion from pain and withdrawal from pain if using a peripheral pain stimuli.  

  Painful  s timuli 

 A response to painful stimulus is a very contentious issue and should only be applied 
if the patient does not respond to other stimuli.  8   There are numerous legal and 
ethical issues that should be considered on each occasion, therefore it is recom-
mended that explanation is given to any onlookers to save confusion and later 
complications.  11   There are two overarching approaches to painful response, both 
having inherent fl aws and benefi ts that must be considered; these approaches are 
central and peripheral stimuli.  16    

 Table 7.3     Best motor response   11,19    

   Observation     Score     Method  

  Motor response: If the patient is receiving paralytic drugs as Glasgow coma scale cannot 
be assessed.  

  This indicates 
brain function.  

  6  –  Obeys 
commands  

  Ask the patient to perform a series of different movements 
such as sticking out their tongue or raising their arms.  

  5  –  Localises 
to pain  

  Apply a central painful stimulus (as described later in Table 
 7.4 ). The patient should purposefully move the arm 
towards the site of pain to remove the cause.  

  4  –  Withdraws 
from pain  

  The patient will fl ex their arms in response to a painful 
stimulus but will not move towards the source of the pain.  

  3  –  Flexion to 
pain  

  Also referred to as decorticate positioning. It occurs when 
there is a block in the motor pathway between the cerebral 
cortex and brain stem. It is a slower response to a painful 
stimulus. It is recognised by a fl exion of the upper arm and 
rotation of the wrist. It may also result in the thumb fl exing 
across the fi ngers.  

  2  –  Extension 
to pain  

  Also known as decerebrate positioning. This is the result of 
a blocked or damaged motor pathway within the brain-
stem. This is characterised by straightening of the elbow 
and internal rotation of the shoulder. The legs may also 
straighten with the toes pointing downwards.  

  1  –     There is no physical response despite painful stimuli.  
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  Central  s timuli 
 There are four commonly used distinct methods of providing a central painful stim-
ulus: trapezium squeeze, supraorbital pressure, jaw pressure and sternal rub as 
described in Table  7.4 .   

 The use of the centralised pain response to elicit eye opening response can be 
diffi cult as it may cause grimacing or eye closure as a natural response therefore 
making it counter - productive when assessing for eye opening.  8   However central 
stimuli are perceived to be more reliable as they can produce an overall body 
response thus making a centralised stimulus more reliable when assessing motor 
function.  17   Whilst there are little data to suggest a recommended method of cen-
tralised painful stimuli, anecdotal evidence suggests that the sternal rub technique 
should be discontinued due to concerns over potential patient injury including bruis-
ing and skin breakdown.  11   In addition the use of supra - orbital pressure should only 
be undertaken by those who are competent in its ’  use due to concerns of potential 
injury or adverse reaction.  

  Peripheral  s timuli 
 A peripheral stimulus is interpreted by the peripheral nervous system and commu-
nicated to the central nervous system via the spinal cord to the brain. However a 
peripheral response may also elicit a spinal refl ex making the use of peripheral 
stimuli limited in terms of motor assessment. Due to reasons stated earlier a periph-
eral stimulus is more suited to best eye opening response.  2,8   Table  7.5  describes the 
common techniques in applying a peripheral pain stimulus.   

 Table 7.4     Eliciting painful stimuli   18,19    

   Stimulus     Procedure     Rationale  

  Trapezium 
squeeze  

  1. This is achieved by using the thumb 
and two fi ngers as  ‘ pincers ’ . Feel for the 
large muscle mass of the trapezius 
(located at the angle where the neck and 
shoulders meet) and twist or squeeze.  

  A gentle pinch of approxi-
mately half an inch hurts but 
does not cause real pain.  

  Supraorbital 
pressure  

  2. Pain is achieved by applying pressure 
over a branch of the facial nerve. This 
can be found upon the inner aspect of 
the eyebrow in a small notch. Place the 
hand upon the patients head and the fl at 
of the thumb or knuckle is placed over 
the notch. Pressure should gradually be 
applied for a maximum of thirty seconds.  

  Pressure applied here causes 
pain in the form of a headache. 
This method should not be 
used in facial trauma or 
glaucoma as it may further 
injury. 34  Caution is also 
required as orbital pressure 
may also cause bradycardia.  

  Jaw pressure    3. Apply pressure to the angle of the jaw 
just in front of the ear lobe using the 
thumb.  

  This method should not be 
used in cases of facial trauma.  

  Sternal rub    4. This involves grinding the knuckles or 
palm upon the centre of the sternum.  

  This method can cause bruising 
over time and is considered to 
be an outdated and should only 
be used with extreme caution. 16   
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 Table 7.5     Peripheral pain stimulation 

   Stimulus     Procedure     Rationale  

  Lateral fi nger 
or toe pressure  

  Using a pen or similar object (consider 
infection control) apply pressure to 
the lateral aspect of a fi nger or toe, 
avoid the nail bed. Rotate the object 
around the fi nger/toes away from the 
nail. This should be performed for no 
longer than 10 seconds.  

  It is advisable to avoid the nail 
bed as beneath the bed are a 
number of structures such as 
tendons, nerves and blood 
vessels. 2  These can be damaged 
by the use of extreme pressure 
upon the nail.  

 By avoiding pressure over the nail short term pain can be applied with a reduced 
likelihood of longer term damage to underlying structures.   

  Pupillary  a ssessment 
 Careful examination of the pupils is an important part of a neurological assessment 
and is often the only way to assess the neurological status of a sedated patient. 
Pupils should be assessed for size, shape, and response to a light stimulus. Any 
change of pupil response may be an indication of raised intracranial pressure or 
lesion.  19   

  Pupil  s ize and  s hape 
 Pupil size will vary for a variety of reasons such as light, anxiety, drug use and pain, 
as a result of sympathetic and parasympathetic responses to stimuli,  2   suggested 
causes of pupil size abnormality can be found in Table  7.6 . Pupil size is measured in 
millimetres (diameter) with a normal pupil size ranging from 2 – 6   mm.  19   Each pupil 
should be assessed individually and documented, this should be undertaken prior to 
any light being shone in them  –  it is important to note that levels of ambient light 

 Table 7.6     Abnormal pupil sizes  –  Common causes.   Adapted from Cox and 
Roper (2006).  21     

   Pupil size     Common causes  

  Pin point pupils    Opiate overdose, brainstem CVA (pontine), 
miotic eye drops, Horner ’ s syndrome.  

  Dilated pupils    Fear, anxiety, anti - cholinergic drug 
overdose, brainstem CVA (mid brain), pain, 
mydriatic eye drops.  

  Unequal dilated pupils (unreactive)    IIIrd nerve palsy, mydriatic eye drops.  
  Unequal constricted pupils (unreactive)    Miotic eye drops, Horner ’ s syndrome.  
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may affect pupil size. Many forms of documentation and some pen torches have a 
guideline scale for the measurement of pupils, these should be used to ensure objec-
tivity of measurement. In the average patient the pupils will be of equal size, however 
it is estimated that up to 20% of patients will have unexplained unequal pupils 
(anisocoria).  20   A difference of up to 1   mm is acceptable and may be physiological, 
especially if this is maintained in both light and dark conditions.  21     

 There are numerous causes of abnormal pupil size, these are just some of the 
common causes that may be found. 

 Pupils are generally round in shape and equal. However certain conditions such 
as glaucoma (oval pupil) and ocular trauma (grossly irregular pupil) can alter the 
shape of both or an individual pupil. It is therefore important in the presence of an 
abnormal pupil size or shape to ask the patient or relative whether this is new to 
the patient.  

  Pupil  r esponse 
 In the presence of a bright light the pupils should constrict to reduce the amount of 
light that enters the eye.  2   However in the presence of an insult the sensory (afferent) 
or motor (efferent) pathways may be damaged and reduce or eliminate pupil 
response. With a light stimulus to one eye there should be experienced a direct 
response (constriction of the pupil) and consensual light refl ex (constriction of the 
other pupil).  2   For this to take place an intact sensory and motor pathway is required. 
This response should occur in both light and dark conditions, although the response 
may be more diffi cult to spot in very light conditions. Pupil response to a light source 
should be relatively swift, therefore sluggish or slow responses should be noted, as 
should exceptionally brisk response as they can suggest neurological injury.  21   

 A guide for the examination of direct and consensual light refl ex can be seen 
below. 

  Assessing  l ight  r esponse   21    

   Procedure     Rationale  

  1. Gain informed consent from the patient to 
undertake the procedure.  

  This will help to reduce anxiety and 
make the patient easier to examine. 
It is also a basic requirement for 
professional practice.  

  2. Reduce the light from ambient sources wherever 
possible.  

  This enables a better view of the 
pupil and makes any response easier 
to view.  

  3. Wash the hands thoroughly.    As manual opening of the eye may 
be required this can reduce cross 
infection.  

  4. With the eyes open review the size and shape of 
the pupil.  

  See section upon pupil size and 
shape.  
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   Procedure     Rationale  

  5. Using a bright pen torch move a light source from 
the outer aspect of the eye toward the pupil. This 
should cause pupil constriction (direct light refl ex). 
The light only needs to be shone into the pupil for a 
very brief period to elicit a response. Assess the 
level of constriction and the speed of response.  

  This will assess the sensory and 
motor pathways.  

  6. Repeat the process, this time watch the other eye 
to assess consensual light refl ex.  

  This will assess the motor pathway 
for the opposing eye.  

  7. Repeat the previous two steps shining the light 
into the opposing eye.  

  This will assess the sensory and 
motor pathways of the opposing eye.  

  Assessing  m otor  f unction 
 Damage to the nervous system may result in changes in the patient ’ s ability to move. 
To assess patient motor function an evaluation of the following areas should be 
undertaken: 

   •      Inspection and palpation of muscle mass  
   •      Assessment of tone  
   •      Assessment of refl exes  
   •      Assessment of movement and power  
   •      Assessment of co - ordination  
   •      Assessment of abnormal movements.    

  Inspection and  p alpation of  m uscle  m ass 
 Long standing motor neurone lesions/damage may result in the loss of muscle bulk 
due to atrophy and lack of muscle use. Diseases such as motor neurone or stroke 
are common causes of such signs.  22    

  Assessment of  t one 
 This involves the assessment of the resistance to passive movement of the limbs. 
Increased resistance suggests increased tone whereas decreased resistance sug-
gests decreased tone. These tests are not routinely undertaken in prehospital care.   

  Assessment of  r efl exes 
 There are a variety of refl exes that can be tested. Typically these require great skill 
and experience to undertake and are not commonly used in prehospital care, exam-
ples include the deep tendon refl exes such as the knee jerk. However there are some 
refl exes that may be assessed within the community environment. These include the 
blink, gag, swallow, oculocephalic and plantar refl exes. 
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   •      Blink refl ex: This is a protective refl ex that can be affected by damage to the 
trigeminal and facial cranial nerves. These may be noted by a lack of blinking to 
stimulation of the cornea.  

   •      Gag and swallow refl ex: These are not routinely tested however history and 
clinical examination may suggest a loss of gag or swallow function. For example 
aspiration of foodstuffs. Altered responses suggest damage to the glossopharyn-
geal or vagus cranial nerves.  

   •      Oculocephalic: This refl ex is an eye movement that occurs in patients with 
severely decreased level of consciousness. When the refl ex is present if the head 
is moved to one side the eyes will move in the opposite direction. However in 
patients with absent brain stem refl exes the eyes will appear to remain station-
ary in the centre.  

   •      Plantar refl exes: An abnormal plantar refl ex is evident upon the stimulation upon 
the lateral border of the underside of the foot. A normal response is the fl exion 
of the great toe and adduction of the other toes. An abnormal response is noted 
when the great toe extends (or dorsifl exes) and the other toes abduct. This is a 
sign of upper motor neurone damage, however may be normal in babies under 
the age of one year.  23       

  Assessment of  m ovement and  p ower 
 This involves the assessment of the patients muscle power and movement against 
resistance. If the patient is unable to generate any power against resistance then 
gravity should be used. These tests are not commonly used in prehospital care.  

  Assessment of  c o -  o rdination 
 Any disease or injury that affects the cerebellum or basal ganglia can affect co -
 ordination. The ability to perform complex movement smoothly and effi ciently 
requires intact sensory and motor pathways. This can be simply tested with tasks 
such as asking the patient to run their heel up and down the shin of the opposite 
leg or by asking the patient repeatedly and rapidly pat the palm of one hand with 
the palm of the other hand and then with the back of the hand. This should be per-
formed as quickly and regularly as possible.  

  Assessment of  a bnormal  m ovements 
 When carrying out a neurological examination the patient should be observed for 
any abnormal movements such as jerks, tremor, tics, seizures or fasciculation 
(ripples or twitches underlying the skin in muscles at rest). These are all suggestive 
of neurological defi ciency.  
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  Sensory  f unction  a ssessment 
 Sensory functions and input allows the individual to respond to input from the exter-
nal environment. When injury or illness damages the sensory pathways the ability 
to respond is decreased. This occurs in conditions such as spinal injury and stroke.  22   
Assessment of sensory function should include: 

   •      Central and peripheral vision: this can be achieved briefl y by asking the patient 
about their vision or the use of standardised visual acuity charts.  

   •      Hearing and ability to understand verbal communication: This can be briefl y 
achieved by asking the patient about their hearing or asking them respond to 
simple commands such as tested in the Glasgow Coma Scale.  

   •      Superfi cial sensations: This can be tested by applying a light stimulus to the skin 
(light touch or pain). Areas that can be tested are linked to sensory areas known 
as dermatomes that relate to specifi c nerve routes as seen below.  

   •      Deep sensations: This relates to sensations of muscle and joint pain and the 
ability to recognise joint position. This can be briefl y assessed by asking the 
patient to identify the position a joint is placed in when the patient has their eyes 
shut.       

   FAST  
 The FAST test is the acronym for the face, arm, speech test. This procedure is the 
current recommended technique for pre - hospital care staff in the recognition of 
stroke to allow for prompt management and referral.  24   Limited studies have been 
undertaken upon this technique; however initial fi ndings suggest that there is a high 
level of diagnostic accuracy in the use by pre - hospital care personnel.  24   

 The FAST approach is a simplifi ed approach to a rapid assessment of a suspected 
stroke patient. Through the assessment of three specifi c areas of neurological func-
tioning a level of suspicion of stroke can be gained. The FAST approach is shown in 
Table  7.7 .    

 Table 7.7     The  FAST  approach to stroke recognition.   24    

   Test     Findings  

   Face   –  Does the patient have a symmetrical 
face or are there any signs of a facial droop?  

  The presence of a facial droop can be 
indicative of stroke or facial nerve palsy.  

   Arm   –  Does the patient have equal power in 
their arms? Place the patients arms straight 
out in front of them, does one arm drift 
downwards?  

  The presence of an arm drift suggests a 
weakness to that limb and potential for 
hemiparesis.  

   Speech   –  Is there evidence of slurred speech? 
Are they able to speak normally?  

  Slurring of speech may indicate stroke 
due to weakness of facial muscles.  
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     Figure 7.1     The dermatomes  –  sensory areas related to spinal nerves. 
Reproduced from Faiz, O. and Moffat, D.,  Anatomy at a Glance , copyright 
2006, with permission of Blackwell Publishing.  
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  Vital  s igns 
 There are a variety of vital signs that should be undertaken as a routine part of 
neurological assessment, these include: 

   •      Respirations  
   •      Temperature  
   •      Pulse  
   •      Blood pressure  
   •      Blood sugar.    

 The assessment of these key areas can offer vital information into the functioning 
of the neurological system. See chapters upon Respiratory Observations and Assess-
ment and Cardiovascular Observations and Assessment for further information. The 
assessment of blood sugar is often taken as a part of the neurological examination 
and will therefore be discussed in this chapter.  

  Blood  g lucose  t esting 
 The body regulates blood glucose levels through the production of insulin and glu-
cagon by the pancreas. These hormones are responsible for the metabolism and 
release of glucose from body stores respectively, alongside other functions.  2   Blood 
glucose levels are normally maintained within relatively narrow limits of about 
5 – 7   mmol/L (millimoles per litre).  25   However conditions such as diabetes affect the 
body ’ s ability to produce insulin and subsequently control blood sugar. In the diabetic 
patient the normal blood sugar level may vary between individuals therefore trends 
over time and norm values for the individual are paramount in the identifi cation of 
abnormal blood sugar values.  26   

  Abnormal  b lood  s ugar  v alues 
 There are two broad categories of abnormal blood sugar; hypoglycaemia (low blood 
sugar) and hyperglycaemia (high blood sugar). Hypoglycaemia occurs when the 
blood sugar falls below 4.0 mmol/L and causes subsequent changes in neurological 
functioning such as confusion.  27   This can be caused by issues such insulin overdose, 
insuffi cient food intake, exercise or alcohol. Hyperglycaemia is often caused by 
current illnesses such as infections that lead to a raise in blood sugar beyond normal 
limits ( > 7   mmol/L or relative value for the patient).  

  Capillary  b lood  g lucose  t esting 
 Within the prehospital setting the common technique for blood glucose testing 
involves the use of capillary blood glucose monitors (glucometer) with blood samples 
taken by pin prick from the fi nger. Whilst this is a simple measurement previous 
research suggests that serious errors have occurred that have led to inappropriate 
decisions being made,  28   this has led to recommendations for the training of staff 
and the use of testing devices as seen below: 

   •      Staff must be aware of what results to expect in normal and abnormal situations.  



Chapter 7 Neurological observations and examination techniques

170

   •      Staff must be aware of the correct use of equipment and the consequences of 
incorrect use.  

   •      Staff must be educated in the collection of blood samples including the gaining 
of consent and health and safety issues.  

   •      Staff must be aware of the standards of documentation of such results.  
   •      Staff must understand the limitations of equipment and when use is contra -

 indicated.  
   •      Staff must have an in - depth knowledge of the equipment including error codes 

and calibration.    

  What  s ite  s hould  b e  u sed? 

 There is little evidence to support a specifi c location for capillary blood testing, 
typically the fi nger tip is used,  29   however sites such as the earlobe and heel may also 
be used  30  . Initial studies suggest that the earlobe may provide a less painful site for 
testing.  30   There have been no demonstrated differences in accuracy between these 
sites therefore no specifi c recommendations can be made. 

 
   

     How would you choose which site to use? What 
factors might infl uence you choice? Would you 
use the same site in a baby as in an adult? If not 
why? 

  Skin  p reparation 

 Again there is little evidence to provide a recommendation for the use cessation or 
use of skin swabbing prior to capillary blood glucose testing. Some authors suggest 
that the use of alcohol skin swabs could cause erroneous results,  31   however small 
scale research suggests that no difference in readings are obtained following the 
use of an alcohol swab.  32   General advice provided by The National Library for 
Health  33   and the Royal College of Nursing  34   suggests that there is little need to clean 
healthy skin for routine injections outside of a hospital. The advice states that if 
chemical disinfection is used that it must be allowed to dry prior to injection. Manu-
facturers of glucometers suggest that the skin should be physically cleaned using 
soap and water.  32   This has the dual benefi t of warming the digit to increase blood 
fl ow and subsequently make testing easier.  
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  Which  d rop to  t est? 

 There has been anecdotal evidence to suggest that the initial drop of blood gained 
from a pin prick should be removed and a second drop tested to reduce the risk of 
inaccurate results. This is based upon the concept that the initial drop may contain 
excess tissue fl uid and potentially alcohol from any swab that is used;  35   whilst there 
is little published evidence to dispute or support this notion, until proven otherwise 
it is suggested that the second drop be tested.  

  Capillary  b lood  g lucose  t esting:  p rocedure 

 A step - by - step approach to capillary blood glucose testing is provided below. 

 

   Procedure     Rationale  

  1. Check and prepare the equipment for 
use - including functionality, use by date, 
calibration. Equipment required: glucom-
eters, test strips, fi nger pricking device, 
cotton wool, sharps disposal container, 
gloves.  

  To ensure maximum effi ciency, comfort and 
safety.  

  2. Prepare the patient  –  gain informed 
consent, if possible wash the digit 
(especially if physically dirty) and ensure 
the patient is comfortable.  

  This will reduce anxiety and make the testing 
process easier. Consent is also a legal 
requirement for practice.  

  3. Wash your hands and put on gloves.    Please refer to infection control chapter.  

  4. Take the blood sample  –  Using a single 
use retractable lancet take a sample from 
the side of the fi nger (or ear lobe or heel). 
If the site does not bleed then milk the 
site until enough blood is obtained.  

  A single use retractable lancet is recom-
mended as this will reduce the risk of needle-
stick injury and cross - infection. The side of the 
fi nger is generally less sensitive than the tip 
and sensitivity in tips of fi ngers may be lost if 
used regularly. Rotation of sites is advised to 
avoid over use of one site as the skin may 
become hard and painful.  

  5. Apply blood to the test strip.    Most strips are hydrophilic and draw blood up 
when applied. However some strips still require 
a drop of blood to be dropped onto them, this 
will vary between manufacturer and strip type.  
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   Procedure     Rationale  

  6. Dispose of the lancet in a sharps 
disposal container and any contaminated 
non sharps material into a clinical waste 
container.  

  This conforms with infection control and 
sharps disposal policies and will reduce the risk 
of needlestick injury and/or contamination.  

  Document the fi ndings appropriately.    To ensure accurate documentation of fi ndings 
and to determine management.  

  7. Report or act upon any abnormal or 
unexpected fi ndings.  

  It is important to recognise any abnormal or 
unexpected fi nding as this may infl uence care 
or priorities of management.  

 

 You are called to a 25 - year - old patient who suffers with diabetes (insulin controlled), 
he is suffering from acute confusion and is behaving irrationally. You test the blood 
sugar which is recorded as 6.8   mmol/L. What are your differential diagnoses? How 
could you further assess this patient to form a diagnosis? 

 Scenario 

    1.     The assessment of neurological function is both complex and requires 
experience to gain competence.  

  2.     The understanding of the concepts and interpretation of 
neurological assessments is a major facet in patient 
assessment and subsequent management.  

  3.     Neurological assessment incorporates a number of 
potential examinations and vital signs therefore a 
thorough assessment may well be required to 
identify abnormal fi ndings.        

 Chapter Key Points 
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 The taking of a medical history is a vast area that is acquired with both experience 
and knowledge. It is not the intention of this chapter to explain the full history taking 
requirements of all presentations of patients but to introduce key components and 
skills involved in the history taking process. There is little evidence to support spe-
cifi c approaches to history taking, however it is universally agreed that history taking 
is of paramount importance.  

  Defi nitions 
 History taking is the process of gaining a patient ’ s account of their illness or injury 
and the eliciting of further information that is required to lead to a diagnosis, pri-
oritise care and evaluate the impact of a patient ’ s symptoms upon their lives. A 
medical history can be viewed as a conversation with a purpose, that of gaining 
information about a patient, their life and their condition. Taking a history is not a 
passive process; the practitioner needs to guide the patient so that a comprehensive 
history can be obtained. The importance of taking a history cannot be overestimated 
in the assessment and treatment of any patient. 

 To gain a comprehensive history the practitioner needs to understand the prin-
ciples of communication with a wide variety of client groups and the importance of 
a structured yet fl exible approach to history taking. There is an undoubted need for 
effective history taking and communication in the assessment of any patient group 
and professional role, therefore the underlying skills of gaining a medical history are 
a core competency for any health professional.  1,2,3    

  Key  c ommunication  s kills 
 The patient – carer relationship should be based upon openness, trust and good com-
munication.  1,2   It is therefore essential to have a good understanding of effective 
communication skills. Whilst there are no set rules for what is effective communica-
tion, there are some key skills that are of undoubted value: 

   •      Be honest.  
   •      Avoid medical jargon as it may confuse or mislead patients.  
   •      Speak clearly and use unambiguous language.  
   •      Actively listen to the patient, ask for and respect their views. This means encour-

aging the patient to talk by looking interested and consider encouraging com-
ments such as,  ‘ Tell me more about …  ’   

   •      Try to develop a rapport, history taking requires honesty from both yourself and 
the patient, they must feel able to communicate any concerns they may have.  

   •      Provide positive support and empathy, this may enhance health outcomes and 
the practitioner relationship.  

   •      Consider verbal and non - verbal communication skills (see Table  8.1 ).      
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     Are there any situations where 
communication can be especially diffi cult? 
Think of your own practice, what groups 
of patients are more diffi cult to 
communicate with and what can you do 
to improve this? 

 Table 8.1     Key examples of verbal and non - verbal communication skills.  
 Adapted from Mehrabian (1981)  3     

   Non - verbal skills     Verbal skills  

      •      Eye contact  
   •      Interested posture  
   •      Hand gestures  
   •      Nodding of the head (provides a 

positive emphasis of listening)  
   •      Facial gestures     

      •      Appropriate language  
   •      Avoid jargon and technical language  
   •      Consider the pitch and tone of your voice  
   •      Speak at a pace that can be easily understood  
   •      Speak at a volume that can be easily heard but 

not overpowering of lacking consideration for 
confi dentiality     

  Communication  m odels 
 There are a variety of communication models that are used and have been used in 
healthcare over many years. However the use of these models is a blend of personal 
preference and adaptation to specifi c situations. There are currently two main 
models that are commonly seen in practice. Each has inevitable benefi ts and fl aws. 
The most commonly used models are: 

   •      The biomedical model  –  This is a practitioner - led model, whereby the focus is 
upon the disease and subsequent management.  

   •      The patient - centred model  –  This model seeks to holistically assess the patient 
and shares the decision making and power between the practitioner and the 
patient.    

 The biomedical model has recently fallen out of favour amongst the medical profes-
sion due to the rigid focus and lack of consideration for the patient experience and 
subjective effects of the disease process.  4   The patient - centred model seeks to under-
stand the patient ’ s experience of the disease whilst considering the whole person 
and agree a management plan in conjunction with the patient ’ s wishes. There is no 
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evidence to suggest that either model is more effective or desirable; however con-
sensus of opinion suggests that the patient should be treated as a whole person as 
opposed to a disease or injury.  1 – 3    

  The  p ractitioner –  p atient  r elationship 
 This should not be mistaken for having a relationship with a patient! Any health 
or medical assessment and history should be considered as a partnership with 
the patient whereby the two parties work together toward a set goal (often a cure 
or appropriate treatment). The broad role of the practitioner in this relationship is 
to: 

   •      Be polite, considerate and honest.  
   •      To treat patients with dignity.  
   •      Treat each patient as an individual.  
   •      Respect patients ’  privacy and rights of confi dentiality.  
   •      To empower the patient in caring for themselves.     

  A  s tandardised  h istory  f ramework 
 This is a structured approach to history taking that complements documentation 
skills as discussed within this book. It is generally accepted that it is important to 
have a logical and systematic approach to history taking to ensure quality and 
adequacy in a health history. As an element of this, consent must be sought prior 
to any assessment process including physical assessment and questioning. A stan-
dardised history taking structure can be seen below. 

   •      Introductions  
   •      The presenting complaint  
   •      The history of the presenting complaint  
   •      Past medical history  
   •      Medication history  
   •      Allergies  
   •      Family history  
   •      Social history  
   •      Sexual history  
   •      Mental health  
   •      Occupational history  
   •      Systematic enquiry  
   •      Further information from a third party  
   •      Summary.    

 Adapted from Thomas and Monaghan (2006)  4  ; Douglas G, Nicol F, Robertson C. 
(2005).  5   

 This outline above is just a guide as it will not always be appropriate or relevant 
to include all areas, for example in the critically ill patient such a history could detract 
from more pressing issues such as treatment. Each section of the history process 
will now be broken down and discussed individually. 
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  Introductions 
 This is a key element in establishing a rapport with the patient and can provide 
information vital to the assessment of the patient. Greeting the patient with a simple 
hello is often an adequate verbal approach, as comments such as  ‘ good morning ’  
may not always be appropriate for a patient who may receive bad news. The shaking 
of hands can provide vital information about a patient such as their peripheral cir-
culation (i.e. cold hands) and their neurological status (loss of power). However this 
may not always be appropriate. Take each consultation upon its own merits. It is 
vital to gain the name of the patient at the commencement of the history as reliance 
upon terms such as  ‘ my dear ’  or  ‘ sweetheart ’  may be misconstrued. The use of fi rst 
names or surnames can also be problematic, as some patients may prefer to be 
called  ‘ Mr or Mrs Smith ’ ; however some patients would rather be called by their fi rst 
name. It is simplest just to ask the patient what they would like to be called, as 
there are no strict rules. Don ’ t forget to introduce yourself; this can be either just 
your name or may include your title (i.e. Paramedic/Technician/Emergency Care 
Assistant).  

  The  p resenting  c omplaint 
 It is essential to defi ne the problem that has caused the patient to seek medical 
assistance. This can often be a diffi cult to ask question as terms such as  ‘ What are 
you complaining of? ’  or  ‘ Why have you called for an ambulance? ’  may be misinter-
preted as implying they should not have called or they are  ‘ complainers ’ . As with 
many areas of history taking it is important to choose a technique suited to each 
individual. Open questions such as  ‘ What would you say your main problem is? ’  or 
 ‘ How can I help you today? ’  may be more appropriate.  

  The  h istory of the  p resenting  c omplaint 
 To evaluate the presenting complaint further, questions need to be asked that are 
aimed at working out the cause of the complaint. The required questions to achieve 
this can vary widely and are dependent upon experience and knowledge in terms of 
depth of questioning. Key components of the history of the presenting complaint 
are: 

   •      Location of the symptom  
   •      Duration of symptoms  
   •      Onset of symptoms (i.e. provocation and worsening of symptoms)  
   •      Aggravating and alleviating factors  
   •      Any attributable causes  
   •      Previous episodes  
   •      Severity of symptoms (i.e. pain score)  
   •      Nature of the symptoms (i.e. are the pains continuous)  
   •      Any medication use to relieve symptoms.     

  Past  m edical  h istory 
 The previous medical history of a patient is often key in understanding current 
medical conditions. There is often a strong probability that new symptoms may be 
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caused by long - standing medical conditions. Also consideration of medical history is 
paramount for safety in treatment regimes as contra - indicated treatments must be 
avoided. It is important to remember that many patients may not consider conditions 
such as asthma or hypertension (amongst others) to be signifi cant. It is therefore 
important to ask not only a generalised open question such as,  ‘ Do you have any 
medical conditions? ’  but to consider asking about specifi c conditions such as,  ‘ Do 
you have or have you had asthma, diabetes, heart attacks, epilepsy, strokes, high 
blood pressure? ’ . This list is not exhaustive so please consider ruling out any history 
that could relate to the presenting complaint. Do not forget to ask about any previ-
ous surgery as this may highlight further medical complications.  

  Medication  h istory 
 This can be very important for a number of reasons that may relate to a current 
complaint, including: 

   •      Contra - indication of treatments  
   •      Side effects of current medications  
   •      Identifi cation of current medical conditions.    

 It is important to consider both prescribed and non - prescribed medications, along-
side any herbal remedies as they often have a medicinal quality that may affect 
treatment. Therefore it is useful to ask,  ‘ Do you take any medicines from your 
doctor/pharmacist/ or any herbal remedies? ’ . It may also be useful to expand this 
to enquire,  ‘ Do you take any tablets, inhalers, or drops for anything? ’ . This may elicit 
further information. Ideally the patient will have their medication with them; this 
allows for you to review them thoroughly paying attention to dates, dosages, compli-
ance with medications and frequency.  

  Allergies 
 Consideration of allergies is not only key to the safe administration of medications 
and treatments, but it may also provide clues to underlying causes of symptoms. 
Prior to any medication provision the checking of allergies is vital. Ask the patient 
if they  ‘ have any allergies or medications that they cannot take? ’  this will allow for 
identifi cation of not only allergies but often medications that they do not perceive 
as allergies but have been informed not to take by their GP or other healthcare 
professional. If any allergies or other medications are raised it is useful to clarify 
what reasons underlie the stated problem. This may give rise to further medical 
history not already stated.  

  Family  h istory 
 With a prevalence of genetic inheritance in certain conditions such as heart disease 
or cancer among others, the consideration of family medical history may be impor-
tant. Consider asking: 

   •      Has anyone in your family had a similar problem?  
   •      Do any diseases run in the family?  
   •      Have any of your family members died at a young age? And if so how?     
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  Social  h istory 
 This can help to build a general picture of the patient and how the illness/injury is 
affecting their life. It is important to consider family commitments, occupation, 
where they live, quality of life at the present time and hand dominance (in the case 
of upper limb injury). All of these factors may infl uence either the establishment of 
a diagnosis or treatment regimen. For example it would be inappropriate to leave 
an elderly patient at home following a fall if they were unable to cope with the stairs 
to a fl at. It may also be of relevance to enquire about smoking and alcohol consump-
tion as it may relate to the current illness or treatment for the presenting complaint. 
Areas that should be considered as a part of a holistic social assessment include: 

   •      The ability to cook or provide nutrition for self.  
   •      The ability to undertake personal hygiene activities (i.e. washing).  
   •      Social conditions such as heating and ability to maintain a healthy living 

environment.  
   •      The ability to dress themselves.  
   •      The availability of social support such as friends, family or carers.  
   •      Access to healthcare should the need re - arise.     

  Sexual  h istory 
 This is not commonly an area for enquiry in the prehospital fi eld and if required 
should be undertaken sensitively. It may be of relevance in any patient however 
based upon presenting symptoms (such as vaginal discharge) or history provided.  

  Mental  h ealth 
 A mental health history is not commonly undertaken in the prehospital setting, 
however in cases such as deliberate self - harm it may be of utmost importance. It is 
important to recognise any mental health concerns. The patient should be assessed 
for issues such a low mood, anxiety, depression and risk of self - harm. Elements of 
the history that may indicate mental health concerns include; alcohol use, drug use 
(prescribed or illicit), previous use of mental health services or abnormal behaviour. 
Tools such as the SADPERSONS risk assessment chart may be of use when assess-
ing the risk of deliberate self - harm as is now commonly in use in both nursing and 
pre - hospital environments (see Table  8.2 ). However it should be noted that there is 
limited evidence to support the use of such scales due to the complex nature of the 
assessment of suicide risk.  6,7      

  Systematic  e nquiry 
 The purpose of the systematic enquiry is to uncover symptoms that the patient may 
have forgotten to mention or not have considered a symptom. The systematic 
enquiry involves questioning on a variety of body systems and symptoms to exclude 
or diagnose conditions. If positive answers are elicited then more focused examina-
tion of body systems and symptoms can be undertaken. Some key examples of 
systematic enquiry symptoms can be seen in Table  8.3 .   
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 Table 8.2      SADPERSONS  risk assessment.   8    

    SADPERSONS assessment  

  Sex    Female    Male  
  Age    19 – 45     < 19  > 45  
  Depression or hopelessness    No    Yes  
  Previous attempts    No    Yes  
  Excessive alcohol or drugs    No    Yes  
  Rational thinking    Yes    No  
  Separated/divorced/widowed    No    Yes  
  Organised or serious attempts    No    Yes  
  Social support    Yes    No  
  Stated future suicide intent    No    Yes  
  Number of ticks in right hand column indicates score  
   < 3 low risk  
  3 – 6 medium risk  
   > 6 high risk  

 Table 8.3     Systematic Review: Key points.   Adapted from Douglas G, Nicol F, 
Robertson C. (2005).  5     

  General health        •      Well - being: Energy  
   •      Appetite (loss or increased): Sleep patterns  
   •      Weight loss/gain: Mood     

  Cardiovascular system        •      Chest pain: Breathlessness  
   •      Orthopnoea: Palpitations  
   •      Ankle/sacral oedema: Dizziness     

  Respiratory system        •      Shortness of breath: Cough  
   •      Phlegm/sputum: Wheeze  
   •      Haemoptysis: Chest pain  
   •      Exercise tolerance     

  Gastrointestinal system        •      Nausea and vomiting: Haematemesis  
   •      Indigestion: Heartburn  
   •      Abdominal pain: Change in colour of stools  
   •      Diffi culty swallowing: Change in bowel habit     

  Genitourinary system        •      Pain passing urine: Frequency passing urine  
   •      Discharge: Blood in urine  
   •      Last menstrual period: Unprotected sexual intercourse     

  Nervous system        •      Headaches: Visual disturbances  
   •      Fits: Altered sensation  
   •      Weakness: Dizziness or faints     

  Musculoskeletal        •      Joint pain or stiffness: Mobility  
   •      Falls: Joint swelling     

  Endocrine        •      Excessive thirst: Heat or cold intolerance  
   •      Change in sweating     

  Other  
      •      Bleeding or bruising: Skin rashes     
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  Further  i nformation from a  t hird  p arty 
 It may be pertinent to gain further information from a third party, especially in cases 
where the patient is unable to provide a valid or reliable history, for example young 
children or unconscious patients. If such information is used remember to document 
this and consider the reliability of third party data at all times, as it may not always 
be correct. Third party information can be a vital tool in assessing the effects of an 
illness or injury upon the life of a patient, or may provide sensitive information that 
the patient may not have mentioned.  

  Summary 
 Upon completing history taking it may be useful to clarify the main points with the 
patient to ensure that you have understood and recorded them correctly. This also 
allows the patient to add any further information that they may wish.   

  Questioning  t echniques 
 There are a variety of questioning techniques that can be utilised in the assessment 
and history taking process. These are commonly grouped into fi ve main areas; open, 
closed, limiting, leading and comparative questions. Each style of question has its 
own benefi ts and fl aws, therefore it is not recommended to use a single style but to 
adapt the questioning process to gain maximal information. Open questions are 
broad questions such as,  ‘ Tell me about your health problems? ’  that allow for the 
recipient to respond with a wide array of information. It is important that if these 
questions are used that time is taken to listen to the responses. Whilst open ques-
tions can provide a great breadth of information, there is often little structure to 
the answers, therefore listening is essential. These questions can also be time -
 consuming and are not always suited to a time - critical environment. 

 Closed questions are narrowly focused and typically provide the option of yes or 
no answers. These questions are often used to clarify issues and can provide key 
information in a brief period of time. However these questions may limit answers to 

     Are these questions always needed? In 
what situations might you alter these 
questions and how? For example would 
all of these enquiries be useful in a 
patient with cardiac chest pain? 
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such a narrow fi eld that key information may not be gained. Examples of closed 
questions are:  ‘ Do you have any allergies? ’  or  ‘ Does breathing affect your chest 
pain? ’ . It is important to note that if a closed question is asked, such as  ‘ Are you 
allergic to aspirin? ’ , that the patient will only provide the information requested 
despite the fact that they may be allergic to other medications or substances. 

 Limiting questions are often utilised to gain clarity and focus as they are designed 
to limit the answers to one key area or subject, for example  ‘ Do you have any heart 
problems? ’ . This again can be useful in clarifying issues or gaining specifi c informa-
tion, but can limit the amount of information provided in response. Leading questions 
are the use of questions that suggest the answer within the question. These ques-
tions should be avoided wherever possible as they do not provide the patient with 
the freedom to answer truthfully. A common example of such a question is,  ‘ You 
don ’ t want to go to hospital do you? ’ ; whilst this provides the patient the opportunity 
to respond, it is clear from the question that the patient is being encouraged 
to say no. 

 Comparative questions can be useful in the assessment process. A comparative 
question allows the patient to compare two things, for example  ‘ Is the pain worse 
than your normal pain? ’ . This can provide vital information into how the current 
situation is perceived against a prior experience. Whilst there is no evidence to 
suggest that one technique is superior to another, review of questioning skills sug-
gests that the use of differing methods can be used dependant upon each individual 
situation. 

 
   

     Think of different types of patient; 
are there any types that may suit a 
particular style of questioning and why? 

  Consent 
 Prior to undertaking any healthcare intervention or action including the collection 
of a history it is imperative that informed consent is gained.  9,10   Patients can only 
provide valid consent if they are able to act under their own free will, understand 
what they are agreeing to and have enough information upon which to base a deci-
sion. Consent can be verbal, written or implied. Often consent for history taking and 
assessment will be implied as the patient will willingly pass on information after 
seeking help. However it is best practice to enquire whether the patient is happy for 
you to ask pertinent questions. 
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 Further useful information upon consent and capacity can be found in the Mental 
Capacity Act (2005).  11   

 

 You are called to an 80 - year - old patient who has fallen in her own home; she is 
complaining of hip pain and is unable to mobilise. She appears confused and is 
unable to recall the day, date and where she is. You decide that she has a potential 
neck of femur fracture and wish to convey her to the hospital for further assessment. 
Unfortunately the patient refuses to attend the hospital and her husband tells you 
that you must take her to hospital as he cannot cope with caring for her. What 
consent issues does this raise? What actions could you take to assist this patient? 

 Scenario 

    1.     There are a variety of formats for history taking and each individual 
practi tioner should base their approach around each 
individual situation.  

  2.     The importance of a thorough and objective history 
cannot be underestimated.  

  3.     It is essential to consider both verbal and non - verbal 
communication techniques to ensure that a thorough 
history is gained.        

 Chapter Key Points 
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 Record keeping is a professional duty of care for all healthcare practitioners; there-
fore failure to maintain reasonable standards can have both professional and legal 
implications. High quality record keeping and documentation is linked to quality 
patient care, as such this chapter will provide guidance upon standards of record 
keeping, identifying key legislative documents and professional requirements.  

  Defi nitions 
 The Data Protection Act 1998  1   defi nes a health record as:

    ‘ any information relating to the physical or mental health or condition of an 
individual that has been made by or on the behalf of a health professional 
in connection with the care of that individual. This includes a variety of 
materials including case report forms, printouts from electronic measuring 
devices, photographs and computerised records. ’      2,3      

 In the year 2004 – 05, the ambulance services in England alone received more than 
5.6 million emergency calls and undertook more than 12.8 million planned patient 
journeys  4   this resulting in a vast quantity of healthcare records. 

 Whilst there are a variety of forms that health records can take, the focus of this 
chapter will be upon note taking and manual/electronic patient case notes. It is 
important to note that each individual workplace will have a differing set of docu-
mentation requirements however adherence to these general principles is widely 
accepted.  

  Why  k eep  h ealthcare  r ecords? 
 There is considered opinion that good record keeping is a mark of a skilled and safe 
practitioner.  2,3,5   However, beyond this opinion there are many functions served by 
healthcare records and these reasons can be split into primary and secondary func-
tions (see Box  9.1 ).   

 The primary purpose of healthcare records is to support quality patient care and 
maximise safety for all parties.  6,9   The ability to utilise documentation as an aide 
memoire can assist in the provision of timely and effective patient care. Within a 
multidisciplinary healthcare system the ability to communicate is key, with both 
written and verbal communications commonplace. To ensure this continuity and 
quality of care, professional standards and expectations are set by the registering 
bodies of all healthcare professions.  5,7,8   Records are a valuable resource because of 
the information they can and should contain. High - quality information underpins the 
delivery of high - quality evidence based healthcare and other key service deliver-
ables. Information has most value when it is accurate, up to date and accessible 
when it is needed.  8,11   

 A secondary function of health records as a medico - legal document is a core 
function in an ever - increasing litigation aware society. With increased public aware-
ness of litigation and complaints policies, accurate and comprehensive records are 
essential in safeguarding the healthcare practitioner.  10   This is perhaps best empha-
sised by the Nursing and Midwifery Council (2002)  5   who state that,  ‘ If it is not 
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     Primary functions:  Supporting direct patient care 

   •      Aide memoire  
   •      Communication    

  Secondary functions:  Medico - legal record 
 Source of information for: 

   •      Clinical audit and research  
   •      Resource allocation  
   •      Epidemiology  
   •      Service planning  
   •      Performance monitoring  
   •      Evidence based clinical care  
   •      To meet legal requirements, including requests from patients under subject access 

provisions of the Data Protection Act or the Freedom of Information Act     

Box 9.1 Primary and Secondary functions of healthcare records.   Adapted from 
Mann and Williams (2003)  6   and Department of Health (2006)  11    

recorded, it has not been done ’ . The value of high quality accurate records is key 
in any complaint or claim that may arise; as such resources are a key piece of 
evidence.  12   

 As well as enabling high quality care for patients, good medical and health records 
are of value in improving standards of care. The continued audit of records plays an 
important part of the clinical governance process. Clinical governance was intro-
duced in 1998, at the centre of the NHS drive to create a modern, patient - led health 
service, with the fundamental aim being the provision of responsive, consistent, 
high - quality and safe patient care. Clinical governance was born out of the need for 
accountability for the safe delivery of health services. This was due partly to the 
public ’ s and professionals ’  perception of systemic failings within the NHS. Clinical 
governance was defi ned in the 1998 consultation document  ‘ A First Class Service: 
Quality in the New NHS ’  (p.33)  13   as  ‘ A framework through which NHS organisations 
are accountable for continuously improving the quality of their services and safe-
guarding high standards of care by creating an environment in which excellence in 
clinical care will fl ourish ’ . Through high quality documentation and record keeping 
the health service is able to monitor a variety of areas such as epidemiology of 
disease and the effectiveness of current treatments. Within this culture high quality 
care is proposed to fl ourish.  

  What  c onstitutes  g ood  m edical  r ecords? 
 Whilst the need to keep accurate patient, client and user records is recognised by 
the bodies that govern healthcare practice including the Health Professions Council 
(HPC),  7   General Medical Council (GMC)  8   and the Nursing and Midwifery Council 
(NMC),  5   there is currently very little evidence to support a specifi c standard of record 
keeping. Current guidelines are based upon expert opinion of what should constitute 
good medical records and documentation. 
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  Recommendations 

     •      Records should be clear, accurate and legible, reporting the relevant clinical 
fi ndings, the decisions made, the information given to patients, and any drugs 
prescribed or other investigation or treatment.  8    

   •      Record any important negative fi ndings that occur. For example the absence of 
a non - blanching rash in a sick child.  2,3    

   •      Records should be made at the same time as the events you are recording or as 
soon as possible afterwards.  8    

   •      You must keep notes for any patient that is treated or who asks you for profes-
sional advice or services.  7    

   •      Any records should be objective  –  opinions should be based upon facts that you 
have recorded not speculation. Remember the patient has a right to view their 
records, therefore any unjustifi ed statements may be disputed.  2,3    

   •      First hand  –  if the information has been passed to you by anyone other than the 
patient, record that person ’ s name and position.  2,3   For example are they a friend 
or a relative?  

   •      Records should be tamper proof  –  any attempt to amend records should be 
apparent. For example write in pen, not pencil.  

   •      Records should be the original documentation; any alterations should be dated, 
timed and signed. This is to make it clear that it is not an attempt to tamper with 
the document but to make a correction or addition.  2,3,7    

   •      If you make a correction to any health record the data should not be erased or 
made diffi cult to read; instead it should be made clear that it has been super-
seded.  7   For example place a single line through it. Again any change must be 
signed, timed and dated.  

   •      Involve the client and/or carers in the documentation process.  18    
   •      Ensure that records are kept confi dential and secure.  18    
   •      Only use accepted terminology in health records.  19        

  Models of  r ecord  k eeping 
 Whilst there is no evidence to support a single method of documenting clinical fi nd-
ings the principle of a consistent, organised and structured approach is vital. Below 
you will fi nd a suggested model for the free text documentation of any patient (Box 
 9.2 ); this is by no means the only model available and each individual practitioner 
should consider what model is best suited to their own and organisational needs. 
The described format provides basis for documenting any clinical episode.   

 Whilst this model encourages a thorough and comprehensive examination, it may 
not always be the most suited to a critically ill patient, therefore it can be modifi ed 
with irrelevant sections being minimised. The use of a single structure will allow for 
continued standards of documentation to be adhered to. 
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     Demographic Details   –  Always ensure that there is a record of the patients name, age, 
date of birth, address, source of referral (i.e. 999 call), GP, source of the history and 
the date/time of the examination. 

  Presenting Complaint (PC)   –  State the major problem in the patients own words. 
Medical terminology is not required. 

  History of Presenting Complaint (HPC)   –  Describe the onset, nature and course of 
each symptom. You may have to paraphrase the patients ’  words. Consider highlighting 
key facts by underlining. 

  Past Medical History (PMH)   –  Provide all details of the patients ’  current and past 
medical problems including medical and surgical history. Include important negatives 
also, for example exclude previous myocardial infarction or angina in patients presenting 
with chest pain. 

  Drug History (DH)   –  Record all current prescribed and over the counter medications. 
Also consider herbal remedies that the patient may be taking. 

  Allergies   –  Document any allergies the patient states they have. 

  Family History (FH)   –  Consider any health issues within the patients close family, for 
example early death due to cardiac disease in a parent. 

  Social History (SH)   –  Consider and document any relevant social issues, for example 
occupation, family/social care support, smoking or illicit drug use, or even hand 
dominance (especially in hand or arm injury). 

  On examination (O/E)   –  Provide a general examination of the patient, for example are 
they alert? Orientated? Pale? What is their mental and physical status? 

  Respiratory System (RS)   –  Document all respiratory information, for example chest 
sounds, use of accessory muscles and percussion. 

  Cardiovascular System (CVS)   –  Document all relevant cardiovascular investigations 
and observations, for example pulse, blood pressure and electrocardiograph. 

  Central Nervous System (CNS)   –  Include all relevant neurological examinations, for 
example Glasgow Coma Score, pupil reaction and Face, arm speech test (FAST). 

  Abdominal System (AS)   –  Consider any relevant examination or observations, for 
example pulsatile masses, scars, guarding and bowel sounds. 

  Musculoskeletal System (MSS)   –  Document any relevant musculoskeletal examinations. 
Consider gait, pain swelling, deformities and ranges of movement for joints. 

  Clinical Diagnosis or Impression   –  Record any potential diagnoses. 

  Plan   –  Document treatments, investigations and any information given to the patient.  

Box 9.2 Documenting the fi ndings   adapted from Douglas G, Nicol F, Robertson 
C. (2005)  Macleod ’ s Clinical Examination   22   and Bickley L. (2003)  Bates ’  Guide to 
Physical Examination and History Taking   23    
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     Review your own documentation. Do you 
keep to these suggested guidelines? Would 
you be happy for the patient or the coroner 
to view your documentation? 

  Abbreviations 
 The use of abbreviations in health records remains controversial, the use of abbre-
viations can save time however they can also lead to problems. Any abbreviation 
used should be unambiguous and be universally understandable,  3   for example the 
use of PID can mean pelvic infl ammatory disease or prolapsed intervertebral disc. 
The use of humorous or sarcastic abbreviations are defi nitely not recommended and 
have no place in health records. Remember the patient has the right of access to 
their records.  

  Key  d ocuments in  r ecord  k eeping and  d ocumentation 
 There have been numerous key documents and legislation that have impacts upon 
standards of record keeping and documentation for the individual practitioner and 
organisation; these include: 

  Access to Health Records Act (1990) Department of Health   14    
 The Access to Health Records Act (1990)  14   was published to establish a right of 
access to health records by the individuals to whom they relate and for others to 
allow for the correction of inaccuracies, the avoidance of contractual obligations and 
any related purposes. Whilst this act allows for access it does require written appli-
cation for approval.  

  The Patient ’ s Charter (1991) Department of Health   15    
 In the following year the Patient ’ s Charter (1991)  15   empowered patients and their 
relatives in the provision of their healthcare, allowing them access to standards of 
care and increased patient choice. This was replaced in 2001 by  ‘ Your Guide to the 
NHS: getting the most from your National Health Service ’   18   a guide to all standards 
and services within the National Health Service.  
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  The Data Protection Act (1998) Department of Health   1    
 In 1998 the Data Protection Act  1   was revised to encompass advances in 
healthcare records and technology, updating the previous act in 1984. This act 
sought to make new provision for the regulation of the processing of information 
relating to individuals, including the obtaining, holding, use or disclosure of such 
information.  

  Freedom of Information Act (2000) Department of Health   17    
 The Freedom of Information Act (2000)  17   superseded previous legislation and was 
fully implemented in 2005. The Act gives a general right of access to all types of 
recorded information held by public authorities; the Act does however set out 
exemptions to this right. Any request that falls within the bounds of the exemptions 
must be considered using a  ‘ public interest ’  test prior to access.  

  Essence of Care (2003) National Health Service   16    
 This document was published as a toolkit for benchmarking of fundamental aspects 
of care including record keeping. Collaboratively written by patients, carers and 
professionals Essence of Care set out standards of care and best practice through-
out the NHS. This document proposed seven key factors in record keeping that were 
considered best practice including: 

   •      Access to current health care records.  
   •      Integration  –  patient and professional partnership.  
   •      Integration of records  –  across professional and organisational boundaries.  
   •      Holding lifelong records.  
   •      High quality practice  –  evidence based guidance.  
   •      High quality practice  –  Records should demonstrate that care follows evidence 

based guidance.  
   •      Security and confi dentiality  –  Records should be safeguarded through explicit 

measures.     

  Records Management:  NHS  Code of Practice (2006)   11    
 The Records Management: NHS Code of Practice was published by the Depart-

ment of Health as a guide to the required standards of practice in the management 
of records for those who work within or under contract to NHS organisations in 
England. It is based on current legal requirements and professional best practice as 
agreed by a committee of professional representatives from all areas of the NHS. 
The Code provides a key component of information governance arrangements for 
the NHS; as such it is subject to continual review as best practice and records man-
agement evolve. This Code of Practice relates to all forms of record that may be 
required in practice, setting one key standard for the individual practitioner, stating 
 ‘ Under the Public Records Act all NHS employees are responsible for any records 
that they create or use in the course of their duties. Thus any records created by 
an employee of the NHS are public records and may be subject to both legal and 
professional obligations ’ . 
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 In addition a variety of professional standards have been introduced by the pro-
fessional bodies that govern healthcare practitioners in the United Kingdom, these 
include: 

   •      Guidelines for Records and Record Keeping (2005) Nursing and Midwifery 
Council.  5    

   •      Code of Conduct, Performance and Ethics (2007) Health Professions 
Council.  7    

   •      Standards of Profi ciency  –  Paramedics (2007) Health Professions Council.  19    
   •      Good Medical Practice (2006) General Medical Council.  8      

 These standards offer key overarching guidance upon record keeping in each spe-
cifi c profession, therefore paramedics will be governed by the standards of the 
Health Professions Council,  7,19   nurses by the Nursing and Midwifery Council  5   and 
doctors by the General Medical Council.  8   A review of these documents suggests that 
the expectations of each governing body differ very little, with only generic stan-
dards as set out earlier in this chapter.   

  The Caldicott Guardian 
 In 1997 a report on the review of patient identifi able information (The Caldicott 
Report) put forward a series of recommendations for the regulation of the use 
and transfer of patient identifi able information within the NHS and to non - NHS 
bodies.  20   The aim of these recommendations was to ensure that information was 
only shared for justifi ed purposes and only the minimum information required 
was shared. Central to these requirements was the appointment of a  ‘ Guardian ’  in 
each trust or organisation to oversee the sharing of information within these 
regulations (The Caldicott Guardian). The appointed guardian must ensure that 
any patient identifi able information released must meet a set of agreed 
principles.  20    

  Electronic  p atient  r ecords 
 In recent years there have been moves to modernise the record keeping infrastruc-
ture within the NHS by the evolution of the electronic patient record.  21   The Govern-
mental organisation Connecting for Health has sought to introduce a central 
electronic record spine within the NHS to allow for 24/7 access to patient records. 
This had had increasing infl uence upon the Ambulance Service and Acute Care 
Services with the intended introduction of an Electronic Patient Report Form 
(EPRF) in 2008. Whilst the fi nal format of these care records are yet to be published 
an implemented the standards of record keeping required will undoubtedly 
remain. 

 Whilst this is a new initiative standards for documentation and record keeping will 
continue to be set by previous guidance. 
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 You have been called to a patient who has been assaulted in the street and suffered 
limb and facial injuries. You are not concerned that the patient has been knocked 
out, but feel the wounds need assessment and closure at the local hospital. The 
patient refuses to attend the emergency department. What details do you need to 
document upon this case? Consider both clinical and non - clinical issues. 

 Scenario 

    1.     The recording of patient and clinical information is paramount in a quality 
healthcare system.  

  2.     There is a wide range of guidance provided for documentation standards 
to ensure that any documentation and care is logical, 
well - structured and demonstrates adherence to 
key principles.  

  3.     It is essential to review your own documentation 
and compare how you document episodes accord-
ing to these standards. If you do not meet these 
standards you may place yourself or the patient at 
risk.        

 Chapter Key Points 
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 The paramedic has access to an increasing number of drugs and has a legal and 
ethical responsibility to deliver the correct dose of the correct drug to the correct 
patient at the correct time. An understanding of pharmacology and the associated 
subjects is essential if drugs are to be delivered safely and legally.  

  Defi nitions 
 The defi nition of a drug is complex and depends to a certain extent upon who is 
being asked to defi ne the term. In medicine, the World Health Organization suggest 
that the term refers to a substance with the potential to prevent or cure disease or 
enhance physical or mental welfare, and in pharmacology to any chemical agent that 
alters the biochemical physiological processes of tissues or organisms.  1    

  Legislation  r elated to  p aramedic  a dministration 
of  d rugs 

 Medicines approved for use in the UK are categorised in one of three ways:  2  

    •      General Sales List (GSL) medicines can be bought in places such as supermarkets 
and do not require the supervision of a pharmacist.  

   •      Pharmacy (P) medicines can only be bought at a pharmacy and are sold under 
the supervision of a pharmacist.  

   •      Prescription only medicines (POM) must be prescribed by a doctor, dentist, or 
exceptionally, another qualifi ed health professional.    

 There is a range of exemptions from these restrictions which allow certain groups 
of health professionals, including paramedics, to sell, supply and administer particu-
lar medicines directly to patients. The exemptions are distinct from prescribing, 
which requires the involvement of a pharmacist in the sale or supply of the medicine. 
They also differ from the arrangements for Patient Group Directions (PGDs) as the 
latter must comply with specifi c legal criteria, be signed by a doctor or dentist and 
a pharmacist and authorised by an appropriate body. The exemptions that allow 
suitably trained ambulance paramedics to administer these drugs in specifi ed cir-
cumstances exist under Part III of Schedule 5 to the Prescription Only Medicines 
(Human Use) Order 1997. For this purpose, a Paramedic is defi ned as being on the 
register of Paramedics maintained by the Health Professions Council pursuant to 
paragraph 11 of Schedule 2 to the Health Professions Order 2001.  3   

 Diazepam and morphine are both controlled drugs regulated under the Misuse of 
Drugs Act 1971. This Act and its Regulations control the availability of drugs that are 
considered suffi ciently  ‘ dangerous or otherwise harmful ’ , with the potential for 
diversion and misuse.  4   The drugs which are subject to the control of the Misuse of 
Drugs Act 1971 are listed in Schedule 2 of the Act and are termed CDs. The Act 
establishes a series of criminal offences for their unauthorised, and therefore unlaw-
ful, possession, possession with intent to supply, supply, importation and unlawful 
production. 

 As many CDs have legitimate medical purpose, the Regulations made under the 
Misuse of Drugs Act 1971, authorise and govern certain activities that would other-



Drug administrations Chapter 10

199

wise be illegal under the Act. The Regulations identify those health care profession-
als who may legitimately possess and supply CDs. They also establish a regime of 
control around prescribing, administrating, safe custody, dispensing, record keeping 
and destruction or disposal.  4   

 Ambulance paramedics serving at any approved ambulance station are able to 
administer diazepam and/or morphine sulphate injection (to a maximum of 20   mg) 
for immediate necessary treatment of sick or injured persons. Currently there is 
wide variation in how CDs are obtained, stored and recorded by qualifi ed paramed-
ics working in the ambulance service.  4   

 
  

     Do you know your policies 
for the handling, storage and 
administration of controlled drugs? 
Have you inadvertently broken the 
law related to controlled drugs? 

 A list of medicines which may only be administered by ambulance paramedics on 
their own initiative for immediate, necessary treatment of sick or injured persons 
can be found on the Medicines and Healthcare Products Regulatory Agency website 
at  www.mhra.gov.uk .  

  Drug  f ormulations 
 Drugs can be delivered in a variety of forms including tablets, capsules, solutions, 
inhalers, and by a variety of different routes  –  e.g. oral, rectal, intravenous, and 
intramuscular. A drug formulation may allow for selective targeting of specifi c 
tissues or may prevent systemic absorption. The formulation of the drug and the 
route administered determine the absorption and distribution of the drug. 

  Formulations for  o ral  a dministration 
  Tablets 

 e.g. Aspirin. 
 Tablets are presented in a variety of different sizes, colours, shapes and types. 

The formulation of the tablet will be based upon the requirements of the drug, e.g. 
modifi ed release tablets control the rate of release of a drug as it passes through 



Chapter 10 Drug administration

200

the gastrointestinal tract. Tablets may be formulated to be chewed, held under the 
tongue (sublingual) or between the gum and the inside of the mouth (buccal), swal-
lowed or to dissolve readily in liquid (soluble or effervescent).  

  Sprays 

 e.g. Glyceryl trinitrate (GTN). 
 Sprays such as GTN are designed to be taken sublingually because the fi rst - pass 

mechanism destroys the majority of any drug that is swallowed. 
 

   

     What is meant by  ‘ fi rst - pass mechanism ’ ? 

  Liquids 

 Liquids, such as Calpol, are usually sweet, syrup - like solutions often designed to be 
taken by children where a tablet may be inappropriate.  

  Formulations for  r ectal  a dministration 

 There are many different drug formulations that use the rectal route including 
enemas and suppositories; these are not commonly used in prehospital emergency 
care. Most commonly used is the rectal tube for delivery of diazepam. Rectal diaz-
epam is formulated to be absorbed via the rectal mucosa and is highly effective.  

  Formulations for  n ebulisation 

 Nebulisation involves the passage of a gas (usually oxygen in paramedic care) 
through a solution of drug to create a fi ne mist to be inhaled by the patient. The 
drugs most commonly administered via this route in emergency prehospital care are 
bronchodilators. Studies have shown that only between 10% and 30% of an inhaled 
drug is actually deposited in the lungs, the rest is generally swallowed and passes 
into the gastrointestinal tract.  5    
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  Formulations for  i njection 

 Injections are sterile solutions, emulsions or suspensions where an active ingredient 
is either dissolved or requires to be dissolved in an appropriate solution. The injec-
tion may come in a pre - fi lled syringe, Mini - Jet, powder with solute to be mixed, an 
ampoule or a vial. 

 Most preparations are single - dose formulations that provide the correct volume 
to allow withdrawal and administration of the appropriate dose using standard 
techniques. However, initial doses of certain drugs may require the administration 
of less than is in the delivery system. An example is morphine, which has a typical 
presentation of 10   mg in 1   mL, although the initial adult dose is usually between 
2.5 and 5   mg.    

  Drug  d ocumentation 
 Documentation of drugs is a legal requirement and also essential for patient safety. 
Good practice related to documentation will minimise the risk of misunderstand-
ings and ensure that there is some uniformity of practice across different health 
disciplines. 

 The following points should be noted:  6  

    •      Unnecessary use of decimal points should be avoided, e.g. 2   mg not 2.0   mg.  
   •      Quantities of 1 gram or more should be written as 1   g etc.  
   •      Quantities less than 1 gram should be written in milligrams, e.g. 500   mg not 0.5   g.  
   •      Quantities less than 1   mg should be written in micrograms, e.g. 100 micrograms 

not 0.1   mg.  
   •      When decimals are unavoidable a zero should be written in front of the decimal 

point where there is no other fi gure, e.g. 0.5   mL not .5   mL.  
   •      Use of the decimal point is acceptable to express a range, e.g. 0.5 to 1   g.  
   •       ‘ Micrograms ’  and  ‘ nanograms ’  should not be abbreviated nor should  ‘ units ’ .  
   •      In medicine and pharmacy the term  ‘ millilitre ’  (ml or mL) is used; cubic centime-

tre, (cc, or cm 3 ) should not be used.  
   •      Unit abbreviations are not followed by a full stop (mL, not m.L. or mL.).  
   •      A single space is left between the quantity and the symbol (24   kg not 24kg).  
   •      Unit abbreviations are not pluralised (kg not kgs).  
   •      As a rule, fractions are not used, only decimal notation (0.25   kg not  ¼    kg).     

  Storage of  d rugs 
  General  g uidelines 

 Whilst in the possession of the ambulance service the responsibility for the safekeep-
ing of the medicines rests with the Chief Executive. The security of medicines in 
specialist kits (e.g. paramedic bags) should be checked by pharmacy staff periodi-
cally, normally every 3 months, in accordance with locally agreed procedures. They 
should carry out inspections of medicines in specialist kits with reconciliation, where 
necessary. Prescription only medicines may only be issued by non - clinical staff for 
whom training and Standard Operational Procedures are agreed and in place.  7   
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  Security 

 Security should be of prime concern to the paramedic, especially when carrying and 
administering CDs. The Misuse of Drugs (Safe Custody) Regulations 1973 imposes 
controls on the storage of Schedule 1, 2 and Schedule 3 CDs.  8    

  On  s tation 

 Drugs should be kept in a locked storage area where general access is not possible; 
this helps to minimise the risk of unauthorised access and to deter abuse or misuse. 
Each service should have written procedures surrounding the signing in and out of 
medicines.  

  On  v ehicles 

 Where drugs are left on an unattended vehicle, the vehicle should be closed and 
locked  –  this alone is not adequate where CDs are involved.  

   ‘ Doctor ’ s  b ag ’  

 A  ‘ doctor ’ s bag ’  is a locked bag, box or case for home visits, etc. which should be 
kept locked at all times, except when in immediate use. The person in lawful posses-
sion of this bag, or an individual authorised by them, must always retain the keys. 
Legal precedent holds that such a bag is regarded, once locked, as a suitable recep-
tacle for storing CDs, but a locked vehicle is not.  4    

  Stability 

 Medicines should be stored where they will not be subject to substantial variations 
in temperature. It is important that medicines are not stored close to heaters in 
ambulance vehicles as some may be damaged by heat. 

 Some medicines require storage under well - defi ned conditions, such as in a refrig-
erator. If ambulance services carry such medicines, provision should be made to 
meet these requirements.  

  Stock  c ontrol 

 Stock rotation must be in operation to prevent the accumulation of  ‘ old ’  stocks; this 
applies to vehicle or personal drug issue and drug supplies on station. It is the 
responsibility of the attending paramedic to ensure that all personal/vehicle drugs 
are checked and replenished, where necessary, on a day - to - day basis. Normally a 
supervisor will be responsible for monitoring the rotation of drugs held in station 
stores.    
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  Routes of  a dministration 
  Oral  a dministration 

    Procedure       Additional information/rationale   

  1. Perform hand hygiene.    Minimises risk of infection.  

  2. Explain the reasons for administration of the 
drug to include potential side effects; gain 
consent from the patient.  

  Informed consent necessitates 
explanation of a procedure or 
medicine.  

  3. Prepare the medication for administration: 
   •      Confi rm drug  
   •      Confi rm dosage  
   •      Expiry date  
   •      Integrity of package.     

  To ensure that the patient receives 
the correct dose of the correct 
drug using the appropriate diluent 
and via the correct route. 
 To protect the patient from harm.  

  4. Empty the required dose into a medicine 
container; avoid touching the medicine.  

  Reduces the risk of cross - infection.  

  5. Offer water if permitted.    Facilitate swallowing of medica-
tion.  

  6. Document administration of the drug as per 
Trust guidelines.  

  Legal requirement and patient 
safety. Other health professionals 
need documentation of interven-
tions to guide further treatment.  

  7. Do not break a tablet unless it is scored.    Breaking may cause incorrect 
dosing.  

  8. Do not interfere with enteric coated or 
delayed release capsules; ensure that patients 
swallow them whole and do not chew them.  

  Changing the formulation of the 
medicine can affect rates of 
absorption and the amount of drug 
that is destroyed by the fi rst pass 
mechanism.  

  9. Sublingual tablets should be placed under the 
tongue; buccal tablets should be placed between 
gum and cheek.  

  Allows for correct absorption.  

 Note  –  Chewing aspirin is not a pleasant experience and current prehospital guid-
ance suggests that it may be swallowed with water or chewed.  9   The American Heart 
Association recommends that the tablet is chewed for speed of effect despite the 
unpleasant taste.  10    
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  Administration of Inhaled  d rugs ( n ebulised) 

    Procedure       Additional information/rationale   

  1. Perform hand hygiene.    Minimise risk of infection.  

  2. Explain the reasons for administration of 
the drug to include potential side effects; 
gain consent from the patient.  

  Informed consent necessitates explanation 
of a procedure or medicine.  

  3. Prepare the medication for administration: 
   •      Confi rm drug  
   •      Confi rm dosage  
   •      Expiry date  
   •      Integrity of package.     

  To ensure that the patient receives the 
correct dose of the correct drug using the 
appropriate diluent and via the correct 
route. 
 To protect the patient from harm.  

  4. Administer only one drug at a time unless 
specifi cally indicated to the contrary.  

  Several drugs used together may produce 
adverse side - effects.  

  5. Empty contents of nebule into the 
nebuliser.  

    

  6. If the prescribed dose does not require the 
entire contents of the nebule to be adminis-
tered, measure the appropriate amount with 
a syringe.  

  Ensures the correct dose.  

  7. Connect nebuliser and mask to appropriate 
gas supply (oxygen or air) and turn to 
between 6 and 8   L/min. A fi ne mist should be 
apparent.  

  If the fl ow is too low there will be insuffi -
cient pressure to aerosolise the medication. 
If the pressure is too high, the oxygen 
tubing or nebuliser may become damaged 
at their weakest points.  

  8. Place the mask over the patient ’ s face and 
pull the elastic to create a comfortable seal.  

  Ensures that the drug does not escape 
through a poorly fi tted mask.  

  9. Coach the patient ’ s breathing. Advise them 
to inhale slowly and as deeply as possible 
and to hold the medication for a short period 
before exhaling.  

  This maximises the deposition of the drug in 
the bronchial tree and improves absorption.  

  10. Document administration of the drug as 
per Trust guidelines.  

  Legal requirement and patient safety. Other 
health professionals need documentation of 
interventions to guide further treatment.  

 It is possible to nebulise bronchodilators in an intubated patient  –  the nebuliser 
should be connected to the oxygen supply as normal and then connected via a  ‘ T ’  
piece to the catheter mount immediately after the bag - valve ventilator or mechan-
ical ventilator. It is essential that the nebuliser is maintained in an upright position 
to ensure that suffi cient gas passes through the drug to aerosolise it.  
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  Subcutaneous Injection 
 A subcutaneous (SC) injection is given beneath the skin into the connective tissue 
or fat immediately beneath the dermis. This route is generally used for small volumes 
of drugs (0.5   mL or less) that do not irritate tissue. The maximum volume that should 
be used for this route is 2   mL.  11   It is not commonly used in the emergency situation 
due to the slow absorption rates although there may be benefi t from the prolonged 
effects when given via this route. 

 Traditionally, SC injections have been given at a 45    °  angle into a raised skin fold.  12   
However, there is a recommendation that with the introduction of shorter needles (5, 
6 or 8   mm), the injection is now administered at an angle of 90    ° .  13,14   The skin should 
be pinched up to lift the adipose tissue away from the underlying muscle, especially 
in thin patients. When injecting at 45    °  or into the buttock areas, which have the 
densest fat layer, lifting up of the skin fold is not required.  15   Traditional teaching has 
suggested that an attempt be made to aspirate once the needle is inserted in order 
to confi rm that the needle is not in a blood vessel. This is no longer considered neces-
sary as piercing of a blood vessel in a SC injection has been shown to be very rare.  16   

 Suitable sites include the lateral aspects of the upper arm, lower abdomen (umbil-
ical region), and the upper outer quadrant of the buttocks.  11   The lower back may also 
be used if necessary. 

  Procedure 

 Select the correct equipment: 

   •      Appropriate sized syringe  
   •      25 - gauge needle  
   •      Filter needle  
   •      Cleansing swab  
   •      Drug to be administered.    

 

    Procedure       Additional information/rationale   

  1. Explain the procedure and gain consent from the 
patient.  

  Legal requirement  

  2. Perform hand hygiene and put on clean gloves.    Minimises risk of cross - infection.  

  3. Check and prepare all equipment.    Check that none is damaged, if so, 
discard.  

  4. Prepare the medication for injection: 
   •      Confi rm drug  
   •      Confi rm dosage/concentration  
   •      Expiry date  
   •      Diluent as appropriate  
   •      Integrity of package.     

  To ensure that the patient receives 
the correct dose of the correct drug 
using the appropriate diluent and 
via the correct route 
 To protect the patient from harm.  

  5. Confi rm with colleague.    Minimise risk of error.  
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    Procedure       Additional information/rationale   

  6. Draw up the drug using a fi lter needle and then 
change for the appropriate administration needle.  

  This ensures that the needle used 
for administration is clean, sharp 
and the right length.  

  7. Use a two - fi nger  ‘ pinch - up ’  technique to lift the 
skin fold away from the underlying muscle.  

  Helps to ensure SC administration.  

  8. Using a 90    °  angle of entry, pierce the skin and 
advance needle into the subcutaneous region.  

    

  9. Administer the drug and withdraw the needle  –  
the skin fold should be held until the needle 
has been removed.  

    

  10. Dispose of sharps safely.    Drop sharps into container do not 
push. Colleagues should NOT hold 
the sharps container so as to avoid 
risk of accidental needlestick injury.  

  11. Document the administration and any untoward 
events at the site of injection.  

  Legal requirement and allows 
hospital staff to monitor any 
untoward occurrences.  

  Intramuscular Injection 
 Intramuscular injections deliver medication into well perfused muscle, providing 
rapid systemic action and absorbing relatively large doses  –  from 1   mL in the deltoid 
site to 5   mL elsewhere in adults (these values should be halved for children).  11   Admin-
istration of an IM injection is a complex psychomotor task that requires considerable 
dexterity and underpinning knowledge.  17   It is a two - handed procedure requiring the 
practitioner to use one hand to stabilise the injection site, and the other to admin-
ister the injection. 

 Site selection is of vital importance as the effect of the medication can be 
enhanced or diminished depending upon the selected site; complications are also 
associated with the chosen site.  17   The most common complications are muscle con-
tracture and nerve injury.  18,19   Site selection should take into consideration the 
patient ’ s general physical status and age, and the amount of drug to be given. The 
proposed site for injection should be inspected for signs of infl ammation, swelling, 
and infection, and any skin lesions should be avoided. 

 Older and emaciated patients are likely to have less muscle than younger, more 
active patients. The proposed sites should be assessed for suffi cient muscle mass 
and where there is reduced muscle mass it is helpful to  ‘ bunch up ’  the muscle before 
injecting.  11   

 There are fi ve sites considered to be useful for IM injections although paramedics 
tend to use only two of these: 

   •      The deltoid muscle of the upper arm.  
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   •      The dorsogluteal site using the gluteus maximus muscle, the traditional site in 
the UK.  20   Complications are associated with this site as there is a possibility of 
damaging the sciatic nerve or the superior gluteal artery if the needle is mis-
placed. Several studies show that even in mildly obese patients, injections into 
the dorsogluteal area are more likely to be into adipose tissue rather than 
muscle, and consequently slow the absorption rate of the drug.  21    

   •      The ventrogluteal site is a safer option which accesses the gluteus medius 
muscle. This site is recommended as the primary location for IM injections as it 
avoids all major nerves and blood vessels and there have been no reported com-
plications.  21   In addition, the thickness of adipose tissue over the ventrogluteal 
site is relatively consistent at 3.75   cm as compared to 1 – 9   cm in the dorsogluteal 
site. This ensures that a standard size 21 - gauge needle will usually penetrate the 
gluteus medius muscle area.  11       

  Techniques 
 The angle of needle entry may contribute to the pain of the injection. For many years 
it has been stated that intramuscular injections should be given at a 90    °  angle to 
ensure the needle reaches the muscle and to reduce pain; most of the literature 
tends to support this contention.  22   One study seems to indicate that the 90    °  angle 
is less important in terms of the depth of injection as an angle of 72    °  penetrates to 
95% of the depth of a needle angled at 90    ° .  23   Based on this, the practitioner should 
endeavour to give the injection with the needle perpendicular to the patient ’ s body, 
which should ensure that it falls within the range of 72 – 90    ° .  17   

 Fewer needlestick injuries and improved site accuracy have been reported when 
the hands are positioned near the intended entry site.  11   To ensure entry at the 
correct angle, the heel of the dominant palm should rest on the thumb of the non -
 dominant hand. It is suggested that by holding the syringe between the thumb and 
forefi nger, a fi rm and accurate thrust of the needle at the correct angle can be 
achieved.  11   

 The traditional method of giving an intramuscular injection has been to stretch 
the skin over the site to reduce the sensitivity of nerve endings and to insert the 
needle in a dart like action at 90    °  to the skin.  24   Two different techniques are also 
available, the Z track technique and the air bubble technique. 

   Z  -  t rack  t echnique 

 The Z - track technique is believed to reduce pain, as well as the incidence of leakage.  25   
It involves pulling the skin downwards or to one side at the intended site, which 
moves the cutaneous and subcutaneous tissues by 1 – 2   cm. The needle is inserted 
and the injection given. Ten seconds should be allowed before removing the needle 
to facilitate diffusion of the medication into the muscle. On removal, the retracted 
skin is released so that the tissues close over the deposit of medication thus prevent-
ing leakage from the site. Exercising the limb afterwards is believed to assist absorp-
tion of the drug by increasing blood fl ow to the area.  21   

 Aspiration should be practised in IM injections. If a needle is mistakenly placed in 
a blood vessel, the drug may be given intravenously.  



Chapter 10 Drug administration

208

  Air  b ubble  t echnique 

 This technique arose historically from the use of glass syringes which required 
an added air bubble to ensure an accurate dose was given. It is no longer 
necessary to allow for the dead space in the syringe and needle, as plastic 
syringes are calibrated more accurately than glass ones, and it is no longer 
recommended by manufacturers.  21   Studies comparing this technique with the 
Z - track technique have been inconclusive with one suggesting that the air bubble 
technique is more successful at preventing leakage than the Z - track technique,  26   
whilst the fi ndings of the other were inconclusive.  27   There are issues related to 
the accuracy of the dose when using this technique  –  it may signifi cantly increase 
the dose.  28   Further research needs to be undertaken on this method as it is 
relatively new to the UK; it is recommended that the Z - track technique be used 
in preference.  29    

  Procedure ( Z  -  t rack)   29    

    Procedure       Additional information/rationale   

  1. Explain the procedure and gain consent from the 
patient.  

  Legal requirement  

  2. Perform hand hygiene and put on clean gloves.    Minimises risk of cross - infection.  

  3. Check and prepare all equipment.    Check that none is damaged, if so, 
discard.  

  4. Prepare the medication for injection: 
   •      Confi rm drug  
   •      Confi rm dosage/concentration  
   •      Expiry date  
   •      Diluent as appropriate  
   •      Integrity of package.     

  To ensure that the patient receives 
the correct dose of the correct 
drug using the appropriate diluent 
and via the correct route 
 To protect the patient from harm.  

  5. Confi rm with colleague.    Minimise risk of error.  

  6. Determine the appropriate injection site (see 
preceding information).  

    

  7. Position the patient and identify the injection site 
by using body landmarks. Make sure the area is 
intact and free from abnormalities such as infection, 
bruising, or tenderness.  

    

  8. Clean the skin as per guidelines.    Minimise risk of infection.  

  9. Using the subdominant hand, displace the skin 
and subcutaneous tissue by pulling the skin laterally 
or downward from the injection site. Holding it taut, 
quickly and smoothly insert the needle into the 
muscle at a 90 - degree angle.  

  Displaces cutaneous and subcuta-
neous layers. Needle is inserted at 
90 o  to ensure that the needle 
reaches muscle tissue, and it also 
reduces pain.  
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    Procedure       Additional information/rationale   

  10. Continue to hold the skin taut with the subdomi-
nant hand. With the dominant hand, aspirate for 
approximately 5 seconds. If no blood returns with 
aspiration, slowly inject the medication (10 seconds/
mL). If blood is seen in the syringe, withdraw the 
needle, discard both the medication and syringe 
properly, and prepare another dose for injection.  

  Prevents inadvertent intravenous 
administration.  

  11. Wait 10 seconds to withdraw the needle Withdraw 
it slowly and smoothly at a 90 - degree angle.  

  Allows the medication to disperse 
evenly in the muscle tissue.  

  12. Release the skin to create a zigzag path.    Minimises seepage of the drug.  

  13. Apply gentle pressure at the injection site with a 
sterile pad but DO NOT massage the site as this can 
cause irritation.  

    

  14. Discard all equipment properly, remove gloves, 
and perform hand hygiene.  

  Reduces risk of cross - infection.  

  15. Document the date and time of administration, 
the drug name and dose, the injection route and 
site, and the patient ’ s response.  

  Legal requirement.  

  Rectal  a dministration 
 The rectal route is not frequently used by paramedics, but it is suitable for patients 
who are having seizures where it may not be possible to cannulate. The drug is 
absorbed rapidly through the rectal mucosa. 

  Equipment  r equired 

     •      Clean, non - sterile gloves  
   •      Lubricating jelly  
   •      Rectal tube.    

 

    Procedure       Additional Information/rationale   

  1. Explain the procedure and gain consent 
from the patient (if possible).  

  Legal requirement.  

  2. Perform hand hygiene and put on clean 
gloves.  

  Minimises risk of cross - infection.  

  3. Check and prepare all equipment.    Check that none is damaged, if so, discard.  
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    Procedure       Additional Information/rationale   

  4. Prepare the medication: 
   •      Confi rm drug  
   •      Confi rm dosage/concentration  
   •      Expiry date  
   •      Integrity of package.     

  To ensure that the patient receives the 
correct dose of the correct drug and via 
the correct route. 
 To protect the patient from harm.  

  5. Confi rm with colleague.    Minimises risk of error.  

  6. Remove the cap of the rectal tube and 
lubricate with lubricating jelly.  

  Reduces trauma on insertion.  

  7. Position the patient on the abdomen or side 
with a cushion under the hip. A small child can 
lie across the practitioner ’ s knees.  

  Allows ease of passage of the tube into 
the rectum.  

  8. Insert the nozzle into the anus.    Most rectal tubes have a mark to indicate 
depth of insertion for young children.  

  9. Keep the tube with the nozzle pointing 
downwards during administration.  

    

  10. Squeeze the tube between thumb and 
fi nger to deliver drug.  

    

  11. Keep pressing the tube whilst withdrawing. 
Hold the buttocks together for a few 
moments.  

  Prevents aspiration of drug back into tube 
and prevents seepage.  

  12. A small amount of fl uid left in the tube will 
not affect the dose administered.  

    

  13. Discard all equipment properly, remove 
gloves, and perform hand hygiene.  

  Reduces risk of cross - infection.  

  14. Document the date and time of administra-
tion, the drug name and dose, the injection 
route and site, and the patient ’ s response.  

  Legal requirement.  
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    1.     Medicines approved for use in the UK are categorised as either General Sales 
List (GSL); Pharmacy (P) or Prescription Only Medicine (POM).  

  2.     There are a range of exemptions from legal restrictions that allow paramedics 
to supply and administer particular medicines directly to patients.  

  3.     Paramedics are responsible legally and ethically for the safe administration of 
drugs; the law is clear on how drugs should be stored and administered.  

  4.     Clear, accurate documentation is essential.  
  5.     Drugs can be delivered in a variety of forms including 

tablets, capsules, solutions, inhalers, and by a variety of 
different routes. They may be administered via a number 
of different routes.  

  6.     The paramedic needs to know which drugs can be 
administered via which route and the procedures for 
using any given route.        

 Chapter Key Points 
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 Entonox and oxygen have been available to ambulance personnel for many years 
and at one time were the only medicines available in the ambulance service. When 
given appropriately, both drugs have proven benefi cial effects for patients; however, 
there is disquiet surrounding the amount of oxygen that is administered by ambu-
lance staff in the prehospital environment.  

  Defi nition and  i ndications for the  u se of Entonox 
 Entonox is an inhaled analgesic gas comprising of 50% nitrous oxide and 50% 
oxygen that is indicated in the management of moderate pain and also for labour 
pain.  1   Entonox is rapidly absorbed into the blood stream of the pulmonary vascula-
ture, but does not combine with haemoglobin or with any other body tissues. Its low 
solubility in blood produces the rapid onset and offset of effect.  2   Nitrous oxide (the 
anaesthetic agent within Entonox) has very few side - effects and no incompatibility 
with other drugs has ever been demonstrated.   2   It has been noted that the nitrous 
oxide constituent of Entonox inactivates vitamin B 12 . 

 3   The mixture of nitrous oxide 
and oxygen remains stable at temperatures above  − 6    o C. 

 There are different theories as to the exact mechanism of action of Entonox. It 
has been suggested that Entonox interacts with the endogenous opioid system,  4   and 
it has been shown to act preferentially on areas of the brain and spinal cord that 
are rich in morphine sensitive cells.  5   BOC suggest that it also has an effect on gamma 
aminobutyric acid (GABA), which increases inhibition of nerves cells, causing drows-
iness and sleep.  6    

  Advantages of Entonox 
 Entonox offers the practitioner and patient several advantages: 

   •      Analgesic effect is rapid and side - effects are minimal.  
   •      It confers no cardiac or respiratory depression.  
   •      It can be self - administered.  
   •      It has a very short half - life so the effects wear off rapidly once inhalation has 

ceased. This may be useful for short - term relief when carrying out painful pro-
cedures such as wound dressings or applying traction to fractures. In addition, 
Entonox may be administered as a temporary analgesic agent whilst preparing 
the patient for the administration of intravenous analgesia.  

   •      The oxygen content may confer benefi t to patients with certain medical or 
trauma conditions.     

  Contraindications to the  u se of Entonox 
 According to the Joint Royal Colleges Ambulance Liaison Committee (JRCALC), 
Entonox is contraindicated in the following circumstances:  1  

    •      Severe head injuries with impaired consciousness.  
   •      Decompression sickness (anybody who has been diving in the previous 24 hours 

should be considered at risk).  
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   •      Violently disturbed psychiatric patients.    

 Caution should be applied when administering Entonox to a chest injured patient 
when a pneumothorax is suspected as it may expand the pneumothorax. 

 
  

     Why is Entonox contraindicated in 
the circumstances outlined above? 

 There appears to be some confl ict between JRCALC and the contraindications listed 
by the BOC datasheet, which includes any patient: 

   •      Where air is entrapped within a body and where its expansion might be danger-
ous.  

   •      Artifi cial, traumatic or spontaneous pneumothorax.  
   •      Air embolism.  
   •      Gross abdominal distension.  
   •      Intoxication.  
   •      Maxillofacial injuries.    

 Essentially N 2 O is contraindicated where there is trapped air, which covers the fi rst 
four in the BOC list. Dr Tom Clarke of JRCALC states that intoxication is not defi ned 
by BOC but would appear to indicate a state where the  ‘ balance of the mind is dis-
turbed ’  due to alcohol, drugs or psychosis.  7   Maxillofacial injuries are contraindicated 
due to the possible access of Entonox to the sinuses and also due to the diffi culty 
of administration. 

 It has been suggested that Entonox should not be given during the fi rst trimester 
of pregnancy due to the risk of skeletal teratogenic complications; however no 
increased incidence of foetal malformation has been discovered in 8 epidemiological 
studies and case reports in human beings. There is no published material showing 
that nitrous oxide is toxic to the human foetus, therefore, there is no absolute 
contra - indication to its use in the fi rst 16 weeks of pregnancy.  3   

  Recommendations 

     •      Entonox should be contraindicated to patients where air is entrapped within a 
body and where its expansion might be dangerous, those with severe head inju-
ries with impaired consciousness, decompression sickness, and intoxication or 
psychiatric patients where the balance of the mind is disturbed.      
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  Equipment 

     •      Entonox cylinder  
   •      Regulator  
   •      Face mask or mouthpiece.    

 The neck on an Entonox cylinder is blue and white segmented, which is a UK norm; 
colours may vary in other Countries. The newer CD (440   L) and HX (2200   L) cylinders 
feature a valve with built in regulator, an Entonox Schrader outlet connection, and 
a permanently live contents gauge. The cylinders are 25% lighter than conventional 
steel, which makes them ideal for prehospital use. The traditional 500   L, D sized 
cylinder is still in use and requires the application of a pin - index pressure regulator. 

 Use of cylinders and general safety for both Entonox and Oxygen are covered at 
the end of this chapter. 

 
   

   Why might the delivery of Entonox 
through a mouthpiece be a less effective 
means of delivery than a mask? 

  Principles of  a dministration of Entonox 
 Entonox is self - administered by the use of a face mask or mouthpiece connected 
through a demand valve to the Entonox cylinder. Gas is drawn from the cylinder by 
the negative pressure created during the patient ’ s inhalation; as soon as the face 
mask or mouthpiece is removed, delivery stops. For this reason, the face mask must 
be held fi rmly over the face or the mouthpiece to the lips to produce an airtight seal. 

 Doses are regulated by the patient and the risk of overdose is low. Since pain is 
usually relieved by a concentration of 25% nitrous oxide, continued inhalation does 
not occur. However, should inhalation continue, light anaesthesia supervenes and 
the mask drops away as the patient relaxes.  3    

  Mouthpiece or  f ace  m ask? 
 Searches revealed no studies investigating the relative effectiveness of delivering 
Entonox via a mouthpiece or mask. One study evaluated patient preferences and 
the effi cacy of pre - oxygenation using face mask or mouthpiece with or without nose 



Medical gases Chapter 11

217

clip, which may provide some insight into the best method of administering Entonox.  8   
Most conscious patients tolerated a mask well but a signifi cant minority (12%) 
refused it. The mouthpiece on its own was insuffi cient to attain full preoxygenation 
owing to nose breathing of room air, which may explain why anecdotally, Entonox 
does not always provide analgesia. The mouthpiece with nose clip produced compa-
rable results to the face mask but was less popular amongst patients. 

  Recommendation 

 Entonox should preferentially be delivered via face mask or mouthpiece with nose 
clip to maximise the effect of the drug.   

  Complications 
 Inappropriate, unwitting or deliberate inhalation of Entonox will ultimately result in 
unconsciousness, passing through stages of increasing light - headedness and intoxi-
cation. The treatment is removal to fresh air and resuscitation as appropriate.  3     

  Procedure for  a dministering Entonox 

   Procedure     Rationale/further information  

  1. Ensure that the patient is in a comfortable position 
prior to administration.  

    

  2. Check the patient has no contraindications for the 
administration of Entonox.  

  Avoids exacerbating underlying 
conditions.  

  3. Explain the procedure and effects of the medication 
to the patient and gain informed consent.  

  Aids patient compliance and is a 
legal requirement.  

  4. Ensure that the cylinder is turned on; check the 
gauge to determine how much Entonox is in the 
cylinder.  

  Avoids risk of running out of 
medication.  

  5. Demonstrate how to obtain a seal with the face 
mask or mouthpiece. Explain that when the patient is 
breathing in and out regularly and deeply a hissing 
sound will be heard.  

  Maximises inhalation of the gas 
and indicates that the gas is 
being inhaled.  

  6. Encourage the patient to breathe deeply for at least 
two minutes before attempting any painful procedures.  

  Allows time for the analgesic 
effect to take place.  

  7. Coach the patient ’ s respirations as necessary.    To ensure maximum inhalation of 
the gas.  

  8. Evaluate the effectiveness of Entonox by using 
verbal or visual pain scoring tools.  

  Identifi es if further measures are 
required.  



Chapter 11 Medical gases

218

   Procedure     Rationale/further information  

  9. Evaluate the effect during and after painful 
procedures, and throughout the duration of use.  

    

  10. Turn off Entonox supply on completion.    Avoids inadvertent leakage..  

  11. Dispose of mask/mouthpiece as per Trust guide-
lines, or clean in accordance with guidelines if using 
reusable items.  

    

  12. Record the administration, effects and side - effects 
of Entonox on the case report form. Any adverse 
effects should also be recorded.  

  A legal requirement and provides 
information for those caring for 
the patient afterwards  

  Troubleshooting 
  Procedure 

   Problem     Possible explanation     Suggestion  

  1. Patient not achieving 
adequate analgesia.  

  Cylinder empty.    Check prior to administration, 
change if necessary.  

      Patient not inhaling 
deeply enough.  

  Coach respirations. 

 Reassess suitability of Entonox 
for the patient and fi nd alterna-
tive analgesia if necessary.  

  2. Patient refuses or 
can ’ t tolerate a mask.  

  Feeling of claustro-
phobia or dislike of 
the smell of the mask.  

  Use mouthpiece with nose clip as 
an alternative.  

  3. Feelings of nausea, 
drowsiness or giddiness.  

  Effect of nitrous oxide 
accumulation.  

  Discontinue therapy and effects 
will wear of rapidly.  

  4. Patient afraid to use 
Entonox.  

  Possible associations 
with previous 
experiences.  

  Reassure patient about the 
benefi ts of receiving Entonox and 
the short - term effects. Reiterate 
the procedure for administration.  

  Defi nition of  o xygen  t herapy 
 Oxygen (O 2 ) is a colourless, odourless gas that supports combustion and is essential 
to human life. It is provided in compressed form in a cylinder that is typically colour 
coded white. Modern cylinders are lightweight and feature a valve with built in 
regulator, an Oxygen Schrader outlet connection, and a permanently live contents 
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gauge. The sizes most commonly used in prehospital care are the CD size (460   L) 
and the HX size (2300   L). 

 Oxygen is the most frequently used drug in prehospital emergency care and may 
be lifesaving when given correctly. However, it is often administered without careful 
consideration of its potential benefi ts and side - effects.  9    

  Indications for  u se 
 JRCALC revised the oxygen guidelines in April 2009 to refl ect concerns surrounding 
inappropriate administration of oxygen by practitioners in prehospital care.  1   The new 
guideline challenges many of the traditional practices, such as the routine adminis-
tration of high concentration supplemental oxygen to all patients suffering a sus-
pected or confi rmed acute myocardial infarction. It also advocates the more 
widespread use of pulse oximetry to guide supplemental oxygen therapy and the 
use of alternative methods of delivery, such as nasal cannulae. 

 It is imperative that the practitioner is aware of the updated guidelines and also 
understands the physiology of respiration and tissue oxygenation. It is recommended 
that this be reviewed in a suitable physiology textbook. 

 
   

 You are called to attend a case where a 65 - year - old known COPD patient is 
suffering from cardiac related central chest pain. His 12 - lead ECG is showing signs 
of a new inferior myocardial infarction whilst his oxygen saturations are 92%. Will 
you administer oxygen to the patient? If so, how much and why? If not, why not? 

 Scenario 

  Cautions and  c ontraindications to the  u se of  o xygen 
  Paraquat  p oisoning 

 Paraquat is a bipyridyl herbicide which if ingested causes irreversible pulmonary 
fi brosis by generation of superoxide radicals. Treatment is by immediate gastric 
lavage and gastric decontamination. As high concentrations of oxygen worsen the 
lung damage, supplementary oxygen should be withheld for as long as practicable, 
then used at the lowest concentration that will maintain tissue oxygenation.  10    

  Chronic  o bstructive  p ulmonary  d isease ( COPD ) 
 There remains much discussion surrounding what constitutes appropriate oxygen 
therapy in the emergency management of acute exacerbation of COPD. A number 
of studies  11   have concluded that oxygen therapy may lead to hypercapnia and acido-
sis, so it is imperative that patients with COPD do not receive excessive concentra-
tions of oxygen. 
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 Current guidelines recommend that:  11  

    •      The oxygen saturation should be measured in patients with an exacerbation of 
COPD, if there are no facilities to measure arterial blood gases.  

   •      If necessary, oxygen should be given to keep the SaO 2  within range of 88 – 92% 
or pre - specifi ed range detailed on patient ’ s alert card.    

 During the transfer to hospital the following points should be considered: 

   •      It is not desirable to exceed an oxygen saturation of 93%. Oxygen therapy should 
be commenced titrated upwards if saturation falls below 90% and downwards if 
the patient becomes drowsy or if the saturation exceeds 93 – 94%.  

   •      Patients with known type II respiratory failure need special care, especially if 
they require a long ambulance journey or if they are given oxygen at home for 
a prolonged period before the ambulance arrives.    

 Oxygen should be given to all patients with an exacerbation of COPD who are breath-
less, if the oxygen saturations are not known. 

 JRCALC suggests that where the primary illness in a patient with COPD requires 
a high concentration of oxygen (e.g. serious trauma) then oxygen should not be 
withheld.  1   However, the patient should be continuously monitored and oxygen 
therapy amended if the patient deteriorates. For a further and fuller explanation of 
the most recent guidelines surrounding the indications and use of oxygen in emer-
gency care, refer to the British Thoracic Society Guideline for emergency oxygen 
use in adult patients.  12   

 NOTE  –  COPD is not a contraindication to the administration of oxygen.  

  Defi brillation and  e xplosive  e nvironments 
 Oxygen supports combustion so should not be used during defi brillation or in an 
explosive environment.   

  Equipment 

     •      Oxygen cylinder  
   •      Regulator  
   •      Flowmeter  
   •      Disposable tubing  
   •      Disposable oxygen mask or nasal cannula.    

  Oxygen  c ylinder 
 The neck on an oxygen cylinder is white, which is a UK norm; colours may vary in 
other Countries. Newer oxygen cylinders feature a valve with built in regulator, an 
oxygen Schrader outlet connection, and a permanently live contents gauge. Older 
cylinders have a black body with white neck and require the application of a pressure 
regulator to the valve. These cylinders will either have a  ‘ bull - nose ’  valve or a pin -
 index valve. 

 Sizes typically used in prehospital care include the CD size (460   L) and the HX 
size (2300   L).  
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  Regulator 
 The pressure contained within gas cylinders is initially very high and falls as the 
contents are used. The function of the regulator, or reducing valve, is to convert this 
variable, high - pressure gas supply to a constant, low - pressure gas supply. Ensure 
that only the appropriate regulator is fi tted to the cylinder.  

  Flowmeter 
 The fl owmeter allows the practitioner to select an appropriate fl ow of gas to the 
patient. The fl ow meter may be a glass tube with a ball that fl oats on the stream of 
gas or a twist - knob dial. The fl ow selected will depend up the requirements of the 
patient.  

  Oxygen  t ubing 
 Oxygen tubing may be packaged with the chosen mask or may be separate. Tubing 
is single - use and should be disposed of following patient treatment.  

  Oxygen  m asks and  n asal  c annulae 
  Nasal  c annulae 

 See Figure  11.1 .   
 Nasal cannulae are rarely used in prehospital care mainly because a constant 

oxygen concentration is not possible since the nasal catheter delivers a constant 
oxygen fl ow, and the resulting partial pressure received by the patient depends on 
the minute ventilation. In addition, the design is uncomfortable, there is a need for 
frequent replacement due to obstruction, and damage to the nasal mucosa.  13    

     Figure 11.1     Nasal cannula.  



Chapter 11 Medical gases

222

     Figure 11.2     Oxygen mask  –  standard.  

  Simple  f ace  m ask 

 See Figure  11.2 .   
 The simple face mask has side - ports that allow the entrainment of ambient air, 

which dilutes the concentration of oxygen delivered to the patient and restricts 
oxygen concentrations. With fl ow rates of between 6 and 10   L/min, concentrations 
of between 40% and 60% can be attained. These masks are suitable for patients 
requiring moderate to high concentrations of oxygen.  

  Non -  r ebreather  m ask 

 See Figure  11.3 .   
 These masks have one - way side ports that allow air to escape on exhalation but 

restrict entrainment of air during inspiration. The mask also has a reservoir bag to 
hold oxygen ready for inhalation. At a fl ow rate of 15   L/min, oxygen concentrations 
of 80% – 95% can be achieved. These masks should be reserved for those patients 
who have adequate ventilation but who require high concentrations of supplemen-
tary oxygen.  

  Venturi  m ask 

 See Figure  11.4 .   
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     Figure 11.3     Non - rebreathe oxygen mask.  

     Figure 11.4     Venturi oxygen mask.  
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 Venturi masks are not commonly used in UK prehospital practice even though 
they are capable of delivering a relatively constant concentration of oxygen irre-
spective of the patient ’ s rate and depth of breathing. Masks generally deliver 24%, 
28%, 35% or 40% oxygen, and may be particularly useful for COPD patients. 

 Oxygen passes into the mask through a jet orifi ce where it entrains room air. This 
mixture is then delivered to the patient. In order to change the concentration it may 
be necessary to change the cap on the mask.    

  Procedure for  a dministering  o xygen   14    

   Procedure     Rationale/further information  

  1. Ensure that the patient is in a comfortable position 
prior to administration.  

    

  2. Explain the procedure and effects of the medication to 
the patient and gain informed consent.  

  Aids patient compliance and is a 
legal requirement.  

  3. Ensure that the cylinder is turned on; check the gauge 
to determine how much oxygen is in the cylinder.  

  Avoids risk of running out of 
medication.  

  4. Select the most appropriate mask for the needs of the 
patient and remove from packaging.  

  Ensures appropriate concentra-
tion of oxygen is delivered. 

 Do not remove oxygen masks 
from package until just before 
use to avoid contamination  

  5. Connect the oxygen tubing to the fl owmeter and 
select the correct fl ow rate for the desired concentration  

  The fl ow required to attain a 
given concentration is normally 
provided with the mask.  

  6. Place the mask over the patient ’ s nose and mouth and 
tighten the strap until the mask is fi rmly held in place.  

    

  7. Coach the patient ’ s respirations as necessary.    Maximises inhalation of the gas.  

  8. Evaluate the effectiveness of oxygen by reassessing 
observations; adjust fl ow rate as required.  

  Determines the need to amend 
concentration delivered.  

  9. Dispose of face mask and tubing on completion.      

  10. Record the administration, effects and side - effects of 
oxygen on the case report form. Any adverse effects 
should also be recorded.  

  Legal requirement and provides 
information for those caring for 
the patient afterwards.  
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  Use of  c ylinders and  c ylinder  s afety   14    
 The following section is taken from BOC Medical guidelines and demonstrates best 
practice. 

  Storage of  c ylinders 
 Compressed medical oxygen cylinders should be: 

   •      Stored under cover, preferably inside, kept dry and clean and not subjected to 
extremes of heat or cold, and away from stocks of combustible material.  

   •      Stored separately from industrial and other non - medical cylinders.  
   •      Stored to maintain separation between full and empty cylinders.  
   •      Used in strict rotation so that cylinders with the earliest fi lling date are used fi rst.  
   •      Stored separately from other medical cylinders within the store.  
   •      F size cylinders and larger should be stored vertically. E size cylinders and smaller 

should be stored horizontally.     

  Preparation for  u se   14    

     •      Remove the tamper evident seal and the valve outlet protection cap. Ensure the 
cap is retained so that it can be refi tted after use.  

   •      Do not remove and discard any batch labels fi tted to the cylinder.  
   •      Ensure that an appropriate compressed medical oxygen regulator is selected for 

connection to the cylinder.  
   •      Ensure the connecting face on the regulator is clean and the sealing washer fi tted 

is in good condition.  
   •      Connect the regulator, using moderate force only and connect the tubing to the 

regulator/fl owmeter outlet.  
   •      Only the appropriate regulator should be used for the particular gas concerned.  
   •      Open the cylinder valve slowly and check for any leak.  
   •      Cylinder valves and any associated equipment must never be lubricated and must 

be kept free from oil and grease.     

  Leaks   14    
  Cylinders  u sed with a  p ressure  r egulator 

     •      Having connected the regulator or manifold yoke to the cylinder check the con-
nections for leaks.  

   •      Should leaks occur this will usually be evident by a hissing noise.  
   •      Should a leak occur between the valve outlet and the regulator or manifold yoke, 

depressurise and remove the fi tting and fi t an approved sealing washer.  
   •      Reconnect the fi tting to the valve with moderate force only, fi tting a replacement 

regulator or manifold tailpipe as required.  
   •      Sealing or jointing compounds must never be used to cure a leak.  
   •      Never use excessive force when connecting equipment to cylinders.  
   •      If leak persists, label cylinder and return to supplier.     
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  Cylinders with an  i ntegral  r egulated  v alve 

     •      Should leaks occur this will usually be evident by a hissing noise.  
   •      Close valve, remove connection, check and refi t.  
   •      If leak persists, label cylinder and return to supplier.      

  Cylinder  s afety   14    
 When compressed medical oxygen cylinders are in use, ensure that they are: 

   •      Only used for medicinal purposes.  
   •      Turned off, when not in use, using only moderate force to close the valve.  
   •      Only moved with the appropriate size and type of trolley or handling device.  
   •      Handled with care and not knocked violently or allowed to fall.  
   •      Firmly secured to a suitable cylinder support when in use.  
   •      Not allowed to have any markings, labels or batch labels obscured or removed.  
   •      Not used in the vicinity of persons smoking or near naked lights.    

 When the compressed medical oxygen cylinder is empty ensure that the: 

   •      Cylinder valve is closed using moderate force only and the pressure in the regu-
lator or tailpipe released.  

   •      Valve outlet cap, where fi tted, is replaced.  
   •      Empty cylinders are immediately returned to the empty cylinder store for return 

to supplier.    

 

    1.     Entonox is an inhaled analgesic gas comprising of 50% nitrous oxide and 50% 
oxygen that is indicated in the management of moderate pain and also for 
labour pain.  

  2.     Entonox has a rapid onset of action and the side - effects are minimal; it confers 
no cardiac or respiratory depression, can be self - administered, and has a very 
short half - life so the effects wear off rapidly.  

  3.     Contraindications to the use of Entonox and the diffi culty of self - administration 
encountered by some patient groups may mean that an alternative analgesic 
is required.  

  4.     Entonox should preferentially be delivered via face mask or mouthpiece with 
nose clip to maximise the effect of the drug.  

  5.     Oxygen (O 2 ) is a colourless, odourless gas that supports combustion and is 
essential to human life.  

  6.     Oxygen is the most commonly administered medicine in prehospital care, but 
caution should be exercised in its use. Oxygen should only be administered to 
those patients presenting with an indication for its use.  

  7.     The most appropriate equipment should be used when 
administering oxygen. The choice between masks and 
nasal cannulae will be dependent upon patient needs.  

  8.     It is essential that cylinders are stored and handled 
with care in order to minimise the risk of unwanted 
and dangerous occurrences.        

 Chapter Key Points 
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 Infection control and aseptic techniques are vital tools in the battle to reduce infec-
tion acquired as a direct result of health care provision. Paramedics often work in 
environments that are unclean and unhygienic, and the risk of infection is unsurpris-
ingly high. It is imperative that the paramedic optimises infection control techniques 
to minimise the risk of infection.  

  Defi nitions 
 Infection control is the application of standard principles to prevent health - care 
associated infections (HCAI) and is essential in the reduction of HCAI. Asepsis is 
described as the state of being free from living pathogenic organisms  1   and aseptic 
technique as the effort taken to keep a patient as free from micro - organisms as 
possible.  2   The incidence of HCAI in the United Kingdom is estimated to be 9%;  3   
statistics specifi c to the ambulance service are not readily available. 

 Aseptic technique is used to minimise the risk of infection when managing wounds, 
or when carrying out invasive procedures such as intravenous cannulation. Asepsis 
in the out - of - hospital environment is classed as medical asepsis and aims to reduce 
the number and spread of organisms during patient contact with the ambulance 
service; this differs from surgical asepsis, which is undertaken in operating theatres. 

 The National Institute for Health and Clinical Excellence (NICE) divides the stan-
dard principles into three broad categories:  4 

    •      Hand hygiene  
   •      Use of personal protective equipment (PPE)  
   •      Safe use and disposal of sharps  
   •      Education of patients, their carers, and healthcare personnel.    

 
   

 You are called to transport a patient with diarrhoea and vomiting. What extra 
precautions need to be taken and what cleaning actions should be taken on 
completion of the case? 

 Scenario 

  Indications for  i nfection  c ontrol 
 Patients have a right to clean and safe treatment wherever and whenever they are 
treated by the National Health Service (NHS).  5   Around 320,000 healthcare - associ-
ated infections occur every year (almost 3 million during the decade from 1993). 
These infections add an average of 11 days of hospitalisation for each person infected 
and cost the NHS an estimated  £ 1 billion annually. Around a third of these infections 
could probably have been prevented.  6   The application of evidence - based infection 
prevention and control into every day practice is believed to be important in reduc-
ing preventable infections and could reduce the human and fi nancial costs.  7   Health-
care professionals should routinely apply the principles of infection control to the 
management of every patient/client.  
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  Hand  h ygiene 
 Several studies have demonstrated a clear link between handwashing and a reduc-
tion in infection  8 – 11   and, although these studies are hospital based, it is useful and 
reasonable to extrapolate the fi ndings and apply them to the community setting. 
Expert opinion is consistent in asserting that effective handwashing reduces the 
number of pathogens carried on the hands and that this will logically decrease the 
incidence of preventable HCAI.  12 – 14   

 Currently there is no compelling evidence to favour the general use of antimicro-
bial handwashing agents over soap, or one antimicrobial agent over another.  4   The 
acceptability of any preparation used in the community setting will need to be based 
upon ease of use and their dermatological effect; in most cases this will be deter-
mined by the employing Trust. 

 The latest recommendations from NICE  4   state that hands that are visibly soiled 
or potentially grossly contaminated with dirt or organic material must be washed 
with liquid soap and water. Hands must be decontaminated, preferably with an 
alcohol - based hand rub unless hands are visibly soiled, between caring for different 
patients or between different care activities for the same patient. 

 There is little high level evidence to support any given handwashing technique in 
terms of duration of washing and hand drying. Current guidelines are based on 
expert opinion that suggest that the time taken to decontaminate the hands, the 
exposure of all aspects of the hands and wrists to the decontaminant, the use of 
vigorous rubbing, thorough rinsing (in the case of handwashing), and drying are all 
key factors in the process of effective hand hygiene.  12,15   

  Recommendations   4    
    1.     All wrist and hand jewellery should be removed prior to hand - cleansing. Cuts and 

abrasions must be covered with waterproof dressings. Finger nails should be kept 
short and free from nail polish.  

  2.     Handwashing techniques involve three phases  –  preparation, washing and rinsing, 
and drying:  
  a.     Wet the hands under running tepid water BEFORE applying cleaning prepara-

tions.  
  b.     Hand wash solution MUST come into contact with ALL of the surfaces of the 

hand.  
  c.     The hands must be RUBBED together for between 10 and 15 seconds paying 

particular attention to the tips of the fi ngers, the thumbs and the areas 
between the fi ngers.  

  d.     Hands should be rinsed thoroughly before drying.    
  3.     When decontaminating hands using an alcohol hand - rub, hands should be free 

of dirt and organic material. The hand - rub solution must come into contact with 
all surfaces of the hand. The hands must be rubbed together vigorously, paying 
particular attention to the tips of the fi ngers, the thumbs and the areas between 
the fi ngers, until the solution has evaporated and the hands are dry.    

 Areas that are commonly missed in handwashing are shown in Figure  12.1 .   
 The handwashing technique that remains in vogue within the health service was 

fi rst described by Ayliffe, Babb and Quoraishi in 1978  16   and is still the procedure 
recommended by the Ambulance Service Association (Figure  12.2 ).  17       
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     Figure 12.1     Areas missed during handwashing. Based on work by Taylor L 
(1978) An Evaluation of Handwashing Techniques,  Nursing Times  Jan 12, 
1978 pp 54 – 55. Original material supplied by Health Protection Scotland. 
Responsibility for the editing and use of these materials lies with the 
individual and not Health Protection Scotland or Healthcare A2Z. Copyright 
2006, original content developed by Healthcare A2Z, www.healthcareA2Z.org. 
Reproduced with permission.  

handout 3
HAND HYGIENE

areas most frequently missed during handwashing

= most frequently missed 

= frequently missed 

= less frequently missed 

palm of handback of hand

  Personal  p rotective  e quipment 
 Most expert opinion regarding the use of personal protective equipment (PPE) has 
been based on studies in the hospital environment; however, it is safe to extrapolate 
the general fi ndings and apply them to the community setting. This section discusses 
gloves, aprons, visors/eye protection, and face masks. The purpose of PPE is to 
protect both patients and staff, and to reduce the risk of transmission of microorgan-
isms.  18,19   The decision to use PPE and the level of PPE is based upon an assessment 
of the anticipated risk of transmission of micro - organisms to the patient, and the 
risk of exposure to body fl uid during patient management. 

 The guidelines in Figure  12.3  may be helpful in determining the level of PPE 
required.   

  Gloves 
 The use of gloves as a primary defence against infection has become common prac-
tice for health professionals in the hospital and community settings. There is expert 
agreement that gloves play a role in protecting the hands from contamination, and 
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     Figure 12.2     Hand - washing technique.  

1. Palm to palm 2. Right palm over left

    dorsum and left palm over

    right dorsum

3. Palm to palm finger interlaced

4. Backs of fingers to

    opposing palms with

    fingers interlocked

5. Rotational rubbing of right

    thumb clasped in left palm

    and vice versa

6. Rotational rubbing, back-

    wards and forwards with

    clasped finger of right hand in

    left palm and vice versa

     Figure 12.3      Adapted from ASA, 2004.  17     

→
→

→

No exposure to blood/body 
fluids anticipated 
Exposure to blood/body 
fluid anticipated but low risk 
of splashing 
Exposure to blood/body 
fluid anticipated with high 
risk of splashing 

No protective clothing
 
Wear gloves and plastic apron 

Wear gloves, plastic apron and eye/mouth/nose 
protection 
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reducing the risk of transmission of micro - organisms to both patient and practitio-
ner,  20  − 22   but they should not be worn unnecessarily as prolonged and indiscriminate 
use may cause skin sensitivity and adverse reactions.  23   The guidance given above 
should be used to decide when it is appropriate to wear gloves. 

 Gloves must be discarded after every care activity for which they were worn in 
order to minimise the potential transmission of microorganisms to another site on 
the patient, or to a different patient.  4   The practicalities of this may be diffi cult in the 
emergency situation but every effort should be made to adhere to the guidelines 
where possible. Washing gloves rather than changing them is not safe so therefore, 
not recommended.  23,24   

 It is also worth noting that the integrity of gloves cannot be taken for granted 
and there is evidence that hand contamination may occur when the gloves are 
removed.  20,23,24   The use of gloves reduces the risk of contamination but does not 
eliminate it and it cannot be presumed that hands are clean just because gloves have 
been worn. The practitioner should always wash hands in accordance with standard 
procedures after gloves have been removed. 

 
  

     Your colleague drives to hospital still 
wearing the gloves that were used on 
scene. Make a list of every item that now 
needs to be cleaned! 

  Recommendations   4    

     •      Gloves must be worn for: 
    •      Invasive procedures (e.g. intravenous cannulation).  
   •      Contact with sterile sites and non - intact skin or mucous membranes.  
   •      All activities that have been assessed as carrying a risk of exposure to blood, 

body fl uids, secretions or excretions, or sharp or contaminated instruments.    
   •      Gloves must be worn as single - use items. They must be put on immediately 

before an episode of patient contact or treatment and removed as soon as the 
activity is completed. Gloves must be changed between caring for different 
patients, and between different care or treatment activities for the same patient.  

   •      Gloves must be disposed of as clinical waste and hands decontaminated after 
the gloves have been removed.      
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  Disposable  a prons 
 Several studies show the potential for uniforms to become contaminated.  25 – 27   None 
of these studies were undertaken in the community setting but it is reasonable to 
suggest that the risk of contamination in the out - of - hospital setting is likely to be 
no lower than the in - hospital setting. Two of these studies  25,26   suggest the need for 
a clean uniform to be worn each shift, which may not be achievable in the community 
setting given that jackets and fl eeces are frequently worn in cooler weather. 

 The routine use of aprons is not advocated,  15   but plastic aprons are recommended 
for use when there is a likelihood of contamination with blood, body fl uids, excretions 
or secretions (excluding sweat), or when close contact with the patient, equipment 
or materials may lead to contamination of clothing.  23,24   Care should be taken to store 
disposable aprons away from potential sources of contamination prior to use and 
should be used once only. Full body gowns need only be worn where there is a risk 
of extensive splashing of body fl uids, blood, secretions and excretions; e.g. serious 
trauma.  23,24   

  Recommendations   4    

     •      Disposable plastic aprons should be worn when there is a risk that clothing may 
become exposed to blood, body fl uids, excretions or secretions, with the excep-
tion of sweat.  

   •      Plastic aprons should be worn for only one procedure or episode of patient care; 
they should then be disposed of as clinical waste.  

   •      Full - body, fl uid - repellent gowns should be worn where there is a risk of extensive 
splashing of body fl uids, blood, secretions or excretions onto the skin or clothing 
of a healthcare practitioner.      

  Eye,  m outh and  n ose  p rotection 
 There is no robust evidence to support the use of surgical face - masks to protect the 
patient during routine procedures such as wound dressings.  15,23   In situations where 
protection is required, e.g., HIV - related or multiple drug - resistant tuberculosis, stan-
dard surgical masks do not provide effective protection and specialised equipment 
such as a particulate fi lter respiratory mask should be worn.  15,23,28   

  Recommendations   4    

     •      Face masks and eye protection must be worn where there is a risk of splashing 
of body fl uids, blood, secretions or excretions into the face and eyes.  

   •      When clinically indicated, respiratory protective equipment must be used.      

  Environmental  c leanliness 
 Maintaining a clean ambulance and equipment is essential, not only for reducing the 
risk of exposing patients to healthcare acquired infections, but also because it 
engenders confi dence in the patients being conveyed by the ambulance service. In 
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2006 the Department of Health introduced the Standards for Better Health,  30   which 
states the following: 

 Healthcare organisations keep patients, staff and visitors safe by having systems 
to ensure that: 

   •      The risk of health care acquired infection to patients is reduced, with particular 
emphasis on high standards of hygiene and cleanliness, achieving year - on - year 
reductions in MRSA.  

   •      All risks associated with the acquisition and use of medical devices are minimised.  
   •      All reusable medical devices are properly decontaminated prior to use and that 

the risks associated with decontamination facilities and processes are well 
managed.  

   •      Medicines are handled safely and securely.  
   •      The prevention, segregation, handling, transport and disposal of waste is prop-

erly managed so as to minimise the risks to the health and safety of staff, 
patients, the public and the safety of the environment.    

 Keeping the vehicle clean is everybody ’ s responsibility. 
 This section does not endeavour to set policies for Ambulance Trusts, as these 

policies should be developed by managers utilising the National Patient Safety 
Agency Framework for setting and measuring performance outcomes in ambulance 
trusts.  29   Written local policies should be available for cleaning, decontamination, 
disinfection and sterilisation of all equipment and vehicles,  31   and should be followed 
rigorously by ambulance crews. 

  Recommendations   31    

     •      Ambulance interiors should be thoroughly cleaned on a weekly basis.  
   •      All equipment used for patient treatment should be cleaned using detergent 

wipes or soap and water then either air dried or wiped with clean paper towels 
after EVERY patient.  

   •      Extra attention must be given to items soiled with blood and/or body fl uids; these 
should be decontaminated with detergent after cleaning.  

   •      Additional cleaning is required following transportation of a patient suffering 
from diarrhoea as the infection status may be unknown. The vehicle interior, 
including walls and fl oors, and all equipment used to treat the patient must fi rst 
be cleaned with soap and water and then disinfected with a chlorine - based fl uid. 
 Clostridium diffi cile  is only removed when both soap and water and disinfectant 
are used in the above order.  

   •      Ambulance stretcher beds should have linen changed after EVERY patient and 
the stretcher should be wiped down with detergent wipes or soap and water then 
air - dried or wiped dry with clean paper towels after EVERY patient.  

   •      Where contaminated with blood and/or body fl uids, a chlorine - based detergent 
should be used after it has been cleaned with soap and water or detergent wipes.  

   •      Pillows should have a plastic cover, which should be wiped with a detergent wipe 
before a clean pillowcase is fi tted. Pillowcases must be changed after EVERY 
patient.    
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      Vascular access and injections are tasks that are carried out quite commonly by 
ambulance paramedics. Intravenous cannulation is perhaps the most frequently 
used route of vascular access with the intraosseous route normally reserved for 
young children. The development of new devices may lead to an increase in the use 
of the intraosseous route in the emergency management of adults where intrave-
nous access is unattainable. 

 The skills are fundamental for the administration of many drugs and fl uids but 
have inherent risks attached to them; the paramedic should be aware of the options 
available and select the most appropriate for the circumstances.  

  Defi nition of a  v ascular  a ccess  d evice 
 For the purposes of prehospital care, a vascular access device is a device that 
is inserted into a peripheral or central vein (intravenous), or into the marrow 
cavity of selected bones (intraosseous). The devices may be used to administer 
drugs or fl uids, or as a prophylactic measure. They may be used for sampling 
blood for diagnostic tests although this is not currently within the remit of UK 
paramedics. 

 There is a variety of vascular access devices available and each has its 
own requirements; however, there are certain principles that are applicable to all 
devices.  

  Anatomy of  v eins 
 The superfi cial veins of the upper limbs are normally selected for siting a peripheral 
cannula in prehospital care. Use of the lower limbs may be indicated in very 
small children and where injury prevents the use of the upper limbs but cannu-
lation of the lower limbs is associated with an increased risk of venous thromboem-
bolism.  1   
 Veins consist of three layers:  2  

    •      Tunica adventitia  –  the outer layer of fi brous connective tissue.  
   •      Tunica media  –  the middle layer comprising of smooth muscle and elastic fi bres.  
   •      Tunica intima  –  the thin inner layer of endothelium.    

 The skin consists of two layers:  2  

    •      Epidermis  –  the superfi cial thinner layer of the skin composed of keratinised 
stratifi ed squamous epithelium.  

   •      Dermis  –  a layer of dense, irregular connective tissue lying deep to the epi-
dermis. Blood vessels, nerves, glands and hair follicles are embedded in dermal 
tissue.    

 The structure and appearance of the skin alters with age as the dermal layers 
become thinner and elasticity is lost. The number of cells producing collagen and 
elastic fi bres decrease leading to the development of wrinkles. The veins of older 
people may be easier to see as a result of these changes but they are more mobile, 
more fragile, and often tortuous and thrombosed.  3   It is perhaps best to avoid the 
dorsum of the hand in older people due to their fragile nature.  5    
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  Peripheral  c annulas 
 There are two commonly used peripheral cannulas; a peripheral cannula, and a 
hollow - needle infusion device, often called a  ‘ butterfl y ’  (see Figures  13.1  and  13.2 ). 
The peripheral cannula is usually a catheter - over - needle design; the needle is with-
drawn after the venepuncture whilst the fl exible plastic catheter remains in the 
vascular compartment. The needle of the butterfl y remains in the vein thereby 
causing increased risk of damage to the vein.  4     

 Peripheral cannulas are available to paramedics in various sizes ranging from 22 
gauge (smallest) through to 14 gauge (largest). Each device is colour - coded and 
information regarding fl ow rates and catheter diameters can be found on the device 
packaging. Modern catheters tend to be made from polyurethane, which is more 
fl exible, less traumatic and less irritating on the intimal layer of the vein than earlier 
polyvinyl chloride (PVC) models.  5,6    

     Figure 13.1     Intravenous cannulas.  
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     Figure 13.2     Butterfl y cannula.  

  Indications for  p eripheral  c annulation 
 Peripheral cannulas are indicated for: 

   •      Drug therapy  
   •      Fluid therapy  
   •      Prophylaxis.    

 There are potential complications associated with intravenous cannulation so care 
should be taken to perform cannulation only on patients who are likely to benefi t 
from the procedure. The risks associated with prophylactic cannulation probably 
outweigh the benefi ts so cannulation for this purpose is to be discouraged.  

  Selection of  d evice for  p eripheral  c annulation 
 The choice of cannula will be dependent upon several factors: 

   •       Purpose of cannulation.      A larger bore cannula will be required for rapid infusion 
of fl uids whilst a smaller gauge will be adequate for drugs or for prophylactic 
purposes.  

   •       Size of veins.      Smaller veins will only tolerate a small cannula so irrespective of 
the purpose of cannulation, a small cannula may be required.  

   •       Shocked patients.      Shock leads to peripheral shutdown and may restrict the size 
of cannula that can be inserted.  

   •       Practitioner skill and confi dence.      A newly qualifi ed practitioner may be less 
confi dent at placing a large bore cannula so may take a pragmatic view that 
something is better than nothing.     
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  Selection of  v ein 
 An advantage of peripheral venous cannulation is that the veins are normally visible; 
however, there may be occasions where this is not the case so palpation and famil-
iarity with venous topography are useful. Figures  13.3  and  13.4  illustrate venous 
anatomy in the hand and forearm.   

 The vein should be selected before the device so that only an appropriate device 
is selected. The vein should be straight, free of valves and should feel  ‘ bouncy ’  when 
palpated. It is best to avoid joints as there is increased risk of mechanical phlebitis 
and intermittent fl ow of fl uids or drugs created by the patient ’ s movements. 

 Vein selection will be dependent upon a number of factors including the reason 
for the cannulation, accessibility of the veins, injuries to the patient, and previous 
cannulation attempts. The initial attempt should be undertaken at the distal end of 
the limb as an unsuccessful attempt hinders the use of veins distal to the original 
site. A cannula should not be placed in areas of localised oedema, dermatitis, cel-
lulitis, arteriovenous fi stulae, wounds, skin grafts, fractures, stroke, planned limb 
surgery and previous cannulation.  5   It may also be benefi cial to patient independence 
if the cannula is placed in the non - dominant limb.  

     Figure 13.3     Veins of the hand. Reprinted from Jenkins, Kemnitz and Totora, 
 Anatomy and Physiology ;  From Science to Life , copyright 2006, with 
permission of John Wiley & Sons Inc.  
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     Figure 13.4     Veins of arm. Reprinted from Jenkins, Kemnitz and Totora, 
 Anatomy and Physiology ;  From Science to Life , copyright 2006, with 
permission of John Wiley & Sons Inc.  
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  Techniques of  v enodilatation 
  Tourniquet and Gravity 

 Apply venous tourniquet to limb and tightened to between the patient ’ s systolic and 
diastolic pressures. If veins are not readily apparent or appear small in calibre, place 
the limb below the level of the heart.  8   Gravity serves to slow venous return, leading 
to increased venous volume and distention of veins of the upper extremity.  11    

  Fist  c lenching 
 Opening and closing of the fi st augments venous return by virtue of muscular com-
pressive forces exerted on vessels to enhance arterial blood fl ow,  7   which results in 
local venous distention.  8   Increased blood velocity from fi st clenching also increases 
venous fl ow to the basilic and cephalic veins.  9   Research has shown that this form of 
isometric activity also results in vasodilatation.  10    

  Vein  ‘  t ap ’  and  ‘  m ilking ’  
 Tapping a superfi cial vein once or twice augments vein distention  11   although the 
mechanism by which this occurs is unclear.  8   Applying a mild, sliding pressure 
( ‘ milking ’ ) along a short length of vein, from proximal to distal, displaces blood 
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distally resulting in vein distention.  8   Care must be taken not to apply overly vigorous 
stimuli, especially to those with fragile superfi cial veins (e.g., elderly, those chroni-
cally on steroids) so as not to injure the veins or to result in pain related refl ex 
vasoconstriction.  8    ‘ Slapping ’  the vein is painful and causes the release of histamine 
 –  this technique should not be used.  

  Local  w armth 
 Blood fl ow in human skin increases greatly in response to direct heating   12   although 
care has to be taken not to induce thermal damage to the extremity. Applying local 
warmth in the prehospital environment may be diffi cult but consideration may be 
made to immersing the upper extremity in warm water for a few minutes, or apply-
ing a warm, moist compress.  13    

  Dilatation of the  e xternal  j ugular  v ein ( EJV ) 
 The Valsalva manoeuvre (forced expiration through a closed glottis) for 30   sec (at 
a pressure of 40   mmHg) has been shown to result in an 86% increase in the area 
and 41% increase in the circumference of the right EJV.  14   Similarly, use of the Tren-
delenburg position augments venous return towards the right atrium and can result 
in EJV distention.  15,16     

  Complications of  p eripheral  v enous  c annulation 
 No clinical intervention is risk free but the benefi ts of appropriate intravenous can-
nulation are normally considered to outweigh the complications. One of the key 
concerns in prehospital care is the time delay for undertaking the task. Studies 
suggest that intravenous cannulation with no therapeutic treatment can increase 
on - scene times by an average of between 8 and 13 minutes,  17,18   this needs to be 
considered when making the clinical decision to cannulate as should the number of 
attempts that should be made. 

 Intravenous cannulation provides a direct portal of entry for infectious pathogens 
and is a considerable source of morbidity and mortality in hospital.  19,20   The incidence 
of infection secondary to intravenous cannulation by paramedics is not known but 
the nature of the work and the practice environment mean that it could be even 
higher. An increased risk of infection during emergency insertion has been noted as 
strict adherence to aseptic techniques may be less rigorous.  21   Places, people and 
equipment can all serve as reservoirs for infection.  22   For this reason infection pre-
vention and control should consider not only patients, but also staff and bystanders 
as well as the environment and any equipment in use.  23   Whilst the paramedic may 
have limited control over the environment, they can minimise the risk of infection 
from equipment by ensuring that any packaging is intact and in date. When opening 
packaging, aseptic techniques should be employed. Compliance with hand hygiene 
and personal protective equipment policies is imperative in order to minimise the 
risks of contamination through this portal and, although there is debate regarding 
the effi cacy of skin cleansing prior to insertion, current recommendations advocate 
the use of 2% chlorhexidine gluconate in 70% isopropyl alcohol, which should be 
allowed to dry.  24   
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 The incidence of vascular complications increases as the ratio of the external 
diameter of the cannula to vessel lumen increases;  25   therefore the smallest cannula 
for the prescribed therapy should be used.  5,26,27   Phlebitis related to intravenous can-
nulation has three underlying factors; mechanical (caused by friction and movement 
of the device within the vein), chemical (relating to infusates), and physical (related 
to the properties of the cannula).  28   

 
  

     Identify common sources of contamination 
during intravenous cannulation and 
describe how to minimise these risks. 

 Other potential complications and their solutions are presented in Table  13.1 .   

  Management in  s itu 
 Once sited, the peripheral cannula should be fl ushed with 0.9% sodium chloride or 
a heparin solution. The exact volume of fl uid required to maintain patency is unclear 
but between 2 and 5   mL is adequate providing correct technique is used; i.e. a pul-
satile fl ush ending with positive pressure.  25   

 Once the cannula is in situ it should be taped into place for security. Non - sterile 
tape should not cover the site; it should be treated as an open wound. Specifi c 
cannula dressings are supplied and should be used as they are sterile and allow vision 
of the site during fl uid/medication administration.   
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 Table 13.1     Insertion and devices: complications and solutions 

   Risks with 
insertion of 
devices  

   Impact     Management  

  Failed technique    Delay in treatment and unable to use 

vein  

  Review technique, vein and 

equipment selection. Attempt again 

only if necessary and chances of 

success are high  

  Poor technique    Pain, nerve hit, overshot vein, bruising, 

increased risk of infection, patient 

anxiety, failed attempt  

  Refer to more experienced 

colleague; work to improve 

technique under supervision  

  Patient anxiety    Vein may be constricted, muscles may 

be tense so risk of pain  

  Reassure patient, select smallest 

suitable device, consider local 

anaesthetic, consider necessity 

of procedure in prehospital 

environment  

  Incorrect device    Device performs poorly, fl ow rate 

inadequate or fl uid overload, causes 

mechanical phlebitis  

  Remove device and perform full 

assessment  

  Sharps disposal    Needlestick injury for staff or patient    Wash wound in running water and 

follow local policy  

  Plastic/air embolus    Risk of pulmonary embolism    Remove device and treat any 

symptoms, report on arrival at 

hospital and document incident  

  Patient compliance    Device removed or tampered with    Assess patient, ensure appropriate 

site selection and secure device  

  Haematoma    Bruising, pain, reduced access to vein    Remove device and apply pressure  

  Occluded cannula    Fails to allow fl uid or medication 

delivery  

  Remove device and re - site  

  Adapted from Lavery and Smith 2007.  6   

  Procedure for  p eripheral  i ntravenous  c annulation 
  Equipment  r equired 

     •      Gloves  
   •      Selection of peripheral venous cannulas (select smallest for the intended purpose)  
   •      Venous tourniquet  
   •      2% chlorhexidine gluconate in 70% isopropyl alcohol  
   •      Sterile occlusive transparent semi - permeable membrane (e.g. Vecafi x, Niko -

 Gard)  
   •      Intravenous administration set or 0.9% sodium chloride fl ush  
   •      Sharps box.    
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  Procedure (Figures  13.5  –  13.13 )      Additional information/rationale  

   Preparation       

  1. Explain the procedure and gain consent.    Legal requirement.  

  2. Select site for cannula placement.    Straight, wide veins;  ‘ bouncy ’  on 
palpation; avoid joints and valves.  

  3. Prepare equipment.    Check date and integrity of package. 
Check all component parts are present.  

   Technique       

  1. Use a non - touch insertion technique 29     Minimises risk of infection.  

  2. Apply tourniquet.    To engorge veins the tourniquet should 
be tightened to between the patient ’ s 
systolic and diastolic pressures.  

  3. Perform hand hygiene and, wearing gloves, 
disinfect the selected venepuncture site, allowing 
at least 30 seconds for the site to dry. 27   

  Minimises the risk of infection.  

  4. Inspect the chosen cannula to ensure product 
integrity. To avoid contamination do not touch the 
cannula shaft.  

  Ensure the package is intact and the 
expiry date has not been exceeded.  

  5. Hold the cannula in line with the vein at a 
10 – 30    °  angle to the skin and insert the cannula 
through the skin.  

    

  6. As the cannula enters the vein, blood will be 
seen in the fl ashback chamber.  

  Return of blood into the cannula is 
required to confi rm correct placement 
of cannula in the vein. 30   

  7. Lower the angle of the cannula slightly to 
ensure it enters the lumen of the vein and does 
not puncture the posterior wall of the vessel; 
advance the needle a little further.  

  The needle sits ahead of the catheter 
so the cannula may need to be 
advanced a little further to ensure that 
the catheter is in the vein.  

  8. Withdraw the stylet slightly and blood should be 
seen to enter the cannula. Slowly advance the 
cannula into the vein, ensuring that the vein 
remains anchored throughout the procedure. 
 NB: The stylet must not be re - inserted as this can 
damage the cannula, resulting in plastic embolus.    

  Confi rms the position in the vein.  
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  Procedure (Figures  13.5  –  13.13 )      Additional information/rationale  

  9. Release the tourniquet    Allows free fl ow of fl uids/drugs and 
relieves pressure from patient ’ s arm. 
 Prevents fl ow of blood out of the distal 
end of the cannula as the needle is 
removed.  

  10. Place pressure distal to the end of the catheter 
and remove needle; immediately place needle into 
sharps bin then replace bung onto the end of the 
cannula or connect giving set.  

  Drop sharps into container; do not 
push. Colleagues should NOT hold the 
sharps container so as to avoid risk of 
accidental needlestick injury.  

  11. Connect cannula to pre - prepared infusion giving 
set or fl ush with 0.9% sodium chloride (or heparin 
solution).  

  Confi rms patency and ensures easy 
administration without pain, resistance 
or localised swelling.  

  12. Apply a sterile dressing.      

  13. Secure administration set tubing if an infusion 
is started.  

    

  14. Remove gloves and perform hand hygiene.      

   Post - procedure       

  1. Note the date and time of insertion on the case 
report form. Some cannula dressings may also 
have facility for documenting this information.  

  It is recommended that cannulas 
inserted in emergency conditions are 
replaced within 24 hours of inser-
tion 21,32   

  2. Document the number of attempts and any 
other complications.  

  Allows hospital staff to monitor any 
untoward occurrences.  

  3. Splints should only be used when the cannula is 
placed in an area of fl exion or is at risk of 
dislodgment. 31   

  If a splint is used, removal to allow 
assessment of the circulatory status of 
the limb is required at established 
intervals. 31   
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     Figure 13.6     Insert needle at angle of between 10 and 30 degrees.  

     Figure 13.5     Disinfect chosen site.  
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     Figure 13.7     Blood in fl ashback chamber.  

     Figure 13.8     Blood enters the catheter as the needle is withdrawn.  
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     Figure 13.9     Advance cannula whilst anchoring the vein.  

     Figure 13.10     Remove needle whilst applying distal pressure  
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     Figure 13.11     Safe disposal of sharps.  

     Figure 13.12     Replace bung onto the end of the cannula.  
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     Figure 13.13     Secure cannula and document time.  

  Hollow  n eedle  d evice ( b utterfl y) 
 These devices are suited for use on children or other patients with small, delicate 
veins. They do not have a polyurethane catheter; rather, the metal stylet is inserted 
into the vein and secured there. There is a risk of damage to the vein with the metal 
needle so care is needed when inserting and securing the device. A similar technique 
to standard peripheral cannulation is used except that there will be no fl ashback of 
blood and the needle remains in situ.  

  External  j ugular  c annulation 
 The external jugular vein (EJV) crosses the sternomastoid muscle and then tra-
verses the posterior triangle of the neck superfi cially. It is easily distended by a 
simple Valsalva manoeuvre. The EJV is superfi cial when it crosses the posterior 
triangle so it is safe for venepuncture. No important structures lie so superfi cially 
in the neck and therefore inadvertent muscle, arterial or nerve injury is avoided.  33   

 The close proximity of the external jugular vein to the central venous system 
offers many of the benefi ts conferred by central venous cannulation; fl uids and 
medications rapidly reach the core of the body from the EJV. Access to the EJV 
should only be considered where other means of peripheral access have been 
exhausted, so it will most likely be reserved for the cardiac arrest situation. 

 Cannulation of the EJV requires largely the same equipment as for cannulation 
at other peripheral sites although a 10   mL syringe is also required to aspirate blood 
to help confi rm entry; a venous tourniquet is not required. 
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  Complications 

 There are several complications in addition to those of other sites of peripheral 
intravenous cannulation: 

   •      Puncture of the airway  
   •      Damage to nearby arterial vessels  
   •      The technique should not be used in suspected cervical spine injury  
   •      Only one attempt may be used in prehospital care.      

  Procedure for  e xternal  j ugular  c annulation 

   Procedure     Additional information/rationale  

   Preparation   

  1. Explain the procedure and gain consent (where 
applicable).  

    

  2. Prepare equipment.    Check date and integrity of package. 
Check all component parts are present. 
Draw 3 – 5   mL of saline into the 10   mL 
syringe and connect the syringe to the 
fl ashback chamber of a large - bore 
catheter over needle cannula.  

  3. Position the patient supine with feet elevated or 
use Trendelenburg position.  

  Increases blood fl ow to the chest and 
neck and decreases the chance of air 
entering the circulatory system during 
cannulation. 34   

  4. Turn the patient ’ s head in the direction away 
from the site to be cannulated.  

  Helps to expose the vein to be 
cannulated.  

   Technique       

  1. Perform hand hygiene and, wearing gloves, 
disinfect the selected venepuncture site, allowing 
at least 30 seconds for the site to dry. 27  
 Start swabbing at the site of intended puncture 
and work outward 2.5 – 5   cm in increasing circles.  

  Minimises the risk of infection.  

  2. Engorge vein: Occlude venous return by placing 
a fi nger on the EJV just above the clavicle; this 
also anchors the vein.  

  Engorges vein prior to cannulation. 
  Never apply a tourniquet around the 
patient ’ s neck.   
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   Procedure     Additional information/rationale  

  3. Point the cannula at the medial third of the 
clavicle and insert it at an angle of between 10    o  
and 30    o . The bevel of the needle should be up.  

    

  4. As the cannula enters the vein, gently ease back 
on the plunger; if blood enters the syringe, 
proceed with insertion. Advance the entire cannula 
a further 0.5   cm so that the catheter has entered 
the vein; slide the catheter into the vein and 
remove the needle as previously described.  

  Return of blood into the syringe is 
required to confi rm correct placement 
of cannula in the vein. 35   

  5. Dispose of needle safely.    Drop sharps into container do not 
push. Colleagues should NOT hold the 
sharps container so as to avoid risk of 
accidental needlestick injury.  

  6. Connect cannula to pre - prepared infusion giving 
set and allow to run free for several seconds.  

  Ensures correct insertion.  

  7. Once position confi rmed, set fl ow to appropriate 
rate.  

    

  8. Apply a sterile dressing.      

  9. Secure administration set tubing if an infusion is 
started.  

    

  10. Remove gloves and perform hand hygiene.      

   Post - procedure       

  1. Note the date and time of insertion on the case 
report form.  

  It is recommended that cannulas 
inserted in emergency conditions are 
replaced within 24 hours of inser-
tion. 21,36   

  2. Document the number of attempts and any 
other complications on case report form. Some 
cannula dressings may also have facility for 
documenting this information.  

  Legal requirement and allows hospital 
staff to monitor any untoward 
occurrences.  
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  Intraosseous  i nfusion 
 Intraosseous infusion (IOI) is an excellent alternative route for providing vascular 
access to administer fl uids, blood products, and medications where alternative 
methods are not available or attempts have failed. IOI is particularly useful in chil-
dren and studies have demonstrated that the use of IOI can decrease the time 
needed to obtain vascular access in paediatric patients in cardiac arrest.  37,38   

 In addition, the rate of vascular access in paediatric cardiac arrest patients is 
higher for IOI (83%) than for all other forms of IV access,  39   and a recent study sug-
gests that the IO route provides vascular access and fl uid more quickly under HazMat 
conditions.  40   IO has been widely used in the United States for a number of years  41   
and there is evidence that IO devices can be easily placed compared with intravenous 
access by combat medics.  42    

  Anatomy of  b ones 
 Bone is made up of a dense outer layer surrounding a spongy inner layer that forms 
a meshwork occupied by bone marrow, blood vessels, nerves, and fat tissue.  43   Bone 
marrow consists of developing blood cells and a network of fi bres that support the 
vascular complex in the medulla. The purposes of the medullary complex include 
production of red blood cells and provision of a blood supply to the bone itself. The 
medullary cavity of long bones provides a  ‘ non - collapsible vein ’  for intraosseous 
access.  

  Indications for  i ntraosseous  a ccess 
 The basic indication for IOI is the need for emergent vascular access when conven-
tional methods have failed.  44   The Resuscitation Council state that the IO route should 
be considered for both adults and children where intravenous access is diffi cult or 
impossible.  45   IOI has also been recommended for conditions such as cardiopulmo-
nary arrest, profound shock, status epilepticus, overwhelming sepsis, and major 
burns.  46,47   

 
   

     You are about to administer an IOI to a young 
child  –  consider how you will gain consent from 
the parents and how you will reassure them 
during the procedure 
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  Contraindications to  i ntraosseous  a ccess 
 The only universally accepted absolute contraindication to IOI is a fracture of the 
bone near the access site.  48   Relative contraindications to IOI include cellulitis over 
the insertion site and inferior vena caval injury.  48    

  Equipment for  i ntraosseous  a ccess 
 Several devices are now available for use although most ambulance Trusts in 
the UK retain the traditional  ‘ Cook ’  style device. The EZ - IO (a drill device), the 
Bone Injection Gun (BIG) (an automatic intraosseous device) and the FAST IO intro-
ducer are available and have met with varying reviews. The new devices will be 
discussed along with the traditional device in order to cover all of those used in UK 
practice.  

  Complications of  i ntraosseous  a ccess 
 Very few complications have been reported in association with IO access.  49   In more 
than 4200 cases of IO access in children, osteomyelitis occurred in only 0.6%, and 
usually only if the infusion continued for a prolonged period or if the patient had 
bacteraemia at the time of insertion.  50   In a prospective, 250 - patient, multi - centre 
study of the powered drill device, no observed cases of osteomyelitis, fat embolism, 
fracture, infection, extravasation, or compartment syndrome were found.  51    

 Pain during insertion and infusion under pressure are likely to be of concern. One 
study showed average pain ratings of 5 on a 1 – 10 severity scale during IO infusion 
in conscious patients.  51   A separate study using the drill device in 125 conscious 
patients, recorded an average pain score of 1.2 on a fi ve - point scale, 1 being lowest 
and 5 being greatest.  52   The use of 1% lidocaine injected into the marrow space over 
60 seconds has been shown to be effective in reducing pain during infusion.  53    

  Location  s ites for  i ntraosseous  a ccess 
 The conventional site for IOI is the proximal tibia.  54   The tibial tuberosity can be 
located by palpation just below the patella. The usual insertion site is the relatively 
fl at area 2   cm distal and 2   cm medial to the tibial tuberosity. Although this site is 
usually distal to the growth plate, it is still recommended that the needle be angled 
10 – 15 degrees caudally to avoid injury to the growth plate.  44   

 There are several alternative sites including the distal tibia in children. To avoid 
the saphenous vein, the distal tibia may be entered 1 – 2   cm superior to the medial 
malleolus. It is recommended that the needle be angled (10 – 15 degrees) away from 
the growth plate (i.e., cephalad in this instance).  44   

 The sternum carries a number of problems: it may interfere with chest compres-
sions and carries a risk of mediastinal injury, pneumothorax, great vessel injury, and 
death.  55   However, new devices such as the FAST have improved the safety of sternal 
access, and may now provide an option for prehospital providers.  
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  Procedures for  i ntraosseous  a ccess 
  Traditional  IO   d evice 

   Procedure     Additional information/rationale  

  1. Explain the procedure and gain consent of 
patient or relative.  

  Legal requirement.    

  2. Restrain the patient ’ s leg and place 
padding under the knee.  

  Brings leg into best position for insertion 
and prevents accidental misplacement if 
patient moves during insertion.    

  3. Identify the chosen site  –  usually the tibia. 
The landmark on the tibia for all age groups 
can be found by: 

   •      Identifying the tibial tuberosity.  
   •      Find a point 2   cm inferior to the tibial 
tuberosity and then 2   cm medial to that 
point.     

    

  4. Clean the skin.    There is no set method for doing this but 
the risk of infection and the problems 
associated with managing bone infections 
suggest that a rigorous technique be used.    

  5. If approved for use, administer local 
anaesthetic to the conscious patient (1% 
lidocaine injected subcutaneously and over 
the periosteum).  

  Reduces pain during procedure.    

  6. Insert IO needle through the skin and 
subcutaneous tissues until bone is felt. Using 
a twisting motion, insert the trocar into the 
bone until a loss of resistance or  ‘ pop ’  is felt, 
do not insert any further.  

  Indicates entry into the marrow.    

  7. Remove the trocar from the needle dispose 
of safely.  

  Health and safety of sharps.    

  8. Attach a saline fi lled syringe; pull back on 
the plunger to attempt aspiration into the 
syringe.  

  Confi rms correct placement.    

  9. If marrow is not aspirated, push a 5 to 
10   mL bolus of isotonic sodium chloride 
solution through the syringe.  

  Correct medullary placement can be 
confi rmed when bone marrow and blood 
can be easily aspirated.    
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   Procedure     Additional information/rationale  

  10. If fl ow is good and extravasation is not 
evident, connect an intravenous line with a 
3 - way stopcock, and secure the needle with 
gauze pads and tape.  

  Resistance to fl ow should be minimal, and 
extravasation should not be evident. 
Observing the calf area for acute swelling 
or discoloration is important.    

  11. Fluids may infuse by gravity but the 
unpredictability of bone marrow blood fl ow by 
this method alone has been demonstrated  56  
so it is usually necessary to use pressure to 
augment fl ow in IOI.  

  Flow rates can be dramatically increased by 
the use of pressure bags and infusion 
pumps. Flow rates of 10   mL/min by gravity 
can be increased to 41   mL/min by using 
pressurized bags. 58  An alternative method 
for rapid infusion is to manually infuse 
30 – 60   mL boluses via a stopcock.    

  12. Only one IO attempt should be made in 
each bone. However, if the needle becomes 
plugged with soft tissue, it may be removed, 
and a new needle may be inserted through 
the same cannulation site. 57   

  Multiple punctures in the periosteum may 
result in extravasation of fl uid into the soft 
tissues.  

  13. Complete documentation.      

 Virtually all drugs that can be administered via the IV route can be administered by 
IOI.  59   There is no need to adjust drug dosages when using the IO route because it 
has been demonstrated that different IOI sites (humerus, femur, malleolar, and tibia) 
are pharmacokinetically equivalent with regard to transit times and serum concen-
trations.  60    

   EZ  -  IO  
 The EZ - IO ®  Intraosseous Infusion system is a system that allows for immediate 
vascular access in all patients larger than 3   kg. It comprises of a power driver that 
provides a minimum of 1000 insertions and has a shelf life of up to 10 years, and 
needle sets of varying sizes to match the needs of the patient. There is little research 
available at the moment, but the small scale studies that have been completed 
suggest that it is a useful tool. One study has shown that vascular access using the 
EZ - IO is achieved signifi cantly more frequently at fi rst attempt than a manual IO 
system (Cook),  61   whilst there has also been successful use by the military.  62   However, 
pain has been observed in conscious patients and in one study, insertion of the EZ - IO 
proved to be more painful than the original injury.  63   A small study investigated the 
use of the EZ - IO for humeral and tibial insertion and found that both sites had high -
 insertion success rates and there was no signifi cant difference in tibial or humeral 
fl ow rates.  63   This may open up an alternative site for when tibial insertion is not an 
option.  
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     Figure 13.14     EZ - IO. Reproduced with permission of Vidacare (UK) Ltd.  

  Procedure  EZ  -  IO    64    
 See Figure  13.14 . 

   •      Follow fi rst 5 steps above.  
   •      Prepare infusion system.  
   •      Ensure that the driver and needle set are securely seated.  
   •      Remove and discard the needle set safety cap from the IO needle set installed 

on the EZ - IO power driver.  
   •      Position driver at insertion site with needle set at a 90 - degree angle to the bone. 

Gently power or press needle set until needle set tip touches bone.  
   •      Ensure at least 5   mm of the catheter is visible.  
   •      Penetrate bone cortex by squeezing the driver ’ s trigger and applying gentle, 

steady downward pressure.  
   •      Release driver ’ s trigger and stop insertion process when:  

   •      A sudden  ‘ give ’  or  ‘ pop ’  is felt upon entry into the medullary space.  
   •      A desired depth is obtained.    

   •      Remove power driver and stylet.  
   •      Confi rm catheter stability.  
   •      Attach primed EZ - Connect ®  extension set to catheter hub ’ s Luer lock and 

confi rm position; proceed as before.       



Chapter 13 Vascular access devices

262

     Figure 13.15     FAST 1. Reproduced with permission of Pyng Medical 
Corporation.  

   FAST  
 The FAST ™  is a sternal intraosseous infusion device that delivers life - saving drugs 
and fl uids to the heart in under a minute. It is specifi cally designed for safe and 
effective use of IO under emergency conditions and features speedy access, a pro-
tected infusion site, and a depth - control mechanism. The tool allows IO infusion to 
be used as a standard protocol in adults. The FAST is only designed to be used in 
patients aged 12 years or older and is intended to be inserted only in the midline of 
the manubrium 1.5   cm inferior to the suprasternal notch. A second generation device, 
the  ‘ FAST X ’ , is being developed but was not available at time of writing; the infor-
mation given here relates specifi cally to the FAST 1 (Figure  13.15 ).   

 Studies suggest that the FAST has considerable potential in prehospital care  65 – 67   
although more work is probably required.  
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  Procedure for  FAST  

   Procedure     Additional information/rationale  

  1. Explain the procedure and gain consent of patient 
or relative.  

  Legal requirement.  

  2. Expose the sternum and clean the infusion site. 
Clean the skin.  

  There is no set method for cleaning 
the site but the risk of infection and 
the problems associated with 
managing bone infections suggest 
that a rigorous technique be used.  

  3. Remove top half of patch backing (labelled  ‘ Remove 
1 ’ ). Locate sternal notch with index fi nger held perpen-
dicular to manubrium.  

  This point is needed to correctly 
place the  ‘ target zone ’  of the patch.  

  4. Using index fi nger, align notch in patch with the 
patient ’ s sternal notch ensuring that the target zone 
(circular hole in Patch) is over the patient ’ s midline.  

  Ensures that the correct point on 
the manubrium will be entered by 
the device.  

  5. Remove the bottom half of the Patch backing 
(labelled  ‘ Remove 2 ’ ) and press Patch fi rmly to secure 
it to the patient.  

    

  6. Verify that the target zone is over the patient ’ s 
midline; adjust the Patch if the error is greater than 
about 1   cm.  

  Errors of greater than 1   cm may 
cause misplacement of the device 
and may cause injury.  

  7. Remove the sharps cap from the introducer.      

  8. Place bone probe cluster (series of needles) in the 
target zone ensuring that the introducer axis is 
perpendicular (90    ° ) to the skin at the insertion site. 
Ensure that the entire bone probe cluster is within the 
target zone.  

  The introducer must remain 
perpendicular in order that the 
insertion tube is correctly sited.  

  9. Pressing straight along the introducer axis, with 
hand and elbow in line, push with fi rm increasing 
pressure until a distinct release is heard and felt. The 
introducer must remain perpendicular to the skin 
during insertion.  

    

  10. After release, pull straight back on the introducer 
to expose the infusion tube.  

    

  11. Push the used bone probe cluster into the 
foam - fi lled sharps plug. Replace the original sharps 
cap over the sharps cover if desired.  

  Enables safe disposal of sharps.  

  12. Attach the elbow female connector (blue cap) on 
the patch to the infusion tube male Luer.  
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   Procedure     Additional information/rationale  

  13. Attach a syringe with 2 – 3   mL of sodium chloride to 
the infusion tube and push through quickly  –  NOTE: 
this will be very painful if the patient is conscious.  

  Required to create a clear passage-
way for fl uid administration.  

  14. Attach the straight female connector on the patch 
to the IV set.  

    

  15. If fl uid does not fl ow or extravasation occurs, the 
infusion should be discontinued and an alternative 
vascular access method should be used.  

    

  16. Complete documentation.      

  Bone  i njection  g un ( BIG ) 
 See Figure  13.16 .   

 The bone injection gun was perhaps the fi rst automatic IO device and was intro-
duced into emergency medicine in 2000. There have been mixed reviews when 
compared with standard IO techniques or alternative powered/automatic devices. A 
Best Evidence Topic report from 2005  68   concluded that the bone injection gun 
appears to be equivalent in terms of success and possibly (but not clinically signifi -
cantly) faster to use than standard IO needles at achieving IO access, whilst a pro-
spective study suggested that the bone injection gun provides an effective 
alternative IV access for critical patients in whom a peripheral IV line cannot be 

     Figure 13.16     Bone injection gun.  



Vascular access devices Chapter 13

265

readily obtained in the prehospital setting.  69   There have also been case reports of 
high failure rates when using the BIG device caused mainly by the inability to control 
the path of the catheter.  70   As with other recent automatic IO devices it is likely that 
more work needs to be done with the B.I.G before its effectiveness can be fully 
established.  

  Procedure for  b one  i njection  g un 

   Procedure     Additional information/rationale  

  1. Explain the procedure and gain consent of 
patient or relative.  

  Legal requirement.  

  2. Locate a suitable penetration site.    Primary site in adults is the proximal 
tibia, secondary sites include the medial 
malleolus, distal radius and anterior head 
of the humerus.  

  3. Clean the infusion site.    There is no set method for cleaning the 
site but the risk of infection and the 
problems associated with managing bone 
infections suggest that a rigorous 
technique be used.  

  4. Choose BIG with desired depth of penetration.      

  5. With one hand holding fi rmly, position the BIG 
at a 90 degree angle to the surface of the skin.  

  Ensures that the correct point will be 
entered by the device.  

  6. With one hand holding the BIG fi rmly, pull out 
the safety latch by squeezing its two sides 
together.  

  Do not dispose of safety latch, it will be 
used later.  

  7. While continuing to hold the bottom part 
fi rmly against the leg, place 2 fi ngers of the 
other hand under the  ‘ winged portion ’  and the 
palm of that hand on the top. Leaning on the 
device with straight elbows will activate the BIG.  

  No extra force is required.  

  8. Trigger the BIG by gently pressing down.      

  9. Pull out the stylet trocar to leave the cannula 
in the bone.  

    

  10. The safety latch can now be used to provide 
extra stability to the cannula.  

  Helps to prevent instability in the cannula 
and reduces the risk of displacement.  

  11. Proceed as for conventional IOI.      
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     Needle thoracocentesis is a life - saving procedure that will rarely be used in prehos-
pital care, but it may prove of signifi cant value when it is indicated. The technique 
is only a temporary measure but it may  ‘ buy ’  extra time to convey the patient to 
more defi nitive care or bring the defi nitive care to the patient.  

  Defi nitions 
 Needle thoracocentesis involves placing a wide - bore cannula into the mid - clavicular 
line of the second intercostal space, just above the third rib, in order to decompress 
a tension pneumothorax.  1   Normally, the pleural cavity is a potential space that is free 
from air and contains only a thin layer of fl uid. When air enters the pleural cavity it 
is termed a pneumothorax.  2   Tension pneumothorax is a life - threatening condition 
that occurs when the intrapleural pressure exceeds atmospheric pressure. It is 
created when injury to the chest or respiratory structures allows air to enter but not 
to leave the pleural space, resulting in a rapid increase in pressure on the affected 
side. This causes collapse of the affected lung, compression atelactasis of the unaf-
fected lung, mediastinal shift towards the opposite side of the chest, and compres-
sion of the vena cava.  2   

 Resuscitation and trauma usually illustrate a patient in extremis and suggest that 
the clinical diagnosis is straightforward and that needle chest decompression always 
produces a rapid and reliable response.  3,4   This may be far removed from the real life 
situation, where the classically taught signs are not often present. Table  14.1  sum-
marises the symptoms and signs that may be useful for diagnosing tension pneu-
mothorax in awake and ventilated patients.  5     

     You are at the scene of a Road Traffi c Collision 
along with the police and fi re service. How will 
you manage the noise at the scene to maximise 
your chances of identifying a life - threatening 
thoracic injury? 
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 Table 14.1     Symptoms and signs of tension pneumothorax,   adapted from 
Leigh - Smith and Harris (2005)  5     

   Diagnosis of tension pneumothorax in 
awake patients  

   Diagnosis of tension pneumothorax in 
ventilated patients  

   Reliable and early 
    •      Pleuritic chest pain  
   •      Air hunger  
   •      Respiratory distress  
   •      Tachypnoea  
   •      Tachycardia  
   •      Falling SpO 2   
   •      Agitation    
 Disease lateralisation  –  ipsilateral 
   •      Hyper - expansion  
   •      Hypo - mobility  
   •      Hyper - resonance  
   •      Decreased breath sounds  
   •      Added sounds — crackles/wheeze    
 Disease lateralisation  –  contralateral 
   •      Hyper - mobility    

  Pre - terminal 
    •      Decreasing respiratory rate  
   •      Hypotension  
   •      Decreasing SpO 2   
   •      Decreasing level consciousness    

  Inconsistent 
    •      Tracheal deviation  
   •      Distended neck veins     

   Rapid disease progression  
  Reliable and early 
    •      Decrease in SpO 2   –  immediate  
   •      Decrease in BP  
   •      Tachycardia    

  Others 
    •      Increased ventilation pressure  
   •      Surgical emphysema    
 Disease lateralisation 
   •      Ipsilateral  

   •      Hyper - resonance  
   •      Decreased breath sounds  
   •      Chest hyper - expansion  
   •      Chest hypo - mobility  
   •      Added sounds      

  Inconsistent 
    •      Cyanosis  
   •      Distended neck veins  
   •      Tracheal deviation     

      The  l iterature  s urrounding  n eedle  t horacocentesis 
 The actual incidence of tension pneumothorax is not known, but it is more common 
in ventilated than awake patients and possibly most common in ventilated patients 
with visceral pleural injury from chest trauma.  4   Emergency needle decompression 
is widely advocated for use in the emergency management of tension pneumotho-
rax  6,7,8   but there needs to be an appreciation of the potential problems associated 
with the technique; these will be discussed later. 

 Needle thoracocentesis is often ineffective on its own and requires subsequent 
tube thoracostomy,  9 – 14   hence why it should be seen as a temporary measure at best. 
There are also a number of factors that could cause needle decompression to fail; 
these include: 
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  Needle  t oo  s hort   15,16,17    
 The recommended point for insertion of a needle is between the 2nd and 3rd inter-
costal space in the mid - clavicular line. Whilst this is easy to access, it does entail 
penetration of pectoral muscles and a variable quantity of subcutaneous tissue, 
which may be increased by oedema and subcutaneous emphysema. It has previously 
been recommended that the minimum length should be 4.5   cm (standard length 14 -
 gauge cannula);  17   although up to one third of trauma patients have a chest wall 
thickness greater than 5 cm at the normal insertion point.  18,19   

 A potential option is to use the 4th or 5th intercostal space in the midaxillary line 
and this has been recommended by ATLS as it contains less fat and avoids large 
muscles.  4   Unfortunately this site may have an increased risk of lung damage in the 
supine patient, as gas collects at the highest point and adhesions are most likely in 
more dependent parts of the lung.  20    

  Obstruction   5,11    
     •      Kinking of the catheter  
   •      Blood  
   •      Pleural fl uid  
   •      Tissue.     

  Malposition 
     •      Incorrect identifi cation of landmarks; could lead to cardiac tamponade  
   •      Inadvertent removal by patient  
   •      Catheter too small to drain a large area  5    
   •      Missing a localised tension pneumothorax.    

 Despite these problems, needle decompression is a technique that has proved safe 
and therapeutic in the prehospital environment,  12,21 – 23   and leads to shorter on - scene 
times compared with tube thoracostomy.  23     

  Equipment 
     •      14 - gauge cannula  
   •      10   mL syringe (consider fi lling with sterile saline)  
   •      Alcohol swab  
   •      Asherman seal or other method of stabilising and securing the cannula.     

  Indications for  u se 
 When there are convincing signs of a tension pneumothorax (Table  14.1 ).      

  Contraindications for  u se 
 None in the emergency management of tension pneumothorax.  
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  Potential  p roblems of  u se 

    Problem       Solution   
  1. Obstruction of catheter: 
blood, fl uid or tissue, 
or kinked catheter.  

  Try to aspirate, if unsuccessful, insert second 
needle close to original site.  

  2. Needle too short.    Consider using 4th or 5th intercostal space in the 
midaxillary line if authorised to do so.  

  3. Malposition    Leave in situ and secure. A small pneumothorax 
may be created by incorrect thoracocentesis, but 
this is unlikely to be a signifi cant problem. 
However, if surgery and ventilation are required 
under anaesthesia, this can be expanded to a 
tension pneumothorax. 
 If cannula has been removed, cover wound with 
sterile dressing and notify receiving hospital.  

  4. Displaced cannula    Insert a second cannula and secure well.  

Box 14.1  Potential problems of needle thoracocentesis 

 Pneumothorax with potential to tension later  –  especially if ventilated 
 Cardiac tamponade 
 Life threatening haemorrhage 
 Intrapleural haematoma 
 Atelactasis 
 Pneumonia 

 Unnecessary pain/discomfort for the patient if procedure was not required 

Box 14.2 Morbidity associated with needle decompression   5   

   Procedures for needle thoracocentesis 

   Procedure     Additional information/rationale  

  1. Ensure a patent airway and adequate oxygenation.    Maintains oxygenation  

  2. Ensure adequate ventilation    Ensures adequacy of ventilation.  

  3. Expose the chest.    Necessary to identify landmarks 
and perform technique.  

    There are a number of other potential problems associated with needle thoracocen-
tesis, most of which the paramedic can do little about in the fi eld (Box  14.2 ).  
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    1.     Needle thoracocentesis is a potentially life - saving technique.  
  2.     Diagnosis of tension pneumothorax may be diffi cult in the prehospital 

environment.  
  3.     Many of the commonly taught signs and symptoms may not 

be present or may be unreliable indicators.  
  4.     There are a number of potential problems related to 

needle thoracocentesis, some of which the paramedic 
may be able to manage, some may not be manageable 
in the fi eld.        

   Procedure     Additional information/rationale  

  4. Identify landmarks (Figure  14.1 ):      

   •  Locate suprasternal notch and move fi ngers down 
manubrium to the angle of Louis (this sits level with 
the second rib).  

    

   •  From angle of Louis, identify second intercostal 
space in the mid - clavicular line on the affected side.  

  The mid - clavicular line avoids the 
internal mammary arteries.  

   •  Insertion should be on the superior border of the 
third rib.  

  Nerves, arteries and veins pass 
just below each rib so insertion 
point should be the superior 
margin of the third rib.  

  5. Clean the skin using alcohol wipe.    Reduces the risk of infection.  

  6. Remove the fl ashback chamber from a 10 – 16   g 
cannula and attach a 10 – 20   mL syringe.  

    

  7. Insert needle fully at 90 °  to the skin. Withdraw on 
the plunger of the syringe until a free fl ow of air 
enters the syringe.  

  Free fl ow of air demonstrates that 
lung tissue has been reached.  

  8. Advance cannula and remove needle and syringe to 
allow a rush of air out of the syringe.  

  A rush of air signifi es that the 
diagnosis was correct.  

  9. Secure cannula in place to prevent dislodgement.    Improper placement or movement 
may cause damage to other 
organs or structures.  

  10. There is no need to re - fi t the cannula cap and time 
should not be wasted in applying a one - way valve.  

    

  11. Complete documentation  

 Chapter Key Points 
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    Figure 14.1     Sternal landmarks for needle thoracocentesis.  Reproduced from 
Faiz O, Moffat D.  Anatomy at a Glance , 2nd edn, copyright 2006, with 
permission of Blackwell Publishing.   
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        Pain is one of the most frequent symptoms presented by patients in the emergency 
care setting,  1 – 3   with a 2004 patient survey suggesting that 80% of patients experi-
enced pain whilst in the ambulance.  4   

 The ability to manage pain in emergency care is a key skill that provides comfort, 
minimises the stress associated with sudden illness or injury, and reduces the det-
rimental psychological and physiological effects associated with pain. Despite this, 
numerous studies have shown that pain is managed sub - optimally in emergency 
care.  5 – 9   A UK survey found that 1 in 5 patients were not satisfi ed with the way their 
pain was managed in the prehospital environment;  4   this is likely to be an underesti-
mation as patients often report high levels of satisfaction even though their pain 
level has actually increased.  10    

  Defi nitions 
 A widely used defi nition of pain is:

    ‘  …  an unpleasant sensory and emotional experience associated with actual 
or potential tissue damage or described in terms of such damage ’ .   11     

 This defi nition does not address the autonomic responses associated with obnoxious 
stimuli, which is a key feature of pain in the emergency setting. A second defi nition 
proposed by Margo McCaffery as long ago as 1968 has become widely used by 
healthcare professionals. She states that pain is:

    ‘  …  whatever the experiencing person says it is, existing whenever the expe-
riencing person says it does ’ .   12     

 Pain is a complex phenomenon that comprises both physical and emotional ele-
ments; it is a subjective experience and should rely heavily on the patient ’ s self -
 report whenever possible. A signifi cant problem for the practitioner is related to 
this subjectivity. Paramedics interviewed by researchers expressed doubts as to 
the validity of some patients ’  pain descriptions, suggesting that patients may feel 
they need to increase their explanation of pain to be believed and to be taken 
seriously by the paramedics. Others felt that pain descriptions were exaggerated 
by patients with minor ailments so that they can justify calling an ambulance, also 
thinking that they will be seen more promptly at hospital.  13   The paramedics also 
believed that the cultural background of the patient had a major impact on their 
pain experience. They recognised a cultural difference to exist in the way that pain 
was expressed, with some cultures thought to be more vocal and emotional in 
expressing their pain. It was also held that older people may perceive pain differ-
ently to younger people and would be less likely to ask for help.  13   All of this indi-
cates just how diffi cult assessment of pain can be, especially acute pain in the 
emergency setting.  
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  Acute  p ain  v   c hronic  p ain 
  Acute  p ain 

 Acute pain has been defi ned in a number of different ways but a common feature 
in defi nitions is that is a symptom with a discernible cause and usually subsides when 
injured tissues heal. Acute pain has a protective function.  

  Chronic  p ain 
 Chronic pain is, by defi nition, pain that has persisted beyond the time of healing; a 
classifi cation based purely on causal agent is not achievable. Some patients become 
extremely disabled and suffer intractable pain even though their identifi able pathol-
ogy appears to be relatively mild; other individuals with similar pathologies may 
report pain but do not present with the same level of disability.  14   Good evidence 
exists to show that quality of life for patients with chronic pain is more associated 
with beliefs about pain than the severity itself.  15   Although emergency care is often 
associated with acute pain, it is likely that those suffering from chronic pain (e.g., 
cancer, lower back pain, multiple pain localisations) will also access the emergency 
services. 

 The cornerstone of pain management is the assessment of the pain. A variety of 
pain assessment tools are available to assist in determining the level of pain and 
evaluating the effectiveness of interventions. These tools should be used in conjunc-
tion with a thorough history of the pain to help diagnose the most likely cause of 
the pain as well as the severity.   

  Assessing  p ain 
     •      Look at the patient  
   •      Taking the history of the pain  
   •      Pain assessment tools.    

  Initial  o bservations 
 It is worth noting the patient ’ s position, any guarding of the site of pain and how 
well they mobilise. Signifi cant information can also be obtained by watching the 
patient ’ s face, especially during mobilisation. This is covered later in the chapter as 
a checklist of non - verbal indicators.  

  History of the  p ain 
 The history is vital to help make a differential diagnosis and several mnemonics have 
been suggested to help practitioners. Whether or not to use a mnemonic is for the 
individual practitioner to decide; two different ones will be presented here. It is 
important to remember that questions are only relevant if the practitioner under-
stands the answers, so it is essential to have a sound understanding of the patho-
physiology behind the clinical manifestations. 
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   OPQRST   m nemonic 

 This is probably one of the most commonly taught mnemonics in emergency care 
although some texts do not mention the  ‘ O ’  element.

   O     Onset  

   P     Provocation/palliation  

   Q     Quality  

   R     Region/radiation  

   S     Severity  

   T     Timing  

   O     Onset  

  Did the problem develop suddenly or more gradually?  

  What was the patient doing when the pain came on?  

  Was the patient exercising or exerting themselves?  

  Was the patient eating or drinking, if so, what?  

   P     Provocation/palliation  

  What provokes the pain (makes it worse)?  

  What palliates the pain (makes it better?)  

  Were there any precipitating factors e.g., did this come on after exercise?  

   Q     Quality  

  What does it feel like, e.g., sharp, dull, stabbing, burning or crushing? Allow 
the patient to describe their pain otherwise they may say what they think you 
want them to say. Use their descriptors on the case report form.  

   R     Region/radiation  

  Where is the pain?  

  Does the pain stay in one place?  

  Does it go anywhere else?  

  Ask the patient to point to the pain  –  can it be localised or is it diffuse?  

  If the pain radiates, where does it go?  

  Did the pain start elsewhere but become localised in one place?  

   S     Severity/associated symptoms  

  How bad is the pain? (See section below on pain assessment tools)  

  Are there any associated symptoms  –  e.g., nausea, vomiting, dizziness?  

   T     Time/temporal relations  

  When did the pain start?  

  How long did it last?  

  Is it constant or intermittent?  

  How long has it been affecting your patient for? (It may have been going on 
for some time)  
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 Table 15.1      CHESTPAIN  mnemonic 

   C     Commenced when?    When did the pain start? Was onset associated with anything 
specifi c? Exertion? Activity? Emotional upset?  

   H     History/risk factors    Do you have a history of heart disease? Is there a primary 
relative (parent/sibling) with early onset and/or early death 
related to heart disease? Do you have other risk factors, e.g., 
diabetes, smoking, hypertension, or obesity?  

   E     Extra symptoms    What else are you feeling with the pain? Are you nervous? 
Sweating? Is your heart racing? Are you short of breath? Do you 
feel nauseous? Dizzy? Weak?  

   S     Stays/radiates    Does the pain stay in one place? Does it radiate or go anywhere 
else in the body? Where?  

   T     Timing    How long does the pain last? How long has this episode lasted? 
How many minutes? Is the pain continuous or does it come and 
go? When did it become continuous?  

   P     Place    Where is your pain? Check for point tenderness with palpation.  
   A     Alleviates    What makes the pain better? Rest? Changing position? Deep 

breathing?  
  Aggravates    What makes the pain worse? Exercise? Deep breathing? 

Changing positions?  
   I     Intensity    How intense is the pain?  
   N     Nature    Describe the pain (do not suggest descriptors)  

 Adapted from Newberry, Barnett and Ballard (2003).  16   

     Using the mnemonics  –  what answers 
would help you to differentiate acute 
myocardial infarction from acute 
angina? 

 A recent mnemonic has been proposed specifi cally for the evaluation of chest pain 
(Table  15.1 ) and incorporates risk factors for cardiac problems. The mnemonic is 
CHESTPAIN.   

       Pain  a ssessment  t ools 
 The tools that will be covered in this section include: 

   •      Numerical Rating Scale  
   •      Visual Analogue Scale  
   •      Verbal Rating Scale  
   •      Wong – Baker FACES Pain Scale  
   •      Checklist of non - verbal indicators.    
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  Numerical Rating Scale ( NRS ) 

 The numerical rating scale is probably the most commonly used tool in prehospital 
emergency care and generally encompasses an 11 point scale ranging from 0 (no 
pain) to 10 (worst pain). It is simple to administer and requires no specifi c equipment. 
The NRS is often administered verbally in the prehospital setting but it could easily 
be completed as a paper exercise (see Figure  15.1 ), which may be helpful to those 
patients who have diffi culty in allocating a pain score verbally. A study showed the 
NRS to have poor reproducibility  17   and highlighted the importance of consistency of 
terminology to ensure that confusion does not arise. A study in the emergency 
department has shown a verbally administered NRS to be a suitable substitute for 
the VAS, see below in the assessment of acute pain.  18     

   Procedure     Additional information/rationale  

  1. Establish that the patient is able to use 
numbers to quantify their pain.  

  Improves likelihood of answers being 
accurate.  

  2. Explain the parameters of the scale and use 
descriptors at each end of the scale.  

  Patient needs to know which end of the 
scale represents severe pain for 
accuracy of measurement.  

  3. Ask the patient one of the following 
questions:  

    

      •      What number would you give your pain 
right now?  
   •      What number on a 0 to 10 scale would you 
give your pain when it is the worst that it gets 
and when it is the best that it gets?  
   •      At what number is the pain at an accept-
able level for you?     

    

  4. Record pain score and repeat at frequent 
intervals.  

  Allows evaluation of effectiveness 
of pain management strategies and 
whether more needs to be done.  

  5. For written NRS, follow the above but ask 
patient to circle the number that describes how 
much pain they are having.  

    

    Figure 15.1     Numerical Rating Scale.  

No pain Worst Imaginable pain

0 1 2 3 4 5 6 7 8 9 10
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  Visual Analogue Scale ( VAS ) 

 The VAS is presented as a 10   cm line, anchored by verbal descriptors, usually  ‘ no 
pain ’  and  ‘ worst imaginable pain ’  (Figure  15.2 ). The patient is asked to mark a 100   mm 
line to indicate pain intensity and the score is measured from the zero anchor to the 
patient ’ s mark. A millimetre scale can be used to measure the patient ’ s score and 
will provide 101 levels of pain intensity.   

 One of the limitations of the VAS is that it must be administered on paper or 
electronically.  19   Caution is required when photocopying the scale as this can lead to 
signifi cant changes in its length.  20   

    Figure 15.2     Visual Analogue Scale (VAS).  

No pain Worst pain

     You ask your patient to score their pain 
on a scale of 0 – 10, they reply 11. How 
would you feel and how would this 
impact on your management of their 
pain? 

   Procedure     Additional information/rationale  

  1. Explain procedure to patient.      

  2. Ask patient to mark on the line 
how bad they feel their pain is.  

    

  3. Measure pain score and repeat at 
frequent intervals using new VAS.  

  Allows evaluation of effectiveness of pain manage-
ment strategies and whether more needs to be done.  

  Verbal Rating Scale ( VRS ) 

 The verbal rating scale employs a list of adjectives to denote increasing pain 
intensities. The most common words used being: no pain; mild pain; moderate pain; 
and severe or intense pain. For ease of recording these adjectives are assigned 
numbers. 
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  0    no pain  
  1    mild pain  
  2    moderate pain  
  3    severe or intense pain  

  Sensitivity of  p ain  s cales 

 The sensitivity of a pain rating scale is the ability of that scale to detect change. The 
more levels a tool has the more sensitive it will be. A small change in pain is notice-
able using a VAS but the small number of categories in the VRS demands that a 
much larger change in pain is required before the change shows up on the scale.  21   
This lack of sensitivity can lead to over or under - estimation of pain changes.  22   Both 
the VAS and the NRS have increased sensitivity to change compared with the VRS 
  23,24   and should be used in preference. 

 There is compelling evidence that 11 or 21 point scales are more than adequate 
for the assessment of pain. 101 point scales (such as the VAS and 101 point NRS) 
have more levels of discrimination than most patients use.  22    

  Wong – Baker  FACES  Pain Scale 

 The Wong – Baker smiley faces were originally designed for use in children although 
they have also been used with varied success with older people.  25,26   Stuppy  27   used 
an adapted version depicting older faces, and subsequently suggested that when-
ever practitioners suspect accuracy of pain measurement to be affected by fatigue, 
depleted physical or mental state, literacy or command of English, they should con-
sider the use of this scale. A limitation of this system is that it cannot be administered 
verbally so is of limited use if patients have visual impairment.    

  Instructions 

 Explain to the person that each face is for a person who feels happy because he has 
no pain (hurt) or sad because he has some or a lot of pain. Face 0 is very happy 
because he doesn ’ t hurt at all. Face 1 hurts just a little bit. Face 2 hurts a little more. 
Face 3 hurts even more. Face 4 hurts a whole lot. Face 5 hurts as much as you can 
imagine, although you don ’ t have to be crying to feel this bad. Ask the person to 
choose the face that best describes how s/he is feeling. 

 

    Figure 15.3     Wong – Baker FACES Pain Scale.  From Hockenberry MJ, Wilson D, 
Winkelstein ML.  Wong ’ s Essentials of Pediatric Nursing , 7th edn. St. Louis: 
Mosby, 2005, p. 1259. Used with permission. Copyright, Mosby.   
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     How could you asses the pain of a 
patient who is unable to express 
themselves verbally; for example, 
a patient with dementia? 

       Assessing  p ain in  c ognitively  i mpaired  p atients 
 Assessing pain in those with cognitive impairment may present particular diffi cul-
ties and may lead to patient ’ s being managed with sub - optimal analgesia. The 
degree of impairment will impact upon the ability of the patient to use the 
standard assessment tools so it will be useful for the paramedic to have alterna-
tive methods to supplement conventional tools. Several tools are available to 
measure pain in older adults with dementia but few have been comprehensively 
evaluated; each has strengths and limitations that need to be acknowledged.  28   
The Pain Assessment in Advanced Dementia (PAINAD) has been shown to be a 
valid, and reliable instrument for measurement of pain in non - communicative 
patients  29   but may be a little over - complex for use in the prehospital environ-
ment. A simple checklist of non - verbal indicators was developed in 2000 (Table 
 15.2 ), which may be of some assistance in the acute setting. It should be noted 
that the low frequencies of observed behaviours at rest indicate that the tool 
is less useful during rest and may be more useful for observing activities such 
as transfers, standing, or ambulation.  30   

     Recommendations   28    

 Ask older adults with dementia about their pain. Even older adults with mild to mod-
erate dementia can respond to simple questions about their pain.  31  

    •      Use a standardised tool to assess pain intensity, such as the numerical rating 
scale (NRS) (0 – 10) or a verbal descriptor scale (VDS). The VDS asks participants 
to select a word that best describes their present pain (e.g., no pain to worst 
pain imaginable) and may be more reliable than the NRS in older adults with 
dementia.  

   •      Use an observational tool (e.g., Checklist of non - verbal indicators) to measure 
the presence of pain in older adults with dementia.  

   •      Ask family or usual caregivers as to whether the patient ’ s current behaviour (e.g., 
crying out, restlessness) is different from their customary behaviour. This change 
in behaviour may signal pain.         
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 Table 15.2     Checklist of non - verbal indicators.   30   Reprinted from  Pain 
Management Nursing  1(1), Karen S. Feldt,  ‘ The checklist of nonverbal pain 
indicators (CNPI) ’ , pp. 13 – 21, copyright 2000, with permission from Elsevier   

        With movement     At rest  

   Vocal complaints   –  non - verbal expression of pain 

demonstrated by moans, groans, grunts, cries, gasps, sighs)  

        

   Facial grimaces and winces   –  furrowed brow, narrowed eyes, 

tightened lips, dropped jaw, clenched teeth, distorted 

expression  

        

   Bracing   –  clutching or holding onto side rails, bed, tray table, 

or affected area during movement  

        

   Restlessness   –  constant or intermittent shifting of position, rocking, 

intermittent or constant hand motions, inability 

to keep still  

        

   Rubbing   –  massaging affected area          

   Vocal complaints   –  verbal expression of pain using words, e.g., 

 ‘ ouch ’  or  ‘ that hurts; ’  cursing during movement, or exclamations of 

protest, e.g.,  ‘ stop ’  or  ‘ that ’ s enough. ’   

        

   TOTAL SCORE           

    Indications:   

  Behavioural Health adults who are unable to validate the presence of or quantify the severity of pain 

using either the Numerical Rating Scale or the Wong – Baker Faces Pain Rating Scale.  

   Instructions: 

   1.     Write a 0 if the behaviour was not apparent  

  2.     Write a 1 if the behaviour occurred even briefl y during activity or rest  

  3.     Results in a total score between 0 and 6.     

  Overview of  p ain  m anagement  t echniques 
  Non -  p harmacological Interventions 

 Non - pharmacological methods for managing pain include splinting (see Chapter  16 ), 
distraction, patient positioning, reassurance, elevation, dressings (e.g. burn dress-
ings) and psychological approaches. Non - pharmacological methods should be used 
to complement pharmacological treatments as opposed to replacing them. 

  Distraction 

 Distraction techniques have particular relevance for children and have been shown 
to be an effective adjunct to analgesia for children with musculoskeletal pain in the 
emergency department.  32   Small - scale studies related to intravenous cannulation 
also suggest that parental positioning - distraction interventions have the potential 
to enhance positive clinical outcomes with a primary benefi t of decreased fear.  33   It 
should be noted that distraction involves a variety of techniques, such as guided 

  This has not been validated for prehospital use, but may at least give the 
practitioner an indication of likely severity and appropriate interventions.   
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imagery, music therapy, reading or being read to, blowing bubbles, playing with toys, 
tapping a rhythm, and watching TV or videos.  34   Whilst some distraction techniques 
are not suitable for the prehospital environment or on the back of an ambulance, 
many simple techniques are. Paramedics could consider distraction through talking 
to children, reading to them, or letting them play with things on the ambulance that 
don ’ t pose a health and safety hazard. It is also important to keep parents involved. 

 There is little literature available for distraction techniques in adults in the acute 
setting although distraction therapy is advocated in pain management for both 
chronic pain and post - surgery pain. It is likely that adults will also benefi t from dis-
traction in the acute setting, but be aware that patients distracted from their pain 
may not look like they are in pain, which could lead to an incorrect judgment. It is 
important to be aware that after the distraction is over, the pain may be increased 
and other pain relief measures may be needed.  35    

  Patient  p ositioning 

 Patient positioning may confer signifi cant relief to patients and effort should be made 
to help the patient achieve a comfortable position. The paramedic should be guided by 
the patient ’ s own preference but may be able to offer advice regarding movement of 
people with back pain for example. It is worth noting that ischaemic cardiac pain tends 
to be the same regardless of position, which may help with a provisional diagnosis.  

  Reassurance 

 Patients should be provided with ongoing reassurance, information and support 
from all involved in the prehospital care of a patient in pain. It has been known for 
over 30 years that information before surgery about procedures and expected 
discomforts help to minimise anxiety;  36   practitioners should provide information 
about what may happen to the patient in the next phase of care to help reduce 
anxieties. It has been suggested that is important that the patient chooses how 
much information they wish to have.  37    

  Pharmacological Interventions 

 A number of drugs are available for paramedic administration and the decision as 
to the most appropriate medicine will be based upon guidelines and clinical judge-
ment. Drugs available include opioid analgesics, non - steroidal anti - infl ammatory 
drugs, paracetamol, and Entonox. The pharmacology behind the drugs is beyond the 
scope of this text; however, a discussion surrounding the principles guiding the 
appropriateness of analgesic drugs is warranted. The Joint Royal Colleges Ambu-
lance Liaison Committee state that analgesia should normally be introduced in an 
incremental way, considering timeliness, effectiveness and potential adverse 
events.  38   This is very much in keeping with the  ‘ Three Step Analgesic Ladder ’  
espoused by the World Health Organization (WHO) in 1986.  39   The WHO philosophy 
was designed to improve pharmacological interventions in patients with cancer pain 
but has been adapted for use in cases of acute pain. The underlying objective is to 
provide adequate pain relief without necessarily exposing the patient to more potent 
analgesic agents. There are inherent problems with this in emergency care in the 
out - of - hospital environment, but the philosophy should help to guide initial thought 
processes when deciding upon analgesic medicines. Essentially, the paramedic 
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should start at the most appropriate level for the patient ’ s presenting pain and only 
step up to the next level if the pain is not controlled after a suitable trial period  –  i.e. 
the time in which the drug would be expected to have an effect. Orally administered 
paracetamol starts to have an analgesic effect at around 11 minutes but doesn ’ t reach 
maximum effect until 37 minutes  40   so it could be argued that no step up should be 
taken until after that time. This may not be practical or desirable and the paramedic 
will need to make a clinical decision based upon the patient ’ s needs. 

 The poor array of analgesics available to paramedics means that it is not really 
possible to create a three - step analgesic ladder in the manner proposed by WHO. 
Generally paracetamol and ibuprofen are indicated for mild to moderate pain and 
opiate - based analgesics are indicated for moderate to severe pain. Entonox (see 
Chapter  11 ) can feasibly be used for any severity of pain that warrants pharmaco-
logical intervention and is particularly useful as its short onset and duration of action 
mean that it can be used as a primary analgesic whilst other pain relief is adminis-
tered. Entonox may also be used in conjunction with morphine during painful treat-
ments such as splinting.  38   

 Some patients with chronic pain may experience  ‘ breakthrough ’  pain despite their 
usual regime of medicines. In situations like this it is likely that the patient will require 
large doses of analgesics in order to derive benefi t; it is advisable to contact the 
patient ’ s pain management team for advice and support. 

    1.     Pain is one of the most frequent symptoms presented by patients in the 
emergency care setting; it is a complex phenomenon that comprises both 
physical and emotional elements. Pain is a subjective experience and should 
rely heavily on the patient ’ s self - report whenever possible.  

  2.     Acute pain is a symptom with a discernible cause and usually subsides when 
injured tissues heal. Acute pain has a protective function.  

  3.     Chronic pain is pain that has persisted beyond the time of healing; a classifi -
cation based purely on causal agent is not achievable.  

  4.     The history of the pain is very important when making a differential primary 
diagnosis.  

  5.     Tools are available for the assessment of pain severity; the paramedic should 
be prepared to use more than one tool when required.  

  6.     The use of non - verbal indicators may be helpful in those patients who have 
diffi culty expressing themselves verbally.  

  7.     Numerous non - pharmacological techniques can be used to alleviate pain; 
there is evidence to support their use.  

  8.     Pharmacological interventions should be introduced in an incremental way 
bearing in mind the constraints of prehospital care and 
the needs of the patient.  

  9.     The starting point for analgesia is a clinical decision.  
  10.     Entonox is particularly useful as its short onset 

and duration of action mean that it can be used 
as a primary analgesic whilst other pain relief is 
administered.    

   Chapter Key Points 
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        Despite the natural resilience of the human body extremes of force or weakening of 
structures can result in injury to bone, ligament and tendon. Whilst these conditions 
may vary markedly in their severity and aetiology, the similarity of the signs and 
symptoms of any injury to bone, ligament or tendon makes these conditions diffi cult 
to differentiate. As such a structured approach to the management of traumatic 
injury (and suspected non - traumatic injury such as pathological fractures) has core 
underlying principles that may be applied in any situation regardless of the eventual 
diagnosis. This chapter will set out generic guidance for the management of frac-
tures, sprains, strains and dislocations in the acute emergency setting using current 
evidence where available.  

  Defi nitions: What  a re  f ractures,  s prains,  s trains and 
 d islocations? 

 A fracture is described as a break in the continuity of a bone; this can be the result 
of excessive force, repetitive load bearing activity (stress fracture) or abnormal bone 
structure (pathological fracture such as osteoporosis).  1   A sprain is defi ned as a 
stretching or tearing of a ligament, a ligament is a fi brous attachment that joins 
bone to bone and stabilises a joint.  2   A strain is a term used to describe the stretch-
ing and tearing of a muscle or tendon, a tendon being a fi brous continuation of the 
muscle that attaches muscle to bone and is essential for the leverage mechanisms 
of human movement.  2   

 In a dislocation the bone is entirely displaced from the joint causing the articulat-
ing surfaces to no longer be intact. If the joint is only partially dislocated this is 
known as subluxation, this causes the articulating surfaces to only be in partial 
contact. In the event that the ligaments supporting a joint are disrupted causing an 
increased gap between the articulating surfaces, this is referred to as diastasis.  3   It 
is important to note that these conditions may not be present in isolation, the forces 
required to cause one type of injury may well cause a further injury.  

  General  p rinciples of  m usculoskeletal  i njury 
 m anagement 

 In the prehospital setting there are fi ve key elements that underpin the management 
of musculoskeletal injury: 

   •      Reduce pain  
   •      Prevent further injury  
   •      Ensure neurological and vascular supply distal to the injury  
   •      Reduce the risk of fat embolism  
   •      Promote recovery.    

  Pain  c ontrol 
 Pain control in the acute management of musculoskeletal injury may take many 
forms ranging from simple reassurance, immobilisation of the limb (discussed later), 
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pharmacological management (see Chapter  15 , Pain Assessment and management) 
and the use of cold compresses. The use of reassurance as a method of pain relief 
is not based upon evidence; however reassuring patients is undoubtedly a major 
facet in the role of any prehospital and acute care practitioner. 

 The use of cold treatment for musculoskeletal injury has long been documented 
as a method of reducing pain and swelling at the site of an injury. There is little high 
level evidence to support this notion; however the application of a cold compress to 
an area will reduce the blood fl ow by vasoconstriction thus reducing infl ammatory 
mediators and infl ammation. The reduction in local body temperature will also slow 
nerve conduction, thus inhibiting pain sensation experienced. Care should be taken 
if using a cold compress as this may cause thermal burns to the site of application.  

  Immobilisation of the  l imb 
 The immobilisation of an injured limb is based upon the principles of general mus-
culoskeletal injury management stated previously in this chapter. Through the appli-
cation of splinting there are a number of benefi ts to the patient that are based upon 
sound pathophysiological reasoning. Splinting is applied as a method of reducing the 
movement of broken bone ends and to support the fracture site. Through the move-
ment of broken bone ends pain is commonly experienced alongside an increased risk 
of damage to nerves, blood vessels, muscles and overlying skin. This can potentiate 
the injury increasing both mortality and morbidity; therefore the reduction in move-
ment of the injured limb can reduce this risk. Immobilisation may reduce the occur-
rence of bleeding through allowing the formation of clots in damaged blood vessels 
and reduce the likelihood of potentially fatal fat emboli. 

 The placing of a limb in a splint of any form should reduce the pain for the patient 
and increase their comfort, thus subsequently reducing anxiety and the circulation 
of catecholamines which may cause peripheral vasoconstriction and reduced periph-
eral tissue oxygenation.  2,4     

  Principles of  s plinting 
 The principles of splinting are a core element for any prehospital care provider 
ranging from the fi rst aider to the advanced trauma specialist. The failure to effec-
tively splint a musculoskeletal injury may result in increased pain and further injury, 
alongside the potential for increased damage to the injured area due to improper 
handling. The following principles of splinting should be considered whenever splint-
ing is required (see Procedure below). 

   Procedure     Rationale  

  1. The injured area should be carefully 
visualised prior to splinting the limb.  

  It is imperative that the practitioner is aware 
of what potential injuries are present. Foreign 
bodies within the wound or severe bleeding from 
an open fracture should be considered prior to 
splint application as they are diffi cult to manage 
after a splint is applied.  
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   Procedure     Rationale  

  2. Ensure that splinting is required.    Splinting as with all procedures is not without 
risk, the time taken to apply splinting may be 
detrimental in the multisystem trauma patient 
who requires rapid evacuation to an appropriate 
facility. The use of splints also limits the ability 
to visualise the patient, therefore the risks and 
benefi ts of splinting must be considered.  

  3. Prior to splinting assess the 
neurovascular status distal to the site 
of the injury and repeat after 
splinting.  

  A pre -  and post - treatment assessment should 
always be considered to ensure that no harm is 
caused by your actions.  

  4. Manage wounds on the immobilised 
part prior to splinting.  

  Once the splint is applied it may be diffi cult to 
gain access to the wound to manage bleeding 
effectively.  

  5. The splint should immobilise the 
joint above and below the suspected 
injury site.  

  This will reduce the movement of the limb or 
injured part.  

  6. Pad the splint well.    This will reduce movement of the injured limb, 
increase comfort and reduce the likelihood of 
pressure injury.  

  7. Support the injured part proximally 
and distal to the injury whilst applying 
the splint.  

  This will provide manual stabilisation of the injured 
part whilst the splint is applied, this will reduce the 
pain experienced during the procedure.  

  8. If the injured limb is grossly 
deformed consider applying traction 
and straightening the limb.  

  This should only be considered if there is suspicion 
that the limb is being threatened by the injury. 
Signs include the loss of distal neurovascular 
supply and taut skin over the site of the suspected 
fracture (and suspicion that the bone fragment 
may pierce the skin).  5    

  9. If it is not possible to straighten the 
limb to a near anatomical position, it 
should be splinted in the position of 
deformity.  

  Resistance or severe pain when attempting to 
re - align the limb should indicate that re - location is 
unlikely to be successful at that time therefore 
attempts should be ceased.  

  10. Splint fi rmly but not too tight.    Excessive tension may inhibit distal blood fl ow thus 
potentiating injury.  

  11. Try to avoid covering the fi nger or 
the toes of the patient when splinting 
(unless not feasible).  

  The fi ngers and toes are useful areas to check 
for distal neurovascular status following the 
application of a splint.  
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  Types of  s plinting 
 Any device that is utilised to immobilise an injury can be considered a splint. There 
are a variety of widely used splinting devices within emergency care settings; this 
chapter will discuss the most commonly used; providing guidance on the benefi ts 
and limitations of each.   

  Slings and  s upport  b andages 
 A sling is commonly used for the splinting of a shoulder or arm injury, they may be 
used in isolation or as an adjunct to support additional devices such as a rigid splint 
(discussed later). A sling formed from a triangular bandage holds the injured limb 
to the body and takes some of the weight from the injured limb, potentially reducing 
pain caused by limb movement. Slings should be avoided in patients with a neck 
injury due to additional pressure being placed upon the neck. There are commonly 
two applications of a sling to the upper extremity, a broad arm sling and a high arm 
sling (or elevated sling). These differ in application however provide similar benefi ts 
to the patient. A broad arm sling is most commonly used for injuries at the elbow 
or below, whereas a high arm sling is used for injuries above the elbow; however 
there is little evidence to support either technique over the other therefore a sling 
should be applied to the comfort of the patient. A step - by - step guide to the applica-
tion of a broad arm sling technique and high arm sling technique can be seen below. 

     The  a pplication of a  b road  a rm  s ling 

   Procedure     Rationale  

  1. Gain informed consent and explain the 
procedure to the patient. Provide any 
required analgesia for the procedure to be 
undertaken.  

  A pain free and less anxious patient is 
easier to treat. Informed consent is 
essential in providing care for patients who 
are able to consent.  

  2. Ensure that the triangular bandage is clean 
and in good condition prior to use.  

  To reduce the risk of cross infection and 
ensure that the sling will not fail resulting 
in pain.  

  3. Lay the long side of the triangular bandage 
vertically down the uninjured side of the 
patient with the injured arm fl exed at the 
elbow to 90    °  (if possible), the bandage should 
pass behind the injured arm (Figure  16.1 ).  

  A broad arm sling requires the injured arm 
to be fl exed to approximately 90    °  for it to 
be effective, this will allow the arm to rest 
upon the sling. reducing pressure on the 
injury site.  

  4. Bring the bottom edge up and over the 
arm.  

  This will cradle the injured arm within the 
sling.  

  5. Tie the two ends together behind the 
patient ’ s neck using a simple reef knot. 
Consider applying a pad beneath the knot 
(Figure  16.2 ). Pin or tie the point at the elbow 
to form a cradle.  

  A reef knot allows the knot to be easily 
undone, padding beneath the knot may 
reduce pain from friction or pressure from 
the knot upon the neck.  
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   Procedure     Rationale  

  6. Re - check the distal neurovascular status of 
the limb.  

  This should be checked after any 
intervention to ensure that no harm is 
done.  

    Figure 16.1     Broad arm sling step 1.  
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    Figure 16.2     Broad arm sling step 2.  
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  The  a pplication of a  h igh  a rm  s ling 

   Procedure     Rationale  

  1. Gain informed consent and explain the procedure 
to the patient. Provide any required analgesia for 
the procedure to be undertaken. Ensure the 
triangular bandage is clean and undamaged.  

  A pain free and less anxious patient is 
easier to treat. Informed consent is 
essential in providing care for 
patients who are able to consent. All 
equipment should be checked to 
ensure it does not fail.  

  2. Place the sling over the injured arm with the arm 
elevated towards the opposing shoulder. The 
longest side of the triangular bandage should run 
from the shoulder of the uninjured arm towards 
the elbow of the injured arm.  

  The sling must be carefully applied to 
ensure it works as an effective cradle 
for the injured limb.  

  3. Pass the point of the longest side of the 
triangular bandage under the injured arm and 
behind the back of the patient. The end is then tied 
with the opposite end of the longest side behind 
the patient ’ s neck using a reef knot (Figure  16.3 ). 
Consider padding beneath the knot.  

  A reef knot allows the knot to be 
easily undone, padding beneath the 
knot may reduce pain from friction or 
pressure from the knot upon the 
neck.  

  4. Ensure that the arm is comfortable and securely 
supported. Re - check the distal neurovascular 
status of the injured limb.  

  Always check that any interventions 
are effective, if not then re - consider 
your actions or remedy and problems.  

 With the application of a sling the support to the limb can be enhanced by the 
use of an additional support bandage around the torso. This will serve to further 
immobilise the limb and is particularly useful in shoulder dislocations and clavicle 
injuries.    

  Box  s plints 
 Box splints are a commonly carried by emergency care personnel, yet are often 
overlooked due to the simplicity of their use and due to the favourability of other 
devices. A box splint is most commonly used for lower leg injuries; however they 
may be used for knee and arm injuries also. These splints consist of three long 
padded sides and a foot piece (Figure  16.4 ) which is designed to place the foot at a 
90    °  angle (anatomical position).   

 The splint forms a  ‘ box ’  around the injured limb with one side exposed to allow 
for ease of application and review of the limb once it has been splinted. Box splints 
are effective in immobilising a straight limb, especially when combined with addi-
tional padding. However box splints are of limited use in a deformed limb due to 
their rigid structure which will not conform to the shape of the limb. A step by step 
guide to using a box splint is shown below. 
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    Figure 16.3     High arm sling step 2.  
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    Figure 16.4     A box splint.  

     Application of a  b ox  s plint 

   Procedure     Rationale  

  1. Gain informed consent and explain the 
procedure to the patient. Provide any required 
analgesia for the procedure to be undertaken. 
Ensure the equipment is clean and undamaged.  

  A pain free and less anxious patient is 
easier to treat. Informed consent is 
essential in providing care for patients 
who are able to consent. All equipment 
should be checked to ensure it does not 
fail or provide an infection risk.  

  2. The injured limb (leg) should be exposed and 
footwear removed if possible.  

  This is desirable for both examination 
and post immobilisation checks.  

  3. The leg should be supported manually and 
carefully raised, the splint should be passed 
under the leg.  

  Support is required to ensure that the 
injury is not worsened by the movement 
and also to reduce pain.  

  4. The two sides of the splint should be folded 
up against the leg to form a box around the 
limb, the foot piece should be placed against 
the sole of the foot at 90    °  or in a position that 
is comfortable.  

  This will box in the leg and provide 
stability, it may be necessary to add addi-
tional padding at this point to support 
the limb.  
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   Procedure     Rationale  

  5. The Velcro straps should be carefully placed 
over the leg avoiding the area of injury, the foot 
strap should be passed over the top of the foot 
(Figure  16.5 ).  

  This provides fi rm support for the limb, 
passing the straps tightly over the 
injured area may worsen the pain or 
injury and should be avoided.  

  6. Re - check the distal neurovascular status of 
the limb.  

  This should be checked after any 
intervention to ensure that no harm is 
done.  

    Figure 16.5     Application of a box splint.  

     You are called to see a patient with an 
extremely deformed lower leg; will a 
box splint be appropriate? If not what 
can you do to immobilise the limb? 
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        Vacuum  s plints 
 A vacuum splint consists of a sealed vinyl coated polyester mattress fi lled with poly-
styrene beads that is normally pliable; however when air is removed from within the 
mattress by a pump the splint becomes rigid and conforms to the set position. There 
are a variety of vacuum splint products used by emergency and voluntary services; 
therefore this section will discuss the general principles of use. Vacuum splints are 
particularly popular within the emergency services due to the versatility of the 
product and ability to conform to even the most deformed limb. The vacuum splint 
has the additional benefi t of being suitable for spinal immobilisation on small children. 

 A step - by - step guide to the basic use of a vacuum splint upon an injured limb is 
given below. 

     Application of a  v acuum  s plint 

   Procedure     Rationale  

  1. Gain informed consent and explain the 
procedure to the patient. Provide any 
required analgesia for the procedure to be 
undertaken. Ensure the equipment is clean, 
undamaged and in good working order.  

  A pain - free and less anxious patient is easier 
to treat. Informed consent is essential in 
providing care for patients who are able to 
consent. All equipment should be checked to 
ensure it does not fail or provide an infection 
risk.  

  2. Applying a vacuum splint requires a 
minimum of two operators.  

  This ensures that the injury site is stabilised 
during the splinting process.  

  3. Choose the correct splint size.    The splint should be large enough to extend 
beyond the joints above and below the injury, 
if the injury is a dislocation the splint should 
be large enough to extend beyond both sides 
of the dislocated joint.  

  4. One operator should stabilise the injury 
at all times, the other operator should lay 
the splint fl at on the fl oor and smooth the 
splint to a uniform thickness.  

  The polystyrene balls are essential in making 
the splint rigid, therefore they are required to 
be uniformly spread; failure to do this may 
result in some areas of the splint remaining 
pliable.  

  5. Place the splint (pump valve on the 
outside) around the injury.  

  Access to the valve is essential or else the air 
cannot be removed.  

  6. Secure the splint in place using the 
Velcro straps (or equivalent) (Figure  16.6 ).  

  This supports the limb within the splint.  

  7. Connect the vacuum pump to the valve 
and gently withdraw the air, as this occurs 
the other operator should continue to 
support the injury and gently mould the 
splint if required.  

  Continual support is required until the splint 
application is fully completed.  
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   Procedure     Rationale  

  8. Continue until the splint is as rigid as 
required, disconnect the pump and 
re - tighten the straps if necessary (Figure 
 16.7 ).  

  As the splint becomes more rigid the straps 
may become loose, therefore it may be 
necessary to re - apply the strapping.  

  9. Re - check the distal neurovascular status 
of the limb.  

  This should be checked after any intervention 
to ensure that no harm is done.  

   from Ferno - Washington 2000.  6             

    Figure 16.6     Vac splint wrap around leg.  

  Neighbour  s trapping 
 Neighbour strapping is a simple fi rst aid principle that requires the strapping of an 
injured part to the neighbouring part, commonly used in fi nger or toe injuries the 
injured digit will be strapped to the one next to it to provide support. This concept 
may also be utilised in other injuries such as neck of femur fractures. These injuries 
are diffi cult to immobilise any other way in the prehospital setting therefore the 
strapping to another limb provides a quick and simple method of applying immo-
bilisation principles. A number of methods of neighbour strapping can be used 
including the use of adhesive tape in fi nger or toe injury, however in the acute setting 
consideration must be given to the pain caused by the removal of adhesive tape. 
The more commonly used method of neighbour strapping is the use of either frac-
ture straps (elasticated Velcro straps that stretch around the injured and non injured 
limb) or the use of broadly folded triangular bandages. These are commonly used in 
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    Figure 16.7     Vac splint around leg secure straps (completed).  

the management of neck of femur fractures as other forms of splinting are not 
ideally suited to this injury. These straps can simply be placed around the injured 
limb securing it to the non - injured limb for support. Padding should be placed 
between the limbs to aid comfort and reduce pressure over bony processes. The 
straps should not be placed tightly over the injury site as this may cause increased 
pain and movement of bone ends.  

  Traction  s plints 
 Traction is a method commonly utilised in fracture management (especially that 
of femoral shaft fractures), through the application of distal traction to a deformed 
fractured limb there are a number of potential benefi ts. Firstly traction will act 
to reduce a deformed limb back towards its ’  anatomical shape, secondly applied 
traction will act to  ‘ pull ’  apart the fractured bone ends to reduce the likelihood 
of neurovascular damage through impingement by bony fragments and reduce 
pain. A third benefi t is the reduction of bleeding through re - shaping of the 
muscle mass surrounding the injury. In the event of shaft of femur fractures 
the strong muscles of the thigh will shorten the limb causing the bone ends 
to overlap causing an increased risk of neurovascular injury, pain and bleeding. 
When the normally cylindrical muscles of the thigh are shortened by a fracture 
they become more spherical in shape, this will increase the internal volume of 
the muscle and subsequently increase the potential space for accumulating blood. 
Through the application of traction bone ends are separated and the normal 
shape of the thigh muscles is restored thus reducing the likelihood of excessive 
bleeding.  4,7   
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 Traction may be applied using either manual means (by gentle pulling on the limb) 
or with the use of traction devices such as the Sager or Donway splint (which are 
used in mid - shaft of femur fractures only). Whichever means of traction is used 
careful consideration must be given as to the correct recognition of the need for 
traction and any detrimental effects that may be caused by such actions. 

 There are a number of potential contraindications to the application of traction 
splints; these can be seen below: 

   •      Fractures around the knee  
   •      Dislocation of the hip  
   •      Fracture dislocation of the knee  
   •      Ankle injuries  
   •      Simple fractures of the lower third of the tibia and fi bula  
   •      Fractures of the pelvis  
   •      Fractured neck of femur.    

 From Greaves  et al.  (2006)  4  ; Lee  &  Porter (2005).  8   
 These general principles of contraindications to traction are based upon the 

potential to potentiate injury to joints through applied force and therefore any 
potential joint injury should be considered prior to any traction. It is also essential 
to refer to manufacturer and local guidelines for contraindications for traction use 
as they may differ markedly. 

 Whilst traction splints are currently widely available in prehospital care there is 
little evidence to suggest that their use of benefi t over traditional immobilisation 
methods, therefore the use must currently be based upon pathophysiological 
considerations.  9,10   

  The Donway  s plint 
 The Donway splint is a device that cradles the injured limb with the ankle of the limb 
securely strapped by an ankle support and applied around the thigh to maintain 
stability. Using a pump, the upper and lower halves of the splint are pushed apart 
by increasing air pressure. Once the pressure reaches an effective level and the 
patient is comfortable securing screws are tightened to maintain the position of both 
ends of the splint and the pressure is released through a release valve. 

 A step - by - step guide to the application of the Donway splint can be seen below. 

  Application of the Donway  s plint 

   Procedure     Rationale  

  1. Gain informed consent and explain the procedure 
to the patient. Provide any required analgesia 
for the procedure to be undertaken. Ensure the 
equipment is clean, undamaged and in good 
working order.  

  A pain - free and less anxious patient 
is easier to treat. Informed consent 
is essential in providing care for 
patients who are able to consent. 
All equipment should be checked to 
ensure it does not fail or provide an 
infection risk.  
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   Procedure     Rationale  

  2. Applying a splint requires a minimum of two 
operators, this allows for support of the limb and 
for manual traction to be applied if required.  

  This ensures that the injury site is 
stabilised during the splinting process.  

  3. Feed the ischial ring under the knee and 
adjusted around the thigh with the buckle fastened 
loosely.  

  The natural hollow of the knee 
provides a useful point of access 
around the leg with minimal move-
ment.  

  4. Depress the air valve to ensure that there is no 
pressure retained within the system.  

  Excess pressure in the system 
can cause the equipment to be 
problematic to use and has a 
potential to cause injury.  

  5. Unlock the collets (securing screws), raise the 
footplate into the upright position and place the 
splint over the leg.  

  The foot must be securely strapped 
around the ankle to ensure adequate 
traction is applied.  

  6. Adjust the side arms to the desired length and 
attach to the ischial ring pegs (twist the side arms 
to lock in place).  

  If the side arms are to short there will 
be excessive movement of the splint 
when pressure is applied.  

  7. Open the ankle strap and carefully place the 
patient ’ s heel in the padded portion of the strap 
with the heel against the footplate.  

  The placement of the ankle strap and 
footplate are of paramount impor-
tance as they are designed to ensure 
traction is along the axis of the limb 
and pressure is applied equally across 
the surface of the foot. Misplacement 
can cause maligned traction of the 
limb resulting I potentiating the injury.  

  8. Maintaining the foot against the footplate adjust 
the lower Velcro attachment to ensure that the 
padded support is positioned high on the ankle.  

  9. Criss - cross the straps tightly over the instep 
starting with the longest strap. Tighten the straps 
around the footplate and secure with Velcro 
(Figure  16.8 ).  

  10. Apply pneumatic pressure to the desired level 
using the pump, upon completion tighten the 
ischial strap to secure the ring in the ischial load 
position.  

  The recommended operating range of 
the splint is 10 - 40lbs of traction; 
excessive force will cause safety 
valves to release pressure. Pressure 
below this range will potentially be 
ineffective.  

  11. Align the leg supports with the calf and thigh 
and apply by passing the strap under the leg, 
passing back over the frame and back under the 
leg to form a cradle (Figure  16.9 ).  

  This will cradle the injured limb thus 
reducing movement.  

  12. Apply the knee strap by passing under the knee 
passing around the frame and fastening above the 
knee (Figure  16.9 ).  

  This will stop knee fl exion and 
subsequent limb movement that may 
cause pain and mal - alignment of the 
limb.  
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   Procedure     Rationale  

  13. The leg is now supported and in traction so the 
heel stand can be raised.  

  This will elevate the limb slightly to 
reduce pressure on the limb and 
reduce swelling.  

  14. Turn the securing screws (collets) until hand 
tight and apply a further quarter turn to secure 
the side arms, this will allow the pressure to be 
released from the system by pressing the release 
valve until the gauge shows zero pressure.  

  Releasing the pressure following 
locking the side arms will reduce the 
likelihood of further injury to the 
patient in the event of pressure loss 
within the system.  

  15. Re - check the distal neurovascular status of the 
limb.  

  This should be checked after any 
intervention to ensure that no harm is 
done.  

  16. The Donway splint should remain on the limb 
until defi nitive care is provided (usually surgical 
intervention).  

  The splint should only be removed if 
there are signs that the application is 
worsening the patient condition, 
premature release of the traction will 
result in pain and may potentiate 
injury.  

   From Thomas Biomedical.  11          

    Figure 16.8     Strapping the ankle to the footplate.  
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    Figure 16.9     Completing the splinting process.  

 Whilst the Donway splint is carried by a number of prehospital care agencies, it 
is not without fl aws and limitations. One major diffi culty of the Donway splint is the 
size of the device that makes not only carriage of the device problematic but sub-
sequent transfer of the patient diffi cult especially in small vehicles or air transport. 
Another reported issue with systems such as the Donway splint is that only one limb 
can be splinted using the device; devices such as the Sager splint (below) offer the 
ability to splint both legs (in the presence of bilateral femur fractures) and are 
smaller in size therefore easier to transport.   

  The Sager  s plint 
 The Sager splint is a traction splint that is lightweight and has the advantage of 
being smaller than other commercially available splint such as the Donway; this has 
the benefi t of being easier for transport purposes and manual handling. An additional 
benefi t of the Sager splint is the ability to splint and apply traction to either one or 
two legs using the same device. A step - by - step guide to the application of a Sager 
splint is provided below; as with all devices referral to manufacturer ’ s guidelines is 
recommended: 
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  The  a pplication of the Sager  s plint 

   Procedure     Rationale  

  1. Gain informed consent and explain the 
procedure to the patient. Provide any 
required analgesia for the procedure to be 
undertaken. Ensure the equipment is 
clean, undamaged and in good working 
order.  

  A pain - free and less anxious patient is easier 
to treat. Informed consent is essential in 
providing care for patients who are able to 
consent. All equipment should be checked to 
ensure it does not fail or provide an infection 
risk.  

  2. Applying a splint requires a minimum of 
two operators, this allows for support of 
the limb and for manual traction to be 
applied if required.  

  This ensures that the injury site is stabilised 
during the splinting process.  

  3. Position the splint between the 
patient ’ s legs, resting the ischial/perineal 
cushion against the ischial tuberosity 
(midway between the femur and the 
symphysis pubis). Ensure that the scrotum 
is clear of the cushion. The shortest end 
of the ischial pad should be toward the 
ground.  

  The ischial tuberosity rests in the same plane 
as the femur, this will align the traction along 
the axis of the femur. Compression of the 
scrotum beneath the cushion will result in pain 
and injury.  

  4. Apply the securing bridle around the 
upper thigh of the injured limb.  

  This stabilises the splint around the limb, care 
is required if applying the bridle over the 
fracture site.  

  5. Lift the button latch and extend the 
inner shaft until the crossbar rests 
adjacent to the patient ’ s heels.  

  Unnecessary extension of the inner shaft 
beyond the feet makes the device more 
diffi cult to use and transport.  

  6. Position and secure the ankle harnesses 
by passing beneath the heel and securing 
above the medial and lateral malleoli of 
the ankle, ensure that the harness is 
snugly fi tted to the crossbar (Figure  16.10 ). 
This should be applied to both ankles.  

  Secure fi tting of the harness to the ankle and 
the crossbar is essential to reduce the risk of 
slippage of the limbs and loss of traction.  

  7. Grasp the splint shaft with one hand 
and the traction bar with the other and 
gently extend the inner shaft until the 
desired amount of traction is reached 
(this is generally 10% of the patients body 
weight to a maximum of 15   lb).  

  It is important to stabilise the splint whilst 
applying traction so that control is maintained. 
Excessive pressure may cause further damage 
to the limb, therefore should be avoided.  

  8. Slide the elastic cravats beneath the 
hollow of the knee and fi rmly secure in 
position around both legs (large cravat to 
the thigh, smaller cravat around the 
calves). This can be seen in Figure  16.11 .  

  This maintains limb stability and reduce 
movement.  
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   Procedure     Rationale  

  9. Apply the fi gure of eight around the 
feet  

  This maintains foot stability and reduces 
movement.  

  10. Re - check the distal neurovascular 
status of the limb.  

  This should be checked after any intervention 
to ensure that no harm is done.  

  11. The Sager splint should remain on the 
limb until defi nitive care is provided 
(usually surgical intervention). If traction 
removal is required this can be achieved 
by lifting the pressure release spring (with 
support on the shaft to release pressure 
gently).  

  The splint should only be removed if there are 
signs that the application is worsening the 
patient condition, premature release of the 
traction will result in pain and may potentiate 
injury.  

   From Sager (2004).  12             

    Figure 16.10     Sager splint.  

   SAM   s plints 
 SAM splints are formed from a thin layer of aluminium alloy sandwiched between 
two layers of closed cell foam. These splints are pliable and fl exible when unrolled, 
however when bent into a curve become rigid and strong. The SAM splint has the 
benefi t of exceptional diversity of usage and can potentially be used on any bone of 
the body (depending upon the size of the splint).  13   The Sam splint is designed for use 
as a rigid splint that can be conformed to any limb or bone, the splint can immobil-
ise and provide compression of an injury site to potentially reduce haemorrhage. 
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    Figure 16.11     Sager splint.  

 You are a spectator at a motorcross event that has no medical cover; a rider has 
come off of their bike and has a suspected fractured forearm and lower leg. You 
are called to assist but you have no equipment. What methods could you use to 
assist in immobilising the patient ’ s injuries? What are the risks involved in this to 
both yourself and the patient? 

 Scenario 

      Pelvic  f ractures 
 Despite being a relatively rare occurrence pelvic fractures are noteworthy due the 
specifi c needs for their management and the likelihood of severe haemodynamic 
instability from internal haemorrhage.  14   Pelvic fractures are estimated to occur in 
between 5 and 11.9% of patients with severe blunt trauma, with mortality rates 
ranging between 7.6 and 25%.  14 – 16   Pelvic stabilisation in the acute phases of manage-
ment in pelvic fractures has been demonstrated as effective in reducing this severe 
haemorrhage.  17   

 There are a number of methods that may be utilised for the reduction of pelvic 
fractures, including circumferential wrapping by a sheet, belt or pelvic circumferen-
tial compression device (PCCD), such as the SAM sling.  17,18   These methods seek to 



Chapter 16 Fracture and soft tissue injury management

314

control haemorrhage by stabilising fracture sites to promote clot formation and 
through the reduction of potential pelvic volume for blood accumulation.  19   Whilst 
the use of sheets or belts are recommended by the American College of Surgeons 
Committee on Trauma  20   for advanced trauma life support, there is contention as to 
the effi cacy of such methods with little research to support their use. Recent studies 
into the use of circumferential compression by the use of PCCD has demonstrated 
that the use of such devices is timely and may reduce pelvic width and subsequent 
potential for bleeding.  17,18,19,21   

  The  SAM   s ling 
 The SAM sling is a recent commercially available pelvic compression device that has 
been proven in a number of studies to provide stability and compression of pelvic 
fractures.  17,18,19,21   The SAM sling (from SAM Medical, 2007)  22   can be seen in Figure 
 16.12 .   

 The SAM sling is scientifi cally and clinically proven to provide safe and effective 
force; stabilising pelvic fractures. The standard sling size fi ts 95% of population 
without cutting or trimming which facilitates ease of use in the prehospital setting. 
The sling has been designed to allow for application by a single user rapidly (usually 
less than one minute) and does not require fi ne touch to operate; it provides clear 
feedback by sound ( ‘ click ’ ) and feel to confi rm correct application. The sling is also 
designed to comply with infection control procedures by cleansing with standard 
detergents or antimicrobial solutions. 

 The procedure for the application of a SAM sling can be seen below. 

    Figure 16.12     The SAM sling.  Reproduced with permission of SAM Medical 
Products.   

Padded for comfort & vapor permeability
Low friction slider on reverse facilitates patient transfer

Fixed handle

Free handle

Durable batting

Autostop buckle

Narrow width for easier access
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  The  a pplication of the  SAM   s ling 

   Procedure     Rationale  

  1. Unfold sling with the white surface facing 
up.  

  This allows for the easy to slide surface to 
be in contact with the ground thus facilitat-
ing sliding of the sling under the patient.  

  2. Place white side of Sling beneath patient 
at level of buttocks (greater trochanters/
symphysis pubis). This can be achieved by 
sliding under the natural hollow of the back 
or under the knees and sliding to the correct 
position.  

  This is the ideal area to provide compres-
sion of the pelvis.  

  3. Firmly close Sling by placing black Velcro  ®   

side of fl ap down on the black Velcro  ®   strip. 
Fold back material as needed. Try to place 
buckle close to midline (Figure  16.13 ).  

  Central placement of the buckle aids the 
application of tension equally across the 
pelvis.  

  4. Grab orange free handle on outer surface 
of fl ap and release from fl ap by pulling 
upward. With or without assistance, fi rmly 
pull both orange handles in opposite 
directions to tighten sling.  

  The compression of the sling applies 
pressure to the pelvis thus stabilising 
potential pelvic fractures.  

  5. Keep pulling free handle until you feel or 
hear the buckle lock or click. As soon as the 
buckle clicks, maintain tension and fi rmly 
press orange handle onto the black Velcro  ®   
strip. Note: Do not be concerned if you hear 
a second  ‘ click ’  after the sling is secured.  

  The sling is designed to apply a preset level 
of pressure across the pelvis excessive or 
inadequate force has the potential to be 
ineffective or potentiate injury.  

  6. To remove sling, lift orange free handle 
away from fl ap by pulling upward. Maintain 
tension and slowly allow sling to loosen.  

  The sling should ideally remain in place until 
defi nitive care is provided (i.e. surgery). 
Removal of the sling prematurely may cause 
subsequent bleeding.  

   From SAM Medical (2007).  22          

 There are a number of alternative pelvic slings and compression devices, therefore 
please refer to individual policies and procedures for the devices available in your 
work area. 
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    1.     The management of sprains, strains, fractures and dislocations follows a 
number of core principles that should be followed to reduce pain and prevent 
further injury.  

  2.     Any potential injury should be assessed before and after any intervention to 
ensure that no further damage is caused by 
healthcare staff.  

  3.     Ensure that you are familiar with the immobilisation 
devices within your work area and that you are able to 
follow manufacturer ’ s instructions.  

  4.     Remember to consider appropriate analgesia prior to 
any immobilisation as the act itself may cause pain 
to the patient.    

   Chapter Key Points 

    Figure 16.13     Application of the SAM sling.  Reproduced with permission of 
SAM Medical Products.   
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        Spinal cord injury (SCI) most commonly affects young, fi t people and generally 
leads to long - term disability that can seriously impact on a person ’ s quality of life. 
In rare cases where the cord is damaged in the upper cervical regions, paralysis 
of the diaphragm and respiratory muscles can lead to immediate death. Increas-
ingly, there are cases where the damage to the cord is only partial and consider-
able recovery is possible. Partial cord damage may affect individual sensory or 
motor nerve tracts, thereby producing varying long - term disability. Recovery is 
dependent upon recognition of the condition and application of the appropriate 
management. 

 Early data suggest that 3% to 25% of spinal cord injuries occur after the initial 
injury,  1   although the actual effect of spinal immobilisation on mortality, neurological 
injury, spinal stability and adverse effects in trauma patients remains uncertain. What 
is known and is of particular interest is that airway obstruction is a major cause of 
preventable death in trauma patients, and spinal immobilisation, particularly of the 
cervical spine, can contribute to airway compromise. This leads to the conclusion that 
immobilisation may potentially increase mortality and morbidity.  2    

  Relevant  g ross  a natomy 
 Please also refer to an appropriate anatomy textbook (see reference 3). 

 The spinal cord is approximately 42 – 45   cm in length and extends from the foramen 
magnum to the superior border of the second lumbar vertebra. Its diameter is 
approximately 2   cm at the mid - thoracic point, a little larger in both the inferior cer-
vical and mid - lumbar enlargements, and narrowest at the inferior tip.  3   This means 
that there is more space for the cord in the superior cervical regions so that SCI 
may be ameliorated with adequate immobilisation. In the cervical and lumbar 
enlargements, the cord tends to be wide and the spinal canal relatively narrow and 
injury in these areas is likely to cause SCI.  4    

  Evidence on  h ow to  i mmobilise the  s pine 
  The  l iterature 

 There are no randomised controlled trials evaluating the various out - of - hospital 
spinal immobilisation techniques  2   so it is not possible to state categorically which 
method(s) should and shouldn ’ t be used. However, certain known facts suggest that 
some methods may be better than others for immobilising the spine. 

 The UK ambulance services do not tend to use soft collars and with good reason. 
Soft collars do not limit movement  5,6   so are of no benefi t where the risk of cervical 
spine injury is high. There are variances between different types of semi - rigid collars, 
but small studies have not demonstrated any clear reduction of movement,  7   sug-
gesting that the application is more important than the actual device. What has been 
shown on healthy volunteers is that semi - rigid cervical collars when used alone only 
reduce movement by between 31% and 45%,  8   which clearly shows that a collar on 
its own is insuffi cient to protect the cervical spine. In the same study it was found 
that head blocks and straps produced a reduction of between 58 – 64% but when 
head blocks and straps were in place the addition of a collar was not benefi cial. This 
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is important when considering the impact of cervical collars on intracranial pressure 
(ICP), which is discussed later. 

 There has been a tendency for paramedics to routinely use long boards for the 
immobilisation of patients, but there may be alternatives to this approach. Long 
boards have been shown to be inferior to devices such as the vacuum mattress in 
terms of reduction of movement and patient comfort,  9,10   although the vacuum mat-
tress is not suitable for extrication. Extrication devices such as the Kendrick extrica-
tion device (KED) have also proven to be better than long boards at reducing 
rotational movement and, where time is not critical, the use of such a device may 
be warranted.  11,12   

 What is essential when using a rigid long board is to minimise the time a patient 
is on the board. It is suggested that a patient should be on an unpadded long board 
for no more than 45 minutes.  13,14   The problems related to pressure ulceration are 
discussed later in this chapter. 

 A further consideration is the method used to place the patient onto the immo-
bilisation equipment and none are without their risks. There will inevitably be a small 
amount of spinal movement when transferring a patient to immobilisation equip-
ment but there appears to be little consensus as to which method should be used. 

 Log rolling has been shown to cause signifi cant motion of the head and thoraco-
lumbar spine,  15,16   although it is not known if the range of movement would actually 
exacerbate the clinical condition. There is a suggestion that the variation in the 
amount of fl exion and extension between different techniques is not clinically sig-
nifi cant  17   although axial rotation appears to be more pronounced in the log - roll 
method than when using a 6 - person lift or a lift - and - slide technique.  18   Log - rolling 
should not be used where there is suspicion of a pelvic fracture as it may disrupt 
clots and promote further blood loss.  19   

 JRCALC  4   are suggesting that use of a scoop stretcher may be safer for lifting 
patients onto a long board. This is supported by research that has shown that the 
scoop stretcher causes signifi cantly less movement on application compared with 
the long board.  20   It may be worth immobilising the patient on the scoop stretcher 
rather than transferring to a long board as this reduces the need for secondary 
transfers and a log - roll manoeuvre to remove the patient from the device. It has also 
been shown that immobilisation on the scoop provided increased comfort levels 
compared with the long spinal - board.  20   

 The optimum positioning for cervical immobilisation cannot be achieved without 
some form of padding between the back of the head and the long board. In healthy 
adults, a slight degree of fl exion equivalent to 2   cm of occiput elevation produces a 
favourable increase in spinal canal/spinal cord ratio at levels C5 and C6, a region of 
frequent unstable spine injuries.  21     

  Hazards and  c omplications  a ssociated with  s pinal 
 i mmobilisation 

 There are numerous potential complications associated with spinal immobilisation, 
particularly cervical spine immobilisation using a semi - rigid collar. These include: 

   •      Airway problems (including increased risk of aspiration)  
   •      Increased intracranial pressure  
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   •      Restricted respiration  
   •      Dysphagia  
   •      Skin ulceration  
   •      Pain.    

     Before reading the next section, make a 
list of how spinal immobilisation may 
cause airway problems and the 
strategies you have for managing them. 

     Airway  p roblems 
 Airway management is made more diffi cult in patients with suspected spinal injury 
by the need to maintain in - line immobilisation of the patient ’ s head and neck. This 
restricts access to the airway and also makes it more diffi cult to clear vomit or blood 
because the usual postural drainage manoeuvres may be contraindicated. Applica-
tion of a semi - rigid cervical collar exacerbates the problem by signifi cantly reducing 
mouth opening, which could hinder defi nitive airway placement.  22   Loosening the 
cervical collar or removing the anterior portion of the collar before attempts at 
tracheal intubation may improve the view that can be attained during laryngos-
copy.  22   The fl exible bougie is the preferred option for fi rst - line use in all cases to 
maximise rates of intubation on fi rst attempt.  23   

 The risk of aspiration is increased for the supine trauma patient. Because trauma 
is unexpected, the patient is likely to have a full stomach and injury may reduce their 
ability to protect the airway.  24   In the supine position, passive regurgitation or vom-
iting may result in aspiration of gastric contents and impaired oxygenation.  24   There 
is debate about whether the long board helps to protect against aspiration, a belief 
borne out by the idea that it facilitates turning a vomiting patient onto their side. It 
has been suggested that rapid log - rolling is considered a more appropriate strategy 
to turn the trauma patient that is vomiting,  25   but this requires four people to carry 
out the manoeuvre and one person to suction the patient. One person holds the head 
and coordinates the roll, while three others roll the chest, pelvis, and limbs so that 
the head, neck, body and limbs move in an aligned manner. The fi fth person carefully 
suctions the oral cavity and avoids inducing further gagging or vomiting.  26   Consid-
eration may need to be given to administration of a suitable antiemetic and gastric 
decompression (where trained to do so). 

 The use of an extrication device such as the KED may help to alleviate some of 
these problems by allowing the patient to be managed in a position other than supine.  
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  Increased  i ntracranial  p ressure 
 Correctly fi tted cervical collars cause an increase in intracranial pressure,  27 – 31   most 
likely because they reduce venous return from the head. Evidence suggests that in 
patients with head injury, loosening of the cervical collar once the patient is securely 
on the board may prevent compromise of venous return and exacerbation of raised 
intracranial pressure.  32    

  Restricted  r espiration 
 Studies have shown clinically signifi cant effects on respiration using both the long 
board and the vacuum mattress.  33   This is signifi cant because restricted chest expan-
sion can result in low tidal volumes and exacerbate the physiological effects of the 
supine position on respiratory function.  34   The supine position leads to a reduced 
functional residual capacity and means that fewer alveoli are available for external 
respiration. Given that trauma leads to an increased metabolic rate and oxygen 
demand, it is likely that high - concentration supplemental oxygen will be needed to 
help meet the patient ’ s oxygen requirements. These physiological effects are of 
particular concern where patients have associated thoracic injuries that further 
compromise respiratory function; it is possible that these patients will require 
ventilator support.  

  Dysphagia 
 Dysphagia (diffi culty swallowing) has been linked to the application of a semi - rigid 
cervical collar but this problem has been noted specifi cally in patients with unusual 
neck anatomy following neurosurgical procedures.  35   It is unclear whether this may 
also be a problem in prehospital emergency immobilisation but it is worth bearing 
in mind given the potential airway obstruction that may occur as a result of 
dysphagia.  

  Skin  u lceration 
 Cutaneous pressure ulceration is of signifi cant concern for the spinally injured 
patient and every effort should be made to minimise the amount of time a patient 
spends on high - pressure surfaces such as the long board and scoop. The duration 
of contact and high interface pressure are predictors of cutaneous pressure ulcer-
ation in the trauma patient.  36   Ischaemia occurs when the pressure between the 
immobilisation device and the skin exceeds or approaches capillary pressure. At 
32   mmHg of pressure, capillary blood fl ow becomes compromised causing hypoxia, 
necrosis and ulceration.  37   The intensity of pressure is proportional to the time nec-
essary to cause tissue damage so that the higher the pressure, the shorter the 
contact time required to cause irreversible tissue damage. It is suggested that a 
sustained interface pressure of 35   mmHg for 2 hours and 60   mmHg for 1 hour is 
suffi cient to cause irreversible tissue damage.  37   Studies on healthy subjects have 
recorded interface pressures of 233.5   mmHg and 82.9   mmHg at the sacrum and 
thorax on a rigid spine board.  34,38    
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  Pain 
 Spinal immobilisation devices can induce pain, even in those with no injuries. Various 
studies have shown that healthy volunteers immobilised with rigid neck collars and 
long boards complain of pain and discomfort after approximately 30 minutes.  39,34,40   
The pain is most often located at the heels, sacrum, thoracic spine, elbows, occipital 
region and chin where the interface pressures are at their highest.  2,34,40   It has been 
suggested that after 30 minutes it becomes diffi cult to differentiate the pain gener-
ated by the immobilisation devices from the pain caused by the initial trauma.  34,40   
This will make it more diffi cult to assess the patient ’ s condition and may also lead 
to unnecessary clinical imaging where physicians believe the pain is related to the 
initial trauma.  34,40   

     How might you deal with the pain that 
can be created by immobilising the 
patient? 

       Indications for  s pinal  i mmobilisation 
  Penetrating  t rauma 

 Until recently there has been no discrimination between blunt and penetrating 
trauma when considering the need for spinal immobilisation. Most books and jour-
nals have recommended that all patients with such injuries should be immobilised, 
or merely state that such is the practice in their emergency department and pre-
hospital trauma care.  41   However, a semi - rigid collar applied over a penetrating injury, 
such as high velocity bullets or projectiles, may conceal fi ndings such as continuous 
oozing, subcutaneous emphysema and especially expanding haematoma.  41   

 The recommendations from a study carried out in Israel suggest the following:  41  

    •      In penetrating injury to the neck without a clear neurological defi cit, there is no 
place for using a collar or any other device for neck stabilisation.  

   •      Neck stabilisation devices may be used when there is overt neurological defi cit 
or the diagnosis cannot be made (i.e. unconscious victim). However, in this case 
it is obligatory to expose the neck by removing the anterior portion of the device 
every few minutes, at least in the initial phase of treatment.  
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   •      Neck stabilisation devices may be used for the unusual occurrence of a penetrat-
ing injury which is combined with blunt trauma. The stabilisation is then for the 
blunt mechanism only and not for the penetrating one.    

 JRCALC state that those with isolated penetrating injuries to limbs or the head do 
not require immobilisation. Those with truncal or neck trauma should be immobilised 
if the trajectory of the penetrating wound could pass near or through the spinal 
column.  4    

  Blunt  t rauma 
 In blunt trauma, manual immobilisation should be commenced at the earliest time 
for any patient where the mechanism of injury suggests the possibility of SCI. The 
immobilisation can be released once the practitioner has ascertained that  ALL  of 
the following criteria are present:  4  

    •      No alteration in consciousness or mental state and patient is able to fully co -
 operate with examination  

   •      No evidence of intoxication  
   •      No complaint of spinal pain  
   •      No vertebral tenderness  
   •      No neurological defi cit or complaint  
   •      No signifi cant distracting injury.    

     How will you differentiate between a 
distracting injury and a non - distracting 
injury? This is important if you are to use 
the guidelines to good effect. 

    Note: Spinal pain does not include tenderness isolated to the muscles of the side of 
the neck.   
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  Cervical collars  

  1.     Do not immobilise the head and neck on their own.  
  2.     Must be sized correctly as per manufacturer guidelines.  
  3.     Should be correctly fi tted to ensure optimum support 

without obstructing venous return.  
  4.     Should be applied only when the patient ’ s head and neck 

have been brought into neutral alignment.  
  5.     Should not hinder the ability of the patient to open their 

mouth or the practitioner to open the patient ’ s mouth.  
  6.     Should not hinder the patient ’ s respiration.    
    

  Equipment and  p rocedures 
     •      Cervical (semi - rigid) collars  
   •      Extrication devices  
   •      Long board and straps  
   •      Vacuum mattress.    

  Cervical  c ollars 
 There are numerous semi - rigid collars on the market and each has its own specifi c 
requirements. It is not possible to give guidance on all individual cervical collars so 
the practitioner should ensure that they are familiar with the techniques specifi c to 
the device being used. 

 A cervical spine collar needs to sit on the chest, posterior thoracic spine and 
clavicle, and trapezius muscle to be effective.  42   The head is immobilised by the collar 
beneath the mandible and at the occiput. The spine is not fully immobilised by a 
collar but its application aids in reducing head movement. The sizing of the collar is 
also of great importance; if the collar is too small it won ’ t restrict the fl exion motion 
of the neck, if too long it may cause hyperextension or allow for greater motion if 
the chin slips inside the front piece of the collar. In addition to sizing, it is also 
important to ensure that the collar is fastened correctly  –  too loose and it will not 
restrict motion of the head and neck, too tight and it may compromise the veins of 
the neck leading to a rise in ICP. 

 The collar should be applied only when the patient ’ s head has been brought into 
neutral alignment. If the head cannot be brought into neutral alignment it will be 
very diffi cult and possibly dangerous to apply a semi - rigid collar. In those instances, 
improvisation with blankets or towels may be required. 

 Key Points 
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    Figure 17.1     Ferno Kendrick Extrication Device ®  (KED).  

      Extrication  d evices 
 For the purposes of this section, the Ferno Kendrick Extrication Device ®  (KED) 
(Figure  17.1 ) will be discussed. Other extrication devices are available but tend to 
follow similar principles to the KED; the practitioner needs to be aware of any dif-
ferences between the KED and the device that they use. The KED is used when spinal 
immobilisation is indicated for a sitting patient with non - time critical injuries.   

 The KED is constructed from vertically aligned slats which provide the rigidity 
required to help minimise the risk of further injury during extrication. It has wrap -
 around head and chest fl aps to allow for immobilisation of the cervical, thoracic and 
part of the lumbar regions to help prevent rotation or angulation of the spine. The 
device is secured by means of a colour coded sequence of straps and the patient ’ s 
head is held in place by adjustable head and chin straps. An adjustable neck pad is 
provided to help fi ll the gaps caused by the natural curvature of the spine. The chest 
fl aps fold back to allow the KED to be used with heart monitoring equipment, preg-
nant patients and younger adolescents.  

   Procedure     Additional information/
rationale  

  1. Discuss the procedure and gain consent from the patient 
(where appropriate).  

  Consent is a legal 
requirement. Explanation of 
the procedure helps to gain 
cooperation from the patient.  

  2. Practitioner One should be positioned behind the patient 
to hold the head (where possible).  

  This stabilises the head and 
neck.  
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   Procedure     Additional information/
rationale  

  3. Practitioner Two checks neurological and vascular 
response of all extremities and then measures and applies 
the cervical collar.  

  Assesses neurological 
status prior to movement 
and as a baseline for further 
observations. The collar helps 
to restrict movement of the 
head and neck.  

  4. The KED is slid into position behind the patient and 
wrapped around. The side fl aps should be touching the 
patient ’ s armpits.  

    

  5. The torso straps should be positioned and fastened in the 
following order: 

  (i)     Middle chest strap  
  (ii)     Lower chest strap.     

    

  6. The upper chest strap is optional at this time but should 
not be secured too tightly if used. It should be fastened just 
before the patient is moved.  

  If over - tightened, the top 
chest strap can impede 
respiration.  

  7. The groin straps should be positioned and fastened 
taking care not to trap the patient ’ s genitalia. This can be 
achieved by working the strap in a backwards - and - forwards 
motion under the patient ’ s thigh and buttock until it sits 
comfortably in the intergluteal fold. Once in place, the 
straps are tightened.  

    

  8. It may be necessary to reappraise the torso straps and 
adjust as necessary.  

    

  9. Use the padding behind the patient ’ s head to maintain 
neutral alignment. Position the head fl aps and, using the 
head straps, secure the patient ’ s head.  

  Care needs to be taken when 
placing the head fl aps as the 
practitioner holding the head 
will need to change their 
hand positions to facilitate 
this.  

  10. Recheck all straps before moving and ensure that the 
top chest strap has been connected.  

  Ensures security.  

  11. If possible, the ambulance cot should be placed close to 
the patient with either a long board or vacuum mattress 
placed upon it.  

  Minimises lifting and 
handling.  

  12. The best option is to place the long board beneath the 
patient ’ s buttocks with the foot end securely placed on the 
patient ’ s seat (i.e. car seat), and the head end on the 
ambulance cot. If this cannot be achieved, the patient may 
need to be lifted into position.  
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  Extrication devices  

  1.     Extrication devices are useful for immobilising a patient from a sitting position.  
  2.     These devices do not fully immobilise the spine 

so full immobilisation using a long board or other suitable 
device is recommended.  

  3.     They should NOT be used in time - critical patients.  
  4.     Strapping should be attached and adjusted in 

the correct order according to the 
manufacturer.    

    

K ey Points 

   Procedure     Additional information/
rationale  

  13. Rotate the patient so that their back is towards the long 
board. The legs will need to be lifted as the patient is 
extricated.  

    

  14. Once square to the board, the patient can be lowered to 
the board whilst keeping the legs elevated. The two groin 
straps need to be released at this point and the patient ’ s 
legs can be lowered.  

    

  15. The patient should be positioned appropriately on the 
board and secured for transportation.  

    

  16. The practitioner should consider releasing the top chest 
strap at this point.  

  To assist with respiration  

      Long  b oard 
 The long board is made of either wood or plastic and is designed to be used to 
provide rigid support whilst moving a patient with suspected spinal, hip, pelvic or 
lower extremity injuries. Despite the limitations discussed earlier, long boards are 
useful for extrication from vehicles, full body immobilisation where SCI is a possibil-
ity or for victims of multiple trauma, an emergency stretcher during cardiopulmo-
nary resuscitation or multiple casualty incidents, or for water rescue. 

 The board should be supplied with a complete head immobiliser and four body 
straps; it should never be used without the head immobiliser and at least three body 
straps.  43   Any void between the sides of the patient and the sides of the long board 
need to be fi lled with padding to help prevent lateral movement of the body on the 
board.  42   Securing of the patient can be accomplished in a number of different ways; 
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the techniques may need to be adapted depending on any other injuries that may 
have been sustained. The overriding aim is to prevent movement in any direction 
but care needs to be exercised to ensure that strapping does not impair the patient ’ s 
ability to breathe. It will be necessary to immobilise both the upper torso (shoulders 
and chest) and lower torso (around the pelvis) to achieve effective immobilisation. 

 The Prehospital Trauma Life Support Manual suggests two alternatives for 
thoracic strapping.  42   

 Either: 

   •      Two straps (one going from each side of the board over the shoulder, then across 
the upper chest and through the opposite armpit to lock into place on the armpit 
side) produce an X, which stops lateral movement and upward movement of the 
torso.    

 Or: 

   •      Fasten one strap to the board by the armpit, pass it under the armpit, over the 
upper chest and then under the opposite armpit, to fasten to the board on the 
second side of the board. A second strap is then attached to each side of 
the board and passed over the shoulders to fasten it to the armpit strap.    

 The lower torso should be secured by passing a single strap across the iliac crests 
and tightening them.  42   

 If the patient needs to be upended it is useful to use a fi gure of 8 around the feet 
and ankles to prevent the patient from sliding down the board. 

 When strapping the patient, care needs to be taken not to exacerbate any other 
injuries such as pelvic or clavicular fractures. 

 If a patient is not trapped and is supine on the fl oor they should not be log - rolled 
onto the long board; instead they should be lifted using the orthopaedic scoop 
stretcher and either placed onto the long board or immobilised on the scoop 
stretcher. When using the long board as an extrication device it is important to slide 
the patient up the board rather than lifting them. This minimises the movement in 
all areas of the spinal column and reduces the risk of exacerbating an SCI. 

  Use of the  l ong  b oard for  w omen in  l ate  p regnancy 

 The use of the supine position for a woman in the late stages of pregnancy can 
seriously compromise maternal cardiac output.  44   This is caused by the gravid 
uterus completely occluding the inferior vena cava  45   and laterally displacing the 
subrenal aorta.  46   It is necessary to either manually displace the uterus or to tilt 
the long board to the left. It is suggested that a 30 o  tilt is required to displace 
the uterus  4   although the full left lateral position has been shown to produce the 
best cardiac output in late pregnancy.  47   There are inherent diffi culties in achieving 
this tilt in a spinally injured patient as there is a tendency for the patient to slip 
laterally on the board so causing spinal bending. This can best be managed by 
fi lling the voids between the sides of the patient and sides of the board but it is 
likely that some movement will still occur. It is unlikely that a 30 o  tilt will be 
accurately measured by the paramedic in the fi eld, so constant observations of 
cardiac adequacy will be required and adjustments made as necessary. A better 
option may be to use a vacuum mattress loaded onto a long board and then tilted 
the requisite angle.  
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   Procedure     Additional information/rationale  

  1. Explain procedure and gain consent from patient 
(where appropriate).  

  Consent is a legal requirement. 
Explanation of the procedure helps to 
gain cooperation from the patient.  

  2. Apply any appropriate cervical collar or 
extrication device.  

  Provides additional head and neck 
support until the patient is fully 
immobilised on long board.  

  3. Prepare the board. Head pad should be in place 
and straps connected to their respective clip pins 
but the buckles should be unfastened.  

    

  4. Use appropriate technique to place patient on 
long board. The patient should be located centrally 
on the board with the head on the head pad to 
maintain neutral alignment.  

  Sliding techniques should be used 
rather than lifting when extricating a 
patient. If lifting an untrapped patient 
from supine, the orthopaedic scoop 
should be used.  

  5. Use blanket rolls to fi ll the voids between the 
sides of the patient and the sides of the board.  

  Reduces lateral movement of the 
patient ’ s body on the board.  

  6. Apply body straps in the following order: 
  (i)     Chest  
  (ii)     Pelvis  
  (iii)     Thighs  
  (iv)     Ankles  
  (v)     Head immobiliser and straps.     

  Immobilises area of greatest mass 
fi rst. 
 Consider fi gure of 8 around the feet 
and ankles to prevent downward 
movement.  

  7. Lift patient onto a suitable ambulance cot using 
the side lifting handles of the long board.  

  An end - to - end lift should not be 
performed as the board may be 
fl exible, which will cause curvature of 
the spine.  

  8. Loosen the cervical collar.    Helps to prevent compromise of 
venous circulation and reduces risk of 
increasing ICP.  

  9. Document the time the patient was placed on 
the board.  
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  Long board  

  1.     The long board is designed to be used to provide rigid support whilst moving 
a patient with suspected spinal, hip, pelvic or lower extremity injuries.  

  2.     The board should be supplied with a complete head immobiliser and four body 
straps.  

  3.     It should never be used without the head immobiliser and at least three body 
straps.  

  4.     Log rolling should NOT be used for any patient who is untrapped and lying 
supine on the fl oor.  

  5.     Log rolling should not be used for patients with possible pelvic fractures as it 
may dislodge clots and worsen bleeding.  

  6.     Women in late pregnancy should not lie supine 
on the board in order to prevent aortocaval 
compression.  

  7.     The time the patient is on the board should be kept 
to a minimum and application time should be 
recorded on the patient report form.    

    

 Key Points 

       Vacuum  m attress 
 The vacuum mattress is a lightweight but tough device used to provide rigid support 
whilst moving a patient with suspected spinal, hip, pelvic or lower extremity injuries. 
The device is fi lled with high density beads that conform to the patient when air is 
removed by means of a pump. This serves to cocoon the patient and reduce move-
ment during transportation. It has advantages over the long board: 

   •      Good insulation from the surroundings.  
   •      It can be used in whatever position is appropriate for the patient, for example, 

it can be used for patients in a semi - reclined position.  
   •      It provides comparable spinal immobilisation to the long board with increased 

comfort.  48    
   •      The patient is likely to be more secure if a lateral tilt is required.    

 The main disadvantages of the vacuum mattress are that it doesn ’ t lend itself well 
to extrication and there is the risk of failure due to puncture and a leak of air back 
into the mattress once the patient has been secured. Typically, transferring a patient 
onto a vacuum mattress will require the use of an intermediate - stage immobilisation 
device such as a KED, and a device for lifting the patient. 

 The exact method required for immobilising a patient on a vacuum mattress will 
vary upon the device being used and the strapping system employed. The following 
guidelines are generic and the manufacturer ’ s own instructions or employer guide-
lines should be followed where differences exist.  
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   Procedure     Additional information/
rationale  

  1. Explain procedure and gain consent from patient (where 
appropriate).  

  Consent is a legal require-
ment. Explanation of the 
procedure helps to gain 
cooperation from the patient.  

  2. Apply any appropriate cervical collar or extrication 
device.  

  Provides additional head and 
neck support until the 
patient is fully immobilised 
on long board.  

  3. Prepare the mattress. Smooth out the beads in the 
mattress and undo the straps and lay by the side.  

    

  4. Using appropriate technique, place the patient on the 
vacuum mattress (an orthopaedic scoop stretcher may be 
used to achieve this). There is often an appropriate point for 
location of the patient ’ s shoulders on the mattress; the 
practitioner should ensure that the patient is correctly 
aligned with this point.  

    

  5. Conform the vacuum mattress around the contour of the 
patient, starting at the head  

    

  6. Apply body straps in the following order: 
  (i)     Chest  
  (ii)     Pelvis  
  (iii)     Thighs  
  (iv)     Ankles.     

    

  7. Evacuate air from the vacuum mattress until it becomes 
rigid; ensure that the mattress remains rigid.  

    

  8. Disconnect the vacuum pump and ensure that the valve 
is closed or secured.  

    

  9. Reassess and adjusts the straps around the chest, hips, 
and legs.  

    

  10. Stabilise the head in a neutral position and secure to the 
vacuum mattress LAST.  

    

  11. Reassess patient ’ s baseline observations.    Helps to prevent compromise 
of venous circulation and 
reduces risk of increasing 
ICP.  

  12. Lift patient onto a suitable ambulance cot using the side 
lifting handles of the vacuum mattress.  
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   Procedure     Additional information/
rationale  

  13. Loosen the cervical collar.      

  14. Document the time the patient was placed on the device.      

  Vacuum mattress  

  1.     The vacuum mattress provides comparable immobilisa-
tion to the long board but with greater comfort 
 It is not suitable to be used as an extrication device.  

  2.     Although it is more comfortable than a rigid board, 
it still produces high interface pressures and the 
time the patient spends immobilised on the device 
should be kept to a minimum.    

 Key Points 

      Summary 
 Spinal immobilisation is a necessary part of the management of many trauma 
patients but it is not without its complications. The practitioner needs to be aware 
of the problems associated with spinal immobilisation and ensure that only those 
patients with an indication for immobilisation are immobilised. 

 Each of the spinal immobilisation devices has advantages and disadvantages; the 
practitioner needs to be cognisant of this and use the most appropriate equipment 
available for the circumstances.  

 There are numerous potential complications associated with spinal immobilization 

 Knowledge of the benefi ts and limitations of immobilisation equipment is 
essential 

 Manual immobilisation should be commenced at the earliest 
time for any patient where the mechanism of injury suggests 
the possibility of SCI 

 Immobilisation can only be released once the practitioner has 
ascertained that  ALL  criteria from the selective 
immobilisation algorithm have been satisfi ed 

      

 Chapter Key Points 
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      The assessment and management of wounds and burns is an important area 
of prehospital care and fi rst aid. Many of the principles that underlie the tech-
niques discussed are based upon many years of fi rst aid intervention, as such 
little evidence surrounds the area. Where appropriate and available, evidence 
will be provided to support or dispute intervention or management options. 
Where no evidence is available guidance will provided based upon perceived 
best practice. 

 The circulatory system is a closed network of vessels including arteries, veins 
and capillaries that carry blood to all parts of the body.  1   If this network suffers 
any damage or break in its ’  continuity then haemorrhage occurs, this can be 
either internal (occult) or external bleeding. If this bleeding is not controlled 
either by the body ’ s own physiological processes or by external infl uence (i.e. 
fi rst aid measures or surgery) then hypovolaemic shock and ultimately death 
can occur.  

  Defi nitions 
 A wound is defi ned as a break in an organ or tissue caused by an external agent; 
this can be divided into seven broad categories  2   that will be discussed later. 

  Sources of  b leeding 
  Internal  b leeding 

 Normally concealed within the body, internal bleeding can be diffi cult to detect 
and may only be suspected due to mechanism of injury and the presence of signs 
of shock in the absence of external haemorrhage. There are no fi rst aid or wound 
management techniques that can be used to control such bleeding; therefore 
defi nitive care is required at a suitable receiving hospital.  

  External  b leeding 

 External bleeding is bleeding that is exhibited on the outside of the body and should 
be rapidly detected during the primary or secondary surveys. The seriousness and 
severity of an injury is dependent upon the source of the haemorrhage (arterial, 
venous, capillary), the degree of vascular disruption and the amount of bleeding that 
the patient can compensate for. In most cases of bleeding the practitioner should 
be able to stem the fl ow of blood loss.  

  Arterial  b leeding 

 Arteries are the thick walled blood vessels that carry blood away from the heart. 
This blood is typically oxygen rich (aside from the pulmonary arteries).  1   Blood within 
these vessels is under the highest pressure of the vascular circuit and therefore 
damage to arteries results in potential high volumes of blood loss. Arterial bleeding 
is characterised by bright red spurting of blood with each heart beat (oxygenated 
blood is brighter than deoxygenated blood). Due to the high pressure blood volume 
losses can be great unless controlled urgently.  
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  Venous  b leeding 

 Veins are blood vessels that carry blood back to the heart; typically this is deoxygen-
ated blood (aside from the pulmonary veins). The blood within the veins is described 
as dark red/blue in colour as oxygen has been removed. The venous system is a 
lower pressure circuit than that of the arterial. There is a loss of pulsatile movement 
of blood, with blood fl owing more freely. This causes venous bleeding to typically be 
free fl owing rather than spurting, however blood loss from venous injury can be 
severe, especially in the leg and the neck where large wide veins are present.  

  Capillary  b leeding 

 Capillaries are the smallest blood vessels in the body and are found throughout the 
body as they provide a rich circulation supply to most of the tissues of the body.  1   Cap-
illaries generally have exceedingly thin walls which may pass very near to the surface 
of the skin and are easily damaged. As blood volumes are small in individual capillaries 
and under low pressure blood will typically ooze from the wound. Capillary blood may 
be a mix of oxygenated or deoxygenated blood therefore the colour may vary.    

  Classifi cation of  w ounds 
 Wounds are classifi ed by mechanism and physiological disturbance. Whilst differing 
classifi cations are used they commonly fi t into seven broad categories (excluding 
burns  –  discussed later in this chapter). It is important that the practitioner can 
describe a wound for documentation and referral purposes, especially in today ’ s 
increasingly litigious society. 

  Incised  w ound 
 An injury to the skin that may be superfi cial or deep. Incisions are caused by sharp 
objects such as a knife or broken glass. Incisions are typically clean wounds (unless 
the object is dirty), with neat edges.  

  Lacerations 
 Lacerations are a tearing or splitting of the skin caused by blunt trauma. Commonly 
lacerations are caused by either direct or indirect blow to the skin by a heavy or 
fi xed object such as furniture or the fl oor.  

  Puncture/penetrating  w ounds 
 These wounds have a small opening where the object has penetrated the skin 
causing potential underlying damage. It can be very diffi cult to assess these wounds 
as the damage may not be indicated by the entry wound. Careful assessment of the 
wound is required in a controlled environment by a competent and experienced 
practitioner; this is usually undertaken in an operating theatre or Emergency Depart-
ment. The investigation of depth and underlying damage is not recommended in the 
prehospital environment. A concise history is paramount in providing a level of 
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suspicion of underlying injury. Common causes of these wounds range from stab 
wounds to standing on a nail.  

  Abrasion 
 An abrasion (often referred to as a graze) is a superfi cial removal of the skin by 
rubbing or friction. This can be painful due to the exposed nerve endings and may 
have embedded dirt in the skin. These wounds may range from carpet burns from a 
fall to severe  ‘ gravel rash ’  following a fall from a moving motorcycle.  

  Crush Injury 
 These are caused by severe crushing pressures causing the skin to split. Crush 
wounds are often associated with underlying injury to bone or organs due to the 
forces involved.  

  Bite  w ounds 
 These wounds are naturally caused by the teeth which may be human or animal. 
Bite wounds are often ragged edged and involve bruising from the crushing forces 
involved. Bite wounds are associated with a high risk of infection due to the natural 
bacteria in the mouth of the human or animal.  

  Contusions 
 Also referred to as bruising, a contusion is bleeding from damaged blood vessels 
beneath the skin that result in a bluish/purple discoloration beneath the skin. These 
are typically caused by blunt trauma, although contusions may form around the site 
of other wounds.  

  Other  w ounds 
 These include amputation which is the complete detachment of a part of the body 
that may be cut or torn away. This may result in signifi cant bleeding due to the 
damage to arteries, veins and bone. If tissue still connects the amputated body part 
then it is termed as partial amputation. Avulsion injuries are a fl ap of skin and under-
lying tissue that is partially torn or cut away, one such injury is the tearing away of 
the scalp in blunt head trauma.   

  Wound  h ealing 
 Wound healing is a dynamic process involving physiological processes in a series of 
stages whereby damaged or destroyed tissues are restored to normal function.  3   

  Phases of  w ound  h ealing 
 Wound healing is a complex process that occur s in a predictable order. The pro-
cesses of wound healing are generally described in four stages  4  : 
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   •      Haemostasis  
   •      Infl ammatory stage  
   •      Proliferation or reconstructive stage  
   •      Maturation or re - modelling stage.    

 Whilst these stages are not distinct and may overlap, for simplicity they will be dis-
cussed individually, due to the complex nature of wound healing only brief discussion 
will be provided, further reading suggestions are provided at the end of this chapter 
that will provide more information. 

  Haemostasis 

 This occurs within seconds and minutes of injury. Blood vessels constrict to reduce 
blood loss. When platelets come into contact with collagen from damaged blood 
vessels chemical mediators are released that promote coagulation.  4   Platelets adhere 
to vessel walls and damaged edges where they are stabilised by fi brin threads to 
form a clot.  

  Infl ammatory  s tage 

 Neutrophils, monocytes and keratinocytes (white blood cells) migrate to the damaged 
area over the fi rst 2 – 3 days following injury. Histamine release causes vasodilatation 
and increased permeability of capillary walls to cause leucocytes, antibodies, proteins 
and electrolytes to exude into the surrounding tissues. This causes the wound to be 
red, swollen and hot.  4   White blood cells (neutrophils and macrophages) begin the 
process of repair by destroying and ingesting bacteria and devitalised tissue. This 
increases the oxygen demand in the tissues through the increase in cellular activity; 
therefore hypoxic wounds are more susceptible to infection and poor healing.  

  Proliferation or  r econstructive  s tage 

 This stage lasts from about 3 – 24 days. As macrophages accumulate at the site of 
injury chemical mediators are released that attract fi broblasts to the site. Fibroblasts 
produce proteins such as collagen and elastin that leads to the formation of new 
connective tissue that increases the strength of the wound.  5   New blood vessel for-
mation is also stimulated and will begin to grow in the matrix of connective tissue. 
The new tissue at the site of injury is referred to as granulation tissue; this is gener-
ally pink/red in appearance and is very fragile. Wound contraction also occurs, with 
specialised fi broblasts pulling the wound edges together to reduce the surface area 
of the wound. During this time re - epithelialisation occurs as epithelial tissue migrates 
across the surface of the wound to eventually cover the wound.  

  Maturation or  r e -  m odelling  s tage 

 This stage commences at about 21 days after the injury and may continue for 
over a year. There is a gradual reduction in the vascularity of the wound and 
collagen fi bres are re - modelled to a more organised structure that strengthens 
the wound. During this time stronger avascular tissue may replace the highly 
vascular granulation tissue, this may lead to scarring.  4     
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  Complications in  w ound  h ealing 
 There are a variety of complications that can affect wound healing; this section will 
briefl y discuss some of the key issues that may affect wound healing. 

  Factors  t hat  a ffect  w ound  h ealing 

 Table 18.1     Factors that affect wound healing. From Timmons (2003)   6    and 
Dougherty and Lister (2006)   4    

   Factor     Complication(s)  

  Nutrition    There is a clear correlation between sub clinical nutrition and poor 
wound healing. The process of wound healing requires a number of 
nutritional factors to be present to meet demand. For example fats 
and proteins are required and cannot always be synthesised by the 
body.  

  Diabetes    Diabetes mellitus is linked to a number of issues that can infl uence 
wound healing, for example reduction in vascular supply to wound 
sites and a pre - disposition to infection in raised blood glucose 
levels. These can lead to poor or delayed wound healing.  

  Renal disease    Renal disease comprises of a variety of key pathophysiological 
changes that may affect wound healing. For example fl uid and 
electrolyte imbalance may result in reduced cellular effi ciency and 
subsequent healing processes. Also the presence of anaemia due to 
decreased erythropoietin production may lead to reduced oxygen 
supply to the wound site.  

  Steroid use and other 
medications  

  Steroids have been linked to poor wound healing by inhibition of 
collagen synthesis and a reduction in the tensile strength of 
collagen. Other drugs noted to delay wound healing include alcohol, 
penicillin, nicotine and non - steroidal anti - infl ammatory drugs.  

  Other factors    Complications include; foreign body in the wound, infection, obesity, 
stress, location of the wound (e.g. highly mobile areas).  

  Age    The aging process presents a number of factors that may infl uence 
wound healing. These include reduced cardiovascular functioning 
resulting in poor tissue perfusion; poor nutritional status; reduced 
glucose tolerance and potential decrease in hygiene standards and 
self - care.  

         Principles of  w ound  m anagement 
 Whilst wounds may present in a variety of forms as previously discussed the prin-
ciples of wound management can be generalised to deal with each situation with 
little adaptation. 
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  Control of  b leeding ( n o  f oreign  b ody) 

   Procedure     Rationale  

  1. Ensure the area is safe.    This is a key objective in any primary survey.  

  2. Protect yourself and the patient with 
appropriate infection control measures 
such as gloves, eye wear and apron.  

  To reduce the risk of cross infection and blood 
borne virus exposure.  

  3. Reassure the patient.    An anxious patient is more diffi cult to manage 
and anxiety will increase cardiac output and 
potentially bleeding.  

  4. Elevate and support the wounded 
part above the height of the heart.  

  This will allow for postural reduction in blood 
fl ow to the injured part, thus reducing potential 
blood loss.  

  5. Expose the wound to identify the 
wound type and site.  

  This will aid describing of the wound and 
identifi cation of any debris in the wound. 
 If there is a foreign body within the wound 
 –  refer to later in this chapter.  

  6. Apply direct pressure to the wound.    Direct pressure to a wound site will reduce blood 
fl ow/loss and encourage coagulation.  

  7. Apply a sterile or clean dressing pad 
and bandage over the wound; this 
should be tight enough to stem the fl ow 
of the bleeding but not tight enough to 
restrict circulation distal to the injury.  

  If circulation is disrupted beyond the site of 
bandaging there is a risk of tissue necrosis.  

  8. Check the distal circulation (pulses or 
capillary refi ll time).  

  To ensure distal blood fl ow.  

  9. If the bleeding is not controlled by 
the fi rst dressing apply a further 
dressing over the top.  

  This will add further pressure to the wound.  

     10.     If the initial dressings do not stem 
the bleeding:  

   •      Maintain elevation and pressure 
upon the wound and remove the 
dressings  
   •      Re - position the dressings to apply 
the best pressure possible  
   •      Re - check distal circulation.     

  The re - positioning of the dressings may apply 
pressure more directly over the wound. After 
any intervention the effect of the treatment 
should be checked to ensure effi cacy and 
detriment to the patient.  

  11. If the bleeding is severe and not 
controlled by these initial methods then 
consider indirect pressure.  

  See later in chapter.  
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  Control of  b leeding ( f oreign  b ody  p resent) 
 In the presence of a retained foreign body in a wound, it is important that the object 
is not removed from the wound as this may cause further tissue damage, dislodge 
blood clots or unseal blood vessels causing an increase of bleeding. The following 
principles apply to the management of bleeding with a retained foreign body: 

   •      Do not remove the object, unless small and sitting on top of the wound as 
opposed as embedded in the wound. If debris is sitting upon the wound it may 
be brushed away gently using a sterile pad.  

   •      Do not apply pressure upon the object as this may cause further damage.  
   •      Pressure should be applied to the sides of the wound, holding the wound together.  
   •      Pad around the object to apply pressure to the sides of the wound and to ensure 

the object is not dislodged. When padded a bandage can be applied over the top 
to secure the padding.  

   •      Consider primary principles of wound management, such as elevation.  
   •      In the event of failure to stem bleeding then indirect pressure may be required.    

     You are called to a patient who is 
impaled on a fence post. How will you 
deal with a wound and such a large 
embedded object? How will this change 
your management and transportation? 

      Indirect  p ressure 
 If bleeding is not controlled by initial fi rst aid measures then application of indirect 
pressure should be considered. This requires pressure to be placed upon the artery 
that supplies the area of bleeding. Applying pressure will reduce blood fl ow to the 
area and subsequent blood loss during which time more substantial or defi nitive 
bandaging can be applied. 

 Common sites for indirect pressure include: 

   •      The brachial artery for arm wounds  
   •      The femoral artery for leg wounds  
   •      The temporal artery for scalp wounds.    

 The carotid artery should not be compressed when dealing with head or scalp 
wounds.   
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  The  u se of  t ourniquets and  h aemostatic  d ressings 
 In the presence of severe haemorrhage that is uncontrolled by direct and indirect 
pressure (for example amputation) there are few options available for wound control; 
in such occasions it is suggested that a tourniquet could be used. The tourniquet 
was initially used by battlefi eld surgeons in ancient Rome to control bleeding during 
amputations; subsequently the use of the tourniquet has undergone fl uctuations in 
popularity with a recent resurgence in military settings.  7   Arterial tourniquets work 
by compressing muscle and other tissues surrounding extremity arteries, therefore 
compressing the lumen of the artery and reducing distal blood fl ow.  7   The tension 
required to achieve this is dependent upon the size of the extremity  8   and the width 
of the tourniquet.  9   Wider tourniquets are more effective at stopping arterial fl ow at 
a given tension than a narrow tourniquet due to an increased area of vasculature 
being compressed.  9   

  Complications of  t ourniquet  u se 
 There are a variety of potential complications associated with the application of a 
tourniquet. The time a tourniquet is applied for has often been a concern over its ’  
use, even application for a matter of minutes leads to changes in muscle and nerve 
physiology. In an early study by Heppenstall  et al . (1979)  10   found that after 1 hour 
there was no evidence of muscle damage, however at 2 hours of ischaemia elevated 
levels of lactic acid and creatinine phosphokinase were found (these are linked to 
skeletal muscle damage or injury). Surgical guidelines and studies support no more 
than 60 – 90 minutes of use, with a suggested upper limit of 2 hours.  11   However these 
studies are not prehospital based, so there is little guidance upon a safe duration of 
application. 

 There has been documented evidence of post - tourniquet complications known 
as post - tourniquet syndrome (weakness/parasthesia/pallor/stiffness) in the distal 
limb. This has been related to the damage caused to muscle, nerves and blood 
vessels during tourniquet use of over 1.5 hours in surgical intervention. This syn-
drome appears common but the effects are limited to approximately 3 weeks.  12   
There are further concerns over issues such as worsened venous bleeding with an 
incorrectly applied tourniquet that allows for arterial fl ow to continue but venous 
return to be stemmed.  7   Compartment syndrome is a further complication that may 
occur with prolonged use, however little evidence surrounds this area and it is 
suggested the it may be the injury itself, not the tourniquet, which causes the 
presence of compartment syndrome.  13   Whilst there are numerous concerns and 
potential complications of tourniquet use the evidence surrounding these issues is 
unclear.  14,15    

  Can  t hey  b e  u sed  s afely? 
 Recent military experience supports the safety of short - term tourniquet use in pre-
hospital care  16,17,18   with a small - scale study fi nding limb salvage with arterial injury in 
11 of 14 patients despite tourniquet times averaging 2 hours.  19    
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  Indications for  u se 
 Whilst little evidence surrounds the use of tourniquets in the civilian setting, sys-
tematic reviews of haemorrhage control suggest that there may well be a role in a 
stepwise approach  7,20   as shown below. Whilst it is recognised that there limitations 
and complications associated with the use of a tourniquet, the ability to stem severe 
bleeding in the event of all other methods failing or in the presence of multiple 
casualties with other priorities of care, evidence suggests that tourniquet use may 
be appropriate (Figure  18.1 ).  7,20     

 Doyle  et al.  (2008)  7   and Lee  et al.  (2007)  20   propose indications for tourniquet use 
in the prehospital care setting that allows for the technique to be used when the 
benefi ts will outweigh the complications, these can be seen below: 

   •      Failure to stop bleeding using pressure dressings.  
   •      Injury does not allow for the use of pressure dressings.  
   •      Signifi cant extremity bleeding in the face of any of the following:  
   •      Need for airway management  
   •      Need for breathing support  
   •      Circulatory shock  
   •      Need for other emergency interventions or assessment  

    Figure 18.1     A stepwise approach to haemorrhage control.  20    

Direct pressure with dressing ± elevation of the limb

Wound packing

Windlass technique

Indirect pressure using pressure points

Use of a tourniquet

Topical haemostatic dressings may be considered at any stage as per local guidance 
(see later in this chapter)

The windlass technique involves the placing of a dressing over the wound, which is 
secured in place by a broad bandage with a knot. An object is then placed under the knot 
and twisted to apply pressure. When the correct amount of pressure is reached the 
bandage should be secured to ensure that the pressure is not lost.
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   •      Bleeding from multiple sites.  
   •      Impaled foreign body with ongoing extremity bleeding.  
   •      Benefi ts of preventing death from hypovolaemic shock by cessation of ongoing 

external haemorrhage are greater than the risk of limb damage or loss from 
ischaemia caused by tourniquet use.  

   •      Dangerous situations for the caregiver or adverse environmental factors (i.e. 
darkness).  

   •      Mass casualty events whereby priorities of care are inhibited by the number and/
or severity of injuries.    

 Whilst the use of tourniquet application looks set to return it is important that any 
practitioners that use such techniques are adequately prepared and understand the 
underlying concepts of such an intervention. If applied it is imperative that the tour-
niquet is not covered as it may remain unseen for a long period of time and it is 
essential that the time of application is recorded to ensure that prolonged usage is 
avoided.  

  Haemostatic  d ressings 
 Haemostatic dressings are topical agents that use a variety of physiological mecha-
nisms to stem bleeding. The method of action is determined by the nature of each 
product, current haemostatic dressings include: 

   •      Fibrin glues and sealants  
   •      Microporous Polysaccharide Hemosphere ®  (MPH)  
   •      Mineral zeolite  
   •      Poly - N - acetylglucosamine.    

  Fibrin  g lues and  s ealants 

 These contain high concentrations of fi brinogen and thrombin (and sometimes other 
clotting factors) that work by mimicking the latter stages of the clotting process. 
This will produce more rapid clot formation.  21   Multiple animal studies have proven 
that these bandages decrease blood loss and maintain blood pressure signifi cantly 
better than a standard dressing and direct pressure.  22,23    

  Microporous Polysaccharide Hemosphere ®  (MPH) 

 This is a powder that is poured into open wounds and absorbs water and low 
molecular weight products from blood thus allowing clotting factors and platelets to 
become more concentrated (therefore active).  24   Studies suggest that this powder is 
effective in accelerating haemostasis time in human and animal subjects.  25   However 
further studies have questioned the effi cacy in severe haemorrhage with no improve-
ments in mortality in animal subjects.  26    

  Mineral  z eolite 

 These products work by adsorbing water and concentrating clotting factors. This 
encourages and enhances the natural clotting process. In an animal study by Alam 
 et al.   26   this substance was found to signifi cantly reduce mortality in comparison to 



Chapter 18 Assessment and management of wounds and burns

348

no interventions and the use of absorbent pad and elastic bandage, and also had the 
lowest blood loss volume (not statistically signifi cant). There are concerns that the 
temperature rise that occurs from this exothermic reaction may result in burns; 
however this risk appears minimal in terms of potential benefi t from the haemor-
rhage control.  27    

  Poly - N -  a cetylglucosamine 

 These dressings are fabricated from chitosan, a naturally occurring polysaccharide. 
This has a positive electrical charge and attracts negatively charged red blood cells 
that become woven into the bandage to form a seal. In addition this dressing forms 
an antibacterial barrier. Positive results have been found with these products in 
simulated combat wounds and animal studies, with reduced blood loss and improved 
mortality rates.  28   

 You are called to a patient as a solo responder. 
 The patient is unresponsive and has a noisy airway that requires intervention. The 
patient also has a signifi cant arterial bleed from the femoral artery and has lost a 
large amount of his blood volume. What are your priorities for this patient? What 
actions would you take? 

 Scenario 

        Burns  a ssessment 
 In the UK burns patients account for approximately 175,000 emergency department 
attendances and 15,000 hospital admissions each year.  29   As such the care and 
assessment of this large group of patients is of great importance. The following 
guidance for the assessment and management of the burns injured patient is taken 
from current international literature and meta - analytical reviews including The 
National Burn Care Review (2000);  29   Management of Burns and Scalds In Primary 
Care  –  New Zealand Guideline Group (2007)  30   and further research as indicated. 

 This guidance will look at burns specifi c management and will not therefore look 
at the full assessment and management of a patient. 

  Defi nition 
 A burn is defi ned as tissue damage caused by such agents as heat, chemicals, elec-
tricity, sunlight or nuclear radiation.  2    

  Assessment of  b urns 
 There are three key areas for the assessment of a burn, these are the type of burn; 
the size of the burn and burn depth. Whilst the majority of evidence supporting burns 
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assessment is based upon a consensus of expert opinion there are an increasing 
number (often small) of studies into this area.  30    

  Type of  b urn 
 Burn type is the defi ned by the source of the energy that causes the tissue damage, 
this includes: 

   •      Thermal burn  –      this is caused by exposure to extreme heat and may include wet 
(scalds) or dry (i.e. fl ame) sources. These are direct burns that are directly related 
to the level of heat and duration of contact with the heat source.  

   •      Chemical burn  –      These are caused by the chemical properties of acids and alkalis. 
The severity is dependent upon the time of contact and the concentration of the 
substance.  

   •      Electrical burn  –      Electrical burns are caused by contact with electrical sources 
such as exposed cables; these injuries commonly produce an entry and exit burn 
as the charge passes through the body. There may well be underlying damage 
on the path between the entry and exit points.  

   •      Radiation burns  –      Radiation burns are most commonly caused by radiation from 
the sun (sunburn); however they may be caused by exposure to other radioactive 
isotopes.  

   •      Friction burns  –      This is the result of friction between the body and another 
object resulting in heat production. This mechanism may also result in abrasion 
injuries.  

   •      Cold burns  –      This is caused by contact with extremely cold objects/gases/liquids. 
The extreme temperature causes damage to the tissues.     

  Assessment of  b urn  a rea 
 There are a variety of methods for the estimation of total burn surface area (TBSA) 
currently in use, these commonly include: 

   •      Palmar surface method  
   •      The rule of nines  
   •      Lund and Browder charts  
   •      Serial halving.     

  Palmar  s urface  m ethod 
 This method is based upon the supposition that the palmar surface of the patient ’ s 
hand (including the fi ngers) represents approximately 1% of the total body surface 
area and can therefore be used as a guide for estimating burn size. However this 
technique is poorly validated  31   and should be used with caution especially in chil-
dren and obese patients, as the method does not allow for age changes and varia-
tions in individual body weight.  30   Recent studies suggest that a value of 
approximately 0.8% should be used as it may provide a more accurate assess-
ment.  30,32   The palmar surface method is more commonly used in small or irregular 
burns ( < 15%) or relatively large burns ( > 85% where the unburnt tissue can be 
estimated).  33    
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  The  r ule of  n ines 
 This estimation method (Figure  18.2 ) is based upon the principle that the adult body 
can be split into areas that equate to 9% and subsequently calculated. The rule of 
nines has been demonstrated to be swift method of burn surface area estimation 
however there are suggestions that it may overestimate burn surface area  34   and can 
potentially be inaccurate in children despite an adapted child model.  30   However it is 
accepted that the rule of nines method can provide a reasonable estimate of burn 
area.    

  Lund and Browder  c harts 
 The Lund and Browder chart is a burn area assessment chart that has been derived 
from a set of norm data for the body surface areas in children and adults. The 

    Figure 18.2     The rule of nines burns assessment chart.  
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    Figure 18.3     The Lund and Browder chart.  
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model (Figure  18.3 ) is suggested to be more accurate than the rule of nines but 
however takes longer to use than other methods.  30   As the model provides differing 
age ranges it can compensate for variations in body size with age for a more 
accurate measurement.   

 Differing models have been proposed for large breasted women as this can lead 
to underestimation of burn size by up to 5%  35   and for use in obese patients.  30  

 However these models are not essential and commonplace as the focus is often upon 
other clinical priorities.  



Chapter 18 Assessment and management of wounds and burns

352

  Serial  h alving 
 This is a relatively new method of burns area assessment proposed by the Royal 
College of Surgeons Edinburgh  –  Faculty of Prehospital Care  36   that aims to provide 
a swift  ‘ ball park ’  estimate. There has been little research undertaken to validate the 
use of such a model but has an appeal as a swift approach to estimation. This 
approach is split into three stages: 

   •      Does the burn cover more than half of the body? For example if the back of the 
patient is completely without burns then it must be less than or equal to 50% of 
the body. This will distinguish between greater or less than 50% total burn 
surface area. If the answer is no then stage two is undertaken.  

   •      Does the burn cover more than half of the remaining half of the body? If it does 
then the burn size is greater than 25% of total body surface area. If the answer 
is no then the burn must cover less than 25% of the body and stage three is 
undertaken.  

   •      Does the burn cover more than or is equal to half of the remaining body surface 
area? If the answer is yes the then burn surface area is greater than 12.5% of 
the body surface area, if the answer is no then the burn must be less than 12.5%.    

 As can be seen this is a rough estimation tool but can be undertaken quickly with a 
brief visual inspection. In a small scale study serial halving has been found to be as 
reliable as the rule of nines in burn size estimation and much simpler to follow.  37   

     Which method of burn surface area is 
used in your work area? Which method 
do you feel is most appropriate or does it 
differ in each patient or situation? 

      Assessment of Burn Depth 
 There is no agreed methods for the assessment of burn depth with suggested tech-
niques including capillary refi ll time (as dermal circulation will be lost in deeper 
burns) and the use of pin prick testing.  30   However these tests are not reliable within 
the fi rst 24 to 48 hours following an injury due to oedema and infl ammatory 
response.  30   Burn depth is generally assessed in the prehospital or emergency envi-
ronment by appearance and the presence of pain. The classifi cation of burn depth 
can be seen in Table  18.2 .   
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 Table 18.2     Burn depth assessment From New Zealand Guideline Group 
(2007)   30    

  Classifi cation    Superfi cial (epidermal)  
  Example    UV light (sun burn), very brief fl ash burns  
  Appearance    Dry and red, will blanch with pressure, no blistering present  
  Sensation    May be painful  
  Healing time    7 days  
  Scarring    No scarring  

  Classifi cation    Superfi cial dermal (superfi cial partial thickness)  
  Example    Scalds, short fl ash burns  
  Appearance    Pale pink, with fi ne blistering, blanches to pressure  
  Sensation    Usually extremely painful  
  Healing time    Up to 14 days  
  Scarring    May be some colour mismatch in healed tissue  

  Classifi cation    Mid - dermal (partial thickness)  
  Example    Scald, fl ame, oil or grease burns  
  Appearance    Dark pink with large blisters, capillary refi ll time may be prolonged  
  Sensation    May be painful  
  Healing time    Up to 21 days  
  Scarring    Scarring may be present (moderate risk)  

  Classifi cation    Deep dermal (deep partial thickness)  
  Example    Scalds, fl ame burns  
  Appearance    Blotchy red, may blister, no capillary refi ll due to damaged capillaries  
  Sensation    No sensation present due to damaged nerves  
  Healing time    Over 21 days  
  Scarring    Scarring is likely  

  Classifi cation    Full thickness  
  Example    Scald (prolonged exposure), high voltage electricity, chemical  
  Appearance    White, waxy or charred, no capillary refi ll due to vessel damage, no 

blistering. It may be lobster red and mottled in children  
  Sensation    No sensation due to nerve damage  
  Healing time    Will not heal without grafting  
  Scarring    Defi nite scarring  

 It is important to note that burn depth will vary in each patient and a burn may 
consist of a variety of depths.   

  Burn  m anagement  p rinciples 
 There is limited research into the initial management of burn injuries therefore many 
principles of management are based upon a consensus of opinion and common sense 
approaches. The management of a burn has three general stages: 

   •      Remove the source of the burn  
   •      Cool the burn  
   •      Dress/cover the burn.    
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 One area that may differ in terms of fi rst aid measures in the management of 
chemical burns, as such this will be discussed separately. 

  Remove the  s ource of the  b urn 
 The evidence for stopping the burning process is derived from expert opinion and 
common sense. As burn depth and size often relates to the length of exposure to 
the source of the burn removal of the source can undoubtedly reduce the severity 
of burn injury. Common steps include: 

   •      Douse any fl ames using an appropriate medium (i.e. water).  
   •      If electrical ensure the power source is turned off.  
   •      Consider the use of a fi re blanket or techniques such as stop, drop and roll.  
   •      Remove any burnt clothing (unless adhering to the wounds) as this may retain 

heat.  
   •      In tar burns do not remove the tar as this may seriously damage the underlying 

tissue. The burn should be cooled instead.     

  Cool the  b urn 
 There is good evidence that suggests the immediate cooling of a burn can reduce 
the severity of tissue damage.  30   In a series of studies into the use of cool water to 
cool a burn site it was found that such fi rst aid measures signifi cantly reduced the 
depth of the burn and reduced subsequent need for skin grafting and hospital admis-
sion times.  38 – 40   The use of ice or iced water is not recommended as it may lead to 
intense vasoconstriction and subsequent burn progression.  41   In a small animal study 
it was found that the application of ice for 10 minutes following a burn injury that 
burn depth was increased in comparison to a wound that had no treatment at all. 

 The presence of large burn surface area and subsequent cooling of the skin as a 
fi rst aid measure may lead to hypothermia; this is especially evident in children and 
may be exacerbated by the use of ice or iced water.  42   It is therefore recommended 
that when cooling a burn that consideration is given to keeping the patient warm. 
Whilst there is limited evidence to provide an ideal temperature for water in cooling 
a burn, 15 ° C is suggested as ideal as it provides adequate cooling and reduction in 
tissue damage without the associated risks of cooling at lower temperatures.  30   There 
is little evidence to support a specifi c or minimum duration of cooling for a burn; 
however a single animal study sought to investigate this, proposing that 30 minutes 
of cooling provided the most effective treatment.  43   Due to the lack of data it is sug-
gested that cooling be continued for approximately 30 minutes, although the patient 
condition (i.e. pain level) may dictate that this is prolonged or reduced. Cooling 
should be commenced as soon as is practicably possible following injury as early 
cooling of a burn is signifi cantly linked with improved wound healing.  44   

 Whilst water is considered the medium of choice for burns cooling it is recognised 
that this may not always be available and expert opinion suggests that in the absence 
of running or clean water, other liquids such as milk or soft drinks may be used.  30   
Over recent years products known as hydrogels have been introduced into UK 
ambulance services and fi rst aid equipment. These products are a gel - like material 
that due to its chemical properties is able to hold large quantities of water (up to 
90%). These products have the benefi t of being portable and simple to use and act 
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as both a cooling agent and a protective barrier from infection/debris. However 
there is still limited evidence comparing the use of such products versus running 
water.  30   When compared to air cooling or no treatment, small - scale studies have 
found these products to signifi cantly reduce cooling times  45   and have a reduced risk 
of inducing hypothermia.  46   

 Whilst there is little evidence to support such products at present, the availability 
and simplicity of the product is likely to make them a mainstay of treatment in 
prehospital care, especially in the absence of running water.  

  Covering the  b urn 
 There are a variety of materials that may be used to cover burns; however these 
generally have the following qualities: 

   •      Clean (preferably sterile) material  
   •      Non - adhesive  
   •      Pliable.    

 Current practice for burn covering includes the use of clear plastic bags for hand 
burns (this allows for movement of the limb), hydrogel dressings, non - adherent 
dressings and polyvinyl chloride fi lm (cling fi lm). There has been little research into 
what constitutes an optimal burns dressing and current practice is limited by avail-
ability of products for use. The general principles of burn covering are to reduce the 
risk of infection, reduce pain (by covering exposed nerve endings) and to continue 
the cooling process. 

 When applying a burn dressing it is important that the dressing is not  ‘ wrapped ’  
around the limb as this may lead to a tourniquet effect in the presence of swelling and 
oedema  47  , instead the dressing should be layered upon the burn to allow for expan-
sion of damaged tissues. The use of cling fi lm for a burn dressing is common in fi rst 
aid practice as it is cheap, easily available and may provide a transparent covering to 
allow for inspection, whilst also reducing pain.  30   In addition PVC fi lm has the benefi t 
of being essentially sterile after the fi rst few centimetres upon the roll. There is little 
evidence to support or dispute the use of this technique, however a dated microbiol-
ogy study  48   suggests that PVC fi lm is effective in reducing bacterial infection in 
wounds. In the absence of any of these dressings or coverings it is suggested that a 
clean, dry cotton sheet may be used.  30   Overall there is little consensus on a  ‘ gold 
standard ’  burn dressing, with considered opinion suggesting that any one of a variety 
of products may be used in the initial setting. Within the secondary stages of care 
there are a large number of coverings that may be used; however the expense and 
nature of these products makes their use limited in fi rst aid or emergency care.  

  Chemical  b urns 
 Burn injury due to chemicals usually occurs in the workplace, although they may 
occur in the domestic environment. There are currently over 25,000 products 
capable of causing chemical injury, therefore the potential for injury is high.  49   Chem-
ical burns differ from thermal burns as they do not actually burn but cause tissues 
to liquefy or coagulate due to damage to proteins. Chemical injuries are often clas-
sifi ed as either acid or alkali burns; however there are a wider range of classifi cations 
that include: 
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   •      Acid burns  
   •      Alkali burns  
   •      Organic hydrocarbon burns  
   •      Miscellaneous burns (i.e. phosphorous)  
   •      Extravasation injury  
   •      Chemical warfare agents    

 From Seth, Chester and Moiemen (2007).  49   
 This classifi cation demonstrates that chemical injury can be caused by a broader 

range of substance than just acids or alkali, as some agents do not fi t well into broad 
categories.  

  Management of  c hemical  b urns 
 The general management of any chemical burn has three steps: 

   •      Remove the source of the burn  –  remove contaminated clothing.  
   •      Irrigate the area thoroughly using running water.  
   •      Provide supportive measures (i.e. analgesia).    

 The majority of chemicals are treated with copious irrigation with water as opposed 
to the neutralisation of the chemical with a specifi c agent. This is due to two factors; 
the availability of neutralising agents and the potential for exothermic (heat produc-
ing) reactions when the agent is neutralised which can result in increased tissue 
damage.  30,49   It is recommended that chemical burns are irrigated for a minimum of 
one hour;  30,49   however alkali burns may require as long as 8 – 24 hours of irrigation.  50   
The use of copious irrigation without delay after initial injury has been demon-
strated to signifi cantly reduce the severity of a burn and the length of hospital 
admission.  30,51,52   However not all chemicals can be treated simply using this generic 
principle, as shown below.  

  Specifi c  c hemical  b urns 
  Lime ( c ement) 

 Cement or lime burns can be irrigated; however it is recommended that any dry 
cement is brushed off prior to irrigation as combining calcium oxide (lime) and water 
may cause an exothermic reaction and subsequently worsen a burn injury.  

  Phenol 

 Phenol is a carbolic acid that is commonly used in industry. It is recommended that 
the affected area is wiped prior to irrigation with water, as this may will lead to dilu-
tion and allow more rapid penetration into the skin.  49    

  Elemental  s odium/potassium and  l ithium  b urns 

 These agents are rare, however they are used in industry today. Burns from these 
materials  should not  be treated with irrigation with water as this may cause the 
compounds to spontaneously ignite,  53   as the metals react with water to form a very 
strong alkali.  
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  Phosphorous 

 This is found in many products and may also be seen in military situations as phos-
phorous is a component of many hand grenades, mortar rounds and artillery rounds. 
Phosphorous spontaneously ignites upon contact with air, therefore management 
should be aimed at removing the source (brushing off the agent and removal of 
contaminated clothes) and at reducing air contact with the chemical. Recommended 
management for phosphorous burns is immersion in water or continuous irrigation 
with water or saline, in the absence of such irrigation fl uid saline or water soaked 
dressings should be applied.  30,49   

     What actions can you take to determine 
the likely source of a burn? What actions 
would you take if confronted with a 
chemical burn from an unknown source? 
Think about both patient safety and your own. 

    1.     The assessment and management of wounds and burns follows a set of core 
principles that can generally be followed to provide safe and effective patient 
care.  

  2.     However there are chemical burns that require specifi c management strate-
gies; it is therefore of great importance to identify the agent that has caused 
the injury so that damage is not potentiated.  

  3.     Patients with lime, phenol, elemental sodium/potassium 
and lithium burns should not have their burns treated 
with water as this may worsen the injury.  

  4.     Whilst tourniquets have been out of favour in 
previous years, current evidence suggests that they 
may have a role in the management of severe 
uncontrolled haemorrhage.    

 Chapter Key Points 
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      The moving and handling of patients is an area of great risk to both staff and 
patients within the prehospital and in hospital environment, as such this chapter will 
provide a theoretical underpinning of the legal, ethical and technical aspects of 
patient moving and handling. This chapter is not intended to provide information on 
how to use all manual handling aids in current use within the health service at this 
time, but to provide an overview for all healthcare professionals to ensure appropri-
ate risk management and health and safety legislation is complied with. There is 
little evidence to support many principles of manual handling, therefore a consen-
sus opinion is provided in many cases. Prehospital and emergency care staff are 
often exposed to patients who are in positions where patient handling or movement 
are restricted by a number of factors such as the number of personnel, the space 
available and underlying medical conditions. All of these may hamper manual han-
dling processes; therefore the adherence to core principles are key in minimising 
injury and maximising effi cacy of movement.  

  Defi nitions 
 The risks associated with manual handling have been recognised by the Ambulance 
Service Association and the Health and Safety Executive who state:

    ‘ Any work activity that involves lifting, pushing, pulling, carrying or moving 
can be considered as a moving and handling risk. Also, any work activity 
that could lead to musculoskeletal strain or injury needs to be considered, 
for example activities that include potentially long periods of static position, 
regular stooping or bending. Often musculoskeletal disorders are the result 
of a cumulative effect and therefore may not be easily attributable to one 
particular incident or accident ’ .  

  Ambulance Service Association and Health and Safety Executive (2003).  1       

  Why  i s  m oving and  h andling  i mportant? 
 More than one - third of all injuries lasting over three days reported to the Health and 
Safety Executive (HSE) and Local Health Authorities are a result of manual handling.  2   
In a survey in 2001/2002 it was found that over 1.1 million staff suffered musculosk-
eletal injury or disorder as a result of their work or previous work duties.  2   Epide-
miological studies into ambulance staff and healthcare workers suggest that these 
groups represent a high risk area of musculoskeletal injury.  3,4   A recent survey of 
accident and incident data collated from six UK ambulance Trusts showed that 
between 30 and 51% of all recorded incidents resulting in injury were a result of the 
moving and handling of loads; the mean incidence rate was 178 per 1000 staff 
members.  5   Where data were available it was noted the Emergency Medical Services 
had an increased prevalence of manual handling related incidents compared with 
patient transport services, with 90% of the cases from EMS personnel. Analysis of 
the incidents found three root causes: the use of the carry chair; the use of stretch-
ers; and patient transfers (from bed to chair, fl oor to bed). These accident statistics 
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represent a worrying picture for ambulance staff and highlight the need to introduce 
appropriate measures to reduce manual handling injury. 

     Think about your area of practice, what 
issues do you have in terms of manual 
handling? Are all the activities you 
undertake safe? 

      Key  l egislation 
 There are numerous pieces of key legislation that relate to manual handling policy 
and procedure. These are explained briefl y below: 

  Health and Safety at Work  e tc Act [HSAWA] (1974)   6    
 The overall objective of this act was to:

    ‘ make further provision for securing the health, safety and welfare of 
persons at work, for protecting others against risks to health or safety in 
connection with the activities of persons at work. ’     

 The act established two bodies: The Health and Safety Commission and the HSE, to 
promote the objectives of the act and ensure the implementation of its provisions. 
This act set out a series of duties for employers, employees and designers, manu-
facturers and suppliers of equipment. HSAWA set out that the employer has an 
overall objective and responsibility to employees to:

    ‘ ensure, so far is reasonably practicable, the health, safety and welfare at 
work of all of their employees. ’     

 These responsibilities include: 

   •      Provision and maintenance of plant and safe systems of work.  
   •      Safety in the collection, use, storage and transport of loads and substances.  
   •      Provision of information, instruction, training and supervision of employees.  
   •      Maintaining a safe workplace, access and egress.  
   •      Maintaining a safe and healthy working environment including providing 

adequate welfare facilities.    
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 The HASAWA, whilst implementing duties for the employer also set out a series of 
duties for the employee which requires any employee to take reasonable care for 
their own and others health and safety in the workplace. This includes taking positive 
steps to ensure that hazards in the workplace are understood and to comply with 
policy and guidance. Any failure to comply with these duties can make the employer 
of the employee liable for prosecution.  

  Manual Handling Operations Regulations [MHOR] (1992  –   a mended 2002)   7    
 These regulations resulted from the 1990  ‘ Manual Handling of Loads  –  European 
Directive  8   which legally obliged each member of the European Community to intro-
duce legislation which would harmonise standards. These regulations placed a duty 
upon employers to: 

   •      So far as is reasonably practicable to avoid the need for employees to undertake 
any manual handling operations at work which involve a risk of their being 
injured.  

   •      Assess any hazardous manual handling operations that cannot be avoided.  
   •      Reduce the risk of injury from manual handling operations so far as is reasonably 

practicable.  
   •      To regularly review any assessment if there is reason to believe the previous 

assessment is no longer valid or there has been a signifi cant change in the 
operations to which it relates.    

 From HSE (1992) MHOR  –  Regulation 4.  3   
 In addition the MHOR placed a duty upon the employee to ensure that they make 

full and proper use of any system of work provided for his/her use by his employer 
in compliance with regulation 4.  

  Management of Health and Safety at Work Regulations [MHSAW] (1999) 
 These regulations set out a range of responsibilities for the employer with a primary 
focus upon risk assessment in the workplace. MHSAW set out regulations that 
ensured that each employer must undertake a risk assessment of any activity or 
environment that an employee or non - employee may experience. In the occurrence 
of any risks being identifi ed, these must be reduced and those affected informed of 
their presence. Reduction of risk may be through the avoidance of such tasks if 
practicable to do so, through the provision of equipment (i.e. hoists) or training to 
those undertaking the activity. Again the individual is also given a duty to ensure 
the health and safety of themselves and others in the workplace.  

  Lifting Operations and Lifting Equipment Regulations [LOLER] (1998)   9    
 These regulations apply to the use of lifting equipment in all industries and work 
activities. The regulations aim to reduce risks to people ’ s health and safety from 
lifting equipment provided for use at work. In addition to the requirements of LOLER, 
lifting equipment is also subject to the requirements of the Provision and Use of 
Work Equipment Regulations 1998 (PUWER); see below. The regulations apply to any 
piece of equipment that is designed to lift or lower any load. LOLER requires that 
any equipment meets the following standards: 
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   •      Strong and stable enough for the particular use and marked to indicate safe 
working loads.  

   •      Positioned and installed to minimise any risks.  
   •      Used safely, i.e. the work is planned, organised and performed by competent 

people.  
   •      Subject to ongoing thorough examination and, where appropriate, inspection by 

competent people.    

 Whilst these regulations do not directly apply to employees, all staff have a respon-
sibility to ensure equipment meets the required standard under previous regulations 
such as HSAWA.  2    

  Provision and Use of Work Equipment Regulations [PUWER] (1998)   10    
 These regulations cover all equipment used at work including manual handling equip-
ment. The act places a responsibility upon the employer to ensure that the correct 
equipment is available, is well maintained and used in situations where it is suitable. 
The regulations also state that the employer has a duty to ensure that staff are 
adequately trained in the use of any such equipment.   

  Manual  h andling and  n o  l ift  p olicies 
 This is always a contentious area for prehospital care staff with many calls to areas 
in which a  ‘ no lift ’  policy appears to exist. A duty of care exists under professional 
registration  11   and under the Human Rights Act  12   that contradicts the guidance of the 
earlier regulations and policy that suggest that manual handling tasks should only 
be undertaken if the risk is deemed low. The Human Rights Act  8   states that no one 
should be subjected to inhuman or degrading treatment and has the right to liberty 
and security of person. This means that the patient has the right to refuse to be 
handled in a certain way and the practitioner has the right to refuse to endanger 
themselves with a manual handling procedure. 

 In a high profi le legal case surrounding no lift policies the High Court Judge ruled 
that a blanket no lift policy may be unlawful.  13   This case went on to highlight that 
under the Human Rights Act the refusal to undertake manual handling (in the event 
that mechanical aids cause great distress) could be considered an unlawful breach. 
This is an area in which there is no specifi c guidance other than to undertake a risk 
assessment and act accordingly in each individual case.  

  Risk  a ssessment and  m anual  h andling 
 Risk assessment is the fi rst step in the manual handling and risk management 
process. Assessment involves fi ve steps as shown below: 

   •      Identify the hazards.  
   •      Identify who may be harmed and how.  
   •      Evaluate the risks and decide upon precautions.  
   •      Record the fi ndings and implement them.  
   •      Review the assessment and update accordingly.    

 From The HSE (2006)  Five Steps to Risk Assessment.   14   
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 These steps provide a basis for employers to review any manual handling tasks 
that may be undertaken in the course of work duties. However they do not provide 
an active risk assessment for the practitioner at the time of the manual handling 
process, for this element the Manual Handling Operations Regulations (1992)  7   recom-
mend the use of a systematic approach as shown in Table  19.1 .   

 This list is not exhaustive; however each element should be considered prior to 
undertaking any manual handling task. 

 Table 19.1     A systematic method of risk assessment   7    

  Environment    Are there: Constraints on posture? Poor fl ooring? Variation in 
fl oor level? Hot/cold/wet environment? Poor lighting conditions? 
Noise?  

  Load    Is the load: Heavy? Diffi cult to grasp? Unstable? Unpredictable? 
Harmful (i.e. hot)? Are there handles?  

  Individual capability    Does the lift require: Special training or information? Present a 
hazard? Are you capable of performing the lift?  

  Task    Does the lift involve: Holding the load away from the body? 
Covering large distances? Strenuous effort? Twisting? 
Insuffi cient rest? A new or unusual task? Large amounts of 
movement?  

  Equipment/other factors    Is the equipment: Available? Maintained? Suitable? Clean? Are 
you competent to use the equipment?  

     Using the ELITE stages above undertake 
a risk assessment of a common manual 
handling scenario in your workplace. 
What risks are there? What can you do to 
reduce these? 

      Biomechanical  p rinciples 
 Biomechanics are the study of mechanical laws relating to the movement or struc-
ture of the body (or living organisms).  15   When a person stands erect gravity applies 
forces to the spine from the head and the trunk, these forces are applied directly 
down the spine (compressive forces) using very little muscle activity to maintain the 
stable upright position.  16   However if the trunk is moved forwards or laterally the 
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forces acting upon the spine change according to the lever principle, therefore the 
further away from the upright position a person is the greater the shearing forces 
that are exerted upon the spine. The change from compressive forces to shearing, 
twisting or torsional can be damaging upon the spine and intervertebral discs.  16   

 There are three key biomechanical principles that underlie manual handling pro-
cedures: centre of gravity; a stable base; and external levers. The will be discussed 
briefl y below. 

  Principle 1: Using the  c entre of  g ravity 
 Everything has a centre of gravity; this is the point where total body mass is con-
centrated. With uniform objects such as boxes and cylinders the centre of gravity 
will always be in the middle.  15   Humans however are not uniform as the body shape 
and dimensions can change rapidly; this can cause the centre of gravity to move 
even to points outside of the body. 

 In the upright standing position the centre of gravity commonly lies within the 
pelvis. This makes the pelvic control paramount in manual handling procedures both 
for the handler and the patient.  

  Principle 2: A Stable  b ase 
 A base is the area of contact with a supporting surface (i.e. the fl oor),  15   therefore in 
the common manual handling position it is the feet of the handler and the area in 
between. If the line of gravity (a vertical line running from the centre of gravity to 
the supporting surface) falls within the area of the base then the object (person) is 
considered stable. However if the line of gravity falls outside of the base the object 
is unstable and therefore likely to fall or require additional forces to maintain stabil-
ity. Using this principle a wider base is more likely to be stable than a small base. 
Typically in a human being the most stable base is with the feet apart (shoulder 
width or slightly wider) with one foot in front of the other.  17    

  Principle 3: External  l evers 
 A lever is a solid object that is used to transfer force over its distance. If the exter-
nal levers (i.e. the arms) are long (outstretched) then the centre and line of gravity 
are shifted to give an unstable base and apply greater pressure upon the muscles 
and ligaments of the spine and limbs to maintain balance. However if the levers are 
short, then the line and centre of gravity are within the area of the base thus reduc-
ing forces upon the spine. In addition this will allow power to be provided by the 
major muscle groups.   

  Principles of  m anual  h andling 
    1.     Stop and think (plan the lift)  
  2.     Place the feet  

   •      Have the feet apart, giving a balanced and stable base for lifting.  
   •      Have the leading leg as far forward as is comfortable.    
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  3.     Adopt a good posture 
    •      Bend the knees so that the hands when grasping the load are as nearly level 

with the waist as possible; but do not kneel or over - fl ex the knees.  
   •      Keep the back straight, maintaining its natural curves (tucking in the chin 

while gripping the load helps).  
   •      Lean forward a little over the load if necessary to get a good grip.  
   •      Keep the shoulders level and facing in the same direction as the hips.    

  4.     Get a fi rm and secure grip 
    •      Try to keep the arms within the boundary formed by the legs.  
   •      The optimum grip may vary, but it should be secure.  
   •      If you vary the grip while lifting, do this as smoothly as possible.    

  5.     Don ’ t jerk 
    •      Carry out the lifting movement smoothly, raising the chin as the lift begins, 

keeping control of the load.    
  6.     Move the feet 

    •      Don ’ t twist the trunk when turning to the side.    
  7.     Keep close to the load 

    •      Keep the load close to the trunk for as long as possible.  
   •      Keep the heaviest side of the load next to the trunk.  
   •      Slide the load towards you before attempting to lift it.    

  8.     Put the load down, then adjust its position.    

 When handling at or near fl oor level, preferably use handling techniques which 
make use of the relatively strong leg muscles rather than those of the back, 
provided the load is small enough to be held close to the trunk. Bear in mind 
however that such techniques impose heavy forces on the knees and hip joints 
which must carry the weight of the load and the weight of the rest of the 
body. 

  1.     Place feet beneath or adjacent to the load.  
  2.     Move close to the load before beginning the manual handling operation.  
  3.     Hold the load (as) close to the body (as possible) during the manual handling 

operation.  
  4.     Address the load squarely before beginning the manual handling operation.  
  5.     Preferably face the intended direction of movement before beginning the manual 

handling operation.  
  6.     If possible, avoid lifting loads from the fl oor when seated.  
  7.     If possible, avoid twisting, stooping or stretching when handling.  
  8.     Where a load is bulky rather than heavy it may be easier to carry it at the 

side of the body if it has suitable handholds, or if slings or other devices can be 
provided.    

 From HSE (2003)  The Principles of Good Manual Handling: Achieving a Consensus .  17   
 There is no such thing as a completely safe lift; therefore general principles should 

be adhered to, to reduce the potential for injury. Figure  19.1  suggests the safe recom-
mended limits for weight in manual handling operations. It can be seen that the 
weight signifi cantly reduces at extremes of height and distance from the body as 
this is when injuries are most likely to occur.    
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    Figure 19.1     Guideline weights for safe lifting and handling.  From HSE (2007) 
 Getting to Grips with Manual Handling: A Short Guide.   17     
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  Additional  p rinciples 
 There are certain situations in which the basic principles cannot and do not apply, 
for example one - handed lifting; lifting large bulky loads and lifting in confi ned spaces. 
Under these circumstances the risks involved and the principles required may alter, 
therefore these are discussed individually below. 

  One -  h anded  l ifting 
 Early studies suggest that the biomechanical requirements and demands of one -
 handed lifting can signifi cantly increase the likelihood of injuries such as interverte-
bral disc prolapse.  18   In a study of data upon one - handed lifting techniques the HSE 
(2003)  17   recommend that if the load is in front of the body and it is practicable to 
do so, that two hands should be used. However if the load is to the side of the body 
a one - handed lift should be used to reduce the lateral twisting of the spine. If pos-
sible support should be provided by the free hand as this can reduce the forces 
involved.  

  Lifting  l arge  b ulky  l oads 
 In lifting large, bulky loads from lower heights, the bulk of the load prevents it from 
being brought between the knees. Even with a  ‘ correct ’  foot posture, the centre of 
gravity of the load is beyond the knees and therefore at or around arm ’ s length away 
from the body, this will increase the forces acting upon the spine and increase the 
risk of injury. The HSE  17   state in their analysis of data from numerous studies that 
there appears little evidence to support a specifi c technique in the lifting of large 
loads; however it is suggested that the key factor is to keep the load as close to the 
body as possible.  
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  Lifting in  c onfi ned  s paces 
 The diffi culty in lifting in confi ned spaces, for example in limited headroom, is often 
the need to move with the load during the lift. Lifting in limited headroom does place 
additional stress upon the operator with maximum safe weight limits being reduced 
by up to 60% in a reduction of headroom of only 10%.  17   There is very limited 
research into this area with studies reporting confl icting evidence over the use of 
kneeling or stooping as the preferred method in compensating for a lack of head-
room. The HSE suggest that a stooping posture may be utilised as it allows for the 
load to be moved, whereas kneeling does not allow for any movement; however there 
is a caveat that the other principles of safe manual handling should be observed.  17     

  Lifting  a ids 
 MHOR  7  , LOLER  9   and PUWER  10   set out regulations that require employers to provide 
aids to manual handling to reduce risk and reduce the requirements for manual 
handling. Since these regulations a variety of aids to manual handling have been 
introduced into the health and social care arena. These include: 

   •      Patient handling slings: These are available in a variety of forms and sizes. They 
are commonly used to assist the patient in sitting forward, slide up a bed or 
lifting, they are used in combination with other manual handling equipment.  

   •      Handling belts: These are used to aid the handler in assisting the patient to stand 
and to aid the patient in walking. They are designed to allow the handler to 
maintain good posture whilst assisting.  

   •      Slide sheets: These are made of a slippery material that allows a patient to be 
 ‘ slid ’  removing the need to manually lift a patient.  

   •      Transfer boards/banana boards: These are hard plastic boards that allow for a 
patient to be slid from one point to another; this is commonly chair to chair or 
chair to bed.  

   •      Turntables: These are discs that are placed under the feet that are used to pivot 
or swivel patients.  

   •      Hoists: These can be mobile or static devices that are used in combination with 
a sling to lift and move patients. They can be electric or hydraulic.    

 For more information upon these aids see Further reading or refer to manufacturer 
guidelines. 

 You are called to a patient who is unconscious and unrousable; the patient is in an 
upstairs bathroom and is profoundly hypotensive. There is poor access to the 
property and the stairs are narrow with a number of turns involved. What methods 
would you use to get the patient out of the property? What risks are there both to 
you and the patient? Does the patient ’ s condition affect the methods that you 
would use? 

 Scenario 
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    1.     Moving and handling operations are not without risk. It is essential that a thor-
ough risk assessment is carried out and key principles adhered to reduce the 
likelihood of injury or incident.  

  2.     It is recognised that moving and handling in emergency 
situations may not always be ideal and suited to all 
principles; however risk must be kept as low as is 
practically possible and lifting aids considered in each 
individual occasion.  

  3.     Keep external levers short and maintain a stable 
base.    

 Chapter Key Points 
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3-lead ECG, 115
12-lead ECG, 115–16
abdominal thrusts, 72–73, 74, 76
access to health records Act, 192
added sounds, 118
air-bubble technique, 208
airtraq laryngoscope, 21, 26–8

procedure, 26–28
airway anatomy 3–6
airway management, 1–34

cervical spine, 6, 7, 10, 13, 19, 43, 53, 62
defi nition, 2
stepwise approach, 2

airway obstruction see foreign body airway 
obstruction

analgesic ladder, 289, 290
apnoea, 37, 39, 135
aprons, 235
assisted ventilation

defi nition, 36
indications, 37
literature and complications, 39–40, 42

augmented limb leads, 111
auscultation

added sounds, 118
breath sounds, 148–9
defi nition, 148
procedure, 150
stethoscope, 105

automated external defi brillation, 84
AVPU see level of consciousness

back blows, 72, 76
backwards, upwards, right, pressure (BURP), 24
bag-valve-ventilator, 36–43

procedure, 42–43
basic life support see also cardiopulmonary 

resuscitation
adult, 51–6

chest compression technique, 57
compression to ventilation ratio, 57
sequence of adult BLS, 53–56

newborn, 67–70
compression to ventilation ratio, 70
sequence of newborn BLS, 68–70

paediatric, 62–7
age defi nitions, 62
chest compression technique, 67
compression to ventilation ratio, 67
sequence of paediatric BLS, 62–7

pregnancy, 58–9
bimanual laryngoscopy, 24
Biot’s breathing, 135
bipolar leads, 109, 111, 
blood glucose testing, 169–72

abnormal blood sugar values, 169
capillary blood glucose testing, 169–70
procedure, 171–2
sites for blood glucose testing, 170
skin preparation, 170
which drop to text, 171

blood pressure measurement (BP), 101–9
arm position, 105
auscultation of blood pressure, 105–6
BP measurement in special situations, 109
choice of limb, 105
choosing the correct cuff, 105
common sources of error, 108–9
defi nition, 101
estimating by palpation, 106
factors infl uencing BP, 102
hypertension, 102–3
hypotension, 103
indications for measuring BP, 102
location for measuring BP, 104
mean arterial pressure, 103
methods of measuring BP, 103
normotension, 102
palpatory estimation, 106
patient posture, 105
procedures, 107–8
sphygmomanometers, 104

blood sugar testing see blood glucose testing
BM test see blood glucose testing
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bone, anatomy of, 257
Bone Injection Gun (BIG), 264–5
bougie, 21–22
box splints, 300, 302–3
bradycardia, 38, 80, 86, 87, 88, 96, 98, 109, 162 
bradypnoea, 132, 135
bronchial breath sounds, 148
bronchiovesicular breath sounds, 148
burns assessment, 348–53

assessment of burn area, 349–52
assessment of burn depth, 352–3

Lund and Browder charts, 350–51
palmar surface method, 349
rule of nines, 350
serial halving, 352

defi nition, 348
types of burn, 349

burn management principals, 353–5
cooling the burn, 354–5
covering the burn, 355
removing the source of the burn, 354

butterfl y device, 241–2, 254
BVM – see bag-valve-ventilator

Caldicott guardian, 194
capillary bed refi ll see capillary refi ll time
capillary refi ll time (CRT), 100–101, 343, 352, 353, 

accuracy of CRT measurement, 100
defi nition, 100
factors infl uencing CRT, 100
locations for measuring CRT, 100
procedure, 100–101

capnometry, 23, 26
capture, 86
cardiac arrest defi nition, 50
cardiac auscultation, 117–20

general principles of cardiac auscultation, 118
indications for cardiac auscultation, 118

murmurs, 118
pericardial rub, 118

procedure, 120
technique, 119

cardiopulmonary resuscitation (CPR), 49–78
chain of survival, 50
defi nition, 50
importance of CPR, 51
lay rescuer v healthcare provider, 51
before defi brillation, 81

cervical collars 
airway management, 19, 26, 28,
literature on cervical collars, 320, 321, 
airway problems, cause of, 322,
intracranial pressure, 323

dysphagia, 323
for immobilisation, 326, 328, 331, 333, 334

cervical spine see spinal management
checklist of non-verbal indicators of pain, 287–8
chemical burns, 355

management of chemical burns, 356
specifi c chemical burns

Elemental sodium/potassium and lithium burns, 356
lime, 356
phenol, 356
phosphorous, 357

chest auscultation see auscultation
chest leads see precordial leads
chest percussion, 141–7

chest percussion points, 145–6
defi nition, 141
indication for chest percussion, 142
percussion note characteristics, 142
procedure, 142–3

chest thrusts, 76
Cheyne-Stokes breathing, 135
choking see foreign body airway obstruction
communication see history taking and communication 
compression only CPR, 57–58
condensation in endotracheal tube, 23
controlled drugs (CD), 198, 199, 202
CPR see cardiopulmonary resuscitation
crackles, 148, 149, 273
crepitations see crackles
cricothyroidotomy, 28–9

complications, 28–29
equipment, 29
indications, 28
procedure, 29

cricoid pressure, 24

data protection Act, 193
defi brillation

defi nition, 80
pads/paddles,  81–3
energy levels, 83
procedure, 84–5

defi brillation waveform, 83
demand pacing, 86
diastole, 118
diastolic, 96, 101, 102, 103, 104, 105, 106, 108, 109, 120
distraction, pain management, 288–9
‘doctor’s bag’, 202
documentation and record keeping, 188–95

abbreviations, 192
defi nitions, 188
documentation of drugs, 201
electronic patient records, 194
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key documents, 192–4
models of record keeping, 190–191
what constitutes good medical records?, 

189–90
why keep healthcare records?, 188–89

Donway splint see traction splints
drug administration, 198–211

defi nitions, 198
documentation, 201
drug formulations, 199–201
legislation, 198–9
procedures, inhaled (nebulised), 204
procedures, intramuscular injection, 208–9
procedures, oral administration, 203
procedures, rectal administration, 209–10
procedures, subcutaneous injection, 205–6
storage, 201–2

ECG see electrocardiogram
Einthoven’s triangle, 110 
electrocardiogram (ECG), 109–17

basic principals of electrocardiography, 110–12
ECG settings, 112–13
electrode positioning, 114—16
indications for recording and ECG, 110
patient preparation, 113
recording the ECG, 116
types of ECG, 110

endotracheal tube, 21
recommended sizes for children, 21

endotracheal intubation, 2, 17, 19–28, 36
airway positioning and manipulation, 24
confi rming tube placement, 22–23
equipment, 20
number of attempts, 24
preoxygenation, 25
preparation of equipment, 20–22
procedure, 25–6

Entonox, 214–8, 289, 290
administration, 216–8
advantages of Entonox, 214
contraindications, 214–5
defi nition and indications, 214
equipment, 216
troubleshooting, 218

environmental cleanliness, 235–6
essence of care, NHS, 193
external jugular cannulation, 254–6

complications, 255
introduction, 254
procedure, 255–256

extra heart sounds, 118
extra systole, 96 

extrication devices, 327–9
procedure, 327–9

eye, mouth and nose protection, 235
EZ-IO, 260–1

FAST test, 167
FAST intraosseous device, 262–4
fi st pacing, 86
fi xed-rate pacing, 86
foreign body airway obstruction, 70–76

adult choking sequence, 71–73
aftercare, 73
defi nition, 70
literature, 73
paediatric choking sequence, 73–76

fracture management, 294–316
box splints, 300, 302–3
defi nitions, 294
general principles, 294–5
neighbour strapping, 305–6
pelvic fractures, 313–316
principles of splinting, 295–6
slings and support bandages, 297–301
traction splints, 306–313
vacuum splints, 304–5, 306

freedom of information Act, 193

Glasgow Coma Scale see level of consciousness
gloves, 232–4

hand-hygiene (see also infection control), 203, 204, 
205, 208, 209, 211, 230, 231–2, 233, 245, 248, 
249, 255, 256 

haemorrhage control 
foreign body present, 344
no foreign body, 343

haemostatic dressings, 347–8
fi brin glues and sealants, 347
microporous polysaccharide hemosphere, 347
mineral zeolite, 347–8
Poly-N-acetylglucosamine, 348

head tilt and chin lift, 6–7, 53, 54, 61, 62, 64
Health and Safety at Work Act, 363–4
heart murmurs see murmurs
history taking and communication, 176–185

allergies, 180
communication models, 177–8
consent, 184
defi nitions, 176
family history, 180
history of presenting complaint, 179
introductions, 179
key communication skills, 176–7
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history taking and communication (cont’d)
medication history, 180
mental health, 181
past medical history, 179–80
practitioner-patient relationship, 178
presenting complaint, 179
questioning techniques, 183–4
SADPERSONS assessment, 182
sexual history, 181
social history, 181
standardised history framework, 178–83
systematic enquiry, 181–2

hypertension, 102–3, 180, 283
hypopnoea, 135
hypotension, 103, 137, 273
hypothermia, 121, 122, 132, 354, 355

indirect pressure, 344
infection control, 230–7

defi nitions, 230
environmental cleanliness, 235–6
hand hygiene, 231–2, 233
indications for infection control, 230
personal protective equipment, 232–6

intramuscular injection, 206–9
intraosseous infusion, 257–265

Bone Injection Gun (BIG), 264–5
complications, 258
contraindications, 258
equipment, 258
EZ-IO, 260–1
FAST, 262–4
indications, 257
location sites, 258
procedure (Cook cannula), 259–60

intravenous access see vascular access devices
intubation see endotracheal intubation

jaw thrust, 6–7, 43, 53, 62, 64, 68

Kendrick extrication device (KED), 321, 327–9
Korotkoff’s sounds, 105–6, 107, 108, 109
Kussmaul’s breathing

laryngeal mask airway (LMA), 16–19, 42, 46, 47
complications, 19
contraindications, 17
equipment, 18
procedure, 18–19
sizing, 17

laryngoscope handle and blades, 21
level of consciousness, 156–62

AVPU, 157

Glasgow Coma Scale (GCS), 157–62, 167
paediatric GCS, 159

lifting operations and lifting equipment regulations, 
364–5

limb leads, 111, 115 
log rolling, 321
long board, 329–31

description, 329
procedure, 331
women in late pregnancy and, 330

lubricant (for endotracheal intubation), 22

magill forceps, 22
management of health and safety at work regulations, 

364
manual displacement of the uterus, 58–9
manual handling operations regulation, 364
mean arterial pressure, 103
mechanical chest compression devices, 59–60
mechanical heart valves, 118
mechanical ventilator, 44–6

Functional check and procedure, 45–6
motor function, assessment of, 165–6

assessment of abnormal movements, 166
assessment of co-ordination, 166
assessment of movement and power, 166
assessment of muscle tone, 165
assessment of refl exes, 165–6
inspection and palpation of muscle mass, 165

moving and handling
additional principles, 369–70
biomechanical principles, 366-7
defi nitions, 362
importance of safe moving and handling, 362–3
key legislation, 363–5
lifting aids, 370
no lift policies, 365
principles of manual handling, 367–369
risk assessment, 365–6

murmurs see cardiac auscultation

nasal cannulae, 221
nasopharyngeal airway (NPA), 7–10, 16

complications, 9–10
contraindications, 9
equipment required, 10
procedure, 10–11
sizing, 9

nebulised drugs, 200 
procedure for administration, 204

needle thoracocentesis, 272–7
contraindications, 274
defi nitions, 272
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equipment, 274
indications, 274
landmarks, 277
literature, 273–4
problems and solutions, 273–4, 275
procedure, 275–6

neurologic observations and examination techniques, 
156–72

defi nitions, 156
indications for neurological observations, 156

normal breath sounds, 148
normothermia, 121

oesophageal detector device (ODD), 23, 26
oropharyngeal airway (OPA), 7, 11–15, 16

contraindications, 13
equipment, 13
procedure, 13–15
sizing, 11–12

orthopaedic scoop stretcher, 321, 323, 330, 331, 333 
oxygen cylinders, 220, 225–6

safety, 225–6
oxygen masks, 222–4

non-rebreather mask, 222, 223
simple face mask, 222, 223
venturi mask, 222, 223, 224

oxygen saturation see pulse oximetry
oxygen therapy, 218–26

cautions and contraindications, 219–20
defi nition, 218–9
equipment, 220–4
indications for use, 219
procedure, 224

pain assessment and management, 280–91
acute v chronic pain, 281
assessing pain, 281–8
defi nitions, 280

pain assessment tools, 283–286
Checklist of non-verbal indicators, 288
Numerical Rating Scale, 284
sensitivity of pain scales, 286
Verbal Rating Scale, 285–6
Visual Analogue Scale, 285
Wong–Baker FACES Pain Scale, 286

pain assessment in the cognitively impaired, 287–8
pain management, overview, 288–90
painful stimuli, 161–3

central, 162
peripheral, 162–3

patient’s charter, 192
patient group directions, 198
peak fl ow measurement (PEFR), 139–41

defi nition, 139
indications for the use of PEFR, 140
procedure, 140–1
factors affecting PEFR measurement, 141

percussion see chest percussion
percussion pacing see fi st pacing
pericardial rub see cardiac auscultation
personal protective equipment see infection 

control
pleural rub, 149
pleuritic, 149, 273
PneuPac/ParaPac ®see mechanical ventilator
precordial leads, 112, 115, 116
precordial thump, 80–81
pressure points see indirect pressure
provision and use of work equipment regulations, 

364, 365
pulmonary artery catheterisation (temperature), 122
pulse, 94–9

indications for measuring a pulse, 95
locating the artery, 99
procedure, 98
pulse rate, 95–6
pulse rhythm, 96–7
pulse symmetry, 97
pulse volume/character, 97

pulse oximetry, 136–8
description of pulse oximetry, 136
indications for pulse oximetry, 136–7
limitations of pulse oximetry, 137–8
procedure, 138

pulse rate in children, 95
pupillary assessment, 163–5

procedures, 164–5
pupil response, 164
pupil size and shape, 163–4

pyrexia, 121, 122

rales see crackles
records management: NHS code of practice, 193–4
recovery position, 60–61
rectal drug administration, 209–10
reduced breath sounds, 148
rescue breaths, 56
rescuer danger, 56
respiratory system, 130
respiratory assessment, 130–151

chest and respiratory inspection, 133
chest compliance, 133–5
indications for respiratory assessment, 130
measuring respiratory rate, 132
measuring respiratory rhythm, 146
respiratory depth, 132
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respiratory assessment (cont’d)
respiratory pattern and rhythm assessment, 135–6
respiratory rate, 131–132

SADPERSONS assessment, 182
Sager splint see traction splints
SAM splints, 312
SAM sling, 313, 314–16
scoop stretcher see orthopaedic scoop strether
sensory function assessment, 167
slings, 297–99
‘sniffi ng’ position, 24
sphygmomanometer, 103, 104
spinal board see long board
spinal management, 320–34

complications associated with spinal immobilisation, 
321–4

equipment and procedures, 325–334
evidence on how to immobilise the spine, 320–21
indications, 324–5
pain, 324
relevant gross anatomy, 320
skin ulceration, 323

subcutaneous injection, 205–6
systole, 118
systolic, 57, 101, 102, 103, 104, 105, 106, 108, 109

tachycardia, 38, 87, 96, 273
tachypnoea, 131, 273
tactile vocal fremitus, 147
temperature measurement, 121–5

extremes of temperature, 121–2
indications for temperature measurement, 121
methods of temperature measurement, 122
procedures, 124–5
which thermometer and site is most accurate?, 123–4

tension pneumothorax, 272, 273, 274, 275
thoracocentesis see needle thoracocentesis
threshold, 86
traction splints, 306–13

Donway splint, 307–310
Sager splint, 310–312

transcutaneous cardiac pacing (TCP), 85–88
defi nition, 85
electrodes, 87–8
indications, 86
literature, 87
pad positioning, 87
procedure, 88
skin preparation, 87
terminology, 86

transthoracic impedance, 81
ventilation status, 83

thermometry, 122–3
chemical thermometry, 123
digital analogue probe thermometers, 123
mercury thermometers, 123
temporal artery thermometers, 123
tympanic, 122

tourniquets, 345–7
can they be used safely, 345
complications, 345
description, 345
indications for use, 346

vacuum mattress, 321, 323, 326, 328, 330, 332–4
vacuum splints, 304–5, 306
vascular access devices, 240–66

complications, 245–6, 247
defi nitions, 240
device selection, 242
external jugular cannulation see external jugular 

cannulation
indications for peripheral cannulation, 242
intraosseous infusion see intraosseous infusion
management in situ, 246
peripheral cannulas, 241–2
procedure, peripheral cannulation, 247–254
vein selection, 243–4
venodilatation, 244–5

veins
anatomy of, 240
selection for cannulation, 243–4

ventricular ectopic beat, 96
ventricular fi brillation, 50, 51, 80
ventricular tachycardia, 50, 84, 95
venturi mask see oxygen masks
vocal resonance, 150–1

defi nition, 150
procedure, 151

wheeze, 38, 149, 182, 272
white coat hypertension, 102, 107
wound healing, 340–2

factors affecting wound healing, 342
phases of wound healing, 340–41
complications in wound healing, 342

wound management, 338–48
classifi cation of wounds, 339–40
defi nitions, 338
haemostatic dressings, 347–8
principles of wound management, 342–344
sources/types of bleeding, 338–9
tourniquets, 345–7
wound healing, 340–42

z-track technique, 207, 208
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