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 Foreword     

  Venepuncture and cannulation are two commonly practiced 
invasive procedures in the hospital and community setting that 
have remained unchanged despite technological developments 
of the past decades. These are not complex procedures, however 
there are a number of factors that contribute to correctly per-
forming them, presented by the authors in this book. 

 The wide variety of clinicians offering these skills to their 
patients is welcome and makes the most of the talent in the 
NHS, while offering patients choice and an effi cient service. 
However, such diversity risks different types of practices evolv-
ing. It is therefore essential that a clear, concise yet informative 
text is available for clinicians to lead forward best practice in 
the most appropriate and informative way. 

 The book provides a comprehensive yet concise overview of 
relevant information and assumes no specialist knowledge. The 
text is augmented by useful tables and diagrams and is logically 
presented for reading and reference purposes. Competent prac-
tice and patient experience are integrated throughout with 
additional designated chapters from both the patient perspec-
tive and the educational experience. This demonstrates the 
editors ’  commitment to providing a text with a strong emphasis 
on high quality patient care, and the importance of training and 
education in order to achieve that aim. All relevant aspects are 
covered, beginning with professionals, and their duty of care 
and legal responsibilities. The book is completed by a review of 
the patient experience, specifi cally what we know about their 
experience and how this can shape our practice. 

 I welcome this book as the fi rst publication on venepuncture 
and cannulation in the United Kingdom. It is further example 
of how the NHS in particular, remains at the forefront of pio-
neering clinical practice development in healthcare worldwide. 
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Expertise, patient experience and evidence based practice are 
shared by texts like this to ensure practising clinicians may take 
available knowledge and skill forward and continue to offer a 
fi rst class service for our patients. 

  Venepuncture and Cannulation   –   Essential Clinical Skills for 
Nurses , provides a core text for anyone practicing these skills, 
not just nurses. The extensive referencing and content from 
authors, with both expertise and knowledge in this fi eld, make 
this book both an excellent starting and reference point. It will 
become a pivotal reference for the clinician who strives to 
master, rather than simply acquire these skills. 

    Professor Lord Darzi PC, KBE, FMedSci, HonFREng    

  Professor Darzi holds the Paul Hamlyn Chair of Surgery at Imperial 
College London where he is Head of Division of Surgery. He is inter-
nationally respected for his innovative work in the advancement of 
minimal invasive surgery and the development and use of allied tech-
nologies. Research led by Professor Darzi is directed towards achieving 
best surgical practice through both innovation in surgery and enhanc-
ing the safety and quality of healthcare.  
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  This book aims to equip healthcare practitioners with underly-
ing theory prior to gaining competence in the hospital and 
community settings for the practical skills of venepuncture and 
cannulation. It is predicted that users of this book are the prac-
titioner who is updating their knowledge about these skills or 
the novice who is learning the skill of venepuncture or cannula-
tion for the fi rst time before undertaking supervised practice in 
the clinical environment. 

 Intravenous access is a skill that is growing amongst all 
healthcare practitioners and there are a number of reasons why 
it is required: 

  1.     Administration of  ‘ short - term low - risk intravenous therapy 
e.g. administration of blood and blood produces, isotonic 
fl uids and drugs whose pH and osmolarity are similar to that 
of blood ’  (Scales  2005 , p. 48).  

  2.     New roles and autonomy for community nurses (Maben  &  
Griffi ths  2008 , p. 13).  

  3.     Nurses responsible for the management of whole episodes 
of care for patients (Maben  &  Griffi ths  2008 , p. 13).  

  4.     Provision of  ‘ safe, effective and prompt nursing interven-
tions ’  a core element of good quality nursing care (Maben  &  
Griffi ths  2008 ).  

  5.     The Hospital at Night (HaN) concept is one such example to 
achieve seamless clinical care with one or more multiprofes-
sional teams who between them have the full range of skills 
and competencies to meet patients ’  immediate needs.    
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  Sarah     Phillips    and    Mary     Collins       



  Venepuncture and Cannulation

2

 The chapters individually highlight good practice, and there-
fore quality care, in the stages that collectively ensure the 
patient ’ s safety throughout the procedure of venepuncture and 
cannulation. This is pertinent in light of the current agenda that 
focuses on quality outlined in the Darzi report  High Quality Care 
for All   (2008a) . This report places emphasis on achieving effec-
tive and high quality healthcare services by enabling practition-
ers to utilise their skills, knowledge and expertise appropriately 
and effectively.  ‘ NHS staff make the difference where it matters 
most and we have an obligation to patients and the public to 
enable them to make best use of their talents ’  (Darzi  2008a , 
p. 10). 

 The authors of this book consider education and training to 
be pivotal in providing best practice for patients in these skills. 
It is equally recognised that achieving this basic requirement is 
challenging for practitioners and managers in today ’ s fast 
moving healthcare. The following recommendations offer a 
realistic way forward in modern healthcare and are echoed 
throughout this book:

      •      Flexible  –  provision of education and training must be suffi -
ciently fl exible to give professionals both the breadth and 
depth of expertise that they need to deliver the high quality 
care to which they aspire  

   •      Focused on quality  –  high quality care requires the provision 
of high quality education and training  

   •      Promoting life - long learning: Staff in all roles and settings 
need opportunities to continuously update the skills and tech-
niques that are relevant to delivering high quality care 
through, for example, work - based learning.  …     

 Darzi ( 2008b , p. 12)   

 For the purpose of the book the practitioner refers to anyone 
who is undertaking the skills of venepuncture and cannulation. 
This can be a healthcare assistant, phlebotomist, physician ’ s 
assistant, medical student, registered nurse, midwife, qualifi ed 
doctor or radiographer. References are made to paediatrics; 
however, this book is focused on cannulation and venepuncture 
for the adult or adolescent. 

 Chapter  1  considers  the legal and professional aspects  which 
the practitioner must familiarise themselves with prior to 
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undertaking  the learning experience , which is the focus of Chapter 
 2 . Preparing for these procedures requires some specifi c knowl-
edge and understanding, therefore  anatomy and physiology  is 
covered in Chapter  3  and  selecting the correct equipment , for 
example blood bottles, cannulae, for the procedure in Chapter 
 4 . A particularly important consideration for the success of these 
procedures is to ensure that the patient has the best experience 
possible. This means  selecting the correct vein  is crucial and 
Chapter  5  looks at assessing the patient, inspection and palpa-
tion of the vein, and considers some challenges that the practi-
tioner may encounter. In view of the increasing numbers of 
intravascular catheter - related bloodstream infections, Chapter 
 6  addresses  infection control and risk management . Preparation 
of both the patient and the practitioner increases the success of 
these procedures and these are considered in Chapter  7  in  pro-
cedures for venepuncture and cannulation . Complications are a 
reality and Chapter  8  helps the practitioner to identify when 
they occur and problem - solve to minimise injury for the patient. 
Chapter  9  covers  different types of blood tests  and factors that must 
be considered when taking blood. Finally, central to the success 
of these procedures is the patient and their perspectives are 
addressed in Chapter  10 . 

  SOME DEFINITIONS OF COMMON TERMS 
USED IN THIS BOOK 

    Cannulation:     The  ‘ insertion of a tube into a body duct or cavity, 
is performed to provide access to the circulation for the 
administration of short - term, low - risk intravenous therapy ’  
(Scales  2005 , p. 48).  

  Venepuncture:     The term used to describe the procedure of 
 ‘ Entering a vein with a needle ’  (Dougherty  &  Lister  2011 , p. 
920).     

  REFERENCES 
    Darzi ,  A.W.   ( 2008a )  High Quality Care For All: NHS Next Stage Review 

Final Report .  DH ,  London .  
    Darzi ,  A.W.   ( 2008b )  A High Quality Workforce. NHS Next Stage 

Review .  DH ,  London .  



  Venepuncture and Cannulation

4

    Dougherty ,  L.    &    Lister ,  S.   ( 2011 )  The Royal Marsden Hospital Manual 
of Clinical Nursing Procedures ,  8th edn .  Wiley Blackwell ,  Oxford .  

    Maben ,  J.    &    Griffi ths ,  P.   ( 2008 )  Nurses in Society: Starting the Debate . 
 National Nursing Research Unit King ’ s College London ,  London .  

    Scales ,  K.   ( 2005 )  Vascular access: a guide to peripheral venous 
cannulation .  Nursing Standard ,  19 ( 49 ),  48  –  52 .        
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Understand key aspects of the legal framework that are rel-

evant to these skills.  
   ❏      Understand how healthcare organisations operate within 

this framework, in relation to these skills.  
   ❏      Consider the professional aspects for these skills.  
   ❏      Understand the importance of evidence - based practice.     

  INTRODUCTION 
 Venepuncture and cannulation are the most commonly per-
formed invasive procedures in the NHS. To perform these pro-
cedures well, and to ensure a satisfactory outcome for the 
patient, requires the practitioner to have relevant and up - to -
 date knowledge and skill (Dougherty  2008 ). This chapter 
focuses on the legal and professional implications for nurses 
who perform these procedures within their practice setting.  

  THE LEGAL ASPECT 
 The nursing profession seeks to deliver high quality care at all 
times and the role of the nurse has expanded signifi cantly over 
the past decade. The evolving range of responsibilities can be 
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complex in nature and are related to the technological and 
medical advances within the healthcare setting. The nurse ’ s 
role, whilst offering intellectual stimulation and professional 
satisfaction, brings with it the potential for increased legal risks 
(Hyde  2008 ). Nurses must have a working knowledge of the 
law and how it applies to their practice in order to be safe and 
competent practitioners. 

  Sources of  l aw 

 The law derives from two main sources. The fi rst is Acts of 
Parliament and Statutory Instruments (also known as statute 
law) which are enabled by the powers given to Parliament 
(Hyde  2008 ). These statutes, which take precedence over all 
other laws, include the legislation of the European Community. 
Laws of the European Community automatically become part 
of the law in the United Kingdom (Dimond  2005 ). There are 
many statutes that apply to nursing, such as the Nurses 
Midwives and Health Visitors Act 1997, the National Health 
Service Act 1977 and the Health Act 1999. 

 The common law (also known as case law) is the second 
source, which is derived from decisions made by judges in 
individual cases. Thus, common law operates through a system 
of precedent. The judge, when considering the facts before him 
and deciding upon a case, is bound by the decision in law made 
by judges at an earlier case if it is relevant to the facts before 
him and if that decision was made by a higher court to that in 
which he is sitting (Dimond  2005 ). The established order of 
precedence means that decisions made in the United Kingdom 
Supreme Court, the highest court of the land, are binding over 
all lower courts except itself, but would be subject to relevant 
precedents established in the European Court of Justice (Dimond 
 2005 ). 

 The legal system is divided into two main branches, criminal 
and civil law. Criminal law relates to crime and breaches can 
lead to prosecution, whilst civil law deals with all other cases 
(Hodgson  2002 ). Civil law is the branch of law whereby a civil 
action for negligence in relation to the liability of the nurse 
would be heard. A patient who has suffered harm as a conse-
quence of inadequate care whilst being treated by the nurse can 



Legal and Professional Issues  1

7

claim compensation for a breach of duty of care. It is therefore 
important that the nurse has an understanding of liability in 
relation to civil action.   

  THE PROFESSIONAL ASPECT 
 Statutory regulation of nurses is the function of the Nursing and 
Midwifery Council (NMC). The professional register is a means 
of declaring that a reasonable standard of competence and 
conduct is expected from those named in it. It is also stating that 
these are the people to whom the NMC has declared its expecta-
tions, given its advice and presented its standards, and to whom 
it can call to account. The Nursing Midwifery Order 2001 
requires the NMC to have specifi c statutory committees, these 
are the: 

   •      Screeners and Practice Committees  –  who consider allegation 
and establish if the complaint is well founded but who may 
refer the matter to the other committee for consideration  

   •      Investigating Committee (IC)  
   •      Conduct and Competence Committee (CCC)  
   •      Health Committee (HC).    

 Integral to the NMC function is to protect the public from 
persons whose fi tness to practise is impaired. Fitness to practise 
implies the registrant ’ s suitability to be on the register without 
restrictions. Some of the ways in which fi tness to practise may 
be impaired are by misconduct, lack of competence, physical or 
mental ill - health or a criminal conviction. The CCC holds hear-
ings in public to encourage transparency and to refl ect the 
NMC ’ s public accountability. The sanctions that are available to 
the committees include issuing a caution, suspension from the 
register or removal from the register. As a way of ensuring that 
practitioners are fi t to practise and are able to provide relevant 
and evidence - based nursing intervention, the NMC provides 
guidance through its Code, which was updated in April 2008. 
It states:  ‘ The people in your care must be able to trust you with 
their health and wellbeing ’ , and it requires the nurse or midwife 
to:

      –      make the care of people your fi rst concern, treating them as 
individuals and respecting their dignity  
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   –      work with others to protect and promote the health and well-
being of those in your care, their families and carers, and the 
wider community  

   –      provide a high standard of practice and care at all times  
   –      be open and honest, act with integrity and uphold the reputa-

tion of your profession.
 NMC  (2008)  p. 1        

  ACCOUNTABILITY 
 The concept of accountability is infl uenced by issues such as 
authority and autonomy and is related to the concept of pro-
fessionalism. Watson  (2004)  states that  ‘ accountability is the 
hallmark of a profession ’  in that training and professional reg-
istration is required in order to practise. The nurse has both 
professional and legal accountability for her practice. Nurses 
are accountable to: 

   •      the NMC in terms of the code of conduct, and the sanction 
could be removal from the register  

   •      the patient through civil law, and the sanction could be to be 
sued by the patient  

   •      the employer through contract of employment/employment 
tribunal, and sanction could be loss of job  

   •      the public through criminal law/courts, and the sanction 
could be criminal prosecution (Hyde  2008 ).    

 There can be overlap within these areas of accountability. For 
example, if a nurse witnesses a car accident, legally she is not 
obliged to stop at the scene and offer assistance; however, pro-
fessionally she would be expected to. The NMC states that the 
nurse is  ‘ accountable for the care she delivers in emergency 
situations ’ . 

 Accountability is implicit within any area of practice where 
the practitioner is delivering care. The NMC defi nes accounta-
bility as  ‘ responsible for something or someone ’ , and to be 
responsible requires knowledge. Clark  (2000)  describes account-
ability as meaning  ‘ the professional takes a decision or action 
not because someone has told him or her to do so, but because, 
having weighed up the alternatives and consequences in the 
light of the best available knowledge, he or she believes it is the 
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right decision or action to take ’ . The NMC states that in exercis-
ing their professional duty nurses must be able to justify their 
actions as well as their decisions, which is not possible unless 
the nurse has the necessary knowledge. 

 Legal accountability applies to every citizen, and nurses like 
all other professionals are personally accountable through law 
for their actions or omissions. Such individual legal accoun-
tability is channelled through the criminal and civil law in the 
courts (Tingle  2004 ). The NMC  2008  code also emphasises that 
the nurse  ‘ must act lawfully, whether those laws relate to profes-
sional practice or personal life ’ ; thus accountability is continuous. 

 Litigation within healthcare in the United Kingdom has 
increased over the years and has huge fi nancial implications for 
the NHS (Dougherty  2003 ). During 2006 – 2007 the NHS 
Litigation Authority (NHSLA) dealt with 5426 clinical negli-
gence claims which cost  £ 579.3 million. Over 80% of these cases 
were settled out of court (NHSLA  2008 ). The challenges of 
nursing within an increasingly complex healthcare framework, 
and the many competing priorities, mean that the risk of litiga-
tion is always present.  

  DUTY OF CARE 
 All nurses owe the patients they care for a duty of care. Liability 
is likely if that duty has been breached, the breach being a 
failure to meet the required standard of care. The standard of 
care required is determined by the Bolam test:  ‘ the standard of 
the ordinary skilled man exercising and professing to have that 
special skill. A man need not possess the highest expert skill at 
the risk of being found negligent.  …  it is suffi cient if he exercise 
the ordinary skill of an ordinary man exercising that particular 
art ’  ( Bolam  v.  Fern Hospital Management Committee  1957). This 
standard is well established as is  Bolitho  (1997):  ‘ when chal-
lenged, if expert opinion could not withstand logical analysis 
then the judge has the right to conclude that the body of opinion 
is not reasonable or responsible ’  (Foster  2002 ). Consequently, 
when justifying clinical decisions or actions the practitioner 
would be expected to have considered their competencies 
within a particular situation as well as best practice principles 
if they were subject to litigation. 
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 For a successful litigation the plaintiff must establish three 
principles on the balance of probabilities. These are: 

   •      that a duty of care was owed by the defendant to the 
plaintiff  

   •      that there has been a breach of that duty  
   •      that, as a result of that breach, the plaintiff has suffered harm 

of a kind recognised in law and which is not too remote.    

 For example, a litigation claim could be evoked if in the 
course of her duty, a nurse inserted a peripheral cannula using 
poor technique which caused the patient an injury.  

  VICARIOUS LIABILITY 
 NHS Trusts and other employers have two forms of liability: (1) 
direct liability, i.e. the Trust itself is at fault; and (2) vicarious or 
indirect liability, i.e. the Trust is responsible for the faults of 
others, mainly its employees (Dimond  2005 ). It is a necessary 
requirement that the employee was acting within the course of 
their employment and that they were authorised to perform the 
procedure. For example, a nurse whilst caring for a patient 
obtains a blood sample from the patient and during the proce-
dure the patient sustains a nerve injury. If the nurse did not have 
the necessary training or authorisation to perform the proce-
dure, the patient would be able to claim clinical negligence. It 
is possible that the employer could seek to recover from the 
employee any compensation which may be paid out. However, 
the Department of Health advise against such practice (Dimond 
 2005 ). 

 The changing culture of clinical negligence claims has been 
refl ected in the updated code of conduct. The NMC states that 
the nurse should have personal indemnity insurance and that 
if the nurse cannot arrange it then she must declare it to the 
person for whom she is caring as they need to be aware of that 
fact due to the potential for a clinical negligence claim. Such a 
declaration relates to registered nurses and not to non - registered 
healthcare personnel. Indemnity insurance is provided through 
professional organisations and trade unions.  



Legal and Professional Issues  1

11

  RECORD KEEPING 
 Maintaining accurate records is fundamental to nursing practice 
and yet it is often overlooked, especially when workload 
demands are high. However, the NMC describes good record 
keeping as a  ‘ tool for professional practice and one that should 
help the care process. It is not separate from this process and it 
is not an optional extra to be fi tted in if circumstances allow ’  
(NMC  2009 ). 

 Failure to document interventions accurately could have 
serious consequences. In terms of cannulation, records should 
demonstrate site selection, number of attempts and any prob-
lems encountered during the procedure. The record should be 
signed and dated with the time of insertion. Furthermore, 
records should demonstrate the care of the peripheral device as 
well as the outcome of treatment (Dougherty  2008 ). The nurse 
should remember that these records will be used in the event 
of a negligence claim being brought against her and will serve 
to protect her if the documentation is detailed and relevant. In 
the absence of relevant records, nursing practice can be called 
into question since there is no evidence to prove that the inter-
ventions took place. The nurse may also fi nd it diffi cult to recall 
details since memory fades with time and recall can be scanty. 
Opinions may then be made about the nurse ’ s fi tness to practise 
because of failures in documentation, since  ‘ good record keeping 
is an integral part of nursing and midwifery practice, and is 
essential for to the provision of safe and effective care ’  (NMC 
 2009 ). Furthermore, the practitioner and employer lose protec-
tion against negligence claims in the absence of clear and accu-
rate records. Documents provided as evidence in court would 
be scrutinised and any failures would compromise the practi-
tioner when they came to give evidence. Consequently, to 
neglect this area of practice is to open oneself to potential pro-
fessional and legal complications.  

  CONSENT TO TREATMENT 
 The notion of consent is based on the principle of respect for 
the person and thus on the concept of human rights of life and 
liberty (Tschudin  2003 ). Central to the thinking about the 
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nursing care of the patient is the philosophical concept of auton-
omy. On the premise that people know what is in their best 
interest, the ethical principle states that the choices of mature 
people must be respected and, refl ecting this principle, the law 
insists that consent is, in the vast majority of cases, a prerequi-
site to the care of the patient (Cox  2001 ). As a registered nurse 
it is imperative that consent is obtained before any treatment or 
care is initiated. For consent to be valid the practitioner must 
ensure that consent is: 

   •      given by a legally competent person  
   •      given voluntarily  
   •      informed (which includes information about the procedure 

as well as any known risks related to the intervention) (NMC 
 2008 )    

 Consent may be given in a variety of ways and the law does 
not require consent to be given in a particular way. Implied, 
verbal, written and expressed consent are all equally valid; 
however, they can vary in their value as evidence in proving 
that consent was given (Dimond  2005 ). Examples of consent are: 
(1) a nurse is about to obtain a blood pressure reading and the 
patient holds out their arm for the procedure, then the consent 
is implied; (2) the nurse asks the patient if she can obtain a blood 
sample and the patient agrees, then the consent is verbal; (3) the 
nurse, prior to insertion of a central venous access device and 
following a comprehensive explanation of the procedure, asks 
the patient to sign a written document to confi rm consent to the 
procedure. 

 Giving full explanations of what is being done, and why, how 
and when, is essential for the patient to remain a free agent and 
exercise the right to say no (Tschudin  2003 ). It is often diffi cult 
for nurses to accept a patient ’ s refusal to give consent. However, 
an action of battery may be brought if treatment is given in the 
face of an explicit refusal of consent (McHale  2001 ).  

  EVIDENCE - BASED PRACTICE 
 The radical modernisation of the healthcare system that culmi-
nated in the publication of the NHS Plan (Department of Health 
 2000 ) empowered nurses to undertake a wide range of complex 
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clinical skills which were traditionally the remit of the medical 
profession. The nursing profession has embraced the role 
expansion. However, the role expansion is inextricably linked 
with the risk of professional and legal complications for the 
nurse. The procedure of venepuncture and cannulation is com-
monly practised by nurses (Dougherty  2008 ). The importance 
of being competent to perform these procedures must never be 
underestimated since the consequences of bad technique and 
lack of knowledge can be serious. Skill is required to learn 
techniques and use equipment but of equal importance is the 
knowledge that is required to apply evidence - based practice, 
assess the patient, problem - solve, manage complications. A 
good knowledge of equipment is necessary to protect the prac-
titioner from risks such as sharps injury, and agencies such as 
the National Patient Safety Agency  (2007)  advocate the use of 
needle - free systems whenever possible. 

 The NMC code (NMC  2008 ) states that each nurse must 
ensure that their practice is up to date; the notion of lifelong 
learning is inherent in the code and nurses are encouraged to 
actively seek out and comply with training programmes which 
will help inform their professional practice. Failure to maintain 
knowledge would be viewed as a breach of the code since the 
NMC emphasises the importance of maintaining competency in 
order to deliver safe and effective nursing care. 

 There is currently no national agreed training programme for 
venepuncture or cannulation; however, the RCN  (2010)  have 
published the third edition of their  Standards for Infusion Therapy , 
which is essential reading for nurses performing venepuncture 
and cannulation. There is a risk in assumptions being made 
about the fact that such procedures, being commonplace, are 
easy to perform and require minimal knowledge. The reality is 
that in order for the nurse to deliver safe and effective care and 
to be competent to work without supervision she must demon-
strate that she has maintained her knowledge and skill (NMC 
 2008 ). 

 It has become common practice for organisations to allow 
non - registered staff to perform cannulation and venepuncture 
following a period of training. If the procedure is being per-
formed under the delegation of the registered nurse then she 
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must be satisfi ed that the delegation is appropriate and be 
aware of the outcomes of the delegation. The nurse or midwife 
must: 

   •      establish that anyone they delegate to is able to carry out their 
instructions  

   •      confi rm that the outcome of any delegated task meets the 
requires standards  

   •      make sure that everyone they are responsible for is super-
vised and supported NMC  (2008) .    

 Clearly, the nurse is ultimately accountable for her actions as 
well as decisions.  

  CONCLUSION 
 The dynamic nature of healthcare makes it essential for nurses 
to keep up to date with advances in clinical practice to ensure 
they are fi t for purpose. To ensure safe, effective and profes-
sional practice requires the nurse to maintain a good knowledge 
of the professional and legal requirements which infl uence the 
delivery of care.  
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Evaluate if it is appropriate to learn these skills.  
   ❏      Evaluate potential learning and assessment resources.  
   ❏      Identify local learning opportunities.  
   ❏      Realistically assess the complexities of learning within his/

her own workplace.  
   ❏      Consider his/her own and other professionals ’  needs when 

learning.  
   ❏      Plan a successful route to achieve competency.     

  INTRODUCTION 
 This chapter explores different approaches to education, train-
ing and assessment for venepuncture and cannulation. As 
courses differ locally, strengths and weaknesses of educational 
methods are highlighted so that learners can avoid common 
pitfalls and identify potential resources. Competence is a theme 
throughout but has been specifi cally related to assessment 
approaches. The environment of work and learning is dis-
cussed, drawing on behavioural sciences to offer illumination 
on the complexities involved in learning at work. Different pro-
fessional groups are later introduced so the learner can consider 
specifi c educational requirements for themselves and those 
around them. 
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 Learners will benefi t from taking time to consider if it is real-
istic and appropriate to acquire these skills in terms of gaining 
competency and maintaining expertise once competent. 
Training, education and development is only effective if what 
is being taught is needed and wanted and the reason for poor 
current uptake understood. Mager  (1992)  suggests these fall 
into two simple rules: 

  Rule 1 : Training is appropriate only when two conditions are 
present:

    •      There is something that one or more people do not know how 
to do.  

   •      They need to be able to do it.    

  Rule 2 : If they already know how, more training won ’ t help.  

  KNOWLEDGEABLE AND PRACTICAL LEARNING 

  Theoretical  l earning 

 The clinical area is rich with stimulating learning experiences 
but this can also be challenging for learners because it is also 
distracting. Learners therefore benefi t from protected time in an 
environment conducive to acquiring theoretical knowledge 
including anatomy, physiology, specialised terminology and 
equipment design. An environment which has been designed 
for learning encourages active questioning because it should 
feel safer and less exposing for learners. Equally, patients need 
not experience discussions that may be anxiety - provoking and 
irrelevant to their own situation. This falls in line with the 
Essence of Care Benchmark for Communication.  ‘ Communica-
tion takes place at a time and in a communication environment 
that is acceptable to all parties ’  (DH  2003b , p. 3). 

 Any division of theory and skill must be done carefully 
because it creates an artifi cial split that does not refl ect the reality 
of healthcare roles, which require thinking and doing together. 
Benner  et al.   (1998)  informs us that expert nurses make decisions 
about care by  ‘ Thinking - in - Action ’  which is particularly rele-
vant for these practical skills. Theory remains essential to 
provide a solid foundation to enable safe practice, but should 
not be the sole source of knowledge and understanding. Indeed 
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it is too limiting for these skills because normal patient variation 
creates unpredictable outcomes that need to be learnt in practice. 
Mastering these skills therefore requires the learner to source 
learning tools and methods that are designed to include key 
theoretical elements (see Table  2.1 ) but also have a fundamental 
objective of facilitating integration of practical skill with theory.    

  Table 2.1    Key theoretical knowledge required 

   Anatomy: 
    •      Anatomy and physiology of the normal arm including skin, veins, arteries and 

nerves and the feel and appearance of healthy veins including the presence 
of valves and junctions.  

   •      Selection of vein and problems associated with venous access due to 
thrombosed, sclerosed infl amed and fragile veins, the effect on veins of 
ageing and the disease process, previous treatment, lymphoedema or the 
presence of infection.     

   Equipment: 
    •      Improving venous access.  
   •      Selection of device and other equipment.  
   •      Appropriate collection tubes and precautions required.  
   •      Components of the equipment and how the design can be optimised in practice.  
   •      Risk management (reducing risk of needlestick injury, etc.).  
   •      Performing the procedure (demonstration, techniques, etc.).     

   Patient: 
    •      Assessment of patient needs.  
   •      Importance of patient ’ s identifi cation and correct labelling and transport of 

specimens.  
   •      Pharmacological and non - pharmacological interventions. (i.e., use of local 

anaesthetic or psychological management of anxious patients).  
   •      Consideration of anatomical and physiological complications (injury, bruising, 

phlebitis).  
   •      Infection prevention issues (hand washing, use of gloves, skin preparation, 

and waste disposal).  
   •      Prevention and management of complications during insertion (haematoma, 

nerve injury, infi ltration, extravasation, etc.).  
   •      Monitoring and care of site (phlebitis assessments, fl ushing, dressing, removal 

of device).  
   •      Patient information and education (leafl ets, advice to notify staff of any 

adverse reactions).  
   •      Professional and legal aspects (consent, professional guidance, knowledge 

and skills maintenance and documentation).  
   •      Understanding of the rationale for the blood test or cannula.     
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  Experiential  l earning 

 The diverse approaches to learning, including cognitive, social 
and humanist, offer useful sources to aid understanding of dif-
ferent responses to learning. According to experts from such 
disciplines, learning from experience is highly effective (Bion 
 1961 ; Gagn é   1965 ; Knowles  1973 , Bandura  1977 ; Rogers  1983 ). 
This is particularly positive for these skills because the clinical 
environment has an abundance of expertise and situations 
which naturally facilitate learning through experience. 

 Rogers  (1983)  believes that experiential learning has fi ve 
qualities: 

   •      It involves the whole person  –  both feelings and cognitive 
processes.  

   •      It is self - initiated, with a sense of discovery coming from 
within.  

   •      It is pervasive and makes a difference in the behaviour, atti-
tudes and maybe the personality of the learner.  

   •      It is evaluated by the learner, who knows if his or her needs 
have been met or not.  

   •      The essence of it has meaning.    

 The lecture format is highly effective for some elements of 
the subject (as described above) but is lacking as a sole method 
of education for these skills. In fact, words could be viewed as 
inadequate for the task of trying to communicate distinct and 
minute patient and anatomical variations that will eventually 
make the difference between expert and novice practitioner. A 
combined practical and cognitive approach provides the 
optimal approach to effective learning and is readily available 
in clinical practice. Supervised practice, for example, utilises 
the rehearsal type of learning that Gagn é   (1965)  informs us 
helps individuals to retain information for longer. In this way, 
the predominant psychomotor activities necessary for these 
skills require learners to organise responses, initiate the activity, 
monitor the process, and refi ne it with corrective moves after 
the fi rst tries. Further, social learning is readily available, which 
Bandura  (1977)  reveals as advantageous because of the value 
of observing experienced role models. Finally, transferability is 
also increased as a result of students being able to practise 
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knowledge and skills in a functional context, so that it is easier 
to imagine what it is like on the job (Bridges  1992 ). 

 Experiential learning, however, is fraught with diffi culties for 
the learner, supervisor and organisation and this should be 
given some consideration before setting out to learn these skills. 
It is, in fact, logistically diffi cult to release two practitioners 
while ensuring work is completed. In addition to supervisors 
not always being available, practitioners have to take on the role 
of learner in front of colleagues and patients. Alternative and 
varied methods to achieve learning from experience should 
therefore be adopted to reduce these pressures. Experience does 
not have to be with patients and many things may be better 
learnt before facing usual patient variables. Mannequins, for 
example, allow the learner to master the equipment without 
alarming or causing discomfort to patients. Similarly, vein pal-
pation can be learnt on colleagues and enables the learner to 
experience the value of touch when selecting the best veins. For 
detailed requirements for acquiring the practical elements of 
these skills see Table  2.2 .    

  A  c ombined  a pproach of  t heory and  p ractice 

 Procedures should be carried out by skilled practitioners, in 
such a way that the patient ’ s anxiety and discomfort are mini-
mised, complications are avoided and good venous access is 
preserved. Unskilled learners must therefore be guided and 
supervised so that a positive experience is achieved for patient 
and learner. A structured learning approach that incorporates 
appropriate knowledge acquisition with frequent and support-
ive practice will help the learner achieve a positive outcome 
such as those shown in Table  2.3 .   

 Likewise in view of mounting service pressures in clinical 
environments there is a greater demand but reduced ability for 
staff to attend courses. The key to a high quality, knowledgeable 
healthcare worker therefore is not only theory but also guided, 
self - directed and supervised practical training (Collins  et al.  
 2006 ). Knowles  (1973)  contends that adults prefer self - direction. 
Tools should therefore be practically based with clear guidance 
for the learner and assessor while adaptable for assessment of 
relevant knowledge according to specialty. The Vascular Access 
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  Table 2.2    Key practical knowledge/skills required 

   The practitioner should be TAUGHT the skills in order to be able to: 
    •      Assess the condition of a patient ’ s veins, distinguish different structures and 

recognise and locate veins suitable for venepuncture or cannulation.  
   •      Access suitable veins and achieve a successful outcome.  
   •      Recognise and manage any complications arising during the procedure.  
   •      Assess the patient ’ s understanding of the procedure and give clear and 

understandable information at an appropriate level for the patient.     

   The practitioner should be SUPERVISED and assessed by someone who 
possesses the following: 
    •      Clinical expertise in venepuncture and/or cannulation and be practising these 

skills on a regular basis.  
   •      Have undertaken a teaching and assessing course or be an authorised 

assessor by the organisation as a suitable trainer.     

   In order to learn the PRACTICAL elements of the skill the practitioner 
requires the following: 
    •      A simulation mannequin for initial practice (i.e., arm, hand or skin and vein).  
   •      A suitable supervisor and/or assessor (see above).  
   •      A range of blood sampling and cannulation equipment (safety devices 

wherever possible).  
   •      Hand washing facilities.  
   •      Appropriate skin cleansing equipment.  
   •      Protective clothing (e.g. well - fi tting gloves).  
   •      Suitable means to improve venous access (e.g. tourniquets).  
   •      Suitable equipment for safe disposal of sharps and dealing with blood spillage.  
   •      Adequate facilities for staff and patient comfort (e.g. suitable chairs, cubicles, 

lighting, and temperature).     

   Professional practice  
  The practitioner will be educated and supervised in order to be able to:  

  Assess  
     •      the physical and psychological status of the patient  
   •      the patient ’ s knowledge and consent to the procedure  
   •      the appropriate equipment required to undertake the procedure successfully 

according to the patient ’ s condition and venous access.    

  Perform  
     •      the procedure according to organisation policy, a competency assessment 

tool and practice within the appropriate professional code of conduct.    

  Support  
     •      the patient throughout the procedure through information giving and comfort 

measures.    

  Recognise  
     •      when diffi culties arise and manage where appropriate.    

  Acknowledge  
     •      limitation and refer to more experienced colleague after a maximum of two 

failed attempts at the procedure.     
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Network Structured Learning Programme (VAN  2008 ) assesses 
the learner ’ s theoretical knowledge and practical skill(s). The 
level of expertise of the professional is assessed using a pathway 
(see Appendix Fig.  2.1  at the end of the chapter); the tool is 
adapted from Benner ’ s  (1984)  novice to expert continuum 
(Appendix Fig.  2.2 ). The learner assesses her/himself initially, 
and then progresses from their self - assessed level of ability 
through to competency achievement. Learners self - assess each 
practice attempt and verify them with a supervisor (Appendix 
Fig.  2.3 ), complete questions relevant to the skill(s), include a 

  Table 2.3    Outcome of a good learning experience 

   The patient considers that: 
    •      She/he was made aware that the practitioner is learning a new skill and was 

able to raise any concerns without feeling pressurised to continue.  
   •      She/he was given reassurance that the procedure would be performed safely 

and understands the role of the competent supervisor.  
   •      She/he experienced as minimal physical and psychological discomfort as 

possible.  
   •      She/he was treated as an individual.  
   •      She/he was given the opportunity to ask questions throughout.  
   •      She/he was able to stop the procedure at any point.  
   •      She/he was taught the reasons for the procedure and the care of the site 

after completion.     

   The practitioner considers that: 
    •      She/he held the patient ’ s trust in his/her ability to proceed as necessary.  
   •      She/he acquired necessary theoretical knowledge and was able to gain basic 

practical skills prior to clinical practice (i.e. using simulation equipment).  
   •      She/he was able to gain access to practical support in the clinical 

environment.  
   •      She/he had opportunity to practise in adequate amounts to build up skills and 

confi dence.  
   •      She/he had access to the learning resources listed above and equipment in 

the clinical area.  
   •      She/he was able to gain assessment of both knowledge and skills from a 

competent colleague.  
   •      She/he used a refl ective practice process to guide future learning needs.  
   •      She/he was able to practise within their professional code of conduct or 

organisation ’ s policy.  
   •      She/he is able to ask questions about technique.  
   •      She/he can apply appropriate knowledge for the prevention and management 

of complications.     
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piece of refl ective work and take a fi nal Objective Structured 
Clinical Examination (OSCE) (Appendix Fig.  2.4 ), which has 
assessor guidance (Appendix Fig.  2.5 ). This way of assembling 
and reviewing evidence of personal achievements is supported 
by Brown  (1992)  and Castledine  (1994) , who describe a portfolio 
as a  ‘ dynamic positive means ’  to show that a person is demon-
strating developing professional knowledge and competence. 
Personal and professional development are assessed in terms 
of: knowledge acquisition, psychomotor and interpersonal 
skills, academic and research skills, professional attitudes and 
behaviours.   

  LEARNING METHODS 
 Core knowledge can be found from a variety of sources. The 
learner may have options of formal study day(s), one - to - one 
training with an expert and self - directed study programmes 
either printed or technological. Organisations will differ in the 
structures and support they offer to achieve a positive learning 
experience (see Table  2.3 ) but whichever approach they adopt, 
their education programme must include certain aspects (see 
Table  2.1  and  2.2 ). There will also be organisation -  and specialty -
 specifi c content that should alert the learner to national and 
local organisation gaps in current practice. 

  Formal  s tudy  d ay 

 These are structured so the learner is clear about learning out-
comes and how they will be achieved from the outset. The core 
theory is usually supplemented with some element of practice 
on a low - fi delity simulator, such as a mannequin arm or skin 
and vein. Learners will benefi t by having fewer distractions 
compared to their working environment plus they will have 
protected time to learn. At the time of writing there are no 
nationally certifi ed courses or comprehensive assessment proc-
esses for these skills; therefore a certifi cate only verifi es 
attendance. 

  Common  p itfalls 

     •      Knowledge and skill are artifi cially split so have to be trans-
ferred back to the clinical environment.  
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   •      Release from clinical commitment is required and can result 
in late cancellation.  

   •      Funding is required for staff replacement and course fees.  
   •      Practical exposure is limited to artifi cial scenarios and 

equipment.      

  Simulation  t raining 

 Low - fi delity simulation such as arms, skin and veins are rela-
tively economical and effective for learning psychomotor skills 
and manipulation of equipment, angle of insertion and process 
of procedure. High - fi delity simulation includes computerised 
analysis of technique but is more expensive. Simulation equip-
ment does not replicate the human situation or the variable 
clinical environment; it does, however, enable experiential 
learning in a safe environment; an approach supported by Cioffi  
 (2001) . Simulation has also been encouraged in the Institute of 
Medicine ’ s 1999 report  To Err is Human: Building a Safer Health 
System  (Kohn  et al.   1999 , p. 179). Low - fi delity mannequins have 
been shown to be effective for some particular psychomotor 
skills (Stratton  et al.   1991 ; Roberts  et al.   1997 ). However, simula-
tion needs to be used cautiously: Guillaume  et al.  ’ s  (2006)  
research reveals simulation is effective in nursing education but 
has only proved benefi cial when used appropriately and in a 
way that improves the quality of teaching and learning. 

  Common  p itfalls 

     •      Inappropriate use if guidance is not provided initially.  
   •      Poorly maintained equipment.  
   •      Simulated skin and veins do not replicate the real situation, 

making precision of insertion more diffi cult to master.      

  Self -  d irected  s tudy 

 Self - directed study offers a practical approach for learning 
while working because it can be completed at a time that suits 
the learner and at their own pace. It can also be done at a con-
venient time for the organisation and reduces logistical dilem-
mas associated with important clinical commitments. 
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  Common  p itfalls 

     •      Lack of commitment from the organisation to give time back 
to the learner.  

   •      Motivation to complete training in a reasonable timeframe.  
   •      The necessary level of expertise or challenge from experi-

enced others is diffi cult to incorporate effectively.      

  E -  l earning 

 Kruse  (2004)  advises that e - learning offers an individualised 
approach not possible from print media or instructor led 
courses:  ‘ Like no other training form, e - learning promises to 
provide a single experience that accommodates the three dis-
tinct learning styles of auditory learners, visual learners, and 
kinaesthetic learners ’  (Kruse  2004 , p. 1). Interactivity means that 
it is engaging rather than didactic and is therefore well placed 
for learning the troubleshooting techniques required for these 
practical skills. 

  Common  p itfalls 

     •      It is not as portable as a printed workbook, despite increased 
availability of hardware such as palmtop computers.  

   •      It relies on technology which can be problematic and 
time - consuming.  

   •      It adds a learning step for learners not profi cient in 
computing.      

  Printed  p rogrammes 

 Printed programmes can be taken directly to the environment 
so that optimum learning is achieved because supervisor guid-
ance is readily available. Theory can be studied at a pace that 
suits the learner and as all learning is documented supervisors 
can review learner progression. 

  Common  p itfalls 

     •      Paper documents risk being out of date by the time they are 
in print.  
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   •      Can be bulky and badly presented if there is a limited budget.  
   •      Can get lost or damaged when completed in clinical 

environments.      

  Expert  o ne -  t o -  o ne  t raining 

 Individual training and supervision by a practitioner who is 
expert in these skills is highly recommended if underpinned by 
adequate theoretical study. It encourages problem - based learn-
ing and can be learner led according to individual needs or 
speciality. Also, such real - world contexts and consequences not 
only allow learning to become more profound and durable, but 
increase the transferability of skills and knowledge from the 
classroom to work (Gallagher  et al .  1992 ). 

  Common  p itfalls 

     •      It is reliant on the expertise of one individual, which is there-
fore limited to their experience and specialist background.  

   •      The approach may be ad hoc because expert practitioners will 
have many priorities to balance.  

   •      Costly to deliver.  
   •      Limited availability.       

  ASSESSING LEARNING 

  Effective and  n ecessary  a ssessment 

 The need and effectiveness of clinical assessment is debatable 
especially when considering the inherent fl aws of assessment 
processes. Limitations are created by the application of specifi c 
criteria to multiple individuals in order to ensure fair, reliable 
and accurate assessment. Also rigid tools may be detrimental to 
the professional, which Benner  (1984)  argues results in the defi -
nition of practice being reduced to the capabilities of measure-
ment tools. Accurate appraisal from assessment is, however, 
identifi ed as useful by Burns  (1992) . Nicklin  &  Kenworthy 
 (1995)  outline the benefi ts of assessment: 

   •      Predict future behaviour.  
   •      Measure achievement.  
   •      Assess competence.  
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   •      Monitor students ’  progress.  
   •      Motivate students.    

 Exactly what assessments measure is important yet problem-
atic in clinical practice, and this is compounded further because 
determining competence is diffi cult; While  (1994)  points out 
that in general, notions of competence are often confused and 
misconstrued. The NMC offers some clarity:  ‘ a bringing together 
of general attributes  –  knowledge, skills and attitudes. Skill 
without knowledge, understanding and the appropriate atti-
tude does not equate with competent practice ’  (NMC  2008b , 
p. 3). 

 Assessments therefore become helpful in determining com-
petence because they provide clearly stated criteria that enable 
the learner to demonstrate  ‘ adequate ability, knowledge or 
authority ’  (Swannell  2003 , p. 4). Professional bodies expand 
upon such simplistic defi nitions to clarify what is meant by 
competence for practice:  ‘ You must have the knowledge and 
skills for safe and effective practice when working without 
direct supervision ’  (NMC  2008a , p. 4). It is closely related to 
scope of professional practice and encourages practitioners to 
be aware of their limitations:  ‘ You must recognise and work 
within the limits of your competence ’  (NMC  2008a , p. 4). The 
Health Professions Council echoes this:  ‘ You must act within 
the limits of your knowledge, skills and experience and, if nec-
essary, refer the matter to another professional ’  (HPC  2008 , 
p. 11).  

  Theoretical  a ssessment 

 Theoretical assessment can be achieved effectively in a number 
of ways. E - learning - based assessments provide different ques-
tions each time and so ensure reliability, validity and fairness. 
Written assessments have the advantage of learners being able 
to expand on answers, they can be completed in any location 
and documentation can later be produced to demonstrate core 
knowledge as required (i.e. when changing role or following a 
clinical incident). The Structured Learning Programme (VAN 
 2008 ) offers an example of a written document that is intended 
to be reviewed with an assessor. In this way core knowledge is 



 2 Venepuncture and Cannulation

28

assessed and so assured, but questions can still be raised that 
may hold particular signifi cance for patient group, previous 
learner experience or local and national issues.  

  Self -  a ssessment and  r efl ective  p ractice 

 Marteau  et al.   (1989)  and Crunden  (1991)  highlight diffi culties 
of self - assessment in clinical practice. Learners may not always 
be able to accurately self - appraise competence because a poor 
outcome may be the result of a normal patient variation rather 
than technique. In the case of venepuncture and cannulation, 
for example, a learner may consider the procedure a failure if 
they do not access the vein. In contrast, an experienced supervi-
sor may know the cause to be unavoidable and therefore assess 
the learner ’ s overall approach as successful. 

  Reasons to  a dopt 

     •      Self - assessment and refl ection is recommended by regulatory 
bodies such as the Nursing Midwifery Council (NMC), 
General Medical Council (GMC) and Health Professionals 
Council (HPC). The GMC states:  ‘ Graduates must be able to 
refl ect on their practice, be self - critical and carry out an audit 
of their own work ’  (GMC  2003 , p. 14).  

   •      Modifi ed self - assessment tools optimise adult learning 
approaches while remaining open to drawing on experienced 
others, a method endorsed by Dannefer  et al.   (2005) . Runciman 
 et al.   (1998)  also highlight that irrespective of the subjective 
nature of intuitive judgement, the expert opinion has much 
to offer.      

  Summative/fi nal  e xamination 

 National ratifi cation of an assessment framework of these skills 
is not currently available in the United Kingdom. Indeed formal 
fi nal assessments similar to models such as ALS (Advanced Life 
Support) which certify competence by successful completion, 
would not be realistic for such highly used skills. 

 Instead, fi nal assessments tools that are locally endorsed 
could offer a more robust and accessible way forward. All 
assessments should be designed to demonstrate knowledge, 
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skill and competency achievement and be suffi ciently clear in 
order to avoid the need for retraining when changing roles. 
Comprehensive assessment guidelines are equally important in 
order to achieve a valid, reliable and fair assessment. 

  Reasons to  a dopt 

     •      Acknowledges that learning has been achieved to specifi c 
standards. This gives clarity and a goal for the learner while 
assuring the organisation that a set level of competence has 
been achieved. It also provides clear evidence to professional 
bodies in the event of adverse clinical incidents.  

   •      The Objective Structured Clinical Examination (OSCE) is an 
effective (fi nal) assessment tool commonly used by medical 
schools in their clinical competence exams and is usually 
performed in a simulated environment or a skills laboratory 
(Reed  1992 ; Bramble  1994 ; O ’ Neill  &  McCall  1996 ).  

   •      It is a clear and concise tool.  
   •      The OCSE in its original simulated environment is argued 

as inadequate as a sole method of assessment for nursing 
students because it does not accurately replicate a ward 
environment (Cudmore  1997 ). However, adaptations to the 
OSCE to make it applicable in the clinical environment yet 
still objective have been made by the VAN  (2008)  (Appendix 
Fig.  2.5 ) and were reported as successful by Collins  et al.  
 (2006) .       

  PROFESSIONALS LEARNING 

  Adult  l earner 

 Lorge  (1947) , writing about effective methods in adult educa-
tion, suggested that to reach the adult learner, you have to teach 
what adults want. He stated that adults have  ‘ wants ’  in the fol-
lowing four areas: 

  1.     To gain something.  
  2.     To be something.  
  3.     To do something.  
  4.     To save something.     
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  Multi -  p rofessional  l earning 

 In the late 1990s in many hospitals junior doctors had respon-
sibility for cannulation, although Dougherty  (1996)  reported 
that specialist nurses in the fi elds of cancer, cardiac and inten-
sive care also fulfi lled this role. Currently it is carried out by a 
range of suitably prepared healthcare professionals including, 
but not exclusively, nurses, paramedics, radiographers and 
healthcare support workers. The government and professionals 
endorse training and competence over a role - specifi c approach: 
 ‘ Intravenous cannula insertion will be carried out by trained 
and competent staff using strictly aseptic techniques ’  (DH 
 2003a ). It is suggested that cannulations are less traumatic when 
carried out by someone who has regular practice (Weinstein 
 2007 ; While  1994 ). Lavery  (2003)  also highlighted that frequent 
practice in enhanced clinical skills is essential. The decision as 
to who should practise venepuncture and/or cannulation 
should therefore be based on whoever is best placed to learn, 
maintain and update their skills. It should not be determined 
by professional status, prior experience or enthusiasm. 

 Each professional group will bring to these skills relevant 
experience according to their background and  ‘ primary task ’  
(Rice  1963, 1965 ). The primary task of a doctor, for instance, 
could be identifi ed as diagnosing, compared to a nurse ’ s 
primary task of caring. This understanding is useful when 
trying to understand puzzling responses or feelings of anxiety 
that can block competency achievement for these skills. Nurses, 
for example, must initially shift their role focus from  ‘ caring ’  
to  ‘ curative ’ , which may feel strange because it is at odds with 
their primary task. Likewise, a radiographer may feel chal-
lenged by doing more invasive procedures when compared to 
their regular diagnostic primary task. It is important that pro-
fessionals are able to take time to integrate these skills into 
their practice in a way that works best with their own primary 
task. 

 Similarly, it is important for learners to appreciate the value 
of their own approach as well as those of other professionals, 
as the patient ’ s experience may be equally positive. For example: 
 ‘ a surgeon whose technical ability is critically important to his/
her role ’  (Royal College of Surgeons  1999 , p. 10) will have 
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become an expert in the intricate psychomotor aspects involved 
in cannula placement. Initially this could be considered by the 
patient as favourable when compared to a carer with less devel-
oped psychomotor skills. However, in light of Boore ’ s  (1978)  
fi ndings that anxiety can produce a similar physiological 
response as acute pain, the intensively developed communica-
tion skills of a carer may be of equal value to the patient. In this 
way, while the approach may vary, the level of pain and confi -
dence experienced by the patient may be similar.  

  Post -  and  p re -  r egistration  l earners 

  Nurses 
 Pre - registration nurse training does not normally cover 
venepuncture and cannulation within the curriculum, necessi-
tating the need for post - registration training. A standardised 
pre - registration programme would help improve the practice of 
these skills and has been explored by the NHS in Scotland (NES 
 2004 ). Training may be incorporated into pre - registration train-
ing in the future, a concept which has previously been discussed 
for intravenous therapy (Ingram  &  Lavery  2005 ). Currently stu-
dents should confi rm the policy with their educational institu-
tion and placement organisation. They particularly need to 
ensure that it is appropriate for their stage of development and 
placement specialty and that they have the expected training 
and assessment required for these skills. 

 Post - registration nurses must follow professional guidelines 
and local policy if acquiring or refreshing their skills:  ‘ You must 
take part in appropriate learning and practice activities that 
maintain and develop your competence and performance ’  
(NMC  2008a , p. 4).  

  Allied  h ealthcare  p rofessionals ( AHP ) 
 At times it will be appropriate for an AHP to be trained prior 
to registration (e.g. paramedics and operating department prac-
titioners) because these skills form an integral part of their 
work. Therefore, AHP students who wish to learn the skills 
must fi rst determine that it is a requirement for their role fol-
lowing registration and then check with the education and 
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placement institution to ensure they are adhering to local policy 
and guidelines. 

 Registered AHPs currently number fi fteen different profes-
sions (HPC  2011 ). Additionally as each role requirement varies 
according to type of work to be undertaken following qualifi ca-
tion, a standardised approach to introduce venepuncture and 
cannulation into pre - registration curriculum would be inap-
propriate. Post - registration allied health professions have com-
prehensive standards as a guide to the best route for education, 
training and recording continuing professional development 
courses (HPC  2006 ).  

  Doctors 
 Pre - registration medical education in the UK has been radically 
reshaped in the past 15 years, prompted by the General Medical 
Council who drove, supported and monitored the changes since 
the fi rst publication of  Tomorrow ’ s Doctors  in 1993 (GMC  1993 ). 
Central aims of the reform included a reduction in curricular 
factual content and greater prominence of skills acquisition. The 
competency requirements explicitly outlined for doctors (GMC 
 2003 ) and the fact that medical students from some colleges are 
going though a structured learning approach (Collins  et al.   2006 ) 
refl ects a move away from the  ‘ watch one try one ’  approach 
(Parker  1993 ). It is inappropriate for students to learn without 
support and it is the responsibility of registered doctors to 
ensure that students are properly supervised (GMC  2003 ). As 
other professions are practising these skills, supervision is more 
widely available, thereby reducing the pressure on medical 
staff. Indeed, Collins  et al.   (2006)  reported that by using a struc-
tured learning tool, access to supervision from phlebotomists 
and nurses was opened up to medical students. 

 Post - registration doctors are deemed competent in these clini-
cal skills by virtue of passing their practical examinations and 
underpinning theoretical study. However, if it has not been pos-
sible to maintain skills or review current evidence, guidance 
and support should be sought.  ‘ You must keep your knowledge 
and skills up to date throughout your working life. You should 
be familiar with relevant guidelines and developments that 
affect your work. You should regularly take part in educational 
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activities that maintain and further develop your competence 
and performance ’  (GMC  2006 , p. 12). Additionally, hospitals 
may have local policy that requires doctors to demonstrate their 
current level of competency in these skills.  

  Healthcare  s upport  w orkers ( HSW ) 
 Registered practitioners are bound by their code of professional 
conduct and are accountable for their actions (GMC, NMC and 
HPC). In contrast HSWs are not regulated by a professional 
body so the decision to delegate is made either by the nurse or 
midwife or by the employer and it is the decision - maker who 
is accountable for it (NMC  2008a ). It is therefore the responsibil-
ity of the employer or professional deciding to delegate to 
ensure appropriate training, supervision and assessment (NMC 
 2008a ). 

 Until the current debate on the regulation of support workers 
addresses their role, careful delegation and robust practice pro-
cedures will continue to be necessary. National Vocational 
Qualifi cations (NVQs) or training programmes of equivalent 
robustness offer a sound way forward for ensuring competent 
and safe practitioners. These training programmes and support-
ing policies are then able to be ratifi ed and authorised for use by 
the appropriate authority within the organisation. This ensures 
that individuals are not left in isolation with decisions to dele-
gate which may be deemed inappropriate in retrospect and so 
it is in the best interests of the patient, employee (the person 
delegating and the person being delegated to) and employer. 

   Registered  p ractitioners/nurses  d elegating  
 The registered practitioner is bound by their professional code 
of conduct to ensure the welfare of patients under their care. 
The NMC Code ( 2008a , p. 3), for example, states that nurses 
must consider three important elements before delegation:

      •      You must establish that anyone you delegate to is able to carry 
out your instructions.  

   •      You must confi rm that the outcome of any delegated task 
meets required standards.  

   •      You must make sure that everyone you are responsible for is 
supervised and supported.      
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 This is important for the person delegating but may also be 
helpful for the unregistered member who could otherwise not 
understand why their practice is under question. Further, the 
registered professional is obliged to refl ect upon their choice of 
delegating the following the procedure: The nurse or midwife 
delegating an aspect of care has a continuing responsibility to 
judge the appropriateness of the delegation (NMC  2008a , p. 2). 

 While the code provides some clear boundaries, in reality it 
remains diffi cult for the organisation and registered practitioner 
to be sure of the appropriateness of delegation because of dif-
ferences in each situation. The NMC supplementary guidance 
sheet on delegation is helpful here:  ‘ The decision to delegate 
should be judged against what could be reasonably expected 
from someone with their knowledge, skills and abilities when 
placed in those particular circumstances (NMC  2008b , p. 1). 
Equally, the employer has a responsibility as part of this deci-
sion:  ‘ to protect the public and support safe practice ’  (NMC 
 2008b , p. 2). The non - registered learner should therefore look 
for positive signs of support from the organisation or delegator 
in terms of clear management structures and systems including: 
education programmes, incident reporting and fair manage-
ment of incidents, practice audit as well as periodic review of 
role activities.  

  The  u nregistered  p ractitioner  r esponsibility 
 Ultimately, the best person to determine if they are able to do 
the skill is the individual performing it as they can identify that 
they feel confi dent and appropriately placed. NMC ( 2008b , p. 
2) states:  ‘ Healthcare can sometimes be unpredictable. It is 
important that the person, to whom an aspect of care is being 
delegated, understands their limitations and when not to 
proceed should the circumstances within which the task has 
been delegated change. ’      

  CONCLUSION 
 Learning the skills of venepuncture and cannulation has been 
shown to be more complex than it fi rst appears. The clinical 
working environment offers an ideal arena for learning practical 
skills because it is stimulating, has lots of opportunities to prac-
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tise and has a variety of experienced supervisors. Paradoxically 
it is not always a realistic place to take up the role of learner or 
teacher/supervisor effectively. Therefore, a combined practical 
and theoretical approach is suggested as a realistic and effective 
way forward. 

 Enthusiasm to learn and improve practice is always to be 
applauded; however, as a professional, the decision to take up 
these skills should only be made after determining if it is feasi-
ble to both learn and maintain them. It is hoped that learners 
reading this chapter will be encouraged to think realistically, yet 
positively, about how best to learn these skills in their own 
particular environment. These are essential procedures for 
patients and by having more professionals available to perform 
them well, and question how they are currently performed; 
patient experience can be much improved. In turn, practitioners 
have much to gain in terms of work and personal satisfaction 
by mastering them.  
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     Fig. 2.1     Learning pathway for venepuncture and cannulation. With permission 
from Vascular Access Network.  
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     Fig. 2.3     Self - assessment. With permission from Vascular Access Network.  

Supervised Practice Assessments - Venepuncture

Self-Assessment, demonstrating competency progression under supervision

Name

Job Title

Organisation

Department

Clinical Skill

1.Skill Supervisor's Name

Skill Supervisor's Name

Skill Supervisor's Name

3.

2.

4.

5.

This form is a self assessment tool, but the practitioner will be able to discuss the rationale for each of the actions and
demonstrate competency in the practical application of these skills as applicable

10 SELF ASSESSMENTS

Not Achieved = 0Achieved = TickSkill Required

1 2 3 4 5 6 7 8 9 10

A. Correct identification of patient

B. Appropriate patient preparation and communication

C. Chooses and handles equipment confidently and correctly

D. Considers personal safety and that of others

E. Correct identification of suitable vein

F. Appropriate venous dilation methods

G. Provision of local anaesthesia as required
    (as per healthcare organisation)

H. Needle inserted and sample obtained

I. Correct order of draw for multiple samples

J. Appropriate troubleshooting techniques

K. Aseptic technique followed throughout

L. Needle removed safely and care of site given

M. Disposal of sharps safely

N. Completes documentation, labelling, and sample dispatch
    (as per healthcare organisation)

Initial of Skill Supervisor:

Initial of Practitioner:

Date:

Date completed:Date started:Venepuncture
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     Fig. 2.4     Final assessment  –  OSCE (Objective Structured Clinical Examinations). 
With permission from Vascular Access Network.  

Final Assessment - OSCE (Objective Structured Clinical Examinations)

Essential skills, demonstrating competence for independent practice

Name

Job Title

Organisation

Department

Clinical Skill

OSCE Assessor

OSCE Question

Date

1. Appropriate communication with patient throughout

2. Demonstrates safe technique throughout the whole procedure

3. Familiar with equipment

4. Aseptic technique throughout

5. Correct positioning of patient and preparation of environment

6. Chooses appropriate vein and site for venepuncture

7. Provides local anaesthesia (as per healthcare organisation)

8. Completes venepuncture procedure correctly and safely
   (as per healthcare organisation policy)

9. Disposes of sharps and equipment correctly and safely

10.Completes documentation in line with local healthcare organisation

OSCE AssessorPractitionerDate

Sign:

Print:

Sign:

Print:

ReferPassOSCE COMPONENT

ReferPassOutcome

OUTCOME AGREED

Venepuncture

Demonstrate the skill of Venepuncture
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     Fig. 2.5     Assessment guidelines for venepuncture. With permission from Vascular 
Access Network.  

COMPETENCIES GUIDANCE

1. Appropriate communication
    with patient

2. Demonstrates safe technique

    throughout the whole procedure

3. Familiar with equipment

4. Aseptic technique throughout

5. Correct positioning of patient and

    preparation of environment

6. Chooses appropriate vein and site

    for venepuncture

7. Provides local anaesthesia

    (as required) 

8. Completes venepuncture correctly
    and safely

9. Disposes of sharps and equipment

    correctly and safely

10. Completes documentation in line

      with local policy

Provides patient with full explanation of procedure. Obtains verbal consent from

the patient for the procedure. Demonstrates caring and sensitive manner at all
times. Employs methods to reduce patient anxiety.

Confirms patient identity against request form. Demonstrates safe practice to

reduce risk of complications. Aware of personal safety and that of colleagues.

Avoids causing damage to the vein. Bottles labelled at bedside once completed.

Safe disposal of sharps. Aware of needle stick injury policy. Tourniquet not left

on for too long (< 2 mins). Aware of local policy for number of attempts at
procedure before referral to another colleague (normally two attempts).

Considers risk associated with patient variants i.e.: Drug therapy (i.e. clotting)

and disease processes.

Demonstrates knowledge of different venepuncture equipment available.
Considers patient's veins and indications for device before selecting appropriate

equipment. Collects all equipment together before beginning procedure.

Correct hand washing technique conducted before procedure. Checks

packaging and dates of equipment to ensure sterility of equipment. Correct skin

preparation. Maintains non-touch/aseptic technique during procedure.

Assists patient into a comfortable position. Arranges lighting and self to ensure

maximum effect. Addresses patient's concerns/requests appropriately.

Demonstrates knowledge of anatomy and physiology of veins and related
structures. Assesses veins visually and by palpation. Considers patient's

individual physiological and psychological needs and able to state indication or

contraindication for venepuncture site selection.

Apply local anaesthetic if required, and ensures this is prescribed if necessary.
Allows time for anaesthesia to take effect.

Skin is cleaned according to local infection control policy and skin traction
applied. Needle is inserted and stabilised with minimal discomfort to the patient.

The correct volume of blood is obtained, in the appropriate bottle, in the correct

order of draw. Tourniquets released, and needle removed with minimal

discomfort. Digital pressure is applied to minimise bruising and bleeding.

Universal precautions observed throughout, and sharps disposed of correctly.
Bottles labelled at the patient bedside. Sample despatched correctly and timely.

Demonstrates smooth psychomotor skills throughout.

Sharps and equipment disposed of according to local healthcare organisation

infection control policy.

Documents venepuncture procedure/attempt or any problems, and labels bottles

by the bedside and correctly (as per healthcare organisation).
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  LEARNING OUTCOMES 
   The practitioner will be able to: 
   ❏      Describe the parts of the circulatory system.  
   ❏      Understand the anatomy and physiology of veins.  
   ❏      Identify veins in the arm and hand.  
   ❏      Explain the components of blood.     

  INTRODUCTION 
 The circulatory system consists of a network of blood vessels 
which transport blood and its components around the body. 
One type of blood vessel, namely veins, give access to the cir-
culatory system. Veins do not, however, occur in isolation and 
therefore to avoid causing damage to arteries and nerves, ana-
tomical knowledge is required to ensure adequate care is taken 
during the assessment and subsequent accessing of the vein for 
the procedures of venepuncture or cannulation.  

  OVERVIEW OF THE CIRCULATORY SYSTEM 
 The circulatory system consists of the pulmonary and the sys-
temic systems. In relation to venepuncture and cannulation the 
systemic system, the larger of the two, is the most relevant for 
venepuncture and cannulation. It consists of the heart, function-
ing as a pump which requires a transport network that is made 
up of arteries, veins and capillaries to carry blood and its com-

Venepuncture and Cannulation, fi rst edition. Edited by Sarah Phillips, 
Mary Collins and Lisa Dougherty. Published 2011 by Blackwell Publishing Ltd. 
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ponents to and from the tissues (Herbert  &  Sheppard  2005 ; 
Weinstein  2007 ). 

 The heart is a muscular pump receiving deoxygenated blood 
from the body via veins that empty into its right chambers. 
These chambers are known as the right atrium and right ven-
tricle (Marieb  2006 ). The blood on leaving the atrium and enter-
ing the ventricle is prevented from fl owing back into the atrium 
by a valve (tricuspid). The heart pumps the deoxygenated blood 
out of the right ventricle, via the pulmonary artery to the lungs, 
where it receives oxygen and excretes carbon dioxide. The oxy-
genated blood returns to the left atrium and when the heart 
contracts the blood is forced into the left ventricle, where again 
a valve (mitral) prevents any backfl ow to the left atrium. The 
blood leaves the left ventricle in the aorta and it is carried 
around the body via arteries (Herbert  &  Sheppard  2005 ). 

 Blood fl ows around the heart and the body in a one - way 
system. In the heart the valves, e.g. tricuspid and mitral, control 
this one - way system (Marieb  2006 ). As oxygenated blood leaves 
the left side of the heart it is under immense pressure from the 
pumping action of the heart. This blood leaves the heart in the 
aorta and is taken around the body in arteries until it fi nally 
enters the capillaries. The capillaries connect to the veins and 
the deoxygenated blood is returned to the heart against gravity. 
The force of the pumping action of the heart is not present in 
the veins, and to facilitate the one - way system, veins contain 
valves that shunt the blood forward to enter the right side of 
the heart (Marieb  2006 ). 

 The blood transported in the veins has delivered its oxygen, 
nutrients and electrolytes to the cells and collects wastes for 
excretion (Marieb  2006 ). This is the specimen of blood obtained 
when venepuncture is performed and is the blood that fl uids 
and medications are added too when a cannula is inserted into 
a vein.  

  ARTERIES, VEINS AND CAPILLARIES 
  The arterial system  carries oxygenated blood to the tissues 
from the heart. This blood contains oxygen and it is therefore 
normally bright and cherry red in colour. The oxygenated 
blood leaves the heart in the aorta (which has a lumen of 
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approximately 2.5   cm in diameter). The blood is under pressure 
from the contraction of the left ventricle and therefore the walls 
of arteries are thicker than veins (Marieb  2006 ). This pressure 
creates a pulse. The oxygenated blood is distributed around 
the body in arteries; each has a relatively large diameter of 
approximately 0.4   cm, which aids the blood fl ow. These arteries 
become smaller with each further branching and subdividing, 
most often referred to as arterioles, with a much smaller diam-
eter of approximately 20    µ m (Herbert  &  Sheppard  2005 ). 

  Capillaries  are composed of endothelium, therefore are only 
one cell layer in diameter. This is why exchanges are easily 
made between the blood and the tissue cells, as the capillaries 
tend to form interweaving networks, called capillary beds 
(Marieb  2006 ). Blood in the capillaries is a mixture of arterial 
and venous blood, with arterial blood delivering oxygen, fl uids 
and nutrients to the individual cells and venous blood collect-
ing their carbon dioxide and wastes. Capillaries are sometimes 
referred to as exchange vessels. Capillaries have a diameter of 
approximately 6 – 8    µ m, and it is estimated that there are 40   000 –
 50   000 million in the body. The capillary network drains into a 
series of vessels that increase in diameter to form venules and 
veins (Herbert  &  Sheppard  2005 ). 

  The venous system  acts as a collecting system, bringing 
blood from the capillaries back to the heart (Herbert  &  Sheppard 
 2005 ). This blood is low in oxygen (deoxygenated) and it is 
normally much darker and more bluish - red in colour than arte-
rial blood. The walls of veins comprise the same three layers as 
the arteries but with less elastic muscle, therefore the walls of 
the veins are thinner than arteries. The lumen size of the venules 
and veins can be modifi ed by contraction of the smooth muscle 
of the tunica media to alter the capacity of the venous system 
(Herbert  &  Sheppard  2005 ). 

 Approximately 60% of the blood volume is contained within 
the venous system (Herbert  &  Sheppard  2005 ). Maintenance of 
an adequate venous return to the heart is required at all times 
because the cardiac output depends on the venous return. The 
returning blood is fl owing against gravity and some veins, espe-
cially in the arms and legs, have valves made up of folds of 
endothelium in the walls of the veins to prevent backfl ow 
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(Herbert  &  Sheppard  2005 ). Pooling of blood in the peripheral 
circulation is therefore prevented (Finlay  2004 ). The return of 
blood to the heart is primarily aided by two systems  –  the skel-
etal muscle pump and respiratory pump. Contraction of skel-
etal muscles, especially in the limbs, forces or squeezes the 
blood through the veins toward the heart due to the contraction 
and relaxation of the muscles surrounding the veins (Marieb 
 2006 ). The respiratory pump also assists the return of blood to 
the heart. When we inspire, the diaphragm contracts and 
increases the capacity for the thorax to allow the lungs to 
expand. This causes a decrease in the intrathoracic pressure 
which in turn causes the large veins near the heart, including 
the inferior vena cava, to expand and fi ll. On expiration the 
pressure changes but valves prevent backfl ow down the veins 
(Finlay  2004 ; Marieb  2006 ). Venous return is also aided by ven-
omotor tone, which alters the capacity of the venous system by 
the modifi cation of the lumen size, thus decreasing the capacity 
of the venous system.  

  STRUCTURE OF BLOOD VESSELS 
 Arteries and veins are composed of three main layers: tunica 
intima, tunica media and tunica externa (Marieb  2006 ). The 
thickness of each layer varies with the size and type of blood 
vessel (Fig.  3.1 ).   

 A cross - section of an artery or vein will reveal three layers of 
tissue (Fig.  3.1 ), known as tunics, each with a different function. 
The innermost layer, the tunica intima, which lines the lumen, 
is a thin layer of endothelium (squamous epithelial cells, one 
cell in diameter). The extreme smoothness of this layer prevents 
abnormal blood clotting but is prone to damage by the insertion 
of venous access devices, with trauma encouraging platelet 
adherence and thrombus formation (Finlay  2004 ; Weinstein 
 2007 ). 

 The following errors during venepuncture or cannula 
insertion will result in damage to the endothelial cells of the 
vein: 

   •      inadequate skin preparation  
   •      insertion of a cannula too large for lumen of the vein  
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   •      insuffi cient anchoring of the skin and vein during cannula 
advancement  

   •      insertion of a cannula close to an area of joint fl exion  
   •      inadequate securement, allowing the cannula to move  
   •      poor skin preparation and incorrect use of dressings, which 

can allow microorganisms to contaminate the site.  
   •      inappropriate choice of vein that does not support infusion 

of fl uids or medications (Hadaway  2001 ).    

 In veins, the tunica intima contains semilunar folds of 
endothelium called valves. Valves extend from the tunica intima 
into the lumen of the vein. They are found in most veins, most 
plentifully in the veins of the limbs, and function to keep blood 
moving towards the heart (Weinstein  2007 ). However, the exact 
location of valves within the superfi cial veins used for venepunc-

     Fig. 3.1     Diagram of vein and artery. Used with permission of Becton, Dickinson 
and Company.  

Artery

Tunica media

Tunica intima

Valve

Vein

Tunica
adventitia
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ture is not known due to the variation between individuals 
(Hadaway  2010 ). Valves are usually located in pairs and at 
points of branching and are present as a noticeable bulge exter-
nally in the vein (Hadaway  2010 ; Weinstein  2007 ). This bulge 
appears due to the distension of the vein when a tourniquet is 
applied (Hadaway  2010 ). When the suction is applied during 
venepuncture, the valves compress and close the lumen of the 
vein, preventing the fl ow of blood into the blood bottle 
(Weinstein  2007 ) or cannula advancement (Dougherty  2008 ) 
(see Chapter  9 ). 

 The tunica media or middle layer is made of smooth muscle 
that runs in rings around the vessel and elastic connective 
tissue. Veins have a thinner layer of smooth muscle than arteries 
and are more likely to collapse when pressure in the lumen is 
low (Weinstein  2007 ). The smooth muscle is stimulated by 
stretch. When it is overstretched, the muscles contract to resist 
that stretch. This is the physiological response when a tourni-
quet has been left in place longer than the recommended 2 
minutes and the veins can no longer be palpated (Hadaway 
 2010 ). 

 Similarly, application of a tourniquet causes the smooth 
muscle fi bres to elongate to contain the increased volume col-
lecting in the veins. The pressure will increase quickly and then, 
within a few seconds, fall back toward the normal level, even 
with the increased volume. Removal of the tourniquet results 
in volume and pressure suddenly falling and within several 
minutes the normal pressure is re - established. This physiologi-
cal process is important when removing a tourniquet and 
advancing a long cannula into a vein. Obstruction may be 
encountered if not enough time has elapsed to allow equilib-
rium to return (Hadaway  2010 ). 

 This middle layer is sensitive to changes in temperature, 
chemical or mechanical irritation, which can result in spasm of 
the affected vessel, and make insertion of the needle more dif-
fi cult and painful at the site due to the change in blood fl ow 
(Finlay  2004 ; Weinstein  2007 ). Application of heat causes 
vasodilation, which will relieve the spasm, improve the blood 
fl ow and relieve the pain (Weinstein  2007 ) (see section in this 
chapter on the autonomic nervous system). 
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 The tunica externa (or tunica adventitia) or the outer layer is 
a fi brous layer of connective tissue, collagen and nerve fi bres. 
This layer is very strong, and therefore supports and protects 
the vessels. The vasa vasorum, a dense capillary network, sup-
plies blood to the vessel walls. This network may penetrate to 
the tunica media in veins (Hadaway  2010 ).  

  THE NERVOUS SYSTEM 
 The nervous system controls the body ’ s response to environ-
mental changes using electrical impulses as a means of com-
munication (Allan  2005 ; Marieb  2006 ). The nervous system is 
divided into the central nervous system and the peripheral 
nervous system. The peripheral nervous system relays the 
information to the central nervous system and most nerve 
impulses stimulating muscles to contract originate from the 
central nervous system (Marieb  &  Hoehn  2007 ). 

 Anatomical division of the central nervous system comprises 
the brain and the spinal cord, and the peripheral system includes 
all other nerve tissue that communicates between the brain and 
spinal cord. Twelve cranial nerves carry impulses to and from 
the brain and 31 pairs of spinal nerves carry impulses to and 
from the spinal cord (Marieb  2006 ; Weinstein  2007 ). The 31 pairs 
of spinal nerves are named according to the vertebrae where 
they emerge from the spinal cord: 8 cervical pairs, 12 thoracic 
pairs, 5 lumbar pairs, 5 sacral pairs and 1 very small coccygeal 
pair (Marieb  2006 ). Plexuses, which are complex networks of 
nerves, serve the motor and sensory needs of the limbs (Marieb 
 2006 ). The brachial plexus originating from C5 – C8 and T1 con-
tains the radial, median, musculocutaneous and ulnar nerves 
(Table  3.1 ).   

 The practitioner ’ s knowledge of the proximity of these nerves 
to veins is important for venepuncture or cannulation as acci-
dental puncture may cause damage to the nerves and the area 
of the body served by them (see Table  3.1 ). On the palm side of 
the hand the median nerve can be superfi cial, which may result 
in venepuncture being painful for the patient (Hadaway  2010 ). 

 The peripheral nervous system may be further subdivided 
into: 
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   •      somatic function  
   •      autonomic function  
   •      enteric function.    

 The somatic nervous system consists of sensory receptors  –  
specialised structures located in various parts of the body that 
respond to certain stimuli in the environment, e.g. heat, light, 
pressure, pain or chemical (Weinstein  2007 ). The central nervous 
system is constantly informed of all events with messages trans-
mitted along sensory or afferent nerve fi bres to the central 

  Table 3.1    Brachial nerve plexus  (Marieb  2006 , with permission)  

   Plexus     Origin 
(from 
ventral 
rami)  

   Important nerves     Body areas 
served  

   Result of 
damage to 
plexus or its 
nerves  

  Brachial    C5 – C8 
and T1  

  Axillary    Deltoid muscle 
of shoulder  

  Paralysis and 
atrophy of deltoid 
muscle  

          Radial    Triceps and 
extensor 
muscles of the 
forearm  

  Wrist drop  –  
inability to extent 
hand at wrist  

          Median    Flexor 
muscles of 
forearm and 
some muscles 
of hand  

  Decreased ability 
to fl ex and abduct 
hand and fl ex and 
abduct thumb and 
index fi nger  –  
therefore, inability 
to pick up small 
objects  

          Musculocutaneous    Flexor 
muscles of 
arm  

  Decreased ability 
to fl ex forearm or 
arm  

          Ulnar    Wrist and 
many hand 
muscles  

  Clawhand  –  
inability to 
spread fi ngers 
apart  
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nervous system (Marieb  2006 ). The motor or efferent nerve 
fi bres transmit information in the opposite direction from the 
central nervous system to the spinal cord or to effectors (muscles 
and glands) through the spinal or cranial nerves and cause an 
effect on the body organs (Allan  2005 ; Tortora  &  Derrickson 
 2009 ). 

 The autonomic nervous system consists of the sensory recep-
tors located in the internal organs, e.g. stomach and lungs 
responding to stimuli and informing the central nervous system 
and the motor nerve fi bres transmitting nerve impulses from 
the central nervous system to the smooth muscle, cardiac muscle 
and glands (Tortora  &  Derrickson  2009 ). 

 Not all events are under voluntary control. The involuntary 
control is subdivided into two distinct parts: the sympathetic 
and parasympathetic nervous system (Allan  2005 ). The sympa-
thetic nervous system innervates smooth muscle(the tunica 
media contains smooth muscle) and is associated with stressful 
situations, e.g. fear, pain, anxiety; the parasympathetic opposes 
the sympathetic effect and focuses on conservation of energy 
(Marieb  &  Hoehn  2007 ) and slowing of the heart rate and con-
tractility. The sympathetic stimulation in a fl ight or fi ght situa-
tion, or if the vagus nerve in particular is stimulated, causes 
narrowing of the vessel known as vasoconstriction. This causes 
an increase in both heart rate and contractility, making 
venepuncture and cannulation diffi cult (Hadaway  2010 ). The 
vagus nerve innervates the heart. If it is provoked, for example 
by emotional stress, dehydration, and pain or prolonged stand-
ing, it will cause bradycardia and hypotension. This is known 
as a vasovagal reaction or vasovagal syncope (Weinstein  2007 ). 

 Reduced sympathetic stimulation will cause smooth muscle 
fi bres to relax and the vessel lumen to increase, known as 
vasodilation. The patient who is relaxed will present less of a 
challenge for carrying out the procedures of venepuncture and 
cannulation.  

  LOCATION OF VEINS 
 Venepuncture and peripheral cannulation are performed in the 
veins that lie superfi cially to the epidermis, in the upper extrem-
ities of the body. They anastomose with one another and with 
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deep veins but they do not join arteries. Deep veins usually 
accompany arteries and have the same names as the corre-
sponding arteries. As arteries, veins and nerves can be in similar 
locations (Fig.  3.2 ), care must be taken during the assessment 
and when performing the procedure to avoid arteries and 
nerves (see Chapter  5 ). The location of veins used for venepunc-
ture and cannulation is presented in Table  3.2 .     

 The digital veins fl ow along the lateral portion of the fi ngers 
but are small (Dougherty  2008 ). The digital veins unite to form 
the dorsal metacarpal veins and are easily visualised and pal-
pated (Scales  2005 ). The superfi cial venous arch in the dorsum 
of the hand drains into the cephalic vein and basilic vein (Marieb 
 &  Hoehn  2007 ). The cephalic vein at this location is large enough 
for cannulation but irritation to the tunica intima can be caused 
by cannula movement as it enters the vein. Movement of the 
wrist may also cause discomfort for the patient. There are three 

     Fig. 3.2     Veins of the hand and arms. Used with permission of Becton, Dickinson 
and Company.  

Cephalic vein 

Median
cubital vein
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long tendons that control movement of the thumb so slight 
movement of the thumb during venepuncture could easily 
obscure the vein (Hadaway  2010 ). 

 The basilic vein is usually a large vein, but may be overlooked 
due to its position on the posterior medial aspect of the forearm 
(Hadaway  2010 ). It can be easily palpated but accessing for 
venepuncture or cannulation may be diffi cult due to the angle 
required. 

 The median antebrachial veins ascend anteriorly in the fore-
arms to join the basilic or medial cubital veins, sometimes both. 
As the median antebrachial ascends from the wrist the veins 
may appear suitable for venepuncture because they are usually 
situated between two branches of the median nerve; however, 
performing venepuncture at this site may be extremely painful 
(Hadaway  2010 ). The basilic and cephalic veins continue into 
the forearm. 

 The median cubital vein runs diagonally across the antecu-
bital fossa connecting the basilic and the cephalic veins (Scales 
 2005 ). There is great variation in the pattern of veins in this area, 
with the median cubital vein not always visible (Dougherty  &  
Lamb  2008 ). The basilic and cephalic and median cubital veins 
in the antecubital fossa are the most commonly used for 
venepuncture, due to prominence and visibility (Ellis  2006 ). 
Care must be taken with valves that may be located at the junc-
tions of the following blood vessels: median basilic with basilic, 
median cephalic with basilic, and accessory cephalic and 
cephalic. These valves may prevent cannula advancement 
during cannulation (Hadaway  2010 ).  

  SYSTEMIC BLOOD FLOW 
 Blood fl ows in a closed system which is infl uenced by many 
complex interactions: 

   •      composition of blood  
   •      blood vessel diameter  
   •      pressure within the vessels  
   •      speed of blood fl ow  
   •      changes that occur in response to the need to maintain home-

ostasis (Hadaway  2010 ; Tortora  &  Derrickson  2009 ).    
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 If changes occur to blood fl ow then there is a reduced blood 
supply to meet tissue needs and when blood vessels are inad-
equately fi lled a condition known as circulatory shock occurs. 
The response of the body to these changes in systemic blood 
fl ow will make it diffi cult to identify veins for performing 
venepuncture and cannulation as intense vasoconstriction 
occurs. Maintaining an adequate blood fl ow to vital organs 
becomes a priority (Marieb  &  Hoehn  2007 ). 

  Composition of  b lood 

 Human blood appears as a homogeneous, opaque, somewhat 
syrupy fl uid that is red in colour. Arterial blood is a brighter red 
colour and venous blood has a darker, dull red colour. A person 
has 4 to 6 litres of blood depending on their size. It has a pH 
range of 7.35 to 7.45 and is 3 to 5 times thicker than water. The 
general functions of blood are transportation, regulation and 
protection. It has both solid and liquid components. These 
include plasma, blood cells and platelets. 

  Plasma  is a straw - coloured fl uid and contains approximately 
90% water. There are over 100 different substances dissolved in 
plasma, including electrolytes, hormones, plasma proteins, and 
various wastes and products of metabolism. 

  Plasma proteins : plasma contains between 60   g and 80   g of 
protein per litre. There are three major groups: albumin, fi brino-
gen and globulin. 

  Functions of the plasma proteins :

    •      intravascular osmotic effect  
   •      contribution to the viscosity of plasma  
   •      transport  
   •      protein reserve  
   •      clotting and fi brinolysis  
   •      infl ammatory response  
   •      protection from infection  
   •      maintenance of acid – base balance.    

  Cellular components of blood  comprise approximately 45% 
of its volume. There are three major cell types: erythrocytes, 
leucocytes and thrombocytes. 
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 Erythrocytes or red blood cells transport oxygen in the 
blood to all the cells of the body. Haemoglobin is the red -
 coloured protein pigment that transports the bulk of oxygen 
to the tissues. It also carries small amounts of carbon dioxide. 
In a healthy adult the range of red blood cells is 4.5 – 6 
million/mm 3 . 

 Leucocytes or white blood cells defend the body against 
damage by bacteria, viruses, parasites and tumour cells. Large 
variations in the number of leucocytes may occur in an indi-
vidual from hour to hour as various physiological factors, such 
as exercise and emotion, cause white cells to enter or leave the 
circulation system. On average in a healthy adult the range of 
white blood cells is 4000 – 11   000/mm 3 . White blood cells are less 
numerous than red blood cells and account for less than 1% of 
the total blood volume (Marieb  2006 ). There are fi ve kinds of 
white blood cells which are classifi ed into two groups: granular 
and agranular. 

  1.     Granular leucocytes include neutrophils, eosinophils, 
basophils.  

  2.     Agranular leucocytes include lymphocytes and monocytes.    

 Thrombocytes or platelets are necessary for haemostasis (pre-
vention of blood loss). They respond quickly to a break in the 
blood vessel wall and initiate the clotting cascade to stop the 
blood loss from the damaged blood vessel wall. A normal plate-
let count for a healthy adult is 150   000 – 300   000/mm 3  (Marieb 
 2006 ). The blood should clot within 3 – 6 minutes. Placing a piece 
of gauze or applying pressure to the damaged area speeds up 
the clotting process, for example after venepuncture or on 
removal of cannula (Marieb  2006 ). 

 The clotting cascade involves three mechanisms: 

   •      Vascular spasm: where the smooth muscle in the artery or 
vein contracts in response to the damage. Platelets in the 
damaged area release serotonin, which causes vasoconstric-
tion, thereby making the diameter of the vessel smaller 
(Pocock  &  Richards  2006 ).  

   •      Platelet plugs: when the endothelium is broken and the 
underlying collagen fi bres exposed, the rough surface causes 



Anatomy and Physiology 3

59

platelets to become sticky and adhere to the edges of the 
break and to each other. The platelets form a mechanical 
barrier or wall to close off the break in the capillary and stem 
the fl ow of blood (Pocock  &  Richards  2006 ).  

   •      Clotting: The stimulus for clotting is the break in the vessel, 
which causes a rough surface. The more damage there is, the 
faster clotting begins, usually within 15 – 120 seconds. 
However, if the platelet plug is not stabilised by fi brin fi bres 
around the plug, it is likely to break down and bleeding will 
restart after about 20 minutes (Montague  2005 ). The chemi-
cals involved normally circulate in the blood and include 
platelet factors, chemicals released by damaged tissues, 
calcium ions, and the plasma proteins prothrombin, fi brino-
gen, factor 8 and others synthesised by the liver (Pocock  &  
Richards  2006 ).     

  Blood  v essel  d iameter 

 The viscosity (thickness or stickiness) of blood is determined by 
two factors: the cells in blood (haematocrit) and the level of 
plasma proteins (Hadaway  2010 ; Tortora  &  Derrickson  2009 ). 
Viscosity is affected by vessel diameter. The centre of the larger 
blood vessels is where the most rapid fl ow is found, with the 
slower fl ow closest to the vessel intima (Hadaway  2010 ). Blood 
fl owing through small vessels and capillaries has a higher vis-
cosity. This is due to the velocity of fl ow decreasing due to their 
smaller diameter which will cause the viscosity to increase. 
Rouleaux, where the red blood cells adhere to each other and 
form a stack, can become lodged in constricted places within 
vessels (Hadaway  2010 ). Therefore inserting cannulae in vessels 
with small lumen will further decrease the velocity of fl ow, thus 
affecting the viscosity of blood. When choosing a cannula it is 
important to choose the smallest cannula for the largest vessel 
(Ortega  et al.   2008 ). This will allow fl ow of blood between the 
cannula and the wall of the vessel. A knowledge of the patient ’ s 
haematocrit (the erythrocytes, which normally constitute about 
45% of the total volume of blood sample) and hydration status 
are therefore important (Hadaway  2010 ) to establish if velocity 
is affected, thus infl uencing the viscosity of blood and therefore 
choice of cannula. 
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 Sympathetic nerves innervate the smooth muscle of all arter-
ies and veins. This causes muscle contraction and vasoconstric-
tion. Vasoconstriction is the term given when the muscle 
contracts the diameter of the vessel lumen and it becomes 
smaller (Herbert  &  Sheppard  2005 ). The rate of the sympathetic 
discharge is controlled by the cardiovascular centre in the 
medulla oblongata in the brain, known as the vasomotor centre. 
Increase in sympathetic discharge increases the venomotor 
tone, so the capacity of the venules and veins decreases and 
venous return increases. This control is very important in condi-
tions such as haemorrhage (Herbert  &  Sheppard  2005 ). 

 Baroreceptors are nerve endings that infl uence the diameters 
of blood vessels. These nerve endings are located in the carotid 
sinuses and the aortic arch and are stimulated by the stretch of 
the blood vessel wall (Marieb  &  Hoehn  2007 ). Blood pressure 
produces this stretch and during haemorrhage when blood 
pressure is reduced, the baroreceptors are stimulated and send 
an impulse to the vasomotor centre to result in vasoconstriction, 
to increase the patient ’ s blood pressure and allow venous return 
to increase and circulation to continue (Marieb  2006 ). Similarly, 
when a patient stands up having been sitting or lying down for 
a period of time and feels dizzy and light - headed due to the 
effect of gravity, vasoconstriction returns the patient ’ s blood 
pressure to homeostatic levels (Marieb  2006 ). 

 The postganglionic sympathetic fi bres normally release nore-
pinephrine and this acts upon the smooth muscle to produce 
contraction and vasoconstriction. Epinephrine released from 
the adrenal medulla causes vasoconstriction in a similar way to 
the sympathetic nervous discharge. Nicotine also increases the 
release of epinephrine from the adrenal medulla and therefore 
causes vasoconstriction. Equally drugs that mimic the action of 
the sympathetic nervous system cause vasoconstriction, for 
example dopamine, epinephrine and norepinephrine (Herbert 
 &  Sheppard  2005 ).  

  Endothelium -  m ediated  r egulation 

 The endothelium, the innermost layer of blood vessels, can 
synthesise factors that can cause vasodilation, e.g. nitric oxide, 
and vasoconstriction, e.g. endothelin. A variety of agents (e.g. 
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acetylcholine, adenosine triphosphate, bradykinin, serotonin, 
histamine, shear stress of blood fl ow) can stimulate the endothe-
lial cells to produce and release nitric oxide. Nitric oxide when 
released from the endothelium diffuses into the muscle layers 
surrounding the blood vessel walls. This makes the muscles 
relax and blood vessels dilate. It is this steady release of nitric 
oxide that keeps blood vessels dilated (Herbert  &  Sheppard 
 2005 ). Nitric oxide has also been found to inhibit platelet aggre-
gation, an important phase in the natural haemostasis to stop 
blood loss when a blood vessel wall is damaged (Herbert  &  
Sheppard  2005 ; Marieb  &  Hoehn  2007 ). Another important 
function of the endothelium is to prevent clot formation. 
Numerous factors that prohibit or promote coagulation are 
found in the endothelium, e.g. thrombomodulin, prostacyclin, 
tissue plasminogen activator, tissue factor pathway inhibitor 
and von Willebrand factor (Montague  2005 ). If these cells are 
damaged during cannulation, e.g. by too rapid advancement of 
the cannula, failure to correctly anchor the skin and vein, or 
inadequate skin cleansing (see list in  ‘ Structure of blood vessels ’  
section, above), then the infl ammation process of phlebitis and 
thrombosis commences (Hadaway  2010 ).  

  Chemical  c ontrol of  b lood  v essel  d iameter 

 Chemical factors such as hormones and locally produced 
metabolites also affect the vascular smooth muscle. Angiotensin 
II, formed by the action of renin on angiotensinogen released in 
response to hypotension, causes vasoconstriction. Histamine 
and plasma kinins, released as part of the infl ammatory response 
when tissues are damaged, cause vasodilation of the small 
vessels (Herbert  &  Sheppard  2005 ).  

  Response to  l ocal  m etabolites 

 Increasing blood fl ow in response to local demand is known as 
active hyperaemia. The precise nature of the metabolites that 
produce this relaxation of the smooth muscle (vasodilation) are 
not known (Herbert  &  Sheppard  2005 ). Many factors have been 
proposed as vasodilators, e.g. lack of oxygen, high levels of 
carbon dioxide and lactic acid, decreased pH, hyperosmolarity 
of the interstitial fl uid, adenosine and prostaglandins. 
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 If, for example, the tourniquet is left on a patient ’ s arm for 
longer than 2 minutes, the blood supply to the arm is occluded 
for that time. While the occlusion remains the cells are metabo-
lising, and the metabolites are accumulating, as there is no 
blood fl ow to remove them. Once the tourniquet is released 
blood fl ow is restored. This vasodilation has resulted in an 
enlarged capacity in the capillary system; therefore the arm is 
 ‘ redder ’  in appearance than the other arm, known as reactive 
hyperaemia (Herbert  &  Sheppard  2005 ). 

 Circulatory shock will alter the normal physiology of blood 
vessels. Homeostasis is unbalanced and depending on the type 
of shock, fl uid balance is interrupted. There is resistance to 
blood fl ow, due to increased capillary permeability and vaso-
constriction of the peripheral blood vessels (Dougherty  2008 ). 
Access to peripheral veins when this occurs is very diffi cult and 
central access may be the most appropriate option.  

  Speed of  b lood  fl  ow 

 The velocity or speed of blood fl ow differs in the various blood 
vessels. The larger the diameter of the blood vessel, the slower 
the blood will fl ow. Blood is forced into large thick - walled 
elastic arteries that expand as the blood is pushed into them 
when the ventricles contract (Marieb  2006 ). This high pressure 
forces the blood to continually move into areas where the pres-
sure is lower. The capillaries have the lowest pressure, with a 
blood speed of 0.3 – 0.5   mm per second (700 times lower than 
in the aorta because of the diameter) (Herbert  &  Sheppard 
 2005 ). This allows the exchange of gases and nutrients to take 
place. This part of the circulatory system is often referred to as 
the microcirculation (Herbert  &  Sheppard  2005 ). Because the 
blood speed in other vessels is much quicker, this makes the 
circulation time quite short. The time it takes for the blood to 
go from the right ventricle to the lungs, and back to the heart 
to be pumped by the left ventricle to the body and return to 
the heart again is about 1 minute or less; this is known as the 
circulation time (Herbert  &  Sheppard  2005 ). As previously 
mentioned, the fl ow of blood is one way, and this is assisted 
by skeletal muscles relaxing and contracting and the  ‘ respira-
tory pump ’ .   



Anatomy and Physiology 3

63

  INTEGUMENTARY SYSTEM 
 The blood vessels are protected by the integumentary system 
or skin. The skin protects the entire body from damage that may 
be caused by chemicals, thermal or mechanical injury and bac-
teria. It has a rich network of capillaries and cutaneous sensory 
receptors. The skin is composed of two main layers: epidermis 
and dermis. 

  Epidermis 

 The epidermis, the superfi cial part of the skin, varies in thick-
ness and is made of keratinised stratifi ed squamous epithelium, 
which covers and protects the body. The keratinocytes are 
arranged in four or fi ve layers known as strata that form the 
epidermis. Parts of the body that have exposure to friction, 
sunlight and abrasion will have fi ve layers of keratinocytes 
(Tortora  &  Derrickson  2009 ). Manual labourers who for example 
have exposure to these elements may have veins that are more 
diffi cult to access for cannulation or venepuncture (Hadaway 
 2010 ). 

 The epidermis is avascular with no blood supply of its own. 
Cells on its surface are dead and continually fl ake off (Marieb 
 2006 ). Over 3 million microorganisms live on the epidermis. 
These microorganisms have adapted to the conditions of the 
skin and are known as resident or normal fl ora. They live in 
deep crevices in the skin, in hair follicles and sebaceous glands. 
The type and distribution of the organisms vary according to 
the body site, temperature, humidity and the person ’ s general 
health. The largest number of microorganisms resident on the 
skin are Gram - positive bacteria, e.g. coagulase - negative staphy-
lococci, micrococci and coryneforms (Wilson 2006). 

 The epidermis and the dermis are fi rmly connected; however, 
if interstitial fl uid accumulates in the cavity between the layers, 
they will separate, e.g. blister, burn.  

  Dermis 

 The dermis is made of fi brous connective tissue and helps to 
hold the body together. The dermis varies in thickness like the 
epidermis and consists of two major parts  –  the papillary layer 
and the reticular layer (Marieb  2006 ). 
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 The papillary layer lies immediately beneath the epidermis. 
It anchors the epidermis and contains small, fi nger - like projec-
tions called dermal papillae that indent the epidermis with 
some containing capillary loops that supply nutrients to the 
epidermis (Marieb  2006 ). Other dermal papillae contain sensory 
nerve endings, e.g. Meissner corpuscles, that are sensitive to 
touch. The cellular arrangement between these two layers pre-
vents the epidermis shearing off the dermis when shearing 
forces are applied to the skin (Edwards  2005 ). The reticular layer 
is the deepest skin layer and contains blood vessels that play a 
role in maintenance of body temperature. As well as capillaries 
in the dermis, there are arterioles and the smooth muscle in their 
walls permits them to constrict and dilate. In a warm environ-
ment the arterioles dilate (vasodilation), allowing excess heat to 
be radiated to the environment. In a cold environment, the 
arterioles constrict (vasoconstriction) and heat is kept within the 
core of the body. Vasoconstriction can also occur during stress-
ful situations. Blood fl ow to the dermis may be interrupted by 
prolonged pressure on the skin and without its blood supply 
the skin dies (Marieb  2006 ). 

 The skin is the largest sensory organ in the body and the 
dermis contains the rich nerve supply, which alert us to touch, 
pressure, pain and temperature changes (Edwards  2005 ). 
Neurons carry impulses from the cutaneous sensory receptors 
to the central nervous system. The skin contains three main 
types of sensory nerve endings: unspecialised free nerve 
endings, specialised nerve endings (or encapsulated) and spe-
cialised non - neuronal (or separate) receptor cells (Allan  2005 ; 
Tortora  &  Derrickson  2009 ). These sensory receptors function in 
response to a specifi c stimulus, e.g. mechanoreceptors, ther-
moreceptors, nociceptors, osmoreceptors and chemoreceptors 
(Tortora  &  Derrickson  2009 ). Chemoreceptors do not have a 
direct effect on the procedure of venepuncture and cannulation 
(Hadaway  2010 ). A variation of stimulation generates the free 
nerve endings, for example mechanical stimulus, such as the 
application of touch and pressure when palpating veins or 
application of tourniquet (Hadaway  2010 ). Ruffi ni ’ s endings (a 
specialised nerve ending) respond to stretching when the digits 
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or limbs are moved in preparation for the insertion of a needle 
during venepuncture or cannulation. Thermoreceptors are free 
nerve endings that sense warmth and cold. A cold environment 
will result in vasoconstriction and impede the fl ow of blood. A 
warm environment promotes vasodilation, improving blood 
fl ow in the blood vessels being accessed (Weinstein  2007 ). Free 
nerve endings(nociceptors) that occur throughout the skin are 
sensitive to painful stimuli (mechanical and chemical stimuli of 
varying intensity, extreme heat or cold, touch). These sensory 
receptors respond to stimuli arising outside the body and serve 
to protect the skin from injury in the environment and the infor-
mation can be acted upon rapidly by the central nervous system 
(Edwards  2005 ). The nerve supply varies in different areas of 
the body. Some areas are highly sensitive, e.g. the inner aspect 
of the wrist, and other areas are only mildly sensitive. The inser-
tion of a needle in one area may cause greater pain to the 
patient, yet in another patient it may cause minimal or no pain. 
This is why the inner aspect of the wrist is only used for 
venepuncture as a last resort (Weinstein  2007 ).  

  Ageing  p rocess 

 Veins deteriorate with age. The walls of the vein become weaker 
and stretch. The valves lose their competency and cause pooling 
of blood. This makes the veins more mobile, more fragile and 
often thrombosed and tortuous (Dougherty  2008 ). The dermis 
and epidermis become thinner and more fragile, and there is a 
reduction in subcutaneous tissue, resulting in less support for 
the blood vessel but making it easier to see veins clearly (Marieb 
 2006 ). The thickness of the epidermis varies with age; in an 
older patient, the skin on the dorsum of the hand may be so 
thin it does not adequately support the vein for venepuncture 
(Weinstein  2007 ).   

  CONCLUSION 
 Veins are a direct route into the circulatory system and to safely 
cannulate or perform venepuncture for patients, the healthcare 
practitioner must have a sound theoretical knowledge of the 
anatomy and physiology of blood vessels. Other considerations 
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for performing these two procedures include composition of 
blood, blood vessel diameter, blood fl ow, the skin and ageing 
process. Before accessing the vein, the healthcare practitioner 
must use this knowledge to assess the vein and reduce the risk 
of complications for the patient.  

  REFERENCES 
    Allan ,  D.   ( 2005 )  Sensory receptors and sense organs . In:  Physiology 

for Nursing Practice  (eds   S.   Montague  ,   R.   Watson    &    R.   Herbert  ), 
 3rd edn , pp.  133  –  148 .  Bailli è re Tindall ,  UK .  

    Dougherty ,  L.   ( 2008 )  Obtaining peripheral venous access . In: 
 Intravenous Therapy in Nursing Practice  (eds   L.   Dougherty    &  
  J.   Lamb  ),  2nd edn , pp.  225  –  270 .  Blackwell Publishing ,  Oxford .  

    Dougherty ,  L.    &    Lamb ,  J.   (eds) ( 2008 )  Intravenous Therapy in Nursing 
Practice ,  2nd edn , pp.  225  –  270 .  Blackwell Publishing ,  Oxford .  

    Edwards ,  S. L.   ( 2005 )  Innate defences . In:  Physiology for Nursing 
Practice  (eds   S.   Montague  ,   R.   Watson    &    R.A.   Herbert  ),  3rd edn , 
pp.  635  –  683 .  Bailli è re Tindall ,  UK .  

    Ellis ,  H.   ( 2006 )  Clinical Anatomy, a Revision and Applied Anatomy for 
Clinical Students ,  11th edn .  Blackwell Publishing ,  Oxford .  

    Finlay ,  T.   ( 2004 )  Intravenous Therapy .  Blackwell Science ,  Oxford .  
    Hadaway ,  L.C.   ( 2010 )  Anatomy and physiology related to infusion 

therapy . In:  Infusion Nursing: An evidence based approach  (eds 
  M.   Alexander  ,   A.   Corrigan  ,   L.   Gorski  ,   J.   Hankins     &    R.   Perucca  ), 
 3nd edn , pp.  139  –  177 .  Saunders Elsevier ,  Philadelphia . (eds 
  J.   Hankins  ,   R.A.   Lonsway  ,   C.   Hedrick    &    M.   Perdue  ),  2nd edn , 
pp.  65  –  97 .  WB Saunders ,  Philadelphia .  

    Herbert ,  R.A.    &    Sheppard ,  M.   ( 2005 )  Cardiovascular function . In: 
 Physiology for Nursing Practice  (eds   S.   Montague  ,   R.   Watson    &  
  R.   Herbert  ),  3rd edn , pp.  383  –  463 .  Bailli è re Tindall ,  UK .  

    Marieb ,  E.   ( 2006 )  Essentials of Human Anatomy and Physiology ,  8th 
edn .  Pearson Benjamin Cummings .  USA .  

    Marieb ,  E.    &    Hoehn ,  K.   ( 2007 )  Human Anatomy and Physiology ,  7th 
edn .  Pearson International ,  USA .  

    Montague ,  S.E.   ( 2005 )  The blood . In:  Physiology for Nursing Practice  
(eds   S.   Montague  ,   R.   Watson    &    R.   Herbert  ),  3rd edn , pp.  335  –  381 . 
 Bailli è re Tindall ,  UK .  

    Ortega ,  R.  ,   Sekhar ,  P.     Song ,  M.  ,   Hansen ,  C.J.    &    Peterson ,  L   ( 2008 ) 
 Peripheral intravenous cannulation .  New England Journal of 
Medicine ,  359 ( 21 ),  e26  –  29 .  

    Pocock ,  G.    &    Richards ,  C.D.   ( 2006 )  Human Physiology, The Basis 
of Medicine ,  3rd edn , pp.  225  –  246 .  Oxford University Press , 
 Oxford .  

    Scales ,  K.   ( 2005 )  Vascular access: a guide to peripheral venous can-
nulation .  Nursing Standard ,  19 ( 49 ),  48  –  52 .  



Anatomy and Physiology 3

67

    Scales ,  K.   ( 2008 )  Anatomy and physiology related to intravenous 
therapy . In:  Intravenous Therapy in Practice  (eds   L.   Dougherty    &  
  J.   Lamb  ),  2nd edn , pp.  23  –  48 .  Blackwell Publishing ,  Oxford .  

    Tortora ,  G.J.    &    Derrickson ,  B.   ( 2009 )  Principles of Anatomy and 
Physiology ,  12th edn .  John Wiley & Sons ,  Inc. USA .  

    Weinstein ,  S.M.   ( 2007 )  Plumer ’ s Principles and Practice of Intravenous 
Therapy ,  8th edn .  Lippincott Williams  &  Wilkins ,  Philadelphia .  

    Wilson ,  J.   ( 2006 )  Infection Control in Clinical Practice ,  3rd edn .  Bailli è re 
Tindall ,  London .   

 
  



68

 

  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Identify the key components of the systems.  
   ❏      Understand how to use the equipment correctly.  
   ❏      Identify the different blood - collecting systems for 

venepuncture.  
   ❏      Understand the signifi cance of equipment design in achiev-

ing best and safe practice.  
   ❏      Know how to select the most suitable device for each 

procedure.     

  INTRODUCTION 
 There are two aspects central to modern medicine: safety and 
accuracy. The long - term aim, including that of today ’ s medi-
cine, has consistently focused upon moving towards  ‘ smarter ’  
and more integrated developments. Therefore, if in previous 
centuries the aim was to obtain intravenous access, today the 
aim is towards more closed intravenous systems, where drugs 
and fl uids enter the patient ’ s veins but micro - organisms cannot 
and where patient and user safety and comfort are the para-
mount consideration (Rivera  et al.   2005 ). Likewise; in the previ-
ous century, laboratories paid most attention to the analytic 
phase of testing, today the attention has shifted towards the 
pre - analytic phase in the collection of blood samples. Currently, 
most of the testing errors (32 – 75%) occur during the pre - analytic 
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phase, (Stankovic  &  Smith  2004 ), in comparison to analytical 
and post - analytic phases. This chapter aims to offer insight, 
knowledge and detail about the blood - collecting systems and 
their intended use so that practitioners will be fully informed 
about what equipment to use, and how and why they should 
use that equipment according to each situation.  

  VENEPUNCTURE 

  Needles and  t ubes 

 There are different sets of equipment for venepuncture. The 
choice will depend on the condition and the size of the patient ’ s 
veins, required number of blood specimens, availability of the 
equipment and the practitioner ’ s knowledge and skills. At 
present, blood can be drawn using: 

  1.     vacuum tube system  
  2.     winged blood collection set  
  3.     syringe system  
  4.     specialised equipment for neonates.     

  Vacuum  t ube  s ystem 

 The vacuum tube system (VTS, Fig.  4.1 ) is the most effi cient 
method for obtaining a blood specimen (Garza  &  Becan - McBride 

     Fig. 4.1     Vacuum tube system (VTS). Used with permission of Vein Train Ltd.  
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 2002 ; McCall  &  Tankersley  2008 ). It is a closed system in which 
the patient ’ s blood fl ows through a needle inserted into a vein, 
directly into a vacuumed collecting tube without being exposed 
to the air. Though the designs of different manufacturers may 
vary, all VTS systems have three basic components: 

  1.     multi - sampling double - ended needle (Fig.  4.2 ), or winged 
blood - collecting needle (Fig.  4.3 )  

  2.     transparent plastic holder to secure the needle and hold the 
vacuumed tube (Fig.  4.4 )  

  3.     vacuumed tubes (Fig.  4.5 ).       

     Fig. 4.2     Multi - sample needles including fl ashback needle. Used with permission 
of Vein Train Ltd.  
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     Fig. 4.3     Winged blood collection set 
with multi - sample needle pre - attached.  

     Fig. 4.4     Needle holder/bottle holder.  

     Fig. 4.5     Vacuum blood collection bottles. Used with permission of Vein Train Ltd.  
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  Needles 

  Multi -  s ampling  n eedle 
 All blood - collecting needles are sterile, disposable and designed 
for single use only. They are also silicone coated to help pene-
tration through the skin and vein walls, and therefore less 
traumatic and less painful for the patient (McCall  &  Tankersley 
 2008 ). They are called multi - sampling because they allow mul-
tiple tubes of blood to be collected during a single venepunc-
ture. In addition, some of the newest brands also allow fl ashback 
visualisation once the needle enters the vein (Fig.  4.6 ).   

 The VTS needle has two ends: a patient end, which is longer 
and bevelled for piercing the skin and entering the vein; and a 
non - patient end with rubber sleeve for penetrating the rubber 
top of a collecting tube. This rubber sleeve is retractable and is 

     Fig. 4.6     Flashback needle demonstrating fl ashback. The needle on right shows 
example of fl ashback within the hub of the needle. Used with permission of Vein 
Train Ltd.  
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pushed back when the needle penetrates the rubber top of a 
tube, and recovers when the tube is removed, thus preventing 
blood leakage when changing the tubes during multiple tube 
draw. In the middle, the needle is threaded, separating the two 
different ends, and the threaded section is to enable the screw-
ing of the needle into the needle holder.  

  Winged  b lood -  c ollecting  n eedle 
 The winged blood - collecting needle is a multi - sampling needle 
as well; the difference is that the two ends of the needle are 
separated by a permanently connected 12 – 30   cm length of 
tubing. In addition, at the point where the patient end of the 
needle joins the tubing there are plastic extensions that resemble 
butterfl y wings, thus their popular name  ‘ butterfl y ’  (Fig.  4.3 ). 

 The winged blood - collecting sets are particularly useful for 
collecting blood from small or diffi cult veins. It allows more 
fl exibility and precision than other needles, and has the advan-
tage of visualisation of the fl ashback of blood as soon as the 
needle enters the vein. Though more expensive than any other 
device for venepuncture, they have become increasingly popular 
and in some centres they are the method of choice for venepunc-
ture (Sommer  et al.   2002 ).  

  Choosing the  r ight  n eedle 
 It is essential to match the size of the needle to the size of the 
vein (NCCLS  1991 ). When using large diameter needles, a large 
amount of blood enters the tube at once with great force, result-
ing in cell lysis. On the other hand, if needles are too small, red 
blood cells (RBCs) are forced to enter the needle through its 
small opening under great force, causing cell membrane shear-
ing and release of the cellular components into the blood. The 
reliability of tests such as potassium, sodium, glucose, creati-
nine, bilirubin will then be decreased, resulting in falsely ele-
vated test results (Stankovic  &  Smith  2004 ).  

  Gauge 
 The gauge system for sizing medical equipment is used widely 
around world. Yet, its origins and interpretation have long been 
obscure (Iserson  1987 ). The gauge, formally known as the Stubs 
Iron Wire Gauge, was developed in early nineteenth century in 
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England. Initially it was for use in wire manufacture, and each 
gauge size arbitrarily correlated to multiples of 0.0010 inches. 
This sizing system was the fi rst wire gauge recognised as a 
standard by any country. In medicine, in the early twentieth 
century, it was used to measure needle sizes only. Today the 
International Organization for Standardization (ISO) also uses 
the gauge system to measure needles, catheters and sutures. 

 The gauge (G) number relates to the external diameter and is 
defi ned and regulated by ISO. The external diameter and the 
gauge number have an inverse relationship, that is, the larger the 
gauge number, the smaller the actual external diameter of a device. 

 For the needles, the gauge system is slightly complicated 
because for the same gauge there are two different inner diam-
eters depending on the thickness of the walls (ISO 9626,  1991 ; 
ISO 9626, Amendment 1  2001 ). 

 Multi - sampling needles that are used for routine venepunc-
ture are from 20G to 22G. For easy identifi cation, manufacturers 
use a colour code for each gauge, and in general, they have 
colour - coded caps and hubs: for example, yellow for 20G, green 
for 21G and black for 22G. 

 For winged blood collection sets, the most commonly used 
are those of 21G and 23G. In rare situations, a 25G is used for 
collecting blood from tiny veins, or in neonates from the scalp. 
However, practitioners need to be aware that using a needle 
smaller than 23G increases the chances of causing haemolysis 
of the sample (McCall  &  Tankersley  2008 ).  

  Length 
 Needles also differ in their length; for venepuncture most are 
from 1.7 to 2.5   cm. Length selection depends primarily upon 
user preference and the depth of the vein.  

  Needle  i ntegrity 
 The needles come in a sterile packing: multi - sampling needles 
are enclosed in sealed twist - off shields or caps that cover both 
ends; butterfl y needle are in sterile packs. It is important to 
examine the packaging or seal and expiry date before use. If the 
packaging is open or the seal is broken, or out of date, the needle 
is considered as no longer sterile and should not be used (see 
the Chapter  6 ). It is also important to visually inspect a needle 
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before venepuncture. Needles are mass manufactured and on 
rare occasions contain defects, such as blunt or bent tips, or 
rough bevels or shafts that could injure a patient ’ s vein, cause 
unnecessary pain, or result in multiple attempts to bleed the 
patient. If this happens, all needles from that brand should be 
withdrawn, as for any other faulty medical device, the Incident 
Reporting Form completed, and then submitted (by the sup-
plier) to the Medical Device Agency for further investigation.  

  Holders 
 The second component of the VTS is the transparent plastic 
cylinder with a tube/bottle holder or needle holder (Fig.  4.4 ). It 
is an integral part of the system, making a fi rm, stable and safe 
connection between the tube and the multi - sampling needle. It 
has a small opening for screwing the needle into the top end. 
The other end is wide open to accept the collection tube and has 
two extensions to aid placement and removal of the tube. 

 Holders come in different sizes to fi t tubes of different diam-
eters: standard sizes that fi t regular diameter tubes; smaller ones 
for small diameter tubes used in paediatrics, and the special 
large size for blood culture bottles (Fig.  4.7 ). These have an addi-
tional adapter to fi t standard sized tubes (Fig.  4.7 ), which allows 
multiple blood collections after blood cultures specimens.   

 Some of the holders have an incorporated safety mechanism, 
such as a protective shield that manually locks the needle after it 
is withdrawn from the puncture site, e.g. BD Vacutainer System, 
Preanalytical Solutions (Fig.  4.8 ), or devices that manually or 
automatically retract the needle into the holder, e.g. Vanish 
point, Retractable Technologies, TX, by Greiner Labortechnik. 
For any of the holder safety devices, disposing of the holder 
while it is still attached to the needle ensures that the punctur-
ing needle remains protected during and after disposal.     

  Vacuumed  b lood -  c ollecting  t ubes 

 These colour - coded and vacuum - fi lled tubes are specifi cally  
designed for the task and are central to today ’ s venepuncture 
(Fig.  4.5 , Table  4.1 ). They are part of the vacuumed tube system 
and winged blood - collecting sets but can be used with a syringe 
system as well. They contain various additives, which are indi-
cated by the colour of their cup or stopper (see Table  4.1 ).   
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     Fig. 4.8     Safety winged blood collection set. Used with permission of Becton 
Dickinson.  

     Fig. 4.7     Large bottle holder adaptor. Used with permission of Vein Train Ltd.  

     Vacuum 
 The vacuum system withdraws a premeasured and precise 
volume of blood. The practitioner should ensure the tube is 
fi lled to the mark indicated on the tube. Filling the right volume 
of blood is important in order to achieve the required blood to 
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additive ratio, which is essential for some tests (CLSI,  2007  and 
CLSI  2008 ).   

  The Order of Draw 
 The order of draw refers to the sequence blood collection tubes 
should be fi lled. The needle that pierces the tubes can carry 
additives from one tube into the next. The order of draw makes 
sure that should cross contamination occur, it will occur with 
the least interference to the results. 

 The current order of draw according to CLSI  (2007)  standard 
H3 - A6 is as follows. Practitioners should check their organisa-
tion ’ s local policy for bottle choice and order of draw.

   1.)     Blood cultures SPS (sterile)  
  2.)     Light blue (buffered sodium citrate tube)  
  3.)     Red (plain), or Gold (gel separator tube)  
  4.)     Green heparin and light green (sodium or lithium with or 

without separators)  
  5.)     Lavender (EDTA)  
  6.)     Pink, white  
  7.)     Grey (Na fl uoride/potassium oxalate)      

  The  s yringe  s ystem 

 The method of choice for blood sample collection is the 
vacuumed tube system. However, in patients with extremely 
diffi cult, fragile or small and collapsing veins a syringe system 
may be preferable, because a syringe can provide more control-
led and gentle vacuum than the vacuumed tube. 

 Blood specimens collected with a syringe must be transferred 
to vacuumed tubes. The needle is simply pushed through the 
top of the tube, and blood is automatically be pulled into the 
tube because of the vacuum. This practice is unsafe with a high 
risk of needlestick injury so practitioners should not use syringe 
and needle without safety measures. A safe transfer can be 
achieved by using a safety transfer device which allows transfer 
of the blood without using the collection needle (Fig.  4.4 ). In 
addition, to ensure the quality of a specimen, the plunger of the 
syringe must not be pushed down when the tubes are being 
fi lled from the syringe, because it is extremely hazardous, 
as forceful expulsion can result in damage to the cellular 
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components of the blood, which causes haemolysis (Stankovic 
 &  Smith  2004 ). If a safety transfer device is not available, then 
the venepuncture needle should be discarded into a sharp bin, 
then the vacuumed tube should be opened and blood decanted 
slowly down the side of the tube. Forceful injection of the blood 
to the bottom of the tube is hazardous and must be avoided. 
Also, samples need to be immediately transferred to an appro-
priate specimen tube to limit the clotting process that will be 
occurring inside the syringe (NCCLS  1991 ). 

 The syringes commonly used for venepuncture are 5   mL and 
10   mL, depending on the size and condition of the patient ’ s vein 
and the amount of blood to be collected. The larger syringes 
increase the likelihood of excessive aspiration pressures, blood 
clotting and haemolysis during collection and prior to transfer 
to a collection tube. Before using a syringe, the plunger needs 
to be loosened by withdrawing and pumping it 2 – 3 times 
(Sommer  et al.   2002 ). There are safety syringes available with a 
shield that slides over the needle after use. 

  Needles for  s yringes 
 The needles used with syringe system are hypodermic, and they 
come in a wide range of sizes. The most common in use for 
venepuncture are those between 21G and 23G with a length of 
2.5 – 3.7   cm.  

  Safety 
 The syringe and needle system for blood collection is regarded 
as a high risk procedure for splash and needlestick injuries. 
According to the  EPINET Report in 2001 , more than one - third 
of all needlestick injuries happened by using syringe and 
needle. In addition, the quality of specimens may be affected 
while transferring into the tubes. The rationale for using a 
syringe and needle system is very limited, therefore it should 
be avoided as much as possible.    

  CANNULATION 

  History 

  ‘ Up to eighty percent of all patients admitted to hospital world-
wide will receive a peripheral IV and this procedure is now 
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considered indispensable to human health ’  (Rivera  et al.   2007 ). 
The history of intravenous therapy is relevant to the current use 
of cannula development because it demonstrates the advances 
already made. 

 The fi rst written document about intravenous therapy is from 
1492 (Mainardi  1743 ): that resulted in death and accusations of 
murder. Almost two centuries later, in the early and mid 1600s, 
medical advances paved the way to a better understanding of 
anatomy and physiology. It was Christopher Wren who created 
the fi rst working IV infusion devices, which he made from a 
feather quill and a pig ’ s bladder (Corrigan  2001 ). 

 After fatal failures surrounding transfusion the Royal Society 
in 1668 banned all blood transfusions, followed by the Vatican 
and the French Government. (Corrigan  2001 ). It was only during 
the nineteenth century, disease, notably cholera, raised the 
importance of blood transfusions and IV therapy. The fi rst infu-
sions were administered: normal saline (Thomas Latta, 1832), 
glucose (Claude Bernard, 1843), and Ringer lactate (Sidney 
Ringer, 1876). In turn, the crude IV devices from the seventeenth 
century were replaced by metal needles, rubber tubing and 
glass containers. (Corrigan  2001 ). 

 Later, the plastic revolution in the 1950s changed medical 
practice as a whole, introducing disposable and single - use 
equipment. The fi rst cannula was made in 1950. It looked very 
much like today ’ s epidural needle and consisted of a shortened 
16G needle with another steel needle as an inner stylet, and then 
over the top of the needle was fi tted a polyvinyl chloride (PVC) 
catheter. The entire unit measured 5   cm and was available only 
in the 16G size (Massa  1951 ).  

  Components and  d esign of the  m odern  c annula 

 The components of today ’ s cannula are shown in Fig.  4.9 . Each 
of these components has a specifi c role, and they have been 
subjected to continuous developments  –  improving in their 
design and in material as well.   

 The  hypodermic needle  of the cannula is made of stainless steel, 
and it is silicone coated for easy sliding through the plastic 
cannula. The geometry of the needle tip is important for reduc-
ing pain during insertion. 
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     Fig. 4.9     Components of the cannula. Used with permission of Vein Train Ltd.  
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 The  intravascular part of the cannula   –  to which the term 
 ‘ cannula ’  is applied, has changed the most, mainly due to the 
development of the plastics that constitute it. The fi rst cannulae 
were made from polyvinyl chloride (PVC). PVC catheters were 
stiff, did not easily slide over the needle and into the vein, and 
were associated with a high rate of infusion phlebitis and bacte-
rial adherence (Maki  &  Ringer  1991 ). Then, in 1969, TFE Tefl on 
plastic was invented. The catheters made of Tefl on were more 
fl exible, more resistant to bacterial colonisation, self - lubricated 
and slid easily off the needle, and were non - compliant to pres-
sure; Tefl on proved to be non - toxic, tissue compatible but tough 
(Jacquot  et al.   1989 ). 

 Further developments in the plastics industry brought a new 
plastic, polyurethane. The fi rst polyurethane over - the - needle 
catheter was introduced in 1983. Polyurethane proved to be less 
traumatic to veins. Studies have shown that Vialon polyurethane 
catheters reduce the incidence of severe phlebitis by nearly 50%, 
in comparison to Tefl on catheters (Maki  &  Ringer  1991 ); because 
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of their fl exibility they are less likely to kink and obstruct and 
therefore may also have a lower infection and thrombosis risk 
(Gaukroger  et al.   1988 ; McKee  et al.   1989 ). In addition, some 
types of polyurethane (e.g. PEU - Vialon, BD) are rigid at room 
temperature, but become more fl exible after insertion, thus 
decreasing irritation to vein walls and reducing phlebitis 
(Stanley  et al.   1992 ). In addition, due to the reduced risk of 
phlebitis, the optimum indwelling time for Vialon cannulae is 
longer, 3 – 4 days, in comparison with Tefl on ones that need to 
be changed every 2 days (Maki  &  Ringer  1991 ). 

 The  fl ashback chamber  is a chamber at the back of the cannula 
which is connected to the needle and fi lls with blood immedi-
ately after insertion. The more rapid and reliable the blood 
fl ashback the better, as this prevents the needle from traversing 
the opposite wall of the vein (transfi xation). Rapid fl ashback is 
currently provided by notched needles. Some experimental 
needles use magnifi ers at the fl ashback chamber or hub. 

  Injection port and cap in ported cannulae   –  ported cannulae are 
very popular due to the port ’ s structure assisting in holding 
and therefore easing IV access. However, they have disadvan-
tages because of the high risk of infection from the port and 
also from blood spillage. During injection of medications, for 
instance, contact occurs between the unsterile syringe cone and 
the injection port. The repeated and unavoidable contact by 
hands of practitioners causes contamination, which due to 
product design cannot be decontaminated effectively. In fact 
studies showed that ported cannulae (Fig.  4.10 ) are associated 
with 55% bacterial contamination (Oberhammer  1980 ), and that 
the injection port acts as a sump, retaining a meniscus of fl uid, 
which cannot be cleaned before or after the injection procedure. 
In addition, minute air emboli can been seen to enter via side 
ports at each injection and allow entry of bacteria (Pilsworth 
 1981 ).   

 An alternative to ported cannulae are  non - ported cannulae  (Fig. 
 4.11 ). They were designed with the aim of avoiding the risks 
associated with the ported cannula, and are used extensively in 
the USA and parts of Europe. IV access is achieved by adding 
extension tubing or the extension tube is an integrated part of 
the cannula (Fig.  4.12 ).   
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     Fig. 4.10     Ported cannula (safety). Used with permission of B Braun Medical.  

     Fig. 4.11     Non - ported cannula (safety with wings). Used with permission of B 
Braun Medical.  

 The  wings  of the cannula have a supportive role during inser-
tion, and help to secure the cannula in situ for the duration of 
use. It is made of transparent plastic to allow clear visibility of 
the puncture site (Rivera  et al.   2005 ). This feature is important 
as it allows observation of the cannula and early detection of 
infection, phlebitis or bleeding around the cannula. 
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     Fig. 4.12     Cannula with extension tubing incorporated. Used with permission of 
Becton Dickinson.  

 The  needle grip  also has a supportive role  - to allow a good grip 
of the whole cannula before and during insertion, and allows 
the  ‘ fl icking ’  process (see Chapter  7 ) that helps to disconnect the 
Luer - lock plug from the needle at the moment of needle dis-
posal into a sharps bin. 

  Multi - lumen port access  can be provided by connecting an 
additional port on the cannula itself, by the attachment of a 
stop - cock or by using of an extension tubing (either attached or 
integral to the cannula) with multiple ports.  

  Choosing the  r ight  c annula 

  The  s ize of a  c annula 

  Gauge 
 Gauge is the external diameter of the intravascular part of a 
cannula and is regulated by the international standards (ISO 
10555 - 5). Gauge size, abbreviated G, is denoted by a number; 
the smaller the number the larger the catheter. For example, an 
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18 - gauge catheter (18G) has a larger diameter than a 24 - gauge 
one (24G). Each gauge size is identifi ed by a standard colour, as 
required by ISO 10555 - 5; these are listed in Table  4.2 .   

 Which gauge of the cannula to use will depend on the condi-
tion of a patient ’ s veins, the type and amount of a infusate and 
the required speed of a infusion. A good cannula to vein ratio is 

  Table 4.2    A guide to choosing the correct cannula 

   Colour     Gauge     Approximate fl ow rates 
(L/hour)  

   Comments  

   Crystalloid     Plasma     Whole 
blood  

  Orange    14G    16.2    13.5    10.3    Used in theatres or 
emergency for rapid 
transfusion of blood or 
viscous fl uids  

  Grey    16G    10.8    9.4    7.1    Used in theatres or 
emergency for rapid 
transfusion of blood or 
viscous fl uids  

  White    17G    7.5    6.5    4.6    Blood transfusions, rapid 
infusion of large volumes 
of viscous liquids  

  Green    18G    4.8    4.1    2.7    Blood transfusion, 
parenteral nutrition, stem 
cell harvesting and cell 
separation, large 
volumes of fl uids  

  Pink    20G    3.2    2.9    1.9    Blood transfusion, large 
volumes of fl uid  

  Blue    22G    1.9    1.7    1.1    Blood transfusions, most 
medications and fl uids  

  Yellow    24G    0.8    0.7    0.5    Medications, short term 
infusions, fragile veins, 
children  

  Yellow 
(N)  

  24G    1.44            Neonatal  

  Adapted from Dougherty  &  Lamb (2008). 
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     Fig. 4.13     Correct cannula to vein ratio.  

Good Cannula to Vein Ratio    Poor Cannula to Vein Ratio 

  Box 4.1    A good choice for cannula 

    A good cannula should provide: 

   •      rapid, reliable blood fl ashback  
   •      clear visibility of puncture site  
   •      reduced pain to patient  
   •      minimal injection risk  
   •      minimal thrombotic risk  
   •      dynamic softening of the catheter in the vein  
   •      minimal blood exposure for the user  
   •      multi - lumen port access  
   •      needleless access to ports  
   •      easy to apply a dressing to it.     

important in order to secure adequate blood fl ow around the 
cannula (Fig.  4.13 ) and therefore to prevent phlebitis and obstruc-
tion of the cannula. A general guide is provided in Box  4.1 .       

  Safer ( n eedle)  d evices 
 The term  ‘ safer needle devices ’  applies to all needles which 
have safety features (engineering controls) that prevent needle-
stick injuries. It is a broad term and includes many different 
types of devices, from those that have a protective shield over 
the needle to those that do not use needles at all. Based on 
mechanism of activation of safety features, safety devices can 
be categorised either as active or passive. Box  4.2  outlines the 
recommended safety features.   

  Passive safety  features remain in effect before, during and after 
use; the practitioner does not have to activate them. Passive 
features enhance the safety design and are likely to have a 
greater impact on prevention. An example of such a product 
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  Box 4.2    Safety features 

    Safety features designed to protect from needlestick injuries should: 

   •      provide a barrier between the hands and needle after use  
   •      allow or require the practitioner ’ s hands to remain behind the needle at all 

times  
   •      be an integral part of the devices and not an accessory  
   •      be in effect before disassembly and remain in effect after disposal to protect 

downstream workers  
   •      be simple and self - evident to operate and require little or no training to use 

effectively (UNISON  1999 )     

would be a spring - loaded retractable syringe or self - blunting 
blood - collecting devices (Figs  4.10  and  4.11 ). 

  Active devices  require manual activation of the safety feature. 
An example of such a product would be needles with a sheath 
that must be manually pushed over the used needle (Fig.  4.8 ).  

  Safety for  a ll  o ur  f utures 
 Needlestick injuries and mucocutaneous exposure to infected 
body fl uids can lead to considerable distress for healthcare prac-
titioners, and to the transmission of bloodborne viruses. The 
viruses of major concern today are HIV, hepatitis B and hepatitis 
C. In an average hospital, workers incur approximately 12 – 30 
needlestick injuries per 100 hospital beds each year (Eucomed 
 2008 ). However, it is estimated that between 60% and 80% of 
incidents go unreported. The Health Protection Agency (UK) 
reported that the number of percutaneous exposures to blood-
borne viruses seen in medical professionals increased by 46% 
from 159 in 2002, to 232 in 2005. Following an injury from a 
contaminated  ‘ sharp ’ , the risk of transmission of infection is 1 
in 3 for hepatitis B, 1 in 30 for hepatitis C and 1 in 300 for HIV 
(HPA  2006 ). 

 Needlestick and splashing injuries cannot be totally elimi-
nated, but they must be combated at source. In the USA, in the 
1990s, the Centers for Disease Control and Prevention (CDC) 
launched a multi - hospital study and showed that drawing blood 
is one of the highest - risk procedures for needlestick injuries; by 
using safer devices these can be reduced up to 76% (CDC  1997 ). 
In Europe, ten years later, the EU Council Direc tive 89/391/
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EEC (1989) was amended with a new resolution for Safety and 
Health of Workers (EU  2006 ) which obligates employers to 
replace dangerous practices with the non - dangerous or the less 
dangerous. In 2010 a new EU Directive was issued (EU  2010 ). 
The directive sets out in EU law requirements for risk assess-
ment, prevention and treatment of sharps injuries among health-
care workers. This legislation specifi cally addresses one of the 
priority objectives of the EU ’ s current strategy for health and 
safety at work, which aims to cut workplace accidents by 25% by 
2012 (EU  2010 ). The emphasis here is on both employers ’  and 
employees ’  responsibilities. Risk assessments are pivotal to 
achieving the aims of this legislation. 

 This EU legislation represents an important step toward 
acknowledging and supporting workers with the reality of their 
high - risk working practice, especially around sharps devices 
and body fl uids. However, the EU legislation, unlike the USA 
Needlestick Safety and Prevention Act 2000 (USA  2000 ), does 
not yet make it mandatory for employers to evaluate, select and 
use engineering controls (e.g. sharps with engineered sharps 
injury protection or needle - free systems) to eliminate or mini-
mise exposure to contaminated sharps.    

  CONCLUSION 
 This chapter has focused on equipment design in relation to 
practical use while offering detailed description to aid under-
standing behind design and intended use. Cannula development 
has been placed within a historical context to emphasise that 
while design and use of equipment has advanced signifi cantly, 
there is still room for improvement. It is therefore hoped that 
the leaner will fi rst learn how best to use equipment and then 
go on to question why it is designed and used in its current way. 
Future evolution will emerge from practitioners who can see 
ways to improve safety and quality to benefi t patient, staff and 
the organisation.  
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Describe a suitable vein for venepuncture and cannulation.  
   ❏      List fi ve ways of encouraging a vein to dilate.  
   ❏      Identify the type of veins to avoid for venepuncture and 

cannulation.  
   ❏      Identify and discuss how mastectomy, axillary node dissec-

tion and radiotherapy to the axilla will affect venepuncture 
and cannulation.  

   ❏      Know where to perform venepuncture if an intravenous (IV) 
infusion is in progress.  

   ❏      Understand how age would impact on venepuncture and 
cannulation     

  INTRODUCTION 
 The practitioner plays a vital role in ensuring that procedures 
such as venepuncture and cannulation are performed safely, 
effi ciently and as pain free as possible. Careful patient assess-
ment and vein selection will help to achieve this. The practi-
tioner can utilise various methods to improve venous access.  

  METHODS OF VEIN SELECTION 
 There are two key aspects to selecting a suitable vein: 

  1.     visual inspection  
  2.     palpation.    
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Mary Collins and Lisa Dougherty. Published 2011 by Blackwell Publishing Ltd. 
© 2011 Blackwell Publishing Ltd.

  5 
Vein Selection  

  Barbara     Witt       
 



 5 Venepuncture and Cannulation

92

  Visual  i nspection 

 Prior to applying the tourniquet to either arm the practitioner 
should visually assess the suitability of the arm. Visual inspec-
tion will enable the practitioner to avoid any areas of infection, 
phlebitis, oedema, bruised areas and sites that have been fre-
quently used for venepuncture or cannulation. 

  Infection 
 Intact skin acts a barrier against infection but with the insertion 
of any intravenous device, which breaches the continuity of the 
skin, the patient is at an increased risk of infection (Hart   2008 ).
The practitioner should therefore avoid any areas of infection 
or infl ammation when selecting a site for venepuncture and 
cannulation.  

  Haematoma 
 A haematoma or bruise develops when blood leaks from a vein 
into the surrounding tissue during or after venepuncture and/
or cannulation (Ernst  2005 ). The practitioner should avoid areas 
of previous haematoma/bruising as this may be painful to the 
patient (McCall  &  Tankersley  2008 ). Also blood samples taken 
from this area may be contaminated with haemolysed blood 
that has leaked outside the vein (McCall  &  Tankersley  2008 ). 
Occasionally, if no other vein is suitable then venepuncture 
should be performed in an area that is distal to the haematoma 
(Hoeltke  2006 ).  

  Oedema 
 Access may be limited if the patient ’ s arm is oedematous. A 
swollen arm can make palpation diffi cult. The application of a 
tourniquet may cause tissue damage and make indentations in 
the skin. The sample taken may also be contaminated with fl uid 
(Hoeltke  2006 ).  

  Damaged  s kin 
 Areas of skin that have been burned or scarred should be 
avoided as palpation to these areas may be diffi cult. Burn sites 
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that have healed may have impaired circulation, giving inac-
curate blood results. Recently burned sites would be painful 
and predispose the patient to an increased risk of infection 
(McCall  &  Tankersley  2008 ). Scarring may be caused by numer-
ous venepunctures, e.g. blood/apheresis donors. The veins 
may become hard, lose elasticity and make needle penetration 
more diffi cult (Ernst  2005 ). The practitioner should avoid areas 
with tattoos as circulation to these areas may be impaired and 
there may be an increased risk of infection. The dyes used in 
tattoos may also affect blood results (McCall  &  Tankersley 
 2008 ).   

  Palpation 

 Correct identifi cation of a suitable vein for venepuncture or 
cannulation can only be determined by careful palpation. 
Palpation will enable the practitioner to identify the location, 
size, depth and condition of the vein and to avoid valves, arter-
ies and tendons. It will also ensure that the correct type and size 
of device is selected. Palpation may prevent inadvertent inser-
tion of the needle into other anatomical structures such as arter-
ies, valves and tendons. 

 The practitioner should use the tip of the index fi nger on their 
less dominant hand to palpate the vein as this allows for re -
 palpation while realignment is performed using the dominant 
hand if the vein is missed. The practitioner should run their 
fi ngers smoothly over the selected site, gently pressing down 
and feeling for the rounded structure of the vein wall. The vein 
should feel soft and bouncy to the touch (Hoeltke  2006 ) and 
when depressed it should refi ll easily (Dougherty  2008 ). The 
practitioner should trace the path of the vein, palpating to deter-
mine the size, angle and depth of the vessel. If the vein is visible 
it may appear easier to access, especially for a new practitioner, 
but palpation is a more accurate method of ensuring the most 
suitable vessel has been selected. Skill in palpating a vein will 
improve with practice (Ernst  2005 ). Repeated use of the same 
fi ngers in palpation will improve sensitivity and the ability to 
distinguish veins and other structures (Weinstein  2007 ; 
Dougherty  2008 ). The thumb should not be used to palpate as 
it is less sensitive and has a pulse (Weinstein  2007 ). It may be 
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useful to practise palpation on colleagues ’  veins as it will 
increase confi dence in this method and reduce the reliance on 
sight. 

  Valves 
 Valves can be palpated in veins. Valves are formed by folds of 
endothelium and are usually observed or palpated as  ‘ bulges ’  
in the vein (Weinstein  2007 ). Valves tend to occur at points of 
branching or bifurcation, their function being to prevent the 
backfl ow of blood (Weinstein  2007 ). When performing 
venepuncture, the practitioner should insert the needle above 
the valve to prevent it from compressing and closing the lumen 
of the vein as this can make blood withdrawal diffi cult 
(Weinstein  2007 ; Dougherty  2008 ). For cannulation, the valve 
can make advancing the needle diffi cult and if forced can cause 
pain and damage to the vessel (Dougherty  2008 ).  

  Arteries 
 Arteries transport blood away from the heart and tend to be 
positioned more deeply than veins (Weinstein  2007 ). They also 
have much thicker walls and do not collapse if blood pressure 
falls (Weinstein  2007 ). Occasionally, patients may have an aber-
rant artery which is more superfi cial and sited in an unusual 
location (Weinstein  2007 ). An aberrant artery should not be 
mistaken for a vein. On palpation the practitioner should check 
the vessel for a pulse in order to identify if it is an artery. 
Arteries pulsate, veins do not. If an artery is punctured the 
patient may complain of severe pain and the practitioner may 
observe bright red blood (see Chapter  8 ). If a cannula is inad-
vertently placed in an artery and drugs are administered the 
patient may complain of severe pain during the infusion. It may 
cause arterial spasm and ischaemia leading to necrosis and gan-
grene of the limb (Weinstein  2007 ; Dougherty  2008 ).  

  Tendons 
 Tendons are bands of inelastic collagenous fi bres and may have 
the appearance of a vein but on palpation they would feel hard 
to the touch (Hoeltke  2006 ).  



Vein Selection 5

95

  Nerves 
 Nerve are neither visible nor palpable (Ernst  2005 ); they tend to 
lie deep in the tissues but sometimes they are close to the surface 
and will lie alongside veins and arteries. If a nerve is touched 
with a needle the patient will complain of a shooting  ‘ electric 
shock ’  type pain and if the nerve is damaged, the nerve injury 
is often disabling and can be permanent (Ernst  2005 ) (see 
Chapter  8 ).    

  IMPROVING VENOUS ACCESS 
 There are numerous methods of improving venous access that 
the practitioner may consider: 

   •      application of a tourniquet  
   •      application of heat  
   •      position of the limb  
   •      fi st clench/massage  
   •      application of glyceryl trinitrate patches.    

  Application of a  t ourniquet 

 A tourniquet is used to increase the distension of veins when a 
sample of blood is being taken or when a cannula is being 
inserted. There are several types of tourniquet available. The 
choice may depend on personal preference and availability. A 
good quality, buckle closure, single hand release is most effec-
tive (Dimech  et al.   2011 ). Consideration should be given to the 
type of material and the ability to decontaminate. There is a 
potential risk of cross - infection during peripheral venous access 
by contamination of tourniquets and the use of disposable tour-
niquets is recommended (Golder  2000 ). Consideration should 
be given to the use of latex - free tourniquets (RCN  2010 ). 

 A blood pressure cuff can be applied instead of a tourniquet 
(Ernst  2005 ). It may be more comfortable for the patient as the 
pressure is exerted over a wider area. The cuff should be infl ated 
to a level just below the patient ’ s diastolic level, or infl ation to 
40   mmHg is usually adequate (Hoeltke  2006 ). The practitioner 
should be able to reduce the pressure of the cuff easily following 
insertion of the needle. 
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 The tourniquet should be applied around the upper forearm 
approximately 7 – 8   cm above the venepuncture site. It should be 
tight enough to impede venous return but not restrict arterial 
fl ow (McCall  &  Tankersley  2008 ). The tourniquet may be applied 
over a sleeve or a paper towel if there is a risk of causing injury 
or bruising to the skin, especially in elderly patients where the 
skin may be fragile (McCall  &  Tankersley  2008 ). Care should 
also be taken with thrombocytopenic patients or those on anti-
coagulants (Dougherty  2008 ). 

 The tourniquet should not pinch the skin when tightened or 
be left on for more than one minute as the obstruction to blood 
fl ow may cause haemoconcentration and pooling of the blood 
leading to inaccurate blood results (Hoeltke  2006 ). A tightened 
tourniquet may also become uncomfortable for the patient if left 
on for an extended period of time. 

 It is suggested that after initial vein selection the tourniquet 
is not reapplied for at least two minutes to allow blood composi-
tion to return to normal (McCall  &  Tankersley  2008 ). The prac-
titioner can utilise this time to prepare equipment and clean the 
skin.  

  Application of  h eat 

 The aim of applying heat is to increase vasodilation and improve 
venous fi lling. This method can be very effective in improving 
venous access. The practitioner can warm the venepuncture site 
by application of a heat pack or submerging the limb in warm 
water for a period of time. Research suggests that local warming 
facilitates the insertion of peripheral venous cannula, reducing 
both the time and number of attempts required (Lenhardt  et al.  
 2002 ).  

  Position of the  l imb 

 Venous access can be improved by lowering the extremity 
below the level of the heart. The downward position allows 
gravity to help the vein to fi ll and become more prominent 
(Weinstein  2007 ). The arm should then be positioned comfort-
ably on a pillow and straightened to help  ‘ fi x ’  the vein and make 
it easier to locate (McCall  &  Tankersley  2008 ).  
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  Fist  c lench/massage 

 The patient may be asked to clench or make a fi st, encouraging 
muscles to force blood into the veins and promote venous dis-
tension. Many patients prefer to clench on a washable hand 
grip, especially if they have long fi nger nails. The patient should 
be discouraged from vigorously squeezing the hand grip as this 
action may affect certain blood results, e.g. (Garza  &  Becan -
 McBride  2010 ). Light tapping of a vein may be useful but can 
be painful to the patient and cause the formation of haematoma 
in patients who have fragile veins, e.g. patients with thrombo-
cytopenia (Dougherty  2008 ).  

  Application of  g lyceryl  t rinitrate  p atches 

 Small amounts of glyceryl trinitrate in patch form may be 
applied to improve local vasodilation and aid venepuncture 
(Weinstein  2007 ). Research suggests the application of glyceryl 
trinitrate will make cannulation easier (Hecker  et al.   1983 ).   

  VEIN SELECTION 
 Basic anatomy will vary with each individual, so the numerous 
variations in vein position should be taken into consideration 
when selecting a vein (McCall  &  Tankersley  2008 ). See Tables 
 5.1  and  5.2 .   

  ‘ The triangular area in front of and slightly distal to the elbow 
is the cubital or antecubital fossa ’  (Monkhouse  2007 ). This is 

  Table 5.1    Suitability of veins for venepuncture and cannulation 

   Suitable veins 
should be:  

   Veins to avoid are:  

  Soft    Hard  

  Bouncy    Thrombosed  

  Well supported    Thin  

  Easily palpable    Fragile  

  Straight    Mobile  

      Overlying bony prominence, e.g. inner aspect of the wrist  



 5 Venepuncture and Cannulation

98

where the most suitable veins for venepuncture are located. The 
veins are superfi cial, usually visible and easily palpable. The 
basilic, median cubital and cephalic veins, pass through this 
area. The cephalic vein rises from the dorsal veins and fl ows 
upwards on the lateral (outside) aspect of the arm. The basilic 
vein has its origins in the ulnar border of the hand and forearm 
and lies on the medial (inner) aspect of the arm (Waugh  &  Grant 
 2010 ) (see Chapter  2 ). 

 The median cubital vein is the most suitable for venepunc-
ture because it is: 

   •      superfi cial and easy to palpate  
   •      well supported  
   •      offers less risk of injury to underlying structures (Ernst 

 2005 ).    

 However, the antecubital fossa is not suitable for cannulation 
because of joint fl exion which may increase the risk of mechani-
cal irritation resulting in phlebitis (Weinstein  2007 ) and can 
increase the risk of the cannula being dislodged (Dougherty 
 2008 ). 

  Table 5.2    Location of veins 

  Digital veins    May be used for 
venepuncture  

  May be cannulated as a last 
resort for fl uid replacement  

  Metacarpal veins    Acceptable for 
venepuncture  

  Suitable for cannulation/short 
term IV therapy  

  Medial veins/
antecubital fossa  

  Ideal for venepuncture    Not suitable for routine 
cannulation  

  Cephalic vein        Ideal for cannulation  

  Basilic vein        Often overlooked; valves make 
advancement of cannula diffi cult  

  Dorsal venous 
network of the foot  

  May be used for 
venepuncture but 
increased risk of 
complications  

  Increased risk of complications 
 Doctor ’ s consent may be 
required  
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  Cephalic  v ein 

 The cephalic vein provides an excellent vein for cannulation 
owing to its size and location. Care must be taken to avoid the 
radial nerve (Scales  2008 ).  

  Basilic  v ein 

 The basilic vein can appear prominent but is not well supported 
and tends to  ‘ roll ’ , which makes venepuncture and cannulation 
diffi cult (McCall  &  Tankersley  2008 ). Also, because of its loca-
tion there is an increased risk of haematoma formation if the 
patient fl exes the arm when the needle is removed (Weinstein 
 2007 ). Numerous valves may be present, which can make 
advancement of a cannula diffi cult (Dougherty  2008 ). Care must 
be taken to avoid accidental puncture of the median cutaneous 
nerve and brachial artery, which are in close proximity (McCall 
 &  Tankersley  2008 ).  

  Veins of the  h and 

 The metacarpal veins are often used for venepuncture when 
veins in the antecubital fossa are not accessible. The metacarpal 
veins may appear prominent but are not always well supported 
and tend to  ‘ roll ’ , especially in elderly patients (Hoeltke  2006 ). 
If using a metacarpal vein the practitioner should choose a 
smaller gauge needle, e.g. 23G, and ensure that the vein is 
anchored securely on insertion. The metacarpal veins are often 
a good option for cannulation and short - term intravenous 
therapy. The bones of the hand provide a natural splint and help 
to secure the device (Scales  2008 ).  

  Veins of the  f eet 

 Occasionally, if no alternative sites are available, it may be nec-
essary to perform a venepuncture or cannulation on the lower 
extremities. However, veins in the lower extremities should not 
routinely be used in adults due to the risk of complications 
(RCN  2010 ). Venepuncture or cannulation is contraindicated in 
the feet if the patient is diabetic or has a previous history of deep 
vein thrombosis or coagulation disorders (for paediatrics see 
later section). 
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 Prior to performing venepuncture or cannulation on a lower 
extremity the practitioner should ensure the organisation has a 
policy to support this procedure or if approval/consent is 
required by the doctor and the patient (Ernst  2005 ; Hoeltke 
 2006 ). Cannulation in the lower extremities is usually avoided 
due to the risk of complications such as thrombophlebitis and 
pulmonary embolus (Weinstein  2007 ). The blood fl ow within an 
extremity should be considered when selecting a site for can-
nulation. The infusion of non - irritant drugs into a vein with low 
blood fl ow may be acceptable (Scales  2008 ) but this may lead to 
pooling of infused drugs and raised concentration levels or 
delay to the required effect of a medication (Weinstein  2007 ). If 
the cannula is required for the administration of irritant solu-
tions and there is no other available access then consideration 
should be given to the use of a central venous access device 
(Scales  2008 ). A cannula sited in a lower extremity should 
always be re - sited as soon as a more suitable vein is available.
(Dougherty  2008 ). 

 The veins used for access in the lower extremities are those 
found on the dorsum of the foot and the saphenous vein of the 
ankle. Veins in the ankle tend to  ‘ roll ’  and the practitioner may 
fi nd access easier if the patient extends the foot to secure the 
vein (Garza  &  Becan - McBride  2005 ). 

 The veins of the feet and ankles are often smaller in diameter 
so the practitioner must select a small gauge device (Ernst  2005 ). 
Consideration should be given to the individual ’ s ability to 
mobilise if a cannula is sited in the foot.   

  FACTORS THAT MAY AFFECT CHOICE FOR 
VENEPUNCTURE AND CANNULATION 

  Cerebrovascular  a ccident ( CVA ) 

 The placement of a needle into the affected limb of a patient 
who has suffered a CVA is contraindicated. The patient may 
have reduced or absent neurological sensation in the limb 
which could prevent the patient from detecting any pain 
(Dougherty  2008 ). Reduced mobility and restricted movement 
may also make it diffi cult for the patient to hyperextend their 
arm and make access to the antecubital fossa diffi cult (Ernst 
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 2005 ). The practitioner should perform venepuncture and can-
nulation on the unaffected limb. Careful vein selection is 
required with consideration to the possibility of rotating the 
choice of site selected to prevent repeated use and scarring. The 
practitioner needs to ensure that all equipment is placed within 
reach as the patient would be unable to assist, i.e. when asked 
to apply pressure when the needle is removed.  

  Parkinson ’ s  d isease 

 It may be diffi cult to perform venepuncture or cannulation on 
a patient with Parkinson ’ s disease because of the movement 
and tremors of the fi ngers and limbs (McCall  &  Tankersley 
 2008 ). The practitioner should ensure the limb is well supported 
and may need to request help in holding or supporting the limb. 
The practitioner should be aware of the risk of needlestick 
injury that could be caused by the uncontrolled movement.  

  Surgery or  r adiotherapy to the  a xilla 

 Prior to commencing venepuncture or cannulation the practi-
tioner should ascertain whether the patient has received 
surgery or radiotherapy to the axilla. Patients with breast 
cancer who have received treatment are the most obvious to 
consider but the practitioner also needs to review melanoma 
and lymphoma patients. Axillary node dissection may cause 
lymphostasis, predisposing the patient to an increased risk of 
infection (Garza  &  Becan - McBride  2010 ). No tourniquet or 
blood pressure cuff should be applied to the ipsilateral 
(affected) arm as this may lead to injury. Venepuncture and/
or cannulation should be performed on the contralateral (unaf-
fected) arm (Cole  2006 ). If the patient has had bilateral treat-
ment the practitioner should refer to local hospital policy 
regarding use of the ipsilateral arm. Some hospitals will require 
consent from the doctor while others will require the patient 
to sign a consent form once they have received information on 
the risk factors. The RCN  Standards for Infusion Therapy   (2010)  
states that  ‘ the patient, caregiver or legally authorised repre-
sentative should be informed of potential complications associ-
ated with treatment or therapy ’ . 
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 If the patient has had bilateral surgery/axillary radiotherapy 
the practitioner should consider: 

   •      selecting a vein in the lower extremities (depending on hos-
pital policy)  

   •      selecting the limb that was treated fi rst  
   •      selecting the limb that received surgery but no 

radiotherapy  
   •      selecting the patient ’ s non - dominant arm.    

 The practitioner may also need to consider the type of treat-
ment, i.e. curative versus palliative. If access is to be long term 
then consideration should be given to the insertion of a central 
venous access device and this should be discussed with the 
patient.  

  Arteriovenous  fi  stula 

 A patient who has undergone dialysis may have an arteriov-
enous fi stula sited. An arteriovenous fi stula is an artifi cial shunt 
which permanently fuses a vein and artery. The connection is 
usually close to the surface of the skin and the formed loop is 
easy to visualise and feel. The practitioner should never apply 
a tourniquet or blood pressure cuff to this area and venepunc-
ture and/or cannulation should be avoided as this could pre-
dispose the patient to problems if the site becomes infected 
(Ernst  2005 ). The practitioner should use an alternative site.  

  Intravenous (IV)  i nfusion in  p rogress 

 If a patient has an intravenous infusion in progress, the practi-
tioner should avoid using this arm for venepuncture. Any blood 
samples taken above an IV infusion may be contaminated with 
the IV solution and either cause the blood samples to be diluted 
or cause an elevation in the results depending on the type of 
additive, e.g. potassium (Ernst  2005 ) This can have serious rami-
fi cations for the patient; the Serious Hazard of Transfusion 
(SHOT)  Annual Report 2006  (SHOT  2007 ) reports on an 80 - year -
 old woman who died from cardiac failure following an unnec-
essary transfusion which was based on a haemoglobin of 3.9   g/
dL. Investigation showed that the blood sample with a haemo-
globin of 3.9   g/dL was diluted by an intravenous infusion. 
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 If the practitioner cannot take blood from the opposite arm, 
she/he should consider the following: 

  1.     Blood sample collection below the infusion site, e.g. metacarpal 
vein.     As the infusion is fl owing upwards any blood taken 
below the infusion should not be contaminated. There is 
therefore no requirement to discard any blood or switch off 
the infusion, although some authors suggest that the infusion 
should be switched off and the fi rst 5   mL of blood be dis-
carded (Ernst  2005 ; Hoeltke  2006 ). However, if this option is 
followed it should be documented on the blood request form.  

  2.     Blood sample collection above the infusion site.     Occasionally, the 
practitioner may need to consider performing venepuncture 
above the IV infusion. The practitioner should refer to local 
policy regarding this option and follow the procedure for 
turning off an infusion and maintaining patency during the 
procedure. Consideration should be given to the type of infu-
sion in progress as local policy may exclude the disruption 
of some types of infusion depending on the additives (Ernst 
 2005 ). If this option is to be followed, the practitioner must 
consult with nursing staff caring for the patient regarding 
discontinuing the infusion. Then if it is appropriate, the 
device should be fl ushed to ensure patency and left for 10 – 15 
minutes. The blood can then be taken as per normal routine 
(ideally in an alternative vein to the infusion). It should be 
documented on the request form that the sample was taken 
above an IV infusion that had been temporarily discontin-
ued. The infusion should then be recommenced.     

  Children 

 Venepuncture and cannulation in neonates and children should 
only be performed by skilled and experienced practitioners 
(Ernst  2005 ). The procedure will require time, patience and an 
understanding of child development. Children ’ s veins tend to 
be smaller and hidden by subcutaneous fat (Bravery  2008 ). 
Children may be less cooperative and have fears about the 
equipment, e.g. needles linked to previous experiences and 
observation (Ernst  2005 ; Hoeltke  2006 ). The practitioner plays 
an important role in allaying the child ’ s fears and gaining trust 
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and cooperation. The practitioner should always be honest, 
speak at eye level and use words that are appropriate for that 
particular age group (Garza  &  Beacon - McBride  2010 ). 

 Role play and the use of toys may assist in the explanation of 
equipment and procedures. Providing bravery certifi cates and 
badges may also encourage cooperation (Hoeltke  2006 ). Parents 
should be encouraged to comfort and support the child. 
Specialised equipment should be used where available, i.e. 
winged infusion device for venepuncture. 

  Choice of  v eins 

  Scalp  v eins ( i nfants or  t oddler) 
 Scalp veins may be selected when alternative veins are diffi cult 
or unsuitable. Scalp veins tend to be superfi cial and easily visu-
alised until approximately 12 – 18 months when the hair follicles 
mature and the superfi cial layers of skin thicken (Weinstein 
 2007 ). A fl at rubber band may be applied around the head as a 
tourniquet (Garza  &  Becan - McBride  2010 ). The practitioner 
should ensure that the infant is kept warm throughout the pro-
cedure. Occasionally it may be necessary to shave the scalp, 
which may cause additional distress to the family and consent 
must be obtained prior to this being undertaken (Weinstein 
 2007 ). A benefi t of using the scalp vein is that it enables the child 
to have free hands for movement and to allow thumb sucking 
(Bravery  2008 ).  

  Feet ( i nfant/toddler) 
 The veins in the foot can be large and accessible but it may 
prove diffi cult to maintain a cannulation device on an active 
mobile toddler (Bravery  2008 ).  

  Hand and  a rm  v eins ( t oddler  –   a dolescent) 
 These are the most commonly used sites for peripheral venous 
access in children (Bravery  2008 ). On infants the dorsal hand 
veins can be accessed without the application of a tourniquet. 
The practitioner should use their middle fi nger and forefi nger 
to encircle the wrist and apply pressure (Hoeltke  2006 ). Veins 
in the antecubital fossa can be diffi cult to access in babies or 
toddlers due to subcutaneous fat.   
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  Improving  v enous  a ccess 
 The practitioner can improve venous dilation by encouraging 
the child to play in warm water. The use of a venoscope trans-
luminator (which emits a high density light that illuminates the 
vein) may be benefi cial (Hoeltke  2006 ). Consideration should 
always be given to the choice of limb, movement and the ability 
to allow thumb sucking (Weinstein  2007 ).   

  Older  p eople 

 When performing venepuncture or cannulation on older patients 
the practitioner needs to take certain factors into consideration. 

  Skin 
 The natural ageing process will bring changes to the depth, 
texture and integrity of the skin (Fabian  2009 ).The epidermis 
(outer layer) becomes thinner with decreased healing and barrier 
protection. The dermis (middle layer), which incorporates the 
blood vessels and nerves, decreases in thickness with a reduction 
in the number of nerve endings and sweat glands. The practi-
tioner should be aware of the patient ’ s decreased level of sensa-
tion when performing venepuncture and cannulation (Fabian 
 2009 ) Diminished skin turgor and the decrease in the amount of 
subcutaneous tissue can make venepuncture and cannulation 
diffi cult as the veins are less supported and have a tendency to 
 ‘ roll ’ . These veins will need to be anchored securely (Dougherty 
 2008 ). As the skin may be thin and fragile the practitioner should 
also be cautious with the type of tape used to secure any device 
and alternative methods may need to be implemented (Fabian 
 2009 ). Blood vessels will lose elasticity and become more fragile 
with an increased risk of haematoma formation occurring during 
and after the procedure (Ernst  2005 ; McCall  &  Tankersley  2008 ).  

  Musculoskeletal 
 The onset of arthritis can leave joints swollen and painful, 
which can make venous access diffi cult. The patient may have 
restricted movement and have diffi culty in extending an arm or 
opening a hand (McCall  &  Tankersley  2008 ). The practitioner 
should avoid using areas of fl exion as this could cause restricted 
movement to an arthritic joint (Fabian  2009 ). The patient should 
be involved in ensuring a comfortable position is established 
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prior to selecting a venepuncture and cannulation site (McCall 
 &  Tankersley  2008 ).  

  Sensory ( v isual and  h earing) 
 The practitioner should ensure that the patient is fully aware of 
the procedure when performing venepuncture and cannulation. 
Hearing impaired patients may require the practitioner to speak 
slowly and clearly, using a pen and paper if necessary. For 
visual loss the practitioner should avoid using hand gestures 
and explain verbally the procedure as it is performed (McCall 
 &  Tankersley  2008 ).  

  Mental  i mpairment 
 Older people may suffer from conditions such as dementia or 
Alzheimer disease. The practitioner may need to liaise with a 
relative or caregiver for information. The practitioner should 
appreciate that the patient may feel anxious or confused and 
should approach the patient in a calm, confi dent manner and 
use simple explanations (McCall  &  Tankersley  2008 ).    

  CONCLUSION 
 The key to successful venepuncture or cannulation is good vein 
selection. By selecting the right vein, in a suitable condition and 
appropriate location, the practitioner will have more chance of 
fi rst time success; careful selection of a vein will lead to a less 
painful experience for the patient and ensure better cannula 
dwell time.  
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Have an understanding of factors that predispose the patient 

to infection.  
   ❏      Identify specifi c factors to venepuncture and cannulation 

including cleaning of the site, dressings, routine replacement 
of cannulae and administration sets.  

   ❏      Discuss the implications of  Saving Lives  and other relevant 
recommendations.  

   ❏      List how to prevent needlestick injuries.  
   ❏      Describe the management of specimen handling and 

transportation.     

  INTRODUCTION 
 Prevalence surveys of healthcare acquired infection (HAI) esti-
mate that 9% of patients will acquire an infection during their 
illness (Taylor  et al.   2001 ). During medical and nursing care 
intravenous devices are indispensable as intravenous therapy 
is one of the commonest invasive procedure undertaken in hos-
pital (Gabriel  2006 ). Regrettably 60% of bloodstream infections 
are related to intravenous devices (Department of Health  2003a ). 
Furthermore whilst invasive procedures predispose the patient 
to HAIs, they also carry a risk to the healthcare worker under-
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taking the procedure, who may experience a needlestick injury 
or contamination to mucous membranes or non - intact skin. This 
chapter highlights the importance of infection control and pre-
vention, for both the patient and the healthcare worker, when 
performing venepuncture and cannulation.  

  INFECTION CONTROL 
 Healthcare acquired infections (HAI) are a leading cause of 
morbidity and mortality among hospitalised patients (Eggimann 
 et al.   2004 ). Bloodstream infections accounted for 12% of all 
HAIs reported in a European Nosocomial Infection Surveillance 
system in the intensive care setting. (Vincent  et al.   1995 ). Most 
bloodstream infections were associated with intravenous 
devices. The incidence of infection varies depending on the type 
of device, frequency of manipulation and the patient ’ s risk 
factors. Rates are highest with central venous catheters and less 
so among those with peripheral devices (Vincent  et al.   1995 ). An 
Australian study indicated a bacteraemia rate of 1 per 3000 can-
nulae (Collignon  1994 ). A more recent review found an infection 
rate of 0.2 per 1000 intravenous cannula days (McLaws  &  Taylor 
 2003 ). As peripheral devices are the most frequently used intra-
venous device, it does mean there is a signifi cant risk of infec-
tion, with serious infectious complications that produce 
considerable annual morbidity (CDC  2002 ). 

 No single factor accounts for why a patient acquires an infec-
tion; however, factors that have been found to predispose the 
patient to infection include: 

  1.     the patient themselves  
  2.     the environment  
  3.     healthcare workers ’  technique, including:  

   •      aseptic technique  
   •      hand washing  
   •      preparation of the patient  
   •      education and training.      

  The  p atient 

 Some patients have an increased vulnerability to HAIs due to a 
number of factors: 
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   •      Serious diseases, such as cancer or leukaemia, and trans-
plantation procedures, causing the patient to become 
immunocompromised.  

   •      Treatments such as steroids, radiotherapy and cytotoxic 
chemotherapy, which often damage the immune system as 
well as treating the cancer. This means during treatment 
and for sometime afterwards the patient is signifi cantly 
immunosuppressed.  

   •      Age, in the young patient due to their developing immune 
systems and the older person owing to their waning immune 
system.  

   •      Invasive procedures, in particular surgery, urinary catheteri-
sation and intravenous devices.  

   •      Length of stay in hospital; the longer the hospital stay, the
greater the exposure to pathogenic hospital microorganisms.  

   •      Use of antibiotics, which leads to an alteration in the patient ’ s 
normal fl ora. Antibiotics may kill or suppress the drug -
 sensitive microorganisms, whilst at the same time allowing 
the naturally drug - resistant organisms to survive and multi-
ply. Patients who have developed an HAI caused by 
antimicrobial - resistant microorganisms will have an infection 
that will be more diffi cult to treat, and may result in an illness 
that is increased in length and severity, resulting in a longer 
inpatient stay.  

   •      Patients often develop an infection from their own normal 
bacterial fl ora; this is referred to as endogenous infection 
(Hart  2006 ).     

  The  h ospital  e nvironment 

 The hospital environment must be visibly clean, free from dust 
and soilage and acceptable to patients, their visitors and staff 
(Department of Health  2008 ). Cleaning and disinfection pro-
grammes and protocols for environmental surfaces in patient 
care areas must be defi ned and areas fully monitored to ensure 
high standards of cleanliness are achieved (Department of 
Health  2003a ). Whilst cleaning is everyone ’ s responsibility 
(Jeanes  2005 ), the  ‘ Modern Matron ’  (Department of Health 
 2003b ) must lead by example and make changes when cleaning 
standards are not satisfactory. 
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 High standards of cleanliness will help to reduce the risk of 
infection (RCN  2005a ). A prospective study evaluating MRSA 
contamination of the environment found that even after routine 
cleaning, contamination persists, highlighting the need for 
effective cleaning (Sexton  et al.   2006 ). 

 Patient areas must be cleaned daily and more often if con-
tamination occurs. Equipment, such as drip stands and com-
modes that are often not included in the general cleaning staff 
duties, must be cleaned following each and every patient use 
by the ward staff. Infection control must be a consideration 
during planning, building or refurbishment of clinical areas, so 
that the environment is easily cleaned (National Health Service 
Estates  2002 ).  

  Healthcare  w orkers ’   t echnique 

  Aseptic  t echnique 
 Aseptic means without microorganisms. Aseptic technique is 
the process of reducing the risk of infection by decreasing the 
likelihood that microorganisms will contaminate a susceptible 
person. This may be the patient during an invasive procedure, 
or the healthcare worker who may be exposed to potentially 
infectious blood and body fl uids during invasive procedures. 
An aseptic technique must be used during venepuncture, can-
nulation and during any aspect of care and management of the 
cannula entry site and infusion system (Dougherty  &  Watson 
 2008 ). 

 As aseptic technique is used for different procedures, by 
healthcare workers in variety of environments, two alternative 
aseptic techniques have emerged (Preston  2005 ). Firstly, a surgi-
cal aseptic technique which is generally used in the operating 
theatre, but can also be used in the ward for invasive procedures 
such as insertion of central venous catheters. A surgical aseptic 
technique involves hand washing using a full surgical scrub 
technique, use of sterile gown gloves and drapes. 

 Secondly, a technique that is used more commonly in the 
ward area is the non - touch aseptic technique or clean technique 
(Hart  2007 ), which is achieved either by using gloves or forceps 
to handle equipment that has been processed and sterilised in 
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a central sterile service department or by using sterile dispos-
able equipment (Ayliffe  et al.   2002 ). 

 Aseptic technique includes: 

  1.     hand washing  
  2.     using sterile equipment  
  3.     preparing the patient for the procedure  
  4.     maintaining a sterile fi eld during the procedure  
  5.     maintaining an infection - free safe environment during the 

procedure.     

  Hand  w ashing 
 Hand washing before and after every patient contact has been 
seen to reduce the risk of cross - infection (Christiaens  et al.   2006 ). 
Sleeves should be rolled up, jewellery removed, nails should be 
kept short and clean, and nail varnish and false nails should not 
be worn in the clinical area. Cuts and abrasions must be covered 
with a waterproof dressing (Department of Health  2001 ). 

 A review by Kampf  &  Kramer  (2004)  of the solutions used for 
hand washing found that: 

   •      plain soap and water has the lowest antimicrobial effi cacy.  
   •      alcohol - based handrubs have a broad and immediate antimi-

crobial effi cacy against viruses and bacteria.  
   •      alcohol - based handrubs are not effective in removing dirt or 

soiling.  
   •      chlorhexidine and triclosan detergents are slower and less 

effective than alcohol.  
   •      alcohol - based handrubs are also less irritating than soap and 

detergent and therefore have increased user acceptability.    

 Another study comparing alcohol - based handrubs with other 
products found that alcohol - based handrubs were more effec-
tive in removing microorganisms (Sickbert - Bennett  et al.   2005 ). 
Furthermore, a quantitative study that assessed the introduc-
tion of alcohol - based handrubs found a 21% decrease in 
healthcare - acquired methicillin resistant  Staphylococcus aureus  
(MRSA) and a 41% decrease in vancomycin - resistant enterococ-
cus (VRE), but no change in C lostridium diffi cile  levels (Gordin 
 et al.   2005 ). 
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 Hands should be washed with soap or detergent and warm 
water, rinsed and dried carefully with disposable paper towels 
when coming on duty. As long as hands do not become soiled, 
clean hands can then be decontaminated with alcohol - based 
handrub before and after every patient contact. Prior to bever-
age and meal breaks and when going home, hands should be 
washed with plain soap and water.  

  Using  s terile  e quipment 
 Sterile equipment must be used during venepuncture and 
cannulation. 

 Sterilisation is a process used to render the object free from 
viable microorganisms, including bacterial spores and viruses. 
For reusable surgical equipment sterilisation will be undertaken 
in a central sterilisation department, using mechanical washing 
machines and steam autoclaves. Disposable equipment will be 
supplied sterile by the manufacturers; generally sterilisation is 
by irradiation. Single - use disposable items must never be 
cleaned and reused (National Health Service Estates  2003 ).  

  Preparing the  p atient 

  Informed  c onsent 
 The patient must be fully informed of the procedure that is to 
be undertaken and give consent. This allows the patient to make 
an informed decision about their care (Scott  et al.   2003 ), which 
will encourage the patient to cooperate with care (McParland 
 et al.   2000 ). For example, uncooperative patients during can-
nulation and venepuncture may make sudden movements that 
could lead to a breach in the aseptic technique or to an inocula-
tion accident.  

  Skin  d isinfection  p rior to  i nvasive  p rocedures 
 Correct skin preparation reduces the risk of infection by lower-
ing the chances that bacteria from the patient ’ s skin will con-
taminate the venepuncture or cannulation site. 

 Skin must be carefully cleaned prior to cannulation and 
venepuncture, as skin is colonised with a wide range of 
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microorganisms, which have an impact on the incidence of 
intravenous device infections (Hadaway  2003 ). If the skin is 
visibly soiled it must be washed with detergent and warm 
water and carefully rinsed and dried. To clean the skin, solu-
tions should be applied with friction using back and forth 
strokes for at least 30 seconds and alllowed to air dry for 30 – 60 
seconds. The solution can be applied using non - linting sterile 
cotton wool, guaze swabs or using a sponge applicator, e.g. 
Frepp (Dougherty & Watson 2011). Once the skin is cleaned it 
must not be touched; if it is necessary to re - palpate, the skin 
must be re - cleaned (Dougherty  &  Watson  2008 ). 

 An antiseptic must be used to clean the skin; this will reduce 
the number of microorganisms without causing damage or irri-
tation. In addition, some antiseptics can prevent the growth of 
microorganisms on the cleaned area for some time following 
cleaning. Chlorhexidine gluconate is effective against a broad 
range of microorganisms and has the added advantage of 
having a persistent effect by remaining effective for 4 – 6 hours 
(Pratt  et al.   2007 ). A prospective study to assess the effi cacy of 
cutaneous antisepsis to prevent catheter - associated infection 
found that 2% chlorhexidine substantially reduced the inci-
dence of catheter - related infections (Maki  et al.   1991 ). A more 
recent study of skin disinfectant prior to venepuncture found 
that 70% isopropyl alcohol was a convenient, low cost and toler-
ated skin cleansing agent (Calfee  &  Far  2002 ) as an alternative 
to chlorhexidine. However, the Department of Health  (2007a, b)  
have recommended the use of 2% chlorhexidine to clean skin 
prior to cannulation and venepuncture when taking blood 
cultures. 

 Antiseptics are designed to reduce or destroy microorgan-
isms on skin and must not be used to disinfect instruments. 
Care must be taken not to contaminate the disinfectant. The 
cotton wool or gauze must not be dipped into the main antisep-
tic container; instead a small amount of antiseptic should be 
poured into a sterile gallipot or poured directly onto the cotton 
wool or gauze, making sure not to touch the lip of the container 
on the cotton wool, gauze or gallipot. A used piece of cotton 
wool or gauze must not be put back with the unused items but 
should be disposed of into a clinical waste bag.  
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  Skin  p reparation 
 Shaving of the skin prior to cannulation should be avoided as 
shaving can damage the epidermal layer which is a natural 
barrier against opportunistic microorganisms. A systematic 
review of 20 clinical studies that dealt with preoperative hair 
removal recommended that if hair removal is required, clipping 
or a depilatory cream should be used (Kjonniksen  et al.   2002 ).
These studies are supported by a more recent review which 
found the use of clippers superior to hair removal by razors 
(Niel - Weise  et al.   2005 ).   

  Maintaining a  s terile  fi  eld 
 A sterile fi eld is the area produced by the use of sterile towels 
to provide a working surface to hold the sterile equipment 
required during an aseptic technique. 

 Only sterile equipment is free from microorganisms. Once a 
sterile object comes into contact with a non - sterile object it is no 
longer sterile. Sterility can be maintained by the following 
means: 

   •      Carefully open sterile packs so as not to contaminate them.  
   •      Only place sterile items on the sterile fi eld.  
   •      Use sterile gloves or forceps to handle sterile items within the 

sterile fi eld.  
   •      Do not return used items to the sterile fi eld.  
   •      Do not open a sterile pack by an open window or door, or 

create excessive movement that may cause dust to settle on 
the sterile fi eld.  

   •      Carefully dispense supplementary items and liquids onto the 
sterile fi eld or into sterile gallipots.  

   •      When in doubt about the sterility of an item or area, consider 
it to be contaminated.  

   •      Store equipment safely as MRSA can survive on sterile packs 
for many weeks (Dietze  et al.   2001 ).     

  Other  f actors  t hat  r educe the  r isk of  i nfection 

  Resiting of  p eripheral  v ascular  d evices 
 The longer a peripheral device is in place, the greater the risk 
of infection. There is very little difference between infection 
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rates of devices left in for 72 hours compared with 96 hours. 
Therefore devices should be rotated at 72 – 96 - hour intervals, but 
sooner if infection such as tenderness at the insertion site or 
fever without obvious cause is suspected (CDC  2002 ).  

  Replacement of  a dministration  s ets 
 Replace administration sets every 72 hours unless catheter -
 related infection is suspected, or: 

   •      every 24 hours when total parenteral nutrition is being 
administered  

   •      every 12 hours or after every second unit of blood and on 
completion of the blood transfusion (British Committee for 
Standards in Haematology  1999 ).       

  Dressings 

 Following venepuncture a plaster is normally applied. When 
pressure needs to be applied a gauze swab and strapping is a 
suitable alternative. 

 A randomised study comparing gauze and transparent dress-
ings for peripheral intravenous catheter sites found a trend 
towards lower frequencies of phlebitis and infi ltration using the 
transparent dressing; this study also found that following can-
nulation transparent semi - permeable dressings were a suitable 
cannula dressing by reliably securing the device, allowing con-
tinuous inspection which requires infrequent changing (Tripepi -
 Bova  et al.   1997 ), as well as allowing the patient to shower or 
bath without wetting the dressing (CDC  2002 ).  

  Education 

 All healthcare professionals who have clinical responsibility for 
patients should receive mandatory training as part of their 
induction and on an ongoing basis (RCN  2005a ). Educational 
interventions for nurses and doctors have been shown to reduce 
the incidence of catheter - related bloodstream infections (Warren 
 et al.   2003 ). Self - study modules for nurses related to handling 
intravenous devices have been found to be useful in helping to 
reduce infection rates (Eggimann  et al.   2004 ). Competencies for 
capillary blood sampling and venepuncture in children and 
young children provide a framework so that practitioners can 
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develop and maintain the ability to undertake these tasks (RCN 
 2005b ). 

 Well - trained skilled healthcare workers are more likely to 
complete a task correctly and carefully. Unskilled workers are 
more likely to be clumsy, rough or undertake excessive manip-
ulation which can damage the patient ’ s tissues and cause 
bleeding, this damage to the tissue delays healing and predis-
poses the patient to infection. After a brief tutorial on the use 
of an ultrasound placement system it was found that nurses 
were able to successfully place peripheral intravenous devices 
in patients with diffi cult veins, thereby reducing the need for 
these patients to receive central venous access (Blaivas  &  Lyon 
 2006 ).  

  Saving Lives: Reducing Infection, Delivering 

Clean and Safe Care: High Impact Interventions 

( Department of Health    2007a, b  ) 

 These care bundles include good practice actions. There are two 
related to venepuncture and cannulation. One is concerned 
with insertion and ongoing care of peripheral cannulae 
(Department of Health  2007a ) and the other with taking blood 
culture samples (Department of Health  2007b ). They provide 
clear guidelines on appropriate elements of care that need to be 
achieved to prevent infection. The care bundles also include a 
tool to identify if all elements have or have not been achieved 
by organisations which enable improvement to be made.  

  Needlestick  i njuries 

 Needlestick injuries are a common occupational occurrence. 
The Health Protection Agency  (2005b)  has a reporting scheme 
that includes 150 centres. A cumulative total of 2140 reports 
were received between 1996 and 2004. Of these 47% involved 
hepatitis C reports, 26% HIV reports, 9% hepatitis B reports and 
9% were accidents with patients who had dual and triple infec-
tions. In those cases where the report stated the location of the 
accident, 45% were in wards, 15% in the operating theatre, 11% 
accident and emergency departments, 8% in intensive care. The 
procedure during which most needlestick accidents occurred 
was recorded as being during venepuncture (17%). 
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 Percutaneous injury is the most common reported accident in 
the UK, with nursing staff reporting most incidents (45%) fol-
lowed by medical and dental staff (37%) (Health Protection 
Agency  2005b ).There were nine incidents of hepatitis C serocon-
version following a percutaneous exposure reported during 
1996 – 2004 in the UK. Of these nine cases, six occurred following 
the procedure and fi ve of these were preventable (see Box  6.1 ) 
(Health Protection Agency  2005b ).   

 The fi rst documented seroconversion after a specifi c exposure 
to HIV was reported in 1984. Since that time 106 cases have been 
reported worldwide, four of which were in the UK: one case in 
1984 and three cases in 1992/3. There is also the possibility that 
a further 238 seroconversions may have been occupationally 
acquired (see Table  6.1 ), 14 of which were reported in the UK 
during 1984 – 1997. Included in these data are 24 cases of HIV 
seroconversion despite initiation of post - exposure prophylaxis 
(Health Protection Agency  2005a ).   

  Box 6.1    Prevention of needlestick injuries initiatives 

       1.     Healthcare workers receive adequate training and education on the man-
agement and prevention of accidents.  

  2.     All hospitals to have policies and procedures in place including what to 
do if an accident occurs.  

  3.     Services in place to manage accidents quickly and effi ciently.  
  4.     Training, adoption and use of universal precautions.  
  5.     Correct handling and disposal of used needles.  
  6.     Provision of and training in use of personal protective equipment (PPE). 

In particular wearing and changing gloves between patients when under-
taking invasive procedures.  

  7.     Readily accessible and not overfi lled puncture - resistant sharps 
containers.  

  8.     Not resheathing used needles.  
  9.     Washing hands before and after every patient contact.  

  10.     Covering skin lesions with a waterproof plaster.  
  11.     Management follow - up of all accidents to ensure that the appropriate 

action was taken (Department of Health  2004 ).  
  12.     Introduction of needleless systems and intravenous safety devices (Marini 

 et al.   2004 ).  
  13.     Education, training and supervision.  
  14.     Clinical governance follow - up of all accidents to establish whether 

changes in practices are required (Health Protection Agency  2005a ).     
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 Factors that increase the risk of acquiring HIV has been iden-
tifi ed as: 

   •      needles used in a patient ’ s vein or artery  
   •      deep injury  
   •      visible contamination of the device with blood  
   •      late - stage disease in the source patient.    

 It is essential that every effort is made to prevent needlestick 
injuries as many organisms are potentially transmissible in the 
occupational setting via percutaneous (sharp) or mucocutane-
ous (mucous membrane/broken skin) routes. The Health 
Protection Agency suggest that 38% of incidents reported to 
them could have been prevented if procedures related to safe 
handling and disposal of sharps and clinical waste had been 
adhered to (Health Protection Agency  2005b ).   

  RISK MANAGEMENT 
 Healthcare will always involve a degree of potential risk, but it 
is important to minimise that risk whenever practicable. A 
number of incidents are the consequence of poor working prac-
tices often due to inadequate training or facilities, or environ-
mental issues. Clinical governance provides a framework within 
which healthcare organisations can work to improve and assure 
the quality of clinical services for patients (National Health 

  Table 6.1    Percentages of the disciplines of healthcare workers involved in 
documented and probable cases of occupationally acquired HIV 

   Healthcare worker     Percentage of 
documented cases  

   Percentage of probable 
cases  

  Nurses and clinical 
laboratory workers  

  69%    39%  

  Doctors    13%    12%  

  Surgeons    Less than 1%    7%  

  Dentists and dental 
workers  

  3%      

 Source:   Health Protection Agency  (2005a) . 
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Service Executive  1999 ). By focusing on the activities involved 
in the delivery of high quality care to patients, it allows for the 
production and agreement of risk assessments that will support 
and guide staff whilst controlling risk. 

 There are three main elements: 

  1.     setting clear quality standards  
  2.     ensuring local delivery  
  3.     monitoring delivery.    

 Clinical governance seeks to remedy defi ciency in a service. 
This can be addressed by enhancing the skills of existing staff 
through training or professional development and by develop-
ing new staff with a set of skills and competencies to fi t the new 
circumstances. It is important to have the right number of 
people with the right skills. 

 Good information is an essential feature of quality; this 
includes: 

   •      identifying the scope for improvement  
   •      monitoring progress to see if planned development or invest-

ment has resulted in the desired change  
   •      comparing with local services and counterparts  
   •      monitoring adverse outcome of care    

 This will ensure clinical governance can detect and analyse 
from experience, including adverse events and service failures, 
so that we learn to improve activities (Health Protection Agency 
 2005b ). 

 The key to clinical governance is risk management using a 
system of continuous risk assessment and prioritisation and 
establishing a comprehensive risk register. The aim is to achieve 
optimum balance between quality care and the provision of 
services which are safe, by a continuous cycle of identifi cation, 
assessment, control, monitoring and review of risk. All health-
care workers must be aware of the risk assessments in their area 
of work and work activities and the relevant procedures or 
control measures to be adopted to reduce identifi ed risk. To 
achieve optimum risk management, healthcare workers have a 
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responsibility to make full and proper use of any equipment 
and systems of work provided for them and attend any training 
appropriate to their work. 

 Risk assessments must be suitable, suffi cient and show that a 
proper check has been made  –  checking who and how many 
may be affected, dealing with the signifi cant hazards and evalu-
ating if the precautions required are reasonable so that the risk 
remains low. 

 The Health and Safety Executive  (2004a)  identifi ed fi ve steps 
to risk assessment (Box  6.2 ).   

  Hazards to healthcare workers related to cannulation and 
venepuncture include:  

   •      chemicals  –  e.g. chlorhexidine in alcohol, which is 
infl ammable  

   •      blood and body fl uids  –  e.g. needlestick injury, contamination 
of mucous membranes  

   •      absence of needle - free and needle - safe systems  
   •      absence of personal protective equipment (PPE)  –  e.g. gloves  
   •      allergy to equipment  –  e.g. latex gloves  
   •      height of work  –  back strain  
   •      poor light  –  eye strain  
   •      poor disposal of sharps  –  e.g. needles in rubbish bag.    

  Hazards to patients include:  

   •      bleeding, bruising  –  inexperienced worker  
   •      allergy to equipment use  –  e.g. dressing, latex  
   •      infection  –  e.g. poor technique, non - sterile equipment  
   •      chemicals  –  e.g. chlorhexidine in alcohol, which is 

infl ammable.    

  More control measures may be required if, for example:  

  1.     practice does not meet legal standards and recognised good 
practice, i.e. Control of Substances Hazardous to Health 
(COSHH), PPE  

  2.     adequate information and training is not provided.    

 See Examples 1 and 2 of risk assessments in Box  6.2 . 
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  Specimen  h andling and  t ransportation 

 Care must be taken when obtaining diagnostic specimens. This 
includes: 

   •      protection of the healthcare worker from the blood and body 
fl uids that may be generated by the specimen collection  

   •      protection for the patient from acquiring an infection during 
the specimen collection  

   •      protection of the environment by ensuring spillage does not 
occur.    

  Labelling of  s pecimens and  s pecimen  r equest  c ards 
 Specimens must be correctly labelled with the following details: 

   •       Patient details : fi rst name, surname, hospital number, ward 
or doctor surgery details, date of birth.  

   •       Source of specimen : intravenous device or vein.  
   •       Type of specimen : venous blood sample.  
   •       Type of test with reason for request:  i.e. blood culture for 

suspected infection.  
   •       Time and date of collection .  
   •       Signature.   
   •       Specimens posing a risk of infection : if a patient is known 

to have an infection such as HIV, hepatitis B or C, the speci-
men request card and the specimen container must be labelled 
with a biohazard sticker.  

   •       Other potential problems : for example, with a specimen 
obtained following an injection of a diagnostic dose of radio-
activity the specimen should be labelled with a radioactive 
warning sticker.     

  Specimen  c ontainers 
 Specimen containers must be suffi ciently strong and leakproof 
to comply with the British Standard BS ISO 6710:1995.  

  Specimen  t ransport  b ags 
 After labelling, all specimens must be placed in an individual 
transparent plastic transport bag and sealed. The request card 
must not be placed in the bag with the specimen; a separate 
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pocket for the request card should be an integral part of the 
specimen transport bag (Health and Safety Executive  2003 ). If 
a specimen container does break or leak, the blood will be con-
tained within the plastic transport bag. By keeping the request 
card separate from the specimen, if there is a leak, the request 
card will not become contaminated.  

  On -  s ite  t ransportation of  s pecimens 

  Carrying  b oxes 
 All specimens must be transported in a carrier box with a lid, 
made of a smooth impervious material such as plastic or metal, 
which will retain liquid if the specimen leaks and can be easily 
disinfected and cleaned (Health and Safety Executive  2003 ).  

  Pneumatic  a ir  t ube  s ystems 
 Pneumatic air tube transport system provide an effi cient, rapid 
and safe means of sending specimens from their place of origin 
to the laboratories. 

 Local policies must be followed as it is important that speci-
men are carefully handled so they do not become damaged and 
leak. Contamination of the tube is prevented by staff who are 
properly trained in its use and by using suitable specimen con-
tainers for the pneumatic air tube containers being used.   

  Carriage by  p ost 
 Specimens other than hazard group 4 specimens that have been 
correctly labelled and bagged can be packed in packaging that 
complies with the Royal Mail packaging specifi cations and sent 
by the normal post. Hazard group 4 includes biological agents 
that cause severe human disease and are a serious hazard to 
employees; an example is viral haemorrhagic fever  –  see Box  6.3  
(Health and Safety Executive  2003 ).    

  Carriage by  r oad 
 The carriage of dangerous goods and use of transportable pres-
sure equipment regulations (Health and Safety Executive  2004b ) 
include diagnostic specimens within hazard groups 1, 2 and 3 
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(see Box  6.3 ). The general requirements within these regulations 
require staff responsible for such carriage to be appropriately 
trained, and the specimens to be appropriately boxed and 
labelled, with appropriate documentation included with each 
consignment. Emergency equipment and procedures to be fol-
lowed must be available in the event of accidents. This means 
that every effort has been made to ensure that specimens are 
transported appropriately and safely but if an accident does 
occur the environment will not become contaminated and those 
helping to deal with the accident will be aware of the potential 
risk from the specimens (Health and Safety Executive  2004b ).    

  CONCLUSION 
 Healthcare organisations must have systems in place to ensure: 

   •      risk of infection to patients and staff is minimised  
   •      risks associated with the acquisition and use of medical 

devices are minimised  
   •      as far as reasonably practicable, all reusable medical devices 

are properly decontaminated prior to use (Department of 
Health  2004 ).    

 This chapter has provided infection control and risk assess-
ment information related to venepuncture and cannulation. The 
information is designed to ensure that the reader is aware of 
what is involved in achieving good practice which if adopted 
will reduce the risk to themselves and their patients.  

  Box 6.3    Defi nition of hazard groups 

       Hazard group 1: Biological agent unlikely to cause human disease.  
  Hazard group 2: Biological agent that can cause human disease but is unlikely 

to spread in the community and there is usually effective prophylaxis or 
effective treatment available.  

  Hazard group 3: Biological agent that can cause serious human disease. 
Presents a hazard to employees, may spread in the community, usually 
effective prophylaxis and effective treatment available.  

  Hazard group 4: Biological agent that causes serious human disease, serious 
hazard to employees, can spread in community, usually no effective 
prophylaxis or treatment.     
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Describe how to prepare the patient and environment for the 

procedures.  
   ❏      Explain the techniques applied for the procedures.  
   ❏      Identify equipment required for the procedure of 

venepuncture/cannulation.  
   ❏      Demonstrate how to correctly carry out the procedure for 

venepuncture/cannulation.     

  INTRODUCTION 
 The aim of this chapter is to provide the practitioner with an 
overview of the procedures for performing both venepuncture 
and cannulation. The technique used by the practitioner is 
essential to achieving a successful venepuncture or cannulation. 
The practitioner will be guided in relation to preparation of the 
patient and the environment; both of which are important initial 
steps. The equipment required and rationale for each of the 
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steps required for both procedures is presented. However, each 
time these procedures are performed there is the potential to 
encounter problems, and troubleshooting for some of the more 
common problems is also considered in this chapter.  

  PREPARATION OF THE ENVIRONMENT 
AND THE PRACTITIONER 
 Adequate preparation of the environment is essential if either 
of these procedures are to be performed profi ciently and the 
practitioner will need to carry out a risk assessment of the area 
in which they intend to undertake the procedure. 

  Lighting 

 The support of adequate lighting is essential to assist visual 
inspection of the patient ’ s veins and will increase a successful 
outcome (Weinstein  2007 ). Good lighting is also important to 
enhance the safety of the practitioner when disposing of sharps 
after the procedure has taken place. The practitioner may need 
to consider an extra bedside light or fl ashlight to assist visibility 
if necessary (Perucca  2010 ).  

  Temperature 

 A patient ’ s veins are sensitive to temperature and vasoconstric-
tion may occur if the patient is cold or anxious. Therefore, the 
environment where the procedure is to be undertaken needs to 
be a warm and comfortable temperature, which will enhance 
the patient ’ s venous access. However, if the room is too hot it 
may result in the patient feeling faint.  

  Privacy 

 When considering the environment, a private area to perform 
the procedure will ensure that the practitioner is not distracted 
or interrupted. Patient privacy can be achieved either by screen-
ing off the area where the procedure is to be performed, or by 
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using a separate room. If the patient has visitors, the patient 
may prefer that the visitors are asked to wait elsewhere during 
the process, or they may welcome the support of someone they 
know who can act as a distraction during the procedure. Patients 
should therefore be asked as to their preference (Dougherty 
 2008 ).  

  Positioning of the  p ractitioner 

 When preparing the environment the practitioner needs to con-
sider their own personal comfort. This may require them to 
raise or lower the bed to the appropriate height or provide 
themselves with a chair or stool to reduce any unnecessary 
stretching and bending during the process (Dougherty  2008 ). If 
the procedure is being undertaken in an alternative care setting 
the above consideration should always be taken into account 
(Perucca  2010 ). The equipment being used during the procedure 
should always be in close proximity to the practitioner, with 
particular care being taken around the positioning of the sharps 
disposal container which should remain within arm ’ s reach 
during the process.  

  Equipment 

 The practitioner needs to be adequately prepared by assembling 
all the necessary equipment required to perform the procedure 
and make sure they have suffi cient supplies in order to com-
plete the task. This will avoid unnecessary interruptions during 
the process. It is essential that they have a range of cannulae or 
needles in various gauge sizes to undertake each procedure 
assembled in a receiver, tray or onto a clean trolley, to transport 
to the patient. The equipment needs to be sterile and for single 
use only (MDA  2001 ). The packaging needs to be examined to 
make sure it has not been damaged and thus possibly contami-
nated (Dougherty  2008 ). The expiry dates on all equipment, 
packaging and blood bottles should be checked. When the prac-
titioner is ready to perform venepuncture the required bottles 
need to be assembled in close proximity to the patient and 
within the practitioner ’ s visual fi eld.  
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  Sharps and  w aste  d isposal 

 An important aspect of safe sharps disposal is the positioning 
of the sharps disposal container, which needs to be in arm ’ s 
reach of the procedure to enable safe and immediate disposal 
of the sharp and reduce the risk of the practitioner receiving a 
needlestick injury (Health Protection Agency  2005 ). The practi-
tioner must always personally dispose of any sharps used into 
a sharps container. This container should be rigid, puncture 
resistant, disposable, and leakproof with a lockable lid. Care 
should be taken not to overfi ll the recommended level. It should 
then be disposed of in accordance with current guidance 
(Pellowe  et al.   2007 ).  

  Preparation of the  p atient 

 The patient ’ s comfort and safety must be considered, as poten-
tially any patient may be subject to the unpleasant sensation of 
feeling faint or even experiencing a vasovagal episode during 
the process. The patient should be positioned on a bed, chair or 
couch which has a back rest that will enable the patient to be 
positioned fl at in the event that the patient feels faint (Black  &  
Hughes  1997 ). The patient ’ s arm should be supported so that 
he or she is able to keep their arm straight during the process, 
which can be achieved by supporting the selected limb with a 
pillow (Perucca  2010 ). It is important to explain to the patient 
why it is necessary to keep the arm straight when taking blood 
from the antecubital veins. A straight arm will assist the practi-
tioner when palpating the veins at the outset and any move-
ment may stop the blood from fl owing freely into the blood 
collection system. 

 It is also important that the patient is adequately prepared 
both psychologically and physically. A calm and confi dent 
approach will relax the patient and facilitate compliance 
(Weinstein  2007 ). The practitioner needs to discuss and explore 
the patient ’ s previous knowledge of undergoing the process, 
and ensure they provide a thorough explanation of what should 
be expected and may be experienced when undergoing either 
procedure (Dougherty  2008 ). For further information see 
Chapter  10 .   
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  TECHNIQUES REQUIRED TO PERFORM VENEPUNCTURE 
 (For selection of the vein see Chapter  5  and for preparation of 
the skin see Chapter  6 .) 

 Once the practitioner is ready to perform the procedure the 
vein will need to be stabilised using the non - dominant hand just 
below the insertion site. This is known as  ‘ anchoring ’ . The trac-
tion needs to be applied as soon as the practitioner is ready to 
advance the needle as anchoring the skin will provide the 
counter tension essential to ensure smooth entry of the needle 
when the bevel is in the uppermost position (Perucca  2010 ; 
Springhouse  2002 ). Using the fi ngers of the anchoring hand to 
support the elbow helps to prevent the apprehensive patient 
moving their arm as the needle is inserted (McCall  &  Tankersley 
 2008 ). When the veins are visible and palpable the practitioner 
can insert the needle directly into the vein. When the practi-
tioner encounters smaller veins, the indirect method may be 
adopted. This is when the needle is inserted into the skin and 
then the smaller vein is relocated and the needle advanced into 
the vein, enabling a more gentle entry for delicate veins (McCall 
 &  Tankersley  2008 ). On no account should the practitioner have 
more than two attempts (Lavery  &  Ingram  2005 ). Each attempt 
will result in an increase in the patient ’ s perception of pain 
experienced. Each attempt will result in a risk of infection with 
increased entry sites. 

  Equipment  r equired to  p erform  v enepuncture 

      
   •    Clinically clean tray or receiver 
  •    Disposable tourniquet 
  •    Chlorhexidine in 70% alcohol 

impregnated swabs 
  •    Vacuumed specimen collection 

bottles 
  •    Appropriate needles or winged 

infusion devices 
  •    Sterile cotton wool or gauze  

   •    Tape or adhesive plaster 
  •    Closed blood collection 

system holder 
  •    Clinically clean gloves 
  •    Sharps bin 
  •    Specimen request form  
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  Step    Action    Rationale  
   Preparation   

  1    Prepare the area 
by considering the 
lighting, privacy, 
local temperature 
and preparation of 
equipment to be used.  

  To ensure that the 
patient as well as the 
practitioner are 
adequately prepared.  

  2    Position patient on a chair 
or couch.  

  To maintain safety of 
patient if they 
experience vasovagal 
faint. Also for the 
patient ’ s comfort.  

  3    Approach the patient in a 
confi dent manner and 
check identity of patient 
either by checking request 
slip against patient ’ s details 
on wrist - band or by the 
patient verbally confi rming 
full name and date of birth.  

  To reduce the patient ’ s 
anxiety and alleviate the 
potential of causing 
vasoconstriction of the 
vein. 
 To ensure that the 
sample is being obtained 
from the correct patient 
(NPSA  2006 ).  

  4    Give a thorough 
explanation of the 
procedure, allowing time 
for the patient to ask any 
questions and discuss any 
previous diffi culties that 
may have arisen.  

  To obtain consent and in 
discussing patient ’ s 
previous history 
consider the most 
appropriate equipment 
to perform the 
procedure effectively 
(Lavery  2003 ).  

  Venepuncture  p rocedure 

 At the outset the practitioner will need to consider all of the 
above - mentioned environmental issues and appropriate prepa-
ration of the patient before performing venepuncture. 
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  5    Position patient ’ s arm by 
supporting on a pillow.  

  To maintain patient ’ s 
comfort during the 
procedure.  

  6    Collect suffi cient quantities 
of all necessary equipment 
for venepuncture (see list 
above).  

  To avoid any 
unnecessary 
interruptions during the 
procedure.  

  7    Ensure that packaging has 
been checked with seals 
intact and that the 
equipment has not expired. 
Take all equipment to the 
patient.  

  To prevent the use of 
bottles with no vacuum 
and to avoid the risk of 
using faulty or 
contaminated 
equipment.  

  8    Perform effective hand 
washing technique using 
soap and water or 
appropriate alcohol rub.  

  To minimise the risk of 
infection and maintain 
asepsis (Franklin  1999 ; 
Hindley  2004 ).  

  9    Cover any visibly broken 
skin with a suitable 
waterproof dressing.  

  To reduce the risk of 
contamination by blood 
to the practitioner.  

   Site assessment and selection   

  10    Apply tourniquet 7 – 8   cm 
above desired location.  

  To create adequate 
venous fi lling (RCN 
 2010 ).  

  11    Assess the patient ’ s veins.    To verify the most 
suitable vein to access.  
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  12    To assist venous fi lling, the 
patient can 
  (a)     Clench fi st then relax, 
repeat this action several 
times.  
  (b)     Hold the arm straight 
with the palm of the hand 
facing upwards.  
  (c)     Immerse the limb into a 
bowl of hot water.     

  To aid venous fi lling and 
increase the prominence 
of a patient ’ s veins in 
order to ascertain the 
direction of the veins 
pathway and its depth 
and identify any 
surrounding structures 
that need to be avoided, 
tendons and arteries.  

  13    Release the tourniquet.    To maintain patient ’ s 
comfort. Minimise the 
effect of the reduced 
blood fl ow on the 
specimen composition 
(McCall  &  Tankersley 
 2008 ).  

  14    Position all the required 
assembled equipment 
within practitioner ’ s 
visual fi eld, on the non -
 dominant side to enable 
easy selection of 
equipment.  

  To reduce any 
unnecessary movement 
of the practitioner 
during the procedure.  

  15    Select the appropriate 
size needle and 
type of device and 
assemble the equipment.  

  To reduce trauma or 
damage to the vein.  

  16    Wash hands with 
antibacterial soap and 
water and dry or use 
antibacterial alcohol hand 
gel.  

  To minimise the risk of 
infection (DH  2005 ).  
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  17    Reapply tourniquet.    To create adequate 
venous fi lling and to 
increase prominence of 
veins by obstructing 
venous return.  

  18    Put on gloves.    To minimise the 
practitioner ’ s risk 
of contamination by 
blood (ICNA  2003 ; 
DH  2007 ).  

  19    Clean the chosen site with 
an appropriate cleaning 
solution for 30 seconds 
using suffi cient pressure to 
remove surface dirt and 
debris, and allow the skin 
to air dry for a further 30 
seconds.  

  To reduce the risk of 
contamination.  

  20    Do not re - palpate the skin 
after cleaning has occurred 
or contaminate by fanning 
with hand or swab.  

  To maintain asepsis.  

   Insertion   

   a.      Using a NEEDLE AND 
HOLDER (for winged 
infusion device go to b)   

    

  21a    Apply traction with the 
thumb or forefi nger onto 
the skin a few centimetres 
below the proposed 
insertion site.  

  To immobilise the vein 
and ensure adequate 
counter tension to 
facilitate ease of entry 
for the needle.  
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  22a    Pick up assembled 
needle and holder in the 
dominant hand with the 
middle and index fi nger on 
the underside of the holder, 
and the thumb gripping 
the holder on the upper 
side (see Fig.  7.1 ).    

  To maintain grip on the 
holder and to prevent 
any obstruction of access 
when attaching the 
blood bottles.  

  23a    Inspect needle and ensure 
bevel of needle is facing 
upwards (see Fig.  7.2 ).    

  To assist practitioner in 
delivering successful 
smooth pain - free access 
to vein.  

  24a    Insert the needle at an 
angle of approximately 
15 – 30 degrees depending 
on the location and size of 
the vein (see Figs  7.3  and 
 7.4 ).    

    

     Fig. 7.1     Correct hold of needle holder.  Used with permission of Vein Train Ltd.   
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     Fig. 7.2     Bevel of needle uppermost (in vein).  Used with permission of Vein Train 
Ltd.   

     Fig. 7.3     Illustration of shallow angle of insertion  –  15 degrees (needle and 
holder).  Used with permission of Vein Train Ltd.   
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  25a    Advance the needle 
approximately 1 – 2   mm 
into the vein maintaining 
the hold described in 
action 22a, allowing the 
middle fi nger and index 
fi nger on the underside of 
the holder to rest against 
the patient ’ s skin (Fig.  7.1 ).    

  To prevent the needle 
advancing too far and 
causing damage to the 
intima of the vein and to 
maintain a steady grip 
on the holder, ensuring 
that it does not 
penetrate too far into the 
vein causing a through 
puncture (which could 
result in haematoma 
formation).  

     Fig. 7.4     Illustration of deeper angle of insertion  –  30 degrees (needle and 
holder).  Used with permission of Vein Train Ltd.   



Procedures for Venepuncture and Cannulation 7

143

     Fig. 7.5     Push bottle in using wings of holder and thumb on bottle end.  

  26a    Maintain anchoring 
described in action 21a. 
  (a)     Attach the blood bottles 

in the recommended 
order of draw into the 
holder.  

  (b)     With the non - dominant 
hand using the third 
fi nger and index fi nger 
directly above the ears/
wings of the holder.  

  (c)     Use the thumb to push 
against the base of the 
blood bottle as it 
penetrates the rubber 
sleeve that covers the 
needle as shown in 
Fig.  7.5 .       

     (a)     To prevent any 
transference of 
additives from one 
bottle to another.  

  (b)     To maintain a 
steadfast grip on the 
holder when 
penetrating the 
rubber cap on the 
blood sample bottle 
with the multi -
 sample needle, and 
enable the vacuum 
in the bottle to draw 
the blood from the 
patient ’ s vein.  

  (c)     To support and steady 
the blood collection 
bottle, and ensure that 
the vacuum is 
functioning.     
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     Fig. 7.6     Rotating bottle to view correct fi ll amount.  

  27a    Attach the blood bottle 
onto the vacuumed 
collection system. Ensure 
that the label appears on 
the underside of the bottle 
by turning the bottle 
clockwise or anti -  
clockwise as the blood fi lls 
the bottle (see Fig.  7.6 ).    

  To ensure that the 
practitioner has good 
visibility of the fi lling of 
the bottle to check it is 
fi lled to the appropriate 
level.  

   b.      Using a WINGED 
INFUSION DEVICE (for 
needle and holder go to a)   

  Used for collecting 
blood on infants and 
children and diffi cult or 
hand veins of adults.  
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     Fig. 7.7     Holding wings correctly of winged blood collection set.  Used with per-
mission of Vein Train Ltd.   

  21b    Assemble winged infusion 
device and grip the wings 
in the dominant hand 
between the thumb and 
index fi nger with the bevel 
of needle facing upwards 
(Fig.  7.7 ).  

  To assist practitioner in 
delivering successful 
smooth pain - free access 
to vein.  

  22b    Access the selected vein 
with a shallow angle of 
entry at an approximate 
angle of 5 – 15 degrees 
depending on the location 
and size of the vein and 
advance the needle 
approximately 1   mm into 
the vein.  

  To prevent the needle 
advancing too far and 
causing damage to the 
intima of the vein or a 
through puncture; this 
could result in a 
haematoma formation.  
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  23b    Observe for blood in the 
tubing (Fig.  7.8 ) then attach 
blood bottles (Fig.  7.9 ).    

  To verify that the needle 
has entered the lumen of 
the vein.  

  28    Once the bottle has fi lled, 
remove and insert next 
bottle until all samples 
taken.  

  To ensure correct 
volume of blood taken 
and all required samples 
are taken.  

   Needle removal and site care   

  29    Release tourniquet.    To decrease pressure 
within the vein.  

     Fig. 7.8     Blood in tubing upon vein entry (fl ashback butterfl y).  Used with permis-
sion of Vein Train Ltd.   
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     Fig. 7.9     Push bottle in using wings of holder and thumb (butterfl y).  Used with 
permission of Vein Train Ltd.   

  30    Maintain anchoring, and 
remove the last blood 
collection bottle with the 
non - dominant hand, grip 
the bottle with thumb and 
middle fi nger and use the 
index fi nger to push the 
bottle away from the 
holder on the underside of 
the wings.  

  To ensure that the 
needle does not 
penetrate further into 
the vein.  
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  31    Place a sterile swab over 
the puncture site, and only 
apply pressure once the 
needle has been fully 
withdrawn. 
 When possible request the 
patient to apply pressure 
on the site whilst keeping 
the arm fully extended. 
This should exceed 1 
minute if the patient is 
on anticoagulants or is on 
thrombocytopenic 
therapy.  

  To prevent pain on 
removal of needle. 
 To prevent leakage, 
preserve vein and avoid 
haematoma. 
 To prevent bruising 
(McCall  &  Tankersley 
 2008 ).  

   Disposal and transportation   

  32    Activate safety guard if 
appropriate and then 
discard needle and holder 
as a single unit 
immediately into the 
sharps bin.  

  To reduce risk of 
needlestick injury.  

  33    Gently invert the bottles as 
per manufacturer ’ s 
instructions.  

  To ensure correct 
adequate mixing of 
blood specimen and 
additive. To negate 
the need for further 
unnecessary 
blood tests.  

  34    Remove gloves and dispose 
in appropriate clinical 
waste area.  

  To prevent 
cross - contamination.  
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  35    Label bottles carefully in 
the patient ’ s presence and 
as per local policy and NBS 
policy (NBS  2007 ).  

  To check and ensure that 
the blood results relate 
to the correct patient, 
and details are clear and 
legible to the laboratory. 
In the case of pre -
 transfusion testing, if 
there is mismatch 
between the form and 
the bottle, the laboratory 
staff must not process 
the sample until 
identifi cation is 
confi rmed, even if this 
may lead to a delay in 
treatment for patients or 
a retest (NBS  2008 ).  

  36    Ensure appropriate 
labelling is carried out e.g. 
to indicate an infection 
risk.  

  To comply with 
universal precautions.  

  37    Inspect the puncture site 
and if bleeding has 
discontinued cover with an 
appropriate dressing.  

  To ensure there is no 
further bleeding. To 
check that the puncture 
site is covered with a 
suitable dressing, having 
ascertained the patient 
has no allergy to chosen 
dressing.  

  38    Dispose of other clinical 
waste.  

  To prevent 
cross - contamination.  

  39    Review the patient ’ s 
comfort.  

  To ensure that the 
patient does not require 
any further intervention 
before the practitioner 
departs.  
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  40    Follow hospital procedure 
for collection and transpor-
tation to the laboratory.  

  To ensure swift collection 
of urgent requests and 
prompt results.  

  Troubleshooting 

   If  b lood  s tops  fl  owing  a fter  i nitial  fl  ashback  
 The practitioner should consider the following: 

      

  Cause    Prevention    Action  

  Needle may 
have 
penetrated 
through the 
vein (Fig. 
 7.10 ).    

  Angle of entry 
may have been 
too steep. 
Practitioner needs 
to acknowledge 
the distance 
between the 
needle holder and 
the entry site.  

  Withdraw needle slightly 
to encourage blood 
withdrawal; however, if 
bruising is evident needle 
needs to be fully 
withdrawn and pressure 
applied to puncture point.  

  Needle may 
be in contact 
with a valve.  

  Palpation to 
identify location 
of valve.  

  Withdraw the needle 
slightly to move it from the 
valve.  

     Fig. 7.10     Through puncture  –  needle punctured through both walls of vein.  Used 
with permission of Vein Train Ltd.   
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  Venous 
spasm as a 
result of 
mechanical 
irritation  

      This can be resolved in 
some cases by simply 
removing and reapplying 
the blood bottle, or simply 
massaging the vein above 
point of entry. Consider 
attaching a syringe to the 
winged blood collection 
system to reduce vacuum.  

  Vein too 
small  

  Avoid where 
possible, reassess 
or relocate to a 
different site. 
 Better vein 
selection.  

  Consider the use of different 
collecting system. Smaller 
gauge needles. Winged 
blood collection system can 
be angled much closer to the 
skin and when attached to a 
syringe can reduce the 
vacuum on the vein as the 
blood is expelled.  

  Vein 
collapsed  

  Tourniquet too 
tight. 
 Vacuum too 
vigorous.  

  Allow veins to refi ll by 
releasing and then 
reapplying the tourniquet.  

  Poor 
technique 
when 
handling 
equipment  

  Bevel of needle 
may be occluding 
blood fl ow by 
adhering to the 
vein wall.  

  Turn the needle and 
holder in a clockwise or 
anti - clockwise direction 
to release the bevel from 
the wall of the vein. 
Winged infusion devices 
need to be tilted gently in 
an upward direction to 
alter the angle of the bevel 
and enhance the fl ow of 
blood.  
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  TECHNIQUES TO PERFORM CANNULATION 
 There are two methods for inserting a cannula  –  the direct or 
indirect method  –  and choice will depend on the practitioner ’ s 
assessment of the patient ’ s veins. The indirect method of 
approach is more suitable for smaller fragile veins. The cannula 
is inserted into the skin and the vein is relocated before the 
cannula is gently advanced into the vein. When the vein is situ-
ated in deeper subcutaneous tissue and is not as visible, the 
practitioner can utilise palpation to locate (Perucca  2010 ). The 
practitioner would then insert the cannula choosing a direct 
method of insertion. 

 There are also a number of methods when anchoring the vein 
prior to cannulation. The vein can be stabilised using the thumb 
to stretch the skin in a downward direction below the proposed 
insertion site (McCall  &  Tankersley  2008 ). This is more suitable 
if the vein is situated in the deeper skin tissue and the approach 

   If on  e ntry  b lood  i s  o bserved to  l eak  a round the  n eedle  
 The practitioner should consider the following :  

        

   Cause     Prevention     Action  

  Practitioner 
advances needle 
slowly and bevel 
contacts vein 
before fully under 
skin.    

  Raise awareness 
of this outcome 
when supervising. 
Tourniquet may 
be too tight.  

  Confi dent approach 
when inserting 
needle. Explain 
reason to the 
patient.  

  Faulty 
equipment, 
e.g. loss of 
vacuum in 
blood 
collection 
bottles.  

  Always check the 
expiry date on the 
blood collection 
bottles; if they are 
out of date the 
vacuum may not 
be effective.  

  Take extra blood collection 
bottles to patient to attach 
in case there are problems 
with equipment.  
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angle of the needle needs to be steeper. If the patient ’ s veins are 
more superfi cial, the technique for stabilising the vein would be 
to stretch it between the forefi nger and thumb. Alternatively the 
practitioner can place a hand under the patient ’ s arm whilst 
applying traction with the thumb and forefi nger on either side 
of the vein. This will create an even traction, and is particularly 
effective in older patients whose skin lacks collagen, subcutane-
ous fat and the ability to stay fully hydrated (McCall  &  
Tankersley  2008 ). 

 The angle and grip that the practitioner adopts when the 
needle approaches the entry site will be infl uenced by the depth 
of the vein in the subcutaneous tissue. For example, some can-
nulae have fi nger guards to stabilise the cannula as it is 
advanced into the vein. When the cannulation needle (stylet) 
has been inserted into the chosen vein, the blood will fl ow into 
the chamber of the cannula, indicating that entry into the vein 
has been successful. This is acknowledged as fi rst  ‘ fl ashback ’ ; 
however, if the posterior wall of the vein is punctured the 
 ‘ fl ashback ’  will stop. If using a smaller gauge cannula it may 
take slightly longer for the blood to fi ll the chamber (Perucca 
 2010 ). With every cannula insertion once the fl ashback of blood 
has been acknowledged, the practitioner will need to decrease 
the angle of the needle to prevent puncturing of the posterior 
wall of the vein. The cannula can then be advanced a few mil-
limetres into the vein to ensure that the tip of the needle and 
the tip of the cannula trim are sitting in the vein lumen. 

 Traction must be maintained on the vein with the non -
 dominant hand while the practitioner gently withdraws the 
needle back into the trim of the cannula (approximately 3   mm). 
The practitioner will encounter a second  ‘ fl ashback ’  of blood; 
this is the blood from the vein fl owing up the cannula shaft 
which indicates that the cannula can now be advanced fully into 
the vein. The non - dominant hand then anchors the skin, secur-
ing the stylet with the thumb and index fi nger. If at this stage 
the second fl ashback is not observed, the stylet should not be 
reintroduced as this could result in the cannula tip being sheared 
off by the stylet with the potential of causing a catheter embo-
lism (Perucca  2010 ). Once the cannula has been fully advanced 
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into the vein, the tourniquet can be released. Pressure is then 
applied with the non - dominant hand above the cannula using 
the index fi nger to anchor the cannula with the middle and 
fourth fi nger occluding the blood fl ow immediately above the 
cannula. Only when the stylet has been safely removed, result-
ing in a third fl ash of blood in the fi nal collection chamber 
before connection of injection cap or extension set, can the prac-
titioner be assured of achieving a successful cannulation. 

 If the one - handed method is used, the hand that performs the 
cannulation also withdraws the stylet and advances the cannula 
into the vein, whilst maintaining skin traction with the non -
 dominant hand. This can be more diffi cult for the practitioner 
to learn but once this method has been acquired can result in a 
better success rate (Dougherty  2008 ). The two - handed tech-
nique is when the practitioner uses the dominant hand to 
perform the cannulation and the middle and ring fi ngers of the 
non - dominant hand to maintain the skin traction; once the prac-
titioner has identifi ed blood in the cannula chamber they use 
the thumb and index fi nger of the non - dominant hand to grip 
the stylet, and keeping the traction constant the stylet is then 
withdrawn slightly using the non dominant thumb and index 
fi nger, and the dominant hand advances the cannula off the 
stylet. 

  Equipment  r equired to  p erform  c annulation 

      
   •    Clinically clean tray or 

receiver  
   •    Sterile cotton wool or 

gauze  
   •    Disposable tourniquet     •    Tape or adhesive plaster  
   •    2% Chlorhexidine with 70% 

alcohol impregnated swabs  
   •    Sterile dressing pack  

   •    Appropriate dressing and 
securement device  

   •    5   mL syringe  

   •    Cannula of various gauge 
sizes  

   •    Clinically clean gloves  

   •    0.9% sodium chloride 
solution for fl ushing  

   •    Sharps bin  
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  Step    Action    Rationale  

   Preparation   

  1    Prepare the area by 
considering, the 
lighting, privacy, 
local temperature and 
equipment to be 
used.  

  To ensure that the patient as 
well as the practitioner are 
adequately prepared.  

  2    Position patient on a 
chair or couch.  

  To maintain safety of patient if 
they experience vasovagal 
faint. Also for patient ’ s comfort.  

  3    Ensure patient ’ s 
correct identity by 
asking patient to 
state their name or 
check identifi cation 
bracelet.  

  To ensure procedure is being 
performed on the correct 
patient (NPSA  2006 ).  

  Cannulation  p rocedure 

 The practitioner will need to consider what type of therapy is 
being infused as this will infl uence the type and gauge of 
cannula to be used, as well as the location the cannula is to be 
sited. They will also need to establish the anticipated duration 
of the prescribed therapy. On no account should the practitioner 
attempt to amend an unsuccessful cannulation by reinserting 
the stylet needle (Perucca  2010 ). If the practitioner has more 
than two attempts, unnecessary trauma is caused to the patient 
and resultant multiple puncture sites may render the vein unus-
able for cannulation at a later time (Phillips  2005 ). Always con-
sider if a cannula is really necessary; sometimes a cannula can 
be inserted routinely  ‘ just in case ’  and this practice should be 
challenged (Wait  et al.   2004 ). 
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  4    Give thorough 
explanation of the 
procedure, allowing 
time for the patient to 
address any 
questions and discuss 
any previous 
diffi culties that may 
have arisen. Consult 
cannula care plan if 
documentation 
available.  

  To obtain consent and in 
discussing patient ’ s previous 
history consider the most 
appropriate equipment to 
perform the procedure 
effectively (Lavery  2003 ).  

  5    Apply topical local 
anaesthetic if 
required.  

  To give adequate time for 
topical local anaesthetic to 
take effect (BMA  &  RPS 
 2011 ).  

  6    Ask the patient 
which arm they 
would prefer and 
position patient ’ s arm 
by supporting on a 
pillow.  

  To maintain comfort.  

  7    Collect suffi cient 
quantities of all 
necessary equipment 
(see list above).  

  To avoid any unnecessary 
interruptions during the 
procedure.  

  8    Ensure that 
packaging has been 
checked with seals 
intact, and that none 
of the equipment has 
passed the expiry 
date.  

  To avoid the risk of using 
faulty or contaminated 
equipment.  
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  9    Perform effective 
hand washing 
technique using soap 
and water or 
appropriate alcohol 
rub.  

  To minimise the risk of 
infection and maintain asepsis 
(Franklin  1999 ; Hindley  2004 ).  

  10    Cover any visibly 
broken skin on the 
practitioner with a 
suitable waterproof 
dressing.  

  To reduce the risk of 
contamination by blood to the 
practitioner.  

  11    Take tray or trolley 
containing all 
necessary equipment 
selected to perform 
the procedure to 
patient ’ s bedside.  

  To avoid any unnecessary 
interruptions during the 
procedure.  

   Vein assessment and selection   

  12    Apply tourniquet 
7 – 8   cm above desired 
location.  

  To create adequate venous 
fi lling (RCN  2010 ).  

  13    To assist venous 
fi lling, the patient 
can: 

  (a)     Clench fi st.  
  (b)     Lower the arm 

downwards, over 
side of couch or 
bed.  

  (c)     Finally to assist 
venous fi lling the 
patient can 
immerse the limb 
into a bowl of hot 
water.     

  To aid venous fi lling and 
increase the prominence of 
patient ’ s veins in order to 
ascertain the direction of the 
vein ’ s pathway and its depth 
and identify any surrounding 
structures that need to be 
avoided tendons and arteries.  
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  14    Assess the patient ’ s 
veins examining and 
palpating them 
whilst selecting 
appropriate site.  

  To avoid discomfort to patient 
and prevent unsuccessful 
cannulation.  

  15    Release the 
tourniquet.  

  To maintain patient ’ s comfort  

  16    If the chosen site is 
covered/obscured by 
hair growth the 
practitioner may 
consider removing 
this with scissors or 
clippers.  

  To reduce risk of infection 
(Weinstein  2007 ) and facilitate 
the adherence of the dressing.  

  17    Wash hands with 
bacterial soap and 
water or bacterial 
alcohol handrub.  

  To minimise the risk of 
infection (DH  2005 ).  

  18    Open sterile pack 
and assemble 
equipment, selecting 
the appropriate 
gauge and length of 
cannula and prime 
the needle - free 
extension set if 
required.  

  To be equipped with the most 
suitable gauge of cannula to 
perform the procedure 
effectively and reduce any 
unnecessary trauma to the 
veins (Lavery  2003 ).  

  19    Reapply tourniquet.    To create adequate 
venous fi lling and to 
increase prominence of 
veins by obstructing venous 
return.  
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  20    Clean the skin for 
minimum of 30 
seconds with a 2% 
chlorhexidine - based 
solution. Ensure that 
the cleaning action is 
directed over the 
entire site which will 
be covered by the 
cannula dressing and 
has been delivered 
using suffi cient 
pressure to remove 
surface dirt and 
debris. The skin 
should then be 
allowed to air dry for 
minimum of 30 
seconds. The skin 
should not be 
re - palpated or the 
site touched once this 
has taken place.  

  To maintain asepsis (DH  2007 ).  

  21    Put on gloves.    To minimise risk of infection by 
forming a protective layer 
against any blood spillage 
(ICNA  2003 ).  

  22    Remove needle 
guard. Inspect the 
cannula to determine 
that there are no 
faults.  

  To ensure equipment is intact 
and free of faults (MHRA  2005 ; 
RCN  2010 ).  

  23    Hold the device, 
depending on type of 
cannula and 
technique to be 
adopted.  
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  24    Ensure that the bevel 
of the needle is in 
correct position, i.e. 
uppermost (Fig.  7.11 ).    

  To facilitate smooth entry 
into vein and reduce trauma to 
skin and vein on entry. To 
ensure correct positioning 
between needle point and 
cannula trim.  

   Insertion   

  25    Anchor the vein by 
applying traction a 
few centimetres 
below the proposed 
insertion site 
ensuring that the skin 
is not touched. This 
traction needs to be 
maintained 
throughout the 
procedure (Fig.  7.12  
and Fig.  7.13 ).    

  To anchor vein in order to 
immobilise and provide 
counter tension to facilitate 
smoother needle entry. Ensure 
anchoring is not released too 
early, as this could result in the 
needle penetrating the 
opposing vein wall.  

     Fig. 7.11     Bevel of needle uppermost to smooth entry into skin and vein (skin 
entry view).    
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     Fig. 7.12     Anchor vein throughout procedure.  

  26    According to the 
depth of the vein the 
needle should be 
inserted at the 
practitioner ’ s 
discretion between an 
angle of 10 and 40 
degrees (Figs  7.13 ).    

  To indicate that the needle has 
penetrated the vein. To reduce 
risk of penetration of the distal 
wall of the vein with the 
cannula needle.  
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  27    Once fl ashback is 
seen in the fl ashback 
chamber (Fig.  7.14a 
and b ), lower the 
angle of the cannula 
and advance the 
cannula a few 
millimetres into the 
vein.    

  To ensure that the distance 
between the bevel of the needle 
and the trim has entered the 
lumen of the vein.  

  28    Withdraw stylet 
1 – 2   mm and identify 
a second fl ashback of 
blood as it feeds back 
along the cannula 
(Fig.  7.15 ).    

  To ensure that cannula is in 
situ so can be safely advanced 
into lumen of vein.  

     Fig. 7.13     Angle of insertion of cannula.  
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        Fig. 7.14     (a) Primary fl ashback (see arrow)  –  blood enters the cannula. Used 
with permission of Vein Train Ltd. (b) Primary fl ashback (see arrow)  –  fi rst fl ash-
back into needle and fl ashback chamber of a nonported cannula.    

(a)

(b)
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  29    Firmly hold the stylet 
to avoid accidental 
reinsertion of stylet.  

  To immobilise the needle and 
prevent stylet being reinserted, 
which may result in the needle 
damaging the cannula with 
potential risk of causing a 
catheter embolus.  

  30    Slowly advance the 
cannula ensuring that 
the vein remains 
anchored during the 
procedure. (Fig.  7.16 )    

  To detect any resistance that 
may be experienced, e.g. 
valves.  

  31    Release the 
tourniquet.  

  To decrease the pressure within 
the vein.  

     Fig. 7.15     Secondary fl ashback  –  blood enters the cannula shaft (see arrows).  
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     Fig. 7.16     Advance cannula into vein.  

   Completion and disposal   

  32    Apply digital 
pressure to the vein 
above the cannula, 
ensuring that the 
cannula is also 
anchored.  

  To prevent spillage of blood.  

  33    Remove the stylet 
and discard 
immediately into 
sharps bin.  

  To prevent needlestick injury to 
practitioner or patient.  

  34    Connect the needle -
 free injection cap or 
primed extension set 
to end of cannula.  

  To prevent entry of bacteria 
and prevent blood spillage.  
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  35    Flush cannula with 
5   ml of 0.9% sodium 
chloride (prescribed 
or under patient 
group direction). It 
should be fl ushed 
according to local 
policy using a 
push – pause 
technique and ending 
with positive 
pressure to prevent 
backfl ow of blood 
into the cannula 
(Dougherty  2008 ).  

  To maintain patency.  

  36    Observe for signs of 
swelling or leakage 
and ask the patient if 
they are experiencing 
any pain or 
discomfort.  

  To check that the cannula is in 
the vein (RCN  2010 ).  

  37    Secure the cannula 
with an appropriate 
securement device 
and an appropriate 
dressing.  

  To secure cannula thus 
preventing movement and 
reducing the risk of irritation 
of the vein wall, which could 
result in the development of 
mechanical phlebitis. To allow 
ongoing inspection of the 
cannula site and prevent entry 
of microorganisms between 
cannula and skin.  

  38    Remove gloves.    To prevent 
cross - contamination.  
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  Troubleshooting 

 A number of problems can occur during cannulation. The prac-
titioner should consider the following potential reasons for 
unsuccessful insertion. 

   No  i nitial  fl  ashback  
      

  Cause    Prevention    Action  

  Needle may not 
have penetrated far 
enough into the 
vein through the 
subcutaneous 
tissue.  

  Angle of entry 
may not have 
been steep 
enough. Review 
the angle of 
approach.  

  Slowly advance the 
needle and observe 
for a fl ashback, 
observe how much 
of the needle has 
been inserted into 
the vein.  

  39    Dispose of clinical 
waste in the 
appropriate container.  

  To ensure staff safety and 
comply with universal 
precautions.  

  40    Document the 
insertion procedure 
in care pathway, 
care plan or nursing 
notes. Ensure that 
the date, time, gauge 
and location of 
cannula are all 
recorded together 
with the number of 
attempts and the 
signature of the 
practitioner who 
inserted the device.  

  To maintain professional 
accountability. To establish how 
long the cannula has been 
sited, and to help to identify 
where they have been 
previously sited (DH  2007 ).  
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   Cause     Prevention       

  Trim of cannula not 
fully inserted into the 
vein.  

  Ensure needle is advanced 
1 – 2   mm after initial 
fl ashback (to ensure 
cannula also in vein) before 
attempting to glide cannula off 
the needle.  

    

  Needle and cannula 
transfi xed through the 
other side of the vein  

  Decrease angle of cannula 
to prevent puncturing 
the posterior wall of the 
vein.  

    

  No  s econd  fl  ashback 
      

  Cannula may have 
made contact with 
a valve.  

  Diffi cult to 
identify location 
of valve on 
palpation. 
Avoid areas in 
dorsal vein 
where two veins 
bifurcate.  

  Withdraw the 
cannula slightly to 
distance it from 
valve.  

  Vein too small.    Avoid where 
possible, reassess 
or relocate to a 
different site.  

  Consider the use of 
the indirect method 
of cannulation.  

  Slow fl ashback of 
blood in the 
cannula chamber 
when using a 
smaller gauge 
cannula.  

      Allow up to 20 
seconds for the 
fl ashback to appear 
in the chamber of 
the cannula.  
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   If on  e ntry  b lood  i s  o bserved to  l eak  a round the  n eedle  
 The practitioner should consider:
       
   Cause     Prevention     Action  

  Practitioner advancing 
cannula stylet too 
slowly and bevel of 
needle contacts vein 
before fully under 
skin.  

  Improve 
technique.  

  Adopt a confi dent 
swift approach into 
proposed cannulation 
site. Tourniquet may 
be too tight.  

  CARE AND MANAGEMENT OF CANNULA IN SITU 
 The cannulated patient is well placed to be the fi rst person to 
recognise any symptoms that might indicate a problem affect-
ing the management of the cannula placement. Providing 
patients with an information leafl et to read before they have 
their cannula inserted is a useful tool, and this knowledge will 
empower the patient. It should contain a full explanation of the 
cannula, why or what it is used for, and describe symptoms that 
may be experienced should the cannula become problematic. 

 Once a cannula has been successfully sited it is important 
that it is adequately secured with tape or a securing device e.g. 
Statlock to prevent mechanical phlebitis or accidental dislodge-
ment. If the cannula has been secured using clean tape, care 
needs to be taken that it does not come in contact with the 
insertion site. Cannulae can be covered with dry sterile gauze 
and transparent dressings to secure and protect the device 
(Dougherty  2008 ). Covering cannula sites with bandages 
should be avoided, as they inhibit observation of the site 
making it diffi cult to identify problems. Where patients are 
very young or to promote patient safety it may become neces-
sary to secure the cannula to maintain skin integrity (Finlay 
 2008 ). A small splint can also be used when a cannula has been 
inserted near a fl exion point (Finlay  2004 ). 

 Once inserted a primed needle - free extension set can be 
attached. Most of these systems allow the attachment of inter-
mittent infusions, without removing the cap and thereby main-
taining a closed system minimising risk of infection (Weinstein 
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 2007 ). Care needs to be taken to clean the needle - free connector, 
and to allow it to air dry for 30 seconds every time the system 
is accessed. Once sited the cannula should be fl ushed with 
sodium chloride 0.9%. This should be continued prior to 
and after each use. If a cannula is being left in situ, it requires 
fl ushing every 24 hours to maintain patency (Campbell  et al.  
 2005 ). 

 An accurate record of care must be documented at regular 
intervals throughout the duration of the cannula placement. 
The practitioner should document the insertion according to 
local policy. Documentation must include the date (DH  2003 ), 
time (RCN  2010 ) and any problems encountered during inser-
tion. It should also include device size (Dougherty  2008 ), the 
insertion site including actual vein(s) used (Dougherty  2008 ; 
Pellowe  et al.   2007 ; Weinstein  2007 ) and the name of the person 
placing the device (RCN  2010 ). Recording of batch numbers is 
also recommended (INS  2006 ). The practitioner needs to observe 
the insertion site, and maintain an ongoing record of the cannula 
site. This information needs to be documented on every shift. 
Ensure any infusion sets connected to the cannula are also 
labelled with the date when they were fi rst attached. A useful 
tool to support documentation of the cannula site is the visual 
infusion phlebitis scoring system or cannula care plan (see 
Chapter  8 ). 

 Educating all members of the multidisciplinary team to rec-
ognise problems affecting cannula management is essential. 
Cannulae can be left in situ safely between 72 and 96 hours, 
providing vigilant assessment and documentation is main-
tained (DH  2007 ).  

  PROCEDURE FOR SAFE REMOVAL OF CANNULA 
 Prior to removing a cannula the patient has to be prepared and 
an explanation of the procedure given to reassure them. 

 The practitioner will need to gather together the following 
equipment: 

   •      clinically clean tray or receiver  
   •      clinically clean gloves  
   •      sterile gauze and tape.    
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        Action     Rationale  

  1    Perform effective 
hand washing 
technique or using 
soap and water 
appropriate 
alcohol rub.  

  To minimise the risk of 
infection and maintain asepsis 
(Franklin  1999 ; Hindley  2004 )  

  2    Put on clinically clean 
gloves.  

  To minimise risk of infection 
by forming a protective layer 
against any blood spillage 
(ICNA  2003 ).  

  3    Carefully remove 
dressing.  

  To avoid any trauma to the 
insertion site of cannula.  

  4    Open sterile gauze.    To ensure practitioner is 
adequately prepared.  

  5    Gently withdraw 
cannula from the site; 
pressure should not 
be applied until the 
cannula has been fully 
removed.  

  To avoid causing pain to the 
patient and to facilitate easy 
exit of cannula, avoiding 
trauma to cannula site.  

  6    Apply digital pressure 
to the site for 1 – 2 
minutes with the 
sterile gauze.  

  To prevent leakage, preserve 
vein and avoid haematoma.  

  7    Inspect the cannula 
site and if bleeding 
has discontinued 
cover with an 
appropriate dressing.  

  To ensure there is no further 
bleeding. To check that the 
puncture site is covered with a 
suitable dressing after checking 
the patients allergy status.  
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  CONCLUSION 
 Safe preparation of the environment, practitioner and patient 
will enable venepuncture and cannulation to be performed effi -
ciently and safely with minimal discomfort to the patient. With 
consistent supervision at the outset the practitioner will achieve 
the dexterity and confi dence required to perform these skills 
successfully. When embarking on the challenge posed by 
patients with depleted venous access, experience gained by 
awareness of appropriate troubleshooting techniques will 
increase the profi ciency of the practitioner.  
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      List the most common complications of venepuncture and 

cannulation.  
   ❏      Identify the predisposing factors for these complications.  
   ❏      Explain the management for each of these complications.     

  INTRODUCTION 
 Venepuncture and cannulation are commonly performed pro-
cedures within healthcare practice, and in the majority of 
instances used without complication to treat patients. However, 
each time these procedures are performed there is potential for 
the patient to experience trauma to their veins. Problems range 
from slight bruising to economic impact as a result of infection 
and in extreme cases death. Complications may arise at differ-
ent stages of the procedure: on initial assessment when attempt-
ing to source a suitable site to insert the vascular device, or 
subsequently during the insertion procedure, or later during 
care of the site/device. 

 The potential for development of complications at these 
stages may be infl uenced by a number of contributory factors: 
the ageing process, gender, vein selection, equipment selection, 
disease processes, treatment protocols and the skill of the 

Venepuncture and Cannulation, fi rst edition. Edited by Sarah Phillips, 
Mary Collins and Lisa Dougherty. Published 2011 by Blackwell Publishing Ltd. 
© 2011 Blackwell Publishing Ltd.
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practitioner. In order to prevent these problems occurring, 
healthcare providers implement strategies to prevent complica-
tions occurring, reduce patient morbidity, and improve skills of 
healthcare professionals (Collins  et al.   2006 ; Morris  &  Tay  2008 ). 
It is therefore important that practitioners are equipped with 
sound vascular knowledge to anticipate potential complications 
and possess the ability to competently and professionally 
manage each complication as it arises. It is also important that 
the patient ’ s consent for the procedure is obtained prior to 
undertaking either procedure (DH  2001a, b ). 

 Within this chapter the most common complications of 
venepuncture and cannulation will be discussed. Strategies to 
prevent and manage these occurrences will also be provided.  

  ECCHYMOSIS/HAEMATOMA 
 Ecchymosis is a term to describe the infi ltration of blood into 
tissue (Perucca  2010 ). Haematoma describes bleeding (usually 
uncontrolled) which occurs as a result of infi ltration of blood 
from a punctured vein into the tissue immediately surrounding 
it, resulting in a painful swelling; this is the most common 
complication of venepuncture (McCall  &  Tankersley  2008 ). 
Ecchymosis occurs fi rst, then if bleeding continues a haematoma 
will form. A haematoma can be recognised as a purple/blue -
 tinged lump at the point of needle insertion, which starts off 
small and becomes larger. Once a haematoma has formed it 
cannot be rectifi ed; the procedure should be aborted and the 
haematoma managed. 

  Specifi c  p redisposing  f actors for  h aematoma  f ormation 

     •      Poor practitioner technique: a tentative stop – start technique 
which injures the vein, often associated with beginners 
(Weinstein  2007 ).  

   •      Vulnerable patient groups such as: the young/elderly and 
those on anticoagulant therapy (RCN  2010 ).  

   •      Poor vein selection: use of fi ne or thready veins, sites too near 
valves, or using a needle too large for the chosen vein (McCall 
 &  Tankersley  2008 ; Dimech  et al.   2011 ).  
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  Preventative action    Rationale  

  Avoid performing 
venepuncture/cannulation 
at a haematoma site.  

  To prevent causing the 
patient pain and delaying 
healing at the puncture 
site. 
 Venepuncture samples 
taken from a haematoma 
site may produce inaccurate 
blood results due to 
contamination from 
haemolysed blood within 
the bruise (McCall  &  
Tankersley  2008 ).  

  Be aware of the patient ’ s 
medical history. Any 
predisposing factors which 
may cause 
bleeding for extended 
periods e.g. anticoagulant/
steroid therapy.  

  To anticipate complications 
and identify the most 
appropriate equipment for 
the procedure.  

   •      Failure to release the tourniquet before removing the device 
(Lavery  &  Ingram  2005 ); as a result high intravascular pres-
sure causes bleeding outside the vein.  

   •      Failure to insert the needle correctly into the vein, or poor 
device manipulation following puncture of a vein, causing 
the needle to pierce the distal vein wall (Campbell  et al.   1999 ).  

   •      Application of a tourniquet to a limb in order to undertake a 
second attempt to insert a vascular device, within a short 
period of time of the initial attempt (Weinstein  2007 ).  

   •      Multiple attempts to access a vein, or when attempting to 
access veins that are diffi cult to visualise or palpate (Perucca 
 2010 ).     

  Prevention of  h aematoma 
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  Be aware of patient groups 
who are at risk of 
haematoma formation. For 
instance the ageing process 
results in a reduction of 
subcutaneous tissue and a 
reduction in skin elasticity 
which makes veins and 
skin more friable.  

  To anticipate at - risk patient 
groups  

  Use the smallest sized 
device suitable for the 
procedure, and try to avoid 
small fragile veins. 
Consider the needs of the 
patient, number of samples 
required (venepuncture) 
location of the device and 
the infusion solution to be 
administered (cannulation) 
(Dougherty  2008a ).  

  To reduce the potential for 
haematoma formation.  

  Place all equipment within 
easy reach.  

  To prevent unnecessary 
stretching by the practitioner 
which may cause the hand 
(holding the vascular device) 
to move and force the needle 
through the vein wall or, 
accidentally pull the needle 
out of the vein.  

  Using the non - dominant 
hand anchor the vein 
securely below the pro-
posed puncture site. 
Ensure the bevel of the 
venepuncture needle/
cannula is upright and 
introduce the vascular 
device smoothly through 
the skin, while continuing 
to maintain fi rm skin 
traction.  

  Firm skin traction prevents 
the skin puckering, the vein 
rolling (missed vein entry), 
and is less painful for the 
patient (Dougherty  2008a ).  

Preventative action Rationale
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  Once the vein has been 
successfully accessed, keep 
the needle static. Rest 
fi ngers lightly on the 
patient ’ s limb to prevent 
movement when inserting 
and removing blood bottles 
(venepuncture).  

  Movement of a needle whilst 
in a vein increases the 
potential for piercing the 
distal vein wall causing 
haematoma formation.  

  Apply fi rm skin traction 
at the base of the vein 
chosen to insert the 
cannula into. Maintain fi rm 
skin traction throughout 
the procedure until the 
cannula has been 
successfully inserted into 
the vein.  

  To immobilise the vein, 
ensuring the cannula stylet 
does not pierce the distal 
vein wall when the cannula 
is being threaded off the 
stylet into the vein.  

  Following removal of a 
vascular device care for the 
puncture site according to 
local policy. Apply fi rm 
pressure with a sterile 
dressing to the puncture 
site until bleeding has 
ceased and haemostasis is 
achieved (Dougherty  2008a ; 
Dimech  et al.   2011 ).  

  Insuffi cient pressure applied 
to a puncture site allows 
bleeding to continue beneath 
the skin, which may result in 
haematoma formation, with 
the potential for nerve injury 
and refl ex sympathetic 
dystrophy to develop 
(Weinstein  2007 ).  

  If the fi rst attempt to gain 
venous access is 
unsuccessful, consider 
using the opposite limb for 
the subsequent attempt 
(according to local policy).  

  Application of a tourniquet 
increases venous pressure. 
This may cause a recently 
punctured vein, e.g. due 
to an unsuccessful venous 
access attempt or recently 
removed vascular device, 
to start rebleeding, increasing 
the potential for 
haematoma formation 
(Weinstein  2007 ).  

Preventative action Rationale
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  Before leaving the patient 
inspect the puncture site to 
ensure bleeding has ceased.  

  To ensure the puncture site 
has been correctly cared for.  

  If the patient has fragile 
skin, e.g. if the patient is 
elderly, consider applying 
the tourniquet over a layer 
of clothing or a clinical 
dressing.  

  To reduce the potential for 
the tourniquet to cause skin 
abrasions resulting in 
ecchymosis/bruising of the 
skin.  

  Alternatively, ask a 
colleague to act as a 
tourniquet by wrapping 
their hands around the 
limb and squeezing gently.  

  To encourage venous dilation 
while reducing the potential 
for ecchymosis/haematoma.  

  If a new cannula has to be 
inserted into a limb in 
which an existing cannula 
is currently in situ (because 
it has not been previously 
removed), insert the new 
cannula above the old, then 
remove the unnecessary 
cannula.  

  Application of a tourniquet 
to a limb which has had a 
vascular device recently 
removed may cause the 
puncture site to start 
rebleeding.  

  Site new cannula above 
valves.  

  The presence of valves may 
prevent a cannula being 
advanced through a vein. 
Application of force to push 
the cannula through the 
valve may cause pain, or 
result in the needle piercing 
and rupturing the distal vein 
wall, causing haematoma 
formation.  

Preventative action Rationale
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  Management of  h aematoma 

       
  Action    Rationale  

  Observe for a blue/
purple lump at the 
puncture site when 
inserting the vascular 
device.  

  To identify haematoma 
formation.  

  On recognition of a 
haematoma immediately 
release the tourniquet, 
cease the procedure and 
remove the vascular 
device according to local 
policy.  

  A tourniquet generates and 
maintains high venous 
pressure, making it easier to 
palpate veins prior to gaining 
venous access (Dimech  et al.  
 2011 ). Failure to release the 
tourniquet after recognition of a 
haematoma causes bleeding to 
persist into tissue surrounding 
the puncture site.  

  Remove the vascular 
device, using a sterile 
swab, apply digital 
pressure to puncture site 
until bleeding has ceased 
and haemostasis is 
achieved (Dougherty 
 2008a ).  

  To stem bleeding from the 
puncture site on removal of 
device. Application of digital 
pressure at the puncture site 
prior to removing the needle 
can cause the needle tip to drag 
against the tunica intima, 
damaging the lining of the vein 
and causing acute pain (Dimech 
 et al.   2011 ). 
 If the patient is receiving 
anticoagulant therapy, or 
suffering disease processes 
which interfere with their 
clotting mechanisms, pressure 
may need to be applied to the 
puncture site for an extended 
period.  
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  Following puncture of a 
vein at the antecubital 
fossa or removal of a 
cannula from this site 
advise the patient not to 
bend their arm upwards 
towards their face whilst 
simultaneously applying 
pressure to the puncture 
site (Ernst  2005 ).  

  Bending the arm upwards 
interferes with application of 
digital pressure to the site, 
allowing blood to leak into 
surrounding tissue.  

  If bleeding persists 
elevate the affected limb. 
If necessary apply ice to 
the puncture site.  

  Application of ice promotes 
vasoconstriction and cessation 
of bleeding.  

  Provide the patient with 
an information leafl et 
explaining what has 
occurred; discuss any 
concerns.  

  To inform and reassure the 
patient.  

  Instruct the patient to 
contact a doctor if they 
become concerned about 
the haematoma site, e.g. 
increasing pain, 
enlarging haematoma.  

  Pain may be indicative that 
blood from the haematoma site 
has accumulated and is 
pressing on a nerve (McCall  &  
Tankersley  2008 ).  

  Document the incident 
in the clinical notes.  

  To provide evidence of 
haematoma formation and 
actions taken to treat the site.  

  If appropriate apply 
Hirudoid cream or 
arnica cream (as per 
manufacturer ’ s 
instructions) to the 
haematoma site.  

  To encourage healing.  

Action Rationale
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  Before leaving the 
patient inspect the 
puncture site to ensure 
bleeding has ceased.  

  To provide care of the site.  

  After removing the 
venepuncture needle/
cannula and achieving 
haemostasis do not 
interfere with the 
puncture site again.  

  To prevent the therapeutic clot 
sealing the puncture site being 
disturbed, resulting in 
rebleeding at the site.  

  Prior to venous access, 
assess the equipment 
and technique necessary 
to undertake the 
procedure. Consider if 
an alternative venous 
access device could be 
used, e.g. butterfl y for 
venepuncture rather 
than vacutainer needle, 
or if a central venous 
access device (CVAD) 
should be inserted for 
long - term vascular 
therapy.  

  Becoming a skilled practitioner 
involves refl ecting upon past 
procedures and recognising 
how they can be improved 
upon.  

  MISSED VEIN 
 Insuffi cient traction of the vein during insertion of the vascular 
device can result in missing the vein. Insuffi cient traction allows 
the vein to roll (move away) when the needle is inserted, causing 
it to lie parallel with the vein rather than piercing it. This may 
be a particular problem with some patient groups, such as 
elderly people who as part of the ageing process experience a 
loss of subcutaneous tissue which would normally serve to 
stabilise veins. The practitioner may fi nd that when skin trac-
tion is applied the vein moves beneath the skin, making it 

Action Rationale
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  Preventative action    Rationale  

  Choose the most suitable 
vascular access device. Use 
the smallest device 
appropriate for the 
procedure.  

  To increase the potential for 
one successful attempt and 
limit damage to the vein.  

  Apply tourniquet and 
palpate the chosen vein to 
assess its suitability. The 
most prominent vein is not 
always the most suitable.  

  To increase the potential of a 
successful procedure.  

  Prior to inserting the 
vascular device apply and 
remove skin traction a few 
times beneath the chosen 
puncture site.  

  To enable the practitioner to 
identify whether the vein 
moves position when traction 
is applied. This enables the 
practitioner to adjust the 
proposed insertion site to 
accommodate movement of 
the vein.  

diffi cult to identify where the vascular device should be inserted. 
In this instance the vascular device insertion point will need to 
be adjusted to accommodate movement of the vein. Practitioners 
have been known to inform patients that  ‘ their veins move ’ , 
causing some to believe they have a vascular problem. In reality, 
missing a vein is usually due to poor practitioner technique and 
diffi culty stabilizing a vein. 

  Specifi c  p redisposing  f actors for  m issing a  v ein 

     •      Poor skin stabilisation (Dougherty  2008a ).  
   •      Poor vein choice or failure to penetrate the vein due to a poor 

insertion angle (McCall  &  Tankersley  2008 ).  
   •      The ageing process; which decreases the amount of subcuta-

neous tissue available to support a vein (Weinstein  2007 ).     

  Prevention of  ‘  m issing a  v ein ’  

      



Complications 8

185

  Using the non - dominant 
hand anchor the vein 
securely below the 
proposed puncture site. 
Ensure the bevel of the 
venepuncture needle/
cannula is upright, aim for 
the middle of vein and 
introduce the vascular 
device smoothly through 
the skin into the vein.  

  Firm skin traction 
immobilises the vein 
preventing the skin 
puckering and the vein 
rolling (missed vein entry), 
and is less painful for the 
patient when the vascular 
device is inserted (Dougherty 
 2008a ).  

  Maintain fi rm skin traction 
throughout the procedure.  

  Stabilising the vein 
suffi ciently is extremely 
important and will infl uence 
success or failure. 
 If the vein is not well 
supported the tip of the 
vascular device may be 
unable to pierce the vein, 
instead nudging it out of 
position and causing the 
needle tip to sit in 
subcutaneous tissue and lie 
parallel with the vein rather 
than piercing it.  

  Look for blood fl owing 
into blood collection bottle 
(venepuncture) or 
fl ashback in the chamber 
(cannulation), then 
complete the procedure.  

  Evidence the vein has been 
successfully punctured.  

  If using veins on the back 
of the hand. Ask the 
patient to make a fi st, then 
extend it down towards 
the fl oor.  

  To assist with immobilising 
dorsal veins, making them 
less likely to roll away from 
the vascular device when it 
is inserted.  

Preventative action Rationale



 8 Venepuncture and Cannulation

186

  If the patient has small fi ne 
veins employ techniques, 
e.g. application of heat, to 
encourage venous dilation 
and use the smallest sized 
needle/cannula for the 
procedure.  

  To encourage venous dilation 
and the potential for one 
successful attempt at venous 
access.  

  Management if a  v ein is  m issed 

       
  Action    Rationale  

  No blood fl ow into blood 
bottles (venepuncture), no 
fl ashback in chamber 
(cannulation).  

  Problem identifi ed.  

  Remove blood collection 
bottles from vacutainer 
holder (venepuncture).  

  To maintain blood bottle 
vacuum, so that the blood 
collection bottles can be reused 
on the same patient.  

  Keep the dominant hand 
immobile to prevent the 
vacutainer needle/
cannula moving within 
the tissue.  

  To prevent the practitioner 
accidentally pulling the 
vascular device out of the vein 
or causing the patient pain.  

  Using your palpation 
fi nger, palpate the vein 
above the puncture site. 
Feel where the needle lies 
in relation to the vein.  

  To establish if the procedure 
can be rectifi ed.  

  Provide traction at the 
base of the vein to 
immobilise it. This will 
prevent the vein rolling 
further away from the 
needle when the vascular 
device is manipulated.  

  To increase the potential of 
completing the procedure.  

Preventative action Rationale
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  Pull the vascular device 
slightly out of the skin 
(take care not to pull it 
out completely). Reapply 
fi rm skin traction to the 
base of the vein. Carefully 
realign the needle tip and 
if able, reinsert the 
vascular device into the 
skin at an angle capable 
of piercing the side of the 
vein wall.  

  To attempt to rectify the 
procedure.  

  Observe for blood 
draining into the blood 
collection bottle 
(venepuncture) or visible 
in the fl ashback chamber 
(cannulation), then 
complete the procedure.  

  Evidence the procedure has 
been successful.  

  If at any point in the 
procedure the patient 
complains of pain, abort 
the procedure.  

  To prevent causing undue 
discomfort or nerve damage.  

  Never introduce the 
needle blindly into areas 
where you think the vein 
may be.  

  To prevent the needle being 
pushed further into soft tissue, 
blind probing increases the 
potential for haematoma 
formation, nerve damage and 
pain.  

  If the vein moves a large 
distance it may be 
necessary to provide 
traction at the base of the 
vein pulling downwards 
(vertically) whilst 
simultaneously stretching 
the skin horizontally using 
thumb and forefi nger.  

  To provide skin traction in two 
directions in order to 
immobilise the vein.  

Action Rationale
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  VASOVAGAL/SYNCOPE REACTION 
 For some individuals undergoing intravenous therapy fear of 
pain, needles and confi nement generates anxiety. In extreme 
instances this may result in individuals failing to access health-
care facilities, resulting in serious repercussions. For others this 
fear may manifest itself as vasovagal syncope or loss of con-
sciousness in the presence of needles (Deacon  &  Abramowitz 
 2006 ). This reaction may be infl uenced by poor previous experi-
ences, or the attitudes of healthcare professionals, both of which 
infl uence an individual ’ s perception of the procedure (Weinstein 
 2007 ). Exaggerated fears have the potential to create a negative 
autonomic nervous system response known as a vasovagal 
response, which may manifest itself as syncope. Although 
usually benign and self - limiting there is potential for the suf-
ferer to experience injury if an episode is not anticipated. An 
episode may prove embarrassing for the patient and stressful 
for the healthcare professional caring for the patient. Symptoms 
commonly experienced include light - headedness, fainting, 
nausea, feeling hot or cold or sweaty. A sympathetic response 
may develop causing vasoconstriction and collapse of veins, 
depleting the number of veins available for vascular access and 
causing the procedure to become more complicated (Weinstein 
 2007 ). 

  Specifi c  p redisposing  f actors to 

 v asovagal/syncope  r eaction 

     •      Fear of needles or blood (Weinstein  2007 ).  
   •      Family history of needle phobia or vasovagal reactions (Ost 

 1991 ).  
   •      Learnt response; parents conveying fear to their children 

(Willemsen  et al.   2002 ).  
   •      Feeling unwell (Weinstein  2007 ).  
   •      Poor previous experiences (Lavery  &  Ingram  2005 ).     
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  Preventative action    Rationale  

  The practitioner must behave in 
a calm confi dent manner.  

  To instil confi dence in the 
patient about the skill of the 
practitioner.  

  Provide the patient with concise 
information about the procedure 
and respond to questions clearly.  

  To reduce anxiety.  

  While preparing the patient for 
the procedure, establish if they 
have ever experienced problems 
when in close proximity with 
needles or possess a fear of 
needles or blood.  

  To anticipate problems prior 
to their occurrence and 
implement safety 
precautions.  

  If the patient is anxious and the 
practitioner inexperienced, 
consider asking an experienced 
colleague to perform the 
procedure.  

  Anxious patients can make 
inexperienced practitioners 
feel nervous; making it less 
likely the procedure will be 
successful.  

  Only experienced practitioners 
should attempt venepuncture/
cannulation on anxious patients, 
especially if they have diffi cult 
venous access (Weinstein  2007 ).  

  Experienced practitioners are 
more successful at 
performing vascular 
procedures (Weinstein  2007 ).  

  If the patient experiences anxiety 
around needles/blood lay them 
fl at.  

  To ensure patient safety.  

  Ask the patient how they 
normally manage their reaction 
to needles and blood. Encourage 
the patient to practise deep 
breathing exercises. Suggest the 
individual looks in the opposite 
direction when performing the 
procedure.  

  To employ coping 
mechanisms.  

  Prevention of  v asovagal/syncope  r eaction 
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  Involve the patient in fi nding a 
suitable vein.  

  To encourage the individual 
to feel in control of the 
procedure and reduce 
anxiety.  

  Consider the use of topical 
anaesthetic, e.g. EMLA/Ametop 
cream prior to inserting the 
vascular device (Lavery  &  
Ingram  2005 ).  

  To lessen the pain and 
anxiety associated with the 
procedure (Scales,  2005 ).  

  When using topical anaesthetic 
take time to fi nd the most 
appropriate vein prior to 
applying the anaesthetic cream/
gel. Veins that are palpable are 
often more suitable than veins 
that can be easily observed.  

  To locate the most 
appropriate site to insert the 
vascular device.  

        

  If appropriate allow the patient 
to have a family/friend 
accompany them during the 
procedure. First check family 
members/friends themselves do 
not possess a needle/blood 
phobia.  

  Anxious/needle - phobic 
friends/relatives will 
increase anxiety levels 
experienced by the patient 
undergoing the procedure, 
making the procedure more 
diffi cult to perform.  

  Talk to the individual in a calm 
manner throughout the 
procedure until it is completed.  

  To reduce anxiety and 
distract the patient during 
the procedure, thereby 
reducing the potential for a 
sympathetic nervous 
response to occur causing 
veins to constrict making the 
procedure more diffi cult 
(fl ight or fi ght response).  

Preventative action Rationale
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  Management of  s yncope/vasovagal  r eaction 

       
  Action    Rationale  

  Anticipate if the patient 
may faint. If practical lay 
the person fl at on a couch/
bed prior to commencing 
the procedure.  

  To ensure patient safety.  

  Observe for signs of pallor, 
nausea or light - headedness 
throughout the procedure.  

  To anticipate a syncope/
vasovagal reaction.  

  If the patient is sitting 
upright and symptoms 
become evident, place the 
patient ’ s head between 
their legs and instruct them 
to take deep regular 
breaths.  

  To maintain patient safety.  

  If the venepuncture needle 
is in the patient ’ s vein, 
complete the procedure 
obtaining the minimum 
amount of blood necessary 
to perform the required 
tests (if safe to do so). If 
unsafe, remove the blood 
collection bottles, release 
the tourniquet and remove 
the needle (venepuncture).  

  To avoid the patient having 
to undergo the procedure 
again. 
 Removing the venepuncture 
needle reduces the potential 
of a needlestick injury 
occurring.  

  If appropriate secure the 
cannula in the patient ’ s 
vein, if unsafe remove the 
device (cannulation).  

  A patent cannula may be 
needed to treat the patient.  

  Remain confi dent and 
calmly talk to the patient in 
a supportive manner  

  To provide reassurance.  
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  NERVE INJURY 
 Extreme pain or numbness radiating down an arm is an indica-
tion that a nerve has come into contact with a needle (Boeson 
 et al.   2000 ). The patient may complain of feeling an  ‘ electric 
shock going down their arm ’ . Nerves are vulnerable to injury 
as they lie just below the skin in close proximity to veins, the 
two most commonly injured nerves being the radial and median 
nerves (Masoorli  2004 ). The radial nerve passes along the thumb 
side of the arm, from the shoulder to the wrist lying close to the 
cephalic vein, a site commonly chosen for venepuncture. The 

  Document the incident.    To inform future 
practitioners about how the 
patient reacts to the 
procedure.  

  Stay with the patient until 
they feel well.  

  To ensure that the patient 
has time to discuss their 
reaction and is fully 
recovered.  

  Be aware that if the 
procedure is unsuccessful 
at the fi rst attempt the 
patient may possibly 
become more anxious at 
the thought of a second 
attempt, causing 
vasoconstriction of their 
veins. Consider involving a 
more experienced 
practitioner.  

  The second attempt may be 
more diffi cult.  

  Advise the patient to 
inform all healthcare 
professionals about their 
reaction to needles/blood 
when they have the 
procedure undertaken in 
the future.  

  To ensure future 
practitioners can implement 
safety procedures.  

Preventative action Rationale



Complications 8

193

distal three inches of the radial nerve, just above the thumb, is 
most commonly injured during cannulation (Masoorli  2004 ). 
Cases have been reported of venepuncture performed at the 
anticubital fossa resulting in nerve damage affecting movement 
in the thumb and index fi nger many months after the venepunc-
ture procedure (Zubairy  2002 ). 

  Specifi c  p recursors to  n erve  i njury 

     •      Poor site selection (Masoorli  2004 ).  
   •      Inserting the needle too deeply into the tissue, or movement 

by the patient as the needle is inserted (McCall  &  Tankersley 
 2008 ).  

   •      Blind probing with a needle when seeking a vein (Boeson 
 et al.   2000 ).  

   •      Haematoma formation, resulting in nerve compression 
(McCall  &  Tankersley  2008 ).     

  Prevention of  n erve  i njury 

      
  Preventative action    Rationale  

  Practitioners must possess 
a sound knowledge of the 
anatomy and location of 
superfi cial nerves in the 
upper extremities.  

  To reduce the potential of 
piercing a nerve.  

  Avoid attempting vascular 
access on the inner aspect 
of the wrist.  

  To reduce the potential of 
damaging the radial, ulnar 
and/or median nerves located 
on the inner aspect of the 
wrist (Masoorli  2004 ).  

  If inserting a cannula into 
the cephalic vein, be 
conscious of the proximity 
of the superfi cial peripheral 
nerves (Boeson  et al.   2000 ).  

  To reduce the potential of 
piercing a nerve.  
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  Palpate the vein of choice 
and ensure it is soft and 
bouncy.  

  To ensure it is a vein. Nerves 
are hard when palpated.  

  Prior to inserting the 
vascular device instruct the 
patient not to move their 
limb.  

  To avoid accidental contact 
with a nerve (McCall  &  
Tankersley  2008 ).  

  Following insertion of the 
vascular device if blood is 
not visible in the blood 
bottle (venepuncture) or 
fl ashback evident in the 
chamber (cannulation) 
cease the procedure. 
Consider if techniques to 
correct missed vein entry 
(read  ‘ Missed vein ’  section) 
can be employed or abort 
the procedure and begin 
again. Never probe blindly 
for a vein.  

  Blind probing is associated 
with nerve damage (Boeson 
 et al.   2000 ).  

  Management of  n erve  i njury 

         Action    Rationale  

  If an individual 
complains of an electric 
shock radiating down 
their arm, stop the 
procedure immediately 
and remove the vascular 
device as per local 
guidelines.  

  To minimise nerve damage. If 
the needle is inserted further, a 
permanent injury such as 
refl ex sympathetic dystrophy 
(RSD) also known as complex 
regional pain syndrome 
(CRPS) may result. Symptoms 
include extreme sensitivity to 
touch and temperature, tissue 
swelling and pathological 
changes to bone and skin 
(Refl ex Sympathetic Dystrophy 
Syndrome Association 2010).  

Preventative action Rationale
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  Provide reassurance; 
explain why the pain/
numbness has occurred.  

  To reassure the patient.  

  Provide the patient with 
an information leafl et 
explaining what has 
occurred; discuss any 
concerns.  

  To reassure the patient.  

  Instruct the patient to 
contact a doctor if they 
become concerned about 
their symptoms, e.g. 
increasing pain.  

  Medical intervention may 
become necessary to treat the 
injury if it worsens.  

  If nerve damage is 
suspected, inform a 
doctor immediately.  

  Early recognition of nerve 
damage leads to a better 
patient prognosis and chance 
of recovery (Boeson  et al.  
 2000 ).  

  Document the incident in 
the patient ’ s notes.  

  To document the incident and 
assist with identifying 
improvement or deterioration 
of the injury.  

  ARTERIAL PUNCTURE 
 Arterial puncture is characterised by pain and the spurting of 
bright red blood out of an artery. Superfi cial radial arteries have 
been reported on the forearm lying close to the radial veins of 
the hand where they form the cephalic vein of the forearm 
(Rodriguez - Niedenfuhr  et al.   2001 ). In this patient group it is 
possible to accidentally puncture the radial artery causing com-
plications such as haematoma, temporary occlusion and pseu-
doaneurysm (Scheer  et al.   2002 ). Inadvertent puncture of an 
artery is not uncommon. 

Action Rationale
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  Specifi c  p recursors to  a rterial  p uncture 

     •      Morbid obesity, darkly pigmented skin or poor practitioner 
technique (Ghouri  et al.   2002 ).  

   •      Deep or blind probing, especially in the area of the basilic 
vein close to the brachial artery (McCall  &  Tankersley  2008 ).  

   •      Failure to palpate a vein correctly (Lirk  et al.   2004 ).  
   •      Poor technique or assessment (Lavery  &  Ingram  2005 ).     

  Prevention of  a rterial  p uncture 

      
  Preventative action    Rationale  

  If performing venepuncture 
or cannulation at the 
antecubital fossa or inner 
aspects of the wrist, palpate 
the site thoroughly prior to 
inserting a vascular device.  

  To establish the absence/
presence of a pulse. 
Pulses can be accurately 
detected by palpation. 
Only arteries have pulses. 
If a pulse is present 
identify another site.  

  If it is diffi cult to distinguish 
a vein from an artery due to 
their close physical 
proximity, reposition 
the patient ’ s limb and 
re - palpate the proposed 
puncture site.  

  To identify a suitable 
vein. This may take 
several attempts.  

  Instruct the patient to keep 
their limb still while the 
vascular device is being 
inserted.  

  To prevent accidental 
puncture of an artery 
due to movement by the 
patient.  
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  Management of  a rterial  p uncture 

       
  Action    Rationale  

  Arterial puncture can be 
recognised by bright red blood 
pulsing into the blood 
collection bottle 
(venepuncture), or pulsing out 
of the end of a cannula against 
gravity into the tubing of an 
infusion set (cannulation).  

  Signs that arterial puncture 
has occurred.  

  Remove the vascular device 
immediately as per local 
policy.  

  Incorrect structure has been 
accessed.  

  Apply digital pressure to the 
puncture site for 5 minutes 
(Lavery  &  Ingram  2005 ), 
elevating the arm to aid 
cessation of bleeding. 

 Explain to the patient what 
has occurred.  

  To stem bleeding (Dougherty 
 2008a ). 

 To provide reassurance.  

  Do not reapply a tourniquet to 
the affected limb.  

  To prevent increasing 
vascular pressure and 
rebleeding at the puncture 
site (Dougherty  2008a ).  

  Document the incident and 
provide the patient with 
contact details for whom to 
contact should they experience 
problems, e.g. numbness of the 
limb.  

  To comply with local 
reporting mechanisms (RCN 
 2010 ).  

  Provide information for the 
patient about what has 
occurred.  

  To provide reassurance.  

  Instruct the patient to contact 
a physician if tingling of their 
limb develops.  

  To ensure nerve compression 
has not developed as a result 
of continued bleeding.  
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  PHLEBITIS 
 Phlebitis affects the inner endothelial layer of the vein (tunica 
intima). An infl ammatory response is initiated as a consequence 
of damage to the endothelial cells which creates a roughened 
cell wall to which platelets readily adhere (Weinstein  2007 ). 
Phlebitis manifests itself as pain, oedema and erythema, typi-
cally presenting as a red streak along the length of the vein 
which can eventually cause the vein to feel like a cord (Macklin 
 2003 ). Phlebitis does not normally occur as a result of infection 
(Finlay  2004 ), but the site has the potential to become infected 
as a result of phlebitis. The two most common types of phlebitis 
are mechanical phlebitis and chemical phlebitis. 

  Pathophysiology of  p hlebitis 

 The moment a vein is punctured by a needle; damage occurs at 
the puncture site, and in some cases this will lead to the develop-
ment of phlebitis. Damage at the puncture site causes the body ’ s 
infl ammatory response to be initiated, resulting in pain, redness 
(erythema), heat and swelling at the site. Damaged cells release 
histamine, bradykinin and serotonin. Histamine and bradykinin 
infl uence vasodilation, which increases permeability of the vein. 
Vasodilation encourages increased blood fl ow to the site of 
injury; increased permeability allows substances normally 
retained in the blood such as antibodies, phagocytes and proco-
agulant chemicals to be released at the injured site. Increased 
blood fl ow simultaneously removes toxins and dead cells from 
the injured site to encourage healing. Erythema and heat at the 
site develop as a consequence of increased blood fl ow to the area, 
delivering white blood cells necessary for tissue repair. Pain 
occurs in response to infl ammation, and is sometimes the result 
of injury to nerve fi bres, release of toxic chemicals from microor-
ganisms, or pressure from oedema (Tortora  &  Derrickson  2009 ; 
Seeley  et al.   2008 ). If the offending device is not removed from 
the body, leucocytes will accumulate at the infl amed site, result-
ing in further infl ammation and eventually pus formation.  

  Specifi c  p redisposing  f actors for  p hlebitis 

     •      Duration of time cannula has been in situ and type of infusate 
(Wilson  2008 ).  
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   •      Siting a large cannula in a small vein (Weinstein  2007 ).  
   •      Poor positioning; over a joint or point of fl exure (Finlay  2004 ).  
   •      Cannula material: polytetrafl uoroethylene (Tefl on) is asso-

ciated with more instances of phlebitis than polyurethane 
(Vialon) (Maki  &  Ringer  1991 ).  

   •      Insuffi cient securing of the device (Finlay  2004 ).  
   •      Gender: females are most commonly affected (Maki  &  Ringer 

 1991 ).  
   •      Host factors, such as age and disease processes (Perucca  2010 ).  
   •      Experiencing phlebitis on initial cannulation. This increases 

patient susceptibility on subsequent cannulations (Maki  &  
Ringer  1991 ).  

   •      Inappropriate administration of drugs, e.g. rapid infusion of 
fl uids (Weinstein  2007 ).     

  Phlebitis  s cores 

 Phlebitis scoring systems, e.g. visual infusion phlebitis scores 
(VIP scores), assist practitioners to identify signs of phlebitis by 
measuring the most severe presenting complication against a 
standardised checklist (Jackson  1998 ; DH  2003 ). This enables the 
practitioner to decide whether the device is safe to be left in 
place, or should be removed and resited. The practitioner must 
inspect the cannula site a minimum of once per shift, each time 
a bolus infusion is administered, intravenous infusion rates 
altered or when intravenous solutions are renewed (RCN  2010 ). 
Using a scoring system encourages early detection of develop-
ing phlebitis and safeguards the patient ’ s venous access for 
future use (Jackson  1998 ). Patients should be educated and 
encouraged to report changes to how their cannula looks or 
feels as they will often be the fi rst to notice if a cannula is not 
working effi ciently. 

 To use the VIP score the practitioner assesses the appearance 
of a cannula site and scores this against the phlebitis scale, e.g. 
a healthy site equates to stage 0 (see Fig.  8.1  for an example of 
a cannula care plan which uses a visual scoring system). If two 
of the following are evident: pain, erythema or swelling at the 
cannula site, then this equates to stage 2, at which point the 
cannula must be removed. If the cannula is to remain in situ 
beyond 72 hours then justifi cation for the decision must be 
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Patient’s name: …………………………………. Hospital No:  ………………………….

Date of birth: …...…………………………. Ward ……………………………………

(Addressograph label may be used) 

Need/problem
Intravenous cannula in situ for administration of drug therapy

Aim/Outcome
Cannula to remain patent and free from infection   

VIP Score (VISUAL INFUSION PHLEBITIS SCORE)
OBSERVATION ACTION
IV site appears healthy No signs of phlebitis

OBSERVE CANNULA each shift

One of the following is evident: 
Slight pain near IV site or slight redness near IV site 

Possible first signs of phlebitis

OBSERVE CANNULA 

Two of the following are evident Early stage of phlebitis

RESITE CANNULA• Pain near
  IV site  

• Erythema -
  (redness)

• Swelling 

All of the following are evident: Medium stage of phlebitis
RESITE CANNULA

CONSIDER TREATMENT 

• Pain along path of
  cannula  

• Erythema (redness)  

• Hardening of tissue (Tissue feeling firm and swollen) 

All of the following are evident and extensive: Advanced stage of phlebitis or start of
thrombophlebitis

RESITE CANNULA

CONSIDER TREATMENT

• Pain along path
  of cannula  
• Palpable venous
  cord 

• Erythema • Hardening
  of tissue  

All of the following are evident and extensive: Advanced stage of thrombophlebitis

INITIATE TREATMENT
RESITE CANNULA 

• Pain along path
  of cannula  
• Palpable venous
  cord  

• Erythema 
• Pyrexia 

• Hardening
  of tissue  

Intravenous cannula care

1.   Explain all procedures to patient/parent/carer

2.   Cannula to be sited using aseptic technique

3.   Document cannulation date, time, size, site, batch number
4.   Examine and document the continuing need for the cannula on every shift and document

      ‘Yes/No’ in the appropriate boxes.

5.   Inspect the cannula site on every shift and record the score using the VIP scale.
6.   Inspect the cannula site whenever drugs are infused and when intravenous therapy is changed.

7.   New infusion lines must be labelled with date and time of commencement

8.   If the cannula was inserted during emergency conditions and asepsis cannot be guaranteed it
      should be removed after a new one is inserted.

9.   Secure cannula with appropriate dressing and replace if it is soiled or loose. Document Yes/No in

      appropriate boxes

10. If cannula remaining in situ longer than 72 hours record risk assessment/rationale for this on VIP
      sheet and in patient’s notes 

1

0

2

3

4

5

        Fig. 8.1     Example of peripheral intravenous cannulation care plan.  Used with 
permission of Royal Berkshire NHS Foundation Trust.   
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Insertion site:

Needle size & type:

Batch number:

Inserted by (PRINT):

Signature:

Designation

Date & time of insertion:

Reason for IV access:

No. of attempts:

Date & time of removal:

Reason for removal:

Removed by (PRINT):
Signature:

Designation:

Day 1 Date: Early Late Night

Early Late Night

Early Late Night

Day 2 Date: 

Time:

VIP Score

Dressing soiled, damp or loose
(Yes / No) 

Dressing soiled, damp or loose

(Yes / No) 
Dressing changed (Yes / No)    Dressing changed (Yes / No)    

Cannula can be removed
(Yes / No) 

Cannula can be removed
(Yes / No) 

Signed

Time:

VIP Score

Signed

Signed

Signed

Day 3 Date: This cannula has been in situ for 72 hours. Remove or

state reason why the cannula needs to

remain.…………………………………… …… 

…………………………………………………………… 

Time:

Time:

VIP Score

VIP Score

Signed

Time:

VIP Score

Dressing soiled, damp or loose
(Yes / No)
Dressing changed (Yes / No)

Cannula can be removed
(Yes / No) ……………………………………………………………. 

Signature …………………………………………… 

Designation……………………………………….….

Day 4 Date: Day 5 Date: Early Late Night

Early Late Night

Dressing soiled, damp or loose
(Yes / No) 

Dressing soiled, damp or loose
(Yes / No)

Dressing changed (Yes / No) Dressing changed (Yes / No)
Cannula can be removed
(Yes / No) 

Cannula can be removed
(Yes / No)

Fig. 8.1 Continued.

clearly documented. Any incidence of phlebitis including inter-
vention and treatment of the site should be documented in the 
nursing notes (RCN  2010 ).    

  Mechanical  p hlebitis 

 Mechanical phlebitis is associated with injury to the tunica 
intima from a cannula rubbing against the inside of the vein 
wall (Weinstein  2007 ). 
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  Preventative action    Rationale  

  Cannulae should not be 
left in situ if they are 
unnecessary and should 
not be sited for  ‘ just in case 
purposes ’  unless clinical 
protocols dictate otherwise.  

  To prevent phlebitis occurring 
in the fi rst instance.  

  Infl uencing  f actors 
 This is a problem commonly associated with inappropriate 
device selection and placement. Examples include placement of 
a large cannula into a small vein, or placement of cannulae near 
to joints or areas of fl exion, causing the cannula to move in a 
piston - like manner, both practices resulting in damage to the 
tunica intima (Perucca  2010 ). Damage (pain, swelling, redness) 
can be observed at the cannula insertion site and/or along the 
side of the cannula stem.   

  Chemical  p hlebitis 

 Chemical phlebitis is associated with injury to the tunica intima 
by solutions infused into the venous system which cause infl am-
mation (Weinstein  2007 ). 

  Infl uencing  f actors 
 Intravenous medications must maintain an optimum pH in 
order to work therapeutically; many drugs, however, deviate 
from the blood ’ s normal pH level of 7.35 – 7.45 (slightly alkaline). 
Deviation from the blood ’ s normal pH infl uences the develop-
ment of chemical phlebitis. Normal pH of solutions is 7 (neutral). 
Solutions/medications that possess a high pH or osmolarity 
may predispose veins to irritation. The greater the acidity of a 
solution, the greater the potential for chemical phlebitis to 
develop (Perucca  2010 ). Damage to the vein (redness, swelling, 
pain) can be observed beginning directly at the tip of the 
cannula, extending up and along the length of the vein.   

  Prevention of  m echanical and  c hemical  p hlebitis 
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  Forward plan. Assess 
potential risk factors for 
medication to irritate the 
vein wall due to the pH or 
osmolarity (chemical 
phlebitis).  

  To assess if the patient would 
benefi t from insertion of a 
CVAD, especially if drugs are 
to be infused over an 
extended period of time.  

  Contact pharmacy for 
advice.  

  To identify if it is possible to 
dilute the drug further, or 
decrease the rate of infusion 
to reduce venous irritation 
(Weinstein  2007 ) (chemical 
phlebitis).  

  Avoid cannulating areas of 
fl exion or near bony 
prominences, e.g. 
antecubital fossa and inner 
wrist areas (Macklin  2003 ).  

  Cannulae sited near bony 
prominences may cause the 
patient discomfort and are 
associated with greater 
instances of mechanical 
phlebitis (Macklin  2003 ; 
Dougherty  2008a ).  

  Avoid siting cannula in 
small superfi cial veins, e.g. 
the back of hands when 
infusing drugs with high 
pH or osmolarity (Finlay 
 2004 ).  

  Blood fl ow occurs more 
slowly in small peripheral 
veins, increasing the 
propensity for chemical 
phlebitis to develop 
(Weinstein  2007 ).  

  Avoid veins which are 
already bruised, painful, 
red, or feel cord - like when 
palpated.  

  These are unsuitable sites for 
cannulation as the veins are 
damaged and need time to 
heal.  

  Wherever possible avoid 
using the dominant limb.  

  The patient will use their 
dominant limb for the 
majority of activities; this 
increases the potential for 
mechanical phlebitis to occur 
if the cannula is sited in areas 
of fl exion.  

Preventative action Rationale
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  Use the smallest gauge 
cannula capable of infusing 
the prescribed drug.  

  Smaller gauge cannulae are 
less likely to have contact 
between the cannula and the 
inside of the vein wall, 
reducing the potential for 
irritation of the inner vein 
wall (mechanical phlebitis) 
(Weinstein  2007 ). 
 Smaller gauge cannulae 
encourage rapid dilution of 
drugs into the venous system 
(chemical phlebitis).  

  Wherever possible, avoid 
adding drugs via cannula 
injection ports or three -
 way taps.  

  Manipulation of cannulae 
during bolus infusions 
increases the potential for the 
device to rub against the vein 
wall, predisposing it to 
mechanical phlebitis. 
 Three - way taps are associated 
with increased infection and 
phlebitis rates (Finlay  2004 ).  

  Consider the use of Luer 
lock design, needle - free 
add - on devices which 
allow the infusion of 
multiple drugs without 
manipulation of the 
cannula (in line with local 
policy).  

  Add - lines allow bolus 
infusions to be administered 
without excessive 
manipulation of the cannula.  

  After siting the cannula, 
secure it in place using an 
appropriate securement 
device and transparent 
vapour - permeable 
dressing.  

  To stabilise the cannula and 
allow easy inspection of the 
cannula site, encouraging 
early identifi cation of 
mechanical/chemical 
phlebitis (Finlay  2004 ).  

  Rotate the cannula site 
every 72 – 96 hours or 
sooner, in line with local 
policy.  

  The longer the cannula is in 
situ the greater the potential 
for phlebitis to develop.  

Preventative action Rationale
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  Management of  m echanical and  c hemical  p hlebitis 

       Action    Rationale  

  VIP score of 2 or more, 
remove the cannula in line 
with local policy.  

  To encourage healing of the 
cannula site and prevent 
further damage to the vein.  

  A warm, moist compress may 
be applied to the affected site 
(Macklin  2003 ).  

  To reduce discomfort for the 
patient and improve blood 
fl ow to the affected area, 
thereby encouraging healing 
of the site (Macklin  2003 ).  

  Explain to the patient what 
has occurred and document 
the incident including 
removal of the cannula.  

  To document the incident 
(RCN  2010 ).  

  If the site is painful offer the 
patient simple analgesics.  

  To improve patient comfort.  

  If the infusion must continue 
where possible insert the new 
cannula into the opposite limb.  

  To rest the affected limb and 
encourage healing of the site.  

  Use a standardised 
phlebitis scoring system to 
monitor and document the 
health of the cannula site 
(Jackson  1998 ).  

  To prevent phlebitis 
occurring, remove the 
cannula when a VIP score of 
2 is registered in line with 
local policy.  

  Consider the use of 
glyceryl trinitrate patches 
to promote venous dilation 
of small veins.  

  To expedite dilution of 
intravenous solutions into the 
bloodstream, reducing the 
potential for phlebitis to 
develop.  

  Securement of  c annula 
 Once sited it is important to secure the cannula in place to 
reduce movement which may cause migration of the catheter 
tip into surrounding tissue. This is especially important if indi-
viduals are confused or very young. The method of securement 

Preventative action Rationale
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should not limit visual inspection of the insertion site, or inter-
fere with the infusion fl ow rate (RCN  2010 ). Common cannula 
dressings include both gauze and tape, and transparent semi -
 permeable polyurethane dressings. Both are non - occlusive, 
therefore preventing moisture collecting around the cannula 
insertion site. No statistical differences have been observed 
during comparisons between transparent dressings and sterile 
gauze (RCN  2010 ) but benefi ts and disadvantages of both types 
exist. Irrespective of which cannula dressing is used, they 
should be routinely changed each time the dressing becomes 
soiled or unsecured (RCN  2010 ).  

  Securement of  a dministration  s et 
 To prevent the cannula from becoming dislodged or migrating 
from the insertion point, thereby increasing the potential for 
mechanical/chemical phlebitis, extravasation or infi ltration 
to occur, it may be necessary to secure the administration set 
to the patient ’ s skin. This can be achieved by creating a loop 
in the administration set tubing (being careful not to cause 
kinking of the set), then applying hypoallergenic tape fi rstly to 
the loop of the giving set and then to the patient ’ s skin. It is 
important to avoid sticking the tape to the cannula dressing as 
this may reduce the moisture permeability rate of the dressing 
and inhibit observation of the insertion site. A careful assess-
ment of the patient ’ s skin integrity must be undertaken prior 
to use of tape, to ensure it will not precipitate skin tears.    

  INFILTRATION AND EXTRAVASATION 
 The words the  ‘ drip has tissued ’  may be heard in reference to 
the leakage of therapeutic drugs into subcutaneous tissue as a 
result of a malfunctioning cannula. In reality what the health-
care professional is describing by this term is infi ltration or 
extravasation; the outcome for the patient will be infl uenced by 
the incident that has occurred, and the actions taken to resolve 
the problem. Oncology/haematology patients are one at - risk 
group who often experience diffi culties with venous access due 
to multiple punctures over long periods of time. Depleted 
venous access results in vascular devices being inserted into 
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feet, the antecubital fossa or the back of hands, all sites at risk 
of infi ltration/extravasation injury. 

  Specifi c  p redisposing  f actors of  i nfi ltration 

and  e xtravasation 

     •      Patients with poor venous access/fragile veins causing dif-
fi culties tolerating the volume, pressure or irritant nature of 
drugs (Dougherty  2008b ).  

   •      Poor positioning of cannula, e.g. near joints, back of hands 
(Finlay  2004 ).  

   •      Peripheral neuropathy, decreased local blood fl ow, superior 
vena cava syndrome (Ener  et al.   2004 ).  

   •      Multiple punctures to the same vein or high infusion pressure 
(Schummer  et al.   2005 ).  

   •      Poor monitoring of the infusion (Dougherty  2008b )     

  Infi ltration 

 Infi ltration is the unintentional administration of non - vesicant 
drugs or solutions (drugs which do not irritate skin or veins) into 
the tissue surrounding a cannula, and is one of the most common 
complications of intravenous therapy (Weinstein  2007 ). 

   •      Complete infi ltration may occur as a result of a cannula being 
pulled out of a vein, or being forced through the vein wall on 
insertion (Lamb  &  Dougherty  2008 ).  

   •      Partial infi ltration may occur as a result of only the tip of the 
cannula being sited in a vein, or as a result of the vessel wall 
not sealing around a cannula tip, with the result that fl uid 
slowly leaks into subcutaneous tissue (Lamb  &  Dougherty 
 2008 ).    

 Gravity then encourages the infusion solution to continue 
draining into the venous system. As a result, rather than fl uid 
being transported via the venous system to the heart and body, 
fl uid collects in the tissue immediately surrounding the dis-
placed catheter tip. This fl ow will continue until interstitial 
pressure becomes greater than the gravity pressure of the infu-
sate (Perucca  2010 ). Examples of non - vesicant solutions which 
may infi ltrate include 0.9% sodium chlorate, and blood or blood 
products. 
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 Patients experiencing infi ltration may describe a cold sensa-
tion around the site of the displaced catheter tip, and the dress-
ing holding the cannula in situ may become wet due to leakage 
of fl uid from the puncture site. If a large amount of fl uid 
becomes trapped in the subcutaneous tissue, the site may 
appear swollen, the skin shiny and stretched causing patient 
discomfort (Perucca  2010 ). Consequently infi ltration may result 
in a reduction in the number of veins available for intravenous 
therapy due to oedema, and a risk of nerve damage or cellulitis 
to develop (Dougherty  2008b ).  

  Extravasation 

 Extravasation is described as the inadvertent administration of 
vesicant drugs or solutions into the surrounding tissue instead 
of the intended vascular pathway (RCN  2010 ). Vesicant solu-
tions when deposited into subcutaneous tissue have the poten-
tial to cause blistering and tissue damage which may lead to 
necrosis and damage to underlying tendons, nerves and blood 
vessels (Ener  et al.   2004 ). Despite this, extravasation is generally 
underdiagnosed, underrated and underreported (Stanley  2002 ). 
The degree of damage caused by extravasation is infl uenced by 
the amount of the drug extravasated and the speed at which it 
is recognised. Signs of extravasation may not become apparent 
for several weeks, long after the patient may have been dis-
charged from hospital. As a result, severe ulceration may 
develop unnoticed, leading to tissue sloughing and the neces-
sity for skin grafting. Although uncommon, cases have been 
reported of patients undergoing limb amputation as a result of 
extravasation injury (Hadaway  2007 ). Examples of vesicant 
drugs include dopamine hydrochloride, norepinephrine, potas-
sium chloride, amphotericin B, calcium, and sodium bicarbo-
nate in high concentrations (Perucca  2010 ). 

  Pathophysiology 
 When extravasation occurs the patient may complain of burning 
or pain at the cannula site. It should be noted that extravasation 
can also occur without pain. Fluid leaks into surrounding 
tissues causing tissue compression as a result of the restricted 
blood fl ow; this reduces oxygen levels at the affected site, which 
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in turn lowers the cellular pH. Capillary wall integrity is lost 
and oedema becomes evident, leading to tissue necrosis (Gabriel 
 2008 ). This process is infl uenced by the chemistry of the drug 
which has extravasated, and whether the drug binds to DNA. 
It is essential that clinical areas which administer such drugs 
have treatment protocols/policies in place so that staff are 
skilled to manage these incidents competently when they occur 
(Dougherty  2008b ).   

  Prevention of  i nfi ltration 

      
  Preventative action    Rationale  

  Be aware of the vesicant 
potential of all infusions 
and medications.  

  To understand the risks 
associated with the drug.  

  Each cannula inserted 
should be placed above the 
old cannula site, preferably 
at least 3 inches (7.5   cm) 
above (Macklin  2003 ).  

  A new cannula sited below 
the site of a previous cannula 
increases the risk for 
development of infi ltration.  

  Avoid siting cannulae near 
joints or bony 
prominences.  

  To prevent the cannula tip 
piercing the vein wall.  

  Use the smallest gauge 
cannula suffi cient to infuse 
the intravenous therapy.  

  To encourage rapid dilution 
of the infusate.  

  Secure the cannula 
dressing and 
administration set 
securely.  

  To reduce movement of the 
vascular device.  

  Monitor infusions for 
signs of erratic fl ow. Check 
for resistance against the 
plunger when 
administering bolus drugs.  

  To detect possible signs of 
infi ltration.  
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  Action    Rationale  

  On recognition of infi ltration 
discontinue the infusion 
immediately.  

  To prevent further fl uid being 
infused into the patient ’ s 
subcutaneous tissue.  

  If in doubt that infi ltration 
has occurred measure the girth 
of the affected limb then 
compare against the opposite 
limb. A simple visual 
assessment may be enough.  

  To assess if the limb is swollen.  

  Remove the cannula and care 
for the site. If the solution is 
isotonic and has a normal pH, 
consider applying a warm 
compress to the affected area in 
line with local policy.  

  To reduce patient discomfort; 
encourage healing of the site 
and aid reabsorption of fl uid by 
increasing venous circulation to 
the injured site (Perucca  2010 ).  

  If the patient ’ s hand/arm 
becomes swollen as a result 
of infi ltration and they are 
wearing a ring/watch, 
remove them.  

  To ensure that the swelling does 
not cause the ring/watch to 
become too tight, resulting in a 
diminished blood supply to the 
fi ngers.  

  Explain what has occurred 
to the patient, inform 
medical staff.  

  To provide reassurance and 
make physicians aware of the 
incident.  

  Do not force medications 
through a vascular device.  

  Forcing infusions into a 
vascular device may 
precipitate infi ltration  

  Winged infusion devices 
can be used to infuse 
non - vesicant drugs but are 
associated with greater 
instances of infi ltration 
(RCN  2010 ).  

  To encourage careful 
consideration of vascular 
devices available for infusing 
drugs.  

  Monitor the site regularly.    To identify infi ltration 
promptly.  

  Management of  i nfi ltration 

      

Preventative action Rationale
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  Document the incident in the 
medical and nursing notes; 
include assessment of 
infi ltration using an infi ltration 
scale graded against the most 
severe presenting factor (INS 
 2006 ; RCN  2010 ). Where 
possible include photographic 
evidence.  

  To document the incident and 
assess the severity of the 
infi ltration.  

  Infi ltration statistics should be 
documented to include 
frequency, severity and type of 
infusate. Calculated as follows: 
 (Number of infi ltration 
incidents/Total number of 
peripheral IV devices)    ×    100    =    % 
of peripheral infi ltrations 
(Dougherty  2008a ).  

  To establish how frequently this 
incident occurs.  

  Prevention of  e xtravasation 

        Preventative action    Rationale  

  Ensure the healthcare 
facility has robust 
extravasation treatment 
policies/protocols and 
equipment available and 
staff are confi dent using 
them (RCN  2010 ).  

  To ensure that if an 
extravasation incident occurs 
the patient can be treated 
quickly using established 
policy.  

  Be aware of the vesicant 
potential of infusions and 
medications.  

  To identify potential risk 
factors.  

  Consider whether a CVAD 
should be inserted to 
infuse the medication.  

  To reduce the potential of 
extravasation occurring.  

Action Rationale
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  Each cannula inserted 
should be placed above the 
old cannula site, preferably 
at least 3 inches (7.5   cm) 
above (Macklin  2003 ).  

  A new cannula sited below 
the site of a previous cannula 
increases the risk for 
development of 
extravasation.  

  If the patient has received 
multiple punctures identify 
their location, and establish 
how long ago the sites 
were used (Perucca  2010 ).  

  To avoid extravasation at 
sites distal to the cannula. 
Puncture sites not healed 
suffi ciently have the potential 
to allow irritants to leak out 
of the puncture site into 
surrounding tissue.  

  Avoid cannulating beneath 
a recently punctured vein, 
e.g. after venepuncture.  

  To prevent irritant drugs 
leaking out of the puncture 
site.  

  Avoid siting cannulae near 
joints or bony 
prominences.  

  To prevent the cannula tip 
piercing the vein wall.  

  Avoid siting cannulae close 
to tendons, nerves or 
arteries; establish that the 
cannula is working 
correctly prior to use.  

  To reduce the potential for 
extravasation to occur, 
resulting in damage to 
essential vascular structures.  

  Wherever possible avoid 
using veins on the dorsum 
of the hand, in line with 
local policy.  

  Lack of subcutaneous tissue 
in the hand and close 
proximity to joints and 
tendons predisposes the 
patient to extravasation 
(Schummer  et al.   2005 ).  

  Avoid siting cannula to 
infuse vesicant drugs, e.g. 
chemotherapy at the 
antecubital fossa.  

  Signs of extravasation may 
be more diffi cult to discern 
at this site, potentially 
resulting in damage to 
tendons, nerves and arteries 
(RCN  2010 ). To avoid 
damaging potential 
venepuncture sites.  

Preventative action Rationale
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  If possible use cannulae 
sited on the forearm to 
infuse vesicants.  

  Cannulae sited in the 
forearm experience less 
movement and can be 
securely held in place.  

  Infuse vesicant drugs fi rst 
in a sequence of drugs. 

 Ideally use a newly 
inserted cannula to infuse 
vesicant drugs.  

  To reduce the potential for 
extravasation to occur 
(Schummer  et al.   2005 ). 

 Vascular integrity 
deteriorates over time 
(Dougherty  2008b ).  

  Use the smallest gauge 
cannula suffi cient to infuse 
the intravenous therapy.  

  To encourage rapid dilution 
of the infusate.  

  Observe infusions for signs 
of erratic fl ow. Check for 
signs of resistance against 
the plunger when 
administering bolus drug.  

  To detect possible signs of 
extravasation.  

  Secure the cannula 
dressing and 
administration set securely.  

  To reduce movement of the 
vascular device.  

  Monitor the site regularly.    To identify extravasation 
promptly.  

  If a failed attempt is made 
to cannulate consider the 
possibility of using the 
opposite limb to site the 
cannula, in line with local 
policy.  

  To reduce the potential for 
extravasation to occur at old 
puncture sites (Gabriel  2008 ).  

  Do not use winged steel 
needles to infuse vesicant 
drugs.  

  Steel needles are associated 
with increased instances of 
extravasation.  

Preventative action Rationale
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  Management of  e xtravasation 

       
  Action    Rationale  

  Discontinue the infusion 
immediately.  

  To prevent further 
fl uid being infused 
into the patient ’ s 
subcutaneous tissue.  

  Implement the local organisation ’ s 
extravasation policy/protocol.  

  To treat the site.  

  If appropriate leave the cannula in 
situ until blood and fl uid has been 
aspirated and an antidote 
particular to the vesicant is 
instilled into the tissue in line 
with local policy (Perucca  2010 ).  

  To withdraw the 
extravasated drug 
from the infusion site 
and infuse an antidote.  

  Following removal of the cannula 
consider application of a cold 
compress to the site for alkylating 
and antibiotic vesicants; for vinca 
alkaloids consider application of a 
warm compress in line with local 
policy (Perucca  2010 ).  

  To treat the site.  

  Established policies/procedures 
must dictate the use of cold/
warm compresses in line with 
local policy (Gabriel  2008 ).  

  Cold compresses 
cause vasoconstriction, 
localising the dispersal 
of the extravasated 
drug. 
 Warm compresses 
cause vasodilation; 
benefi cial for non -
 DNA binding drugs 
and applied after an 
antidote has been 
given. Increasing 
dispersal and 
absorption of the 
antidote into 
subcutaneous tissue 
(Gabriel  2008 ).  
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  Explain what has occurred to the 
patient, inform medical staff.  

  To provide 
reassurance and make 
physicians aware of 
the incident.  

  Document in the medical and 
nursing notes the type of vesicant 
extravasated, amount infused, site 
of extravasation and the length of 
time the infusion had been 
running. Obtain photographic 
evidence if able. Adhere to local 
incident reporting policy.  

  To monitor the site.  

  Extravasation statistics (to include 
frequency, severity and type of 
infusate) should be collated by the 
healthcare facility using the green 
card system.  

  To document the 
incident. 
 To establish incidences 
of extravasation 
locally and nationally. 
Incidences should be 
sent to:  www.
extravasation.org.uk .  

  INFECTION 
 Infection is more commonly associated with cannulation than 
venepuncture, although the potential does exist. As most can-
nulae are rotated every 72 – 96 hours if phlebitis develops it is 
usually of a mechanical/chemical rather than infective nature. 
Infection may be localised or systemic; localised infection is 
more commonly associated with cannulae. The pathogenesis of 
cannula - related infections is complex and carries the risk of 
systemic infection; if the patient is immunocompromised this 
may result in serious illness. Infection may result due to a 
number of predisposing factors. 

  Specifi c  p redisposing  f actors for  i nfection 

     •      Inadequate hand hygiene (WHO  2009 ).  
   •      Re - palpation of a proposed puncture site immediately prior 

to introducing a device (Ernst  2001 ).  

Action Rationale
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   •      Intrinsic and/or extrinsic contamination of therapeutic drugs, 
fl uids or equipment used to treat patients (Finlay  2004 ).  

   •      Use of contaminated tape to seal a puncture site (Weinstein 
 2007 ).  

   •      Contamination of injection ports, hubs and bungs by micro-
organisms (Wilson  2008 ).  

   •      Immunosuppression, loss of skin integrity, placement of mul-
tiple intravenous devices, age, genetics (Hart  2008 ).  

   •      Skin organisms existing at the cannula insertion site migrat-
ing along the cannula track, or the cannula lumen, eventually 
colonising the cannula tip (Wilson  2008 ).  

   •      Infection due to endogenous or exogenous pathogens 
(Hindley  2004 ).     

  Prevention of  i nfection 

      
  Preventative action    Rationale  

  Always wash hands prior 
to performing 
venepuncture or 
cannulation or before 
manipulating infusion 
equipment.  

  Hand washing is a major 
infection prevention strategy 
(WHO  2009 ).  

  Screen patient ’ s skin for 
skin commensals known to 
colonise intravenous 
devices, e.g.  Staphylococcus 
aureus .  

  To identify which patients 
may require skin 
decolonisation.  

  Evaluate venepuncture/
cannulation equipment in 
association with 
procurement.  

  Cannulae with irregular 
surfaces readily become 
colonised by bacteria such as 
 Staphylococcus epidermidis . 
Cannulae with smooth 
surfaces, e.g. Tefl on or 
polyurethane, are more 
resistant to microbial 
colonisation (Sheth 
 et al.   1983 ).  
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  Observe strict asepsis 
during the insertion 
procedure.  

  To prevent transfer of 
micro - organisms from the 
hands of practitioners onto 
the patient (RCN,  2010 ).  

  Insert intravenous cannulae 
using a sterile pack and 
aseptic technique.  

  To prevent microorganisms 
being inserted into the vein.  

  Use a fresh venepuncture 
needle/cannula for each 
attempt.  

  The venepuncture needle/
cannula will not be sterile or 
as sharp once it has 
punctured the skin.  

  Use appropriate skin 
decontaminants prior to 
accessing veins, i.e. 2% 
chlorhexidine, 70% alcohol 
(Pratt  et al.   2007 ).  

  To decontaminate the skin 
prior to insertion of vascular 
devices.  

  Decontaminate the site for 
30 seconds and allow 30 
seconds for the agent to dry.  

  To decontaminate the skin.  

  Limit the number of 
attempts to insert a 
vascular device.  

  Skin puncture sites provide a 
route of entry for 
microorganisms (Hindley 
 2004 ).  

  Clip hairy limbs rather than 
shaving them prior to 
cannula insertion (RCN 
 2010 ).  

  To reduce the potential of 
causing micro - abrasions via 
which microorganisms can 
enter the bloodstream.  

  Avoid cannulating the 
lower extremities, i.e. 
femoral veins, unless 
unavoidable.  

  The lower extremities are 
associated with greater 
instances of infection (Parker 
 2002 ).  

  Assess the site using a 
visual scoring system such 
as the VIP score. Remove 
the cannula if VIP score  > 2 
(cannulation) (Jackson 
 1998 ).  

  To prevent an infection 
occurring. Removal of the 
cannula will reduce the 
potential for a systemic 
infection to develop.  

Preventative action Rationale
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  Flush cannula sites 
regularly in line with local 
policy.  

  To prevent microorganims 
adhering to the cannula 
lumen.  

  Replace administration sets 
regularly in line with local 
policy (RCN  2010 ).  

  Bacteria introduced via 
contaminated infusates/
equipment multiply over 
time. Changing 
administration sets on a 
regular basis reduces the 
potential for contamination.  

  Ensure cannula dressings 
are applied correctly and 
removed when soiled.  

  To prevent moisture 
collecting under the dressing, 
allowing microorganisms to 
multiply.  

  Rotate cannula sites in line 
with local policy. Cannulae 
should be removed and the 
site rotated every 72 – 96 
hours or sooner if problems 
are suspected (DH  2007 ).  

  The longer a cannula is in 
situ, the greater the potential 
for infection to develop.  

  All cannulae should be 
removed immediately on 
cessation of intravenous 
therapy.  

  Because they are no longer 
required to deliver 
intravenous therapy.  

  Peripheral cannulae 
inserted in an emergency 
should be replaced within 
24 hours (RCN  2010 ).  

  Principles of asepsis may be 
compromised, potentially 
exposing the patient to 
infection.  

  Management of  i nfection 

       
  Action    Rationale  

  The patient may complain of 
pain at the venepuncture/
cannula site. Investigate the 
area for signs of erythema, pain 
or swelling.  

  To identify an 
infl ammatory response 
at the site.  

Preventative action Rationale
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  CONCLUSION 
 There are a number of factors to consider when attempting 
venepuncture and cannulation: correct technique, use of correct 
equipment, knowledge of anatomy and physiology and antici-
pation of potential complications. This chapter has identifi ed 
the most common complications associated with venepuncture 
and cannulation with their predisposing factors and manage-
ment. Understanding and employing these techniques will 
enable future practitioners to manage each complication com-
petently and professionally as it arises in order to ensure the 
safety of their patients.  
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  LEARNING  O UTCOMES 
 The practitioner will be able to: 
   ❏      List the main blood tests and why they are indicated in par-

ticular patient groups.  
   ❏      Identify patient factors to consider when taking blood.  
   ❏      Understand the interpretation of the results within the clini-

cal context.  
   ❏      Identify technical problems to consider during the process of 

taking blood, e.g. haemolysis.     

  INTRODUCTION 
 Blood is the most studied tissue in the human body (Marieb  &  
Hoehn  2007 ). In 2007/8 the NHS reported that  £ 53.2 million was 
spent on testing over 9.1 million blood specimens (ISD  2008 ). 
Blood results provide valuable information on the biochemical 
and haematological functions of the body. When interpreted in 
the context of each clinical presentation they can reveal the pres-
ence of infections, genetic conditions and serious life - threatening 
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diseases such as cancer. This chapter introduces the practitioner 
to the most common types of blood tests with examples of clini-
cal application. Additionally, the tables provide a reference tool 
to aid practitioners in linking physiology to practical applica-
tion and disease management.  

  WHAT  I S THE  P URPOSE OF  T ESTING THE  B LOOD? 
 Blood testing is a fundamental part of the diagnostic process, 
providing essential information on which many clinical deci-
sions and treatments are made. Blood tests confi rm diagnosis 
and are also useful in eliminating other conditions which may 
have similar signs and symptoms. 

 The purpose of performing blood tests may fall into one of 
several catergories. 

  Blood  g rouping 

 A patient ’ s blood group and antibody status must be checked 
prior to receiving a blood transfusion, blood products or before 
donating blood; and in addition human lymphocyte antigen 
(HLA) and tissue typing must be performed if undergoing 
organ donation or transplantation. Routine procedures and 
preoperative preparation should also include blood grouping 
and antibody status. Any patient undergoing surgery must 
have their blood group identifi ed in case of major haemorrhage 
during or post procedure.  

  Testing for  t oxicity and  i llegal  s ubstances 

 Testing is done to ascertain if illegal drugs have been ingested 
or injected, as in a suicide attempt or accidental overdose to 
identify the nature and determine the amount of the drug taken. 
This is essential to establish the extent of the poisoning and may 
guide prognosis. 

 Some drugs, if allowed to accumulate to toxic levels or if they 
exceed their therapeutic range, can cause a variety of symptoms 
as well as resulting in renal impairment. They are commonly 
termed nephrotoxic, i.e. they have the ability to damage the 
nephrons, the functioning unit of the kidney leading to renal 
impairment or complete renal failure.  
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  Therapeutic  r ange 

 There are a number of drugs that have to be titrated to maintain 
certain levels to ensure that the drug is effective; this is the 
therapeutic drug range. Phenytoin, an anticonvulsant, is a good 
example: insuffi cient dosing can lead to fi tting and loss of 
seizure control. Phenytoin has a narrow margin between thera-
peutic and toxic levels so monitoring of blood levels is crucial 
to avoid toxicity, which can manifest as nystagmus, ataxia, dys-
arthria, nausea, vomiting. If left untreated the patient may 
become unconscious and hypotensive, resulting in respiratory 
and circulatory arrest (Miller  &  Graham  2006 ). 

 The therapeutic range is assessed in relation to the following 
considerations: 

   •      Physiological tolerance: Blood tests inform the clinician how 
well organs are functioning; the liver in particular is res pon-
sible for the breakdown and detoxifi cation of many drugs. 
Likewise, the kidneys excrete the drug and its by - product. In 
liver and renal disease, toxins, the by - products of cellular 
metabolism and drugs, may accumulate and poison the body.  

   •      Acceptable side effects: Some drugs can cause side effects 
which need to be monitored as well as monitoring the effects 
of the drug itself on the condition, e.g. an anticoagulant such 
as warfarin.     

  Infection and  i mmunity 

 The microbiology laboratory undertakes serological, culture, 
sensitivity testing and direct microscopy to identify bacteria, 
fungi, parasites and ova (Bannister  et al.   1996 ). Blood analysis 
of the white blood cells and immunoglobulins can help in 
understanding how effi ciently the patient ’ s defences or immune 
system are functioning and also determines the response to 
antibiotics or antivirals as well as monitoring the infl ammatory 
response. 

 Blood is also tested to assess for a response to vaccinations, 
which provide an  ‘ immunological memory ’  (DH  2006 ). This 
memory enables the immune system to recognise and respond 
rapidly on exposure to the antigen and at a later date modifying 
or preventing the disease. Antibodies can be detected in serum 
or plasma.   



 9 Venepuncture and Cannulation

226

  FACTORS THAT  I NFLUENCE  B LOOD  R ESULTS 
 There are certain factors and variables that must be considered 
when interpreting blood results: fi rstly the environmental con-
ditions of testing and secondly the patient or population demo-
graphics and medication profi le. 

  Environmental  c onditions of  t esting 

 Table  9.1  summarises environmental factors that might affect 
the interpretation of blood results.    

  Patient  d emographics 

     •      Biological variations within populations and between popu-
lations can infl uence the interpretation of blood results, e.g. 
race and gender.  

   •      Endogenous substances can interfere with the laboratory 
result such as lipaemia, bilirubinaemia and paraproteinaemia 
(Knoll  &  Elin  1994 ).  

   •      Increasing age should not affect blood levels despite func-
tional and hormonal changes (Woodrow  2003a ).  

   •      Circadian rhythms, age, diet, caffeine consumption can also 
affect blood results (McCall  &  Tankersley  2008 ).  

   •      Medications such as warfarin affect blood clotting (Reid  et al.  
 2006 ). Potassium levels are affected by insulin (Reid  et al.  
 2006 ). Inadvertent excessive potassium placement for patients 
on insulin therapy may have detrimental effects (see  ‘ Bioche-
mis try blood results ’  section). Some drugs have a synergis-
tic interaction with each other which can affect blood tests.      

  METHODS  U SED TO  O BTAIN  S AMPLES OF  B LOOD 
 There are several methods of obtaining a blood sample (see 
below), each of which is associated with technical factors that 
can affect the quality and accuracy of the blood results. 

 Blood can be obtained: 

   •      by venepuncture when the vein is punctured solely for the 
purpose of withdrawing blood for testing  

   •      from an existing intravenous device such as an arterial or 
central venous access device  

   •      by capillary sampling  
   •      from a peripheral cannula at the time of insertion.    
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  Table 9.1    Environmental conditions 

   Factors that might affect the 
quality of the test and results  

   Rationale  

  Types of collecting tubes and 
suffi cient additive present  

  Common additives include heparin, EDTA 
and citrate, which may affect ion - specifi c 
electrodes. The stoppers of some 
vacuumed specimen tubes are silicone 
coated and can affect the magnesium ion 
electrode (Knoll  &  Elin  1994 )  

  The transport, storage and 
processing of samples. Vigorous 
mixing and/or exposure to 
extremes of temperature  

  Can cause cell lysis, affecting blood 
coagulation results (Lippi  et al.   2006 )  

  Prolonged tourniquet time    Tourniquet pressure and duration applied 
over 4 – 5 minutes can affect fi brinogen 
results by increasing the variability of the 
result (Rosenson  et al.   1998 )  

  Small or fragile veins requiring 
small gauge needles  

  Can destroy the red blood cell, causing 
haemolysis and providing erroneous 
results (Lippi  et al.   2006 )  

  Intravenous fl uids such as 0.9% 
sodium chloride are known to be 
procoagulants 
 Colloids such as Gelofusine and 
albumin also have signifi cant 
anticoagulation properties  

  This affects fi brin formation, increasing 
coagulopathy (Coats  et al.   2006 )  

  Sample source: arterial, venous 
or capillary  

  There are slight variations in blood values 
obtained from different sources of 
vascular blood; it is important to note the 
source of the blood when documenting 
and interpreting results. Failure to do this 
could lead to misinterpretation, 
inappropriate treatments or lack of 
interventions  

  General  p oints  w hen  o btaining a  b lood  s ample 

    1.     As with all blood tests do not take blood from above the same 
vein that contains a cannula with an infusion in progress as 
this will contaminate blood results, especially when testing 
for electrolyte concentrations (see also Chapter  5 ).  



 9 Venepuncture and Cannulation

228

  2.     The needle should not be too large because when blood is 
withdrawn too rapidly the red blood cells (RBCs) can rupture. 
K  +   and other ions can then leak out, giving a  ‘ haemolysed ’  
result or pseudohyperkalaemia (Perez  1995 ). Similarly, a 
large needle in a small vein will damage the vein needlessly 
(McCall  &  Tankersley  2008 ).  

  3.     Using a needle with a gauge that is too small may cause 
haemolysis. Sizes range from 20 -  to 23 - gauge and 21 - gauge 
is considered standard for most situations (McCall  &  
Tankersley  2008 ). (See also Chapter  5 .)  

  4.     Tissue damage can also cause K  +   to be released from damaged 
cells, e.g. prolonged application of a tourniquet (Lippi  et al.  
 2006 ).  

  5.     All tests should be repeated if the results appear spurious.      

  CLASSIFICATION AND  M EASUREMENT OF  B LOOD 
 R ESULTS 
 The different blood test tubes are separated once they reach the 
laboratory according to the blood test required into either hae-
matology, biochemistry or microbiology departments (see 
Chapter  5 ). 

 For each blood test there are different units of measurement, 
and these should be checked against local references (normally 
noted next to the result) to detect for any variations from 
normal. 

 In the UK, blood tests are measured in Standard Units (SI) 
from the Syst è me Internationale (SI) 1960 General Conference on 
Weights and Measures. This measures the number of moles per 
unit volume. The reference range for blood tests may vary from 
laboratory to laboratory and machine to machine. There are 
common normal values but the reference ranges provided by 
each institution are the ones to utilise in local clinical practice.  

  HAEMATOLOGY 
 Haematology is the study of blood and its components; this 
includes red and white blood cells, platelets and clotting factors. 
The heaviest and densest mass, comprising 45% of the total 
volume, is made up of red blood cells or erythrocytes giving 
blood its characteristic red colour (Marieb  &  Hoehn  2007 ). 
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 Plasma is a less dense, straw - coloured liquid which consti-
tutes about 55% of whole blood. Leucocytes or white blood cells 
and platelets (thrombocytes) comprise less than 1% of the total 
volume (see Chapter  1 ). The ability of blood to coagulate or 
produce a clot or thrombus is important in controlling haemor-
rhage. Clotting factors such as platelets and fi brin are utilised 
to form the clot and reduce blood loss. In some patients the 
blood has an over - tendency to clot, forming thrombi in the deep 
veins called deep vein thrombosis (DVT). The constituents of 
blood are prone to many diseases, such as anaemia, leukaemia 
and sickle cell disease, leading to derangements in the normal 
blood profi le (Blann  2007 ). 

 A haematology service provides two main functions: (a) 
blood analysis and (b) the preparation and provision of blood 
and blood products for transfusion. Additionally, haematolo-
gists offer guidance on blood and diseases such as leukaemia 
and the haemoglobinopathies.  

  ORDERING  H AEMATOLOGY  B LOOD  T ESTS 
 The collective term for ordering blood tests for a haematological 
assay is a full blood count (FBC). The FBC is comprised of the 
red and white cell counts, differentials and the platelets. Assays 
of red blood cells (erythrocytes) include haemoglobin (Hb) and 
red blood cell indices which provide information on the size of 
the red cell, its mass and the overall available blood pool. 

 Red cell indices (see Table  9.2 ) include the mean cell volume 
(MCV), the mean cell haemoglobin (MCH) and the mean cell 
haemoglobin concentration (MCHC).    

  HAEMATOLOGY  B LOOD  T ESTS 

  Haemoglobin 

 The main function of haemoglobin is to transport oxygen from 
the lungs to the tissues; the haemoglobin test provides informa-
tion on the oxygen - carrying capacity of the blood. Therefore the 
purpose of performing a haemoglobin (Hb) test is to test for 
anaemia and/or polycythaemia, an excess red cell mass. The 
FBC also provides information on the size of the RBC, which is 
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normally normocytic, and the colour  –  whether it is normochro-
mic (normal colour) or hypochromic (pale colour). 

 The size and shape of the RBC are important in identifying 
diseases such as sickle cell anaemia and thalassaemia (collec-
tively called the haemoglobinopathies). These are genetically 
inherited diseases found in specifi c patient populations. The red 
blood cells are signifi cantly altered in shape and size and hence 
oxygen - carrying capacity is reduced in hypoxaemic states such 
as during exercise and when oxygen delivery and consumption 
is impaired such as in severe infections (see Box  9.1  and Table 
 9.2 ).    

  White  b lood  c ount 

 The white blood count (WBC) or white cell count (WCC) blood 
test identifi es the presence of infection or infl ammation and 
provides an assessment of the body ’ s immune response (see Box 
 9.2 ).   

 White blood cells are composed of different cellular compo-
nents which are stimulated at different times and in different 
circumstances, their main function is to engulf and destroy 
microorganisms. 

 If the white blood cells or leucocytes have been stimulated 
this will cause a rise in the WCC and is a good indicator that 
the natural defences have been breached by invading microor-
ganisms (see Table  9.2 ). 

 White blood cells exist in fi ve different proportions; this is 
known as the white cell differential and comprises neutrophils, 
lymphocytes, monocytes, eosinophils and basophils (see Table 
 9.2 ). Neutrophils are the most abundant leucocytes, while 
basophils make up only 1% of the WCC (Blann  2007 ).  

  Box 9.1    Clinical  c ontext  –   h ypoxia and  RBC   p roduction 

    Erythropoietin is an essential component manufactured by the kidneys in 
response to low oxygen levels; its function is to infl uence red cell production 
by the bone marrow. In chronic renal failure the kidneys are unable to produce 
erythropoietin, which affects red cell production. In hypoxic states the oxygen -
 carrying capacity of the RBC is reduced. In the critically ill, erythropoietin 
production is reduced due to low secretion by the kidney, which is exacerbated 
in liver and renal failure (Marieb  2006 ).  
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  Blood  c lotting  r esults 

 A clotting profi le is undertaken to provide a haemostatic assess-
ment (Isbister  2003 ), it includes the prothrombin time (PT), the 
activated partial thromboplastin time (APTT), fi brinogen and 
D - dimer assays (see Table  9.3 ). The PT and APTT measure the 
time it takes for blood to clot or form a fi brin plug at the site of 
bleeding; the endpoint of the coagulation system.   

 The coagulation system is a complex series of activators, 
inhibitors, factors and proteins that make up the extrinsic and 
intrinsic pathways. Blood is mixed with different activators to 
test the functioning of the extrinsic and intrinsic pathways 
(Higgins  1997 ). The prothrombin time is an assessment of the 
extrinsic pathway and the partial thromboplastin time or APTT 
tests the integrity of the intrinsic pathway (Hambley  1995 ) (see 
Box  9.3 ).   

 The PT is expressed as a mathematical equation known as the 
international normalised ratio or (INR). This is a standardised 
thromboplastin agent adopted by the World Health Organisation 
to reduce variability, improve reporting and assist in the man-
agement of warfarin therapy (Rempher  &  Little  2004 ). 

  Box 9.2    Clinical  c ontext  –   c ounting  c ells 

  WBC  c ounts 
 Neutrophils and macrophages are often referred to as  ‘ cell eating ’  because 
they clump together around sites of infl ammation so that their cytoplasmic 
enzymes can digest the engulfed microorganisms (Marieb  &  Hoehn  2007 ). 
Sometimes in acutely ill patients the neutrophil reserves may become so 
depleted that a neutropenia may develop rendering the patient susceptible to 
other infections. It is a sign of serious illness. Chemotherapy can also induce 
a neutropenia.  

  Platelet  c ount 
 Platelets or thrombocytes are also part of the FBC test. Platelets play a vital 
role in controlling bleeding by producing a platelet or thrombus plug to achieve 
haemostasis. 

 Platelets are analysed within the context of bleeding; if severe and pro-
longed bleeding is experienced the platelet count will fall as platelets are 
consumed in an attempt to maintain haemostasis (see Table  9.2 ). A reduced 
platelet count may lead to purpura, bruising and severe haemorrhage.  
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  Box 9.3    Clinical  c ontext  –   a ctivation of the  c oagulation  s ystem 

    The coagulation system is triggered by a number of mechanisms, and includes 
the complement, infl ammation and immune systems. The exposure of 
damaged tissue to tissue factor activates the extrinsic pathway. Activation of 
the intrinsic pathway is via the contact phase and involves factors XII and XI. 

 Liver disease and vitamin K defi ciency will affect the activation of the normal 
coagulation pathway leading to a prolonged prothrombin time and increase 
the risk of bleeding (Montague  2005 ). 

 Correction of coagulation disorders involves testing for congenital defects 
such as haemophilia A (lack of factor VIII) or Von Willebrand ’ s disease. Other 
causes of haemostatic failure are massive blood transfusion, liver disease and 
disseminated intravascular coagulation (DIC), a complex coagulopathy often 
triggered by sepsis, massive trauma and endothelial wall injury (Levi  &  Cate 
 1999 ). 

 Replacement products include fresh frozen plasma (FFP), which contains 
clotting factors, and cryoprecipitate, contains factor VIII and fi brinogen 
(McClelland  2007 ).  

 The production of fi brinogen, a soluble protein, is essential to 
control bleeding; this is achieved by the activation of thrombin 
causing the soluble fi brinogen to become the insoluble fi brin 
(Breen  2004 ) to achieve haemostasis. 

 A D - dimer assay measures fragments cleaved from the activ-
ity of fi brin. The D - dimer test is specifi c for fi brinolysis, which 
is the breakdown and removal of fi brin once bleeding is control-
led from blood vessels by enzymes and activators (Isbister  2003 ). 

 The liver produces many clotting factors some of which are 
dependent on vitamin K; these include prothrombin, factor VII 
and factors IX and X (Smith  2005b ). Vitamin K is a fat - soluble 
vitamin; its own absorption is reliant on normal bile salt func-
tioning and any reduction in bile fl ow will affect vitamin K 
absorption and availability to infl uence the production of clot-
ting products (Smith  2005a ).  

  Blood  g rouping and  s ave and  c ross  m atch 

 Prior to the administration of a blood transfusion the universal 
ABO blood group and rhesus (Rh) factor must be determined. 
The ABO system consists of four main blood groups: A, B, AB 
and O. Everyone is also either Rh D negative or Rh D positive 
(NBS  2008 ). 
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  Group and  s ave 
 A group and save is taken in advance in order to determine the 
patient ’ s ABO and Rh D group. This enables any atypical anti-
bodies to be identifi ed as well as checking the results against 
any historical data that might be available for the patient (NBS 
 2008 ). 

 The  Handbook of Transfusion Medicine  (McLelland  2007 , p. 16) 
advises that  ‘ if red cells of an incompatible ABO group are 
transfused (and especially if a group O recipient is transfused 
with group A, B and AB red cells), the recipient ’ s IgM anti - A, 
anti - B and anti - AB bind to the transfused red cells ’ . 

 Clinically signifi cant antibodies are those that are capable of 
causing a transfusion reaction due to accelerated destruction of 
a signifi cant proportion of transfused red cells. Anti - A and 
anti - B antibodies must always be regarded as clinically signifi -
cant (NBS,  2008 ). 

 A blood sample will be referred to a red cell reference labora-
tory if there is any doubt concerning the identities of any anti-
bodies present or lack of exclusion of clinically signifi cant 
antibodies (Chapman  et al.   2004 ). Failure to recognise all of the 
antibody specifi cities within a sample may lead to a haemolytic 
transfusion reaction (Chapman  et al.   2004 ).  

  Cross  m atch 
 Cross match will be performed to determine if the unit of blood 
is compatible with the blood of the intended recipient. This 
involves a serological test to ensure compatibility between a 
unit of blood and the patient (NBS  2008 ). Contreras and Mijovic 
 (2009)  state that it is mandatory to test the patient on at least 
two occasions before blood is issued in order to be certain of the 
patient ’ s ABO group.    

  BIOCHEMISTRY 
 Biochemistry is the study of the biological and chemical com-
pounds produced by organs and cellular processes. A biochemi-
cal assay may be performed for numerous clinical reasons 
ranging from assessing hydration status and electrolyte levels 
to monitoring specifi c organ functions of the liver, kidneys, 
thyroid and cardiovascular system, as well as the endocrine and 
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  Table 9.4    Ordering biochemistry blood tests 

   Blood test     Components  

  U & Es: urea and electrolytes    Sodium (Na  +  ), potassium (K  +  ), urea (Ur) 
and creatinine (Cr)  

  Liver function tests (LFTs) 
and protein assays  

  Bilirubin, alanine aminotransferase 
(ALT), alkaline phosphatase (ALP) and 
aspartate aminotransferase (AST) 
 Protein measurements such as albumin, 
total protein and globulin  

  Bone profi le    Calcium (Ca 2 +  ) and phosphate (PO 4   −  )  

  Cardiac and thyroid function    Troponin 
 Lactate dehydrogenase (LDH) 
 Cholesterol 
 Fasting blood glucose 
 Thyroid stimulating hormone, parathyroid 
and thyroid hormones  

  Acute phase proteins    C - reactive protein (CRP)  

  Additional biochemistry tests    Magnesium (Mg 2 +  ) 
 Lactate 
 Amylase  

hormonal systems. Biochemistry results can also provide valu-
able information on the status of diseases such as diabetes, 
hyperlipidaemia, atherosclerosis and infections (see Table  9.4 ).   

 Other blood tests specifi c for certain markers of disease are 
not included in this chapter, such as human immunodefi ciency 
virus (HIV), cancer tumour markers and immunoglobulins (e.g. 
IgM, IgA, IgG) made by B lymphocytes and released as part of 
the humoral response to infection and pathogens.  

  BIOCHEMISTRY BLOOD RESULTS 

  Urea and  e lectrolytes ( s ee Table  9.5 ) 

  Electrolytes 
 Blood or serum tests measure the concentration of electrolytes 
and other solutes in the plasma or the extracellular fl uid (ECF) 
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and not the intracellular fl uid (ICF); this is technically diffi cult. 
Electrolytes acquire a positive ( + ) or negative ( – ) charge when 
dissolved in water.   

 Sodium, potassium, calcium and magnesium are examples of 
positively charged cations. Anions are negatively charged ions, 
e.g. chloride and bicarbonate.  

  Sodium (Na  +  ) 
 Sodium is the most important and abundant electrolyte in the 
body intricately involved in the regulation of water content, and 
due to its osmotic action affects the plasma volume and blood 
pressure (Criddle  2006 ). Ninety - fi ve per cent of sodium is found 
within the ECF. Sodium is lost from the body in sweat and 
during periods of dehydration from vomiting, excessive sweat-
ing and diarrhoea (Metheny  2000 ). 

 Any losses or gains in sodium will equate to a loss or increase 
in water content. Sodium chloride diffuses across a semi -
 permeable membrane bringing about equilibrium in the sodium 
concentration. Simplistically wherever sodium goes water goes 
too (see Boxes  9.4, 9.5 and 9.6 ).        

  Potassium ( K   +  ) 
 Potassium is the most abundant intracellular cation (Worthley 
 2003 ); 98% is found within the cell (Metheny  2000 ). Potassium 
is constantly moving across the cellular membrane between the 
intra -  and extracellular spaces (Humphreys  2007 ). It is impor-
tant for maintaining muscle and nerve function during the 
transmission of nerve impulses. Potassium is mainly excreted 
by the kidneys; but some is lost from the gut during vomiting, 
diarrhoea and in sweat (Metheny  2000 ). 

 Conditions and interventions that can cause potassium shifts 
are trauma, tissue injury and shock, blood transfusion and 
insulin administration and rewarming after hypothermia 
(Edwards  2001 ). Both extremes of potassium imbalance; hypoka-
laemia and hyperkalaemia, can result in cardiac arrhythmias 
ventricular defi brillation and death (Resuscitation Council UK 
 2010 ) (see Boxes  9.7, 9.8 and 9.9 ).        
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  Box 9.4    Clinical  c ontext  –   h yponatraemia or  l ow  s odium  l evels 

    A low serum sodium level less than 135   mmol/L is termed hyponatraemia or 
 ‘ water intoxication ’ . It is the most common electrolyte abnormality (Fox  &  Fox 
 2007 ) and a common clinical fi nding, especially in older people (Holm  et al.  
 2009 ; Woodrow  2003b ). Premenopausal women seem to be particularly sen-
sitive to hyponatraemia and the complications of cerebral oedema, especially 
in the postoperative period (Arieff  1993 ). 

 There are three main categories of hyponatraemia which depend on the 
precipitating problem: hypovolaemia as a result of extrarenal or renal losses; 
hypervolaemia or excessive extracellular fl uid volume from congestive cardiac 
failure; and euvolaemia when the causative problem is not related to a lack 
or excess of fl uid but from hormone defi ciencies, e.g. pituitary and thyroid 
hormonal imbalances (Reynolds  et al.   2006 ).  

  Aetiology of  h yponatraemia 

  Hypovolaemia:  l oss of  s odium 

     •      Kidney disease  –  nephritis.  
   •      Diuretics, e.g. thiazides.  
   •      Adrenal insuffi ciency. Normally aldosterone infl uences the reabsorption of 

sodium and water. Adrenal insuffi ciency reduces the amount of aldosterone 
produced and sodium is lost from the renal system.  

   •      Gastrointestinal losses, sweating and burns.     

  Hypervolaemia:  w ater  g ains 

     •      Oedema (cardiac failure and ascites).  
   •      Nephrotic syndrome (Reynolds  et al.   2006 ).     

  Euvolaemia 

     •      Hypokalaemia  –  sodium shifts into the cell.  
   •      Syndrome of inappropriate anti - diuretic hormone (SIADH) when too much 

anti - diuretic hormone (ADH) or vasopressin is released, causing excessive 
water retention. Global cerebral oedema can cause damage to the hypotha-
lamus or pituitary gland, bringing about the inappropriate release of ADH 
increasing water loss.  

   •      Head injuries, stroke.  
   •      Pituitary tumours and other cancers.  
   •      Respiratory diseases: pneumonia, asthma, tuberculosis.  
   •      Compulsive water drinking (primary polydipsia), excessive administration of 

water or hypotonic fl uids.     

  Pharmacological  a gents 

     •      Non - steroidal anti - infl ammatory drugs (NSAIDs).  
   •      Omeprazole.  
   •      Antidepressants, e.g. tricyclics (Metheny  2000 ).      
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  Box 9.6    Clinical  c ontext  –   h eat  s tress 

    Salt depletion (hyponatraemia) from inadequate replacement of sodium in 
heat stress situations and during endurance events can cause heat exhaus-
tion; additional symptoms include giddiness, diarrhoea, muscle cramps and 
headache (Anastasiou  et al.   2009 ). This is different from heat exhaustion that 
is due to water depletion and resulting hypernatraemia (Metheny  2000 ).  

  Box 9.5    Clinical  c ontext  –   h ypernatraemia or  h igh  s odium  l evels 

    Hypernatraemia is defi ned as a sodium level greater than 145   mmol/L; it is 
much less common and associated with either water loss or sodium gain. 
Classifi cation is according to the fl uid states of hypovolaemia, hypervolaemia 
and euvolaemia (Reynolds  et al.   2006 ).  

  Hypovolaemia 
 Increases in the sodium level have several aetiologies; the most common is 
insuffi cient oral intake, especially during periods of increased sweating, exer-
cise and gastrointestinal losses. The elevated sodium level is caused by the 
excessive net loss of water causing an increased concentration of sodium in 
less water (see Table  9.5  for recognition signs and treatment). Other causes 
include diuretic therapy, acute and chronic renal disease and hyperosmolar 
non - ketotic coma).  

  Hypervolaemia 
 Excessive salt intake or sodium load from intravenous fl uids such as mannitol 
(hypertonic solution) and sodium bicarbonate will raise the sodium level.  

  Euvolaemia 
 Endocrine and hormonal dysfunction such as diabetes insipidus causes 
excessive urine excretion (polyuria), which may exceed suffi cient oral intake. 
In most people the thirst mechanism will drive the need for fl uid replenishment 
and the sodium level will remain relatively normal. Other causes include fever 
and hyperventilation (Reynolds  et al.   2006 ).  

  Blood  u rea  n itrogen ( BUN ) 
 Urea is the waste product of protein cellular metabolism 
(Marieb  2006 ). Forty to fi fty per cent is reabsorbed from the 
fi ltrate, making it an unreliable test for assessing glomerular 
fi ltration rates (GFR); the rest is excreted in the urine (Traynor 
 et al.   2006 ). 
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  Box 9.7    Clinical  c ontext  –   h ypokalaemia 

    Hypokalaemia is defi ned as potassium level  < 3.5   mmol/L. Severe hypokalae-
mia is a potassium level  < 2.5   mmol/L. Loss of potassium may increase sus-
ceptibility to ectopy and ventricular fi brillation (Jowett  &  Thompson  2003 ).  

  Aetiology of  h ypokalaemia 

     •      Renal losses from the use of non - potassium - sparing diuretics, e.g. furosem-
ide, a loop diuretic.  

   •      Diabetes insipidus.  
   •      Dialysis.  
   •      Gastrointestinal losses.  
   •      Metabolic alkalosis.  
   •      Magnesium depletion.  
   •      Reduced dietary intake.    

  Pharmacological agents  that increase potassium loss are: salbutamol, dob-
utamine, overdoses of verapamil and digoxin, a glycoside. Digoxin is used to 
control the heart rate, e.g. in atrial fi brillation. Hypokalaemia increases the 
toxicity of digoxin (Humphreys  2007 ).  

  Box 9.8    Clinical  c ontext  –   h yperkalaemia 

    The Resuscitation Council UK  (2010)  defi nes hyperkalaemia as mild elevation 
(5.5 – 5.9   mmol/L), moderate elevation 6.0 – 6.4   mmol/L and severe elevation 
 > 6.5   mmol/L.  

  Aetiology of  h yperkalaemia 

     •      Renal failure  –  acute and chronic due to decreased potassium excretion.  
   •      Rapid IV replacement of potassium ( > 20   mmol/hour).  
   •      Burns.  
   •      Insulin defi ciency.  
   •      Acidosis.  
   •      Diabetes mellitus.  
   •      Diabetic ketoacidosis (DKA).  
   •      Lack of aldosterone. Aldosterone causes retention of sodium and water. A 

lack of aldosterone causes retention of potassium (Wallace  2005 ).     

  Pharmacology  a gents 

     •      Potassium sparing diuretics (e.g. spironolactone).  
   •      Potassium supplements.  
   •      Angiotensin – converting enzyme (ACE) inhibitors, e.g. lisinopril.  
   •      Beta ( β ) blockers.  
   •      NSAIDs especially in elderly people.  
   •      Heparin (Metheny  2000 ).     
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  Box 9.9    Clinical  c ontext  –   a cid –  b ase  e ffects on  p otassium 

    Acid – base abnormalities are clinically signifi cant when interpreting potassium 
levels because acid – base changes affect the cellular movement of potassium 
(Miller  &  Graham  2006 ).  

  Acidosis 
 In acidotic states when the pH is  < 7.35, potassium will leave the cell causing 
the serum potassium level to rise (Miller  &  Graham  2006 ); this can be life -
 threatening promoting the need for interventions such as the administration 
of glucose and insulin to reduce the harmful effects of elevated potassium 
levels (Mahoney  et al.   2005 ). Correcting the acidosis reduces the serum 
potassium.  

  Alkalosis 
 A respiratory or metabolic alkalosis, when the pH is  > 7.45, will lower the serum 
potassium as the ions move back inside the cell (Jowett  &  Thompson  2003 ). 
Potassium movement is caused by hydrogen (acid) ions moving out of the 
cell to buffer the alkalosis (Miller  &  Graham  2006 ).  

  Insulin  e ffects on  p otassium 
 Insulin therapy lowers serum potassium levels by increasing the cellular 
uptake of potassium (Edwards  2001 ); it is the main treatment for severe life -
 threatening hyperkalaemia. Conversely when insulin is being administered 
to control blood glucose, potassium levels should be monitored and replaced 
as required; otherwise the patient is at risk of the complications of 
hypokalaemia.  

 The BUN is unreliable as a measurement of kidney function 
(Stark  1994 ) as the daily urea levels are affected by the amount 
of dietary protein, gastrointestinal haemorrhage, surgery, tissue 
breakdown and steroid therapy, all of which increase urea levels 
(Traynor  et al.   2006 ) making interpretation diffi cult.  

  Creatinine 
 Creatinine is the by - product of skeletal muscle metabolism; the 
daily amount produced is proportional to the body mass, which 
rarely changes (Marieb  &  Hoehn  2007 ) making it an ideal sub-
stance for measuring the GFR as creatinine is fi ltered by the 
glomerulus and is not reabsorbed (Traynor  et al.   2006 ). Serum 
creatinine is proportional to the GFR, and may give an over -
 estimation of renal functioning (Tillyard  et al.   2005 ). Creatinine 
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  Box 9.10    Clinical  c ontext  –   c hloride 

    Chloride reacts with HHb (hydrogen and haemoglobin) to release or unload 
oxygen from haemoglobin into the cells. One chloride ion enters the RBC as 
one bicarbonate ion leaves, which is known as the  ‘ chloride shift ’  (Marieb  &  
Hoehn  2007 ). Chloride is excreted via the kidney, in sweat and in gastric acid.  

is useful in highlighting deteriorating renal function, but the 
trend is more helpful in monitoring the presence and progres-
sion of acute renal failure (ARF) (Tillyard  et al.   2005 ). The GFR 
is important in assessing the kidney ’ s ability to excrete pharma-
cological agents (see Table  9.5 ).  

  Chloride 
 Chloride ion is found within the RBC, along with sodium and 
bicarbonate; the three ions contribute towards the highest blood 
concentration and electrical charge (Holum  1998 ). Chloride has 
several important biochemical roles: it helps to maintain osmotic 
pressure and fl uid distribution, acid – base balance and oxygen 
transport (Holum  1998 ) (see Box  9.10 ).    

  Bicarbonate 
 Bicarbonate is the main acid blood buffer forming the 
bicarbonate – carbonic buffering system, in which acids are buff-
ered and eliminated from the body. Carbon dioxide (CO 2 ), a 
by - product of cellular respiration, is dissolved in water to form 
the weak carbonic acid (H 2 CO 3 ); it is transported via the red 
blood cells to the lungs for excretion. Another term for bicarbo-
nate is base or alkali (see Box  9.11 ).     

  Liver  f unction  t ests ( s ee Table  9.6 ) 

 The liver is the largest organ in the body and second to the 
brain, performing many complex chemical and metabolic func-
tions including the detoxifi cation of drugs and hormones for 
excretion, and the production, storage and synthesis of proteins 
and blood clotting factors, fi ltration and storage of vitamins, 
minerals and glycogen (Marieb  2006 ; Smith  2005b ).   

 Interpreting liver results is complicated because some of the 
enzymes involved in liver metabolism and biosynthesis are also 
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found in other organs and are not specifi c to the liver. There are 
a number of biochemical and haematological tests that provide 
a complete evaluation of liver function and liver disease; 
albumin and bilirubin primarily assess liver function; several 
enzymes as listed below are markers of liver disease (Beckingham 
 2001 ) and a clotting profi le (PT/INR) provides information on 
the production of clotting factors. 

  Specifi c  l iver  f unction  t ests 
 The only specifi c LFT is alanine aminotransferase (ALT) pro-
duced by the liver hepatocytes (Beckingham  2001 ).  

  Non -  s pecifi c  l iver  f unction  t ests 
 Alkaline phosphatase (ALP) is found in the liver, bone, WBCs, 
intestines and hepatobiliary tree (Siconolfi   1995 ). 

 Aspartate aminotransferase (AST) is found in the heart, skel-
etal structures, kidney and pancreas. It can be elevated after 
myocardial infarction, in acute pancreatitis and in liver cancer, 
hepatitis and cirrhosis (Siconolfi   1995 ) (see Box  9.12 ).    

  Plasma  p roteins ( s ee Table  9.6 ) 
 Plasma proteins have many functions: coagulation, iron trans-
port, digestive enzymes and hormonal regulatory role (e.g. 

  Box 9.11    Clinical  c ontext  –   b icarbonate 

    Bicarbonate is tightly regulated; when bicarbonate levels are low this is called 
a metabolic acidosis with associated compensatory respiratory alkalosis 
(hyperventilation) (Jevon  &  Ewens  2007 ). Excess bicarbonate results in a 
metabolic alkalosis with associated compensatory respiratory acidosis 
(hypoventilation). 

        pH     HCO 3      PaCO 2  (compensatory)  

  Acidosis     < 7.35     < 22   mmol/L     < 3.5   kPa  

  Alkalosis     > 7.45     > 26   mmol/L     > 6.0   kPa  
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  Box 9.12    Clinical  c ontext  –   b ilirubin  f ormation,  e xcretion and 
 j aundice 

    Bilirubin is a by - product of red blood cell degradation, formed when the haem 
portion is converted via an enzymatic process into bilverdin. In turn this is then 
synthesised to form bilirubin. Bilirubin binds to albumin and dissociates in the 
liver, it is excreted in the bile and metabolised in the small intestine giving 
faeces its brown colour (Smith  2005b ). 

 Bilirubin can be used to differentiate between the different causes of jaun-
dice, which is categorised into pre - hepatic, hepatic and post - hepatic or 
obstructive jaundice (Beckingham  &  Ryder  2001 ).  

insulin). They are also markers of cancer, sepsis and infl amma-
tion (Blann  2007 ). Gammaglobulins or immunoglobulins are 
produced by the immune system cells (Marieb  2006 ). 

  Albumin 
 Albumin accounts for over 60% of the plasma proteins (Marieb 
 &  Hoehn  2007 ); it has a molecular mass of 69   000 daltons (Park 
 &  Roe  2000 ), contributing to about 80% of the colloid osmotic 
pressure (Metheny  2000 ), thereby exerting signifi cant effect on 
the capillary to keep fl uid within the vascular space. Albumin 
is synthesised by the liver and has a long half - life of 20 days 
(Beckingham  2001 ) and a large serum pool; therefore it is a late 
indicator of malnutrition.    

  Calcium,  p hosphate and  t hyroid  f unction ( s ee Table  9.7 ) 

  Calcium 
 Calcium is found in two main forms, non - ionised and ionised. 
The total calcium is the sum of the ionised (50%) and non -
 ionised (40%) calcium. The non - ionised calcium is bound to 
albumin. In critical illness the ionised calcium is the most 
clinically important due to its role in many physiological reac-
tions and in maintaining calcium homeostasis (see Box  9.13 ). 
Calcium has many important functions: 

   •      transmission of nerve impulses to bring about the excitation 
and contractility of cardiac, skeletal and smooth muscle 
during the action potential  
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  Box 9.13    Clinical  c ontext  –   c alcium  l evels 

    Ninety - nine per cent of calcium is found in bones (Blann  2007 ). The remaining 
1% is found within the ICF (9/10) and ECF (1/10). Ten per cent of calcium is 
chelated (bound) to bicarbonate, lactate, phosphate citrate and ketones 
(Venkatesh  2003 ), which can affect calcium levels in lactic acidosis. Metabolic 
alkalosis can lower calcium levels due to increased binding to albumin.  

   •      heart rate control, preservation of the automaticity properties 
of cardiac cells and prevention of arrhythmias (Metheny 
 2000 )  

   •      essential component for many of the enzyme - dependent 
reactions required for the activation of the coagulation path-
ways (Breen  2004 ).         

  Phosphate 
 Phosphate is an intracellular ion present as creatine phosphate 
or adenosine triphosphate (e.g. ATP). ATP is formed of high -
 energy phosphate bonds which when the phosphate group is 
cleaved release their energy to enable cellular processes to occur 
(Smith  2005a ). Phosphate is also present in RBC in the com-
pound 2,3 - diphosphoglycerate. Eighty - fi ve percent of phos-
phate is found in the bone, which acts as a reservoir (Blann 
 2007 ).  

  Thyroid  f unction 
 Thyroid hormone is composed of two hormones, thyroxine (T4) 
and triiodothyronine (T3). The release of both hormones is trig-
gered by feedback mechanisms. Both hormones have a multi-
tude of physiological effects. 

 Parathyroid hormone (PTH) released by the parathyroid 
glands regulates calcium balance; reduced circulating calcium 
ion levels trigger the release of PTH, which stimulates the skel-
eton to release calcium and phosphates into the blood (Metheny 
 2000 ). PTH stimulates the kidney to promote vitamin D activa-
tion and the intestine to increase the absorption of calcium from 
food (Wallace  2005 ). Due to the inverse relationship between 
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calcium and phosphate if the concentration of one rises, the 
other is reduced and vice versa (Metheny  2000 ).   

  Cardiac  m arkers:  m onitoring  c ardiac  f unction and  d isease 

( s ee Table  9.8 ) 

 The assessment of cardiac function and arterial circulation for 
atherosclerosis and diabetes is vital in reducing the burden of 
ischemic heart disease, stroke and obesity throughout the 
United Kingdom (DH  2000 ). Damaged cardiac myocytes release 
intracellular proteins into the bloodstream; newer blood tests 
such as troponin (proteins) are much more specifi c compared to 
traditional enzymes (Jowett  &  Thompson  2003 ). Table  9.8  sum-
marises the blood tests performed to detect and monitor for 
myocardial injury, hyperlipidaemia and diabetes.    

  Acute  p hase  p roteins ( s ee Table  9.9 ) 

 Acute phase proteins are useful in monitoring the body ’ s 
response to interventions and the course of infl ammatory and 
infectious process (Marieb  &  Hoehn  2007 ).    

  Additional  b iochemistry  t ests 

  Lactate ( s ee Table  9.10 ) 
 Lactate is produced by the skin, erythrocytes and skeletal 
muscle; lactate concentration within the cell is regulated by the 
pyruvate cycle (Marieb  &  Hoehn  2007 ). The kidneys and liver 
are the main organs of lactate metabolism and excretion (Marieb 
 &  Hoehn  2007 ) (see Box  9.14 ).      

  Magnesium 
 Magnesium is mainly found in the skeleton with about one 
third in the intracellular fl uid (Metheny  2000 ). Magnesium is 
involved in many biochemical functions; it is important in 
reducing myocardial irritability and arrhythmias, in enzymatic 
reactions, and in neuromuscular transmission. As with potas-
sium, magnesium is excreted via the kidney. 

 Magnesium has many properties, often being called  ‘ magic 
magnesium ’ . It is recommended by the British Thoracic Society 
(BTS) in the management guideline for acute asthma  (2008) . In 
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pre - eclampsia the mechanism of action is not fully understood, 
but it is thought to act as a smooth muscle relaxant bringing 
about vasodilation as well as anticonvulsant properties (Duley 
 &  Henderson - Smart  2003 ).  

  Amylase 
 The amylase test is primarily performed when pancreatitis is 
suspected. Amylase is a digestive enzyme normally released by 
the salivary glands and pancreas. Pancreatitis can be either an 
acute or chronic infl ammatory process, whereby the release of 
amylase and other tissue necrosing factors induces autodiges-
tion of pancreatic tissue, leading to swelling, haemorrhage and 
worsening pancreatic failure. Elevated amylase levels are not 
prognostic for outcome.    

  CONCLUSION 
 Understanding the meaning of blood results, which blood tests 
to request for different disease processes and then acting on 
those results is an important role for nurses. This chapter has 
outlined some of the core knowledge required in order to facili-
tate application to clinical context of a complex subject.  
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  LEARNING OUTCOMES 
 The practitioner will be able to: 
   ❏      Have an understanding of the causes of blood and injection 

phobias.  
   ❏      Identify factors that infl uence pain and anxiety.  
   ❏      Discuss the techniques that can reduce pain including phar-

macological and non - pharmacological methods.     

  INTRODUCTION 

   If you get a fi rst good injection then it will never be worse than 
that.

 (Dougherty  1994 )    

 The infl uence of a bad experience can be overwhelming for a 
patient and any practitioner performing venepuncture or can-
nulation must never underestimate either the impact for the 
patient of undergoing the procedure or how they may view 
either procedure in the future. Anxiety can be caused by previ-
ous bad experience, a degree of needle phobia or dislike of 
needle procedures (Lavery  &  Ingram  2005 ).  

  BLOOD AND  I NJECTION  P HOBIA 

  Defi nition 

 Phobias are a special form of fear, disproportionate to the situ-
ation in which it occurs (Koppel  1999 ). Blood and injection 
phobias are specifi c phobias. The defi nition of a specifi c phobia 
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is  ‘ a clinically signifi cant anxiety provoked by exposure to a 
specifi ed feared object or situation often leading to avoidance 
behaviour ’  (APA  2000 ). 

 Blood needle phobias are common and potentially life - threat-
ening. It is estimated that these phobias may occur up to 3.5 – 4% 
of the time, in varying degrees of severity, in a person ’ s lifetime 
(Koppel  1999 ; Patel  et al.   2005 ). The degree of anxiety depends 
on the perceived risk or proximity of blood and needles there-
fore needles seen on the TV are less likely to produce the same 
level of anxiety as those seen in real life (Stark  &  Brener  2000 ). 

 Phobias have a tendency to develop in childhood and then 
appear to be exaggerated beyond the normal childhood devel-
opmental fear. No absolute, defi nitive singular causal model 
adequately explains why some people develop phobias and 
others do not. It is considered that developmental learning has 
a role to play through direct conditioning, vicarious condition-
ing (observing another person ’ s fear) or by the transmission of 
information or instruction (Rogers  &  Gournay  2001 ).  

  Features 

     •      Marked and persistent fear that is excessive or unreasonable, 
cued by the presence of or anticipation of a specifi c object or 
situation (e.g. seeing blood or receiving injections).  

   •      Exposure to triggers causes an immediate and intense anxiety 
response or panic.  

   •      Individual has insight that his/her fear is excessive.  
   •      Trigger situations are either avoided or tolerated but with 

intense distress and anxiety.  
   •      Disorder has signifi cant effects on the person ’ s ability to 

maintain everyday activities.  
   •      Fear is not better explained by another disorder (Stark  &  

Brener  2000 ; Rogers  &  Gournay  2001 ).     

  Manifestations of  a   p hobia 

     •      Behavioural:     avoidance triggers for their anxiety.  
   •      Cognitive:     there are many different manifestations; fear of 

fainting is one associated with injection, making patients 
more anxious.  
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   •      Physiological:     panic, palpitations, breathlessness. The phys-
iology of blood injection injury phobia manifests initially as 
tachycardia, followed by vasovagal bradycardia, drop in 
blood pressure, ending in fainting  –  approximately 75% of 
individuals report fainting (Stark  &  Brener  2000 ; Rogers  &  
Gournay  2001 ).     

  Management of  p hobias 

    1.     Referral:   Referral to nurse therapists and self - help groups 
(e.g. Triumph over Phobias  –  TOPS) can be useful.  

  2.     Systemic desensitisation/exposure therapy:   This requires a 
baseline measurement of anxiety and then gradual and 
repeated exposure to the feared stimulus, to reduce associ-
ated anxiety and distress. This may be diffi cult as patients 
with blood needle phobia are more prone to fainting during 
this therapy (Koppel  1999 ; Rogers  &  Gournay  2001 ).  

  3.     Cognitive behavioural therapy:   A range of specifi c tech-
niques that include identifi cation of negative thoughts and 
appraisals, role plays and behavioural experiments.  

  4.     Medication: 
    •      Selective serotonin reuptake inhibitors (SSRIs) have some 

potential benefi ts.  
   •      Low - dose propranolol benefi ts a third of cases.  
   •      Routine use of benzodiazepines is rare due to risk of 

dependency (Rogers  &  Gournay  2001 ).        

  FACTORS THAT  C AN  I NFLUENCE  P AIN AND  A NXIETY 

  Age 

 Age appears to play a role in the amount of pain and distress 
associated with needles. Agras  et al.   (1969)  showed that the 
incidence of injection fear in the general population rises sharply 
from 0 to 15 years and then there is a steep decline ending at 30 
years of age, suggesting that the fear is short - lived. However, 
both Wilson - Barnett  (1976)  and Coates  et al.   (1983)  found that 
hospitalised patients under 40 years of age responded more 
negatively to injections than did those aged 40 and over. Age 
has also been correlated to the level of distress associated with 
routine venepuncture (Bennett - Humphrey  &  Boon  1992 ).  



 10 Venepuncture and Cannulation

284

  Gender 

 A study of cancer patients by Coates  et al.   (1983)  to discover 
what caused the most distress during chemotherapy revealed 
that  ‘ having a needle ’  was ranked as the sixth most distressing. 
This study was repeated in 1993 (Griffi n  et al.   1996 ) when fear 
of a needle was ranked in the top fi ve most severe side effects 
by more women than men and this fi nding was statistically 
signifi cant. 

 The literature has explored the infl uence of gender on pain 
and anxiety. Van den Berg  &  Abeysekera  (1993)  found that 
female patients tended to have greater pain scores and more 
responses during the cannulation procedure, suggesting that 
female patients may need more care and attention than male 
patients during the procedure. Miaskowski  (1997)  found that 
studies indicate that women exhibit lower pain thresholds than 
men and also exhibit less tolerance to noxious stimuli than men. 
This is supported by Berkley  (1997)  but both report that studies 
were small, exist only for certain forms of stimulus and are 
affected by situational variables such as disease. Results may 
also be explained by hormonal status as well as being infl u-
enced by the gender of the experimenter. 

 However, it must be remembered that men tend to have been 
socialised to appear brave and not express pain (Levine  &  De 
Simone  1991 ). Men have reported less pain in front of female 
than male experimenters although this did not infl uence 
responses in females. In contrast at least two studies showed 
that gender differences in pain sensitivity were not affected by 
the gender of the experimenter (Otto  &  Dougher  1985 ; Feine 
 et al. ,  1991 ). Berkley  (1997)  also reported on a study where views 
relating to anticipation of pain of an impending venepuncture 
differed between male and female children but there were no 
differences in rates of the pain actually produced. Kelley  et al.  
 (1997)  compared pain and distress in women undergoing ure-
thral catheterisation with women undergoing peripheral venous 
cannulation. Distress levels were the same for both procedures 
but cannulation caused more pain. What appears to be key is 
that attitudes towards pain can affect coping mechanisms and 
therefore response to treatment.  
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  Aspects that  c an  i mprove the  e xperience 

 Many patients will be apprehensive and this anxiety may cause 
vasoconstriction  –  making venepuncture or cannulation more 
diffi cult for patient and practitioner and more painful for the 
patient. How the nurse approaches the patient, her manner and 
attitude, may give a direct bearing on the patient ’ s response to 
the procedure (Weinstein  2007 ). Although routine to the nurse 
it may be a new and frightening experience for the patient 
unfamiliar with the procedure (Weinstein  2007 ). Patients should 
be approached in a calm and reassuring manner and encour-
aged to ask questions and share prior experience of venepunc-
ture or cannulation, good or bad, as this can affect the patient ’ s 
acceptance of treatment and reduce anxiety (Lavery  &  Ingram 
 2005 ). If the patient ’ s history includes complications associated 
with either procedure, venepuncture or cannulation may be 
very diffi cult (Weinstein  2007 ). However, when the procedures 
are performed by an experienced practitioner and it is a positive 
experience for the patient, he or she may feel more comfortable 
and relaxed. Provision of clear and comprehensive information 
on the procedure should reduce the patient ’ s anxiety and pain 
(L ü cker  &  Stahlheber - Dilg  2003 ; Weinstein  2007 ; Dougherty 
 2008 ).   

  TECHNIQUES TO  R EDUCE  A NXIETY AND  P AIN 
 Ernst  &  Ernst  (2001)  listed four secrets to a painless 
venepuncture: 

   •      vein choice  
   •      needle size/type  
   •      good anchoring  
   •      allowing the skin to dry following disinfection, to prevent a 

burning sensation of alcohol when the skin is punctured.    

  Vein  c hoice 

 Many patients fi nd that use of the antecubital vein brings less 
discomfort for venepuncture than use of the cephalic and basilic 
veins. This may be due to the close proximity of the median 
antebrachial cutaneous nerve to the basilic vein (Ernst  &  Ernst 
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 2001 ). Hefl er  et al.   (2004)  found that patients felt the least dis-
comfort when the antecubital fossa was used followed by the 
forearm, the back of the hand and lastly the radial aspect of the 
wrist. However, it is more likely that the pain during venepunc-
ture or cannulation originates from nerve fi bres in the skin 
rather than the blood vessel (Scales  2008 ) as veins have no 
innervation. Nerve fi bres under the skin react to the tempera-
ture, pressure, touch and pain. The number of nerve fi bres 
varies in different areas of the body. Some areas are highly sensi-
tive, and insertion of a needle results in a great deal of pain such 
as the inner aspect of the wrist, whilst others are only mildly 
sensitive (Weinstein  2007 ). Palpating and cleaning the skin trig-
gers multiple sensory pathways to the brain. These in turn may 
trigger memories of previous experiences resulting in pain 
being anticipated even before cannulation (Scales  2005 ).  

  Needle  s ize and  t ype 

 L ü cker  &  Stahlheber  (2003)  compared types of cannulae to see 
if this infl uenced pain. Whilst they found differences in pain, 
ease of insertion and fl ashback, they concluded that a clinician ’ s 
choice of cannula is made after considering a variety of factors 
and the clinician ’ s perception of ease in using the device, and 
therefore ease of insertion, may result in a reduction in pain 
experienced by the patient. A study by Van den Berg  &  
Abeysekera  (1993)  investigating venous cannulation in a large 
sample of patients (1422) considered a range of infl uencing 
factors during the insertion of a cannula. These included arm 
used, vein site, cannula size and pain on cannulation. Pain was 
assessed by a verbal analogue scale and observation of patients ’  
responses. Use of the cephalic vein and a larger gauge (16G) 
cannula produced more responses, but reported pain was 
reduced when lidocaine was used. Cannula design has also 
been implicated in the degree of reported pain, with thin - walled 
cannulae appearing to cause less pain than thick - walled can-
nulae (Ahrens  et al.   1991 ). Ahrens  et al.   (1991)  also found that 
patients feel more pain with each subsequent attempt at can-
nulation. It could therefore be suggested that better success 
rates will be achieved by more experienced staff and this in turn 
will reduce pain and anxiety.   
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  NON -  P HARMACOLOGICAL  M ETHODS 
OF  R EDUCING  P AIN 
 Many of these have been used successfully with children 
(Doellman  2003 ) but they may be used with equal success in 
adults. 

  Guided  i magery 

 The patient is asked to imagine places that make them feel 
relaxed and comfortable to try and alleviate anxiety and fears. 
Imagery can be used as an adjunct to venepuncture and can-
nulation and it helps patients cope with the procedure and 
fosters patient participation, especially when used with relaxa-
tion breathing (Courtemanche  1984 ; Josephson  2004 ).  

  Music 

 This has also been used to reduce the intensity of pain and 
distress during procedures (Doellman  2003 ; Capilli  et al.   2007 ).  

  Distraction 

 Usichenko  et al.   (2004)  tested the effectiveness of the cough trick 
as a method of pain relief during venepuncture. The intensity 
of the pain during venepuncture was less with it although there 
was no signifi cant difference with the other variables (hand 
withdrawal, palm sweating, blood pressure and heart rate). 
They concluded that it seemed effective but the mechanism 
remained unclear.  

  Massage 

 Wendler  (2003)  studied the use of the Tellington Touch tech-
nique. This is a form of gentle physical touch originally devel-
oped for calming of horses. The study reviewed blood pressure 
(BP), hear rate, anxiety and procedural pain before venepunc-
ture compared with a control group. There was a signifi cant 
decrease in the touch group in the BP and heart rate, but no 
other signifi cant differences. However, there were many limita-
tions in the study including the gender and the type of subjects, 
and the author concluded that the technique needed further 
study.  
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  Use of  t ranscutaneous  e lectrical  n erve  s timulation ( TENS ) 

 Coyne  et al.   (1995)  investigated whether the application of 
TENS decreased the complaints of pain and unpleasant-
ness with intravenous needle insertion. Their double - blind 
randomised study was conducted on 71 patients who were 
placed in one of three groups  –  placebo TENS, TENS or control. 
The use of modifi ed brief intense TENS did not produce a 
reduction in pain (sensory or affective) associated with can-
nulation, although Lander  &  Fowler - Kerry  (1992)  (with chil-
dren) and Webster  et al.   (1992)  (with adults) showed a decrease 
in procedural pain. The obvious benefi ts are the lack of long -
 term side effects or complications but further investigation 
is required.   

  PHARMACOLOGICAL  M ETHODS OF  R EDUCING  P AIN 

  Use of  l ocal  a naesthetics ( LA ) 

 Local anaesthetic agents can help to reduce the pain of 
venepuncture or cannulation and may lessen the anxiety asso-
ciated with future procedures involving a needle (Scales  2005 ). 
They are widely used in paediatrics and also for anxious 
adults. They reduce pain but it should be explained to the 
patient that they will still feel pressure and touch. Any inject-
able or topical local anaesthetic should only be used upon the 
written order of a prescriber or under patient group direction 
(RCN  2010 ). When the decision is made to use a local anaes-
thetic, the agent that is the least invasive and/or carries the 
least risk of allergy should be considered (Moureau  &  
Zonderman  2000 ; RCN  2010 ). 

  Topical  l ocal  a naesthetics 
 The contents of any topical local anaesthetics should be left in 
a small mound and covered with a bio - occlusive dressing. It is 
not required to spread it as it will spread itself. It is usual prac-
tice to apply to more than one potential site in case the fi rst 
placement fails (Macklin  &  Chernecky  2004 ; Lavery  &  Ingram 
 2005 ). The most commonly used local anaesthetic creams are 
EMLA and Ametop (Dougherty  &  Watson  2011 ).  
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   EMLA  
 Eutectic mixture of local anaesthetics (EMLA) is a cream mixture 
of two local anaesthetics  –  lidocaine 2.5% and prilocaine 2.5%. 
These are emulsifi ed in water and thickened into a cream that 
becomes oily at room temperature or when applied to the skin 
(Macklin  &  Chernecky  2004 ). The release of the two local anaes-
thetics into the epidermal and dermal layers of the skin pro-
vides anaesthesia and stabilises neuronal membranes by 
inhibiting the conduction of impulses (Weinstein  2007 ). 
Absorption of EMLA is site specifi c, being more effective on thin 
epidermal areas than on thick epidermal layers. It is capable of 
anaesthesia to a maximum depth of 5 – 6   mm below the skin 
(Macklin  &  Chernecky  2004 ). It takes one hour to be maximally 
effective (Lavery  &  Ingram  2005 ) although some state it should 
be left on for up to 90 minutes (Patterson  et al.   2000 ). 

 The application is not recommended for patients under 3 
months, anyone with known hypersensitivity or use on open 
areas on skin (Weinstein  2007 ; Macklin  &  Chernecky  2004 ). It is 
associated with blanching and vasoconstriction and this in turn 
can result in diffi cult cannulations (Browne  et al.   1999 ). The 
product comes as a 5   g tube and the recommended application 
is 2.5   g or half a tube over a small area of skin.  

  Ametop 
 Ametop is a topical anaesthetic gel containing amethocaine 4%, 
xanthan gum, methyl - p - hydroxybenzoate and propyl - p - hy-
droxybenzoate, water and saline (BNF  2011 ). It is recommended 
that it is left on for 30 – 45 minutes and no longer than 60 minutes. 
Side effects include erythema (in a third of subjects) oedema and 
pruritus (Lavery  &  Ingram  2005 ). All topical local anaesthetic 
agents should be removed before venepuncture or cannulation 
as prolonged skin contact has been associated with skin damage 
(Hewitt  &  Scales  1998 ). Repeated exposure to Ametop has been 
shown to cause possible red raised areas and blistering in pae-
diatric patients and the site should be observed every 10 minutes 
(Lavery  &  Ingram  2005 ). Browne  et al.   (1999)  compared Ametop 
with EMLA and found that cannulation was less painful using 
Ametop, and it also caused less vasoconstriction and facilitated 
easier cannulation.  
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  Intradermal 
 The intradermal technique is suitable for situations that will not 
allow the prolonged application time required for creams. It 
refers to the injection or infi ltration of medication around the 
potential site of the venepuncture or cannulation. The basic goal 
is to carry out this procedure in order to reduce the level of 
discomfort of the second needle (or cannula). However, if done 
improperly the injection can be as painful as inserting a smaller 
gauge cannula without local anaesthetic (Macklin  &  Chernecky 
 2004 ). The main contraindication is hypersensitivity. 

 The main benefi ts are that administering local anaesthetic 
intradermally is a safe, effective, economical and rapid method 
of providing local anaesthetic and can be administered imme-
diately prior to the procedure. However, there are some disad-
vantages and the Infusion Nurses Society  (2006)  does not 
recommend its routine use due to the disadvantages such as 
increased risk of allergic reaction, anaphylaxis and possible 
inadvertent injection of the drug into the vascular system as 
well as obliteration of the vein (Weinstein  2007 ; Dougherty 
 2008 ). They state an alternative is to administer an intrader-
mal injection of 0.9% sodium chloride to the side of the vein, 
which provides an anaesthetic effect but does not increase the 
patient ’ s risk. 

 All types of local anaesthetic can be administered but lido-
caine is the most common and comes in different concentrations 
0.5%, 1% or 2%. 

 Important factors to reduce the discomfort of intradermal 
injection are: 

   •      Use small needle, e.g. 25G.  
   •      Ensure local anaesthetic is at room temperature.  
   •      Use only a small amount of local anaesthetic e.g. 0.1 – 0.3   mL.  
   •      Buffering the lidocaine with bicarbonate can reduce the sting-

ing (Macklin  &  Chernecky  2004 ).     

  Procedure 

    1.     Draw up 0.1   mL of 1% lidocaine in a 1   mL syringe.  
  2.     Insert the needle at a shallow angle (30 °  or less) next to the 

vein, about one - third into the skin. The side approach carries 



 Patient’s Perspective 10

291

less risk of accidental vein puncture. If vein is deep it is recom-
mended that the lidocaine is injected over the top of the vein.  

  3.     Always aspirate to check for blood return; if this occurs with-
draw the needle and begin the procedure again.  

  4.     Hold thumb on the syringe plunger to avoid unnecessary 
movement once the needle is under the skin.  

  5.     Inject the lidocaine until a small bleb appears (Fig.  10.1 ). It 
may not be necessary to administer the entire amount of the 
syringe  –  but the bleb should be the size of a 5p piece.  

  6.     Withdraw the syringe and allow at least 15 seconds for the 
anaesthetic to work.  

  7.     If the skin wheal seems to obscure the vein, then compress it 
by massaging the area, and it will disperse. The vein will not 
be hidden and a small pinprick of blood will still be visible.  

  8.     Insert the needle into the vein (Macklin  &  Chernecky  2004 ; 
Dougherty  2008 ).      

 Patterson  et al.   (2000)  compared four analgesic agents for pain 
of application, pain during procedure, cost and convenience. 
The four agents were: 

   •      EMLA cream  
   •      DCTF (dichlorotetrafl uoroethane) spray  
   •      0.5% lidocaine subcutaneously  
   •      sodium chloride and 0.9% benzyl alcohol subcutaneously.    

     Fig. 10.1     Administering a local anaesthetic.  (After Springhouse  2002 . 
Reproduced with permission of Lippincott Williams  &  Wilkins.)   
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 The authors found no signifi cant difference among the groups 
for age, sex or diffi culty in cannulating. However, there was a 
signifi cant difference on types of application, with EMLA cream 
causing no pain and the spray the highest. EMLA was the least 
convenient to use. 

 Lidocaine: 

   •      had low pain scores during the procedure  
   •      was low cost and convenient to use  
   •      but was less ideal as it caused pain on application.    

 However as Brown  &  Larson  (1999)  compared cannulation 
with and without intradermal lidocaine and found that there 
was signifi cantly lower self - reported pain in the lidocaine 
group than in the group who did not receive lidocaine, and as 
a result the authors now offer all patients the choice of having 
the injection prior to cannulation.   

  Tetracaine  p atches 

 These have been used in infants to achieve effective pain relief 
and no adverse effects have been reported (Long  et al.   2003 ).  

  Ethyl  c hloride 

 Ethyl chloride is a fast acting vapo - coolant spray that provides 
rapid transient topical anaesthesia for procedures such as 
venepuncture and cannulation. It has no anaesthetic properties 
but makes the skin cold and less sensitive as it evaporates, 
causing instant numbing lasting about 30 – 45 seconds (Dougherty 
 &  Watson 2011).  

  Iontophoresis 

 This technique provides analgesia by use of a handheld device 
with two electrodes using a mild electric current to deliver 
charged ions of lidocaine 2% and epinephrine 1   :   100   000 solu-
tion into the skin. It is effective in 10 – 20 minutes, has a penetra-
tion depth of 10   mm, causes minimal discomfort and does not 
distort the tissues, making it an excellent choice for numbing a 
site in children and has been shown to be as effective as EMLA 
(Galinkin  et al.   2002 ; Springhouse  2002 ; Dougherty  2008 ).  
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  Topical  g lyceryl  t rinitrate ( GTN ) 

 Topical GTN, 1 – 2   mg, may also be applied to increase vasodila-
tation and this in turn may make venepuncture or cannulation 
easier and therefore less painful (Weinstein  2007 ).   

  CONCLUSION 
 The nurse has an important role to play in ensuring the patient 
has a positive experience by being honest, forthright and con-
veying self - assurance (Dougherty  2008 ). This along with careful 
patient teaching and a confi dent, understanding attitude will 
help patients relax and cooperate (Springhouse  2002 ).  
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         •      AVA (Association for Vascular Access):  
   http://www.avainfo.org/website/article.asp?id = 4     

   •      Department of Health (Saving Lives  –  High Impact interven-
tions from the Department of Health  –  Cannulation): 
    http://www.dh.gov.uk/prod_consum_dh/groups/dh_
digitalassets/@dh/@en/documents/digitalasset/dh_
078121.pdf     

   •      Department of Health (The Health Act 2006  –  Code of Practice 
for the Prevention and Control of Health Care Associated 
Infections): 
    http://www.dh.gov.uk/en/Publicationsandstatistics/
Publications/PublicationsPolicyAndGuidance/DH_4139336     

   •      Infection Prevention Society (incorporating ICNA): 
    http://www.ips.uk.net/     

   •      MHRA (Medicines and Healthcare Products Regulatory 
Agency, UK): 
    http://www.mhra.gov.uk/index.htm     

   •      IV Team (intravenous therapy website): 
    http://www.ivteam.com/     

   •      Nottingham University ANTT Video: 
    http://www.nottingham.ac.uk/nursing/sonet/rlos/placs/
antt/index.html     

   •      NPSA (National Patient Safety Agency, UK): 
    http://www.npsa.nhs.uk/     

   •      RCN ( Standards for Infusion Therapy ): 
    http://www.rcn.org.uk/__data/assets/pdf_file/0005/
78593/002179.pdf     

   •      Structured Learning Programme (Vascular Access Network) 
Ordering: 
    http://veintrain.co.uk     

   •      Transfusion Guidelines and Teaching resources with e - learn-
ing packages: 
    http://www.transfusionguidelines.org.uk/docs/pdfs/htm_
edition - 4_all - pages.pdf               

Venepuncture and Cannulation, fi rst edition. Edited by Sarah Phillips, 
Mary Collins and Lisa Dougherty. Published 2011 by Blackwell Publishing Ltd. 
© 2011 Blackwell Publishing Ltd.

 Webliography     



298

        Anti - free - fl ow administration set:       An administration set that stops 
when removed from the infusion device, yet allows gravity 
fl ow when the user manipulates the regulatory mechanism.  

  Aseptic technique:       Mechanisms employed to reduce potential 
contamination.  

  Bacteria:       Microorganisms that may be non - pathogenic (normal 
fl ora) or pathogenic (disease - causing).  

  Bolus:       Concentrated medication and/or solution given rapidly 
over a short period of time.  

  Cannula:       Hollow tube made of Silastic, rubber, plastic or metal, 
used for accessing the body.  

  Catheter:       Tube for injecting or evacuating fl uids.  
  Catheter dislodgement:       Movement of the catheter into and out of 

the insertion site. Causes of catheter dislodgement include 
inappropriate securement of the catheter, and motion of the 
extremity, neck or shoulder. Catheter dislodgement may 
cause occlusion of the catheter and lead to a change in the 
catheter tip location. Signs and symptoms of catheter dis-
lodgement include changes in the external length of the cath-
eter, clinical signs of local catheter infection, and inability to 
fl ush or infuse via the catheter.  

  Chemical incompatibility:       Change in the molecular structure or 
pharmacological properties of a substance that may or may 
not be visually observed.  

  Closed system:       Administration system with no mechanism for 
external entry after initial set - up and assembly.  

  Compatibility:       Capability to be mixed and administered without 
undergoing undesirable chemical and/or physical changes or 
loss of therapeutic action.  

  Contamination:       Introduction or transference of pathogens or 
infectious material from one source to another.  
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  Criteria:       Relevant, measurable indicators.  
  Critical or adverse incident:       An event or omission arising during 

clinical care and causing physical or psychological injury to 
a patient.  

  Cross - contamination:       Movement of pathogens from one source 
to another.  

  Curative:       Having healing or remedial properties.  
  Delivery system:       Product that allows for the administration of 

medication. The system can be integral or can have compo-
nent parts and includes all products used in the administra-
tion, from the solution container to the catheter.  

  Disinfectant:       Agent that eliminates all microorganisms except 
spores.  

  Distal:       Furthest from the centre or midline of the body or trunk, 
or furthest from the point of attachment; the opposite of 
proximal.  

  Document:       Written or printed record containing original, offi cial 
or legal information.  

  Documentation:       Record in written or printed form, containing 
original, offi cial or legal information.  

  Embolus:       Mass of undissolved matter present in blood or lym-
phatic vessel. Embolus may be solid, liquid or gaseous.  

  Epithelialised:       Grown over with epithelial cells; said of a wound 
or catheter site.  

  Erythema:       Redness of skin along vein track that results from 
vascular irritation or capillary congestion in response to irri-
tation; may be a precursor to phlebitis.  

  Extravasation:       Inadvertent infi ltration of vesicant solution or 
medication into surrounding tissue; rated by a standard scale.  

  Extrinsic contamination:       Contamination that occurs after the 
manufacturing process of a product.  

  Fat emulsion (lipid emulsion):       Combination of liquid, lipid and 
an emulsifying system suitable for intravenous use.  

  Filter:       Special porous device used to prevent the passage of air 
or other undesired substances; product design determines 
size of substances retained.  

  Fluid overload:       A fl uid and electrolyte imbalance caused by the 
volume of fl uid infusion into a patient.  

  Free fl ow:       Non - regulated, inadvertent administration of fl uid.  



  Glossary

300

  Haemolysis:       Destruction of the membrane of the red blood cells 
resulting in the liberation of haemoglobin, which diffuses into 
the surrounding fl uid.  

  Haemostasis:       Arrest of bleeding or of circulation.  
  Hypertonic:       Solution of higher osmotic concentration than that 

of a reference solution or of an isotonic solution; having a 
concentration greater than the normal tonicity of plasma.  

  Hypotonic:       Solution of lower osmotic concentration than that of 
a reference solution or of an isotonic solution; having a con-
centration less than the normal tonicity of plasma.  

  Immunocompromised:       Having an immune system with reduced 
capability to react to pathogens or tissue damage.  

  Incompatible:       Incapable of being mixed or used simultaneously 
without undergoing chemical or physical changes or produc-
ing undesirable effects.  

  Infection:       Presence and growth of a pathogenic microorganism.  
  Infi ltration:       Inadvertent administration of a non - vesicant solu-

tion or medication into surrounding tissue; rated by a stand-
ard scale.  

  Infusate:       Parenteral solution administered into the vascular or 
non - vascular systems; infusion.  

  Injection access site:       Resealable cap or other confi guration 
designed to accommodate needles or needle - less devices for 
administration of solutions into the vascular system.  

  Intact system:       A closed infusion system.  
  Intermittent intravenous therapy:       Intravenous therapy adminis-

tered at prescribed intervals with periods of infusion 
cessation.  

  Intrinsic contamination:       Contamination that occurs during the 
manufacturing process of a product.  

  Isolation:       Separation of potentially infectious individuals for the 
period of communicability to prevent or limit direct or indi-
rect transmission of the infectious agent.  

  Isotonic:       Having the same osmotic concentration as the solution 
with which it is compared (that is, plasma).  

  Lumen:       Interior space of a tubular structure, such as a blood 
vessel or catheter.  

  Microorganism:       Minute living body not perceptible to the naked 
eye.  
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  Needle - less system:       Substitute for a needle or a sharp access cath-
eter, available in various designs, for example blunt, recessed 
and valve.  

  Needlestick injury:       Needlestick injuries are wounds caused by 
needles that accidentally puncture the skin. Needlestick inju-
ries are a hazard for people who work with needles and other 
sharps equipment. These injuries can occur at any time when 
people use, handle or dispose of needles. When not disposed 
of properly, needles can become concealed in linen or waste 
and injure other workers who encounter them unexpectedly. 
Needlestick injuries transmit infectious diseases, especially 
bloodborne viruses.  

  Non - permeable:       Able to maintain integrity.  
  Non - vesicant:       Intravenous medication that generally does not 

cause tissue damage or sloughing if injected outside a vein.  
  Occluded:       Blocked because of precipitation of infusate, clot for-

mation or anatomic compression.  
  Osmolality:       Characteristic of a solution determined by the ionic 

concentration of the dissolved substances per unit of solvent; 
measured in milliosmoles per kilogram.  

  Osmolarity:       Number of osmotically active particles in a 
solution.  

  Outcome:       Interpretation of documented results.  
  Palpable cord:       Vein that is rigid and hard to the touch.  
  Palpation:       Examination by application of the hands or fi ngers to 

the external surface of the body in order to detect evidence 
of disease or abnormalities in the various organs.  

  Parenteral:       Administered by any route other than the alimen-
tary canal, for example by the intravenous, subcutaneous, 
intramuscular or mucosal routes.  

  Parenteral nutrition:       Intravenous provision of total nutritional 
needs for a patient who is unable to take appropriate amounts 
of food enterally; typical components include carbohydrates, 
proteins and/or fats, as well as additives such as electrolytes, 
vitamins and trace elements.  

  Pathogen:       Microorganism or substance capable of producing 
disease.  

  Peripherally inserted central catheter (PICC):       Soft, fl exible, central 
venous catheter inserted into an extremity and advanced 
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until the tip is positioned in the lower third of the superior 
vena cava.  

  pH:       Degree of acidity or alkalinity of a substance.  
  Phlebitis:       Infl ammation of a vein; may be accompanied by pain, 

erythema, oedema, streak formation and/or palpable cord; 
rated by a standard scale.  

  Phlebotomy:       Withdrawal of blood from a vein.  
  Policy:       Written statement describing a course of action; intended 

to guide decision - making.  
  Positive pressure:       Constant, even force within a catheter lumen 

that prevents refl ux of blood; achieved by clamping while 
injecting or by withdrawing the needle from the catheter 
while injecting.  

  Procedure:       Written statement of steps required to complete an 
action.  

  Process:       Actual performance and observation of performance 
based on compliance with policies, procedures and profes-
sional standards.  

  Product integrity:       Condition of an intact, uncompromised 
product suitable for intended use.  

  Proximal:       Closest to the centre or midline of the body or trunk, 
or nearer to the point of attachment; the opposite of distal.  

  Psychomotor:       Characterising behaviours that place primary 
emphasis on the various degrees of physical skills and dexter-
ity as they relate to the thought process.  

  Purulent:       Containing or producing pus.  
  Quality assurance/performance improvement:       An ongoing, system-

atic process for monitoring, evaluating and problem solving.  
  Radiopaque:       Impenetrable to X - rays or other forms of radiation; 

detectable by radiographic examination.  
  Risk management:       Process that centres on identifi cation, analy-

sis, treatment and evaluation of real and potential hazards.  
  Safety device system:       Engineered physical attribute of a device that 

effectively reduces the risk of bloodborne pathogen exposure.  
  Scale:       Tool to measure gradations.  
  Sclerosis:       Thickening and hardening of the layers in the wall of 

the vessel.  
  Semi - quantitative culture technique:       Laboratory protocol for iso-

lating and identifying microorganisms.  
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  Sepsis:       Presence of infectious microorganisms or their toxins in 
the bloodstream.  

  Sharps:       Objects in the healthcare setting that can be reasonably 
anticipated to penetrate the skin and to result in an exposure 
incident, including but not limited to needle devices, scalpels, 
lancets, broken glass or broken capillary tubes.  

  Site protection material:       Material used to protect an infusion 
catheter insertion site.  

  Standard:       Authoritative statement enunciated and promulgated 
by the profession by which the quality of practice, service or 
education can be judged.  

  Standard precautions:       Guidelines designed to protect workers 
with occupational exposure to bloodborne pathogens.  

  Stylet:       Rigid metal object within a catheter designed to facilitate 
insertion.  

  Surfactant:       Surface - active agent that lowers the surface tension 
of fl uid.  

  Surveillance:       Active, systematic, ongoing observation of the 
occurrence and distribution of disease within a population and 
the events or conditions that alter the risk of such occurrence.  

  Thrombolytic agent:       Pharmacological agent capable of dissolv-
ing blood clots.  

  Thrombophlebitis:       Infl ammation of the vein in conjunction with 
formation of a blood clot (thrombus).  

  Thrombosis:       Formation, development or existence of a blood 
clot within the vascular system.  

  Transfusion therapy:       A transfusion consists of the administration 
of whole blood or any of its components to correct or treat a 
clinical abnormality.  

  Transparent semi - permeable membrane (TSM):       Sterile, air - permea-
ble dressing that allows visual inspection of the skin surface 
beneath it; water - resistant.  

  Vesicant:       Agent capable of causing injury when it escapes from 
the intended vascular pathway into surrounding tissue.    

 Source:   RCN (2010)  Standards for Infusion Therapy , 3rd edn. 
RCN, London.         
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glyceryl trinitrate 97, 205, 293
haematoma 180
heat 49, 96
missed vein entry 186
phlebitis 198, 205
skin 64–5
systemic blood fl ow 60, 61, 

62
vasovagal reaction 52, 188–92, 

283
vein selection 3, 48, 97–100, 175

cannulation 152, 157–8, 168
extravasation 212
haematoma 176
improving access 95–7, 105
missed vein 184
nerve injury 193
pain and anxiety 285–6
phlebitis 202, 203
vasovagal reaction 190
venepuncture 137–9, 150

veins 44–5, 46, 91–106
cannulation 78–87
equipment 68–88
improving access 95–7, 105
location 52–6
skin 63–5
structure 47–50
systemic blood fl ow 56–62
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