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Preface

The introduction of theDiploma inTransfer andRetrievalMedicine

by the Royal College of Surgeons of Edinburgh in 2012 was the cat-

alyst for ABC of Transfer and Retrieval Medicine. Reviewing the

recommended reading for the Diploma, it was clear that there was

no single revision guide to aid candidates’ preparation; by using

the Diploma curriculum as a framework, we could provide a use-

ful addition to the highly acclaimed “ABC of… ” series. Transfer

Medicine is also a recognised component of anaesthetic training in

theUnited Kingdom,with dedicated learning outcomes highlighted

in the curriculum from the Royal College of Anaesthetists. On this

background, we aim to provide a useful point of reference for all

healthcare practitioners involved in the field of transfer and retrieval

medicine.

We are indebted to all the individuals who have contributed

their expertise to the book. As you will see, we have a distinctly

multi-national contributor list from a range of healthcare back-

grounds, with the specific aim of producing a text of relevance to all

practitioners within the field, irrespective of country of practice. All

the contributors have a wealth of experience and we are extremely

grateful to them for sharing their expertise.

We would like to thank all the team at Wiley for their invaluable

guidance, realistic timelines and patience with this project; our fam-

ilies for their unwavering support and tolerance, and our authors

for agreeing to contribute to the book, adhering to timelines and

stringent word counts!

Whilst on paper, the aim of “maintaining the same standard of

care as the patient would receive in hospital throughout the course

of the transfer” may sound straight forward, the reality is that it

rarely is.This text is dedicated to all of you whomove critically ill or

injured patients to, or from, health care facilities at all hours of the

day and night in often challenging circumstances.

Adam Low

Jonathan Hulme

xiii
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CHAPTER 1

Introduction

A. Low1,2,3 and J. Hulme1,2,4,5,6,7

1West Midlands Central Accident Resuscitation & Emergency (CARE) Team, UK
2West Midlands Ambulance Service NHS Foundation Trust Medical Emergency Response Incident Team (MERIT), UK
3AMREF Flying Doctors, Kenya
4Intensive Care Medicine and Anaesthesia, Sandwell and West Birmingham Hospitals NHS Trust, UK
5University of Birmingham, UK
6Mercia Accident Rescue Service (MARS) BASICS, UK
7 Midlands Air Ambulance, UK

Intensive care beds are a limited and often pressurised resource

within any healthcare setting. As the complexity and breadth of

surgical interventions increases, alongside longevity and associated

co-morbidities, the requirement for critical care is expanding

worldwide. In the developed world many healthcare systems are

moving towards networked care: with tertiary centres for special-

ist care, meaning patients presenting to their local hospital may

subsequently need to be transferred for definitive intervention

(e.g. neuro/cardiothoracic/transplant surgery or an intervention

such as hyperbaric oxygen therapy). Neonatal and paediatric inten-

sive care facilities are becoming centralised, increasing the need

for ‘Retrieval Teams’ who will travel to the patient, assist local

health care professionals in resuscitation and stabilisation before

transporting the patient back to base facility. The development

of trauma networks may mean patients are transported longer

distances from point of injury to Major Trauma Centres (MTCs),

or stabilised at Trauma Units before onward transfer to a MTC for

definitive multidisciplinary care. Regional Enhanced Care Teams

The patient is initially GCS
15 but becomes increasingly
drowsy and has a generalised
seizure. He is intubated and
ventilated for CT scan

CT head shows acute
extradural haematoma
with associated fracture
and contra-coup contusions
prompting urgent Neurosurgical
referral

The patient is slow to wake
on sedation hold prompting
transfer to radiology for repeat
CT head = oedema around
evacuated clot site.

The patient is transferred
intubated & ventilated to
intensive care

The patient is transferred
directly to theatre for clot
evacuation

The patient makes a steady
recovery and is successfully
extubated

Transferred to Neurosurgical
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anticonvulsants. Remains
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ongoing neuro-rehabilitation
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Figure 1.1 A 20-year-old male is assaulted and hits his head on the pavement with brief loss of consciousness. He is assessed on scene by paramedics who
stabilise him and transfer him to the nearest Emergency Department. Green arrow, intra-hospital transfer; red arrow, secondary retrieval; blue arrow, repatriation.
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(ECTs) are becoming increasingly common to assist in the primary

management and transfer of these polytrauma patients. Figure 1.1

illustrates an example of a critically ill patient undergoing numerous

transfers.

The increase in worldwide travel and business networks means

people risk ill health while abroad. They may want or require

repatriation for healthcare, family support or financial reasons.

This request may be instigated by their medical insurance company,

resulting in international transportation.

It is inevitable that critically ill patients will need to be moved at

some point in their illness.Thismay be frompoint of injury or small

healthcare facility to specialist care, or from one area of a healthcare

facility to another. Pressures on critical care beds may necessitate

movement of patients in order tomanage local resources. In theUK,

the NHS has created Critical Care Networks on a regional basis to

facilitate this aspect of resource management. The principles and

risks associated with moving any critically ill patient are discussed

in depth in this book.
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2 ABC of Transfer and Retrieval Medicine

The following definitions and concepts are important to

understand:

• Retrieval: deployment of a specialist team of appropriately trained

health care professionals to the patient’s location to resuscitate and

stabilise prior to transfer to definitive care.
• Transfer: the movement of a patient (not necessarily critically ill),

from one location (or healthcare facility) to another.
• Primary retrieval: from a pre-hospital location to hospital.
• Secondary retrieval: movement from a healthcare facility with

limited resources/expertise to a specialist care facility.
• Tertiary retrieval: movement from one specialist care facility to

another, or for bed availability.
• Repatriation: retrieval from distant or international health care

facility to patient’s local hospital or specialist care unit.
• Inter-hospital transfer: movement of a patient from one hospital

facility to another.
• Intra-hospital transfer: movement of a patient from one depart-

ment to another within the same hospital buildings.

Movement of critically ill patients can be achieved via a variety of

transport modalities, selection of which requires clinical, financial

and logistical consideration.

The movement of critically ill patients is not without risks to

patient and team (summarised in Box 1.1). Historical data have

suggested that retrievals and transfers may be associated with

increased mortality and length of hospital stay, with increased

incidence of hypoxaemia and hypotension, persisting upon arrival

at the receiving facility (see Further reading).

Box 1.1 Potential risks encountered during patient transfers

Environmental exposure
Road traffic collision
Equipment failure
Physiological instability

∘ hypoxaemia
∘ arrhythmias
∘ hypotension
∘ hypertension
∘ raised intracranial pressure
∘ death during transfer

Acknowledgement of these factors has resulted in the devel-

opment of dedicated transfer and retrieval teams with associated

clinical governance/training schemes, standardised equipment

and standardised operating procedures to optimise patient safety

(Box 1.2). All these factors will help to ensure ‘the rule of RIGHT’:

The RIGHT patient is taken at the RIGHT time, by the RIGHT
people to the RIGHT place, using the RIGHT transport modality
and receiving the RIGHT clinical care throughout.

Box 1.2 Key components to being a part of an effective
retrieval team

Understanding of the physiological consequences of moving critically
ill patients

Good clinical acumen and skill to assess and stabilise critically ill
patients

Familiarity and understanding of equipment utilised
Familiarity and understanding of commonly used drugs
Good communication between the team, base hospital and receiving

hospital
Good management and leadership skills
Appreciation of ethical and legal issues surrounding patient transfers

and retrievals
Working within ones scope of practice and clinical governance

scheme

This book aims to introduce the reader to all these different

aspects of transfer and retrieval medicine. It is no substitute for

hands-on clinical experience, but we hope it will provide a use-

ful reference for any practitioner (paramedic, nurse or doctor)

involved in the transfer and retrieval of critically ill patients.

Further reading
Flabouris A, Hart GK, George C. Outcomes of patients admitted to tertiary

intensive care units after interhospital transfer: comparison with patients

admitted from emergency departments. Crit Care Resusc 2008;10(2):

97–105.

Flabouris A, Hart GK, George C. Observational study of patients admitted

to intensive care units in Australia and New Zealand after interhospital

transfer. Crit Care Resusc 2008;10(2):90–6.
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Section 1

Physiology of Transfer Medicine
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CHAPTER 2

Acceleration, Deceleration and Vibration

M. Sheils1 and C. Hore2

1Careflight NT, Australia
2Ambulance Service of New South Wales, Austalia

OVERVIEW

This chapter will enable the reader to:
• discuss gravity in relation to the flight environment
• list the origins of negative, positive, linear accelerations and

radial accelerations
• understand the value of appropriate positioning and orientation

of patients for transfers
• discuss the key fundamentals of crashworthiness in road and air
modes of patient transport

• discuss the physics of vibration, harmonics and resonance and
the physiological/physical consequences

• list the sources of mechanical vibration in road and air modes of
patient transport.

Introduction

Anypatient beingmovedwill experience acceleration and vibration,

irrespective of mode of transport. In the critically ill, these can have

significant physiological impact that the transferring team must be

aware of. This chapter will discuss the physics, sources and physio-

logical consequences of acceleration and vibration.The importance

of crashworthiness in reducing exposure to short-duration accelera-

tion and protective strategies in limiting the effects of long-duration

accelerations and vibration will also be considered.

Acceleration

Physics of acceleration

• Speed: The distance travelled in a given unit of time regardless

of direction, usually measured as miles/kilometres per hour or

metres per second. Air travel is measured as nautical miles per

hour (knots).
• Velocity: Speed applied to a given direction, e.g. 300 knots West.
• Force: Newton’s first law states that an object will remain at a con-

stant velocity or state of rest unless a force is applied to it. Force

therefore causes acceleration.The standard international (SI) unit
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for force is a newton (N): a force that will accelerate a mass of

1 kg × 1m/s2. The gravitational pull of the earth exerts 9.81N on

any mass.That is, if an object with a mass of 1 kg is dropped from

a height, gravity would cause it to accelerate at 9.81m/s2 until

terminal velocity is reached. The 9.81N force of gravity is better

known as 1 G. Inhabitants of this planet have evolved so that our

physiological performance is optimised under the gravitational

force of 1 G.
• Weight: When the force of gravity is applied to a mass it gives rise

to the force we sense as weight. If an 80-kg patient is subjected to

an accelerative force of 2 G they would weigh 160 kg.
• Acceleration: A rate of change of velocity measured in metres per

second squared. Acceleration can be a positive number or a nega-

tive number (deceleration). Newton’s second law states that accel-

eration is directly related to the force applied to it and inversely

proportional to the mass of the object.

Newton’s third law states that for every action or force, there is

an equal and opposite reaction. Therefore when we are accelerated

by one force in one direction, we will be exposed to a force in the

opposite direction, known as the reactive or inertial force.The reac-

tive force felt during acceleration is known as G force and is labelled

according to the magnitude (in multiples of Gs) and the direction it

is applied in relation to the body (Figure 2.1).

G force along the vertical axis of the body is labelled Gz, with

a positive vertical G force (+Gz) when the body is accelerated

upwards and the reactive force pushes down. This is felt as an

increased weight. A negative vertical G force (–Gz) occurs when

the body is accelerated downwards with the reactive force pushing

upwards. G force along the anteroposterior axis is labelled Gx.

Positive anteroposterior G force (+Gx) occurs when the body

is accelerated forward and the reactive force pushes the body

backwards. Negative anteroposterior G force (–Gx) occurs as the

body decelerates or accelerates in a backwards direction with the

reactive force pushing the body forward. G force applied laterally

is labelled Gy. Positive lateral G force (+Gy) occurs when the body

is accelerated to the right and negative lateral G force (–Gy) when

the body is accelerated to the left.

Sources of acceleration
Broadly speaking acceleration can be defined as long-duration

accelerations, lasting greater than 2 seconds in excess of 1G, or short
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