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Injured patients’ survival depends on expert, time-critical, complex, and spe-
cialised care. Patients are looked after by teams of teams, who must work in 
synchrony, smoothly handing over care to the next phases of care. Expert 
teams are made of expert individuals, and experts fundamentally need a deep 
understanding of the disease they are managing. Their knowledge must 
extend to not only their own specific area of care, but to know holistically 
what a patient needs now, and how their specific actions will integrate with 
those of others to deliver the best possible outcomes. Hence this textbook.

Trauma care is often taught as a set of protocols—semi-rigid approaches 
to be followed in the same way, patient after patient. But the essence of 
trauma care is to tailor diagnosis and treatment to the condition of the patient. 
The team must adjust their approach, adjust their techniques, and adjust their 
whole tempo in response to the patient—how quickly they are bleeding, how 
bad their brain injury is, how old they are, and how cold they have become. 
Understanding why and how management has to be bespoke for each patient 
requires an understanding of the pathophysiology associated with different 
injuries, and how these are modulated by our interventions. In other words, 
there is a science to trauma care.

As a trauma care provider, there is something in this book for you, regard-
less of your profession or specialty. Written by contemporary multi- 
professional trauma care specialists, this book gives the reader a wide but 
deep knowledge of the human response to injury. “Textbooks are dead” is a 
common refrain. Blogs, FOAMed, webinars, YouTube videos, and even twit-
ter all offer versatile, rapid, and free access to learning resources. Writing and 
editing a textbook is a major undertaking, and one that mostly carries less 
kudos than getting a research paper published. But despite all this, textbooks 
are still surviving and thriving. A book can pull all the strings of a subject 
together to give a deeper, holistic view of a subject. It is often only by cover-
ing the breadth of a subject that one can gain an understanding of its whole 
and hence of its parts. So I’d congratulate the editor and all the contributors 
of this textbook in having the enthusiasm, drive, and endeavour to see this 
project through to completion, and of course I’d congratulate you on your 
wisdom to purchase it.

Trauma is not going away. Our world is getting hotter, more crowded, and 
more unequal. Conflict from social pressures and lack of resources is growing 
on micro and macro scales. The stresses of modern living are fuelling a rise 
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in mental health problems and attempted suicide. An expanding, more active 
elderly population are sustaining injuries complicated by their pre-existing 
conditions. While most of the world’s diseases are reducing in incidence and 
severity, accidental and non-accidental injuries are increasing in incidence 
and severity. But we have never had a better understanding of injury that we 
do now, and we have never had better knowledge and tools to save and rebuild 
peoples’ lives.

Now is a good time to be reading a new textbook of trauma care.

 Karim Brohi
Queen Mary University of London, London, UK 

Barts Health NHS Trust, London, UK 

The original version of this book was revised. The correction to this book can be found at  
https://doi.org/10.1007/978-3-030-83628-3_45
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No work like this could be achieved without a vast amount of help from a 
multitude of people, and indeed I have been supported by quite a few!

To my family—you are the reason why I can keep doing this. Thank you 
for your unwavering support throughout my training, Consultancy, and ongo-
ing work—I really could not have done this without your patience, under-
standing, and forbearance through late nights, early mornings, and deadlines. 
Mostly, thank you for keeping me supplied with therapeutic caffeine and gin 
when needed!

To doctors Sikorski, Galvagno, Conti, Koerner, Bucci, Grissom, Stephens, 
Samet, Hyder, Fouche-Weber, Scalea, Habashi, and O’Connor, all the 
CRNAs, anaesthetics, and ICU staff at Shock Trauma—you are the reason 
why I know how to do this. The teaching and exposure I had in your pro-
gramme has been a massive influence in how I’ve practised as a Consultant 
and has had an impact on patient care many years after I graduated the Shock 
Trauma Fellowship.

To Elaine Giles and Mike Thomas—thank you for three years of real- time 
technical support! From figuring out the finer parts of Scrivener and the 
Affinity programmes, help with design elements during the creation of this 
textbook, and my work during COVID, this book could not have been pro-
duced without your help, support, and teaching. You’ve directly contributed 
to saving patients in all the work you’ve helped me with.

To Jocko Willink—thanks for the discipline to write 1,000 words a day, 
good or bad! It really helped when I was struggling and made the whole thing 
more manageable.

This textbook represents the total of my trauma teaching and experience 
over the last 15 years on a variety of courses and rotations. The principles 
outlined in this textbook have been drawn with experience from not only 
"traditional" courses such as ATLS, but also involvement with more modern 
courses such as ATACC, ETC, work in the R Adams Cowley Shock Trauma 
Centre, the RAF Critical Care Air Support Team (CCAST), and as a PHEM 
doctor for the Air Ambulance Service (TAAS) in the UK.

I am indebted to the supervisors that I have had since I started in trauma 
care as a slightly over-keen medical student. I hope that this textbook will 
be used by doctors, nurses, paramedics, and other healthcare providers 
internationally to support their decision-making and improve patient care. I 
am active on social media, and you can find me on Twitter (@DrPeteLax). 

Acknowledgements



x

I welcome any questions, suggestions for improvements, or clarifications 
that you have regarding the textbook. The authors have produced some 
great chapters and all credit goes to them, but as the editor any omissions or 
errors are exclusively my fault. If you have spotted any mistakes or wish to 
suggest any amendments or have any other general comments, then please 
let me know. Of note, this textbook has taken many years to write. With 
Brexit, a pandemic and the extended time taken to go from authorship to 
publication, some recommendations and policies that may have been super-
seded in this time. Readers are advised to check their local policies for 
accepted practices in their instututions rather than relying on one source.

This textbook represents the most up-to-date evidence available at the time 
of publishing, but if you are aware of a new paper that may change recom-
mendations or current practice, then please let me know so I can update the 
textbook in line with this in the event of a second edition!

PL, Tactical Medical Wing, 2021
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Human Factors in Trauma Care

Why the Human Factor Is Always a Factor

Peter G. Brindley and Jocelyn M. Slemko

Who is in charge of the clattering train?
The axels creak, and the couplings strain.
For the pace is hot, and the points are near,
And sleep hath deadened the driver’s ear;
And signals flash through the night in vain.
Death is in charge of the clattering train!
–Edwin James Milliken, 1890

 Introduction

When humans, and their systems, are pushed 
beyond their limits then disasters follow: it is just 
a matter of time. Milliken’s poem was relevant 
over a century ago when a train crashed due to 
poor working conditions and distracted drivers. 
Half-a-century on it was just as relevant when 
Winston Churchill repurposed it for his history of 
World War II, The Gathering Storm. Fast forward 
another 50  years and it offers a useful starting 
point for discussing human performance in mod-
ern trauma medicine. It will likely continue to be 
all too familiar until we humbly accept that ‘the 
human factor is always a factor”, and adopt a cul-
ture of constant reflection and improvement. 
Having hopefully captured your precious cogni-
tive band-width, we now offer practical insights 
that can save patients’ lives and keep medical 
teams strong.

Hyperbole aside, it is not difficult to liken the 
modern trauma bay to a clattering Victorian train: 
with people in peril and workers straining to halt 
death. Despite all of medicine’s giddy technical 
advances, it can still be unclear who is in charge. 

• Definition and importance of human 
factors in trauma resuscitation

• Causes of Error: flow disruption and 
active or latent failures

• Individual Human Factors: adverse 
physiologic states, managing stress and 
cognitive bias

• Task Based Factors: mastery and the use 
of checklists

• Human Factors and Teams: pre-briefing 
and debriefing, communication, and 
leadership/followership

• Environmental Factors: physical layout, 
resource utilization, and the Zero Point 
Survey

• Organizational and System Factors
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There is still every likelihood that resuscitators 
are sleep-deprived, that judgements are dis-
tracted, and that performance is stymied by mad-
dening bureaucracy and dysfunction. “Red flags” 
go unnoticed, technology can falsely reassure, 
and chaos can predominate. That is, unless we 
commit to understanding the good, bad and ugly 
of human performance. This is because, follow-
ing major trauma, a patient’s aortic dissection, 
cerebral oedema, and unstable pelvis are cer-
tainly a threat to their life, but so are our prehis-
toric human responses and sclerotic systems [1].

Accordingly, this chapter focuses on non- 
technical skills, otherwise known as Human 
Factors (HF). These are often taught under the 
rubric of Crisis Resource Management (CRM) 
which contains six subsections: situation aware-
ness, decision-making, communication, 
 task- resource management, leadership and fol-
lowership, and teamwork [2]. Our goal is to offer 
insights at the level of the individual, team, task, 
and environment. Importantly, non- technical 
competence should not be assumed, or intuited, 
any more than technical competence. For exam-
ple, we do not assume you can insert a central 
venous line without instruction and practise; the 
same applies to working in complex resuscitation 
teams. Fortunately, HF knowledge, and CRM 
skills, can be learnt, mastered and maintained. 
Like many things in Medicine, improvement 
starts by giving a damn, and refusing to accept 
the status quo.

 What Are Human Factors and Why 
Should We Care?

HFs can be broadly defined as the interplay 
between individuals, teams, tasks and the envi-
ronment. They are largely synonymous with 
CRM in that the focus is not on the technical 
aspects of medical care (i.e. medications and pro-
cedures) but rather the ergonomics of how 
humans identify threats, make decisions, and 
coordinate activity. HF and CRM are scientific 
disciplines. However, HF solutions may be little 

more than codified common sense, or lessons 
redeployed from everyday life. As such, HF may 
be the best way to understand why errors occur in 
complex human systems, and the best way to 
mitigate their harm. An understanding of HFs 
also explains why we need regular simulation, 
and structured debriefs. Once you grasp the 
importance of HF you are also likely to see medi-
cine not only a science and art, but also a branch 
of engineering and psychology [3].

Deliberate study of HF and CRM began 
approximately half-a-century ago. Commercial 
aviation industry led the way, and because 70% 
of adverse events were attributable [4]. The per-
centage of attributable errors is similar in medi-
cine, but we continue to be laggards. Both 
medicine and transportation should strive to man-
age people safely and predictably. There is, how-
ever, a danger of oversimplifying the comparisons 
with aviation. After all, resuscitation rarely 
allows us to delay “take off” until everyone is 
rested and familiar, or “return to base” if things 
go awry. As such, low performing trauma teams 
should look to learn from high performing trauma 
teams not just Top Gun pilots. You may prefer to 
compare trauma medicine to symphony orches-
tras or sports team: it does not matter. What mat-
ters is that medical practitioners are open to any 
translatable insight no matter their source. 
Aviation represents the best starting point because 
it has been formally studied, and because, like 
doctors, pilots face individual stress, unfamiliar 
players, dizzying technology, and pervasive 
bureaucracy. Aviation also offers an important 
reminder that medical patients and practitioners 
are at the mercy of the very system designed to 
keep them safe.

Importantly, better resuscitation is not about 
just replacing humans with computers and check-
lists, or assuming that humans are an unmitigated 
liability. Instead HF and CRM are about under-
standing the strengths and limitations of each 
component in a system (self, team, environment, 
patient, technology) and designing better work 
environments (i.e. more resilient team structures, 
more sensible work-rosters, and more appropri-
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ate fail-safes). It means leveraging ergonomics 
and psychology and engineering to help humans 
be more thoughtful, efficient, vigilant, safe and 
caring. It is about making Safety (with a big S) 
everybody’s business and a system wide impera-
tive; every bit as important as throughput [5]. It 
means minimizing errors while also accepting 
that they will inevitably occur in complex sys-
tems. It means looking beyond the traditional 
approach of “name-blame-shame”. Clearly, we 
have work to do.

Factual knowledge still matters and so does 
manual dexterity. Moreover, healthcare profes-
sionals and administrators must still accept 
appropriate individual-responsibility. However, 
HF emphasizes the need to also look at the wider 
system, context and culture. It moves us beyond 
simplistic questions such as “why did you do 
that?” and onto “why at the time did that occur 
and seem appropriate?”. It means working on 
our verbal dexterity and team dexterity. HFs 
aims to help the individual patient in the here 
and now, but also to build a medical culture that 
is mature and just. It is why medical practitio-
ners should see themselves as “culture change 
agents” not just “all-knowing” clinicians who do 
discrete shifts. If we fail to learn these lessons 
then we will continue to make repetitive mis-
takes in high stake situations, and patients will 
needlessly suffer [6].

An understanding of HFs also offers a road 
map for the future; even a healthcare revolution. 
This is because it helps us understand that com-
plexity outstrips any individual, and that resus-
citation is now a team pursuit [7]. It explains 
why experts (especially experts) ask for help, 
incorporate double checks, and insist on closed 
loop communication. It means building a sys-
tem where simulations are not a luxury, nor a 
soul- crushing embarrassment. HFs is about 
making team members feel safe, and communi-
cating that we are all lifelong learners and 
change agents. HFs are also not about buzz-
words, or endless meetings, but rather building a 
system where the best practitioners want to 
work, where the best administrators want to 
help, and where you would want your mother 
cared for.

 Causes of Error

 General Principles

As stated by Alexander Pope, in the 1700s- and 
repeated by the Institute for Health Improvement 
in 1999- “to err is human”. In other words, 
humans are not perfect, life is not perfect, and 
therefore trauma care is not perfect. Therefore, 
mistakes (typically understood as decisions that 
turn out to be wrong) and errors (typically defined 
as actions that go against accepted rules or norms) 
will occur. Our job is to minimize their likeli-
hood, severity and consequence. Medical errors- 
also understood as predictable human errors that 
occur in a medical setting- are more likely when 
situations are convoluted and people are unfamil-
iar, distracted or biased. The consequences 
increase when patients are frail (i.e. they lack 
physiologic reserve) and when systems are 
stressed or dogmatic (i.e. they lack administrative 
reserve). Consequential mistakes and errors are 
more likely when teams consist of individuals 
from different backgrounds and experience lev-
els, especially when if humans fail to check 
inherent biases, egos, or put others ahead of their 
needs.

Trauma is inherently risky. It comes with 
diagnostic uncertainty, high stakes, time pres-
sure, unsociable hours and even uncooperative 
patients. Regardless, the majority of trauma- 
associated errors are not from insufficient techni-
cal proficiency, but rather non-technical issues. 
These include CRM deficits such as ineffective 
situational awareness (i.e. a lack of a shared men-
tal model; team members not being on the same 
page), poor decision making (i.e. cognitive over-
load and insufficient cognitive offloading), inap-
propriate communication (which can be 
subdivided into verbal, non-verbal and paraver-
bal communication), poor task resource manage-
ment (i.e. insufficient prioritization, allocation, 
delegation, mobilization), insufficient leadership 
(i.e. poor role clarity and diffusion of responsibil-
ity), insufficient followership (i.e. failing to 
ascertain how we can be most helpful) and insuf-
ficient teamwork (after all, “a team of experts is 
not an expert team”) [2, 8].
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The “swiss cheese model of error”—usually 
credited to James Reason- explains why, when 
mistakes and errors occur, we often “get away with 
it” [9]. This is because, for an error to become a 
bad outcome, several “holes” need to line up in 
time and place. In other words, not all errors lead 
to bad outcomes, but bad outcomes are usually 
multifactorial. Similarly, it explains why higher 
functioning (i.e. more resilient) systems have 
numerous safeguards and fail-safes. It is why a 
single shortcoming (i.e. sleep-deprived team 
members), or even two shortcomings (sleep-
deprived team members plus faulty equipment) 
need not result in disaster. Importantly, the swiss 
chess model also emphasizes why we should not 
to equate being “lucky” with being “good”.

These ideas also explain why safety reviews 
are not witch hunts but rather core business. We 
should be reviewing cases that go badly (so called 
“safety-one”- see below) but also the greater 
number that go well (so called “safety-two”- see 
below). In other words, a robust system learns 
from failure but understands the mechanics of 
success. As outlined, when root causes are 
explored, it is common to identify numerous 
issues [10]. Accordingly, substantial improve-
ments are often the cumulation of multiple mar-
ginal gains [11]. System weaknesses (and 
successes) can be understood by looking at how, 
when, where and why errors (and successes) 
occur, and minimizing (though not ignoring) the 
“who” [12]. It means that errors (and successes) 
are rarely unpredictable or random. Every system 
really does produce the results it is “designed” to.

 Flow Disruptions

Flow disruptions are deviations from the predict-
able chain of events. These threaten safety 
because they create confusion, complexity and 
inefficiency [12]. Within trauma care, flow dis-
ruptions are most likely to be aberrations in coor-
dination, communication, or equipment. 
Importantly, these are more likely to occur in 
‘ectopic’ areas (i.e. radiology departments or 
operating rooms (OR), rather than comparatively 

controlled environments (i.e. Intensive Care 
Units (ICUs) or Emergency Rooms (ERs) [12]. 
Catchpole et  al. showed that implementing HF 
interventions that focused on reducing flow dis-
ruptions- for example, having the Radiology 
Department pre-alerted to traumas or having a 
structured OR handover- was associated with 
shorter hospital stay. In other words, standardiza-
tion can help, and simulations should occur 
throughout the hospital. The importance of flow 
disruptions highlights the importance of address-
ing the patient’s entire journey, including poten-
tially perilous handovers from one team or 
location to the next. After all, relay races are usu-
ally won or lost on the baton pass.

 Active and Latent Failures

As the term suggests, active failures are commit-
ted by those in closer patient contact. They are 
also more likely to have an immediate and obvi-
ously detrimental effect [1]. This, in turn, means 
that active failures are often easier to identify and 
more likely to be addressed [13]. An example is 
when an intubator inserts an endotracheal tube 
into the oesophagus. In short, everyone from the 
intubator to the most junior nurse likely knows an 
error occurred. In contrast, latent failures occur 
more at a system level, and, therefore, may be 
harder to identify and attribute. It may also take 
longer for latent failures to be linked to bad out-
comes. Latent failures typically, lay in waiting 
and require the right trigger [1]. An example is 
having the difficult airway cart far from patients, 
not clearly marked, or inconsistently stocked. 
This could result in staff being unable to find the 
right equipment, which in turn means they 
attempt intubation despite suboptimal conditions. 
As such, the endotracheal tube still ends up in the 
oesophagus and the patient suffers the same con-
sequence. By addressing both active and latent 
failures a system increases its resilience, closes 
more “holes in the swiss cheese”, and become 
more proactive. There is also an increased sense 
of shared responsibility and, hopefully, less 
finger- pointing [13].
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Key Points
• Trauma resuscitation can be error prone due to 

its chaotic environment, diagnostic chal-
lenges, and high stakes nature.

• Flow disruptions introduce multiple threats to 
patient safety and team resilience.

• Active failures have an immediate adverse 
effect, while latent failures are more difficult 
to identify and are deeply rooted within a sys-
tem. Both need to be addressed.

 Individual Factors

Example

Imagine it is your first week on the trauma 
service: whether as a nurse, registrar, or stu-
dent. You are 15 hours into a busy shift, hav-
ing hardly eaten or used the bathroom, and 
the trauma team has just been called over-
head. You have only  participated in one other 
trauma resuscitation, you believe it went 
badly, and you felt you were “in over your 
head”. You are petrified that you are going to 
make another mistake. You have little obvious 
backup, and you are working under a senior 
doctor who is known to be patronising and 
influential. You enter the room and see that 
CPR is in progress and you are handed a 
laryngoscope. You hear that the patient has 
multiple life- threatening injuries that will 
require simultaneous emergent intervention—
some of which you have never done before. 
Perhaps we can start with a simple but funda-
mental question: How do you feel? ◄

 Stress and Adverse Physiologic States

An old medical maxim asserts that before check-
ing the patient’s pulse you should check your 
own. In other words, stress affects our perfor-
mance and needs to be managed. A small “dose” 
of stress is helpful, as it usually focuses attention. 
Manageable stress also propels humans beyond 
denial and deliberation into deliberate action. 
Most people need “physiologic arousal” in order 

to engage, but, excessive stress impairs perfor-
mance. This is because excess physiologic 
arousal impairs higher-level thought and action. 
Excessive stress causes “attentional narrowing”, 
meaning it impairs our ability to step back, and 
appraise the larger situation. Rather than apply 
innovative thinking we are more likely to fall 
back on what we did before. In extreme cases we 
simply freeze.

Excessive stress impairs global situational 
awareness and creates tunnel vision. This means 
we can miss important peripheral clues. Stress 
can also create “tunnel action”, and perseverance. 
In other words, overstressed people persist in the 
same action and same thoughts, whether right or 
wrong. It means we tend to do the same old 
things, even if unwarranted, and because they 
offer us comfort, control and familiarity. A mea 
culpa example is when we simply wish to intu-
bate, insert central lines, or fire up the echo 
machine…regardless of whether the patient will 
benefit or not [14].

The “goldilocks” of stress (“not too much, not 
too little”) is illustrated by the Yerkes-Dodson 
curve [15]. While perhaps an oversimplification, 
it is the “sweet spot” where we avoid under 
arousal (associated with disengagement) and also 
avoid hyperarousal (which threatens task execu-
tion, especially requiring fine motor skills or 
nuanced judgement) [7]. Importantly, stress is 
subjective- what some people find exhilarating 
others find terrifying. Stress also depends on 
prior experience and personality traits such as 
risk-tolerance and rule-adherence [7]. It can be 
improved by stress inoculation training. This is 
where deliberate, graduated repeated and realis-
tic exposure is used to inoculate the resuscitator 
to stress. Incorporation of stress inoculation is 
also one way to prevent simulations from becom-
ing predictable and unrealistic. In short, it is a 
simple, cheap and profound way in which to 
improve performance. As such, we highly recom-
mend you give it a go [14].

Stress also matters because perception 
becomes reality. If an individual (or team or orga-
nization) assesses that their resources are insuffi-
cient then they are more likely to perform poorly. 
This could include not thinking that they are 
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capable, not believing they have the appropriate 
help or equipment, or not accepting that they 
work in a culture that “has their back”. Obviously, 
these beliefs may be valid. The issue is that feel-
ing stressed makes it difficult to execute higher 
level task because you are burdened by excessive 
tachycardia, elevated catecholamine levels, and 
general sympathetic overactivity [16]. It stands to 
reason that it is more difficult to resuscitate 
trauma patients with sweaty, shaky hands, and a 
nagging (and often self-fulfilling) sense of dread.

Myriad physiologic states can worsen human 
performance. In addition to excessive subjective 
stress, providers can be ill, intoxicated, or taking 
medications [13]. Fatigue is also a substantial 
risk factor, akin to intoxication [17]. We may be 
able to function in the moment when sleep 
deprived, because adrenaline kicks in, but this 
cannot be maintained for ever. Not surprisingly, 
long cumulative hours and shift work have both 
been shown to compromise higher cognitive 
skills and bespoke decision making in the short 
term. Sleep deprivation also impairs mental and 
cardiovascular health in the longer term [18]. The 
fact that our profession continues to blithely 
ignore the importance of sleep shows we have a 
long way to go in understanding even the basics 
of HFs.

The acronym “IM SAFE”—which stands for 
illness, medication, stress, alcohol, and fatigue- 
offers a useful acronym for self-reflection and 
self-improvement. It was developed by the avia-
tion industry and is readily translatable to trauma 
team members [19]. We recommend a self-check 
before starting a shift, during the hospital com-
mute, or when taking the elevator down to the 
trauma bay. After all, to do well you must be 
well.

 Managing Stress and Increasing 
Cognitive Readiness

If you work in trauma then you will be exposed to 
stress: no ifs, ands or buts. We may not be able to 
wholly eliminate high-stakes decision-making, 
diagnostic uncertainty, or unsociable hours. We 
can, however, increase cognitive readiness and 

decrease sympathetic nervous system overload 
[20]. Three effective strategies are breathing 
techniques, self-affirmation, and mental rehearsal 
[20]. All are easy to learn and cost-free. Perhaps 
the only obstacle is giving yourself permission in 
the midst of chaos. Even just feeling your feet on 
the ground and your chest rising and falling can 
help you feel “centered” and more in control.

Controlled breathing simply involves four 
steps: slow deep inspiration, then breath holding, 
then slow full expiration, then breath holding. 
Each is done for four seconds, hence this is also 
known as square breathing. These can be done 
prior to, during, or after stressful events [5]. It 
will be familiar to anyone who has tried medita-
tion. Fortunately, it should be familiar to anyone 
who has breathed in and out during regular life: 
in other words, every one of us can do this.

The second stratagem is self-affirmation or 
positive self-talk. Reminding yourself that “I’ve 
done loads of chest tubes” can decrease doubt 
and help you to cognitively reframe [7]. Thirdly, 
athletes mentally or pre-imagine their moves 
prior to big events, and we should too. Mental 
rehearsal, aka mental imagery, aka cognitive 
imagining is associated with higher confidence, 
greater sense of control, and better performance 
[16]. In other words, the human brain is a great 
simulator, so use it. Mental practice may not 
always make perfect but it does mitigate panic. 
Mentally preparing for success can make it more 
likely to happen. We believe you would have to 
be out of your mind not to use this!

 Cognitive Bias

Beliefs and behaviours are influenced by prior 
experiences; for good and bad. Especially in 
stressful situations, we tend fall back on what we 
have seen before and done before. This is sum-
marized as the Gestalt effect or pattern recogni-
tion. These can be immensely beneficially 
because is reduces delays (so-called ‘analysis 
paralysis’) and means not ever solution has to be 
built from the bottom up. The danger is that even 
when not fatigued we tend to favour inappropri-
ately simple answers to complex problems [21]. 
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In other words, we may see patterns where we 
should not, and we need self-discipline not to be 
lazy.

Other common biases include premature clo-
sure (downplaying contradictory evidence), 
availability heuristics (favouring those ideas at 
the forefront of the mind), anchoring heuristics 
(staying with initial assumptions), and fixation 
errors (ignoring evidence that points us in another 
direction) [21]. Once again, these HF principles 
emphasize that errors are often driven by uncon-
scious or semi-conscious processes. They are 
rarely deliberate of insufficient factual knowl-
edge or lack of moral fibre.

In this digital age, it is worth emphasizing that 
humans are capable of genius, abstraction, 
nuance, deep thought and emotional connection. 
Accordingly, it is not time for a wholesale 
replacement of humans in healthcare. However, 
all humans- including your authors- can be 
unpredictable, irrational, distractible, and fatiga-
ble. This is why metacognition- namely taking 
time to think about thinking- is important. Each 
of us needs to put in the work to make the uncon-
scious conscious: otherwise we will be lousy 
teachers. We also need to accept our fallibility, 
but then use that to spur ourselves towards con-
stant iterative improvement. We need to recog-
nize those triggers that make us more prone to 
error. Now that we are primed as individuals, it is 
time to shift to the task at hand.

Key Points
• Stress, and other adverse physiologic states, 

can substantially impact human performance
• Breathing techniques, self-talk and mental 

rehearsal can optimize stress levels (not too 
little stress, not too much)

• Awareness of one’s own cognitive biases is 
imperative to minimize error

 Task Factors

Good trauma resuscitation means being able to 
complete myriad tasks swiftly and safely. 
Importantly, there is a difference between task-
work (those actions required to complete a task: 

in other words, “the what”) and teamwork (the 
extra work that enables members to function col-
laboratively: in other words, “the how”) [7]. 
Failure to appreciate the difference is another 
reason why we over rely (and over blame) indi-
viduals. It is also why we refuse to attribute suc-
cess and failure to teams and systems.

The next lesson is that by ‘overlearning’ we 
can save more lives. In other words, we should 
practise well beyond the point of mastery. Honing 
our reflexes, such that some responses are sub-
conscious, frees up cognitive bandwidth for other 
tasks (i.e. it improves task work), and communi-
cates a sense of calm to the team (i.e. it improves 
team work). This should mitigate chaos and 
increase the sense of control, both internal (in the 
individual’s brain) and external (i.e. to all team 
members). The only caution is that automaticity 
should not mean inflexibility or laziness [7]. We 
do simple things in the same predictable ways in 
order to free up time and bandwidth so we can 
tackle the more complicated. This segues into the 
good, bad and the decerebrate of checklists.

 Checklists

Relying solely on our memory can be dangerous, 
especially during stress. As a result, there is a 
strong argument for cognitive aids. These aide 
memoires typically come in the form of check-
lists (a series of key items), and mnemonics (a 
memorable word, phrase or letters that also sum-
marizes key items). These can be used both dur-
ing crisis care, and routine endeavours. The most 
important thing is to test whether they make us 
smarter or dumber. Understand that checklists 
can save lives, but do not assume we need a 
checklist for everything. Moreover, do not 
assume that once a checklist is created then the 
work is done. It needs to be stress-tested and 
stress-finessed.

An example of an evidence-based checklist is 
the Surgical Time Out, developed by the World 
Health Organization (WHO). This has been asso-
ciated with improve mortality, especially in the 
developing world. It has since been widely 
adopted [22]. Checklists are intended to increase 
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team communication, improve delegation, and 
flatten the social hierachy [22]. Importantly, how-
ever, checklists are only a tool, and like any tool 
will only be as good as the people that use them. 
After all, a hammer can be used to build things or 
smash things.

Checklists should be “dosed”. In other words, 
just like our other therapies they should be 
administered at the right time by the right people 
and in the right situation. Importantly, they 
appear to be best when limited to seven or fewer 
items (just like phone numbers), and when they 
demand answers (what will you do when…) [23]. 
In other words, a 20-item checklist is not fit for 
task, and nor is the human tendency to mindlessly 
tick boxes. Cognitive aids should justify the extra 
time that they consume. They should be incorpo-
rated into simulations, posted in highly visible 
common areas and be co-created by both senior 
and junior team members [22].

After the Surgical Time Out, The WHO devel-
oped a Trauma Care checklist, in order to com-
plete the primary and secondary survey plus other 
key steps [24]. In the same vein, Fitzgerald et al. 
(2019), developed a Trauma Team Time Out. 
This is intended for the first thirty minutes of 
trauma resuscitation. Once again, the goal is not 
to replace humans, nor is it to replace human 
judgement. Instead cognitive aids should ensure 
that we do not miss critical steps. They should 
free the brain up for higher level thought, and 
unite the team [25].

 Team Factors

Trauma teams need to assemble quickly and be 
ready for coordinated action. Teamwork is more 
than just the sum of its parts; it is a larger integra-
tion of mental, manual, and social expertise [26]. 
As mentioned, a team of experts is not automati-
cally an expert team [27]. In addition to the indi-
vidual task skills discussed above, the success of 
the trauma resuscitation relies equally on the 
interpersonal functioning of the trauma team 
[26]. Not surprisingly, Cohen et al. (2018) found 
that success and failure are substantially influ-
enced by the team’s communication, coordina-
tion, and planning [13].

Justice Potter Stewart famously opined that 
while he couldn’t define pornography he knew it 
when he saw it. The same could be said of the 
less salacious topic of teamwork. We all know a 
high functioning team when we see one: to refer-
ence our opening poem it resembles a well-oiled 
machine devoid of creak and strain. Regardless, 
effective teams have well-defined structures (i.e. 
the team knows how to give and take instructions, 
and knows how to confirm instructions were 
heard and completed). Nowadays, it involves 
“more we and less me”. Empathic teams also per-
form hot debriefs (immediately after in order to 
address emotions) and cold debriefs (after a short 
lag to address what could be done better). All of 
this cross monitoring promotes better team resil-
ience in the longer run [8]. Importantly, however, 
there are ways to improve performance before 
the patient even arrives. Welcome to the 
prebrief…

 Don’t Just Debrief, Prebrief

It has been argued that failing to prepare is like 
preparing to fail. Regardless, generations of 
healthcare professionals have been taught that all 
resuscitation begins with the primary survey or 
ABCs: airway, breathing and circulation. This is 
not always true. The primary survey is still funda-
mental, but, as will also be discussed under the 
section entitled the “Zero Point Survey” [14], we 
need not wait until the patient arrives. Instead, 
preassemble your team, identify the overall 
leader, and identify each sub-team (i.e. airway 
team, transfusion team etc.). Ensure that roles are 
delegated (thereby minimizing ‘diffusion of 
responsibility’). Use this time to explicitly tell 
team members that you value their presence and 
authorize everyone to speak up if they have sig-
nificant concerns. Once you have done this you 
can add the polite coda that interruptions should 
be brief and only if necessary for the patient’s 
well-being.

The pre-brief is the first opportunity to build 
the team, to apportion tasks, and to develop a 
shared mental model. Ideally, everyone should 
have the opportunity to verbalize what they know, 
what they are concerned about, and their pro-
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posed solution (aka Plan A) [7]. This team huddle 
allows the team to own the plan. It bolsters both 
teamwork and taskwork and gives everyone a 
structure to rally around if chaos builds. Done 
right it creates a team that provides updates and 
cross monitors. Done right and a group of relative 
strangers can become nimble enough to manage 
complex trauma, overcome human biases, and 
put aside interpersonal concerns.

 Team Structure: Leadership 
and Followership

Attend enough lectures and somebody will even-
tually highlight the importance of culture. The 
problem is they rarely go on to define what 
 ‘culture’ actually means. A deep dive is beyond 
the remit of this chapter but the Dutch 
Psychologist, Geert Hofstede offers a good place 
to start [28]. In brief, his group outlined six indi-
ces of culture. These are: Power Distance Index 
(i.e. how the powerful and less powerful accept 
their status); Individualism (i.e. loyalty vs every-
one for themselves); Masculinity vs Femininity 
(i.e. money- focus; self-centeredness); Uncertainty 
Avoidance (i.e. comfort with uncertainty; reliance 
on rules vs style); Long Term Orientation (i.e. 
persistence, and the importance of shame), and 
Indulgence vs Restraint (i.e. individual freedom 
vs societal norms).

In broad strokes, building a better medical cul-
ture means hard work over years rather than the 
typical trauma timescale. It means ensuring that 
empathy is cultivated and shared, and that work-
place toxicity or complacency is not tolerated. It 
means accepting that hierarchy must exist but 
balancing that against creating the creation of a 
safe and respectful work environment. This is 
because we need to structure but also to leverage 
everybody’s knowledge and skills [26]. It means 
making team members feel safe. This is done by 
committing to team members’ longer-term career 
development rather than casting people aside 
after one mistake. It means understanding that 
those actively talking (i.e. resuscitating by voice) 
are as important as those actively listening [26]. 
It means understanding that while team leaders 

may be largely responsible for setting the 
dynamic, we all own culture.

Better leadership improves team performance, 
satisfaction and efficiency [8]. However, just like 
culture, leadership can be hard to define. An 
effective leader knows when to be hands-on 
(explicit leadership) and when to step back and 
delegate (implicit leadership) [26]. Leadership is 
hard and cannot always be intuited. Leaders have 
to simultaneously earn the team’s trust, present 
an acceptable shared mental model, centralize 
information flow, coordinate tasks and overcome 
emotions (their own and other’s) [29]. They man-
age and monitor the overall situation, and they 
accept disproportionate responsibility (i.e. 
including when it is not even their fault). Leaders 
step up and get their hands dirty when required. 
Leaders also teach, mentor, and set a standard for 
the whole team [8]. This is why hierarchy mat-
ters- you earn the right to lead; it isn’t just 
awarded on day one.

Importantly, followership skills are no less 
important than leadership skills, even if this is not 
reflected in the literature. To date, there are 60 
publications on leadership for every one publica-
tion on followership [30]. Moreover, there is 
likely still a stigma associated with self- 
identifying as a follower (i.e. a relative subordi-
nate), even though 85% of healthcare workers are 
better understood to be followers. Healthcare 
simply could not function without skilled follow-
ers, and once again these skills can and should be 
taught [2]. Effective followers are able to step up 
when required and not taking it personally when 
they need to step back. In short, followership is 
an advanced impressive skill and should be val-
ued as such.

Followers are able to self-manage and use 
their emotional intelligence to size up what they 
can and should contribute in any moment [26]. 
Clearly, the binary ideas of leader versus follower 
is outdated. Instead, members of the trauma team 
move in and out of leadership and followership 
roles. Therefore, it is better to simply talk about 
high functioning team members, who, in turn, are 
those with the dexterity to adapt to what (rather 
than who) is right. As outlined, effective leaders 
and followers also cross monitor. This means that 
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while we manage ourselves, we also remain vigi-
lant to the needs of others. Part of being a good 
trauma team member is having that ‘sixth sense’, 
where you size up a situation and step up or step 
back in whatever way best serves the patient and 
team.

Complex resuscitations often require sub 
teams. In HF terms, this minimizes task overload 
and ensures cognitive offload. While each team 
member maintains a global perspective, sub 
teams divide up the work and can thereby narrow 
their focus [7]. Examples include an airway team, 
or vascular access team. This breaks the resusci-
tation into more manageable chunks, and enables 
the leader to maintain a more supervisory role, or 
‘thousand-foot view’ [7]. This mirrors the two 
attention types seen in nature types. System-1 is 
a focused spotlight gaze. This is exemplified in 
nature by the predator who focuses on only what 
truly matters, namely catching prey. System-2 
means scanning from stimulus to stimulus. In 
nature, this is the potential prey who must avoid 
fixating on one spot and instead moves their 
attention constantly [8].

 Shared Mental Models

Situational awareness consists of three parts: 
how we absorb cues, synthesize these into 
meaning, and predict what will happen next [8]. 
If all three steps occur then teams are better able 
to perform ‘adaptive coordination’. In aviation 
terms this means we “fly ahead of the plane”. In 
trauma terms it means not letting the patient go 
anywhere that your brain has not already been, 
and modifying errant behaviours well before 
disaster strikes [2, 7]. For the team to able to 
adapt, members need to be on the same page 
especially as things evolve. In other words, they 
need a robust but adaptable shared mental 
model. This is usually managed by the team 
leader, and strengthened and/or modified by 
team members sharing information. Trauma 
team leaders promote adaptive coordination by 
seeking input from others and then providing 
regular updates [7].

A mental model, or psychological map, 
includes an understanding of the task, context 
and resources [5, 21]. While we should avoid 
excessive noise, the process of “thinking out 
loud” keeps team members on the same page as 
the trauma progresses. This should optimize 
stress, enhance situational awareness, and com-
municate the team’s priorities and each individu-
al’s role [31]. Hierarchy is important in managing 
the shared mental model. If excessive it discour-
ages subordinates from speaking up. If inade-
quate it can lead to diffusion of responsibility. 
Experienced trauma teams often use a low 
authority gradient (also known as horizontal 
authority). This is where team members speak up 
and the leader says less [29]. In contrast, less 
experienced teams often need more explicit coor-
dination and a more vertical authority gradient, 
akin to command and control [2].

 Communication

Just as manual dexterity is needed to insert a 
chest tube, verbal dexterity is essential in com-
plex trauma care [26]. Too often words that are 
meant are not said, words that are said are not 
heard, words that are heard are not understood, 
and words that are understood are not done. As 
such, it takes time, humility and commitment to 
become an expert communicator. Moreover, it 
takes skill to hear and to shut up [32]. Silence is 
not always golden, but nor is cacophony [29]. 
Three pillars of effective communication are 
closing the loop, verbalizing thoughts and 
plans, and maintaining a “sterile” resuscitation 
bay.

Language should be concise and precise. It 
should also be commonly understood, so avoid 
jargon, or words known only to your specialty. 
We also need to avoid vague statements, aka miti-
gating phrases. There really is no room for may-
bes or perhaps-es; instead be concise and direct. 
Moreover, every request should be amplified by 
somebody confirming that it was heard and con-
firming again when it is done (this is known as 
closed loop communication). Mitigating lan-
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guage is so dangerous that it the number one rea-
son that commercial planes crash. It is often 
because we are afraid to offend, lack confidence, 
or are embarrassed [29]. However, one need not 
be rude to be clear. An example of communica-
tion that is closed loop and mitigation-free could 
be as simple as:

Example

Trauma team leader: Anaesthesia, please 
intubate the patient, and confirm when suc-
cessful (NOT “Would someone be able to intu-
bate the patient”).

Anaesthesia resident: I am going to intu-
bate the patient now.

Anaesthesia resident: The patient has been 
intubated successfully. ◄

As seen above, the three steps of closed loop 
communication include directing a request to a 
specific individual, verbal acknowledgment of 
that request, and confirmation that the request has 
been successfully completed [7]. Graded asser-
tiveness is also important when overcoming 
authority. A useful approach is using the 
Concerned-Uncomfortable-Safety rule [7]. Using 
the above example, this is how to CUS:

Example

Trauma team leader: Anaesthesia, please intu-
bate the patient, and confirm when successful.

Anaesthesia resident: I am concerned that 
this will be a difficult airway due to facial 
trauma.

(Then, if response received is not adequate)
Anaesthesia resident: I am uncomfortable 

intubating this patient without assistance and 
advanced equipment. ◄

If neither of these red flags are acknowl-
edged, a safety threat can be declared. Because 
both members of the team understand the CUS 
model, it should simultaneously decrease reluc-
tance and offense. Another method to advocate 
and raise concerns is to use a five-step approach. 
Developed by the aviation industry, it involves: 
i) an attention getter, ii) statement of concern, 
iii) statement of the problem as you see it, iv) a 

solution, and v) a request for agreement [29]. 
This would look like:

Example

Excuse me Dr. Smith. I am concerned that this 
airway is difficult. I do not believe I have the 
equipment to manage it successfully. I think 
we should obtain the difficult airway cart and 
get anaesthesia backup. Do you agree? ◄

As outlined above, it helps to verbalizing 
thoughts and plans (i.e. the leader asks ‘what am 
I missing” during a floundering cardiac arrest), 
and to double check that potentially dangerous 
actions are indicated (i.e. a nurse announces they 
are giving a medication). This not only promotes 
sharing, but allows for confirmation, and reas-
sessments [29]. In emergency situations, this type 
of communication needs to be dispassionate and 
direct. The most important messages/questions 
should come first (“Nurse, does she have a 
pulse?”) followed by why the message is critical 
(“The end tidal CO2 is dropping he may be about 
to arrest”) [31].

Effective communication is less likely when 
messages are excessively complex or if there is 
distraction from noise, emotion, and time pres-
sure [32]. These increase the likelihood of misin-
terpretation and results in “channel overload”. 
This is why we should strive for a “sterile” resus-
citation environment. Team members must speak 
up when required, while recognizing that critical 
moments (like intubation) should be silent. 
During these moments, the leader is given extra 
temporary power such that everyone else’s com-
ments are held, and those being silenced cannot 
take offense [29].

The word communication means sharing 
meaning and make understanding common. 
Accordingly, it is the most important HF and the 
best way to identify a high functioning team. 
Importantly, communication is more than just 
delivered words. Delivery can be divided into 
verbal (what is said), paraverbal (how it is said) 
and nonverbal (eye contact, facial expression, 
hand gestures). Just as expert teams know when 
to share key pieces of information[31] they are 
skilled (whether consciously or unconsciously) 
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in each type of communication. They also ensure 
that it is consonant, not dissonant. This means 
that words (verbal) match tone (paraverbal) and 
both match facial expression (non verbal). This is 
because words are actually the least important of 
the three communication subtypes. Saying “I 
don’t need help” but in a tone that suggestions 
otherwise simply increases confusion and dan-
ger. Just ask for help if you want it.

As outlined, equally important to what is 
being said is how it is delivered. Four main tones 
have been outlined: aggressive, submissive, 
cooperative, and assertive [10, 33]. The problem 
with excessively aggressive or submissive lan-
guage is that it shifts the focus from what the 
patient needs to the status and ego of various 
team members. Modern clinicians are increas-
ingly expected to use more cooperative/assertive 
styles, and further fine tune based on the situa-
tion’s urgency and the team’s maturity.

In short, communication (or lack thereof) is 
the important nontechnical skill in medicine, and 
the largest hole in the swiss cheese of medical 
error. It is insufficiently taught [34], and too often 
left to chance. We need to get better. This means 
we need to commend good communicator and 
condemn bad communicators. We cannot say it 
any clearer than that.

 Handovers and Debriefs

If communication matters then it follows that the 
handover from one team to another can be equally 
perilous. This is why we need to practice and per-
fect handovers, every bit as much as handwash-
ing. As patients make their way from pre-hospital, 
to the emergency room, to the operating room 
and beyond—each creates an opportunity for 
error, akin to that children’s game of broken tele-
phone. SBAR (Situation, Background, 
Assessment, and Recommendation) is a widely 
recognized, effective strategy. It was developed 
by the military and ensures that handover is 
delivered succinctly and comprehensively. 
Importantly, its structure is widely known. For 
example, this means those of the receiving end 

will recognize when the last component (i.e. the 
all-important recommendation) is missing. 
Having the deliver and receiver familiar with the 
same communication tool can be the difference 
between aggression- “so what the **** do you 
want me to do?” versus polite redirection “so, are 
you calling for advice or transfer?” [29].

Another handover tool is the ‘ATMIST’ mne-
monic, which was designed for trauma and 
showed its usefulness in Camp Bastion, 
Afghanistan [35]. Sequentially, it includes i) age 
of patient, ii) time of incident, iii) mechanism of 
injury, iv) injuries (head to toe), v) vital signs, 
and vi) treatments given so far. It is similar to the 
more familiar AMPLE mnemonic which incor-
porates i) allergies, ii) medications iii) past medi-
cal history iv) last meal v) events surrounding the 
trauma. Whichever handover system is chosen, it 
should be concise and logical with a sequential 
structure. Once again it should be familiar to both 
deliver and receiver. We need to be on eth same 
wavelength.

Debriefings allow teams to explore and high-
light what went well and what did not. They are 
an opportunity to learn, and to identify when a 
formal quality or review is required [25]. They 
are also a time to let off steam, share emotions, 
bond, and work through ethical or moral con-
cerns [35]. Debriefing should be routine rather 
than exceptional, should be non-threatening, and 
should take place soon after the linked event. 
They used to occur in the pub. If this is no longer 
deemed appropriate then we need to find other 
ways.

Key Points
• Successful team perform pre-briefs, and 

develop and cultivate shared mental models.
• A strong leader is able to anticipate team 

members needs and make team members feel 
safe.

• Followership skills are no less important than 
leadership skills but have been underempha-
sized to date.

• Effective communication involves closing the 
loop, verbalizing thought processes, and 
maintaining a “sterile resuscitation bay”.
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• Handovers should be practiced and perfected, 
and critical events should be followed by 
deliberate debriefs.

 Environmental Factors

 The Zero Point Survey

The Zero Point survey, shown in Fig.  1.1, uses 
the mnemonic STEP UP to prepare Self, Team, 
Environment and Patient [20]. It is also a practi-
cal way to improve ergonomics (i.e. the interac-
tion between the work environment and the 
worker). The first three steps precede the patient’s 
arrival, and precedes the primary survey. Personal 
readiness includes seemingly mundane iterative 
improvements, such as using the toilet or obtain-
ing a snack before a long resuscitation. After the 
team has been prepared the focus turns to opti-
mizing the resuscitation environment. This means 
appraising whether space and equipment restric-
tions will compromise patient management. If so 
then we need to move things before the patient 
arrives. Examples include creating space around 
the patient, ensuring adequate lighting, and 
implementing crowd control [20]. It might mean 
moving things out of the way (so that patients can 

be rushed to the Operating Room (OR), or closer 
(so that the Difficult Airway Kit is at hand).

 Physical Layout

As outlined, there is more to safe resuscitation 
than just clever people and shiny equipment. 
Halls should be wide enough, obstacles removed, 
kit nearby and elevators free and functioning. We 
should ensure that phones (and any other com-
munication devices) are strategically placed and 
actually work (for example, land lines may be 
needed in lead lined areas such as Radiology 
Departments or ERs). It means knowing that 
security personnel are available. The trauma bay 
itself should have adequate lighting, visible mon-
itors, supplies, and enough room for the team to 
function. On the other hand, it should not to so 
large that team members cannot see or hear one 
another.

Inadequate space, misplaced equipment and 
haphazard wires and tubing can all be latent 
threats [7, 13]. Key anatomic areas, such as the 
patient’s head and thorax should also be kept 
clear. The location of equipment and how it is 
labelled should be known by all in order to mini-
mize delays. Team members should familiarize 

Zero point survey

Pre-resuscitation

Self
Physical readiness: I’M SAFE
Cognitive readiness: breathe, talk, see, focus

Team
Leader identified
Roles allocated
Briefing

Environment
Danger, space, light, noise, crowd control

Resuscitation commenced

Patient
Primary survey ABCDE

Update
Share mental model of patient status

Priorities
Identify team goals and set mission trajectory

S

T

E

P

P

U Repeat as clinical
situation changes

Repeat as non-
clinical situation
     changes

Fig. 1.1 The STEP-UP 
approach to the 
Zero-Point Survey, 
preceding and 
commencing with 
patient arrival [20]
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themselves with the physical environment and 
location of equipment prior to patient arrival. 
More recently, courtesy of COVID-19, it has 
become necessary to delegate somebody not only 
to crowd control, but to supervising during don-
ning and doffing of personal protective equip-
ment: the so-called “dofficer” [7].

 Resource Utilization

In practical terms, resource utilization is about 
how we help or hinder ourselves and how well 
we prioritize tasks. Importantly, “more” does not 
always mean “more”. For example, eight people 
might be optimal number of staff members 
around a patient’s bed (the so-called Dunbar’s 
number- named after the psychologist Robin 
Dunbar). In contrast, larger teams can create dis-
traction, excessive noise and the bystander effect 
(i.e. humans are less likely to help when others 
are present). This means that it can be appropriate 
during resuscitation to remove unnecessary per-
sonnel. However, it is usually best to have them 
close (i.e. just outside of the room) in case you 
need a “go-for” (to grab supplies), a procedural 
expert (in case that airway is difficult) and a 
 cognitive resource (in case the trauma becomes 
more complex than expected).

Key Points
• Using the Zero Point Survey can improve the 

likelihood of success even before the patient 
arrives.

• Attending to the physical layout of the trauma 
bay can further optimize individual and team 
performance.

• Resource utilization matters: It’s important to 
find the optimal balance between too much 
and too little help.

 Organizational and System Factors

To ensure that there is a consistent, iterative, pro-
active approach to safety, there must also be sup-
port from the overarching system. The system or 
organization should also understand HF, and for 

the simple reason that healthcare is still run by 
humans and for humans. The organizational cli-
mate encompasses its vision, policies and culture 
[13]. All three should be informed by regular 
feedback and from all levels: frontlines and back-
rooms. A useful example is the Massive 
Transfusion Protocol used in trauma resuscita-
tion [36]. Mangers who are visible and approach-
able are equally important [36]. Trauma team 
members are unlikely to respect desk jockeys.

 Safety-I and Safety-II

Patient Safety is often fallaciously understood as 
just the absence of failure. Similarly, an “error-is- 
everywhere” mindset has led to idea that all we 
need is minimal variation and maximal compli-
ance. This has also meant that Safety (with a big 
S) has been largely defined by administrators, 
regulators, and external mandates [37, 38] It has 
led to a “find and fix” strategy and relies on 
adverse events to guide safety, without acknowl-
edging the irony of this approach [38]. This 
approach- now known as Safety-1—largely 
assumes that systems are bimodal (i.e. things go 
right or wrong) and decompostable (i.e. com-
plexity can be broken down into individual 
repairable parts). Safety-1 is more likely to see 
humans as a liability, because we introduce vari-
ability into a system that would work perfectly if 
we just followed the protocol [38]. This “scooby- 
doo principle”- namely, “it would be fine if it 
wasn’t for those meddling kids”- is short sighted.

Unfortunately, Safety-I can be highly attrac-
tive to some administrators and programmers, 
especially those far from frontline care. Complex 
healthcare is often so nuanced, and its compo-
nents are so intertwined, that they cannot be bro-
ken down or summarized on a one-page linear 
algorithm. This means that we may be better 
looking at complexity theory (as attributed to 
Gloubermann and Zimmermann) or chaos theory 
(often attributed to Lorenz). Regardless, when 
things are unpredictability it is hard to dictate a 
single way, or precisely define ‘ideal behaviour’– 
except in the most basic cases. This means that 
Patient Safety means we also need to understand 
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how humans get things right most of the time. 
This in turn means empowering humans and 
respecting gestalt and experience. This study of 
‘how most things go right’ is known as Safety-II, 
and is a profound advance in terms of highlight-
ing the importance of humans (and their HFs), 
and exposing the shortcomings of computers.

Safety-II is the study of success rather than 
failure. It relies on the adaptation, improvisation, 
tenacity, and everyday problem-solving skills of 
practical people. Accordingly, “expertise” is rec-
ognized and rewarded. It means respecting intu-
ition, and accepting that some are better able to 
deal with unpredictability and chaos. Safety-II 
aims to learn how teams adapt, and sees humans 
as an essential resource because of their flexibil-
ity, practicality and experience [38]. In means the 
excessive standardization can be a liability (not a 
state of administrative nirvana) if it prevent nec-
essary adaptability and creativity. Safety‐II, does 
not forgive error, or human laziness, or human 
inexperience. It also does not give humans mav-
erick license to do as they please. Instead, 
Safety-II matures our understanding of what 
humans bring to healthcare. It helps explain 
adverse events as transient phenomena at a 
 specific time and place. It reinforces the idea that 
improvements come from numerous iterative 
everyday adjustments [38].

Going forward, our understanding of HF will 
need to combine the two paradigms: with Safety-I 
predominating for simple matters, and Safety-II 
predominating for the more complex. Importantly, 
this updated understanding also adds extra 
nuance to why so many report burnout and frus-
tration [37]. Without oversimplifying complex 
HFs like wellbeing and resilience, most health-
care workers will be familiar with feeling despon-
dent because a Safety-1solution (i.e. another 
unnecessary delay) was implemented without 
their input, when a Safety-2 solution would have 
been better (i.e. a senior clinician could have 
been empowered). If we continue with a Safety-I 
focus there is every likelihood that front-liners 
will be disproportionally blamed and disempow-
ered, and forced to endure wrong solutions, rather 
than just creating workarounds.

Examples of Safety-I versus Safety-II think-
ing abound. For example, doctors are (rightly) 
accused of illegible handwriting, and this is 
needs to stop. However, it likely results from 
doctors having to write too many orders: after 
all we weren’t selected for bad handwriting; 
it developed because on the job. A Safety-1 
solution would be to force doctors to type all 
orders, but with the result that we become 
even less efficient and even more distracted. A 
Safety-II solutions include allowing more ver-
bal orders, have scribes assigned to busy doc-
tors, or more default orders. Safety-I means we 
often face numerous security- stops when one, 
but done properly, would allow doctors to care 
for patient: Safety-II.  The erstwhile focus on 
Safety-I can mean we overly rely on one labo-
ratory findings (i.e. the SOFA score) rather than 
a face-to-face assessment of the patient (i.e. 
how quickly we should get off the sofa) i.e. 
Safety-II.

Systems that obsess over Safety-I and ignore 
Safety-II may lead exhausted and frustrated 
healthcare workers to quit clinical work [37]. 
After all, anyone who understands even basic HF 
appreciates humans can only take so much moral 
distress. We want humans to do the right thing 
because of the system not despite it. A greater use 
of Safety-II thinking might help dedicated 
humans feel valued and able to craft systems that 
are not only safer but more human-focused. 
Keeping experienced people engaged means we 
keep their wisdom in the system, rather than just 
their wrath. System-II could also mean a more 
nuanced understanding of the emotional and cog-
nitive demands of working in healthcare, and the 
(in)human experience of being a patient. After 
all, none of us wants to be treated like a mere cog 
in a clattering train.

Summary
The more chaotic and unpredictable the situation, 
the more that HFs become the difference between 
success and failure, in both the short and long 
term. The individual must be equipped to over-
come stress and their own biases. Communication, 
a shared mental model, and mutual respect must 
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underpin every leader, and, just as importantly, 
every follower. The working environment should 
be ergonomically designed and the team should 
be poised for action that is safe, logical and prac-
tised. The system in which this occurs should 
also be supportive and adaptive and should see its 
humans as resources not liabilities. When these 
things occur, Death is no longer in charge of the 
clattering train, and resuscitation is a life- 
affirming, life-saving and rather wonderous 
thing.

Questions
 1. Stress is an important individual human factor 

that can be optimized to an appropriate level. 
Which of the following is NOT an appropriate 
way to manage stress?

 (a) Self affirmation through positive self talk
 (b) The four steps of controlled breathing
 (c) Self medication with anxiolytics
 (d) Mentally rehearsing the task ahead
 2. Which is true regarding effective team struc-

ture for a resuscitation?
 (a) Effective leaders are always hands-on and 

never delegate
 (b) Hierarchy must never exist
 (c) Those actively talking are more important 

than those listening
 (d) Effective followers know when to speak 

up and when to step back
 3. Highly functioning teams use all of the fol-

lowing communication methods EXCEPT 
for:

 (a) The use of mitigating language
 (b) “Closing the loop”
 (c) Maintaining a “sterile communication 

environment”
 (d) Verbalizing thoughts and plans
 4. When does the Zero Point Survey ideally start 

to take place?
 (a) When care is being handed over to 

another service
 (b) When first alerted that a patient is en 

route
 (c) Immediately prior to the primary trauma 

survey
 (d) When debriefing team members after the 

resuscitation

 5. What is the difference between the Safety- I 
and Safety‐II paradigms?

 (a) Safety‐I focusses on patient related fac-
tors, and Safety‐II on system related 
factors

 (b) Safety‐II looks at events taking place 
after initial resuscitation

 (c) Safety‐I focuses on what went wrong, 
while Safety‐II explores what went right

 (d) Safety‐II has replaced Safety‐I entirely in 
analysing adverse event

Answers
1. c
2. d
3. a
4. b
5. c
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Dealing with Death in Trauma

Alex Psirides

The real problem of humanity is the following: we 
have Palaeolithic emotions, medieval institutions 
and God-like technology.

Edward O.Wilson, debate at the Harvard Museum 
of Natural History, Cambridge, USA.  September 
2009.

 Introduction

Despite significant advances in care with the 
development of trauma systems, networks, and 
designated centres within modern healthcare sys-
tems, death from a traumatic event remains com-
mon. In the UK, the 2007 National Confidential 
Enquiry into Perioperative Deaths (NCEPOD) 
report describes trauma as the fourth leading 
cause of death in the Western world and the lead-
ing cause of death in the first four decades of life 
[1]. For each traumatic death, there is an estimate 
of 36 life-years lost. In the US, half of all deaths 
occur within minutes of injury either at the scene 
or en route to hospital, with significant variation 
in mortality reported, from 35% in high-income 
to 63% in low-income settings [2]. A 2010 report 
from the National Audit Office on major trauma 
care in England reported 20,000 major trauma 
events per year resulting in 5400 deaths [3]. 
Although previous epidemiological studies have 
described trimodal death distribution (immediate 
death on scene, early death due to haemorrhage, 
and late death from organ failure), data from the 
largest European trauma database has challenged 
this [4]. The UK Trauma Audit and Research 
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Network (TARN) report into 3632 deaths 
between 1997 and 2001 showed the majority of 
trauma deaths occurred soon after hospital admis-
sion without further peaks in mortality. This was 
roughly divided into quarters—the first 25% die 
within the first two-and-a-half hours after trauma, 
the second within the first twenty-four hours, and 
the third within the first week, with the remaining 
quarter of those who die doing so after this 
period.

Compared to many deaths encountered within 
hospital, trauma deaths are usually sudden and 
therefore unexpected, involve younger patients 
and, even as trauma systems have evolved to sig-
nificantly improve care, are often unavoidable. 
The effect of these factors on both the family 
members these deaths leave behind, and the clini-
cal staff who have cared for the deceased and 
may be present at death will be discussed in this 
chapter.

 Death Trajectories

To place death from trauma in context, it is nec-
essary to consider how it differs in comparison to 
other fatal disease processes. Not only is this rel-
evant to clinicians’ experience of the deaths that 
they encounter during paramedic, nursing and 
medical training, but also gives context to family 
and societal expectations when dealing with 

trauma(tic) death. One method of describing (and 
graphically representing) these differences is to 
consider theoretical trajectories of dying—what 
happens to patients’ physical and social function 
over time in the last year or so preceding their 
death.

The concept of death trajectories was first sug-
gested in 1968 [5]. Three different models were 
proposed—sudden ‘surprise’ death, ‘expected’ 
death (short-term and lingering), and ‘entry- 
reentry’ deaths where people slowly deteriorate 
with intervening intermittent hospital admis-
sions. Several studies have since expanded upon 
this theoretical model using analysis of large 
administrative and clinical datasets [6, 7]. An 
analysis of a US Medicare database from 1993–
1998 in older claimants who died suggested 92% 
of decedents were able to be categorised into one 
of four underlying conditions which determined 
their trajectories at the end of their life. These 
were sudden death (7%), cancer (22%) and organ 
system failure (16%) with the remainder due to 
frailty.

Figure 2.1 shows differences between theo-
retical death trajectories superimposed on a sin-
gle chart, representing functional changes over 
time. Although these are represented as distinct 
categories, different trajectories may overlap in 
single patients (frail patients who die from a trau-
matic event for example). The progressive decline 
in function may be influenced to differing degrees 

Fig. 2.1 Theoretical 
comparative death 
trajectories
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by medical intervention. A functional decline 
from chronic disease—heart failure or chronic 
obstructive pulmonary disease for example—
may result in reversible acute on chronic deterio-
ration where hospitalisation provides short-term 
improvement. Often such patients do not return 
to pre-admission baseline. Such acute decre-
ments are expected to become more frequent and 
move further from a pre-morbid state as the dis-
ease progresses towards death. The frailty trajec-
tory has been described as ‘prolonged dwindling’ 
where functional decline continues irrespective 
of medical intervention. Such patients are 
unlikely to benefit from hospitalisation, where 
exposure to this environment may even acceler-
ate deconditioning and do more harm than good. 
Patients on an incurable cancer trajectory, where 
the underlying disease progression can be 
delayed but not halted, are more likely to be able 
to benefit from the expertise of palliative medi-
cine clinicians in managing their symptoms. 
They also, along with those with chronic disease, 
may have time to make autonomous decisions 
regarding the when, where, and how they die. For 
those in the final category, who die from sudden 
traumatic events, these opportunities are almost 
never available. Although death is seldom 
desired, it is presumed that most people, when it 
comes, would wish for their ultimate demise to 
be ‘good’.

 The Bad Death

As clinicians we are frequently exposed to death 
and the process that precedes it. What constitutes 
a ‘bad’ or ‘good’ death is considerably subjec-
tive. The death we may want for ourselves, our 
family members or our patients may not be the 
death they would want for themselves. Although 
death is inevitable, the low prevalence of 
advanced care planning suggests that many peo-
ple are unlikely to have discussed with their fami-
lies (or their doctors) how they may die. In 
modern healthcare systems where life expectancy 
continues to rise, societal expectations of a long 
and healthy life often preclude consideration of 
the alternative. This is particularly relevant for 

deaths related to trauma. The acute nature of the 
event both selects for a younger population in 
whom death was previously a far-away ill- 
considered possibility, and may remove or reduce 
the ability to have any influence on the process. 
Many deaths from trauma are likely to happen 
despite ongoing maximal treatment, not from 
limitations placed due to futility as may occur 
with chronic disease states. Indeed, any traumatic 
event that impairs consciousness or decision 
making removes the individual from determining 
what happens to them. Their dying process may 
then rely instead on the consensus of proxy deci-
sion makers made up of clinicians, family mem-
bers, or even legal authorities.

To determine what is a ‘bad’ death, one should 
first consider the alternative. Societal expecta-
tions of death are varied and often determined by 
cultural or religious beliefs. For some, a ‘good’ 
death would involve the autonomy to determine 
where, how or even when they die. A 2016 litera-
ture review exploring themes around a good 
death described thirty-six studies involving inter-
views with clinicians, family members, and 
patients [8]. Eleven core themes of a good death 
were identified. These included being pain-free, 
dying with dignity, having family members pres-
ent, and having control over the dying process. 
Deaths from sudden trauma are unlikely to meet 
any of these. It is more likely that sudden trauma 
will lead to a ‘bad’ death due to a variety of fac-
tors. These include:

Key Points
• Location: death is more likely to occur either 

pre-hospital (roadside or in an ambulance or 
helicopter), in the resuscitation bay of an 
emergency department (ED), or in an operat-
ing theatre or intensive care unit (ICU), rather 
than at home or another preferred location

• Timing: death may occur during or immedi-
ately after a treatment or procedure that was 
unlikely to change outcome, with little control 
over this from either the patient or clinical 
staff. There is often no opportunity for family 
and friends to ‘say goodbye’ or resolve any 
outstanding conflicts

2 Dealing with Death in Trauma
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• Personnel: the patient is more likely to have 
paramedics, nurses or doctors present, not 
family or friends

• Quiet and calm: the death is more likely to 
occur in a noisy environment accompanied by 
monitors and alarms

• Dignity: the aggressive nature of trauma 
resuscitation with exposure, cannulation and 
intubation does not lend itself to a dignified 
death

• Cultural or spiritual needs: although these 
may be able to be met after death (subject to 
local Coronial requirements), these are often 
unknown, or if known are difficult to address 
during resuscitative efforts

Accepting that a cost of doing everything to 
save a life may result in a bad death, the effects of 
either participating in this process (as clinicians) 
or being absent as a result of it (family members 
and friends) will be considered from different 
viewpoints.

 Dealing with Death: The Family

The responsibilities of a clinician caring for a 
patient who dies from trauma do not end with the 
patient’s death. Although resuscitative efforts 
may be guided by protocols, what comes after—
breaking the worst news—is harder to prescribe. 
Although some deaths may be discussed and 
expected (a patient with unsurvivable brain injury 
in an intensive care unit for example), many 
trauma deaths occur outside hospitals, in resusci-
tation rooms, radiology suites or operating the-
atres. Rapid attendance of family members or 
friends allows little preparation for what may 
happen and what could be signposted in advance. 
The onus usually falls upon the most senior clini-
cian present, sometimes fresh from the resuscita-
tion, to deliver the news that a loved one has died.

Before considering what and how this process 
should occur, some context around societal 
expectation (which affects both families and cli-
nicians, although to differing degrees) is relevant. 
Unless family members have either previous 
experience of acute traumatic death or have clini-

cians amongst their group, it is likely their expec-
tations are informed by the outcomes they have 
been exposed to through television, film and print 
media. Although this assertion may seem strange 
on first consideration, it has been subjected to 
several studies examining outcomes of fictional 
patients in television dramas [9–12]. An analysis 
of 88 episodes from 4 different television medi-
cal dramas (2 each from England and the US) 
showed 76 cardiorespiratory arrests and 70 resus-
citation attempts. Overall there was an immediate 
success rate of 46%, with the most common 
cause of arrest being secondary to trauma. 
Survival (or not) to discharge was usually not 
shown. In the real world, survival from traumatic 
cardiac arrest varies but rates have been reported 
between 0%–3.5% [13].

For patients who may survive the initial resus-
citation but have incurred brain injury resulting 
in a reduced level of consciousness, television 
portrayal is even more likely to lead to false hope 
amongst family members [14]. A study of 64 
characters who exhibited unconsciousness 
exceeding 24 hours duration in 9 US television 
dramas showed that 89% of patients made a full 
recovery. Of those who recovered, 86% did so 
fully on the day of waking. For those with trau-
matic cause of their coma, 89% were depicted as 
making a full recovery (compared to 7% in 
reality).

The gap between expectation and reality 
should be borne in mind when meeting with fam-
ily members, particularly if there is uncertainty 
around outcome. For breaking bad news around a 
sudden traumatic death however, the outcome is 
already known. The focus should therefore be on 
process. Although the complete scope of commu-
nication strategies for breaking bad news is 
beyond this chapter, there are some factors spe-
cific to sudden traumatic death that should be 
considered.

Professor Peter Brindley has described the 
family meeting as ‘the most dangerous procedure 
in the hospital’ [15]. He goes on to discuss that 
communication skills are rarely innate, do not 
necessarily improve through years of unstruc-
tured experience and that communication train-
ing is associated with increased (clinician) 
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confidence, improved patient satisfaction, less 
anxiety and lower post-traumatic stress. The 
potential for poor communication to cause last-
ing harm should not be underestimated. In miti-
gation, the following points are presented for 
consideration as a suggested process for breaking 
the news of sudden death to family or friends:

Key Points
• If possible, find a small quiet private space 

with seating, away from busy clinical areas. 
Unless absolutely unavoidable, this is not a 
conversation for a corridor or resuscitation 
room

• If clothing or shoes are soiled with blood, 
change them before going into the room

• Do not keep family members waiting any lon-
ger than absolutely necessary

• The meeting should be led by the most senior 
staff member available and not delegated. 
Ideally, they would have been involved in the 
resuscitation process so are able to answer 
questions from their own experience. Other 
clinical staff should attend to support the lead 
and family members or for education pur-
poses, but not in such large numbers that they 
overwhelm. If other staff are attending, a pre- 
brief from the lead may be helpful, particu-
larly if silence is to be used as a communication 
tool

• Begin by quickly asking who is in the room 
and whether anyone else is arriving immi-
nently. Introduce all staff members briefly

• Ask the family what they know about what 
has happened. Incorporate this into a single- 
sentence summary of known events. Pause

• Tell the family that, despite the best efforts of 
the team, their loved one has died. Use the 
patient’s name when you do so. Precede this 
with an empathic expression of sorrow that 
you are comfortable using. Do not use euphe-
misms. Use the words ‘died’ or ‘dead’

• Stop talking and wait. It is likely that very 
little said beyond this point will be remem-
bered. Sit with the family, saying nothing. 
This process has been described by the emi-
nent Australian social worker Dr. Liz Crowe 
as ‘sitting in the rubble’ [16].

• Continue to wait until the family are able to 
ask questions; let them break the silence. 
Answer questions honestly and simply. If a 
question cannot be answered at that time, tell 
the family that an answer will be found (if 
possible) and take responsibility for providing 
it yourself or delegating it to someone 
appropriate

• Communication should be empathic, not sym-
pathetic. It is unlikely clinicians know what 
family members are experiencing so expres-
sions that suggest so should be avoided

• Once questions have been answered, explain-
ing practicalities about what happens next 
may be useful if deemed appropriate. If the 
family wish to be with their relative, ensure 
that the area where the body is located is 
accessible and they are presented in as digni-
fied a way as possible before taking them into 
the room. Any major injuries should be cov-
ered if possible. This will likely be the last 
memory of their loved one

• Make sure a support person remains with 
them or is easily accessible until they leave the 
hospital

Death notification in the pre-hospital domain 
may be more burdensome for clinicians without 
the resources available in a hospital to assist. 
Family members may already be on scene (trav-
elling in a vehicle with the deceased for example) 
and may also be injured themselves. To help with 
this, death education curricula and tools have 
been developed [17, 18] and their effects studied 
[19], suggesting an improvement in paramedics’ 
ability to perform these tasks. Prior to a death 
notification course, 84% described their training 
was inadequate to communicate death or help a 
family with their grief; this rose to 92% self- 
reporting that they felt better prepared after 
training.

The poet and civil rights activist, Maya 
Angelou said “.. people will forget what you said, 
people will forget what you did, but people will 
never forget how you made them feel.”

Although this is one of the worst days of their 
lives, small changes in the way death notification 
is conveyed may make a lasting difference. This 
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applies both to the family and the clinicians 
involved in the process.

 Dealing with Death: 
The Clinical Team

Trauma deaths are unlike other deaths in hospital. 
They are less frequent, may progress rapidly, are 
likely to involve larger numbers of clinicians 
with differing experience, and, as described by 
trauma epidemiology, are likely to involve 
younger patients with few if any co-morbidities. 
Although traumatic deaths may be increasing, 
clinical exposure to in-hospital trauma deaths 
may be decreasing. One US study indicated that 
all-case deaths in emergency departments halved 
between 1997 and 2011 [20]. Another US study 
over a similar time period indicated a change in 
place of death from acute hospital wards to home 
or community settings but also reported a rise of 
deaths within the ICU [21]. If frequency of expo-
sure to death and dying in certain environments is 
reduced, then the impact upon clinicians when 
they do experience or witness it may be greater.

Death in ICU is relatively common. ICU mor-
tality varies but is reported as between 10–40% 
for acute admissions [22, 23] Whereas the major-
ity of death in ICU is hastened by treatment limi-
tation or withdrawal on the grounds of futility, 
trauma deaths in the prehospital setting, ED or 
operating theatre are more likely to occur despite 
ongoing resuscitation. The subtle difference of 
death being ‘allowed’ to happen due to an irre-
versible underlying process, compared to death 
occurring despite ‘heroic’ efforts of clinicians 
working together to avoid that very outcome is 
important. The outcome is the same; the process 
is very different. The effects of this distinction 
upon those involved should not be underesti-
mated when participating in or leading the teams 
involved.

The trauma team model—where clinicians 
from different specialties including but not lim-
ited to emergency medicine, surgery, anaesthesia, 
intensive care, or paediatrics—brings together 
individuals with different skills at different levels 
of training. The team must function as a single 

unit with a unified goal under direction. Although 
the team model lends itself to some diffusion of 
responsibility, for adverse outcomes or where 
resuscitation is unsuccessful, more junior team 
members may feel they contributed to the patient’s 
death, or that they could have done more. Clinical 
bystanders with less direct responsibility—nurs-
ing, medical and paramedical students for exam-
ple—may be witnessing these events for the first 
time and require specific support in dealing with 
their distress, guilt and grief [24]. This may go 
unnoticed by those immersed in the resuscitation. 
Even a well-run trauma call proceeding in a quiet, 
bloody frenzy is not a ‘normal’ environment for 
many of the participants to work.

For some individuals or specialties, death may 
be anathema. One anaesthetic trainee rotating 
through the author’s ICU fed back at the end of 
their six-month run that “I had no idea there 
would be so much death”. To a specialist who has 
only worked in the ICU environment for many 
years, this was an interesting insight into desensi-
tisation when death is frequent and normalised. 
Compared to ICU, a death in an operating theatre 
usually results in the team—theatre nurses, sur-
geon and anaesthetist—being stood down and 
debriefed. In ICU, the paperwork ritual is com-
pleted, the body removed, and the room cleaned 
ready for the next admission. The differences in 
mindsets of trauma team members should be 
considered when managing their experiences 
after a traumatic death.

Giving team members the opportunity to 
reflect on their shared experience after traumatic 
events may be beneficial. The process—debrief-
ing—may be staged with a ‘hot’ debrief immedi-
ately after the event (if competing clinical 
demands allow) and then a delayed ‘cold’ debrief 
where the immediate emotional reaction may 
have reduced, to improve reflection on team per-
formance. Several debriefing mechanisms have 
been described [25] with practical guidance 
available on how to conduct this in the emer-
gency department [26]. Although there is no 
definitive evidence that debriefing decreases 
post-traumatic stress, some studies have sug-
gested the process may help to reduce it 
[27–29].
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The full gamut of debriefing is outside the 
scope of this chapter. However, as a brief sum-
mary, the following process for a ‘hot’ debrief 
(immediately after the patient’s death) could be 
considered:

Key Points
• After the patient has died, pause. Some cen-

tres have described requesting 30–60 seconds 
of silence to consider what has just happened. 
This is respectful of the life of the person who 
has just died as well as the efforts of those 
who tried to prevent it. Request that team 
members do not immediately disperse unless 
they have urgent clinical tasks elsewhere. If 
the family have arrived or are present then 
communication with them must be prioritised

• Tie up any loose ends, delegating tasks where 
possible to those who were not directly 
involved in the event. Offer the chance to 
debrief to those who wish to attend, telling 
them it is not mandatory but may be helpful. 
The debrief should ideally be led by someone 
who has been trained to do so, or is comfort-
able doing so. This does not have to be the 
trauma team leader, and may not even be 
someone who was directly involved in the 
event

• Assemble the team in a quiet area and estab-
lish ground rules. What is discussed is confi-
dential, participation is voluntary, anyone may 
leave at any time and the debrief is informal 
and supportive, not accusatory or to apportion 
blame. Explain that the debrief is to get a 
sense of what just happened from everyone’s 
perspective rather and to prevent individual 
team members blaming themselves for the 
outcome

• Check in with those present. Ask directly “is 
everyone OK?”. If not, address why first

• Begin by asking the group to run through the 
facts, to construct a shared mental model of 
what just happened

• Once the facts are agreed and established, the 
emotional responses can be discussed. Ask 
what people were thinking at various points 
during the resuscitation and how they felt, 
how they performed the tasks they were allo-

cated and any difficulties they may have had 
with them

• Discussion around process should be encour-
aged rather than discussion around outcome. 
This can be best considered with 3 simple 
questions: What went well? What didn’t go 
well? What would we do differently? The last 
question could be framed as an opportunity to 
learn from the event

• Close off the debrief with a summary of what 
has been discussed and the points, if any, to be 
addressed for improvement in process. If there 
is feeling that further debrief may be required 
then offer an opportunity for this to occur. The 
debrief leader should check in again that every-
one involved are able to return to their clinical 
work and provide support for those who aren’t.

 Dealing with Death: The Expert

Finally, the effects of traumatic death upon more 
senior staff should be considered. There are 
undoubtedly expectations within organisations, 
specialities and even different cultures as to 
which qualities strong leaders should model. 
For some leaders, the outward expression of 
emotion may be considered a sign of weakness 
and seen as poor leadership. For some teams, 
evidence of their leader’s humanity may be seen 
as a positive trait. In politics at least, percep-
tions around what strong leadership looks like 
are being challenged [30].

Some insights into the effects of death of 
patients upon specialists involved in their care are 
provided by studies in two contrasting special-
ties—oncology and trauma surgery. The first, a 
2012 study of 20 oncologists in 3 Canadian hos-
pitals with a range of 18 months to 30 years clini-
cal experience described their experiences of 
patient death as ‘desiring detachment’ but ‘strug-
gling with grief’ [31]. Grief was considered 
unprofessional, shameful, and a weakness to be 
hidden from others. Over half reported feelings 
of self-doubt and powerlessness. For most, talk-
ing to the study authors was the first time they 
had ever spoken about it. More importantly from 
the patients’ perspective, half had reported their 
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grief had affected treatment decisions with subse-
quent patients. This included more aggressive 
chemotherapy, enrolment in experimental stud-
ies, or further surgery when palliative care may 
have been preferable. Their reported experience 
suggests that not only do doctors grieve, but also 
that it affects the treatment that may be offered to 
the next patient.

Secondly, a 2014 study in US trauma surgeons 
surveyed respondents for symptoms of post- 
traumatic stress disorder (PTSD) asking about 
frequencies of a variety of symptoms [32]. These 
included questions such as ‘do you have repeat 
disturbing memories, thoughts or images?’, ‘do 
you avoid thinking or talking about stressful 
experiences?’, ‘do you feel distant or cut off from 
other people?’, and ‘do you feel emotionally 
numb?’. The authors reported that 40% of respon-
dents described PTSD symptoms with 15% 
meeting formal diagnostic criteria. Risk factors 
for PTSD were male gender and higher frequency 
of on-call duties; a fifth of respondents were from 
a military background. The effects of occupa-
tional exposure to traumatic events reported in 
this study and others have led to the development 
of specific resources to help those affected [33]. 
One example—Trauma Risk Management 
(TRiM)—offers a peer-delivered support system 
to help support individuals after traumatic events 
within organisations, especially those working in 
disaster-exposed occupations where injury or 
death of a colleague may occur [34]. A more 
detailed approach to preventing and treating 
trauma-related mental health problems is 
described in the trauma-related mental health 
problems chapter of this textbook.

The effect of death upon surgeons has been 
poorly described. A 2019 systematic review on 
the impact of patient death found only five stud-
ies [35]. The authors concluded that surgeons 
carry a strong psychological burden when facing 
death and are more at risk than the general popu-
lation from developing problems with long- 
lasting psychological impact. The risk of getting 
too close to dying patients means loss of objec-
tivity; staying further away prevents a therapeutic 
relationship. Both may contribute to a progres-
sion towards burnout.

Generic advice on how one should deal with 
the death of a patient is difficult to provide. Each 
individual will develop coping mechanisms that 
suit their personality or management style. There 
are some support mechanisms described by the 
growing ‘wellness’ movement that may have 
some utility. These include the seeking out of 
peers who understand the environment in which 
you work and will be able to provide empathic 
support without judgement. Mentors may be 
helpful in debriefing one-on-one in either a for-
mal or informal setting. Other factors that have 
been associated with improved coping mecha-
nisms for abnormal events include autonomy in a 
positive work environment in which you feel 
your contribution is valued. Interests and activi-
ties away from work that improve work-life 
imbalances in favour of the latter are recom-
mended. Self- perception around the irreplaceable 
importance of one’s work are likely to be both 
wrong and harmful in the long term. The faulty 
vending machine sign stating ‘the light inside has 
broken but I still work’ is an unintentional warn-
ing for clinicians who fail to recognise they have 
a problem [36].

The early twentieth century French vascular 
surgeon René Leriche wrote ‘Every surgeon car-
ries about him a little cemetery, in which from 
time to time he goes to pray, a cemetery of bitter-
ness and regret, of which he seeks the reason for 
certain of his failures’. Visiting such a place occa-
sionally is likely to keep a clinician grounded and 
pragmatic; spending too much time there may be 
harmful. Developing life-long strategies to man-
age the inevitable conflict between Palaeolithic 
emotions and god-like technology is recom-
mended for every clinician who deals with death, 
traumatic or not. This includes managing its 
effects on the families they also care for, mem-
bers of the team they are responsible for, and 
checking in on colleagues who may have differ-
ing or absent coping mechanisms.

Summary
Death from a sudden traumatic event differs in a 
number of ways from the non-traumatic deaths 
with which clinicians and patients’ families are 
likely more familiar. Not only are they likely to 
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occur despite aggressive treatment rather than as 
a result of withdrawal of it, but are more likely to 
involve a younger population, including children. 
Trauma deaths also differ in trajectory from that 
of other diseases. Both acuity and aggressive 
treatment prevent the ‘good’ death that many 
would want for themselves or their loved ones. 
Breaking sudden death news to family members 
is particularly difficult for many clinicians but 
empathy and a structured approach may help 
both parties. The effects of participating in or 
bearing witness to efforts to stop death from 
trauma should be considered on all team mem-
bers, both junior and senior. Structured debrief-
ing may help manage normal emotional responses 
to awful events and reduce self-blame. Repeated 
exposure to trauma(tic) events that end in fatality 
will have effects upon all staff involved to differ-
ing degrees. Individual clinicians working in 
such areas should develop conscious coping 
strategies to reduce post-traumatic stress disorder 
or burnout.

Questions
 1. Compared to death from other causes, deaths 

from trauma:
 (a) Are more likely to happen in the elderly
 (b) Occur, in the majority, several weeks after 

hospital admission
 (c) Are almost always preventable, if the 

patient reaches hospital alive
 (d) Are often sudden and unexpected
 2. Death trajectories:
 (a) Are theoretical models with some support 

from analysis of administrative and clini-
cal databases

 (b) Hypothesise that, for chronic disease, 
after hospital admission the patient will 
always return to baseline

 (c) Suggest that frailty will always benefit 
from medical intervention

 (d) For trauma, have a long lead time where 
discussions with patients and their fami-
lies allow autonomous decision making

 3. Recommended methods for informing fami-
lies of the sudden death of a patient include:

 (a) Use of euphemisms such as ‘gone to 
another place’ to soften the blow

 (b) Using sympathy (“I understand what 
you’re going through right now”), not 
empathy

 (c) Providing as much information as possi-
ble regarding the events that led to the 
death and a detailed explanation of the 
efforts of the resuscitation team that were, 
unfortunately, unsuccessful

 (d) Clearly stating the patient has died after 
which the clinician should stop talking 
and wait.

 4. Debriefing trauma teams after a patient’s 
death:

 (a) Is a waste of time. Everyone is busy
 (b) Should be led by the most junior team 

member to provide insight into their 
perspective

 (c) Should begin by establishing a shared 
understanding of factual events before 
discussing emotional responses

 (d) Is mandatory for all those involved
 5. Senior clinicians:
 (a) Are never affected by the death of their 

patients and do not experience grief
 (b) In a study of US trauma surgeons, 

described PTSD symptoms in 40% of 
respondents

 (c) With regard to surgeons, have been exten-
sively studied to investigate the impact of 
patient death upon them

 (d) If affected by the death of a patients, 
should not seek help from others as this is 
a sign of weakness

Answers
1. d
2. a
3. d
4. c
5. b

2 Dealing with Death in Trauma
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Legal and Ethical Issues  
in Trauma Care
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Contextual Disclaimer
This chapter does not attempt to describe the 
relationship between healthcare providers and 
judicial or regulatory agencies beyond the 
UK. Even within the UK, Scotland has an inde-
pendent parliament, legal system and inquest 
process, and whilst English law covers the 
generic aspects of Welsh life, independent Welsh 
law governs local aspects. The contents of the 
chapter, and particularly the individual scenarios, 
are illustrative of English law but are hopefully 

formulated to stimulate the reader to consider 
how the interface would change in a different 
country or judicial system.

 Introduction

It is the primary responsibility of every health-
care practitioner dealing with anything other than 
minor trauma to initially focus on the nature and 
systemic impact of the injury. Standardised 
approaches or algorithms for the different catego-
ries and severity of trauma have been set out 
within the specialised chapters of this book, but 
ultimately several generic questions should be 
asked in one format or another from the point of 
hospital admission:
• what do we know as to the mechanism of 

injury from the history
• what can we see in terms of injury and sys-

temic impact
• what can’t we see and thereby warrants fur-

ther investigation
• what is the physiological/resilience context in 

terms of age and comorbidity
• what are the priorities for intervention
• what ancillary treatments do we need to 

administer, such as antibiotics, antifibrinolyt-
ics or blood products

• which other medical/surgical disciplines do 
we need to engage et cetera.

The diversity of the non-clinical aspects of 
trauma care, coupled with constantly 
evolving directives by the regulatory bod-
ies or the law, render it impossible to set 
out enduring ‘rules of engagement’ for 
every possible scenario. The chapter is 
therefore largely formatted as a series of 
vignettes which illustrate problematical 
areas, highlight the key challenges and 
offer directions to optimise public trust, 
ensure effective collaboration with other 
agencies, and limit future professional 
jeopardy.
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Liaison with individuals beyond the health-
care team is understandably and defensibly not 
a priority at this stage when dealing with life- or 
limb-threatening pathology. Communication 
outside the healthcare team may be focussed on 
updating the next-of-kin initially (rather than 
statutory bodies) if the scenario makes this 
 relevant. Even if the police are in attendance due 
to injuries attributable to or in association with 
some criminal act, at best they can anticipate a 
summary position on anticipated clinical course 
and opinion on survivability within the first 
24-h. This may be in contrast to their desire to 
have access to structured information which 
allows optimal planning for an investigative 
process running in parallel with healthcare 
delivery. In a changing world however, it is not 
just the police that may be in attendance, but 
other agencies including counter-terrorism offi-
cers, as we enter an era of increasing idealogi-
cally driven mass casualty events. Even without 
such overt criminality, certain scenarios such as 
industrial accidents automatically trigger the 
engagement of statutory bodies including the 
HSE (Health and Safety Executive). This in turn 
requires access to healthcare information and 
justifies early consideration of investigations 
not immediately relevant to the above health-
care priorities. These may include toxicological 
screens for potential contributory factors to 
injury including alcohol, recreational drugs or 
prescription medication.

This naturally raises the questions of who, 
when and where, representatives of external 
agencies can access the patient or clinical records. 
Other questions surround the ability of healthcare 
practitioners to undertake investigations or access 
information on their behalf. Are clinicians at risk 
of breaching employment or regulatory expecta-

tions in relation to patient confidentiality, data 
protection or information governance?

Consider the seemingly least contentious sce-
nario of injuries sustained following a fall from a 
ladder on a domestic DIY project. There may be 
nothing meriting investigation by external agen-
cies, and therefore nothing to consider beyond 
the immediate treatment and obligation to update 
the next-of-kin. In the event of death, however, 
there will be an obligatory referral to the coroner. 
It can reasonably be expected that a practitioner 
will be capable of not only providing a factual 
narrative, but will be able to explain the patho-
physiological process from the point of injury 
that culminated in death. This may lead to offer-
ing a medical cause of death for the coroner in 
lieu of post-mortem examination. The escalating 
move by coroners away from a forensic post- 
mortem is not based on cost reduction or sensitiv-
ity to increasing public opposition to an invasive 
procedure, although these factors do have to be 
considered [1–3]. Post-mortem examinations 
may be unnecessary if there is a clear narrative 
from an appropriate practitioner on the clinical 
consequences of injury and the pathway followed 
by the patient. The precise description of injury 
from a contemporaneous high-resolution trauma 
CT, coupled with functional investigations such 
as echocardiography during life should underpin 
these comments; indeed, post-mortem CT is now 
replacing formal autopsy in several cases [4, 5]. 
If there is sufficient evidence as to a cause of 
death, further physical examination of the body 
may not be required or desirable.

Provision of such a narrative demands being 
able to interrogate the medical records for all the 
answers to the above generic questions. This will 
be supplemented by an evaluation as to why all 
surgical and medical support measures were inef-
fective in this particular situation, with an accom-
panying explicit and defensible declaration that 
no window of opportunity was lost. This respon-
sibility on a medical practitioner is grounded in 
several ethical, regulatory and legal principles. 
Ethically, the principles of transparency and 
accountability are obvious. From a regulatory 
perspective, the General Medical Council make it 
an explicit duty of a doctor to assist in such inves-

Learning objective 1: would it be evident 
from retrospective review of the medical 
records that either you or the trauma team 
had systematically considered, acted upon 
and documented the above elements of 
care?

M. D. Dominic Bell
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tigations when in the public interest or when 
compelled by court order [6]. Legally, the coro-
ner has a responsibility laid out in The Coroners 
and Justice Act (2009) [7]. This includes issuing 
a Regulation 28 Report to an individual, organ-
isation, local authority or government department 
or their agencies, if the coroner believes that 
action needs to be taken to prevent future similar 
deaths in such circumstances [8]. Scrutiny of 
both process and outcomes from major trauma 
via engagement in national audit such as TARN 
(Trauma Audit and Research Network) to iden-
tify variant patterns and underpin research activ-
ity are well accepted by clinicians. However, 
those processes will also be under scrutiny by the 
coroner in the event of death and within civil liti-
gation in the event of an unfavourable outcome. 
This demonstrates that even the seemingly non- 
contentious case of the accidental injury in the 
home can become problematical. Personal and 
organisational defensibility in the event of any 
adverse outcome or complaint is therefore reliant 
on a high standard of documentation, demon-
strating that the above introductory generic ques-
tions were asked from the outset and re-asked 
every time the patient deviated from a favourable 
trajectory towards recovery.

The relationship between clinicians and the 
coroner’s office has traditionally been challeng-
ing from both perspectives, due to a seemingly 
conditioned response of defensiveness to a 
request for a medical report in relation to treat-
ment and care. This usually translates into the 
most limited factual statement, invariably sani-
tised by the risk management department, and 
forwarded after a long interval from the initial 
request and date of treatment. Problems such as 
lack of availability of the clinical records are not 
infrequently put forward in mitigation. This inev-
itably leads to frustration on the part of the coro-
ner and their officers, who will be dealing with an 
increasingly resentful bereaved family. This then 
leads in turn into an approach on the part of the 
clinician which may perpetuate defensiveness 
and less than helpful reports or statements in 
future.

It is important for clinicians to remember that 
the primary role of the coroner is to derive a med-

ical cause of death and a conclusion, (previously 
called the verdict) that best summarises the con-
text of the trauma. This conclusion may be as 
simple as RTC, accidental death or suicide, but a 
key goal of the coroner is to reach this point of 
closure within a short timeframe for all parties. 
The coroner is specifically prevented from attrib-
uting a death to negligence, or finding an indi-
vidual or organisation culpable from a civil or 
criminal perspective. Section 10 of the Coroners 
and Justice Act 2009 [7] section 2 specifically 
states that “A determination under subsection [1]
(a) may not be framed in such a way as to appear 
to determine any question of criminal liability on 
the part of a named person or civil liability”. 
Given the explicit responsibility of any doctor to 
assist with statutory investigations as a condition 
of registration with the regulatory body, there is 
an implicit responsibility to understand the 
broader professional obligations associated with 
treating trauma. This includes addressing any 
request by the coroner to provide a report respon-
sively, remembering that helping the next-of-kin 
understand why someone died is a responsibility 
that comes with the privileges of being a doctor 
and has became a statutory obligation, under 
‘duty of candour’. Many of the patients that die 
after admission to hospital (as opposed to those 
that die at the scene of injury) will have been sub-
ject to various surgical and medical interventions. 
This may prove challenging for a pathologist in 
attempting to differentiate primary injury from 
those interventions (e.g. stab wound vs surgical 
incision for thoracostomy). All competent pathol-
ogists will reach a conclusion as to the medical 
cause of death based on an interpretation of the 
available clinical information as well as the mac-
roscopic/microscopic findings (and possibly tox-
icology). It is understandable that those 
conclusions would be erroneously skewed if the 
clinical information were inaccessible, incom-
plete or inaccurate, as highlighted within one of 
the following scenarios. It is the author’s practice 
as an intensivist to submit the pro forma (attached 
as appendix) if a challenging case is to undergo a 
forensic post-mortem examination, and when 
acting as coroner, to request that this is completed 
by a responsible clinician prior to post-mortem 
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examination for a relatively complex case. It can 
be seen therefore, that even this seemingly simple 
trauma case requires early consideration of the 
predictable expectations associated with an 
adverse outcome, serving as a reminder of the 
importance of standards of documentation.

At the opposite end of the spectrum, with an 
intense presence and scrutiny from the outset, are 
those scenarios where the external agencies are 
themselves under scrutiny. If a patient presents 
with serious injuries in association with either 
attempted arrest or actual restraint, regardless of 
whether those injuries were sustained in activity 
prior to police engagement, there will be obliga-
tory referral to the IOPC (Independent Office for 
Police Conduct) [9]. This arouses understandable 
interest in delineating injuries attributable to 
 factors other than police intervention, the predict-
able consequences of such injuries, and the pres-
ence or otherwise of alcohol, medication or 
recreational drugs. Suicide attempts whilst in the 
custody of either police or prison services, also 
trigger scrutiny by external agencies. This is due 
to the State’s obligation under Article 2 (the right 
to life) of the European Convention of Human 
Rights [10], to actively prevent suicide and self- 
harm in custody, to protect prisoners from serious 
assault, and to investigate any such incidents. It 
follows from this that there will be intense scru-
tiny of medical process to determine whether 
there was any shortfall in care that could be con-
sidered causal for or contributory to any adverse 
outcome. This may also lead to requests to take 
images and collect specimens including blood, 
urine and hair for toxicology analysis. HSE 
inspectors, as alluded to above, have consider-
able powers under Section 20 of the Health And 
Safety at Work etc. Act of 1974, and could rea-
sonably under those powers request information 
and samples if considered relevant to their inves-
tigations [11].

Within the wide spectrum between these 
potential scenarios, perhaps the most common 
situation testing the duty of disclosure, regardless 
of whether the patient has the capacity to con-
sent, is knife or gunshot injury. The commonest 

situation testing provision of samples for drugs 
and alcohol arises in relation to an RTC where 
the patient lacks capacity, and the one scenario 
where a detailed forensic examination is 
requested by the police would be following seri-
ous sexual assault, again where the patient lacks 
capacity. The other scenarios which straddle the 
spectrum are those in which there is a safeguard-
ing issue which can range from children to vul-
nerable adults within care homes or those with 
mental health or learning difficulties housed 
within a community setting. The principles of 
safeguarding children have been standardised 
within the European Union for over a decade 
under the umbrella concept of Keeping Children 
Safe. There exists explicit responsibilities on 
individuals and organisations under this guid-
ance, which for healthcare practitioners trans-
lates into mandatory training and an obligatory 
component of history taking and examination of 
any child presenting with any degree of injury. 
Similarly, the Care Act of 2014 establishes the 
principles that underpin the safeguarding of 
adults, with a corresponding obligation on practi-
tioners to consider such a potential background 
explanation and escalate concerns through very 
specific pathways [12]. Although these scenarios 
clearly represent an interface between trauma 
and statutory authorities, it should not be consid-
ered necessary to duplicate within this chapter 
the obligations that rest upon practitioners in 
relation to safeguarding, given the accessibility 
of guidance within other forums.

One of the key purposes of this chapter is to 
expand on the primary duty of disclosure in cer-
tain other circumstances and clarify what can 
reasonably be anticipated in terms of requests by 
external agencies in the above settings, acknowl-
edging that every potential trauma scenario can-
not be included. The following vignettes should 
be considered illustrative therefore rather than 
comprehensive, but aim to highlight key princi-
ples and the multiple grey areas where decision- 
making and action is required without delay, but 
where questions may be later raised as to profes-
sional conduct.

M. D. Dominic Bell



37

 Principles and Opinion

The Police Reform Act of 2002 allows the police 
within England, Wales and Scotland to obtain 
blood specimens from people who have been 
involved in road traffic accidents who are unable 
to give consent [13]. The assessment of the 
patient’s capacity to undergo or refuse such test-
ing is the responsibility of the attending police 
officer and the instructed forensic physician (his-
torically referred to as a police surgeon), not the 
clinician responsible for care. The clinician treat-
ing the patient cannot be requested to either make 
the capacity assessment or to undertake the sam-
pling procedure. If the patient is considered to 
have capacity to refuse such testing, this cannot 

be undertaken by the use of force or restraint, and 
it is the refusal to provide a specimen that 
becomes the criminal offence [14]. If a specimen 
is taken from a patient lacking capacity, this can-
not be tested without the future consent of the 
patient, but any such refusal as above then 
becomes the criminal offence.

Regardless of whether the patient has or lacks 
capacity, it is the responsibility of the police in 
these circumstances to confirm with the respon-
sible clinician that either the assessment of capac-
ity or the sampling procedure will not interfere 
with the process of care. Such confirmation by 
the treating doctor does not give credence to any 
subsequent allegation on the part of the patient of 
aiding and abetting an assault by the forensic 
physician in undertaking blood sampling without 
consent, since this procedure is lawful in these 
circumstances under the legislation. There will 
inevitably be a number of grey areas within such 
a scenario which cannot be prescriptively defined 
within either legislation or professional guid-
ance. In the initial stages of clinical management, 
any competent police officer is likely to take the 
view that either the treating doctor or the patient 
will be likely to refuse such sampling, regardless 
of the logistical difficulties in achieving the atten-
dance of a forensic physician. There will be an 
understandable preference for the police to avoid 
a patient refusal, given the future potential for 
questioning the validity of capacity for such a 
refusal in the circumstances of significant injury 
requiring imminent surgical intervention. This 
potentially could lead to the patient avoiding con-
viction on the charge of failing to provide a speci-
men. The justification for waiting until the patient 
is anaesthetised, clearly lacking capacity at this 
stage, and therefore testable under the law, whilst 
understandable, can reasonably be interpreted as 
contrary to the spirit of the law, and would there-
fore require further caveats to be justifiable. If the 
patient required a short procedure under general 
anaesthesia (e.g. joint relocation), with an expec-
tation of an early return to full capacity, it would 
be appropriate for the forensic physician to take 
the view that the request should be placed before 
the patient in the post-operative period. If how-
ever, it is likely that the patient will require pro-

Scenario 1: Injuries Sustained in an RTC  
and Police Requests for Specimens
Learning objective 2: to have an under-
standing of what the police can reasonably 
request when accompanying a trauma 
patient suspected of criminal activity, the 
role of the forensic physician, and the lim-
its of medical responsibility.

A young male is brought in by ambu-
lance with multiple injuries sustained in an 
RTC as driver, and he will require surgical 
intervention. The police who have accom-
panied him suspect he may have been 
under the influence of drugs or alcohol, 
and have asked him to provide a specimen 
of blood or urine which he has refused. He 
has however had blood taken at the point of 
cannula insertion for a number of investi-
gations and cross-matching of blood prod-
ucts. He is likely to shortly lose capacity 
due to induction of anaesthesia. The police 
officers inform you that in the RTC, a 
pedestrian sustained serious injuries and 
has been airlifted to the regional Major 
Trauma Centre. What factors are relevant 
and what options are open to both the treat-
ing clinician and the attendant police 
officers?
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longed surgical intervention such that a return of 
full capacity could not be predicted within any 
reasonable timeframe, then it would appear rea-
sonable to undertake sampling at an early stage if 
this did not interfere with the process of clinical 
care. This is to ensure that the likely administra-
tion of significant volumes of blood products and 
intravenous fluids does not compromise any 
rational interpretation of later blood results,

Another grey area relates to the actual tech-
nique of sampling, since although there are spe-
cific procedures that have to be followed 
including division of the specimen into two sam-
ples, there is no absolute specificity that a sample 
cannot be drawn from an indwelling cannula 
despite the potential for dilution or contamina-
tion of such a specimen. It is however the author’s 
opinion and practice that it is reasonable for a 
forensic physician, having been fully informed 
and compliant with infection control procedures, 
to take a sample from a three-way tap attached to 
an arterial or central venous cannula. Blood must 
first be withdrawn in such a volume (e.g. 10 ml) 
that a subsequent result is predictably representa-
tive of plasma levels at that time of sampling, in 
line with routine clinical practice. It is the author’s 
opinion that such an approach is defensible in 
terms of patient well-being, reducing the risks of 
needle-stick injury, and in terms of reliability of 
the specimen.

Although the vignette hinted at the possibility 
of utilising specimens already taken for clinical 
purposes, this would not be considered compliant 
with long established principles in relation to evi-
dential standards under PACE (Police and 
Criminal Evidence Act 1984) [15]. If, however, 
there was any suggestion of neurological dys-
function in the form of confusion, agitation or 
drowsiness, and the medical team was attempting 
to distinguish alcohol/drug intoxication from 
CNS pathology, it would be reasonable to send 
specimens for toxicology. A request could be 
made that the laboratory retain the sample, or for-
mally transfer it over as evidence, for any future 
re-examination, which would allow the police 
and CPS to consider how the clinical specimen 
and results could be utilised in any future 
prosecution.

The vignette also suggests that the doctor 
should support concepts of justice in view of the 
serious injuries suffered by an innocent third 
party, but while such a position is understand-
able, the consequences as opposed to the actions 
and potentially criminal behaviour of the driver, 
do not modify the above principles and profes-
sional expectations.

 Principles and Opinion

Despite the current clinical circumstances, the 
police have made an arrest, the patient corre-
spondingly remains under arrest, and the police 
officers have an additional responsibility to 
ensure that the individual does not pose a risk of 
injury to any third party. Although the clinical 
picture suggests significant surgical or medical 
pathology, police and prison services will be both 

Scenario 2: Medical Deterioration after a 
Police Arrest
Learning objective 3: to understand the 
circumstances in which disclosure of clini-
cal information is justified.

A break-in is reported to the police, cul-
minating in the suspect falling approxi-
mately 20 feet from a second-floor balcony 
as officers approached the building and he 
attempted escape. Although seemingly 
injured, the suspect forcibly resists arrest, 
necessitating restraint, and during the pro-
cess of applying handcuffs he becomes less 
responsive. Paramedic assistance is 
requested and he is transferred as an emer-
gency, unresponsive with a systolic blood 
pressure of 90  mmHg and requiring 
assisted ventilation with 100% oxygen to 
maintain an oxygen saturation greater than 
90%. The police (with one handcuff still 
applied) accompany his admission to the 
emergency department, and are requesting 
toxicology investigations, an update on the 
results of the radiological investigations, 
and a review by a forensic physician.
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educated in and familiar with prisoners capable 
of manipulating healthcare practitioners and the 
hospital environment. There is a requirement on 
practitioners therefore to confirm and communi-
cate that the clinical picture is not only genuinely 
indicative of significant pathology, but also does 
not indicate temporary systemic dysfunction due 
to a recoverable problem such as a seizure or 
drug intoxication due to the suspect having swal-
lowed ‘evidence’. If it becomes clear after inves-
tigation that the patient has sustained significant 
injury such as intracranial haemorrhage or rup-
tured spleen that will require general anaesthesia 
or surgical intervention, this information should 
be communicated to the responsible officers at 
the earliest opportunity. This will allow planning 
for the arrest process that is in harmony with 
healthcare provision, especially if the patient 
requires admission to intensive care or a hospital 
ward.

Disclosure of clinical information is therefore 
warranted. Disclosure would also be warranted 
for lesser degrees of injury or medical problems 
if a patient was to be transferred back into cus-
tody. This ensures that healthcare practitioners 
within the police or prison service are adequately 
informed as to the nature of the problem. The 
information is also required to enable the police 
officers to pass on accurate information to the 
IOPC to assist in planning of their investigation.

It is unlikely that such clinical information 
will be challenged by any forensic physician 
instructed by the police, and nor is it likely that 
specimens will be requested for toxicology anal-
ysis, since the offence lies in the ‘breaking and 
entering’ rather than in any associated state of 
intoxication. However, it is inevitable that ques-
tions will be raised as to whether any injuries and 
the cause of the collapse can be attributed to the 
primary fall or the secondary period of agitation 
and restraint. This scenario will therefore require 
at some stage that a practitioner provide opinion 
to help not only make this distinction, but also to 
distinguish between pre-admission findings and 
post-admission features of surgical intervention. 
This in turn requires a high standard of documen-
tation, based on a practitioner’s understanding 
and anticipation of such a future request.

It is also likely that the police will ask for an 
early forensic examination with photography to 
assist with the IOPC investigation. If the patient 
has capacity once stabilised, they are free to con-
sent to or decline such an assessment. However, 
there is no authority for police personnel to 
undertake such investigations if the patient is 
sedated or lacks capacity for any other reason, 
even if the police have sought and gained proxy 
consent from the next-of-kin.

The police do however have powers of search 
(including the oral cavity) following an arrest, or 
indeed pre-arrest if they have reasonable grounds 
to suspect that a crime has been committed for 
which arrest would be appropriate. This would 
make it reasonable to search the patient, their 
clothing and belongings, for illicit drugs, weap-
ons or stolen property, and to retain such items 
including clothing, for forensic analysis.

Given the clinical requirement for a full and 
thorough patient examination in these circum-
stances, it would be reasonable to engage the 
police during removal of clothing and other 
belongings. This is not only in the interests of 
justice, but also because the police will be vigi-
lant by training when searching an individual for 
items which generate a risk to the searcher such 
as contaminated needles.

Confirmation of the individual’s identity is 
important from a clinical perspective in retriev-
ing any relevant past records. The police are 
empowered under Section 61 of PACE (Police 
and Criminal Evidence Act 1984) and Code D to 
undertake mobile biometric testing with finger-
print scanners of an individual where either an 
offence has been committed or suspected, and 
either no name is provided or the name provided 
is suspected to be false [15]. Such a process of 
identification can not only be advantageous clini-
cally to the patient but can also assist in identify-
ing and mobilising next-of-kin.

It can be concluded therefore that the clinical 
safety and well-being of the patient must always be 
a primary consideration for the clinician, but provi-
sion of information and a collaborative approach 
with arresting officers can not only assist that pro-
cess by early identification but can also protect the 
safety and well-being of healthcare providers.
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 Principles and Opinion

Every practitioner will be familiar with the inter-
play between mental health disorders and trauma. 
There exists a spectrum between a violent suicide 
attempt such as the jump from a high bridge or 
before an oncoming train, to the patient unaware 
of the significance of accidental injury and 
requirement for medical intervention. The inter-
face between treating clinicians, mental health 
practitioners and the police, and responsibilities 
under the Mental Health Act (1983) [16] (MHA), 
Mental Capacity Act (2005) [17] (MCA), and 
common law in these nuanced circumstances, 
remain a challenge. If the police were concerned 
in this scenario about damage to property or 
injury to a third-party, the individual could be 
arrested to ‘preserve the peace’. If in the more 
likely interpretation of this scenario, the police 
were primarily concerned with the well-being of 
the individual, they could be detained under 
Section 136 MHA for a 24-h period. There is an 
associated requirement for ambulance atten-
dance, with an expectation that a paramedic 
would make the judgement call as to whether the 
individual should be taken to an emergency 
department or to an alternative place of safety for 
assessment and management of the mental health 
disorder.

This particular individual having been brought 
to ED, the injuries and necessity for investigation 
and treatment steer management away from 
MHA in the first instance and towards 
MCA. There is an expectation that an assessment 
of capacity will be attempted before progression 
towards sedation under restraint. This would be 
considered justifiable (and thereby defensible) 
under the principles of best interests, necessity, 
immediacy, and the ‘least restrictive option’ as 
defined under the MCA.

The attendant police officers could reasonably 
decline to assist in the proposed sedative strategy, 
since this falls outwith areas of training, expertise 
and responsibility. There is also an expectation 
that any healthcare facility undertaking such an 
exercise will ensure the availability of appropri-
ately trained staff. This raises the possibility of 
the hospital carrying legal liability for any inju-

Scenario 3: Trauma in Association with 
Mental Health Disorder Complicated by 
Non-compliance, Needle-Stick Injury and 
Data Protection Issues
Learning objective 4: to understand the 
principles of capacity, justification for 
medical interventions including sedation 
against a patient’s wishes, and information 
governance and management of a needle- 
stick injury where the patient lacks 
capacity.

An individual with a suspected mental 
health disorder walks into the road and is 
hit by a car. They are aggressive and refus-
ing hospital assessment, culminating in 
being brought into the emergency depart-
ment having been restrained by the police 
within an ambulance. They continue to 
refuse medical attention and respond 
aggressively to restraint. It is debated and 
considered by police, paramedics and clin-
ical staff that they represent a danger to 
themself and others, and the ED doctor 
asks the police to maintain restraint whilst 
an intramuscular injection of sedative is 
attempted. During a violent response to 
this attempted intervention, a paramedic 
and police officer suffer needle-stick inju-
ries. The medication is eventually adminis-
tered and with anaesthetic assistance the 
patient is sedated and ventilated for the 
trauma CT scan. The mobile fingerprint 
scanner does not provide the identity of 
anyone on the database, but during the 
police search a phone is found. The ED 
doctor activates this using the patient’s 
thumbprint, and having looked at various 
text messages and rung certain numbers, is 
able to identify the patient. A review of 
medical records indicates previous interac-
tion with mental health services and a hos-
pital admission with a drug overdose. In 
the context of the needle-stick injury, the 
police and paramedics are asking if the 
records indicate either HIV or hepatitis 
status.
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ries sustained by police officers during such an 
intervention, and places certain moral and ethical 
obligations on the institution following the 
needle- stick injuries.

The position at law under the MCA however, 
is that no intervention can be undertaken on a 
patient lacking capacity that is not in their best 
interests. This principle seemingly would pre-
clude blood sampling for HIV and hepatitis sta-
tus for the benefit of a third party. This principle 
is consistently and explicitly overridden when 
undertaking these investigations prior to consid-
eration of patients for organ donation, with 
endorsement of such practice by the Department 
of Health [18]. It appears illogical to differentiate 
between this form of benefit by reduction of risk 
to a predictably anonymous third-party and not to 
undertake such testing to allow a healthcare pro-
fessional to make an early and informed choice 
regarding post exposure prophylaxis (PEP). 
Treatment with PEP has its own significant risks, 
regardless of the destructive impact of worry, 
particularly when the individual concerned is 
exposing themselves to risk whilst acting in the 
patient’s best interests. This introduces concepts 
of ‘reciprocity’ within the relationship between 
healthcare practitioner and patient. There may be 
a reasonable expectation that patients would con-
sent if capacitous to withdrawal of a blood sam-
ple from an indwelling cannula for the purpose of 
testing, given the significance of the result for the 
practitioner. It has been the author’s practice over 
the timeframe of this impasse to request proxy 
consent from the next-of-kin, utilising the con-
cept of ‘substituted judgement’ [19]. This is 
where the next of kin offers an opinion that this is 
what the patient would have consented to if they 
were able to process this request, or to proceed to 
testing if it is not likely that next-of-kin will be 
identifiable within a short timeframe. Given that 
for maximum efficacy, PEP should be started as 
soon as possible (and certainly within 12 h) this 
is a time-sensitive issue. It has also been the 
author’s practice to lobby for explicit endorse-
ment of this approach from professional, regula-
tory and government bodies. Despite the 
introduction of presumed consent for organ 
retrieval in law within the UK over this  timeframe, 

there has been consistent disengagement at an 
appropriately senior level. This is despite the tan-
gible risk of compromised care to patients if 
practitioners understandably distanced them-
selves from hazardous procedures if they will not 
be able to make informed choices, if needle-stick 
injury or other contamination occurs. This sce-
nario therefore demands moral courage on the 
part of senior doctors to check existing results or 
undertake testing. This will optimise not only 
staff welfare, but actually promote optimal care 
for patients and not deny their broader best inter-
ests by allowing testing for the health and well- 
being of staff who have put themselves at risk in 
order to provide clinical care. If, furthermore, 
optimal patient care depends on optimal multi- 
agency co-operation and collaboration, this prin-
ciple should naturally be extended to the police 
officers who have sought to ensure the well-being 
of the patient from the outset. It can be noted in 
relation to this particular issue that in some juris-
dictions around the world, individuals can be 
ordered to undergo HIV testing if they spit at or 
bite an arresting officer, with criminal charges 
against anyone refusing to undergo testing 
[20–22].

The broader issue in this particular case of 
ensuring the engagement of psychiatric services 
will be a familiar problem for most practitioners. 
Liaison psychiatry services will predictably 
declare the patient unfit for psychiatric assess-
ment until the immediate requirement for medi-
cal and surgical investigation and treatment has 
been met. This usually leads to a delay in institut-
ing an emergency section order, and a suggestion 
of re-referral once capacity has returned and a 
psychiatric assessment can be undertaken. This 
inevitably leaves the responsible healthcare team 
attempting to treat the patient within the princi-
ples of both the MCA and MHA. One difficulty 
that this leads to is the decision-making around 
sedative and antipsychotic therapy during 
attempts at weaning following operative inter-
vention or periods of intensive care. There are a 
multitude of strategies that will be familiar to 
intensive care practitioners to wean a patient 
from conventional sedation, including dexme-
detomidine and clonidine infusions. It has been 
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the author’s practice to introduce a second- 
generation antipsychotic agent such as risperi-
done early in the admission process for not only 
this category of patient, but in those where 
aggressive non-compliance is evident at an early 
stage. This may also be due to diffuse axonal 
injury or hypoxic brain injury in young male 
patients, particularly those with a background of 
recreational drug usage.

The broader interface with psychiatry services 
is beyond the remit of this chapter but it is antici-
pated that practitioners will be able to access 
local policies on this subject.

The ancillary issue within this scenario of 
unlocking the patient’s phone with their own 
thumbprint is likely to meet with a range of opin-
ion. This is based not only on an understanding of 
the Caldicott principles [23, 24] within UK law 
or those of the Data Protection Act (1998) [25], 
but on uncertainty as to how compliance with 
information governance will be interpreted by 
either employing organisation or the regulatory 
body if a complaint is raised in this regard. On 
the facts of this case, the approach adopted would 
be justified if the phone was interrogated solely 
for the purpose of identifying and communicat-
ing with the next-of-kin. The intention was to 
both identify the patient and ensure early engage-
ment of partner or family, but this is again a sce-
nario requiring moral courage on the part of a 
senior practitioner.

 Principles and Opinion

This recurring scenario highlights the enduring 
conflict between duties of confidentiality to the 
individual patient and of disclosure in the public 
interest. There has been a long-standing duty of 
disclosure in relation to communicable disease, 
but the importance of confidentiality in promot-
ing attendance for and compliance with medical 
treatment was highlighted by the emerging AIDS 
epidemic in the 1980s. In the scenario described, 
in the absence of any reports or features of self- 
harm, it is apparent that a crime has been com-
mitted and it is the responsibility of the police to 
assess the risk of another attack to the presenting 
patient, healthcare staff or other members of the 
general public.

The General Medical Council as regulatory 
body correspondingly issued guidance on this 
matter in October 2009 setting out the responsi-
bility on doctors to inform the police whenever 
they treat a suspected victim of serious knife or 
gun crime [26]. This particular duty of disclosure 
remains somewhat ambiguous however, given 
that there is no specified responsibility to provide 
identifiable patient details or to allow the police 
access to the victim. The duty of disclosure only 
arises in the context of ‘serious’ crime, without 
specifying the threshold between serious and 
non-serious. Such ambiguity therefore requires 
an exercise in professional judgement by a senior 
clinician who would be able to shoulder allega-
tions of either an inappropriate breach in confi-
dentiality or the contrary failure to inform police 
of a serious crime and thereby fulfil responsibili-
ties to protect either the patient or any other party 
from future injury.

One key question to be asked is how the vari-
ous regulatory and disciplinary bodies, or civil 
courts, would interpret the subsequent death of 
this patient from a further attack after discharge 
from hospital if the police had not been informed. 
Increasingly, there is also personal and institu-
tional anxiety regarding how such an outcome 
might be reported in the lay media.

The situation becomes even more challenging 
in the context of injuries sustained in potential 
preparation for terrorist activity. The government- 

Scenario 4: Gunshot or Knife Injury
Learning objective 5: understanding the 
circumstances that dictate a duty of 
disclosure.

An individual is dropped off outside the 
ED by ‘friends’ who then drive away. 
Reception staff ask for clinical assistance 
and it becomes apparent that the patient 
has been stabbed in the chest and abdo-
men. They volunteer a name and age but 
not address, next-of-kin, or any informa-
tion in relation to the assailant. They state 
they will refuse all care and leave the hos-
pital if the police are called.
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led multi-agency ‘Prevent’ programme aims to 
identify radicalisation or potential transition 
towards terrorist activity, and this exercise has 
become a component of mandatory training for 
healthcare practitioners [27]. Disclosure is 
clearly justified in the public interest in order to 
prevent a serious threat to public health and 
national security, but concerns have been raised 
from within the medical profession that there is 
an intrinsic risk of racial profiling with all the 
attendant adverse consequences. Doctors are 
placed in a difficult position therefore if a patient 
presents with serious burns injuries in association 
with potential features of blast, which are report-
edly due to a domestic kitchen fire. The focus 
question as above is to look at the potential 
adverse consequences for innocent third parties 
and indeed the treating doctor if either the patient 
or their associates go on to carry out a terrorist 
atrocity. Once again, this is clearly the responsi-
bility of a senior decision-maker.

 Reporting Domestic Violence

A more common scenario exemplifying conflict 
in relation to disclosure relates to a suspicion of 
domestic violence. Doctors have a duty to be 
alert to signs of domestic abuse under the concept 
of safeguarding patients from future harm, but 
also have a responsibility to respect confidential-
ity, acknowledging that in the context of being 
offered an accidental explanation for injuries, it is 
not the primary role of the doctor to act as inves-
tigator, judge and jury. Decisions about disclo-
sure should be made in partnership with the 
patient, but a patient who has capacity can refuse 
to allow disclosure [6].

Once again the focus question is how re- 
presentation of the patient with life-threatening 
or life-changing injuries would be interpreted by 
various external parties if consideration had not 
been given at the point of earlier attendance to 
escalation of concerns and at least some primary 
attempts at safeguarding, such as requesting GP 
opinion and review.

Given the inevitable absence of specific direc-
tion for every potential scenario, this problem 

should be addressed by a senior decision-maker 
and in collaboration with the patient and senior 
colleagues.

 Principles and Opinion

The police have a responsibility to investigate 
this crime and given the distinct possibility that 
the patient will not be able to contribute to the 
prosecution process given the nature of the head 
injury, there is critical dependence on forensic 
evidence in identifying the perpetrator. The 
immediate clinical priority is however evacuation 
of the large subdural haematoma and to address 
any other life or limb-threatening injuries. 
Gathering pictorial evidence of external injuries 
prior to wound toilet/suture, historically defaulted 
to a departmental digital camera or a phone cam-
era, but this practice is contrary to contemporary 
expectations of data protection and information 
governance [28, 29]. If however a SOCO (scenes 
of crime officer) was present and photography 
during clinical assessment did not interfere with 
or delay treatment, it would be reasonable to 

Scenario 5: Serious Sexual Assault  
and Request for Forensic Examination
Learning objective 6: understanding the 
circumstances in which the police might 
request a full forensic examination.

A young woman is found on public land 
in a semi-conscious state with evidence 
of multiple areas of external bruising 
including to the face and head, with rape/
sexual assault suspected due to clothing 
having been removed and evidence of 
focal injury in the genital area. The police 
attended at the scene and accompanied 
the patient to the emergency department. 
They have requested the attendance of a 
forensic physician to examine the patient 
and take specimens. The patient is sedated 
and intubated prior to a trauma CT scan 
which reveals the presence of extensive 
intracranial haemorrhage requiring sur-
gical evacuation.
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accommodate this request. If the hospital had the 
support of a medical photography department, 
this would represent a reasonable alternative 
from perspective of image quality, acceptability 
for prosecution purposes and concepts of data 
protection/information governance. It would not 
however be reasonable to delay craniotomy for a 
full forensic examination, but this could be 
accommodated following definitive surgical 
intervention. Examination should be performed 
prior to other interventions such as intimate 
examination or scrubbing wounds to the hands, 
thereby avoiding contamination of essential evi-
dence prior to trained forensic examination. If 
infection control procedures can be complied 
with, there is no barrier to this process being 
undertaken in the operating theatre setting given 
the space, light and equipment such as stirrups to 
optimise the examination process. It is more con-
ventional however to undertake this examination 
in the critical care setting once the patient has 
been stabilised, and staff will be familiar with the 
logistical difficulties of accommodating special-
ised light sources et cetera for this process. It is 
also predictable that the police will request early 
access to the clinical records to include all find-
ings and observations, and this usually follows 
provision by the police of a signed consent form 
by the next-of-kin. Disclosure in these circum-
stances would be in line with the expectations of 
the regulatory body on a doctor to assist with 
investigations directed towards crime solving and 
justice. The ramifications of such a scenario are 
escalated if the patient is either in state detention 
within a mental health facility, or is identifiable 
as a vulnerable adult by virtue of learning dis-
abilities, with obligatory engagement of addi-
tional agencies.

No single source of advice can provide a blue-
print for every potential scenario, and these 
examples necessitate engagement of risk man-
agement departments within hospitals.

 Principles and Opinion

The practitioner tasked with responding to the 
police request is placed in a difficult position, 
since there are significant implications of this 
discovery within the healthcare setting for indi-
viduals, departments and the wider organisation. 
Having identified an issue that meets the crite-
ria for serious incident reporting under the 
NHS systems of STEIS (Strategic Executive 

Scenario 6: Trauma Compounded  
by Iatrogenic Insult
Learning objective 7: understanding the 
duty of candour after iatrogenic injury and 

the potential for professional jeopardy 
when submitting verbal or written 
evidence.

A young patient is brought to the emer-
gency department with GCS 3/15 having 
been assaulted with a blow to the head and 
a secondary brain injury at the point of 
impact with the pavement. He was intu-
bated and ventilated and the CT scan dem-
onstrates extradural, subdural and 
parenchymal haemorrhage. At craniotomy 
the underlying brain was severely swollen 
and following evacuation of the haemor-
rhage the bone flap was not replaced. High 
ICP was recorded following this procedure 
and the pupils became fixed and dilated on 
day three. A forensic post-mortem exami-
nation concluded that the cause of death 
was severe traumatic brain injury. As the 
intensive care consultant, you are asked to 
provide a statement for the police. During 
review of the electronic records, you iden-
tify a blood gas result from the emergency 
department which records a pH of 7, a pO2 
of 6 and a pCO2 of 24 kPa, raising ques-
tions of suboptimal care of a head injured 
patient. A blood gas undertaken two hours 
later in the operating theatre was essen-
tially normal apart from a residual acido-
sis. There is no record of either this result 
or of any untoward incident within either 
the paper or electronic records, but your 
enquiries identify a problem with the setup 
of the ventilator circuit in the emergency 
department. How do you proceed?
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Information System) [30] and the NRLS 
(National Reporting & Learning System) [31], 
the practitioner is obliged to trigger an incident 
report within his own institution. A ‘duty of can-
dour’ exists in relation to the police investiga-
tion, due to the inescapable fact that the patient 
was exposed to significant and sustained recog-
nised secondary cerebral insults. It could be 
argued that these were contributory to the find-
ings of the grossly swollen brain at surgery and 
progression to brainstem death. It could corre-
spondingly be argued by any competent criminal 
defence team provided with such evidence that a 
‘novus actus interveniens’ (a new intervening 
act) had broken the chain of causation: “my cli-
ent accepts he inflicted injury, but it was the neg-
ligence of the healthcare team that resulted in the 
death”. It would then be left to the prosecution to 
argue that the deceased was only exposed to neg-
ligence within the healthcare system due to the 
malevolent act of the assailant, and/or that the 
deceased would ultimately have died as a conse-
quence of the primary injuries albeit at poten-
tially a later stage, and that the accused should 
still be found guilty of manslaughter. Given the 
significance of these events in the context of a 
criminal prosecution, if the intensivist was to 
deliberately withhold this information in a report 
statement providing an overview of care, they 
would be vulnerable to censure from the regula-
tory body. However, prosecution for perjury 
would be unlikely given that an omission is not 
synonymous with giving false information. The 
‘duty of candour’ as set out within the conditions 
of registration by the GMC as regulatory body 
also extends to disclosure to the next-of-kin, 
regardless of the potential for this to trigger liti-
gation [32]. Ultimately however, the success of 
civil proceedings would depend on the ability to 
prove causation i.e. that the breach of duty 
caused a loss that would not otherwise have 
occurred. The implications of either a causal or 
contributory role in the patient’s death are there-
fore highly significant on multiple fronts. This 
raises questions as to whether the intensivist as a 
witness of fact rather than an independent expert 
witness should be offering an opinion on this 

aspect. This situation is completely different to 
that described within the introduction, emphasis-
ing a responsibility to assist either the coroner or 
a pathologist in interpreting clinical information 
and offering an opinion on the cause of death. It 
is predictable therefore that if advice is sought 
from either the hospital risk management team 
or a defence organisation, this will be to provide 
no commentary on the potential contributory 
role to the patient’s death, and to restrict the con-
tent of the report to the factual elements of con-
dition and treatment following admission to the 
intensive care unit. In the event of such advice, it 
would then become the responsibility of the hos-
pital risk management and legal teams to inform 
coroner, police and next-of-kin. The police will 
predictably seek witness statements from the 
practitioners involved during that initial period. 
It is likely that the statements will follow an 
interview by police under caution, emphasising 
the importance of accuracy and consistency in 
evidence. Practitioners continue to be charged 
with perjury, following the naïve assumption that 
the police or coroner will not be able to under-
stand complex medical detail. In this scenario, it 
is likely that the responding anaesthetist and 
emergency department teams will be interviewed 
over events. A more senior individual within that 
department will also be interviewed with regards 
to responsibility for the specification, prepara-
tion and testing of ventilatory equipment and 
breathing circuits. Whilst all these individuals 
will be covered by the ‘crown indemnity 
scheme’, whereby the NHS insures its employ-
ees for work carried out on its behalf, this sce-
nario highlights the conflict between support for 
the individual employee and protection of insti-
tutional reputation. No institution would wish to 
face criticism for corporate negligence in the 
event of being found responsible for inadequate 
governance standards in relation to the purchase, 
sterilisation, maintenance or preparation of 
equipment that was ultimately not fit for its 
intended purpose. It would be unedifying but 
foreseeable if the stance of the hospital was one 
of accepting that the event demonstrated short-
falls, but that ultimately it was the responsibility 
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of any competent anaesthetist to ensure that a 
ventilator and breathing circuit was functioning 
correctly before use. This is particularly true 
given the availability of both monitors and 
alarms for these parameters, and nationally 
agreed minimum monitoring standards. This 
potential for sacrificing the protection of an 
employee to maintain institutional reputation 
emphasises the importance of individual profes-
sional indemnity to supplement the NHS scheme, 
a concept which receives further emphasis when 
considering other potential ramifications of this 
scenario. It could be considered reasonably fore-
seeable that if the individual practitioner is to be 
‘isolated’ from the broader organisation and held 
solely responsible, that their defence could 
include criticism of other individuals and depart-
ments. This could be for failing to provide ade-
quate levels of supervision, (thereby bringing the 
on-call consultant into the frame), or failing to 
provide adequate critical incident training 
including simulation, thereby bringing everyone 
from educational supervisors to training pro-
gramme directors under scrutiny. The impor-
tance and value of independent professional 
indemnity becomes immediately apparent if 
practitioners are facing criticism from the pri-
mary anaesthetist’s defence team, at a time when 
the institution has no wish to embrace corporate 
responsibility. These issues will predictably not 
be active during the prosecution of the original 
assailant, but would surface in any subsequent 
inquest or GMC investigation. In relation to a 
potential inquest, once criminal proceedings are 
initiated against a person who may have caused 
the death, the investigation/inquest process will 
be suspended until the criminal case is con-
cluded. This is because an inquest conclusion/
verdict has to be compatible with the findings of 
the ‘higher’ criminal court. If the accused is con-
victed of either murder or manslaughter, the 
coroner will usually close their inquest with a 
summary conclusion of ‘unlawful killing’, there 

being no need for a hearing since the evidence 
has already been explored in open court. In the 
scenario described, it is likely however that the 
coroner will conduct an inquest hearing, given 
the public interest issues associated with health-
care failings, which would not necessarily be 
evaluated to any reasonable degree within the 
setting of the criminal court, and which may 
activate responsibilities under Regulation 28. It 
is foreseeable that the defence team acting for 
the now professionally isolated primary anaes-
thetist will call the individuals with the various 
roles as set out above to at least establish various 
mitigating factors in anticipation of the predict-
able secondary GMC hearing. It is equally fore-
seeable that a coroner would hold such an inquest 
with a jury and allow them, notwithstanding a 
conviction for manslaughter in the criminal 
courts, to reach a verdict/conclusion that “hospi-
tal failings significantly contributed to the 
death”, with obvious professional repercussions 
for a number of individuals. The scope of this 
chapter does not include detailed analysis of 
GMC disciplinary process, but readers should be 
aware of how certain high-profile cases have 
been managed over the last decade. There have 
been notable differences in process and out-
comes depending on the profile of support for 
the practitioner from the broader professional 
body1 [33, 34]. Although mitigating circum-
stances can be accommodated, ultimately the 
GMC expects and considers honesty, candour, 
insight and definitive remedial action when 
reaching a conclusion on sanctions. This further 
emphasises the importance of a consistent narra-
tive from the point of initial questioning by 
senior clinicians or Trust executives, through to 
police, coroner and regulatory body.

1 R v Bawa-Garba [2016] EWCA Crim 1841 (https://
www.bailii.org/ew/cases/EWCA/Crim/2016/1841.html); 
R v Sellu [2016] EWCA Crim 1716 (https://www.bailii.
org/ew/cases/EWCA/Crim/2016/1716.html)
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 Principles and Opinion

The era of medical paternalism is long since 
dead, replaced not only by patient autonomy, but 
an accompanying cycle of public suspicion and 
challenge to medical decision-making. This is 
not just attributable to the explosion of readily 
available information on medical matters, or the 
ease of access to supportive legal advice under-
pinned by the Human Rights Act 1998 [10], but is 
also fuelled by the series of healthcare scandals 
that have undermined public trust. These scan-
dals include paediatric cardiac surgery [35, 36], 
retained organs [37, 38], empirical DNAR deci-
sions [39, 40] and broader institutional failings 
such as the Mid-Staffordshire problems [41], 
with an on-going pattern indicating that these are 
issues that cannot be dismissed as historical. It 
may be understandable to any competent health-
care professional that this particular patient will 
not re-gain a meaningful quality-of-life in the 
event of survival, and the proposition of a limita-
tion of life-sustaining medical treatment (LSMT) 
may be a logical next step. However, it is equally 
understandable that the next-of-kin may not wish 
to see their hope extinguished. They may also be 
suspicious that the medical opinion is wrong, 
premature or based on discrimination due to dis-
ability. In more extreme cases there may be a sus-
picion that this is motivated by resource 
implications or even a wish to move towards 
organ donation, particularly given the current 
context where ‘presumed consent’ has now been 
enshrined in law. The simple position at law is 
that no doctor can be compelled to provide treat-
ment that they do not believe to be in the patient’s 
best interests. However, the nuances of what con-
stitutes a patient’s ‘best interests’ generate an 
opportunity for challenge if family understanding 
or trust is limited from the outset. Not many 
intensive care practitioners would be prepared to 
declare with confidence that the outcome would 
inevitably be one of the vegetative state at that 
stage. It is predictable that a second opinion from 
neurology or neuro-rehabilitation (who naturally 
deal with extreme neurological disability) would 

Scenario 7: Family Opposing Limitation of 
Treatment after Severe Traumatic Injury
Learning objective 8: to understand the 
relative authority of healthcare team versus 
patient’s family when a favourable out-
come is not anticipated, and the options 
and pitfalls when addressing conflict.

A young male overturned a quad bike at 
high speed and was trapped beneath it. At 
the time of paramedic attendance, he was 
unresponsive with an oxygen saturation of 
70% and a systolic blood pressure of 
70 mmHg. He was intubated at the scene 
and the trauma CT revealed chest wall 
injuries, pulmonary contusions and rup-
tured spleen and liver lacerations. His 
intra-abdominal injuries were managed 
conservatively after interventional radiol-
ogy could not define an active bleeding 
point. The CT head demonstrated minor 
traumatic subarachnoid haemorrhage and 
the early features of hypoxic ischaemic 
injury. After 48  hours of sedation, his 
cardio- respiratory parameters were suffi-
ciently stable to permit a clinical neuro-
logical assessment, which demonstrated 
high tone and spontaneous extensor pos-
turing. A repeat CT scan demonstrated pro-
gression of the HIE (hypoxic ischaemic 
encephalopathy) and an EEG on day five 
was reported as ‘alpha coma’. This result 
is where the alpha activity normally seen in 
wakefulness is coupled with clinical unre-
sponsiveness/coma, a characteristic fea-
ture of brain injury of this nature. The 
family were unwilling to consider any with-
drawal of support and after long debate a 
tracheostomy was undertaken to facilitate 
weaning from ventilatory support. An 
attempt was made to agree ceilings of 
treatment and DNAR in the event of any 
future deterioration, but the family were 
opposed to any such limitation. How do 
you progress this issue?
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declare that the outcome can only be specified 
after the passage of time. Hence, it becomes the 
pragmatic solution to undertake a tracheostomy, 
wean from ventilatory support, and transfer the 
patient under the care of rehabilitation. There is 
the hope from a critical care perspective that col-
leagues in rehabilitation would not endorse rein-
troduction of LSMT or resuscitation in the event 
of new complications. The challenge arises if the 
family’s position has become polarised by their 
perspective on the preferred medical position of 
withdrawing LSMT at the earlier point in time, 
and are not prepared to countenance any future 
restriction in medical treatment. This recurring 
scenario has many facets other than simple occu-
pation of a critical care bed. It is inevitable that a 
disagreement of this nature will be picked up by 
other families, leading to an amplified level of 
suspicion, compromising optimal communica-
tion and decision-making within the broader crit-
ical care unit. Whilst natural that clinicians of any 
grade would not wish to be the subject of com-
plaint by continuing to push for ceilings of treat-
ment, this can lead to an adverse impact on other 
members of the multidisciplinary team. This may 
disproportionately affect nursing staff and thera-
pists if they are being expected to provide cares 
that ultimately have no prospect of a satisfactory 
outcome. An impasse of this nature can have the 
additional adverse impact from a societal ethics 
perspective of compromised access to critical 
care for those patients capable of benefiting; this 
scenario is at variance with the expectation that 
resources are rationally utilised. The principles of 
promoting a patient’s ‘best interests’ in circum-
stances where there is a loss of capacity are set 
out within the Mental Capacity Act 2005 [17], 
and these include both offering and seeking a 
genuinely independent second opinion in chal-
lenging situations. This may ultimately lead to 
the Court of Protection when these issues cannot 
be resolved even with techniques such as inde-
pendent mediation. In these particular circum-
stances, the majority of the five statutory 
principles relating to mental capacity are not 
applicable. This is because it would be agreed by 
all parties that there can be no presumption of 
capacity, that the patient cannot be supported to 

the point of making a capacitous decision, and 
this is not a scenario therefore where a patient 
should be allowed to make an ‘unwise decision’. 
The Court will therefore be focused on best inter-
ests (which are broad under the Act), but would 
not be independently responsible for defining the 
future process of care. This is the responsibility 
of the healthcare facility making the application, 
with the Court’s role being to reach a conclusion 
as to whether the application proposal is in line 
with the patient’s broader best interests and there-
fore lawful. It should be apparent to anyone that 
if an impasse is maintained by a breakdown of 
trust, this is unlikely to be restored by the deci-
sion of a court, where there will inevitably be a 
suspicion that there will be deference to medical 
opinion. Furthermore, if the court sanctions a 
withdrawal of LSMT, how will this practically 
take place and be compatible with principles of a 
good death, if the family remain strongly 
opposed? Similarly, how would the practicalities 
of not optimising a progressively deteriorating 
patient at ward level be managed with an antago-
nistic family, if the court has declared that the 
treating team does not have to consider readmis-
sion to ICU, escalation of support, or resuscita-
tion manoeuvres? It is difficult to ignore a rising 
pattern of broader public engagement and activ-
ism in these cases fuelled by social media2 [42], 
and the demonstrations outside hospitals and 
explicit hostility towards healthcare practitioners 
likely represent a future recurring theme. It is 
understandable and inevitable therefore that there 
is limited inclination within health care teams to 
take a firm approach with families resistant to 
any form of limitation. A significant number of 
patients are therefore stepped down to long-term 
care facilities, with the hope that over time the 
next-of-kin may accept that the patient will not 
make a meaningful recovery. They may corre-
spondingly accept either palliative management 
of new complications, or in the case of PVS, 
withdrawal of artificial nutrition and hydration 
after the diagnosis has been consolidated by the 
passage of time. As an aside, one extraneous fac-
tor that has currently shifted the pendulum back 

2 https://www.bbc.co.uk/news/health-40554462
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towards a more paternalistic approach to health-
care decision-making has been the COVID pan-
demic. Ceilings of treatment and resuscitation 
status have been expected to have been defined 
within the community to avoid hospitalisation, or 
within a short time after admission for those who 
have been hospitalised. Given the limitations of 
attendance of the next-of-kin in these circum-
stances, it is inevitable that complaints will arise 
at some future point. The question will be asked 
whether ‘exceptional circumstances’ which dic-
tate a requirement to use scarce resources most 
efficiently, justify processes such as reverse tri-
age or sweeping restrictions such as not counte-
nancing hospital admissions from care homes. 
There is clearly a requirement for moral courage 
on the part of healthcare practitioners in such 
challenging times, but it remains to be seen how 
complaints will be addressed in the aftermath of 
these events. This is a subject for a monograph in 
its own right, but for now, interested readers can 
consider whether Dr. Pou in the extraordinary 
circumstances generated by Hurricane Katrina in 
New Orleans was treated fairly and justly by not 
only the regulatory agencies but also by the 
degree of support within the medical profession 
after exercising ‘moral courage’ [43].

 Principles and Opinion

This scenario will predictably trigger a spectrum 
of opinion within and between the different 
healthcare professionals responsible for critical 
care provision. Medical staff will have less prac-
tical interaction with the patient than nursing 
staff and physiotherapists, who will therefore be 
exposed to the patient’s opposition and anger on 
a more continuous basis. The basic premise at 
law is that the consent of a capacitous patient is 

Scenario 8: Patient with High Spinal-Cord 
Injury Requesting Withdrawal of Support
Learning objective 9: to understand medi-
cal responsibilities when a patient with 
capacity is requesting discontinuation of 
life-sustaining medical treatment.

A 34-year-old sustains a high level cer-
vical spine injury during a scrum at a wom-
en’s rugby match, but with near immediate 
pitch side resuscitation avoids any hypoxic 
ischaemic injury. The MRI confirms cord 
injury extending to C1 and following poste-
rior spinal fixation, a tracheostomy is 
undertaken with the expectation of long- 
term dependency on ventilatory support. 
From the moment of weaning from seda-
tion, it is clear that the patient has recall of 
the primary injury and expresses a wish for 

ventilation to be stopped and to be allowed 
to die. Her partner of 18 months, although 
upset, explains that the patient had previ-
ously discussed the possibility of a severe 
sports-related injury. The patient had a 
fixed view that she had no wish for a life 
with restrictions inherent in the longer term 
after spinal injuries in a state of limitation 
and dependency. The patient expected her 
partner to support any measures to stop 
such a situation arising or continuing. The 
patient’s parents took the view that she was 
simply upset and needed time to come to 
terms with these events and start the pro-
cess of adjustment, and that they were in a 
position to provide care for her at home 
over the longer term. A psychiatry assess-
ment was requested following the patient’s 
refusal to have any discussion with the liai-
son practitioner from the regional spinal 
injuries unit. The psychiatrist concluded 
that the patient did not have capacity 
because she was not prepared to consider 
that many individuals made reasonable 
adjustment and lived a fulfilling life after 
embarking on a spinal rehabilitation pro-
gramme. The psychiatrist also recom-
mended that antidepressant therapy be 
started, but when this was explained to the 
patient, she refused with forceful expres-
sion that she did not consider herself 
depressed, but was angry that she was con-
tinuing to be treated against her will. How 
can this scenario be progressed?
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essential to prevent treatment of any description 
constituting an assault. A patient’s decision that 
is at variance with medical recommendations 
cannot be considered indicative of a lack of 
capacity, and psychiatric opinion that the patient 
is clinically depressed similarly cannot be uti-
lised to underpin a conclusion that such depres-
sion compromises any claim to capacity. Certain 
intensive care practitioners will state that this is 
just another scenario requiring moral courage, 
and at the opposite end of the spectrum there will 
be those who are reluctant to embrace concepts 
of futility. Other practitioners may state that they 
would wish to do the right thing by the patient, 
but that they have no intention of having their 
motives and practice challenged at inquest, or by 
the regulatory body in the event of a complaint by 
the parents or indeed a member of the healthcare 
team opposed to such a course of action. It could 
also be argued that to comply with the patient’s 
wishes would be assisting a suicide, which 
remains unlawful under the Suicide Act 1961 
[44]. This is an additional factor suggesting that 
no single individual should take responsibility for 
whichever course of action the overall team takes, 
the decision should not be hasty, and ideally any 
decision should be endorsed by the local clinical 
ethics committee. Ultimately however, the above 
principles endorsing compliance with the wishes 
of a competent patient are applicable, regardless 
of the outcome of death. The position at law and 
these expectations were clarified by the courts 
almost 20 years ago in the case of Ms. B, when it 
was determined that this particular patient had 
capacity which was not compromised by a refusal 
to engage with spinal rehabilitation [45]. The 
court not only endorsed the right to have ventila-
tor support withdrawn within a compassionate 
palliative approach, but also awarded nominal 
damages in respect of the continuation with ven-
tilator support against her consistently expressed 
wishes. Whilst it is likely that many critical care 
practitioners may not encounter such a scenario 
during a professional lifetime, it should be noted 
that the key principles are played out on a more 
regular basis in respect of patients with motor 
neurone disease wishing to cease ventilatory sup-
port provided either non-invasively or via a tra-
cheostomy. It was clear that this particular 

situation was not being addressed consistently 
and confidently, due in no small part to the back-
drop of on-going contentious debate on assisted 
dying [46–49]. After multidisciplinary delibera-
tions, draft guidance was placed before the medi-
cal professional bodies, the GMC as regulator 
and defence organisations and coroner’s repre-
sentatives within the UK.  A consensus was 
achieved that neither the removal of ventilatory 
support at the patient’s request, nor the use of 
pre-emptive analgesia and sedation made this 
anything other than a natural causes death from 
the underlying disease. There is no moral, ethical 
or legal distinction between the decision-making 
in both scenarios, despite motor neurone disease 
falling within the category of a life terminating 
condition. The fact that certain patients may live 
for an indefinite period after spinal injury and 
may appreciate being alive despite extreme dis-
ability does not alter the fundamental principle of 
respect for patient autonomy. The principle 
whereby it is also lawful to administer pre- 
emptive medication such as morphine and mid-
azolam parenterally, is based on the fundamental 
responsibility of a doctor to relieve pain and suf-
fering when there is no effective or acceptable 
solution to maintaining life. Clearly, if ventila-
tory support was withheld or withdrawn in the 
absence of such therapeutic measures, discom-
fort or distress would be triggered i.e. the medical 
approach would fall short of the anticipated com-
passionate care standards. This does raise an 
interesting aspect however as to which analgesic 
and sedative regimes would be considered accept-
able either within the profession or on scrutiny by 
external agencies. Whilst certain practitioners 
have suggested the use of target controlled opioid 
and propofol infusions within the critical care 
setting, as would be utilised within anaesthesia 
(although at higher levels in anticipation of actual 
surgical intervention), it has been the author’s 
recommendation in these circumstances that 
morphine and midazolam are utilised, given that 
these are conventionally used in a palliative set-
ting. Logically however, there is no moral, ethical 
or legal distinction between differing regimes if 
the intention is simply to take the patient beyond 
any potential respiratory discomfort and associ-
ated distress prior to extubation, decannulation, 
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or removal of ventilatory support. It can be 
argued that practitioners have more of a problem 
with a capacitous patient explicitly wishing to 
have care withdrawn against a backdrop of rela-
tive physiological stability, than with a patient 
whose wishes are not known but who predictably 
will never regain capacity.

Overview/Conclusions/Overall Learning 
Objective
A textbook chapter cannot cover the potential 
nuances of every trauma scenario or provide 
foreseeably definitive advice on how ethical chal-
lenges and the interface with external bodies and 
agencies should be anticipated and managed. It is 
more reasonable therefore to challenge the 
knowledge base and professional judgement of 
the reader. This chapter aims to emphasise the 
key points of considering the contextual implica-
tions of trauma, being aware of responsibilities to 
the broader public and principles of justice, the 
uneasy dynamic between duty of disclosure and 
principle of confidentiality, compliance with 
information governance and data protection, 
expectations of contributing to statutory investi-
gations, and inevitable scrutiny of not only clini-
cal care, but decision-making on these vexed 
topics and the standard of documentation in rela-
tion to these issues. The issues themselves are 
inescapable with the likelihood that precise guid-
ance will be either absent or ambiguous, which 
demand in turn that practitioners demonstrate 
moral courage in making these judgement calls 
and have access to the support of colleagues with 
specific expertise and authority in these areas. 
The clinical management of trauma can often fol-
low specific algorithms, but the professional 
expectations generated by the context of the 
trauma creates less tangible challenges.

 Appendix: Post Mortem Narrative 
Tool

CLINICAL SUMMARY PRIOR TO 
POST-MORTEM:

Name:
DoB:
Unit 
No:

Date of Hospital 
Admission:

Date of ICU 
Admission:

Date of Death: Place of Death:
Parent Specialty: Named Consultant:
Key Injuries or pathologies on admission to 
intensive care:
1
2
3
4
Past Medical History
1.
2.
3.
4.
Surgical interventions after admission to intensive 
care:
1
2
3
4
ICU interventions:
Advanced monitoring:
Organ support:
Key drug treatments:
Procedures: (drains, tracheostomy)
Other:
Significant Events on Intensive Care
1.
2.
3.
4.
Relevant Investigation Results:
Microbiology
Biochemistry
Haematology
Radiology
Death occurred;
   1. Despite ongoing provision of full support
   2. After limitation or withdrawal of active support
   (please delete appropriately)
If after limitation or withdrawal of active support 
this was due to:
   1.  Physiological futility (unable to achieve survival 

despite full support)
   2.  Qualitative futility (unable to achieve the broader 

goals of intensive care)
   3. Both physiological and qualitative futility.
   (please delete appropriately)
Medical devices removed after death: none/the 
following:
Provisional intensive care opinion as to Cause of 
Death;
1a
1b
1c
11
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If cause of death not apparent, pathologies/
diagnoses felt likely to be contributing to death or to 
need evaluation at post-mortem;
1
2
3
4
Completed by: Status: Consultant/

SpR Critical Care
If completed by SpR, details 
of ICU consultant with whom 
discussed;
Name:
Mobile:
e-mail:
Date: Signature:
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Learning Objectives
• To describe the drivers behind the develop-

ment of the English major trauma networks
• To explain the concept of the major trauma 

networks
• To examine the evidence supporting their 

apparent improvements in mortality 
outcomes

• To recognise current and future challenges to 
UK trauma systems

 Introduction

In April 2010 the NHS in London restructured 
the provision of care for severely injured patients. 
On scene triage determined whether or not the 
individual would be taken to the nearest 
Emergency Department (ED) or instead, trans-
ported a potentially greater distance to one of 
four Major Trauma Centres (MTC). From April 
2012 to April 2013 this system was rolled out 
across England. Twenty-seven MTCs were estab-
lished, each embedded within a Network of 
smaller Trauma Units in (mostly) District General 
Hospitals. At the time of writing North Wales uti-
lises the English Midlands Major Trauma 
Network (MTN), whilst South Wales and 
Scotland are in the process of developing their 
own Trauma Networks.

Each Major Trauma Network (MTN) is 
responsible for the entire patient pathway from 
injury to rehabilitation. Each MTC is expected to 
provide the full range of specialist services nec-
essary for the care of complex major trauma 
patients, delivered by those whose training and 
experience has given them particular expertise.

The model feels right. The logic seems self- 
evident. But it took nearly 50 years from the first 
supportive Parliamentary report for it to be estab-
lished in England and the evidence of improved 
outcomes was, in 2012, by no means conclusive.

• A review of the history of major trauma 
networks

• Drivers for change in the UK
• The introduction of English Major 

Trauma Networks
• Major Trauma Networks appear to 

improve mortality
• Other benefits of an organised trauma 

system
• Future challenges to the UK trauma 

system.
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 How Did We Get to our Current 
System and Does it Work?

In 1935 the BMA Committee on Fractures, 
mourning the loss of expertise developed in the 
First World War, argued for the introduction of 
specialised Fracture Units, capable of supporting 
smaller rural hospitals. They enviously described 
Böhler’s Vienna unit, funded by insurance com-
panies, where the savings generated by “short-
ness of invalidity and completeness of recovery” 
far outweighed the costs of the institution. An 
Interdepartmental Committee established by the 
Home Secretary in 1936 supported this model in 
their final report, published a month before the 
outbreak of World War Two, but explicitly stated 
that “proposals for the institution of ‘general’ [as 
opposed to fracture] traumatic services are not 
called for, and would under conditions in this 
country be impracticable”.

In 1941 Birmingham was experiencing a 
40% increase in industrial injuries as a result 
of the influx of unskilled labour to its facto-
ries in addition to casualties from German air 
raids. Fortuitously the opening of a new teach-
ing hospital had left the old undergraduate 
teaching hospital vacant. Sir William Gissane 
led the development of a new unit modelled on 
those recommended by the Interdepartmental 
Committee. The Birmingham Accident Hospital 
opened its doors on the 1st April and it was 
intended that “by rebuilding and reorganization” 
it would “eventually treat the majority of serious 
injuries in and around Birmingham”. The BAH 
incorporated Medical Research Council teams 
investigating wound healing, burn care and the 
nature of road injuries to guide injury reduction 
schemes. Rehabilitation was prescribed from 
the “very early stages of in-patient treatment” 
and continued “during out-patient after-care”. 
The hospital developed ‘accident surgeons’ 
who were “preferably young men physically 
capable of meeting the peculiar tempo of their 
responsibilities at any hour” with “sound gen-
eral surgical training and special experience in 
orthopaedic and plastic surgery” supported by 
“equally well trained anaesthetists [gender not 
specified]”.

Meanwhile, in the rest of the country, little 
changed. In the early 1960s Sir Henry Osmond 
Clarke’s BMA accident services review commit-
tee recommended a tripartite system of a number 
of casualty services, and fewer ‘accident units’ 
focused around a central major injury unit serv-
ing one to two million people. The Platt Report 
(1962) (generally credited as leading to the devel-
opment of Accident & Emergency Medicine) rec-
ommended that injured patients should be taken 
to the most appropriate hospital to manage their 
injuries, not the nearest.

Across the Atlantic, islands of excellence in 
major trauma care were developing but a 1966 
National Academy of Sciences report highlighted 
the lack of a system encompassing the entirety of 
care from first response to research and rehabili-
tation. The Vietnam war led, as conflict usually 
does, to significant learning in trauma systems 
(specifically the importance of rapid transport to 
definitive care). The well reported personal trag-
edy of James Styner in 1976 led to the introduc-
tion of ATLS the following year. In 1979 analysis 
of patients in Orange County, California declared 
2/3 of non-CNS related deaths at a non trauma 
centre to be potentially survivable (based on 
autopsy findings). Steadily trauma centres spread 
across the continent. In Orange County itself a 
regionalised system was introduced in June 1980. 
By 1983 a re-evaluation of outcome [1] using the 
autopsy approach claimed significant reductions 
in the frequency of preventable death.

But in the UK, again, little had changed. In 
1987 the Confidential Enquiry into Perioperative 
Deaths [2] (notable for its striking title font) 
reviewed ten deaths following major trauma. In 
50% the reviewers felt that the patient “would 
probably have survived in an American or 
Continental Trauma centre”.The Royal College 
of Surgeons Report of the Working Party on the 
Management of Patients with Major Injuries 
(1988) concluded that one third of all deaths 
occurring after major injury were preventable 
with appropriately delivered care. The recom-
mendations were predictable: rapid transfer, inte-
grated services between hospitals, investment in 
rehab and research. A retrospective review [3] of 
just under 1000 cases of major injury (ISS > 15) 
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in Yorkshire from October 1988 to September 
1989 found that only 58% of patients reaching 
hospital alive survived to discharge.

In 1992 MTOS, the Major Trauma Outcome 
Study, reviewed the care of nearly 15,000 patients 
from 33 hospitals through a structured audit. 
Calculated predicted mortality was compared to 
reality. Outcomes for blunt trauma were found to 
be considerably worse than in the US. Outcomes 
for penetrating trauma (4.1% of the total—a figure 
largely unchanged to this day) were comparable to 
the US.  Explanations offered focussed around 
poor initial assessment by too junior clinicians. 
The visible nature of penetrating trauma was felt 
to account for the comparatively better care. The 
closure of the Birmingham Accident Hospital in 
1993 seemingly simply as a byproduct of a finan-
cially necessitated reorganisation of local services 
seems, with hindsight, a retrograde step.

Things did improve over the next few years. 
By 1997 a review of the UK Trauma Audit and 
Research Network (MTOS evolved) dataset indi-
cated that your chances of surviving major injury 
had improved (mortality odds ratio 0.72 [0.55–
0.92]). An increase in the proportion of such 
patients first seen by a senior doctor from 32% to 
60% may have been a contributing factor.

In 1997 some doubt was cast on the validity of 
the MTC concept. The Department of Health’s 
Trauma Centre Evaluation Study provided fund-
ing to North Staffordshire Royal Infirmary [4] 
allowing 24  h consultant cover for trauma 
patients, together with additional A&E and ICU 
nursing staff and ATLS trauma team training. A 
review of outcome (comparing Stoke to Preston 
and Hull), found no significant change in mortal-
ity. The lack of evidence of benefit was blamed 
on the short time elapsed between intervention 
and analysis and the lack of true regionalisation: 
there was no evidence of diversion of trauma 
patients to the MTC.

But in 2002 further review of the TARN data 
set suggested that the improvement in outcome 
noted in 1997 had actually stalled in 1994 with 
no change by 2000 [5]. The reviewers concluded 
that a plateauing in consultant involvement may 
have been to blame. In 2005 another TARN 
report identified a 26% increase in mortality for 
patients with severe head injuries who were not 
managed in a specialist neuroscience unit [6].

Meanwhile, on the other side of the world, 
work was ongoing to develop an integrated major 
trauma system in Victoria State, Australia. A 
number of studies had identified that up to 1/3 of 
road traffic fatalities were preventable and noted 
recurring deficiencies in trauma management and 
system response: inadequate prehospital and ED 
skills, prolonged scene times, reception by junior 
ED staff, under-resourced hospitals and delays in 
interhospital transfer. A ministerial taskforce was 
established in 1997 and recommended the devel-
opment of strategies to deliver the right patient to 
the right hospital by the fastest and safest means 
with concentration of expertise in a few specialist 
institutions [6].

In Canada work that had commenced in 1993 
on the regionalisation of trauma services was 
demonstrating significant reductions in mortality 
[7]. In the US further evidence emerged from 14 
states suggesting mortality was reduced when 
patients were managed at a dedicated major 
trauma centre [8] (one year mortality of 10.4 v 
13.8%). A 2006 systematic review and meta- 
analysis of US trauma systems incorporating 
work from 1992 to 2004 concluded that the pres-
ence of a trauma system was associated with a 
15% reduction in mortality [9].

Back in the UK three further reports were crit-
ical in finally precipitating wholescale change in 
the UK system.

In 2007 NCEPOD (the National Confidential 
Enquiry on Patient Outcome and Death) pub-
lished the results of an expert casenote review of 
the care of 795 major trauma patients. The title: 
“Trauma: Who cares?” provides an insight into 
the findings. Almost 60% of patients were con-
sidered to have “received a standard of care that 
was less than good practice” as a result of defi-
ciencies in “both organisational and clinical 
aspects of care”. The key recommendations for 
improvement were:

Key Points
• The development of integrated regional 

trauma services with trauma centres
• Improved pre-hospital airway management
• 24/7 consultant led trauma teams
• Rapid access to top to toe CT scanning
• Specialist neuroscience critical care for all 

patients with severe head injury

4 The Evolution of Trauma Systems
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• Links to specialised paediatric services
• Standardised transfer processes

The same year the review of healthcare in 
London “A Framework for Action” (commonly 
known as the Darzi report) recommended the 
introduction of a major trauma system for the 
capital. The report used TARN outcome data to 
highlight better than expected outcomes for 
patients managed at the Royal London Hospital 
(the organisation closest to fulfilling the criteria 
for an MTC) and evidence from Quebec [10] 
reporting better outcomes for patients taken 
directly to an MTC as distinct to those transferred 
from another hospital. That same year Healthcare 
for London established a programme to deliver 
these recommendations resulting in a decision to 
commission four trauma networks for the region.

Outside the traditional health economy global 
events continued to push forward the management 
of trauma. From 2005 until 2014 the British 
Military hospital at Camp Bastion in Helmand 
Province, Afghanistan acted as a central focus for 
the development of combat casualty care. Whilst 
this is outside the scope of this chapter it is impor-
tant to recognise the impact of the continual drip 
feed of this experience back into the NHS. Returning 
clinicians highlighted the extent to which the care 
provided to civilian casualties lagged behind that 
delivered in an austere combat environment.

Darzi’s next report (High Quality Care for all 
[11]) extended to England as a whole and again 
restated the need for regional trauma networks. 
With clinical and political viewpoints finally 
aligned in 2009 Professor Keith Willett, who had 
helped establish 24 h consultant resident trauma 
care at the John Radcliffe Hospital in Oxford, 
was appointed National Clinical Director for 
Trauma Care.

Willett’s work was given more impetus by fur-
ther evidence of deficiencies emerging in a 2010 
National Audit Office [12] report. London’s 
trauma system went live in April 2010. By April 
2013 the rest of England had followed. A national 
major trauma system following the recommenda-
tions of the national Clinical Reference Group 
was in place. After decades of inaction in a 
remarkably short time 27 designated Major 
Trauma Centres supporting 19 major trauma net-

works had been established. But has this work led 
to improvements in outcome?

How Do the English Trauma Networks 
Function?
Each Trauma Network consists of a number 
of Trauma Units (TUs), based around a 
Major Trauma Centre. In 11 cities the MTC 
is a single hospital serving both adults and 
paediatrics. In other networks the MTC is in 
reality more than one hospital either because 
of the presence of a separate Children’s 
MTC or because all the necessary special-
ties are not present under one roof.

At the scene of injury the ambulance 
service will apply a major trauma triage 
tool. These currently vary from region to 
region, though work is ongoing at develop-
ing a single tool with better utility. The 
tools use a combination of anatomical, 
physiological and mechanistic factors to 
determine whether or not the injured patient 
should be taken to an MTC. If the MTC can 
be reached within 60 min then they will be 
conveyed directly there. There is wide vari-
ation in the level of care that can be pro-
vided at the scene or en route depending on 
the extent of local pre hospital emergency 
medicine care.

Each MTC serves a population of 
between 1.5 to 3 million and will manage 
between about 800 to 1800 patients a year 
with injuries significant enough to merit 
inclusion on the TARN database.

Patients who present to a TU either as a 
result of under-triage or self presentation 
(as is the case for ¼ of significantly injured 
children [13]) will be assessed by a trauma 
team at the TU and if necessary rapidly 
transferred to the MTC.

Each Network is responsible for ensur-
ing that patient care within their region 
reaches nationally mandated standards. 
This is done through the provision of clini-
cal guidelines and transfer pathways within 
a clear governance structure (example 
www.wymtn.com).

J. Jones
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In August 2018 a wide range of UK news out-
lets [14–16] reported that the introduction of 
major trauma networks had saved more than 
1600 lives over the preceding 6  years. The 
reports, no doubt stimulated by an NHS England 
press release [17], were based on a publication 
[18] in EClinicalmedicine, an online open access 
journal produced by the Lancet. The authors 
were from TARN, together with Keith Willett 
(now National Clinical Director for Acute Care) 
and Prof Chris Moran, his successor as NCD for 
Major Trauma.

The authors reviewed TARN submissions 
from April 2008 to March 2017 for 35 hospitals 
who had been reliable and consistent providers of 
data during that time period 15 of which had been 
designated as MTCs. They focused on the more 
severely injured patients—those with an Injury 
Severity Score of 9 or more, arguing that mortal-
ity benefits were unlikely in those with relatively 
minor injury.

What Is the Injury Severity Score?
The ISS was introduced in 1974 [19]. It 
utilises the Abbreviated Injury Score (AIS) 
developed by the American Association 
for the Advancement of Automotive 
Medicine [20]. The AIS, which has been 
revised on numerous occasions, assigns a 
score of 1 to 6 to any injury (with six being 
reserved for unsurvivable ones such as 
hemicorporectomy). The body is divided 
into six regions (Head & Neck, Chest, 
Abdomen & Pelvis, Extremities, External, 
Face). The scores for the three most sig-
nificant injuries (no more than one from 
each region) are squared and combined to 
produce the ISS.

So for example: a man is involved in an 
RTC and sustains a cerebral contusion (AIS 
3), a moderate subdural haematoma (AIS 
4) (both in the HEAD body region), a major 
haemothorax (AIS 4), a partial transection 
of the aortic arch (AIS 4) (both in the 
CHEST body region), a badly ruptured 

spleen (AIS 4), a minor liver lacertion (AIS 
2), a pelvic ring fracture (AIS 2) (all in the 
ABDO / PELVIS body region) and a closed 
tibial fracture (EXTREMITY body region)
(AIS 2).

His three most significant injuries for 
ISS scoring purposes are the subdural hae-
matoma (4), the aortic arch injury (4) and 
the ruptured spleen (4). His other injuries 
don’t factor in either because there is a 
more severe injury in that body region or 
because (like the fractured femur) it isn’t 
severe enough to make the top three injured 
body regions (which in this case are the 
head, chest and abdomen/pelvis).

So his ISS is 42 + 42 + 42 = 48 (note that 
if you’ve been unfortunate enough to sus-
tain an injury with an AIS of 6 your ISS is 
automatically 75).

A widely used definition of major trauma 
is an ISS of 16 or more. The problem is that 
this would include (for example) a sponta-
neous subdural in an 82 year old on warfa-
rin who is fully conscious whilst failing to 
include bilateral closed femoral fractures. 
Perhaps a better definition of major trauma 
is any potentially ‘life changing’ injury.

Other issues with ISS include the ability 
to achieve the same score with a constella-
tion of very different injuries (eg fractured 
femur, minor splenic laceration and a minor 
pneumothorax  =  ISS 9 whilst penetrating 
cardiac injury = ISS 9 but I know which I’d 
rather have) and the fact that if there are 
multiple injuries in the same body region 
(eg as in the abdomen / pelvis body region 
of the worked example above) only one 
counts towards your score.

It’s also worth noting that the ISS is an 
ordered categorical variable and in no way 
normally distributed (though many authors 
wrongly use mean ISS in their studies). 
Some ISS values are not possible (eg 7) and 
there are big peaks at values 1, 4 and 9 
(patients with a single body region injured 
with an AIS of 1, 2 or 3 [21].

4 The Evolution of Trauma Systems
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110,863 patients were included. The annual 
number of patients increased from around 5300 
(2008/09) to a little over 19,000  in 2016/17. 
There were some interesting changes in demo-
graphics with significant increases in age, co- 
morbidity and female gender. The mechanism of 
injury changed too—the much reported epidemic 
in knife crime is not manifest with the three fold 
increase in reported penetrating trauma (n = 900 
or 4.7% of the total) dwarfed by the five fold 
increase in injuries resulting from falls from 
standing and a height of less than 2 m (n = 9064 
or 47.2% of the total). Crude mortality however 
remained remarkably constant across the time 
period studied (8%).

So how did NHS England conclude that 1600 
lives were saved? The answer lies in the analysis 
of observed mortality vs predicted mortality. 
TARN methodology involves the calculation of 
probability of survival for each patient using ISS, 
GCS, gender, age and (since 2014) co-morbidity. 
Cumulative observed vs predicted outcome is 
then summarised to produce the W statistic. The 
authors analysed the W statistic for the duration 
of the study and noted an essentially flat line until 
the introduction of trauma networks followed by 
a steady improvement in the years from 2012 to 
2017. The conclusion was of an odds ratio for 
survival of 1.19 (95% CI 1.03 to 1.36) comparing 
2008/09 and 2016/17. Presumably it was this fig-
ure that allowed NHS England to estimate the 
magnitude of effect.

This is the first time that the effect of a system 
wide change in major trauma care delivery has 
been studied on this scale. Unfortunately the 
analysis is not without some limitations. Perhaps 
most importantly the study population changed 
during the period reviewed. A significant finan-
cial inducement (the best practice tariff) was 
introduced. Either £1400 or £2800 (depending on 
ISS) could be claimed for MTC patients (as long 
as their data was submitted to TARN). Suddenly 
large numbers of low energy ‘major trauma’ 
patients were being found on Care of the Elderly 
wards. This has almost certainly been a factor in 
the shifting demographics and injury mecha-
nisms noted above—the population is ageing, but 
not so fast to account for the much greater pro-

portion of older patients within the database. A 
changing study population over the period stud-
ied is a potentially significant flaw in the 
methodology.

In addition, wider use of CT scanning with the 
introduction of polytrauma CTs during the study 
period will have led to ISS inflation [22]—more 
injuries are picked up but these injuries, whilst 
inflating the ISS, will not actually have a signifi-
cant impact on mortality—thus outcomes appear 
to improve through the improved diagnosis of 
effectively ‘incidental’ injuries. An example 
would be a few rib fractures in someone with a 
distal tibial fracture. They are unlikely to affect 
mortality but do affect the apparent severity of 
injury—the patient would have survived either 
with or without a major trauma centre but their 
survival looks more impressive after a poly-
trauma CT scan.

There are other problems with the compara-
tive outcome methodology used by TARN. TARN 
exclude patients from their database who have 
died and who have had a postmortem until post-
mortem results are available. PM results can be 
notoriously difficult to obtain (depending on the 
approachability and cooperativeness of the local 
coroner) and so a potential bias is introduced.

Interesting results also surface that don’t seem 
to fit with observed practice. The Royal London 
Hospital is considered by many to be an exemplar 
Major Trauma Centre and is at the forefront of 
trauma care in the UK. Yet it consistently ‘under-
performs’ on this model [23]. This may be 
because of the type of trauma demographic—
they have a much higher proportion of penetrat-
ing trauma than the national average. In addition 
they may be victims of their own success with the 
most advanced pre-hospital system in the country 
potentially delivering patients to the MTC who 
elsewhere would have died at the scene (TARN 
does not currently cover pre-hospital systems).

Nonetheless the data demonstrating improved 
outcomes is very encouraging and on a par with 
the US results from 2006. Subjectively there are 
few working in major trauma in the UK who 
would dispute that the care provided to victims of 
significant injury has not improved markedly in 
the last 20 years.

J. Jones
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Widening the focus from the UK (and predat-
ing the Eclinicalmedicine English review), a 
2018 [24] systematic review identified 41 studies 
examining the impact of trauma system structure 
on injury outcome and subjected 19 of these to 
meta-analysis. Accepting the 2006 evidence that 
a trauma system was better than no trauma sys-
tem the review focused on what features of a 
trauma system led to better results. Low quality 
evidence was identified supporting inclusive 
trauma system design aimed at delivering the 
right patient to the right place (the MTC) first 
time. Interestingly, the authors suggest that full 
trauma system maturity takes 10 years—a feature 
commented upon in the 2018 English study as 
suggesting that the full mortality benefits of the 
NHS restructuring may yet not be manifest.

Of course mortality alone is a poor demonstra-
tion of the effectiveness of a healthcare system. 
What other indicators of improved outcome are 
there? Sadly few that have been explored. TARN 
has commenced work on Patient Related 
Outcome Measures (PROMS) but no data has yet 
been published. In Victoria State (Australia) an 
initial trend of improvement in quality of life 
measures following the introduction of the major 
trauma system [25] has not been sustained and in 
recent years has regressed [26]. Some evidence 
exists suggesting that children cared for at MTCs 
are less likely to have a splenectomy than if man-
aged at a TU [27].

Other benefits of organised networks have 
become apparent. Dissemination of good practice 
and new evidence is far faster—the adoption of 
the use of tranexamic acid being a clear example. 
Collaborative research involving the majority of 
MTCs across the country is in place. Examples 
include the UK-REBOA [28] and CRYOSTAT-2 
[29] studies. Some networks are leading the way 
in work on injury prevention. Redthread work on 
reducing knife injuries in London through tar-
geted work with young victims [30] and have now 
developed a Midlands pilot.

 What Challenges Remain?

Ironically the apparent success of the develop-
ment of the English major trauma system is prob-

ably its greatest challenge. UK healthcare funding 
is essentially a zero sum game and trauma has 
had its time in the political spotlight. It is well 
recognised that a great deal more remains to be 
done. Rehabilitation, particularly specialist reha-
bilitation, has been neglected from the outset. 
Increasing numbers of survivors, with potentially 
more significant injuries, place an ever greater 
burden on a sparse resource. The increasing age 
and frailty of the population means the trauma 
population is changing and has greater co-mor-
bidity. Work remains in identifying ‘stealth’ 
trauma [31] in both the very young and very old 
whose injuries are often under- appreciated lead-
ing to delays in diagnosis. De-skilling has become 
apparent at Trauma Units leading to an increased 
burden on MTCs of patients who may not be 
those who most benefit from their care, poten-
tially at the expense of those who do. True trauma 
surgeons are few and far between and the rigours 
of an intense job do not lead to easy recruitment. 
Far more work is required to ensure that out-
comes beyond mortality are improving and to 
identify how best to maximise these 
improvements.

Summary
Objective evidence from a range of countries 
supports the assertion that major trauma centres, 
functioning within a developed trauma system, 
reduce mortality and morbidity from major 
trauma. Some evidence from Australia argues for 
broader socio-economic benefits. Less tangible 
advantages exist in the ability to rapidly dissemi-
nate good practice and gain new insights from an 
increasingly responsive research network. The 
introduction of the English major trauma system, 
after many years of prevarication, can be broadly 
considered a success. The risk now is that com-
placency leads to stagnation.

Questions
 1. The first Major Trauma Centre in the UK was 

in:
 (a) London
 (b) Edinburgh
 (c) Leeds
 (d) Birmingham
 (e) Manchester

4 The Evolution of Trauma Systems
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 2. Analysis of trauma centre vs non trauma cen-
tre care in Orange County, California in the 
1970s established that:

 (a) 2/3 of non head injury deaths occurring at 
the non major trauma centres were 
preventable

 (b) 40% of head injury deaths occurring at 
the non major trauma centres were 
preventable

 (c) Major Trauma Centre time-critical sur-
gery occurred an average of 2 h later than 
at the non major trauma centre

 (d) Major Trauma Centre care was not asso-
ciated with improvements in mortality

 (e) Major Trauma Centre care led to worse 
neurological outcomes

 3. In 2018 how many lives did NHS England 
conclude had been saved by the introduction 
of major trauma networks?

 (a) 0
 (b) 340
 (c) 900
 (d) 1250
 (e) 1600
 4. When considering the Injury Severity score:
 (a) The maximum possible ISS is 80
 (b) An ISS of 75 represents an unsurvivable 

ISS
 (c) An ISS of 7 is the commonest score
 (d) An ISS of 25 or more is often considered 

indicative of ‘major trauma’
 (e) The ISS is calculated from the four most 

significant injuries the patient has 
sustained

 5. Since the introduction of the English Major 
Trauma Networks:

 (a) There has been a large rise in the propor-
tion of people suffering penetrating trau-
matic injuries.

 (b) There has been a large increase in the 
average age of trauma patients.

 (c) Overall trauma numbers have decreased 
15%

 (d) Low energy mechanism of trauma have 
been found to account for very few 
injuries

 (e) Penetrating trauma has been found to be 
the cause in 26% of cases.

Answers
1.  (d) The Birmingham Accident Hospital 

(1941) was the first recognisable MTC in 
the UK.

2.  (a) Major Trauma Centre care appeared to 
greatly improve the chance of survival in 
those who had suffered major injuries to 
the body (as opposed to the head).

3.  (e), although their interpretation of the data 
is of course open to question.

4.  (b). The maximum ISS is 75 and this repre-
sents an unsurvivable injury. An ISS is cal-
culated from the most significant injuries 
in the most significantly injured three body 
regions. A score of 16 or more is consid-
ered to represent major trauma. A score of 
7 is not possible.

5.  (b) Better data collection and a changing 
demographic has identified large numbers 
of injuries resulting from low energy 
trauma in older patients.
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Point of Injury to Rehabilitation

Peter Lax

 Introduction

The approach to trauma patients has several vari-
ables that will shift depending on where they are 
encountered. Amongst these are the skill level of 
staff and available resources, location (austere 
pre-hospital taskings versus a patient arriving 
packaged in a fully equipped Major Trauma 
Centre) and the leadership and interpersonal 
dynamics of the team. All of these factors may 
influence care and patient outcomes. As discussed 
in the first section of this textbook, leadership and 
followership are essential attributes of well-func-

tioning teams of any size. Shared mental model-
ling helps achieve those goals, but a large part of 
establishing that model is a common baseline 
understanding of how to assess and treat patients.

 When to Start the Assessment?

The assessment of trauma patients usually begins 
even before the first responder or team see the 
patient by consideration of the mechanism of 
injury. Consider two patients described by a per-
son making an emergency phone call; The first 
has been hit by a car at five miles per hour and is 
complaining of leg pain. The second has been hit 
by a truck at 35 miles per hour and is only grunt-
ing or snoring. While there has been no medical 
input into either of these patients, a mental model 
of how unwell they are and the potential diagnos-
tic tests or interventions they may require, is 
already starting to build. These initial pictures 
from a scene by non-medical staff can dictate the 
level of response that is sent to the patient and the 
time in which it arrives. The AMPDS criteria [1] 
are used by UK medical dispatchers to triage 
both response times and level of care needed. 
These depend on responses to questions over the 
phone and is the first triage and assessment 
mechanism that is used on patients.

The contents of a pre-alert phone call from the 
scene should also begin to form a mental model 
of the patient coming in to the hospital. Indeed, 
trauma triage tools are routinely employed to 

• Overall assessment and pre-arrival 
actions

• Importance of massive haemorrhage 
control

• Airway signs and basic manoeuvres
• Respiratory assessment
• Cardiovascular assessment and signs
• Clinical neurological assessment
• Exposure and burns assessment
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ensure that the sickest patients are sent directly to 
Major Trauma Centres rather than peripheral 
units. Conversely, these tools can also be used to 
ensure that any patient that is sent to a peripheral 
unit should be within their capabilities and is 
unlikely to require a secondary transfer.

The Mechanism of Injury chapter gives fur-
ther insight into patterns of injury or specific con-
cerns that may be associated with different types 
of trauma. While these may be immediately 
apparent to pre-hospital clinicians who meet the 
patient on scene, they are not always immediately 
evident to hospital staff. Receiving a patient that 
is neatly packaged in a well-lit trauma bay with-
out any context can occasionally give a false 
sense of security. There are two points to note at 
this stage—for hospital clinicians, a picture 
paints a thousand words. Photos of a scene can 
help hospital clinicians immeasurably in gaining 
an understanding of the forces involved in 
patients’ injuries. It may also help them to under-
stand why everything has not been done to per-
fection. If only one cannula has been inserted or 
a blood sugar measurement omitted, it is not 
uncommon to hear some hospital staff complain. 
However, when shown a picture of the severely 
deformed vehicle, upside down, in the rain, at 
night, in the middle of nowhere from which the 
patient was extricated, there is suddenly more 
understanding (and appreciation) of the skill and 
hard work necessary to get the patient from scene 
to hospital, resuscitated and packaged well.

The second point is that once the pre-hospital 
team leaves, so too does any information from 
the scene that has not been written down or 
handed over to the hospital team. Make sure that 
all the relevant information follows the patient! 
Significant injuries that are seen or suspected 
should always verbally be handed over to the 
team leader and documented by the departing 
staff. Not everything that is said is always heard 
or understood, and a written record of the scene, 
injuries and treatment can be of great use when 
assessing patients later on in intensive care or the 
ward.

It should be noted that trauma does not always 
exist in isolation; patients can have traumatic inju-
ries as a result of a medical insult. In the context of 

a road traffic collision, for example, information 
from the scene can have a direct influence on man-
agement in the hospital. A patient who has crashed 
their car on a straight road in clear conditions may 
have had a medical event before their traumatic 
one, and this may influence subsequent manage-
ment. A patient who has had an arrhythmia and 
then suffers a cardiac arrest with minimal traumatic 
injuries is NOT a candidate for a resuscitative tho-
racotomy, and this should be borne in mind.

 The Reprioritisation 
of Haemorrhage Control

Historically (and in other non-trauma resuscita-
tion courses), students are taught the ABC 
approach to patient management—airway, fol-
lowed by breathing and then assessment of the 
circulation. Safar first established this in his 1961 
publication on ventilation and closed-chest com-
pression [2], an early predecessor to the current 
Advanced Life Support course. In current trauma 
practice, this approach is suboptimal because of 
two factors; firstly, it negates the clinical concept 
and importance of massive haemorrhage taking 
priority. Data from military experience has shown 
that most battle casualty deaths occur within 
10 minutes of injury, and the majority of deaths 
are from exsanguination [3]. Of these deaths, 
while truncal haemorrhage is the leading cause, 
the same paper demonstrated that 18% of the 
deaths that were attributable to bleeding were 
from limb or neck wounds that were potentially 
compressible. The paper argues that these deaths 
were potentially preventable with the correct 
training. In a traditional ABC approach, these 
wounds would not have been addressed as a pri-
ority, and not at all until airway and breathing had 
been assessed and treated as needed. The short 
period from injury to death in these papers 
emphasises that speed in circulation preservation 
is necessary. To further highlight this approach, 
an article by Eastridge in 2012 [4] and a further 
review in 2019 [5] have concluded that in those 
who died in combat, 90% of potentially surviv-
able injuries were due to haemorrhage. With 
more training, reprioritisation of massive haem-
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orrhage control and use of tourniquets in self- 
and buddy-aid, there was an 85% drop in deaths 
attributable to limb haemorrhage. A further paper 
by Kragh et al. [6] showed that early and aggres-
sive tourniquet usage in severe limb trauma 
before the development of shock was associated 
with a significant survival improvement (90% vs 
10%). These findings, while based on military 
data and experience, are echoed in civilian prac-
tice. A 2007 Canadian paper by Tien et  al. [7] 
concluded that 16% of trauma deaths were poten-
tially preventable with earlier and more  aggressive 
haemorrhage control. A 2005 paper from the 
USA by Dorlac et al. [8] suggested over 50% of 
patients who exsanguinated and died from iso-
lated extremity injuries could potentially have 
been successfully treated with tourniquet appli-
cation early on in their care. These data have 
renewed the emphasis on massive haemorrhage 
control, placing it above airway as the initial pri-
ority in trauma care.

The second difference is that the way trauma 
patients are assessed and treated has evolved, and 
reflects what has already been discussed in the 
Trauma Systems and Teams section of this text-
book. The Advanced Trauma Life Support course 
was revolutionary when it was first developed in 
the late 1970s and has undoubtedly saved many 
lives by standardising the approach to trauma 
since its inception. However, the model of trauma 
care that it was initially aimed at was for a single 
practitioner with an assistant working in a remote 
hospital with minimal resources and access to 
specialist expertise. Out of necessity, it stressed a 
methodical ABCDE approach with the idea to 
treat the pathology that kills first before moving 
onto other systems. Modern trauma care is differ-
ent in that our understanding of treatment and 
pathology has evolved over 40  years, and that 
(except for small pre-hospital teams) most in- 
hospital trauma teams are large enough to diag-
nose and treat multiple systems concurrently. 
While ATLS teaches an individual to assess and 
treat a patient sequentially, a more modern 
approach favours a team working in parallel 
(rather than sequence) to diagnose pathology in 
multiple systems concurrently, led by a “hands- 
off” team leader. This has also been termed “hori-

zontal” resuscitation as opposed to the previous 
“vertical” approach [9]. Earlier, more aggressive 
investigation and treatment of haemorrhage has 
led to improved outcomes after reprioritising cir-
culation preservation with tourniquets and other 
methods as described above. A further adaptation 
that has been used in horizontal resuscitation is 
the concept of “3D” resuscitation [9], where the 
trauma team leader may identify a small group of 
patients based on pre-hospital information who 
may benefit from transfer direct to the operating 
theatre from the ambulance. This approach was 
employed in Camp Bastion during the 
Afghanistan conflict where it was termed “Right 
Turn Resus” as the doors to the operating theatres 
were originally on the right as the patient was 
wheeled into the Resus department. The trauma 
team could assemble in the operating theatre and 
perform ED resuscitative measures at the same 
time as surgical control of bleeding and damage 
control. Patients who benefit from this approach 
are the most severely injured (e.g. explosive inju-
ries with limb loss and/or multiple torso injuries 
and cardiovascular collapse) [9, 10].

 A Universal Treatment Algorithm

For these reasons (and others outlined in the 
Massive Haemorrhage Chapter), an MABCDE 
approach is advocated:

• Major haemorrhage control
• Airway with c-spine consideration when 

needed
• Breathing
• Circulation
• Disability
• Exposure/ Environment/ Everything else.

This has also been referred to as a MARCH 
approach (Massive haemorrhage, Airway, 
Respiration, Circulation, Head injury/
Hypothermia). However, in all honesty, it does 
not matter which mnemonic is used—the result is 
the same. This textbook employs the MABCD 
approach as it is usually the most familiar, or at 
least provides the least deviation from a well- 
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known and taught system from other areas of 
medicine while emphasising the importance of 
aggressive circulation preservation. Each section 
of the mnemonic has a dedicated chapter later in 
the textbook. However, the critical thing to bear 
in mind is that for a primary survey, clinicians 
should only be looking to detect and treat imme-
diately life-threatening injuries and not perform 
an exhaustive examination. The availability 
and  speed of modern imaging in hospital usu-
ally means that patients can rapidly have appro-
priate radiological examinations (usually 
 contrast- enhanced CT) within 30 min of arriving 
in hospital. The MABCD approach emphasises 
treating conditions which will either kill the 
patient before they can be detected by imaging, 
or identify patients who should go straight to the 
operating theatre and bypass CT altogether if 
they are too unstable. However, it is essential to 
point out that the most unstable patients may 
have the most to gain from whole-body CT imag-
ing [11]. Even in haemodynamically unstable 
patients, modern CT scanners are so quick that a 
CT scan may avoid operative management in 
nearly 50% of patients who previously would 
have gone straight to theatre [12]. More details 
are available in the Radiology in Trauma 
section.

 Overarching Principles  
of MABCD

Each step of the MABCD approach in the initial 
assessment emphasises a swift damage control 
approach:

• Preserve circulation
• Ensure adequate oxygenation
• Promote normalising physiology
• Avoid secondary injury

As patients progress further through the chain 
of resuscitation, the options available to clini-
cians increase. However, the overarching aim 
during initial resuscitation remains unchanged—
to identify and treat time critical pathology before 

moving on. While this may occur concurrently in 
well-resourced teams as described above, the 
same MABCD sequence and principles apply to 
both large teams and solo responders. Specific 
interventions may be beyond the scope of prac-
tice of an individual, or impractical due to their 
location. If severe pathology is suspected, it is 
incumbent on the clinician to highlight their con-
cerns when handing over the patient to the next 
level of care to ensure that they are addressed and 
not forgotten. Time is one of the most precious 
and scarce commodities trauma patients have, 
and it should not be wasted. If intervention is 
needed that is not available, then an expedited 
transfer should be considered as much a resusci-
tative measure as an operation. Spending time 
either on scene or in a resuscitation bay in an 
attempt to “fully” resuscitate patients before 
moving them to the operating theatre or CT scan-
ner is wasteful of both time and resources. It may 
result in worsening hypothermia, acidosis and 
coagulopathy as described in the Damage Control 
chapter.

It may be that patients suffer a significant 
degree of trauma and go into cardiac arrest as a 
result of this. If there are absent signs of life on 
any of the ABC assessments, it may be appropri-
ate to perform a resuscitative thoracotomy. This 
is only appropriate in the presence of specific 
pathologies, and when the absence of vital signs 
is thought to be due to a low-flow state. Again, it 
is worth emphasising the importance of context 
as a trauma thoracotomy will not fix a medical 
problem!

 Massive External Haemorrhage

Massive external haemorrhage refers to immi-
nently life-threatening bleeding, e.g. a femoral or 
brachial artery transection that can approach 
1000  ml/min blood loss. True massive external 
haemorrhage rarely presents untreated to hospital. 
Due to response and transport times, patients who 
have these injuries and are not rapidly treated will 
exsanguinate and die before arrival. In pre-hospi-
tal medicine, these injuries are critical to identify 
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and promptly treat. As previously described, there 
has been a significant decrease in preventable 
mortality as a direct result of education in the 
military. There are now civilian programmes such 
as “Stop the Bleed” [13–15] which are teaching 
the use of tourniquets and other circulation pres-
ervation techniques to the public. The general 
DIT escalation approach (Direct pressure, Indirect 
Pressure, Tourniquet) is covered in the massive 
haemorrhage chapter, and it should take less than 
one minute to establish control.

The total circulating volume of an adult is 
approximately 70 ml/kg, or around 5000 ml—as 
much of this volume as possible should be pre-
served rather than being replaced (see damage 
control chapter for more information). In chil-
dren, circulating volume is around 80 ml/kg, but 
the absolute volume is lower than in adults, so 
effective haemorrhage control is even more criti-
cal. Younger children are not able to adapt their 
cardiovascular physiology as well as adults and 
consequently tolerate hypovolaemia poorly, with 
sudden and catastrophic deterioration when they 
can no longer compensate. Looking for signs of 
bleeding and aggressive treatment is necessary. 
Any blood-soaked clothing or obvious spurting 
bleeding should be considered due to treatable 
massive external haemorrhage until proven oth-
erwise in both adults and children.

Tourniquets have enjoyed a resurgence in pop-
ularity in the last 15 years, and multiple models 
are now available for purchase. There are even 
more options which may be available in-hospital 
such as pneumatic devices which are in everyday 
use for elective orthopaedic surgery. These 
devices increase pressure over a larger area, so 
may be tolerated better by patients and decrease 
the risk of nerve or tissue damage in comparison 
to windlass devices. Another advantage of using 
any form of tourniquet is freeing up other practi-
tioners. Massive haemorrhage control may only 
be achievable by constant external pressure over 
a wound which takes one clinician out of the 
team. If the injury is amenable to compression 
with a tourniquet of some description, then the 
clinician can be freed up to continue with assess-
ment and treatment once the tourniquet is in 
place and tightened/inflated.

 Airway

Trauma patients who can talk are much easier to 
assess. The fact they can speak at all tells the clini-
cian that the airway reflexes are almost certainly 
intact, their airway is currently patent, they can 
breathe sufficiently to talk and have a sufficient 
blood pressure to perfuse their brain. It is also a 
particularly useful assessment method if the 
patient is concealed, entrapped or not immediately 
visible when the clinician arrives on the scene.

If the airway is not clear, it will need address-
ing as the next priority after massive external 
haemorrhage has been controlled. There may be 
a primary airway issue if there is facial or neck 
trauma. Alternately, airway compromise may be 
secondary to a decreased level of consciousness 
following a head injury, administration of drugs, 
or metabolic disorder such as hypoglycaemia or 
hypercarbia. Considerations relevant to airway 
management are discussed more fully in the air-
way chapter, but all clinicians should have mental 
schemata in mind to escalate from basic manoeu-
vres with simple adjuncts to more advanced 
options. Even if unable to perform some of the 
more advanced techniques themselves, clinicians 
should be able to recognise and communicate 
concerns about a threatened or failing airway. 
This enables preparations to be made by the next 
level of care and save valuable time.

Airway obstruction can be partial or complete. 
Depending on the cause, partial airway obstruc-
tion may present as a hoarse voice (in the case of 
inflammation due to infection or inhalation 
burns), snoring, gurgling noises or coughing or 
gagging. If a sound is heard, then some degree of 
air is moving past the vocal cords, but a noisy 
airway is a warning of potential imminent 
obstruction. Airways can become obstructed by a 
range of substances such as blood, vomitus, teeth, 
foreign bodies or food or other debris and symp-
toms and signs seen should be related to the 
underlying mechanism of injury. Treatment is 
directed towards the underlying cause and can 
range from repositioning the patient and suction 
to intubation or a surgical airway as needed in 
evolving airway swelling such as in burns or 
chemical inhalation.
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In complete airway obstruction, there is no 
noise at all; this is an immediately life- threatening 
emergency. Again, this can be a primary or sec-
ondary airway issue, but without manoeuvres or 
procedures to open the airway unconsciousness 
and death will swiftly follow. The patient may 
demonstrate “see-saw” breathing [16], where the 
diaphragm contracts against a closed airway and 
distends the abdomen but causes the chest to be 
drawn inwards during attempted inspiration. 
During expiration, the opposite occurs, and the 
abdominal muscles contract inwards in an 
attempt to increase intrathoracic pressure and 
expel air. The closed upper airway leads to slight 
distension of the chest at this point as a result, 
and a rocking motion is seen across the dia-
phragm. Again, the treatment can escalate from 
simple manoeuvres to surgical airway along the 
airway ladder, depending on the underlying 
cause.

Reassessment of patients regularly is essential 
to quantify both responses to treatment and evo-
lution of pathology. Patients who have been given 
certain medications with analgesic or sedative 
properties are at risk of losing control of their air-
way, as are patients with decreased cerebral per-
fusion due to ongoing hypovolaemia or evolving 
intracranial pathology.

 Breathing

All trauma patients in the initial period should be 
given high flow oxygen as a safety measure until 
a rapid primary survey has been concluded and 
ongoing oxygen requirement has been assessed. 
This is consistent with the British Thoracic 
Society guidelines on emergency administration 
of oxygen [17] and includes patients with a his-
tory of lung disease. There is frequent concern 
about a minority subset of patients who have 
chronic type two respiratory failure and may not 
tolerate high flow oxygen without becoming 
hypercapnoeic. These patients are a tiny minority 
of patients who suffer from trauma. Frequent 
reassessment of the patient (which is the hall-
mark of an excellent primary survey) will alert 
the clinician to a susceptible patient who may be 

deteriorating as a result of oxygen administra-
tion. Far more harm is likely to come in trauma 
from restricting access to oxygen for those who 
require it than giving it for short periods to 
patients who may not. In patients who are known 
to have type two respiratory failure and are 
chronically hypoxic, once the initial survey is 
complete the oxygen concentration can be 
decreased to achieve their usual target saturation 
(usually an SpO2 of 88–92%). It must be again 
stressed that this target is for a tiny minority of 
patients with severe chronic lung disease who 
have been injured — the vast majority of patients 
should be given supplementary oxygen to achieve 
saturations of 94–98%. A full discussion of 
oxygen- induced hypercarbia is beyond the scope 
of this textbook, but an excellent article by Abdo 
and Heunks [18] explains the physiology behind 
oxygen- induced hypercapnoea and the often 
quoted myth of “hypoxic drive” for those who are 
interested.

Monitoring of patients on oxygen is essential, 
and this is achieved using multiple data points. 
Firstly by looking at the oxygen mask. This 
should mist every time the patient exhales due to 
water vapor in the patients’ upper airway. In 
some models, a brightly coloured polystyrene 
ball will lift with expiratory effort as a visual aid 
to count respiratory rate. In some cases, end-tidal 
waveform capnography can be used to monitor 
respiratory rate. It must be noted, however, that 
outside of ventilated patients the absolute EtCO2 
value is inaccurate. The respiratory rate can still 
be used, but due to mixing with entrained air or 
oxygen, the displayed value of the peak EtCO2 
will under-read. In addition to EtCO2 monitoring, 
the most useful monitor that should be applied at 
the earliest opportunity is the pulse oximeter. Not 
only will it give information about oxygen satu-
ration (SpO2), most models will display a pulse 
rate and a rhythm plethysmograph, which can 
indicate an irregular pulse. In addition to this, the 
oximeter can be a crude surrogate marker of per-
fusion. A trace will only be picked up in reason-
ably perfused fingers, and in significantly 
hypovolaemic states it may not pick up at all. The 
other clinical pitfalls to avoid are poor or absent 
traces in patients who are cold or have fake/
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painted nails, and unreliable SpO2 readings in 
patients with certain abnormal forms of haemo-
globin after toxin inhalation (e.g. carboxyhaemo-
globin or methaemoglobin). Depending on 
patient location and available equipment, blood 
gas analysis may also be possible. This is a useful 
point of care test that can rapidly give informa-
tion on oxygenation and ventilation parameters 
as well as acid-base balance, base deficit, levels 
of electrolytes, haemoglobin and lactate.

During the primary survey, the initial focus is 
on detecting and treating life-threatening pathol-
ogy, which can be found on clinical examination 
or with the use of near-patient testing modalities 
such as ultrasonography or plain film x-rays. Due 
to the initial supine positioning of patients in the 
trauma bay, it can be challenging to assess for 
posterior wounds unless the patient is rolled onto 
their side. Similarly, in patients transported with 
their arms by their sides, it is not uncommon to 
miss axillary wounds—these must actively be 
sought out as part of the primary survey. The 
neck and abdomen border the thoracic cavity, so 
injuries in these areas should raise suspicion of 
intra-thoracic damage too.

There are many mnemonics to use for clinical 
examination, and FLAPSS (Feel, Look, Auscultate, 
Percuss, Search Sides and back) is a useful one. A 
caveat is that in noisy environments (in hospital as 
well as pre-hospital), the usefulness of ausculta-
tion can be limited [19]. An assessment following 
this methodology should pick up at least some of 
the signs of chest pathology, which is fully cov-
ered in the breathing chapter. Evaluation of the 
chest should also include the neck, and the mne-
monic TWELVE (Tracheal position, Wounds, 
Emphysema, Laryngeal crepitus, Venous disten-
sion and Everything else) can be used.

After any significant intervention, re- 
examination and reassessment should be per-
formed. Specifically, post-intubation checks 
should assess for the evolution of pneumothora-
ces and correct tube placement. As previously 
mentioned, auscultation can be limited in utility 
and there may be a role for ultrasonography in 
detecting significant pathology. For example, 
lung sliding can be used to assess for pneumotho-
rax—if both lungs are seen to move under the 

pleura, then this is reassuring that there is no 
pneumothorax. The sensitivity of ultrasound is 
much higher than plain film x-ray for anterior 
pneumothoraces [20] and can be combined into 
other ultrasonographic assessments for trauma 
(e.g. e-FAST or RUSH protocols), which may 
also reveal haemothorax. A pitfall for the unwary 
is malposition of an endotracheal tube. If the tube 
is advanced too far, it will usually pass into the 
right main bronchus and not ventilate the left 
lung at all. This will also cause an absence of 
lung sliding (although lung pulsation will still be 
seen), absent breath sounds on the left and 
hypoxia, which could equally be suggestive of a 
pneumothorax. Before intervening, check that 
the tube is not too far in!

Other respiratory pathology may be apparent 
following intubation, such as decreased lung 
compliance (needing higher pressures to inflate 
the lung than would typically be necessary), 
increased A:a gradient (hypoxia despite addi-
tional oxygen supply) and difficulties in gas 
exchange.

 Circulation

Circulatory assessment is the fourth stage in the 
primary survey, though some clues may already 
have been apparent about circulatory status from 
the initial steps. If a patient is talking coherently, 
then their circulation is adequate to perfuse their 
brain. This is to say that perfusion is sufficient 
rather than normal. Initial circulatory assessment 
includes the presence or absence of peripheral 
pulses (radial, femoral and carotid), a heart rate 
and capillary refill time.

Further assessments such as blood pressure 
and heart rate can come when monitoring is 
applied, but in the initial stage, these first mea-
sures can give a gross estimate of current circula-
tory status within seconds. Historically it was 
taught that a radial pulse equated to a systolic 
blood pressure of 80 mmHg, a femoral 70 mmHg 
and a carotid 60 mmHg. While these specific fig-
ures have been debunked [21], the order in which 
the pulses disappear is generally sound [22]. 
Patients who have a decreasing level of con-
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sciousness should be assessed for bleeding as a 
cause. This includes patients who appear to be 
confused, agitated or intoxicated—the underly-
ing cause may be that they are not perfusing their 
brain due to hypovolaemia.

Patients who are suspected of having ongoing 
bleeding should be rapidly assessed and appro-
priately imaged to shorten the time to a definitive 
haemostatic procedure, either radiologically or 
surgically. Until diagnostic imaging is obtained, 
patients with a significant mechanism of injury 
and clinical signs compatible with ongoing 
bleeding should be considered to be actively 
bleeding still. Administration of tranexamic acid, 
appropriate use of blood products and other 
resuscitative measures are discussed in the circu-
latory chapter. Sites of blood loss are generally 
remembered by the saying “Blood on the floor 
and four more” This refers to external bleeding 
and internal bleeding into either the chest, 
abdominal or pelvic cavities and long bone frac-
tures. Acutely, circulation preservation should be 
the aim. Treatments such as pelvic binders and 
long bone traction and splintage should be con-
sidered resuscitative measures for circulation, as 
much as for orthopaedic or analgesic reasons.

Hypoperfusion of tissues will also cause dis-
turbances in acid-base balance as described in the 
circulation chapter. Hypoperfusion causes the 
production of lactate, resulting in an increasingly 
negative base excess and fall in pH. If severe (pH 
< 7.2) this may adversely affect clotting and other 
enzymatic dependent systems. Young patients 
will generally compensate for blood loss for an 
extended period in terms of maintaining their 
blood pressure, so hypovolaemia is a relatively 
late sign of bleeding. One American retrospective 
study of 115,000 trauma patients showed that by 
the time patients became hypotensive due to 
blood loss, their base deficit was already −20 and 
their overall mortality approached 65% [23]. 
Potential other causes of hypotension are tension 
pneumothorax or neurogenic shock; however, all 
hypotension in trauma should be considered to be 
due to hypovolaemia until proven otherwise. 
Similarly, a normal haemoglobin level does not 
rule out bleeding, as the concentration of the 
remaining blood will initially remain the same. A 

low haemoglobin level (<11  g/dl) should defi-
nitely raise the concern of acute blood loss and 
prompt a damage control approach.

Cold patients may have a prolonged capillary 
refill time (CRT) peripherally, so CRT should 
always be tested on either the sternum or fore-
head to ensure validity. As well as increasing 
CRT, cold patients may be developing a coagu-
lopathy. This is partially because of the reduced 
effectiveness of enzymes involved in blood clot 
formation at lower temperatures, but also due to 
the degree of blood loss that must occur to induce 
hypothermia. Coagulopathy can occur indepen-
dently of hypothermia, and as many as 30% of 
major trauma patients may have developed a 
coagulopathy by the time they arrive at the emer-
gency department. This traumatic coagulopathy 
is independently associated with a poorer out-
come [24–27]. If present on admission, hypother-
mia is also associated with a nearly threefold 
increased mortality in some studies [28–31] and 
should be aggressively treated by heating the 
patient, the treatment environment and any IV 
fluids, including blood products.

If a patient arrests as a result of trauma, then 
the correct management is to follow a traumatic 
cardiac arrest protocol, which is different from 
the usual ALS guidelines. This is discussed fur-
ther in the traumatic cardiac arrest chapter, and 
interventions may include resuscitative thoracot-
omy if indicated in selected patients. This group 
is mainly those patients who have a witnessed 
arrest due to chest trauma and relatively short 
down time with a potentially amenable underly-
ing cause. If a patient suffers a cardiac arrest as a 
result of a medical reason, resuscitative thora-
cotomy is not indicated. Medical and traumatic 
cardiac arrests are very different clinical entities 
and should be treated as such.

 Disability and Head Injuries

Assessment of neurological status is the next step 
in trauma management, beginning with the level 
of consciousness. Formally, the Glasgow Coma 
Scale (GCS) is the accepted and validated method 
of assessing the level of consciousness in head- 

P. Lax



75

injured patients [32, 33]. GCS is a score from 
3–15 depending on the level of consciousness, 
and there is a stepwise progression in mortality as 
the score falls (I.e. the patient becomes more 
unconscious) [34]. GCS is a useful score and is 
understood when making referrals, but can occa-
sionally be challenging to remember how to cal-
culate. A simpler alternative is AVPU. This stands 
for Alert, responds to Voice, responds to Pain 
stimuli or Unresponsive. In some areas, 
Confusion has been added as a variable between 
“alert” and “responds to voice” as another method 
of describing the level of consciousness 
(ACVPU). Trends over time are useful as patients 
with head injuries who are becoming more 
drowsy or unconscious should be treated as time- 
critical patients, mandating urgent imaging. 
Decreased level of consciousness can be due to 
medical as well as traumatic causes (e.g. hypo-
glycaemia, seizures etc.), and a medical cause of 
unconsciousness may have caused a traumatic 
injury, e.g. hypoglycaemia causing a patient to 
crash their car.

Neurological defects that are present at the 
point of presentation are significant to note, as 
patients who are becoming progressively more 
unresponsive may require anaesthesia for airway 
protection. The opportunity to examine for gross 
lateralising signs that may indicate a stroke, spi-
nal cord injury or other neurological concerns 
may be lost once the patient is intubated. In the 
case of head-injured patients, waking them up to 
examine them may not be an appropriate course 
of action. Any coughing against an endotracheal 
tube may increase intracranial pressure and 
worsen secondary brain injury, so perform a 
baseline gross neurological exam before anaes-
thetising patients whenever possible.

Pupillary reflexes should routinely be exam-
ined as part of a neurological assessment, and any 
differences between sides should prompt urgent 
evaluation and treatment. If a patients’ pupils are 
unreactive in head injury, then this is an emer-
gency. However, the outcome may not be as 
nihilistic as previously believed depending on the 
presenting pathology. In a meta-analysis by 
Scotter et al., over 50% of patients who presented 
with fixed dilated pupils as a result of extradural 

haematoma made a good recovery back to inde-
pendent living [35]. Traditionally, these patients 
would have been considered to have unsurvivable 
injuries.

 Exposure

The final stage in the primary survey is exposure. 
This involves removing clothing and examining 
the patient for any other injuries that have not yet 
been found or addressed in the MABCD stages. 
These injuries may include fractures, burns or 
other significant soft tissue injuries such as 
degloving. When exposing patients, a balance 
must be struck between preserving dignity and 
body heat versus missing a relevant injury. At this 
point, the patient should be rolled and an assess-
ment made of their back for injuries which may 
not have been found. It is also essential to con-
sider other areas which have not been visualised 
and may have significant injuries such as axillae, 
groins, perineum and buttocks. Stab wounds in 
these areas can often be missed in unconscious 
patients, and the Exposure stage of the primary 
survey should be a trigger to examine them 
actively. In come centres where access to CT 
scanning is virtually immediate, patients may be 
taken to CT first and then exposure completed as 
part of the secondary survey. In the pre-hospital 
environment, full exposure may not be appropri-
ate or possible for the reasons outlined above, 
even more so if patients are entrapped or immo-
bile for another reason. Indeed, attempting to 
expose an entrapped patient may decrease the 
speed of extrication and lower temperature, both 
of which may increase mortality. Selective expo-
sure should be undertaken if needed and if it may 
change patient management, especially if there is 
suspicion of penetrating wounds or significant 
bleeding. Any suspected but unconfirmed injuries 
which require further investigation in hospital 
should be handed over as a routine.

An in-hospital pitfall to avoid is an over- 
reliance on CT scanning to elucidate all injuries. 
A CT scan is not a substitute for a full clinical 
examination and secondary survey! This may 
have to wait if the patient is intubated or unable 
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to speak, but a formal secondary survey should 
be undertaken as soon as practicable. CT scans 
typically will image from the vertex of the skull 
to mid femurs unless a specific request for addi-
tional sites is added. Most trauma centres have 
moved towards using a biphasic contrast scan 
(occasionally referred to as the Bastion Protocol 
[36]) as compared to previous methods for con-
trast CT scanning in trauma. This protocol can 
acquire excellent images in a shorter time with 
less radiation dose [37]. While CT scans can pro-
vide detailed images of solid viscera, bleeding 
sites and bony injuries, they may not image tendi-
nous lesions or some other soft tissues well. To 
ensure no “minor” injuries are missed and good 
functional outcomes achieved, a targeted clinical 
examination should be performed as part of the 
secondary survey. CT scans can be used as a 
prompt to examine specific areas (in addition to 
prompts from the mechanism of injury), but 
should not be relied on to find every injury that 
needs treating.

Burns patients should also be exposed fully 
but should be kept as warm as possible to avoid 
hypothermia. Some regional burns units are co- 
located at Major Trauma Centres, but this is not 
always the case. Patients may need to have their 
initial trauma dealt with at the MTC and be trans-
ferred later to a specialist centre, so basic burns 
care and communication with specialist burns 
teams should be available at every MTC.  The 
current UK criteria for referral to or discussion 
with regional burns centres are [38]:

Paediatrics
• ≥ 30% total body surface area (TBSA) 

burn of any degree
• ≥ 15% TBSA if under one-year-old
• ≥ 20% TBSA full-thickness burns
• Burns to face, feet, hands or genitalia
• Any chemical, electrical or serious friction 

burn
• Any cold injury
• Any burn not healing two weeks 

post-injury
• Any patient requiring ventilation for ≥ 24 h 

due to their burn injury

• Any child who is physiologically unstable as 
a result of burns or in whom a non- 
accidental injury is suspected

• Any burn in a neonate

Adults
• ≥ 40% TBSA or ≥ 25% with inhalational 

injury
• ≥ 25% TBSA if over 65 years old
• Burns to face, feet, hands or genitalia
• Any chemical, electrical or serious friction 

burn
• Any cold injury
• Any burn not healing two weeks 

post-injury
• All patients with major trauma and burn 

injury after treatment within a Major 
Trauma Centre.

 Onward Care

After initial resuscitation and treatment, patients 
should be admitted to a critical care area or a 
ward appropriate to deal with their injuries 
depending on their requirements. All patients 
with an Injury Severity Score (ISS) > 8 should 
have a rehabilitation assessment and prescription 
within 72  h of their injury by a rehabilitation 
medicine consultant. This timeframe can be 
extended to up to 96 h if the patient is unable to 
be assessed for clinical reasons before this point. 
This rehabilitation assessment should cover not 
only physical functional aspects of recovery but 
also cognitive/psychological, social and educa-
tional aspects of rehabilitation. This should lead 
to the formation of a specific rehabilitation pre-
scription which can vary from observation only 
in the case of more minor injuries, through to for-
mal rehabilitation programs in dedicated special-
ist national centres (e.g. spinal injury units).

Conclusion
The MABCD system of assessment identifies and 
treats pathology in a logical manner which can be 
applied in a variety of clinical settings from pre-
hospital to in-hospital environments. It ensures 
that significant pathology is treated in the order 
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that it may kill patients, and provides a standard 
system that is understood and applied by all mem-
bers of the trauma team at each stage of progres-
sion of the case. In the event of deterioration, 
reassessment using the same system provides a 
solid base for identifying progression or evolution 
of pathology, or identification of clinical signs 
that may not have been present during the initial 
assessment. Even in advanced care, the MABCD 
methodology still forms the basis of the evalua-
tion, and while the tools available to assess each 
system may be more complex, the underlying 
principles are the same.

Questions
 1. The correct sequence of clinical assessment of 

trauma patients is:
 (a) ABCDE
 (b) MABCD
 (c) CABDE
 (d) DABC
 2. Noisy breathing/gurgling is a sign of com-

plete airway obstruction
 (a) True
 (b) False
 3. An SpO2 reading of over 95% on a standard 

oximeter always indicates normal tissue oxy-
genation in burns patients

 (a) True
 (b) False
 4. Trauma patients who become cold or present 

with hypothermia have worse outcomes than 
those who retain a normal temperature

 (a) True
 (b) False
 5. Whole body CT of trauma patients will pick 

up all injuries
 (a) True
 (b) False

Answers
1. b
2.  b—complete airway obstruction is silent 

due to lack of air movement
3.  b—inhalation of carbon monoxide or 

cyanide compounds from burning plas-
tics can falsely elevate SpO2 by cre-

ation of carboxyhaemoglobin or cyano- 
compounds

4. a
5. b
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• Know how to manage the different types 
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• Understand when advanced techniques, 
such as REBOA and thoracotomy, might 
be used
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6

Case Discussion: Massive Haemorrhage in 
Civilian Settings

A known Intravenous Drug User has self- 
inflicted wounds to his left antecubital 
fossa and has bled significantly. Paramedics 
on scene have applied two tourniquets in 
an attempt to control the bleeding. They 
report the patient is pale, confused and 
sweaty. They will be in the Emergency 
Department (ED) in 5 minutes.

What should you do?

What are the steps in pre-hospital haem-
orrhage control?

What should the goals be in 
resuscitation?

When should pre-hospital or ED thora-
cotomy be considered?

When might resuscitative endovascular 
balloon occlusion of the aorta (REBOA) be 
considered?

Returning to the original case, the patient 
will arrive shortly. Anticipate needing to 
give warmed blood quickly. This may 
require activation of the local massive trans-
fusion pathway. Blood should be given to 
maintain a central pulse. Pre- hospital haem-
orrhage control should have included a fail-
ure of direct pressure, and a failure to stop 
the bleeding with a single tourniquet should 
lead to the application of a second. The aim 
of resuscitation should be definitive bleed-
ing control. This is likely to be achieved 
operatively, but for now, the patient may 
need significant analgesia in order to toler-
ate the tourniquet. There is no role for tho-
racotomy or REBOA in this case.
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 Introduction

Advances in trauma care are often fuelled by con-
flict, and current understanding and treatment pro-
tocols for massive haemorrhage control are no 
different in this respect. As medicine advances and 
our understanding of pathophysiological mecha-
nisms expands, treatments for trauma improve, 
resulting in increased survival. Several case review 
series have looked at death rates and mechanism 
of death on the Battlefield from World War 2, 
through the American experience in Vietnam and, 
more latterly, to operations in Iraq and Afghanistan. 
Overall mortality has decreased, from 30% in 
World War Two to 24% in Vietnam and under 10% 
in recent conflicts [1] (though the absolute accu-
racy of these figures has been somewhat disputed 
due to the methodology used) [2]. While medical 
advances have played a significant part in reducing 
in-hospital deaths, the reintroduction of simple 
and long-known techniques have seen a substan-
tial decrease in the number of soldiers who have 
died of treatable haemorrhage. In Vietnam, half of 
the potentially treatable deaths were from limb 
wounds that were amenable to tourniquet use [3], 
but this rate fell to 13.5% in Iraq from 2001–2011 
[4]. This is due primarily to the training of person-
nel in the use of massive haemorrhage control 
techniques, including the use of tourniquets, with 
subsequent feedback and reinforcement during the 
military operational medical pathway [4–7]. While 
deaths in warzones will show a more substantial 
component of blast and ballistic injuries, the basic 
principles of massive haemorrhage control and 
their importance remain the same in civilian prac-
tice. With terrorist incidents such as the bombings 
in Madrid in 2004 [8], Boston Marathon in 2013 
[9, 10] and more recent major incidents in Paris 
[11, 12], military evidence is all the more relevant 
to civilian trauma care.

Studies and reports on massive haemorrhage 
in civilian settings [13] have shown a concern-
ing picture. In one review, trauma haemorrhage 
was identified as the cause of 30–40% of all 
trauma deaths and 51% of early trauma deaths. 
A study from Texas into mortality from isolated 
extremity injury showed approximately half of 
these patients could have been saved by tourni-

quet use earlier in their care [14]. A Canadian 
retrospective review identified that 16% of 
trauma deaths might have been preventable if 
sources of bleeding were more aggressively 
sought and treated [15].

In common with military experience, massive 
haemorrhage represents the leading cause of 
potentially treatable trauma deaths in the civilian 
population. For treatment to be life-saving, it 
must be instigated as quickly as possible, often 
by people with minimal or basic medical train-
ing. There is also evidence linking duration and 
depth of hypovolaemic shock with worsening 
outcome [16–20]. Treating massive haemorrhage 
earlier may save lives; both at the immediate 
point of treatment and later by minimising the 
systemic effects of hypotensive shock, such as 
coagulopathy and multiorgan failure. The 
American College of Surgeons Stop the Bleed 
campaign [21] started in 2015. It highlights how 
a significant proportion of preventable deaths are 
from haemorrhage [22] and recognises that pro-
fessional help will not arrive immediately. The 
campaign, therefore, aims to train bystanders to 
manage severe bleeding as quickly as possible 
using simple techniques. A study performed in 
2018/19 into the efficacy of the Stop the Bleed 
teaching showed that this campaign, with a com-
bination of lectures and hands-on skill work-
shops, improved knowledge and management in 
life-threatening bleeding scenarios [23].

This is not a phenomenon seen exclusively in 
the USA; in the UK, the 1999 Stephen Lawrence 
inquiry [24] appears to support this need for 
bystander education. It found the teenager (who 
was stabbed and bled to death at a bus stop) was 
dead before the ambulance crew arrived, but that 
there were bystanders present who could have 
intervened.

Haemorrhage control efforts can be broadly 
divided into two categories; temporary and defin-
itive. Most of the methods covered in this chapter 
fall into the former group, and may buy the 
patient enough time to reach the latter. The use of 
pressure and tourniquets will be covered, as well 
as more advanced measures. As will be discussed, 
much of our current civilian practice comes from 
military evidence.
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 What Is Massive Haemorrhage?

Confusingly, there is not a single universally 
accepted definition of massive haemorrhage in 
the literature. Definitions are hugely variable and 
range from absolute numbers such as 50% blood 
loss within three hours [25], six units of RBC’s in 
12 h, 50 units of blood components in 24 h [26], 
loss of more than one circulating volume within 
24 h [27] or a sustained rate of >150 ml/min [25]. 
There is at least recognition in some publications 
that these definitions are problematic [26, 28]. In 
most cases, the criteria are both retrospective and 
heavily weighted towards hospital practice and 
the varyingly accurate assumption that blood and 
blood products will readily be at hand for transfu-
sion. The reality from the previously mentioned 
data is that patients with massive haemorrhage 
will, in many cases, not survive the transfer to 
hospital from the scene of injury unless the 
source of their massive haemorrhage is at least 
temporarily addressed at the point of injury. Of 
the more practical definitions, an ongoing rate of 
blood loss of equal to or greater than 150 ml/min, 
or bleeding that leads to a heart rate of more than 
110 beats/min or systolic blood pressure of less 
than 90  mmHg [28] are more useful. Massive 
haemorrhage may be difficult to define precisely, 
but to borrow a legal phrase, “I know it when I 
see it” [29].

 Sources of Massive Haemorrhage

 External Bleeding

The Advanced Trauma Life Support adage of 
“blood on the floor and four more” holds true 
[30]. Large amounts of external bleeding should 
be very obvious, and ongoing bleeding should be 
addressed as a priority. Patients may also lose 
massive amounts of blood into their pelvis or 
from long bone fractures (humerus and femur), 
and both long bone and pelvic fractures can be 
splinted to reduce both pain and bleeding. 
Bleeding into the chest and abdomen is much 
more challenging to treat in the pre-hospital set-

ting; management is explored further under the 
non-compressible haemorrhage section (below) 
and the damage control surgery and interven-
tional radiology sections of this textbook.

 Skin/Scalp Bleeding

Staples, sutures and/or adrenaline dressings (and 
occasionally devices such as the iTClamp [31, 
32]) may be needed to stem bleeding from the 
scalp, as bandages may provide insufficient pres-
sure when applied circumferentially around the 
head. The iTClamp is a device that opposes 
wound edges to encourage clots to form and 
arrest bleeding (see Videos 6.1–6.3). It has been 
used by military [33] and civilian [34] personnel 
in the USA in isolation or combination with other 
haemorrhage control methods. In common with 
other mass haemorrhage control strategies, its 
application can be rapidly learnt and then applied 
by those with minimal medical training. The 
iTClamp is now part of the Committee on Tactical 
Combat Casualty Care’s recommendations for 
Tactical Field Care in combination with haemo-
static dressings, as it can apply direct pressure 
without a practitioner remaining hands-on with 
the patient [35]. While the device looks painful to 
use, the patient (by definition) will have a signifi-
cant wound to require it to be applied in the first 
place and so require good analgesia a priori. 
Surprisingly, when an assessment of pain was 
made during application on 26 volunteers, the 
average pain score on application on a 1–10 scale 
was self-reported as a mean of 2.0  ±  1.1. On 
removal, pain scores were 1.9 ± 1.5. The maxi-
mum scores on application and removal were 5.0 
and 7.0 respectively, with a minimum score of 0 
for both [36]. It is also safe in terms of tissue 
damage. One study demonstrates minimal tissue 
damage (needle holes only in 59/60 cadaveric 
and swine applications [37]). The iTClamp also 
outperforms the Combat Application Tourniquet 
(CAT) in terms of preservation of marksmanship 
skills in healthy volunteers on a target range [38]. 
This may be of relevance if used in tactical 
environments.

6 Massive Haemorrhage Control
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Video 6.1: iTClamp Application to live animal 
model [External video link: https://www.you-
tube.com/watch?v=OGJyzxyLCMs]

Video 6.2: iTClamp application to the scalp 
[External video link: https://www.youtube.
com/watch?v=EOvtQsDcEWo]

Video 6.3: iTClamp self-application by 
healthy volunteers [External video link: https://
www.youtube.com/watch?v=18U1Jh7idHU]

Other haemorrhage control methods from 
large skin edges include adrenaline-soaked dress-
ings and application of sutures or staples for 
wound opposition. Adrenaline dressings manage 
bleeding by causing local vasospasm, and staples 
or sutures allow rapid skin opposition in bleeding 
wounds. Paramedics may carry staples; sutures 
are more often instituted by a doctor in the UK.

 Facial Trauma

Harris et  al. from London HEMS described a 
technique to manage massive maxillofacial 
bleeding in 2010 [39]. Several other pre-hospital 
care providers have since adopted this technique. 
It involves using a well-fitting cervical collar to 
splint the face, applying bite blocks between the 
maxilla and mandibular molars, as well as a nasal 
epistat in each nostril (Fig. 6.1). Given the sig-
nificant association between significant maxillo-
facial injury and head injury, these patients are 
often intubated. The endotracheal tube also pro-
vides a degree of splinting [40]. This method and 
the anatomical sources of maxillofacial bleeding 
are more fully explored in the airway chapter of 
this textbook.

Epistat Dental bite blocks

Complete kit in situ.

Fig. 6.1 Kit for controlling massive maxillofacial haemorrhage (from Harris et al. [39])
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 Pelvic Trauma

Bleeding from pelvic injuries can be catastrophic, 
either from bone edges, associated vascular dam-
age or visceral injuries. Specifics of pelvic inju-
ries are dealt with in the pelvic chapter, but in 
terms of massive haemorrhage control, the appli-
cation of a pelvic binder is a haemorrhage control 
intervention. Their application is now a standard 
procedure for ambulance crew [41]. The Faculty 
of Pre-Hospital care made a consensus statement 
in 2012 reviewing the available evidence and 
supported their use and that of scoops rather than 
repeated log rolls [42]. Pelvic binders have been 
used in an effort to control pelvic haemorrhage 
for decades [40]. The reduction in pelvic volume 
is thought to create tamponade and reduce venous 
bleeding, while reduction and stabilisation of the 
fracture site is believed to minimise bone edge 
bleeding and protect against disruption of any 
initial clot formation [43]. A study examining the 
effects of pelvic binders published in 2017 
showed they significantly reduced mortality and 
blood transfusion [44]. If a pelvic binder is not 
available, a simple sheet may be used to reduce 
the volume of the intra-pelvic cavity and subse-
quent bleeding into it [45].

Patient handling is now geared to reduce rota-
tional movement with the aim of preserving clot. 
A patient with significant pelvic fractures found 
in a semi-prone position was previously log- 
rolled; such a patient would undergo 510 degrees 
of rotation rather than 170 degrees which can be 
achieved with a scoop stretcher [40].

 Treatment of Massive Haemorrhage

Massive haemorrhage largely falls into two cat-
egories in trauma—compressible and non- 
compressible. There is also an element of 
environmental interplay in pre-hospital care. 
What might be an anatomically compressible 
injury (e.g. a cut brachial artery) may be tempo-
rarily uncompressible based on the patient’s 
location (e.g. arm caught in heavy machinery up 
to the axilla). Safety of personnel is the prime 
consideration (see scene safety chapter), so 

ensure that any dangers are addressed before 
starting treatment—e.g. machines that are still 
running may injure those who attempt a rescue. 
Some treatments are appropriate for haemor-
rhage in both pre- and in-hospital settings, such 
as tranexamic acid administration (TXA). The 
CRASH-2 trial [46] showed a 9% relative risk 
reduction in mortality in bleeding trauma 
patients, with the most benefit seen if TXA was 
given within the first hour of injury, but benefit 
still seen if administered within three hours of 
injury. This drug is now a standard medication 
given by paramedics and other pre-hospital cli-
nicians in the UK [41]. Hypothermia is well-
recognised to impair clotting and worsen 
bleeding, so patients should be kept as warm as 
possible. This may involve measures such as the 
removal of wet clothes and the use of blankets, 
as well as fluid/blood warmers. More detail is 
available in the circulation and haemostasis in 
trauma chapters.

 Compressible Haemorrhage

The prime example of compressible haemor-
rhage is an injury to a limb. The more distal the 
injury, the easier it is to deal with, especially if 
there is an arterial component. As wounds 
become more proximal, they become increas-
ingly difficult to either compress or use a tourni-
quet. Injuries in the neck, axilla or groin are 
referred to as junctional haemorrhage. They are 
particularly problematic as they contain large 
vascular structures which may be quite deep, dif-
ficult to control, and are not readily amenable to 
tourniquet use.

DDIT Escalation of Treatment
• Direct pressure

 – Expose the bleeding site and apply direct 
pressure

• Direct pressure (again)
 – If bleeding is not immediately brought 

under control, quickly reassess that the 
pressure is applied to the correct site and 
re-apply. Avoid the temptation of repeated 
looks or swathes of dressings; remember 
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all bleeding is blood that is no longer carry-
ing oxygen to vital organs. Once blood has 
left the body, it cannot be reinfused (at least 
in the pre-hospital environment).

• Indirect pressure
 – If direct pressure has failed to stop the 

bleeding, apply indirect pressure in addi-
tion to direct pressure. This is done over an 
artery proximal to the bleeding site and 
compresses the vessel against a bone. 
Either direct pressure in isolation or in 
combination with indirect pressure con-
trols the bleeding in most cases.

• Tourniquet
 – If the bleeding is still not controlled, apply 

a tourniquet. The application time should 
be documented on the tourniquet and form 
part of the handover to the receiving team.

The escalation from direct pressure through 
the rest of the treatment pathway as needed must 
be rapid. If there is a high-volume ongoing blood 
loss, there is precious little time to arrest it. The 
progression through the process of assess—inter-
vene—re-check—escalate has to be fast to pre-
serve as much circulating volume as possible. 
Even if blood is immediately available for trans-
fusion, transfused red blood cells do not function 
as well as the patient’s own blood immediately 
after admission. How long blood products have 
been stored may also influence how well they 
work [47–49]. The best blood to be circulating in 
a patient’s body is their own, so preserving as 
much of it as possible instead of replacing it 
should be the aim. Occasionally, an obvious cata-
strophic bleed will require tourniquet application 
from the outset (e.g. amputation, major artery 
transection). In these cases, it is appropriate to 
use a tourniquet as a first-line haemorrhage con-
trol method, as escalation and reassessment steps 
are unlikely to be effective without tourniquet 
use. During the time it would take to escalate as 
described above, the patient is still losing valu-
able blood. Once the patient is in a more con-
trolled environment, it may be appropriate to 
de-escalate from tourniquet use when facilities 
are available to allow appropriate haemorrhage 

control (e.g. in an operating theatre or emergency 
department).

Direct pressure onto a bleeding site is a well- 
accepted first aid measure for most cuts, whether 
they fall into the definition of massive haemor-
rhage or not, as is the elevation of the bleeding 
site above the level of the heart. Direct and con-
tinuous pressure with a gauze pad or bandage 
may be sufficient in itself to stem bleeding, but it 
may take time to work. One problem often seen is 
repeated removal of dressings to check if bleed-
ing has stopped. If clots start to form around the 
wound/dressing interface and then the dressing is 
removed, the bleeding will restart. For this rea-
son, when a wound is first seen it can be helpful 
for hospital staff if a picture is taken before dress-
ing if this will not delay treatment. Once a wound 
has been covered (if superficial) or packed (if 
deep) to stop bleeding, the dressings should not 
be taken down or swapped until the patient is in 
hospital, ideally in an operating theatre if the 
wounds are severe. If there is bleeding through 
the dressing, another dressing should be placed 
on top and the initial dressing left in place to 
avoid disrupting any clot. Pressure should be 
focused (where possible) on the specific point of 
the wound that is bleeding.

 Indirect Pressure

If direct pressure is insufficient, indirect pressure 
over a major pulse point (brachial or femoral 
artery) in addition to pressure over the wound 
may help to reduce bleeding. This is resource- 
intensive, as pressure now needs to be kept on 
two areas constantly. Simultaneously, other ther-
apeutic interventions that are necessary are 
undertaken, and this may be impossible for a lone 
clinician. Indirect pressure may buy time to apply 
a haemostatic dressing or tourniquet if one is not 
immediately available. However, it is primarily a 
short-term temporising measure that is not practi-
cal for more extended periods.

Pressure on the aorta is the most extreme 
example of indirect pressure. There has been 
some simulation evidence suggesting that indi-
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rect pressure can be transmitted effectively to the 
aorta by two-handed or knee compression of the 
abdomen [50]. This method cannot currently be 
advocated for clinical use due to lack of evidence. 
However, it is a similar thought process for some 
devices such as the Abdominal Aortic and 
Junctional Tourniquet (AAJT) [51]. While initial 
data on healthy individuals for this device were 
compelling, further studies have failed to live up 
to the initial promise. The AAJT is less effective 
than other junctional devices and takes longer to 
apply [52, 53].

 Tourniquets

The final step in the DDIT pathway for managing 
compressible haemorrhage is the application of 
tourniquets. Tourniquets work by stopping the 
arterial blood flow to an injured limb, thereby 
minimising further blood loss. They have been 
used since the Middle Ages, with military use 
first documented in 1674 [54]. They have, at 
times, fallen out of favour [55] but are currently 
recognised to be life-saving for bleeding that is 
uncontrolled by direct pressure. Tourniquets 
form the last stage in major limb haemorrhage 
guidance for UK paramedics [41], and the 
National Institute for Clinical Excellence sup-
ports their use [56]. The Faculty of Pre-hospital 
Care advises that tourniquets are applied as rap-
idly as possible, directly against the skin, as distal 
as possible above the wound and tightly enough 
to arrest haemorrhage [57]. Combat Action 
Tourniquets (CAT) are the most widely used 
model [58] and are designed to allow application 
with one hand—this allows for self-application if 
necessary (Fig. 6.2). Although each brand has its 
own instructions, the broad principle is that they 
are strapped around the limb and pressure 
increased with a windlass, compressing a single 
artery against a single bone until bleeding is 
stemmed.

Many devices, including the CAT, come with 
a place to write on the time of application. 
Whether or not this is the case, it is vital to docu-
ment the application time and hand this over to 
the receiving team. Additional measures (such as 

a large “T” and the time of application written on 
the patients’ forehead or another visible area) act 
as a reminder that a tourniquet has been applied. 
This is especially important in intubated or 
unconscious patients who may not complain of 
the pain due to the tourniquet and suffer isch-
aemic complications as a result. When properly 
applied to conscious patients, the resulting isch-
aemia causes pain in addition to the injury itself; 
the analgesia requirement is likely to be signifi-
cant, requiring morphine, ketamine or some other 
potent analgesic. Tourniquets may be applied in 
the ED if bleeding cannot be managed in any 
other way, though pneumatic devices are pre-
ferred if available.

There is an ongoing debate about the role of 
tourniquets in the management of crush injury. 
Theoretically, there is some benefit in their use 
after crush to prevent reperfusion injury by stem-
ming blood flow to the affected site and control-
ling the release of blood from ischaemic tissues 
back into the central circulation. Due to ongoing 
ischaemia, rhabdomyolysis and muscle damage, 

Fig. 6.2 Combat Application Tourniquet with windlass 
tightened
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this returning blood may be cold, high in potas-
sium and acidic. This may cause hypotension and 
arrhythmias, as seen in vascular surgery when 
clamps are taken off and limbs reperfuse [59, 60]. 
This concern has been raised with a similar phe-
nomenon reported in knee replacement surgery 
[61]. In practical terms, pneumatic devices are 
more effective than windlass devices such as the 
CAT as they arrest blood flow at lower pressures 
[62] and cause less tissue damage, hence why 
they are preferred in hospital practice.

The evidence for the use of any tourniquets in 
traumatic crush injury is often low quality and 
contradictory. However, what relevant published 
literature there is agrees that fluid resuscitation 
and the avoidance of potassium-containing solu-
tions are important in these patients [63–65]. In 
these cases, the potential for sudden cardiovascu-
lar deterioration should be anticipated when a 
casualty is released from a crush scenario. 
Although theoretically attractive, further study is 
needed before clear recommendations can be 
made for the routine use of tourniquets in trau-
matic crush injury. If there is an overt vascular 
injury that would necessitate tourniquet use in 
other circumstances, one should still be used. 
Research is still ongoing on how to best mitigate 
the ischaemic consequences of tourniquet use 
[66], but tourniquets are life-saving devices and 
should be used when necessary.

A key point on tourniquet use is that although 
these devices are easy to use, training is essential 
and should be as immersive as possible. Putting a 
device on a fake limb without any movement or 
resistance is a straightforward task; however, this 
does not adequately replicate how the task is 
achieved in vivo. Putting a tourniquet on an 
aggressive/combative/confused patient in the 
pre-hospital environment is very different from 
doing it in a warm, well-lit classroom. 
Practitioners should “train how they fight” and 
aim to stretch themselves while training with 
these devices and ensure familiarity with the par-
ticular model that their employer uses. This 
should increase efficacy and proficiency when 
they are needed for real.

Other concerns revolve around the length of 
time they can be applied. The general consensus 

is that after two hours there is a risk of permanent 
nerve damage and muscle or skin necrosis, and 
after six hours this extends to complete muscle 
damage that is likely to require amputation [67]. 
This data is primarily based on pneumatic tourni-
quet use in elective operating theatres. Patients 
who are hypovolaemic due to trauma, and have a 
non-pneumatic tourniquet applied, are at higher 
risk of complications. A battlefield study by 
Lakstein et  al. [68] showed that the mean isch-
aemic time for tourniquet application without 
complications was 78 min. However, due to the 
heterogeneity of injuries it was difficult to dem-
onstrate a minimum time before complications 
started. There is also uncertainty regarding 
whether the nature of tourniquet injuries is from 
direct pressure/compression or ischaemic dam-
age of the nerve. Periodic loosening of tourni-
quets has been suggested to mitigate this damage; 
however, this will likely cause incremental bleed-
ing and is therefore not generally advised in the 
first hour [69]. Once a tourniquet has been 
applied, the patient should be treated as a time- 
critical casualty and taken to hospital for immedi-
ate evaluation and treatment. Where the 
pre-hospital phase is prolonged (> 1–2  h), and 
after application of a direct pressure bandage to 
the bleeding wound, cautious tourniquet release 
(but leaving the tourniquet in place) is 
recommended.

The pain associated with correct tourniquet 
application has been previously mentioned, but 
another consideration may be the effects of pain 
or further resuscitation on the patient’s blood 
pressure. Tourniquets, when applied correctly, 
should obliterate a distal pulse. However, patients 
who have bled profusely may have lost distal 
pulses due to hypovolaemia before the tourniquet 
is applied. When an extremely painful stimulus 
such as application of a tourniquet or further 
resuscitation is given, if the tourniquet is not on 
tight enough and the blood pressure rises, bleed-
ing may resume. If the tourniquet is maximally 
tightened and bleeding is still occurring, a second 
tourniquet may be applied to the same limb more 
proximally. This is more often required where 
there is more muscle to compress, typically in the 
upper leg.
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 Haemostatic Dressings

In cases of severe haemorrhage, direct pressure 
can be combined with the use of haemostatic 
dressings such as Celox, Quik-Clot or Hem-Con. 
These dressings are impregnated bandages, pads 
or pellets (depending on the product used) that 
will increase clotting at the site of injury. In early 
zeolite-based dressings, such as first- and second- 
generation Quick-Clot products, this was 
achieved by absorbing water and concentrating 
the patients clotting factors at the wound site in 
an exothermic reaction. However, these were dis-
continued following reports of wound burns and 
tissue damage due to the heat created by the exo-
thermic reaction [70–72].

Each product works using different mecha-
nisms. These include direct activation of intrinsic 
clotting pathways (e.g. kaolin-based third- 
generation Quik-Clot) or attracting red blood 
cells into a bandage and creating an adherent seal 
over the wound (chitosan-based dressings such as 
HemCon/ChitoFlex/ChitoGauze/Celox). More 
recent iterations of haemostatic dressings (e.g. 
the modified rapid deployment haemostat) work 
on multiple complex mechanisms involving 
platelet activation, coagulation cascade activa-
tion, local vasoconstriction and agglutination of 
red blood cells, all mediated by fully acetylated 
poly-N-acetyl-glucosamine [73]. While there are 
numerous animal studies of these agents, there is 
little human trial data on differences in effective-
ness between various products. One concern that 
is often brought up in chitosan-based dressings is 
the risk of allergic reaction in patients who are 
sensitive to shellfish (chitosan is a shellfish poly-
saccharide derivative). These dressings have spe-
cifically been tested on shellfish-sensitive patients 
and found to be safe [74, 75]. Most of these stud-
ies show that haemostatic dressings are effective 
in clinical use. Due to the widespread use by vari-
ous military forces of Celox, HemCon and Quik- 
clot, it is unlikely that other products in this class 
will be able to break into the market [76]. Other 
novel sealants may be useful in different circum-
stances (e.g. FloSeal (gelatin granules and human 
thrombin) or fibrin sealants in surgery).

Future advances in the use of expanding hae-
mostatic foams are focusing on minimising infec-
tion whilst optimising compression by using 
foam impregnated with iodine [77].

 Junctional Haemorrhage

These are areas of bleeding such as the neck, 
axilla or groin where the torso joins the extremi-
ties, and tourniquets cannot be easily applied. A 
ten-year retrospective US battlefield study 
showed that 17.5% of potentially preventable 
deaths were due to junctional haemorrhage [4]. 
Treating and preventing injuries in these areas is 
problematic for many reasons. There are a large 
number of vascular structures, but these are in 
areas where both tourniquets and direct pressure 
are difficult to apply and maintain, especially in 
military or other tactical settings.

From a military protection and prevention 
viewpoint, these areas are also challenging. 
Increasing the amount of protective body armour 
around the groin, axilla, or neck reduces the 
range of movement and can significantly limit 
mobility. Increasing protection but reducing 
speed and agility may result in an easier target for 
the enemy and unwittingly increase the risk of 
death or injury [78, 79].

The principles of direct pressure with haemo-
static dressings are the same for treating junc-
tional haemorrhage. These may be harder to 
perform successfully, but there are few options 
for managing bleeding in this area in the pre- 
hospital environment. Once in hospital, rapid 
transfer to theatre and control of proximal vessels 
in the chest or abdomen may be required.

Specific devices for junctional compression 
are in development and early deployment, such 
as the Combat Ready Clamp (CRoC), the SAM 
Junctional Tourniquet (SAM-JT), Junctional 
Emergency Tool and the previously mentioned 
AJTT [80]. While there is not a large amount of 
empirical trial data for the use of these devices, 
cadaveric studies and isolated case reports show 
they do have some merit. It is also worth looking 
at qualitative data from users. If the device is 
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impractical to use in vivo, it is largely irrelevant 
how well it performs in perfect conditions in the 
manufacturers’ lab. When end-users have trialled 
various devices, the CRoC and SAM-JT were 
preferred over the JETT and AJTT by US Army 
medics during training [81]. Feedback from 
actual battlefield use is equally poor for the AJTT, 
with units reporting it was “easily broken” and 
the CRoC was “bulky, heavy and takes too much 
time to apply” [80]. The AAJT is also contraindi-
cated in penetrating abdominal trauma, so it does 
not appear to be a device that would be as useful 
as its manufacturers may hope in the population 
for which it was designed.

Some devices use haemostatic agents in an 
applicator for deep narrow track junctional 
wounds where compression may be difficult or 
impossible (such as the XStat [82, 83]). The XStat 
has been trialled favourably against Combat 
Gauze in animal models of haemorrhage [84], has 
a good safety profile during in vivo use in hospital 
[85] and has been incorporated into the Tactical 
Combat Casualty Care guidelines [86]. It is a 
syringe-like device that contains multiple com-
pressed chitosan-covered cellulose sponges that 
can be injected into sites of junctional haemor-
rhage and secured with ordinary bandages [45]. 
The previously mentioned iTClamp has been suc-
cessfully evaluated in animal models for use in 
conjunction with  haemostatic agents for junc-
tional haemorrhage [87] and has made its way 
into ToCCC guidelines [33, 35].

A few pre-hospital teams can also offer resus-
citative balloon occlusion of the aorta (REBOA) 
in select cases. REBOA may be used to stop life- 
threatening junctional, pelvic or abdominal 
bleeding where other measures have failed. More 
and more teams can offer this within the hospital, 
and there may be a role for this in far-forward 
military surgical units as a damage control mea-
sure in the field, during transfer to higher levels 
of care or as part of initial damage control resus-
citation [88–91]. The femoral artery is cannu-
lated via a Seldinger technique, a balloon passed 
and subsequently inflated to occlude the aorta to 
arrest catastrophic bleeding (e.g. into a fractured 
pelvis) until a more definitive solution is offered. 

More on REBOA can be found in the dedicated 
chapter.

 Non-compressible Haemorrhage: 
Torso

Other than rapid transfer to a hospital with as 
delicate handling as possible, there is little that 
can be done pre-hospital in this group. The main-
stay of treatment is transfer to a surgical facility, 
where surgery or interventional radiology can be 
performed, depending on injuries and local set 
up.

Persistent major haemorrhage in the chest 
may require a thoracotomy to stop the bleeding 
and is discussed in the traumatic cardiac arrest 
chapter. Surgical intervention for abdominal 
bleeding is not an option in the pre-hospital 
phase. This is for several reasons, but principally 
because of the complex surgical manoeuvres to 
access major vascular structures in the abdomen 
and the high number of structures that could be 
injured a priori or iatrogenically. This means that 
haemorrhage control by laparotomy is a tech-
nique that cannot be readily taught to non- 
surgeons. To facilitate operative management of 
abdominal haemorrhage, rapid transfer to an 
operating theatre is necessary. Many pre-surgical 
adjuncts have been suggested for the manage-
ment of patients with non-compressible torso 
haemorrhage (NCTH) in an attempt to reduce the 
high morbidity and mortality in this group [92]. 
An American study suggested that the mortality 
of these patients can be up to 44% [93].

Trials are ongoing, with treatments such as 
expanding polyurethane foam being suggested 
for use in intra-abdominal non-compressible 
haemorrhage before surgery [94, 95]. Such foam 
expands and becomes solid, occluding bleeding 
points but risking localised pressure necrosis and 
subsequent surgical complications such as adhe-
sions. These potential complications may, how-
ever, be an acceptable alternative to 
exsanguination.

Other treatments which have been investi-
gated include:
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• Gas insufflation to tamponade bleeding ves-
sels (shown to be effective in animal models 
[45]).

• Lyophilised and freeze-dried blood products 
such as thrombosomes. There was some ini-
tially good animal safety data and encourag-
ing phase 1 trial data for thrombocytopaenic 
patients [96–98]. This would have massive 
logistical advantages over using conventional 
platelets as they are stable at room tempera-
ture for 24–36 months and can be stockpiled 
and rehydrated quickly. However, further 
studies are needed (Phase 2 trials of thrombo-
somes are ongoing). With the extremely lim-
ited data currently available, the use of 
lyophilised platelets in lab-based animal 
trauma models have shown either decreased 
[99] or no [100] haemostatic ability.

• Nanoscale injectable therapies—polymers 
that encourage activated platelets to aggregate 
and decrease blood loss. Preliminary animal 
data is mostly positive, but they have a narrow 
therapeutic window. There exists some con-
cern over the potential for pulmonary infarcts 
when post-mortem studies of test rats were 
performed [101–103].

• Other injectable therapies (such as polySTAT 
[104, 105]) improve fibrin clot cross-linking 
in rat models. While this decreases blood loss, 
due to the polymer’s size, it is excreted slowly, 
with up to 7% of the polymer retained in the 
kidneys a week after administration [106].

• Occlusion of the descending aorta (REBOA) 
may also be used as a last-ditch attempt to 
stem bleeding that would otherwise prove 
fatal, but this comes with high morbidity and 
mortality as the balloon would have to be 
inflated in zone 1 or 2 [45] (see REBOA 
Chapter for further information).

 Fluid Management

The circulation and trauma-induced coagulopa-
thy chapters give a more thorough discussion on 
the theoretical basis, evidence and management 
of fluids in trauma. Below is a brief summary of 
current UK guidance. Pre-hospital teams are 

advised by the National Institute of Clinical 
Excellence to resuscitate patients in aliquots of 
250 ml to a radial pulse in patients bleeding from 
blunt injuries and to achieve a central pulse in 
those with penetrating wounds [107].

International guidance advises aiming for a 
systolic blood pressure of 80–89  mmHg in 
patients without concomitant head injury [108].

Some pre-hospital services can give blood; 
since 2012 this has been possible in UK civilian 
services [40] though the vast majority of services 
carry crystalloid as a first-line fluid. Either may 
be used to achieve the outcome measures sug-
gested by NICE.  Those able to are advised to 
obtain intravenous access regardless of whether 
or not fluid is to be administered pre-hospital, 
[41] as it may be harder to achieve later. Pre- 
hospital blood transfusion improves patient phys-
iology at the time of arrival to ED [109]. It makes 
clear physiological sense to replace what is lost 
with the same substance, rather than a crystalloid 
with neither oxygen-carrying capability nor 
coagulation factors, where this option is avail-
able. The currently running RePHILL trial in the 
UK is looking to provide evidence for the effi-
cacy of pre-hospital blood in trauma patients 
[110], though realistically even an equivocal out-
come is unlikely to decrease the trend of pre- 
hospital transfusion, as it is becoming an accepted 
(and anticipated) standard of care.

Criteria for a pre-hospital thoracotomy are 
essentially the same as an ED thoracotomy pro-
vided the appropriate skill-mix is present on 
scene; if there is a penetrating injury that may be 
causing cardiac tamponade and the patient has 
been in cardiac arrest for less than ten minutes 
[111–114] it may be appropriate. This approach 
can occasionally also be used to manage life- 
threatening pulmonary haemorrhage, though 
with fewer survivors. Further information can be 
found in the chapter on traumatic cardiac arrest. 
The Resus Council advise that a thoracotomy be 
considered in any penetrating trauma arrest with 
wounds from the nipple to the epigastrium [115]. 
There is no such guidance for arrests in blunt 
trauma. The Faculty of Pre-Hospital Care [116] 
state that any such intervention must be per-
formed within ten minutes of the loss of cardiac 
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output. This is a very narrow timeframe for such 
measures and makes intervention within the 
required time difficult without appropriate skills 
on scene (as opposed to transferring to a hospital 
within the timelines). Survival rates beyond this 
time are virtually zero. Specifically, it should be 
pointed out that a resuscitative thoracotomy is for 
the treatment of penetrating thoracic trauma, or 
injuries that may involve the thorax (e.g. epigas-
tric stab wound that traverses the diaphragm). It 
is not a treatment for hypovolaemia caused by 
non-thoracic injuries which are otherwise ame-
nable to direct control (e.g. limb haemorrhage). 
While compression of the descending aorta may 
arrest blood supply to a bleeding pelvis or leg, 
tourniquets or other strategies outlined above will 
do the same. The cornerstone of treatment in 
these peri-arrest patients is aggressive filling with 
blood products along with source control, ini-
tially with a tourniquet then definitively in an 
operating theatre. A recent systematic review has 
suggested a role for this intervention in some 
instances of isolated, non-compressible abdomi-
nal trauma with signs of life (pulse or recent 
arrest in a PEA rhythm) [117]. However, it 
excluded pre-hospital thoracotomies and reported 
a significant increase in morbidity and mortality 
in polytrauma patients compared to isolated inju-
ries. These data need to be interpreted cautiously 
as interventions such as REBOA, interventional 
radiology and improvements in haemostatic 
resuscitation may mean that while thoracotomy 
for abdominal trauma was previously seen as a 
last-ditch effort, the adoption of newer, less inva-
sive treatments may improve survival in this 
group without the need for thoracotomy. There 
are individual and organisational learning curves 
in adopting any new treatment, so the indications 
for resuscitative thoracotomy may become fewer 
still as these treatments mature.

Conclusion
Massive haemorrhage can be fatal. The treat-
ment may be simple; direct pressure is often suf-
ficient, but occasionally a more sophisticated 
approach is required. Any pre-hospital or ED 
technique may only be temporising. Still, it may 
allow the patient to survive until a more defini-

tive procedure is possible and should not delay 
transfer to definitive care. Competence in mas-
sive haemorrhage control is an essential skill for 
all staff involved in providing trauma care, 
whether in hospital or pre-hospital. While pre-
hospital clinicians are more likely to encounter 
patients with injuries requiring these interven-
tions, patients may self- present with catastrophic 
injuries at emergency departments or clinics. 
The majority of skills are easily teachable for the 
most part and require little in the way of medical 
knowledge. This is best demonstrated by the 
proliferation and success of programmes such as 
the “Stop the bleed” campaign [21] and Public 
Access and Tourniquet Training Study [118] in 
the USA, and may potentially save many lives. 
These courses are both effective and well 
regarded by attendees [119] but do require top-
up training to maintain competence. The dra-
matic drop in patients who died of treatable 
injuries in military theatres of operations is also 
another testament to the importance, practicality 
and ease of learning of how to implement these 
vital skills in trauma care [120] outside of the 
direct supervision of medical personnel. The 
number of devices and treatments available and 
in development for the treatment of massive 
haemorrhage is increasing. Hopefully, it will 
decrease the number of preventable deaths from 
junctional and non-compressible haemorrhage 
further still.

While several dramatic interventions come 
under the umbrella of massive haemorrhage con-
trol, there are diminishing returns in success rates 
for increasingly invasive procedures. There is a 
great deal of debate and many publications, 
courses and simulations dedicated to these inter-
ventions in this population. However, increased 
attention to improving the application of more 
rudimentary haemorrhage control methods may 
obviate the need for some of them. By acting 
early enough and aggressively enough with 
haemorrhage control and minimising scene 
times, patients may never require interventions 
such as REBOA or a resuscitative thoracotomy. 
Some injuries and circumstances may require 
these interventions promptly; however, they are 
the minority of cases rather than the majority and 
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should only be undertaken when there is a realis-
tic prospect of patient benefit [121].

Questions and Answers
What are the two major types of 
haemorrhage?

Answer: compressible and non-compressible
What bleeding might be halted by tourni-

quet application?
Answer: limb/extremity bleeding
What is the initial treatment of any 

bleeding?
Answer: direct pressure
What is the maximum timescale in which 

thoracotomy could be considered?
Answer: within 10 minutes of arrest
What location of bleeding might REBOA 

manage?
Answer: junctional, pelvic or abdominal
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 Introduction

In many life support courses, “ABC” manage-
ment emphasises the importance of airway man-
agement early, and in the MABCD sequence it is 
only trumped by the need for immediate control 
of life-threatening haemorrhage. If the patient 
does not have a patent airway of one description 
or another, hypoxia and cardiac arrest will ensue 

regardless of the presence or absence of other 
injuries.

Few subjects in trauma will raise as much 
debate as airway management and Rapid 
Sequence Induction (RSI)—who should be doing 
it, where, when, choice of drugs and equipment, 
checklists, use of cricoid pressure and the relative 
merits and drawbacks of video laryngoscopes 
versus standard laryngoscopes have all been 
debated ad nauseam. What follows is an over-
view of some of the fundamental principles, con-
troversies and a set of recommendations that are 
as evidence-based as possible. The majority of 
manoeuvres outlined in this chapter can be per-
formed on patients without drug administration if 
they are obtunded.

There will no doubt be disagreement or diver-
gence from some of the material contained in these 
chapters, but those issues are largely for clinicians 
with advanced airway experience who may have 
increased personal or institutional familiarity with 
certain techniques. The bottom line is that a large 
amount of decision-making around the “best” 
method or technique of airway management is 
subjective, and depends on the balance of risk to 
the patient, their location, the skill of the individ-
ual operator and prevalent team dynamics [1].

The fundamental guiding principle at all 
points should be that oxygenation is the ultimate 
end goal and fixation on one particular method of 
achieving that goal by dismissing all others is 
likely to be harmful. There is not a minimum 
required concentration of plastic in the airway 
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that is necessary for life, however there is a mini-
mum oxygen requirement in the blood!

 The Case Against Intubation

While it is easy for practitioners of all levels to 
become focused on intubation as the only method 
for airway management in trauma patients (and 
indeed it does have its benefits), it is not a risk- 
free procedure and should not be undertaken 
lightly.

Intubation is a skill with a learning curve in its 
acquisition and requires a degree of regular expo-
sure to maintain competency. Exact case num-
bers for both acquisition and retention of skills 
are the subject of much debate [2–10] which is 
not helped by the lack of a clear consensus of 
what an acceptable rate of success should be. The 
minimum numbers suggested in the aforemen-
tioned papers range from 16 to 75 intubations to 
learn the skill, with “acceptable” success rates 
ranging from 71% to 90%. Whether a failure rate 
of (at best) one in ten patients for a high-stakes 
intervention is an acceptable standard is a matter 
for individual and organisational debate.

There is at least some acknowledgement in the 
evidence that location plays a part in success; 
Wang et al. [10] demonstrated that in the well-lit, 
spacious and well-resourced environment of the 
operating theatre with optimum patient position-
ing, the probability of success is much higher 
than in pre-hospital or intensive care settings. 
Whether learning these skills in optimum condi-
tions translates to success in other environments 
is arguable. If intubation is learned in an operat-
ing theatre with skilled assistance, oversight and 
a perfect setup, is the practitioner likely to be 
competent enough to practice it in more demand-
ing settings without additional checks or train-
ing? Does this give a false sense of security or 
lack of appreciation for how demanding it can be 
to perform the same skill in a different environ-
ment, even for experienced clinicians? The period 
of transitioning from awake to anaesthetised or 
vice versa represents a period where the airway 
reflexes are not fully intact and the airway is 
unprotected, and large amounts of training and 
resources are invested to make it as safe as pos-

sible. In other, more remote areas with patients 
who are physiologically more obtunded, who 
may have a full stomach and when help may not 
be immediately available, the decision to intubate 
may be more appropriately couched in terms of 
“should we?” rather than “how should we?”.

All that has been mentioned thus far is the act 
of putting a tube in a hole; all of the other factors 
relating to improving outcomes around intuba-
tion such as providing adequate ventilation, post 
procedural care, adequacy of depth of anaesthe-
sia etc further complicate the answer. A 6 year 
retrospective review by Lockey et al. [11] of sur-
vival of London HEMS trauma patients who 
could be intubated without drugs found only 1 
survivor of 486 patients. This patient had a pen-
etrating chest wound with cardiac tamponade and 
on-scene thoracotomy, myocardial suturing and 
return of spontaneous circulation so is not repre-
sentative of the majority of trauma patients in the 
UK who require advanced airway management. 
The suggestion is that those patients who are 
likely to benefit most from intubation as the pri-
mary means of airway management in trauma 
need to be intubated early enough (i.e. those with 
a GCS greater than 3). This means the use of 
drug-assisted intubation rather than waiting until 
the patient’s airway reflexes are so blunted that 
they can be intubated without drugs. In the UK, 
the current NICE Quality Standards in Trauma 
[12] state as their first quality marker:

People with major trauma who cannot maintain 
their airway and/or ventilation have drug-assisted 
rapid sequence induction (RSI) of anaesthesia and 
intubation within 45 minutes of the initial call to 
the emergency services

This quality standard in conjunction with the 
evidence, logically leads to one of two courses of 
action; either take this capability closer to the 
point of injury (i.e. dedicated PHEM/HEMS 
teams) or move the patient to a location where 
they can have advanced airway management 
sooner. Depending on the incident location, the 
latter course of action may not be compatible 
with the drive to take seriously ill trauma patients 
to Major Trauma Centres (MTCs) directly. 
Though the extant guidelines do permit for “pit-
stopping” at Trauma Units for airway manage-
ment before onward transfer, this is usually 
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logistically complex, very time-consuming and 
delays presentation at the MTC.  If trauma net-
works are informed and regularly practiced in 
this procedure, then it is possible, though it cur-
rently tends to be the exception rather than the 
norm.

This therefore means that pre-hospital intuba-
tion for trauma should be a skill restricted to spe-
cialist practitioners who can provide anaesthesia 
in addition to intubation, but more importantly 
that intubation is not viewed as the only airway 
management option. This is also congruent with 
current guidelines on pre-hospital anaesthesia 
[13], with a strong emphasis on teaching and 
applying basic airway management skills well 
rather than focusing on an intervention which 
may only be possible without drugs in patients 
who, almost by definition, will not survive. Even 
in patients with a medical cause of cardiac arrest, 
intubation has not been proven to improve sur-
vival over other airway management techniques 
either in hospital [14] or in the pre-hospital [15, 
16] environment.

Regarding morbidity and mortality around 
drug-assisted airway management, current evi-
dence suggests that even a single, brief episode of 
hypotension in a patient with traumatic brain 
injury can worsen their neurological outcome 
[17], even if the intubation itself is successful. 
When the potentially deleterious side effects of 
positive pressure ventilation on hypovolaemic 
patients are considered, even in a technically per-
fect induction and intubation, there is still a sub-
sequent post-procedure risk of hypotension that 
may catch out the unwary.

To sum the evidence up for intubation of 
trauma patients so far, if the patient is so sick they 
can be intubated without drugs they likely won’t 
survive, unless they have a medical cause for 
their arrest before trauma (in which case intuba-
tion confers no additional survival advantage), 
and intubation with drugs if inexpertly performed 
may worsen neurological outcome if the patient 
is hypotensive for even a short period.

None of this is to say that trauma patients 
should not be intubated, but the emphasis on air-
way management should not be on intubation to 
the detriment of every other method. Airway 
management should not focus solely on the 

mechanical act of a procedure that involves put-
ting a tube in a hole. Dynamic risk assessment 
and risk: benefit analysis is by its nature highly 
subjective and changes on a case to case basis. 
However, there should be good training, stan-
dardisation, peer review and quality assurance 
processes in place for any organisation or practi-
tioner who may undertake this procedure. 
Intubation may be the wrong course of action in 
some cases and scenarios; the goal of any pro-
vider should always be adequacy of oxygenation 
and ventilation rather than focusing on the pres-
ence or absence of a plastic tube between the 
vocal cords.

 Why Manage the Airway?

Airway compromise in the trauma situation can 
occur from a variety of causes; irrespective of 
pathology, actual or impending airway obstruc-
tion requires prompt management or patient dete-
rioration and death will ensue.

All injuries above the level of the clavicles can 
potentially lead to airway compromise due to dis-
ruption of the airway itself. This may be from 
actual or impending swelling, soiling from blood 
or reduction in conscious level and consequent 
failure of protective airway reflexes. Obviously, 
these are factors commonly leading to loss of an 
airway in a matter of minutes, not hours. 
Therefore, this will affect the decisions made in 
how to manage the airway in the pre-hospital 
environment, as well as in hospital practice.

Trauma airway management can be a mine-
field, but practitioners must try to encourage not 
just a patient-centric process but an approach that 
considers the environment the patient occupies. 
In summary, an airway may need to be managed 
in the following situations:

• A primary airway compromise due to an 
injury

• A likely future airway compromise due to the 
expected course of other injuries sustained 
(e.g. head or chest injury with inadequate oxy-
genation and ventilation).

• As part of a treatment bundle to improve out-
comes e.g. in head injury.
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• To provide anaesthesia which allows for surgi-
cal procedures e.g. amputation.
To provide a more stable situation in which to 

assess, treat or transfer a patient.
• 

Once again, the management of a situation 
will depend on the individual clinician’s skillset 
and confidence in managing advanced airway 
and sedation techniques.

 Airway Management Philosophy

As mentioned in the opening of this chapter, air-
way management does not always mandate intu-
bation. When planning how to manage a patient’s 
airway, the following questions must be asked:

• What would a perfect outcome look like?
• What would an acceptable outcome be?
• What would be the worst-case scenario?
• How likely are any of these things to occur 

and what mitigations can be put in place to 
affect them?

• How quickly and where does all this need to 
happen?

Good airway management begins before even 
encountering a patient. Each organisation and 
practitioner should have formal standardised 
operating procedures (SOPs) in place, and staff 
should be appropriately trained and qualified. 
The governance around airway management is an 
area that is probably not emphasised as often as it 
should be, though it is often scrutinised after-
wards during investigations for bad outcomes. 
While there is a leadership and organisational 
responsibility to ensure an agreed and high level 
of practice, it is also each individual’s responsi-
bility to ensure they are adequately trained and 
prepared to undertake any work for which they 
may be tasked. While certain procedures such as 
surgical airways may never be used in a practitio-
ner’s career, they should always be trained for. 
Practitioners should be able to perform these rare 
procedures and know what equipment to use and 
procedure to follow. Performing an emergency 
procedure for the first time will always be stress-

ful, but practitioners can minimise this stress by 
ensuring they are well-drilled as an individual 
and as a team.

While there are several different levels of pro-
fessional expertise and roles within those who 
interact with patients, training should be comple-
mentary between levels. A senior practitioner 
should know what a more junior team member is 
capable of and what their limits are, and the cor-
ollary is also true. Junior members of the team 
may not be able to perform advanced interven-
tions but should be able to know when they are 
indicated, how to summon help in a timely fash-
ion, and how to make interventions easier (e.g. 
positioning and exposing a patient prior to the 
next tier of care arriving, setting up equipment 
etc). A bonus would be if they are able to assist in 
the intervention, though this would also require 
further standardised training. For some practitio-
ners, certain interventions may be taught in a dif-
ferent order, or options omitted due to local 
working practices, locations or patient groups. 
For example, in recent conflicts in Iraq and 
Afghanistan, Combat Medical Technicians and 
General Duty (non-specialist) Medical Officers 
were taught to perform surgical airways. When 
needed, the intervention was required faster than 
most specialised medical teams could get to 
patients. Due to patterns of injury, the need for 
surgical airways was found to be approximately 
twice that in civilian practice [18], but the perfor-
mance of these interventions by non-doctor and 
junior doctor staff was safe and effective with a 
92% success rate [19]. Emergency anaesthesia 
and intubation was not an option in these cases, 
but performance of a surgical cricothyroidotomy 
is the same final end procedure regardless of the 
preceding failed technique. Surgical airways are 
a relatively simple technique to teach and use 
when indicated, however there is a large degree 
of anxiety over their use as they are often seen as 
a “failed” airway rather than a successful one.

 Team Composition

In both hospitals and the pre-hospital environ-
ment it is rare that the same team will work 
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together consistently. In the UK, junior doctors 
may rotate hospitals, PHEM schemes or depart-
ments every 6 months (or more frequently in 
some cases); an average paramedic crew may 
only see major trauma once a year so will be 
unlikely to work with the same PHEM team con-
sistently. Even HEMS crews may rotate between 
different bases or platforms and not work with 
the same individuals consistently. All these issues 
combined, mean that SOPs and repeated simula-
tion, feedback and adaptation, from both 
 simulation and real-world cases, should be inte-
gral to airway management.

The below should be the basis for managing a 
patient, with escalation up the basic airway lad-
der (Fig. 7.1) balanced against providing the nec-
essary standard in a fashion that minimises risk 
as much as possible. The decision to move fur-
ther up the ladder should be based against the 
risks inherent in doing so, and the benefits to be 
gained. It may be that although current airway 
management isn’t perfect, it is good enough, if 
adding to the complexity would increase risk to 
the patient based on the anticipated difficulty of 
the intended course of action.

 Initial Airway Management 
and Causes of Airway Compromise

 Diagnosing Airway Obstruction

In some cases, airway obstruction can be an 
obvious diagnosis if there are clear external 
signs such as severe facial or neck trauma. In 
other cases, signs of airway obstruction can ini-
tially be subtle and evolve over time without 
being picked up until almost complete obstruc-
tion occurs. At this point, airway management 
becomes much more difficult and there are 
potentially fewer options to choose from in a 
more pressured situation. For this reason, air-
way assessment has to be an active, interroga-
tive process in all trauma patients who have the 
potential to deteriorate.

If a patient arrives and is speaking normally, 
there may be no initial rush to perform any inter-
ventions as their airway reflexes are sufficiently 
intact and whatever trauma they have suffered 
has not (yet!) affected their airway. Signs which 
may indicate impending airway obstruction 
include:
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Surgical airway

Supraglottic airway

Airway adjuncts

Basic airway manoeuvres

Positioning and suction/drainage

Supplemental oxygen

Lack of rehearsed team/
   skilled assistance

Suboptimal patient access

Short distance to hospital

Likely difficult airway

       Ventilation failure not
responding to basic measures

Impending airway failure

   Severe injuries requiring
profound  analgesia/sedation

Likelihood of deterioration
        during transport

Fig. 7.1 The basic airway ladder and factors influencing decision to escalate
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Sounds
• Gurgling from air flow through accumulated 

fluids at any point in the middle or upper air-
way, e.g. blood, vomit, saliva or airway 
secretions.

• Coughing—any irritation of the airway will 
cause protective reflexes to try and clear the 
obstruction by coughing.

• Snoring—loss of upper airway tone and 
reflexes can cause posterior displacement of 
the tongue and partial obstruction of the air-
way. This has the potential to progress on to 
complete obstruction. This is more likely in 
patients with sleep apnoea or in the obese.

• Stridor—an inspiratory high-pitched noise 
indicating obstruction around the level of the 
larynx or trachea.

• Stertor—a similar sounding noise to stridor 
but occurring in expiration and due to obstruc-
tion in the naso- or oropharynx.

• Hoarse or high-pitched voice due to laryngeal 
trauma, inflammation or swelling.

• Wheeze or shortness of breath—this can be 
from lower airway obstruction due to asthma, 
cardiac failure or inhalational damage to lungs 
from chemicals or hot gases.

• Absence of sound—all the above rely on the 
passage of air through a partially or com-
pletely open airway. If the airway is com-
pletely obstructed then no sound will be 
present.

Visual
• Bracing/“tripod” position—in an attempt to 

generate increased intrathoracic pressures by 
using the strap muscles of the neck, patients 
may brace their arms on a surface or their 
knees.

• Abdominal/“see-saw” breathing—complete 
or severe airway obstruction may present with 
a breathing pattern where the abdomen moves 
outwards in expiration and inwards during 
inspiration with little or opposite movement of 
the chest.

• Swelling of the lips/tongue—may indicate 
anaphylaxis or another cause of impending 
airway obstruction.

• Swelling of the neck/submandibular space—
may indicate soft tissue infection or expansion 
of a haematoma from a bleeding vessel. May 
also indicate surgical emphysema (air accumu-
lating under the skin from a hole in the airway. 
Surgical emphysema feels crunchy under the 
skin, like feeling breakfast cereal through a 
plastic packet or putting a hand into fresh 
snow).

• Cyanosis—this blue discolouration of mucus 
membranes, lips and nailbeds is a very late 
sign and indicates a significant degree of 
hypoxia.

These symptoms and signs may occur in iso-
lation or concerto and may evolve over time. 
The key is to make an accurate baseline assess-
ment and then keep re-assessing to see if there is 
any departure from this and take action as 
needed. This may be either in the form of hand-
ing over concerns when the patient goes to the 
next level of care, or actively intervening to per-
form an airway manoeuvre to deal with an 
obstruction.

 Positioning, Basic Manoeuvres 
and C-Spine Injuries

Management of airways proceeds in a stepwise 
fashion and starts with patient assistance and 
positioning. In patients who have intact reflexes 
and have an airway obstruction due to a foreign 
body, they may be able to cough, and all that may 
be required is support or back blows to assist 
them expelling the obstruction. Patients with air-
way problems who do not have an impaired level 
of consciousness may put themselves in a posi-
tion of comfort that helps maintain an airway 
spontaneously, such as on their side or sitting up 
in the tripod position as described above. If there 
is no other reason to alter their position and lay 
them flat (supine), the patient is best served by 
leaving them in their chosen posture. Supine 
positioning may cause a partial airway obstruc-
tion to become a complete one as well as increas-
ing the work of breathing by putting the 
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diaphragm at a mechanical disadvantage. When 
supine, the weight of the abdominal organs 
pushes against the diaphragm, increasing the 
force needed for inspiration and decreasing func-
tional residual capacity of the lungs.

Other interventions which are sometimes seen 
as the hallmark of good trauma care, specifically 
application of a rigid cervical collar, may also 
worsen airway obstruction or increase work of 
breathing. Any decision about their application 
should be made on a case by case basis rather 
than a blanket rule for all patients. In the initial 
phases of resuscitation (and in certain situations 
as described in the tactical trauma chapter) the 
only possible airway manoeuvre in a semi- or 
unconscious patient may be to put them into a 
lateral or semi-prone position. The “recovery 
position” as taught in many first aid courses will 
allow the tongue to fall anterolaterally away from 
the posterior pharynx if airway reflexes are 
impaired. This is also true for any airway secre-
tions, blood or vomit that may be in the airway, 
utilising gravity-assisted drainage to keep the air-
way clear. As well as positioning, an inspection 
should be made of the airway to ensure there are 
no foreign bodies or liquids present that could be 
aspirated or cause choking. Suctioning under 
direct vision with a Yankauer sucker, or removal 
of foreign bodies with a laryngoscope and Magill 
forceps should be attempted where possible. 
Some organisations are suggesting that laryngos-
copy should be performed before LMA insertion 
to avoid the risk of displacing a foreign body fur-
ther down the airway. This is largely reactionary 
and based on a coroners Regulation 28 recom-
mendation following a case in London [20]. Any 
history of choking should alert the practitioner to 
the risk of a foreign body in the airway, and any 
problems with ventilation through an SGA 
should mean that they should be removed. 
Suspicion of a foreign body in the airway should 
mean an LMA should not be used until the for-
eign body has been removed or ruled out.

The first airway manoeuvres that are com-
monly taught are the head tilt/chin lift and the 
jaw thrust (see Fig. 7.2). Both manoeuvres deal 
with obstruction of the airway by the tongue and 
rely on the fact that the tongue is adherent to the 

mandible (lower jaw). By moving the mandible 
anteriorly and positioning the lower incisors 
anterior to the upper incisors, the posterior aspect 
of the tongue is moved anteriorly, and airway 
patency is restored. In the case of the jaw thrust, 
this is achieved by placing two fingers either side 
of the angle of the jaw and moving it anteriorly. 
For the head tilt/chin lift, the head is extended 
and one or two fingers placed under the chin to 
ensure the mandible is lifted, moving the tongue 
away from the posterior pharyngeal wall.

Historically, in trauma patients jaw thrust has 
been preferred over the head tilt/chin lift due to 
concerns in moving the neck of patients who 
have potentially sustained a cervical spine injury. 
This was reviewed by the International Liaison 
Committee on Resuscitation in 2005, who found 
that both jaw thrust and head tilt/chin lift created 
similar, substantial degrees of cervical spine 
movement [22]. This degree of movement was 
not decreased by cervical collar application [23], 
whereas the effect of manual in-line stabilisation 
(MILS) had contradictory evidence, with some 

Fig. 7.2 Jaw thrust and head tilt chin lift (from Prasarn 
et al. [21])
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studies showing decreased range of movement 
with MILS [24, 25] and others showing no differ-
ence in movement [26]. A more recent publica-
tion based on degrees of motion in a cadaveric 
model with a surgically created C1-2 instability 
advocated the use of jaw thrust overhead tilt chin 
lift in the first instance [21]. The underlying prin-
ciple remains the same no matter if cervical spine 
movement occurs with either method or not—
establishing and maintaining a patent airway 
always takes priority over minimising cervical 
spine movement in suspected or confirmed 
spinal injured patients.

Spinal cord injuries are dealt with in the dedi-
cated spinal chapter, but insofar as they affect 
perceptions around airway management, it is 
worth highlighting the excellent BJA editorial in 
2000 by McLeod and Calder [27] which debunks 
many myths in these patients. It is still mandatory 
reading for any practitioner who deals with air-
way management in trauma patients, 20 years 
after its original publication.

A more recent review highlighted that 50% of 
all spinal cord injuries occur in the cervical 
region [28] and the most injured vertebra in the 
neck is C5. However, the majority of movements 
that occur during basic and advanced airway 
manoeuvres are at the occipito-atlanto-axial 
complex (C1-2), with minimal movement below 
C3, even during direct laryngoscopy [27].

Spinal cord injuries can be described in the 
same way as brain injuries; primary (occurring 
at the moment of impact) or secondary (the sub-
sequent consequences of hypotension, hypoxia 
and impaired autoregulation). While compres-
sion of the spinal cord can and does cause injury, 
this is a primary injury before any airway inter-
ventions are attempted. Four main mechanisms 
of injury have been identified—impact plus per-
sistent compression (e.g. bone or intervertebral 
disc fragments), impact with transient compres-
sion for a few seconds or less, distraction injury, 
and laceration or transection of the cord [29, 
30]. If a spinal cord injury is due to the mechan-
ical disruption of the cord then symptoms will 
appear almost instantaneously, but if the symp-
toms evolve over a period of time then this is 
due to secondary injury. Chief amongst the 

causes of secondary injury are hypoxia and vas-
cular compromise of the cord, so maintaining an 
airway and good cord perfusion pressure (as 
well as urgent operative stabilisation) are key to 
minimising the extent of any neurological insult. 
For the avoidance of doubt, if moving the 
patient’s neck is essential to aid maintenance 
of an airway or to provide a view during 
laryngoscopy, the neck should be moved, but 
for the least amount of time and for the short-
est distance possible. The forces involved in 
laryngoscopy are also minor in comparison to 
the force required to fracture the neck and put 
the cord at risk in the first instance [31, 32]. Of 
note, the “protective” effect of MILS increases 
the forces required in direct laryngoscopy [33] 
and begs the question whether the application of 
MILS makes intubation safer or more risky. It 
should probably just act (predominantly) as a 
reminder to the person intubating, not to actively 
flex the neck and extend the head more than is 
absolutely necessary.

 Basic Airway Adjuncts

While basic manoeuvres like a jaw thrust will 
move the tongue out of the airway, there are other 
basic adjuncts that can be used in airway man-
agement. The two most commonly employed are 
the Guedel or oropharyngeal (OP) airway and the 
nasopharyngeal (NP) airway, as demonstrated in 
Figs. 7.3, 7.4 and 7.5. Guedel airways are sized 
by putting the plastic flange at the level of the 
incisors and looking to see if the curve of the air-

Fig. 7.3 Oropharyngeal (Guedel) airway in situ
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way is appropriately sized—the curve should ter-
minate just posterior to the angle of the jaw. Size 
2 or 3 airways fit most adults—each manufac-
turer uses different sizes, so referring to them by 
colours can cause confusion. Guedel airways are 
initially inserted into the airway upside down to 
avoid pushing the tongue posteriorly and 
obstructing the airway, then rotated 180° to sit in 
the correct anatomical position. To tolerate a 
Guedel the patient’s airway reflexes must be 
obtunded (either secondary to injury or drugs). In 
patients with intact reflexes, stimulation of the 
posterior pharynx by a Guedel will result in gag-
ging and potentially vomiting. If a patient toler-
ates a Guedel then this should start to raise the 
question whether they require intubation, where 
that should take place and by whom. This is not 
always the case, as some treatments may obviate 
the need for intubation. For example, if a patient 
with an opiate overdose has suppressed airway 
reflexes and tolerates a Guedel the next correct 
treatment would be administration of naloxone 

either intravenously, intransally or intramuscu-
larly. The rapid onset of the drug antagonises the 
effects of the opiates and restores the airway 
reflexes. Guedels can be useful as both a primary 
airway adjunct, and in intubated patients they can 
be used as a bite block to prevent patients biting 
and obstructing the ET tube if they suddenly 
wake from sedation.

The next most commonly used adjunct is the 
nasopharyngeal (NP) airway. Relatively (but not 
absolutely) contraindicated in basal skull frac-
tures and in patients with coagulopathy because 
of the risk of epistaxis, the NP airway is other-
wise well tolerated and can be used in patients 
who have intact airway reflexes. In patients who 
have signs of a basal skull fracture but who can-
not have their jaw opened, NP airways can still be 
carefully used. Size 6 airways are commonly 
used in women and size 7 in men. The nasophar-
ynx does not follow the angle of the nose, so NP 
airways should be lubricated with gel and inserted 
in a horizontal manner, parallel to the floor of the 
nasopharynx and aiming the tip towards the 
occiput. They should never be forced in; some 
patients may have a deviated septum so the NP 
may not fit down one nostril.

Suctioning of the airway can also be used in 
conjunction with positioning, or in isolation, to 
remove blood, secretions or vomit from the air-
way. In patients who are secured to a scoop 
stretcher or trauma board, they can be immedi-
ately turned 90° on their side if they vomit, and 
suction under direct vision performed. It is 
important to avoid inserting a hard Yankauer suc-
tion device blindly into the airway as it may cause 
trauma. Suction should be performed under direct 
vision wherever possible.

NP and OP airways can be used in conjunc-
tion, and this may make assisted ventilation with 
a bag-valve-mask (BVM) device easier. If BVM 
ventilation is performed at high pressure with 
poor airway opening, gastric distension with air 
can occur. This increases aspiration risk, and can 
potentially reduce venous return, resulting in 
decreased blood pressure, especially in paediatric 
resuscitation. Gastric distension can also cause 
diaphragmatic splinting and make it more diffi-

Fig. 7.4 Nasopharyngeal (NP) airway in situ

Fig. 7.5 Guedel and NP airways can be used together
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cult to ventilate the lungs; this usually leads to 
clinicians using more forceful ventilation which 
increases the risk of further gastric distension in a 
self-perpetuating cycle. Decompression of the 
stomach with a naso- or orogastric tube can be 
helpful in these patients.

 Supraglottic Airway Devices

The original supraglottic airway (SGA) device 
was the Laryngeal Mask Airway (LMA). It was 
designed to sit in the oropharynx, above the glot-
tic opening, using an inflatable cuff to hold soft 
tissues away from the channel through which the 
patient breathes. This allows a patent airway and 
either spontaneous or assisted ventilation without 
having to manually maintain airway patency. 
This revolutionised the administration of elective 
anaesthesia from the 1980s onwards [34, 35].

Since their introduction, various adaptations 
have been made to the basic design. Firstly a gas-
tric drainage port was incorporated to reduce the 
aspiration risk and allow insertion of a gastric 
tube should this be required. There have also 
been variations providing narrower, flexible, tub-
ing for intraoral surgery. They are available in a 
variety of sizes, including paediatric. The iGel is 
one of the most recent incarnations of the supra-
glottic airway. It has a preformed, non-inflatable, 
gel-like moulded end with a gastric channel. This 
reduces the steps required during insertion and 
also provides slightly increased protection to the 
glottic opening from refluxed gastric contents. 
However, it must be stressed that no commer-
cially available supraglottic device can be con-
sidered to completely protect the lower airways 
from soiling. Only a cuffed endotracheal tube can 
provide that level of protection.

The use of supraglottic airways in the pre- 
hospital setting has been controversial. As dis-
cussed earlier in this chapter, intubation without 
drugs does not confer any survival advantage 
over SGA use in medical cardiac arrest, and intu-
bation without drugs in trauma has an abysmal 
outcome. SGA’s have been used successfully by 
personnel who have not been trained in intuba-

tion, either as the primary airway when laryngeal 
reflexes have been sufficiently depressed, allow-
ing insertion without drugs, or where intubation 
attempts have failed [36–38]. The alternative in 
these cases would be basic airway manoeuvres 
and BVM ventilation. Use of SGA’s has been 
found to decrease aspiration risk compared to 
BVM ventilation in cardiac arrest in both pre-
hospital and hospital scenarios [39, 40], as well 
as being ergonomically easier to manage.

The question arises of whether drug-assisted 
use of SGA’s may be useful in certain scenarios 
with specifically trained individuals, for example 
SGA use after administering drugs to a trapped 
patient with a head injury or trismus without nec-
essary access to perform a rapid sequence induc-
tion and intubation.

The Faculty of Pre-Hospital Care brought 
together a group of stakeholders in 2014  in an 
attempt to provide guidance in this scenario. The 
resulting consensus statement on 
Pharmacologically Assisted Laryngeal Mask 
insertion (PALM) [41] has proved controversial. 
Despite the presence of the Royal College of 
Anaesthetists as part of the steering group, the 
RCoA felt unable to support the recommenda-
tions made by other parties. The consensus state-
ment makes it clear that if considered, PALM 
should not be seen as an alternative to RSI and 
should only be performed by senior clinicians in 
rare and extreme circumstances. The consensus 
statement does not recommend specific drugs to 
facilitate PALM, but mentions ketamine and mid-
azolam either as sole agents or in isolation. SGA 
insertion with agents other than propofol is more 
difficult as propofol depresses laryngeal reflexes 
profoundly. One study found that to obtain the 
laryngeal suppression that is equivalent to 
2.5 mg/kg of propofol, a dose of 7 mg/kg thio-
pentone would be required [42]. Specific studies 
of propofol vs ketamine and/or midazolam as 
advocated in the guidelines have not been com-
pleted, but anecdotally SGA insertion with agents 
other than propofol (in elective anaesthesia at 
least) is incredibly difficult. Ketamine is usually 
chosen for sedation in pre-hospital care specifi-
cally because it preserves airway reflexes better 
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than other agents, so its use in this particular 
patient cohort for this indication seems counter-
intuitive. PALM has not found many proponents 
since its inception, and notably was not included 
as a suggested technique in the 2017 AAGBI 
guidelines on safter pre-hospital anaesthesia. It is 
a technique which would only rarely be required 
and appropriate, and as such the decision to use it 
should rest with individual clinicians and backed 
up with robust governance procedures rather than 
as a blanket recommendation.

Patients who have sufficient airway reflex sup-
pression to tolerate oropharyngeal airways may 
tolerate SGA’s, and insertion and ventilation via 
an SGA has a higher success rate than BVM ven-
tilation with a Guedel airway [43]. SGA’s have 
their place as a rescue device or as a temporising 
measure and occasionally as the primary airway 
device. Overall, SGA’s are useful adjuncts, but it 
must be remembered that they are not a definitive 
airway.

 Surgical Airways/Emergency Front 
of Neck Access (eFONA)

As previously mentioned, the mechanics of per-
forming a surgical airway are relatively straight-
forward, however the decision-making around 
the procedure may build it up into something to 
be feared or viewed as a failure if performed 
[44]. This is not true—while the need for surgi-
cal airways is rare in civilian practice, when they 
are required and performed correctly, they are 
lifesaving procedures. They are included in the 
fundamental airway management section pur-
posefully, as they can safely be performed by 
non-anaesthetic staff with appropriate training 
[19, 45]. The only truly failed airway is one 
where a surgical airway was indicated but not 
even attempted.

 Cannula and Seldinger Techniques

These techniques are no longer routinely advo-
cated. Traditionally, the use of needle cricothy-
roidotomy to allow emergency oxygenation was 

recommended as a first line technique, possibly 
reflecting anxiety around surgical techniques by 
non-surgeons. However, in the NAP 4 project, 
needle cricothyroidotomy had a 63% failure rate 
due to device misplacement, kinking or discon-
nection from the ventilating device [46]. The type 
of device attached to the needle and the type of 
needle itself are also important. A review of pre- 
hospital needle ventilation vs surgical airways 
found that the low-pressure systems set up in pre- 
hospital care became inadequate for ventilation 
within 60 s of insertion [47]. When jet ventilation 
is performed in hospital, specific high pressure 
ventilators such as the Sanders injector or 
Manujet are used, along with either a rigid bron-
choscope or specific cannula designed to cope 
with high pressure rather than a standard intrave-
nous cannula [48]. These jet devices and cannu-
lae are not commonly available either pre-hospital 
or in the vast majority of emergency departments 
where a “Can’t Intubate, Can’t Oxygenate” 
(CICO) situation may occur in trauma airway 
management. For these reasons, needle cricothy-
roidotomy in adults has largely fallen out of prac-
tice in the context of emergency airway 
management in the UK. It has been replaced with 
surgical methods as a first line approach [49]. 
The situation in paediatrics is different, as the 
smaller airways in children mean that a surgical 
procedure is inherently more difficult. While cur-
rent guidelines advocate needle cricothyroidot-
omy in children under 8 years [50], the broader 
picture is to avoid getting into the situation where 
one would be needed in the first instance, by 
doing the basics well. The threshold for increas-
ingly complex intervention in paediatric airway 
management should be very high, and appropri-
ately senior paediatric anaesthetic and ENT 
assistance should be sought whenever possible.

There are kits which will allow a Seldinger 
technique to be used to perform a cricothyroid-
otomy (e.g. Melker). While some cadaveric and 
manikin studies have suggested that familiarity 
with the Seldinger technique amongst anaesthe-
tists may translate to increased success and 
shorter time to ventilation [51–53], this has not 
translated to significant difference in real-world 
applications [54–56]. There is also a significantly 
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higher failure rate and longer placement time 
when Seldinger-based techniques are compared 
to surgical techniques, for providers with limited 
previous experience with either [57–59]. Most 
studies comparing methods have been cadaver or 
manikin based, which may fail to replicate some 
of the situational degradation in performance 
when this procedure is required on a live patient. 
The Seldinger technique relies on an initial nee-
dle puncture, threading a small guidewire through 
a needle, threading a dilator over the guidewire 
and finally threading the airway over the guide-
wire. Even in these cadaveric and manikin stud-
ies, steps have been omitted, guidewires have 
kinked making dilation difficult, and false pas-
sages have been created because of difficulties 
assessing needle placement. When considering 
how fine motor skills can degrade under stress 
[60–62], advocating a technique which involves 
more steps in total, with a higher requirement for 
fine motor skills and more opportunities for fail-
ure does not seem appropriate.

 Surgical Techniques

The two principal methods of surgically accessing 
the airway are via tracheostomy or cricothyroid-
otomy. Tracheostomy is a longer procedure that 
can be performed by an open surgical approach or 
with a percutaneous kit and a modified Seldinger 
technique. The Seldinger method is common in 
intensive care when tracheostomies are placed 
electively for weaning in patients already intu-
bated and with favourable anatomy. This is a pro-
cedure which is planned for and made as safe as 
possible with bronchoscopy through the ET tube. 
The many steps involved, and time taken is rarely 
appropriate or feasible in an emergency situation. 
Surgical tracheostomies for emergency airway 
management occasionally happen in hospital 
practice. These are largely due to infections or 
swelling making the upper airway inaccessible, 
such as epiglottitis or severe submandibular infec-
tions, rather than following trauma. Typically, 
they are performed by senior ENT or maxillofa-
cial surgeons under local anaesthetic, with senior 
anaesthetic staff assisting (and occasionally pro-

viding some light sedation). The acute airway 
issue in these instances is usually the only pathol-
ogy that the patient has, which means that factors 
such as patient positioning or compliance (which 
may be an issue in trauma) are less likely to be 
problematic. Surgical tracheostomy also involves 
direct visualisation of the trachea following sharp 
and blunt dissection along with haemostasis, in a 
surgically deeper area of the neck than the crico-
thyroid. It is a technically complex procedure that 
requires advanced anatomical knowledge of neck 
and thoracic structures in health as well as dis-
ease, in addition to a reasonable amount of surgi-
cal skill. For these reasons, it is a technique 
restricted to specifically trained surgeons.

Cricothyroidotomy, on the other hand, is a less 
complex procedure which can be taught rela-
tively easily to both airway-competent and 
airway- naïve practitioners [63]. In an emergency, 
prominent anatomical landmarks are used (see 
Fig. 7.5). If there is time, adequate resources and 
a high risk of needing to perform a surgical air-
way (a so-called “surgically inevitable” airway 
[49]), ultrasound identification of the cricothy-
roid, and skin marking may be appropriate [64].

Surgical cricothyroidotomy is an emergency 
procedure that can be performed with a minimum 
amount of equipment (ideally a scalpel, artery 
forceps and a bougie) in an emergency. A demon-
stration of the anatomy relevant to this is tech-
nique is seen in Fig.  7.6. The cricothyroid 
membrane is bounded superiorly by the thyroid 
cartilage and by the cricoid cartilage inferiorly. 
These two cartilages form the palpable promi-
nences used to identify the borders of the crico-
thyroid membrane, and provide a degree of 
protection by helping to prevent over- extending 
incisions too laterally and causing damage to the 
major vascular structures in the neck (i.e. the 
carotid artery and internal jugular vein). In most 
people, the cricothyroid membrane is directly pal-
pable, however in the obese population the land-
marks may not be as obvious. In these cases, a 
vertical incision in the midline of the neck should 
be made to expose the cricothyroid membrane, or 
at least make it palpable. At this point, the proce-
dure is undertaken in the same manner as if the 
vertical incision had not been made.
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 1. Identify the cricothyroid membrane
 2. Make a single stab incision through the skin 

and cricothyroid with the scalpel held in a 
transverse orientation, and the incision 
extended to the lateral border of the 
cricothyroid.

 3. Twist the scalpel 180° and extend the incision 
to the other lateral border of the cricothyroid.

 4. Slide the artery forceps either side of the blade 
of the scalpel and open them to maintain the 
tract between the skin and the airway

 5. Insert a bougie angulated towards the feet at a 
30–45° angle into the airway

 6. Railroad a size 5 or 6 ET tube over the bougie 
and inflate the cuff when it is inside the 
trachea

 7. Remove the bougie and confirm effective ven-
tilation by end tidal CO2 measurement.

This is a mechanically simple procedure but 
the biggest delay when these cases are reviewed 
appears to be related to making the decision to 
perform it. This is why tools such as the Vortex 
approach and DAS guidelines (see following 
chapter) are useful as they emphasise surgical 
airways as the final step in CICO situations.

[External Video—https://www.youtube.com/
watch?v=B8I1t1HlUac&t=276s]

Surgical Cricothyroidotomy technique

 Conclusion

Trauma airway management is not all about intu-
bations (though it may seem so). The myriad of 
methods taught to introduce a plastic tube into 
the airway are useful to know, but the bigger pic-
ture must not be forgotten. Oxygenation must 
always be the primary goal, and if the current 
management strategy is working, then any esca-
lation from that point must be subject to a patient 
and situation specific risk assessment. Oftentimes, 
basics done well will obviate the need for 
advanced interventions in suboptimal conditions, 
or allow transport to a facility with more help and 
a higher chance of success.

Familiarity with the equipment, and its use, is 
essential in basic airway management. Simulation 
training and supervised clinical scenarios is an 
important part of training for all trauma practitio-
ners. This reduces the possibility of a misplaced 
intervention worsening the situation. Well- 
practised technical skills, along with checklists, 
aid the clinician in maintaining situational aware-
ness by reducing cognitive load.

Most importantly, getting the basics right first 
time can avoid the requirement for advanced air-
way manoeuvres and the complications that may 
arise from these.

C3

C4

C6

T2/3

Vertebral levels

Hyoid

Carotid bifurcation

Thyroid notch

Thyroid cartilage
Cricothyroid ligament

Cricoid cartilage

Cricotracheal ligament

Isthmus of thyroid

Suprasternal notch

Fig. 7.6 Anatomy of 
the cricoid and trachea 
with corresponding 
vertebral levels on the 
left. 
Cricothyroidotomies are 
inserted via the 
cricothyroid membrane 
(aka cricothyroid 
ligament) and 
tracheotomies are 
inserted into the trachea, 
inferior to the cricoid 
cartilage (from Ellis and 
Mahadevan [65])
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Questions
 1. The fundamental principle of airway manage-

ment in trauma patients is:
 (a) Adequate CO2 control
 (b) Adequate oxygenation
 (c) Avoidance of C-spine movement
 (d) Minimising aspiration risk
 (e) Intubating as many people as possible

 2. Trauma patients who can be intubated without 
drugs have an overall survival of:

 (a) 0–5%
 (b) 5–10%
 (c) 10–20%
 (d) 30–40%
 (e) >40%

 3. In patients with actual or suspected cervical 
spine injuries, airway manoeuvres:

 (a) Should never be undertaken
 (b) Should only be attempted after a cervical 

collar and three-point immobilisation has 
been applied

 (c) Should be used for normal indications 
and only move the neck as much as 
needed to ensure airway patency

 (d) Should only be undertaken by doctors
 (e) Have been shown to worsen outcomes 

from neurological injuries

 4. In patients who require a surgical airway:
 (a) Tracheostomy should be the first course 

of action
 (b) Needle cricothyroidotomy is the gold 

standard intervention
 (c) Surgical cricothyroidotomy should only 

be performed by anaesthetic or surgical 
medical practitioners

 (d) Surgical airways should only be consid-
ered after trying and failing every other 
method to secure the airway

 (e) Surgical cricothyroidotomy performed by 
appropriately trained non-doctors and 
junior doctors has over a 90% success 
rate.

 5. The use of Pharmacollogically Assisted 
Laryngeal Mask airways in pre-hospital care 
can be considered an alternative to rapid 
sequence induction and intubation.

 (a) True
 (b) False

Answers:

 1. b
 2. a
 3. c
 4. e
 5. b
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Management

Jonathan Veitch, Peter Lax, and Neil Roy

 Introduction

Multiple and severe injuries will require analge-
sia, commonly with strong opiates or ketamine. 
Treatments including splinting of limbs and 
reductions of fractures can cause significant pain 
initially. These procedures will require analgesia, 
occasionally combined with sedation, and in nor-
mal circumstances the potential side effects of 
these drugs can include unwanted over-sedation 
and reduction in respiratory effort which may 
also require airway management. Those patients 
with cardiovascular instability, or head injuries, 
are more likely to suffer these effects and thereby 
require assistance in oxygenation and ventilation. 
Planning airway management in conjunction 
with providing good analgesia and sedation is of 
paramount importance.

While any practitioner should be able to per-
form basic airway assessment and management, 
as outlined in the fundamentals of airway man-
agement chapter, the use of drugs to facilitate air-
way management is currently a skill restricted to 
doctors, both in pre- hospital and hospital practice 
in the UK.  Other countries have expanded the 
skill of pre-hospital RSI into paramedic practice.

Trauma airway management and the decision- 
making process around this also need to include 
situations where the airway itself is not the pri-
mary issue. Some of these factors are outlined in 
Fig.  8.1. Careful control of ventilation may be 
required in the immediate care of the head injured 
patient to maintain a normal carbon dioxide 

J. Veitch 
Department of Anaesthesia, Nottingham University 
Teaching Hospitals NHS Trust, Nottinghamshire, UK 

212 Field Hospital (reserves), Sheffield, UK 
e-mail: jveitch@doctors.org.uk 

P. Lax (*) 
Tactical Medical Wing, Royal Air Force,  
Brize Norton, Oxfordshire, UK

The Air Ambulance Service (TAAS), Rugby, 
Warwickshire, UK
e-mail: p.lax@NHS.net 

N. Roy 
Department of Anaesthesia and Critical Care 
Medicine, Leeds General Infirmary, Leeds, UK
e-mail: neil.roy@nhs.net

8

• Advanced airway assessment
• Decision making in the pre-hospital set-

ting
• Rapid sequence induction of anaesthe-

sia
• Pharmacology of commonly used 

anaesthetic agents
• The planning and management of the 

difficult airway
• Overview of analgesia and sedation in 

transfer

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83628-3_8&domain=pdf
https://doi.org/10.1007/978-3-030-83628-3_8#DOI
mailto:jveitch@doctors.org.uk
mailto:p.lax@NHS.net
mailto:neil.roy@nhs.net


114

concentration in the blood and attempt to reduce 
intracerebral pressure. The most effective way of 
doing this in patients with a reduced conscious 
level is intubation and mechanical ventilation. 
The focus should not just be on putting a plastic 
tube in a hole, but also appropriate post- procedure 
sedation and anaesthesia. In patients with head 
injury, a single episode of hypotension can dou-
ble mortality [1]. Hypoxia can also substantially 
worsen outcomes [2, 3] and the combined effects 
of hypoxia and hypotension together in these 
patients are synergistic rather than merely addi-
tive [4]. Decision- making around RSI should 
take into account logistical and human factors, as 
well as technical and pharmacological ones. It 
should also include plans for further management 
of the patient once the airway has been secured.

Along with the requirement for analgesia, the 
severity of injury itself may require sedation (or 
anaesthesia) of a patient on humanitarian grounds 
or on the basis of anticipated clinical course. 
Extraction from the site of injury to a medical 
centre will require transport by road or air, which 
inevitably causes discomfort to some extent. 

Rendering a patient unconscious for transport 
reduces their pain and distress, whilst removing 
the opportunity for the patient to become agitated 
during transfer.

This leads on to discussion on how to manage 
a patient who is already agitated and requires 
transfer for definitive care. This may be due to 
pre-injury reasons: intoxication, drugs, mental 
health issues, or due to head or other injuries sus-
tained in the incident. Many will require some 
conscious sedation to enable assessment or treat-
ment, and following this, a subset will require 
further anaesthesia and intubation. This is further 
covered in the sedation and field amputation 
chapter later in this textbook.

By now it is clear that the management of the 
trauma airway holds many caveats and the deci-
sion making can be both complex and nuanced. It 
can also be a significant distraction to the ongo-
ing care of a multiply injured person. Without a 
secure airway, a clinician may be required to 
repeatedly reassess the airway or even tie up 
valuable personnel to maintain basic airway 
manoeuvres. With this in mind, safe intubation 

Fig. 8.1 Decision- 
making factors affecting 
intubation, most 
important factors are 
central and then 
subsequent decision s 
radiate from this
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and sedation can free up the clinician’s ability to 
manage the patient in their entirety, along with 
providing time to consider the non-clinical situa-
tion or the care of other casualties.

 Airway Anatomy

The airway extends from the lips to the alveoli, 
but in the context of most management strategies, 
the areas of interest are from the mouth or nose to 
the trachea. Classically, the airway has been 
described as upper and lower, with the demarca-
tion between the two being set at the level of the 
vocal cords, however there is now some interest in 
the concept of a “middle airway” [5]. This divides 
the airway into upper (nose to larynx), middle 
(larynx and trachea) and lower (bronchi and 
lungs) and may be of use when describing specific 
pathologies and symptoms. In health, the tongue 
and soft tissues of the upper airway are held open 
by muscular tone. Reflexes will detect the pres-
ence of foreign bodies or liquids and cause cough-
ing to remove the obstruction. During trauma or 
after administration of some drugs, these reflexes 
and muscle tone may become diminished, and the 
soft tissues of the upper airway can fall back and 
cause obstruction. This can occur more readily in 
patients with sleep apnoea who can benefit from 
airway stabilisation with CPAP [6].

It is worth considering why intubation may be 
anatomically difficult. The fundamental princi-
ples that make obtaining a good view of the lar-
ynx during intubation are that light travels in a 
straight line, but the airway is curved. Ideas for 
optimising positioning for direct laryngoscopy 
were first discussed as far back as 1852, but it 
was not until 1936 that Magill formally described 
the “sniffing the morning air” position that is still 
taught today [7]. This was followed in 1944 by 
Bannister and Macbeth proposing the Three Axis 
Alignment Theory [8] which outlined the prob-
lem of having three distinct axes (oral, pharyn-
geal and laryngeal) that must be aligned to 
directly visualise the vocal cords. Magill’s posi-
tion aligned these axes well and explains why 
this position persists today.

When considering the use of direct laryngos-
copy for intubation, positioning of the patient is 

paramount in order to create a direct line of sight 
through the patient’s mouth, past the oropharynx 
to the glottic opening. The following diagrams 
demonstrate the line of sight in a neutral head 
position (Fig. 8.2) and a traditional “sniffing the 
morning air” position (Fig. 8.3).

There are many confounding factors that will 
interfere in gaining a direct view of the larynx, 
but it should be remembered that maintaining air-
way patency and oxygenation, with either basic 
airway adjuncts or supraglottic airways (SGAs), 
does not require a view of the larynx, nor align-
ment of these axes.

A great deal of time has been spent trying to 
predict the difficult airway using a variety of 

ORAL AXIS

PHARYNGEAL AXIS

LARYNGEAL AXIS

Fig. 8.2 Axial lines of sight in the neutral position. 
Courtesy of Dr Christine Whitten MD (www.airwayjedi.
com)

ORAL AXIS
PHARYNGEAL AXIS

LARYNGEAL AXIS

Fig. 8.3 Axial alignment in the sniffing position with the 
head extended. Courtesy of Dr Christine Whitten MD 
(www.airwayjedi.com)
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measurements and observations [9], however all 
of the discussion surrounding this has been car-
ried out in the elective anaesthetic setting. In the 
field of pre-hospital (and occasionally in- 
hospital) trauma care, a full assessment is not 
possible and should not necessarily be attempted. 
It would be advisable to consider every trauma 
intubation as potentially a difficult airway and 
prepare accordingly. The predictors of difficult 
intubation that have been described (see 
Table 8.1) all predict difficulty in accessing the 
upper airway to the transition point at the level of 
the vocal cords.

In cases where there is direct laryngeal, tra-
cheal or bronchial trauma, it may still be rela-
tively easy to visualise the vocal cords, but trauma 
distal to them can still catch out the unwary. The 
larynx and cervical trachea can be injured by 
both blunt and penetrating mechanisms. In pene-
trating trauma, death is usually related to exsan-
guination from associated vascular injuries, 
rather than airway failure itself (though massive 
aspiration of blood causes significant mortality) 

[10]. Blunt injuries to the chest such as those sus-
tained in vehicle collisions can cause vertical 
tears in the membranous part of the trachea or 
bronchi, usually (but not always) within 2.5 cm 
of the carina [11, 12]. Initial laryngoscopy may 
be easy but the passage of the tube distal to the 
cords and positive pressure ventilation may be 
impossible, or indeed may create a false passage 
if the false lumen of an airway tear is intubated 
inadvertently. Securing the airway distal to the 
defect is the correct course of action, but in inju-
ries involving the cricothyroid or larynx, emer-
gency tracheostomy inferior to this point may be 
the only option. Visualisation of the airway with 
a fibreoptic scope is necessary in these cases, 
using a smaller than normal ET tube (e.g. 
6.0  mm). Many papers advocate induction of 
anaesthesia with volatile agents and a spontane-
ously breathing technique where possible [10, 
13, 14]. Neuromuscular blockers should be 
avoided until the airway is secured, as loss of 
tone may cause complete collapse of an airway 
transection held open by accessory musculature. 

Table 8.1 Airway assessment tools with areas that may give rise to difficulty (after CCAM website https://www.ccam.
net.au/handbook/plan- a/)

Column Potential difficulties Assessment tools Potential solutions
Posterior (spine and 
atlanto-occiptial 
joint)

● Cervical collar/MILS
●  Halo application/fused 

neck
● Ankylosing Spondylitis
● Rheumatoid arthritis

● Range of neck flexion/
extension

●  Videolaryngoscope ± 
hyperangulated blade

● McCoy blade
● Fibreoptic scope
● Intubating SGA

Middle (airway) ●  Foreign body (e.g. 
teeth)

● Epiglottitis
● Airway tumour

●  History and examination 
findings

●  Nasendoscopy (many not 
be possible in trauma)

●  Imaging with CT or MRI 
if possible (rare in trauma)

●  Standard Macintosh 
laryngoscope blade

● Videolaryngoscope
●  McGill’s forceps for foreign 

body
● Fibreoptic scope
●  SGA with fibreoptic scope and 

Aintree exchange catheter
Anterior (soft 
tissues)

●  Decreased volume of 
anterior triangle

–  Syndromes with 
micrognathia or 
macroglossia

●  Decreased compliance 
of tissue

– Expanding haematoma
– Post-radiotherapy
–  Infection (e.g. Ludwig’s 

angina)
● Protruding incisors
● Large tongue

● Short thyromental 
distance
● Impaired mouth opening
● Overbite
●  Inability to protrude 

mandible anterior to 
maxilla

● Mallampati score

● Videoscope
●  Fibreoptic scope with nasal 

intubation
●  SGA with fibreoptic scope and 

Aintree exchange catheter
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This was further reinforced in a systematic review 
by Mercer et al. in 2016 [15]. The nature of this 
injury and required specialist equipment, added 
to pre-hospital airway management being inher-
ently more demanding, should raise the threshold 
for intervention in this environment for these 
injuries.

Two excellent articles by Greenland [16, 17] 
further describe a model explaining why there are 
difficulties in intubation. It considers curves, axes 
and complexes in the airway, and how they are 
affected by static positioning before intubation, 
and the dynamic movements during intubation. 
The model describes a posterior complex (the 
atlanto-occipital joint and spine), middle com-
plex (the airway itself) and an anterior complex 
(soft tissues in the submandibular space includ-
ing the tongue).

Greenland describes a primary curve (the oro- 
pharyngeal airway) and a secondary curve (the 
pharyngo-glotto-tracheal airway) that should be 
made as straight as possible by optimising posi-
tioning prior to administering drugs. Greenland 
refers to this as the static phase. Positioning into 
the sniffing position by extending the head at the 
atlanto-occipital joint and flexing the neck will 
straighten out the secondary (posterior) curve. 
When induction medications have been given 
and the laryngoscope introduced, the dynamic 
phase of intubation lifts the tongue and epiglottis 
anteriorly, straightening the primary (anterior) 
curve and exposing the vocal cords. Any factor 
which opposes the straightening of the two curves 
makes the manoeuvre more difficult, and when 
considering the factors associated with difficult 
intubation, they can be seen to interfere with one 
or both of these curves.

Pathology such as rheumatoid arthritis, anky-
losing spondylitis, the presence of metalwork or 
a cervical collar may prevent head extension 
and neck flexion and impairs straightening of 
the posterior curve. Short mandibles, tongue 
swelling, short thyromental distances and diffi-
culty in protruding the mandible all decrease the 
volume of the anterior complex, making com-
pression of tissues and straightening of the pri-
mary curve more difficult (demonstrated in 
Figs. 8.4, 8.5 and 8.6).

Of the multiple clinical assessments in use, no 
individual marker has been proven to reliably and 
consistently predict difficulty [9], so multiple 
assessment methods should be considered. 
Returning to Greenland’s work, a further paper 
groups these assessments by area that they 
effect—the posterior, middle or anterior com-
plexes (See Table  8.1) [18]. These assessments 

(R) TMJ (L) TMJ

Lower
Incisors

Hyoid

Fig. 8.4 Borders of the anterior complex (from “A pro-
posed model for direct laryngoscopy and tracheal intuba-
tion” [17])

Fig. 8.5 Demonstration of the three columns approach. 
From CCAM Website (https://www.ccam.net.au/hand-
book/plan- a/)
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and potential solutions are for general purposes 
only, and some investigations or methods may 
not be appropriate in trauma depending on the 
degree of urgency, fasting status and other logis-
tical factors (e.g. location and availability of 
equipment).

As mentioned later, the use of videolaryngo-
scopes, with or without hyperangulated blades, 
may make intubation easier as they are not reliant 
on establishing a direct line of sight from vocal 
cords to mouth. They can (in effect) look around 
a corner, though manipulation of an ET tube may 
become more difficult, and usually requires the 
use of an adjunct such as a (steerable) gum elastic 
bougie or stylet to allow successful intubation. 
Issues with blood or secretions in the airway, cost 
and technical limitations mean videolaryngo-
scopes are unlikely to replace traditional direct 
laryngoscopy in entirety, but they can be useful in 
difficult airway management. Awake fibreoptic 
intubation (AFOI) can also occasionally be used 
for select indications in a minority of patients. 
Again, the same optical limitations that hamper 
videolaryngoscopes apply, in addition to the 
technical difficulties of anaesthetising a patient’s 
airway adequately, potentially under pressure of 
time. AFOI is a slow procedure that requires 
patient cooperation and motivation, along with 

specialist assistance and equipment that is often 
only available in a dedicated area. It is rarely 
indicated in acute trauma that requires urgent 
intubation, though occasionally it may be used in 
cervical spine injuries in fasted patients, or 
extremely rarely in some cases of laryngotracheal 
disruption as previously described.

The question now remains, how should this 
information be assimilated into the practical 
aspects of emergency trauma anaesthesia? In the 
elective setting, the vast majority of intubations 
are achieved with successful direct laryngoscopy. 
This success is aided by a highly trained work-
force, good lighting, and easy access to position-
ing aids, in order to maximise the chances of 
success. As the environment is never likely to be 
ideal in the pre-hospital setting, there is evidence 
to suggest that initial use of difficult airway 
equipment improves the chances of a successful 
first intubation attempt. One study showed that 
non-anaesthetists had a statistically higher chance 
of successful intubation in simple and difficult 
intubations when a bougie was used to pass 
through the glottic opening and the endotracheal 
tube was then railroaded over the top [19]. Most 
pre-hospital emergency anaesthesia protocols 
have followed this advice and incorporate use of 
the bougie as a first line piece of equipment [20].

 Rapid Sequence Induction 
of Anaesthesia and Intubation

The standard of care for emergency intubation 
internationally, is rapid sequence induction of 
anaesthesia and tracheal intubation. This tech-
nique assumes the patient has a full stomach and 
is at risk of aspiration of gastric contents, so aims 
for a rapid procedure in order to minimise the 
risk of desaturation, gastric aspiration and to rap-
idly achieve a secure airway.

The medications chosen to facilitate a rapid 
sequence induction in a trauma situation, should 
have a rapid speed of onset, ease of use, and a 
wide therapeutic window, with minimal deleteri-
ous cardiovascular and intracerebral side effects. 
A “Classical” RSI technique, as taught to most 
anaesthetic trainees until relatively recently, is a 

Fig. 8.6 Demonstration of the primary and secondary 
airway curves. From CCAM website (https://www.ccam.
net.au/handbook/plan- a/)
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period of 3 min of pre-oxygenation with a tight- 
fitting facemask, administration of thiopentone 
and suxamethonium without opiates, and appli-
cation of cricoid pressure. The received wisdom 
is that the rapid onset and offset of these drugs 
would allow waking of the patient and recovery 
of airway reflexes in a short period if intubation 
was unsuccessful, with prevention of aspiration 
and a short apnoeic interval prior to intubation 
and ventilation. In reality, the procedure first 
described in 1970 by Stept and Safar [21] was a 
15 step process involving insertion of NG tubes, 
pre-treatment with d-tubocurarine and placing 
the patient in a semi-sitting v-position. This is a 
prime example of the differences between what is 
taught as the “gold standard” for RSI from senior 
anaesthetists, versus what is actually in the paper. 
It is one of many myths that have entered practice 
on minimal evidence. The pre-treatment with 
d-tubocurarine in the original Stept and Safar 
method would have led to a partially paralysed 
but awake patient if the thiopentone had worn 
off; the concept of failed intubation or waking the 
patient up was never mentioned in their paper.

In trauma airway management, the idea of 
waking a patient after unsuccessful attempts at 
intubation is often not possible, either due to 
pathology, location or logistics. If a patient is 
being intubated for impending or actual airway 
failure in the context of trauma, then by definition 
their starting position is inadequate, otherwise 
why intubate in the first instance? Unlike elective 
or semi-elective anaesthesia, where waking 
patients up may be an option, many trauma 
patients cannot be woken, even in the event of 
difficulty. Before committing to taking over the 
airway in this group of patients, the possibility of 
a failed airway must be considered and mitigated 
against, without considering the ability to wake 
the patient up as a course of action.

 Cricoid Pressure

Sellick’s 1961 original description of cricoid 
pressure [22] has led to much controversy, and in 
recent years has come to be one of the most 
debated interventions in anaesthetic practice.

The anatomical theory behind the manoeuvre 
is that posterior displacement of the complete cri-
coid ring will obstruct the upper oesophagus and 
prevent passive regurgitation during induction of 
anaesthesia. In his Preliminary Communication 
paper, Sellick describes a single centre, non- 
randomised, non-blinded sequential case series 
of 26 patients who had an undefined amount of 
cricoid pressure (defined as “moderate” or 
“firm”) applied by an assistant with minimal 
training (“The nurse or midwife accompanying 
the patient can be shown in a few seconds how to 
do it.” [22]) in a head down position with the 
neck in extension. Whether this represents how it 
is currently employed is debatable. The patients 
in this case series predominantly presented with 
intestinal obstruction or oesophageal pathology, 
though there were two obstetric cases included 
(both forceps deliveries).

This technique (which was applied after the 
stomach had been emptied as much as possible 
by a Ryles tube and the tube then removed) alleg-
edly prevented aspiration of gastric contents 
every time it was used. Sellick also claimed it 
would prevent gastric insufflation if ventilation 
during induction was performed, but provided no 
data to back up this assertation. This paper claims 
a 100% success rate for preventing regurgitation 
during emergency anaesthesia, without com-
menting on any difficulties with intubation. It 
also claims that both the absence of regurgitation 
during intubation and presence of regurgitation 
on release of cricoid pressure are proof of its 
success.

From this one paper, cricoid pressure has been 
incorporated into every major set of anaesthetic 
guidelines, and is commonly taught to new anaes-
thetists as the standard of care. However, the 
technique itself is taught in so many variations 
(one-handed vs two-handed techniques, amount 
and timing of compressive force used etc) that 
outside of the principle of compressing the 
oesophagus with the cricoid ring it is hard to 
ascertain what the “standard” technique is.

The use of cricoid pressure varies, and multiple 
observational, cadaveric and radiological tech-
niques have been used to assess the application, 
effectiveness and downsides of the technique. 
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Replicated findings have been that: cricoid pres-
sure often makes intubation by a variety of means 
more difficult [23–27], occlusion is very often dif-
ficult due to anatomical alignment [28–30], it may 
decrease lower oesophageal sphincter tone [31, 
32], it may be ineffective even when correctly 
applied [33] (even in the pregnant population [34]), 
may cause oesophageal rupture [34], and can cause 
airway trauma or obstruction itself [35, 36].

The only double-blinded, randomised, con-
trolled trial of cricoid pressure (The IRIS trial 
[37]) showed that a “sham” procedure failed to 
demonstrate noninferiority of the primary end-
point of aspiration. That is to say that the low 
numbers in both groups made it difficult to draw 
statistically significant conclusions regarding 
noninferiority. A commentary on this article 
mentions that while the sham procedure did not 
show noninferiority, no clinically different rate in 
aspiration was demonstrated when cricoid pres-
sure was not used [38]. What was statistically 
significant however, was that both the grade of 
laryngoscopy and time taken for intubation were 
worse in the cricoid pressure group, in line with 
multiple other studies. It was also shown that the 
rate of aspiration is very low (0.5%), though 
pregnant patients and paediatrics were not 
included in this study.

The NAP4 audit [39] showed that deaths sec-
ondary to aspiration do still occur, and accounted 
for 50% of deaths related to anaesthesia (nine in 
total). However, when these data are interrogated 
further, it showed that the majority of these cases 
occurred when “ill advised” airway plans were 
enacted based on poor planning (e.g. using supra-
glottic airways when intubation was indicated or 
not performing RSI when indicated). Given the 
lack of intubation in the majority of airway-
related complications reported in NAP4, it can-
not be said that lack of cricoid pressure played a 
part in these aspiration-related deaths.

A full exploration of the issues around cricoid 
pressure are beyond the scope of this chapter, but 
a review article by Salem et  al. [40] is recom-
mended reading. It will ultimately be for the indi-
vidual practitioner and their employing 
organisation to decide on whether or not to man-
date the use of cricoid pressure. However, given 

the paucity of evidence of its effectiveness and 
evidence of harm, some organisations have 
started to remove it from their guidelines in 
recent years [41].

 Choice of Induction Agents for Rapid 
Sequence Induction

Induction of anaesthesia is a necessary step to 
facilitate intubation, and the choice of agent will 
come down to several variables—patient patho-
logical factors, operator familiarity, and agent 
availability amongst these. The key features of an 
ideal agent have been previously highlighted. No 
one agent fulfils all these criteria, and the modifi-
cation of doses and agent selection will depend 
on the above-mentioned variables. Full discus-
sion of all these agents are beyond the scope of 
this chapter, and overview papers by Sikorski 
et  al. [42] and Hartmannsgruber et  al. [43] are 
recommended for further information on the 
overall conduct of trauma anaesthesia. The four 
most commonly used agents worldwide for RSI 
are thiopentone, ketamine, propofol and etomi-
date. Though a “pure” RSI involves a pre- 
calculated dose of thiopentone as previously 
mentioned [21], modification with other induc-
tion agents is now common practice [44].

 Thiopentone
Thiopentone is a barbiturate that was first used as 
an anaesthetic in the 1930s and was the first drug 
described for use in RSI. It is produced as a pow-
der which must be reconstituted with water for 
injection. The induction dose for elective anaes-
thesia is 3–5 mg/kg (reduced in unstable patients), 
with a reliable end point of loss of eyelash reflex. 
Thiopentone is intrinsically neuroprotective as it 
decreases cerebral metabolic oxygen require-
ment (CMRO2) and increases seizure thresholds 
[45]. Its offset is principally by redistribution to 
fat-rich tissues rather than metabolism, but it can 
accumulate if used in infusions and lead to long 
wake-up times. Infusions may be used in patients 
with intractable intracranial pressure or refrac-
tory seizures, but patients may then take days to 
wake up once the infusion has stopped if it has 
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been administered over a period of hours to days 
[46]. Thiopentone’s most often cited use in 
trauma anaesthesia was at the attack on Pearl 
Harbour in 1941, where it was said to have killed 
more US servicemen than the Japanese surprise 
attack [47]. This has been widely debunked, but 
the rumour still persists in some areas. Thiopen-
tone can cause hypotension if given in higher 
doses, but if reduced doses are given in haemody-
namically unstable patients, it will give good 
anaesthesia with minimal haemodynamic upset.

Thiopentone may cause a degree of histamine 
release and is contraindicated in patients with 
asthma and also those with porphyrias, as it may 
induce hepatic enzyme activity and precipitate a 
crisis. It can also cause vascular compromise if 
accidentally injected intra-arterially, leading to 
permanent disability or the need for surgery in 
extreme cases [48].

Thiopentone is not used any longer in the 
USA as the sole US manufacturer (Hospira) 
ceased production in 2010, and the EU and India 
prevented export to the USA on ethical grounds 
as thiopentone was being used as part of the 
cocktail to carry out the death penalty [49, 50].

 Ketamine
Ketamine is a phencyclidine derivative and is the 
only induction agent which causes profound 
analgesia as well as anaesthesia [51]. Ketamine 
acts as an antagonist at NMDA receptors and 
causes dissociative anaesthesia; so titration to an 
end point is less precise than with other agents. 
Induction doses are 1–2  mg/kg IV, but unlike 
other agents, ketamine causes intrinsic catechol-
amine release and preserves systolic blood pres-
sure, making it much more forgiving in 
haemodynamically unstable patients. 
Additionally, ketamine can safely be given either 
intransally [52–54] or intramuscularly for anal-
gesia or sedation, if needed, in contrast to other 
induction agents (though the IM dose is much 
higher). IM ketamine can be a useful option to 
sedate combative patients and allow IV or IO 
access to be obtained before induction of anaes-
thesia. Ketamine also causes bronchodilation and 
is a useful agent in patients with severe asthma 
who require intubation [51].

Because of the potential for abuse, ketamine is 
currently classified as a class B drug in the UK. It 
is held under schedule 2  in storage, which 
requires the same precautions as morphine and 
methadone. This can make obtaining it in a hurry 
more difficult than other drugs such as thiopen-
tone or propofol, and consequently experience of 
using ketamine is more limited in some areas. 
Ketamine can cause hallucinations on emergence 
when external stimuli are misinterpreted and 
amplified, so patients are best recovered in a dark 
room with minimal stimulation where possible 
and safe to do so. The evidence around addition 
of benzodiazepines to mitigate this risk is conten-
tious; it has not been consistently proven that 
midazolam decreases the rate of emergence phe-
nomena, and it may increase the rate of respira-
tory complications and prolong time to discharge 
[55–58].

Historically, ketamine was thought to increase 
intracranial pressure, but this has largely been 
disproven [59–61]. As ketamine preserves sys-
tolic blood pressure and hence oxygen delivery to 
the brain, it is considered safe (and often the 
agent of choice [62]) in patients with brain injury 
or polytrauma. It has also been shown to decrease 
ICP in clinical use [61, 63].

 Propofol
Propofol is now the most commonly used drug 
for RSI in the UK (though this refers to all RSI’s 
and not trauma specifically) [44, 64]. The stan-
dard dose range is from 2–3  mg/kg in elective 
practice but is reduced in haemodynamically 
unstable patients. Like thiopentone, its offset is 
principally by redistribution to fat-rich tissues 
rather than metabolism. The increase in use of 
propofol as an emergency induction agent most 
likely reflects familiarity with its use in elective 
anaesthesia rather than clinical superiority. In 
addition, there are not the practical impediments 
associated with its use, in comparison to other 
drugs. Thiopentone is becoming rarer in most 
anaesthetic rooms and has to be reconstituted 
from a powder before use; ketamine has to be 
signed out of a controlled drugs book or machine. 
Propofol can also be used for maintenance of 
anaesthesia or ongoing sedation post-induction, 
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either by use of a specific target-controlled infu-
sion pump or a normal syringe driver. It has also 
been associated with better intubating conditions 
due to increased laryngeal reflex suppression 
when used in combination with a lower dose of 
rocuronium than would otherwise be used [65].

While propofol is ubiquitous and production 
prices have dropped, it does not mean that it is the 
best choice for induction in trauma. On a dose 
equivalent basis, propofol is recognised as the 
induction agent that causes profound apnoea and 
the most marked fall in blood pressure [66], 
either when used in combination with other 
drugs, or in isolation [67–70] (nearly 40% of fit 
and well volunteers developed hypotension at 
2 mg/kg in one study [71]). This is exacerbated 
when patients are already hypotensive prior to 
induction of anaesthesia (e.g. due to hypovolae-
mia or sepsis). This can be disastrous in patients 
with head injuries, as it may exacerbate second-
ary brain injury. In comparison to thiopentone, 
propofol has a less titratable end point for anaes-
thesia, a longer onset time, and is painful on 
injection. Reducing the dose to avoid haemody-
namic instability, may lead to an insufficient dose 
for anaesthesia and a risk of awareness. Propofol 
can be used for induction of emergency anaesthe-
sia in extremis, but its pharmacological profile 
means that there are other agents that may be 
preferable.

 Etomidate
Etomidate is an imidazole derivative that works 
on GABA-A receptors to induce anaesthesia at a 
dose of 0.3 mg/kg. It provides relative cardiovas-
cular stability in comparison to propofol and 
thiopentone, but can be painful on injection and 
cause involuntary movements/myoclonus that 
have occasionally been incorrectly labelled as 
seizures [72]. This is important as seizure activity 
may have non-medical implications, e.g. a patient 
may have to suspend their driving licence if they 
are told they had a seizure when given this drug. 
The principle reason that etomidate has fallen out 
of favour is that it has been shown to suppress 
corticosteroid synthesis by inhibiting 
11b- hydroxylase in the adrenal cortex. When 
given in infusions (as was practice in ICU histori-

cally), etomidate caused excess deaths due to 
infections [73, 74]. However, post-hoc analysis 
of the CORTICUS trial data in 2008 showed that 
even a single dose of etomidate may be sufficient 
to cause increased deaths from infection in criti-
cally ill patients [75]. With the potential deleteri-
ous effects of etomidate outweighing benefits, 
etomidate has largely disappeared from practice 
in the UK over the last 12 years. Etomidate is still 
used in the USA, though publications suggest 
that perhaps it should not be, given its potential 
for harm [76].

 Choice of Paralytic Agent

The two paralytic agents which can be used for 
RSI are rocuronium and suxamethonium.

 Rocuronium
Rocuronium is a long-acting aminosteroid that 
causes non-depolarising neuromuscular blockade 
by competitive inhibition of the acetylcholine 
receptor. It is commonly used in elective anaes-
thesia and will provide good or excellent intubat-
ing conditions within 2 min at a standard dose of 
0.5–0.6  mg/kg. This should be increased to 
1–1.2 mg/kg for a rapid sequence induction. It is 
generally well tolerated, though can be painful on 
injection if the patient is not adequately anaesthe-
tised. Its offset is via hepatic metabolism which 
usually requires 45–60  min in standard dosing, 
though the administration of a binding agent 
(Sugammadex) will rapidly reverse even high 
dose rocuronium administration faster than suxa-
methonium will naturally wear off [77] (though 
time must be allowed to draw it up).

 Suxamethonium
Suxamethonium is a non-competitive agonist of 
acetylcholine and will provide good or excellent 
intubating conditions within 30–60 s. It is com-
pletely metabolised by plasma cholinesterase 
within 5–10 min in most patients. A small group 
of patients who have abnormal genes may 
develop a prolonged period of neuromuscular 
blockade lasting many hours [78]. For many 
years it was the only choice for rapid paralysis 
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and intubation, and in a Cochrane review com-
pared against rocuronium, suxamethonium was 
thought to provide superior intubating conditions 
[65]. However, the doses used for rocuronium in 
most of the trials analysed were typically lower 
than are currently advocated in RSI (0.6–0.7 mg/kg 
vs the current recommendations of 1–1.2 mg/kg). 
When the higher doses of 0.9–1.2  mg/kg of 
rocuronium were compared to suxamethonium, 
the intubating conditions were comparable. The 
review also noted that the accompanying induc-
tion agent played a part, as intubating conditions 
were better in combination with propofol than 
thiopentone, presumably due to the previously 
mentioned increased laryngeal reflex suppression 
from propofol.

Suxamethonium also causes myalgia, a short 
increase in intraocular and intracranial pressure, 
increased oxygen demand, and transient hyper-
kalaemia. The latter may cause arrhythmias in 
susceptible patients (e.g. burns >24  hours old, 
crush injuries, long term spinal injuries or renal 
failure with pre-existing hyperkalaemia). As a 
rare complication in susceptible patients it may 
also precipitate a malignant hyperthermia crisis 
[79]. For these reasons the use of high-dose 
rocuronium has increased in popularity over the 
last few years. The short offset time of suxame-
thonium was previously thought to be advanta-
geous by allowing recovery of respiration as an 
“escape strategy” from a failed intubation.

If the final course of action in managing a 
failed airway in a patient who cannot be awoken 
is to perform a surgical airway, the conditions for 
success should be optimised. During the time it 
takes to progress through various airway plans, 
before deciding on a surgical airway, suxametho-
nium may have partially or completely worn off, 
and the patient may start to move. This may make 
a surgical airway more difficult and stressful, so 
the use of high dose rocuronium in these patients 
is advocated. Intubating conditions at 60 seconds 
post administration are comparable to suxame-
thonium, and the patient will not move if there is 
the need for a surgical airway. If there is the 
unlikely need for rapid reversal of paralysis, this 
is now also possible by using Sugammadex. 
Furthermore, the recent NAP6 audit project 

found that the rate of anaphylaxis in the UK pop-
ulation is lower with rocuronium than with suxa-
methonium (5.88 vs 11.1 cases per 100,000 
administrations) [80]. However, a study in 
Anesthesiology reported a very similar incidence 
(40 vs 48 per 100,000 new patient exposures) 
[81]. Logistically, rocuronium is easier to man-
age as it has a longer shelf-life than suxametho-
nium when refrigerated (3 years vs 18 months), 
and rocuronium can be stored for up to 12 weeks 
at room temperature per manufacturers guide-
lines [82]. Some data suggests that suxametho-
nium may be equally stable [83], but its storage 
outside of a refrigerated environment contravenes 
manufacturer’s instructions. For all the above 
reasons, while suxamethonium is still occasion-
ally used its days may be numbered.

 Protocolising Interventions

Many Pre-Hospital Services have an anaesthetic 
induction protocol to reduce errors from unfa-
miliarity and the impact of human factors in a 
high stress situation [84]. Most commonly, this 
centres around the combination of fentanyl, ket-
amine and rocuronium. This combination gives a 
relatively rapid onset, a wide therapeutic win-
dow and improved intubating conditions com-
pared to other drugs [85]. In the most simplistic 
form, services use the 3:2:1 rule for fentanyl, 
ketamine and rocuronium. The dose is in micro-
grams per kilogram bodyweight for fentanyl and 
milligrams per kilogram for ketamine and 
rocuronium. In the haemodynamically stable 
patient, this provides appropriate analgesia, 
anaesthesia and excellent intubating conditions. 
It also reduces the likelihood of clinically sig-
nificant hypertension associated with laryngos-
copy. With experience, it can be modified to the 
clinical situation in the severely haemodynami-
cally compromised patient (typically as a 1:1:1 
ratio of drugs). In extreme cases the omission of 
fentanyl can be considered to further reduce the 
potential for hypotension. In the cardiovascu-
larly compromised patient, there is rarely a clini-
cally significant risk of extreme hypertension 
during laryngoscopy and therefore the addition 
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of a strong opiate is not required. Severely 
injured patients are reliant on their sympathetic 
nervous system to maintain an adequate cardiac 
output in haemorrhagic shock. Induction of 
anaesthesia obtunds the sympathetic drive, and 
this can result in severe hypotension requiring 
vasoactive drugs to restore perfusion pressure to 
the brain. Hypotension may also result in a 
reduction in coronary artery perfusion that leads 
to ischaemia and cardiac arrest.

The practical use of these drugs requires an 
understanding of their pharmacodynamic effects 
and most importantly, time to onset. In the dosing 
protocol above, the administration of 3 mcg/kg of 
fentanyl is likely to cause significant respiratory 
depression in the trauma patient. This will  happen 
faster than the published peak effect of 3–5 min 
following more conventional doses. This is due to 
the pharmacokinetic changes associated with a 
higher peak plasma concentration, and may be 
potentiated by having a smaller circulating vol-
ume due to blood loss. The onset of high dose 
rocuronium and ketamine are very similar, both 
clinically significant in 60 s. The importance of 
this becomes apparent when trying to maintain 
adequate oxygenation prior to intubation, whilst 
also ensuring adequate obtundation of the sym-
pathetic response to laryngoscopy.

Planning for a rapid sequence induction is 
vital to ensure drugs, equipment and trained 
assistance are all prepared. This also extends to 
the location in which anaesthesia and intuba-
tion will be undertaken. It is important to have 
a safe location for the team and the casualty, 
along with good all-round access to the patient, 
warmth, good lighting and shelter from the ele-
ments. Understandably, compromises may 
have to be made in some of these areas depend-
ing on the situation faced. The planning stage 
should also include a briefing that includes the 
order of events, plans for airway or cardiovas-
cular emergencies, and the sequence of events 
after intubation to ensure safe transfer to fur-
ther medical care [86]. Roles should be allo-
cated: intubator, airway assistant and drug 
administration. The person administering 
drugs can also monitor the patient’s observa-
tions as they will be best placed to correct 

hypotension (usually with vasoconstrictors) 
should it occur. They would also be responsi-
ble for keeping the intubating team member 
informed if hypoxia is developing, and over-
seeing progression through the pathway of dif-
ficult intubation, should this be required. They 
are the least likely person to get task-focused 
and can maintain some oversight. A pre-agreed 
intubation checklist should be used to ensure 
that equipment is available and there are no 
errors of omission.

Prior to starting the process of anaesthesia and 
intubation, the following considerations should 
be made:

 1. Is this an appropriate time and place to attempt 
this intervention?

 2. Can anything else be optimised prior to 
induction?

 3. How will the patient be pre-oxygenated and 
denitrogenation undertaken?

 4. What is the airway plan should intubation turn 
out to be difficult, or impossible?

Table 8.2 Pre-intubation checklist (Courtesy of The Air 
Ambulance Service)

PHEA checklist
Expected 
response

Task allocation Names and roles
Risk benefit agreed Agreed
Environment optimised Check
BVM and circuit assembled Check
Pre-oxygenation, nasal oxygenation 
if possible, check O2 supply

Check

Baseline observations including BM Check
Suction positioned, working and 
spare

Check

IV/IO access, patency checked, 
second access

Check

Estimated weight kg
Drugs to be given Names, doses 

and volumes
Laryngoscope, Spare and McCoy Size and check
Tube size and spare Size and check
Bougie Check
Syringe and tube holder Check
Difficult airway plan Agreed
Difficult airway equipment Check
Thoracostomy post induction? Yes/No
Collar off and MILS Check
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 5. At what points will the team decide that intu-
bation is difficult and declare a Can’t Intubate, 
Can’t Oxygenate (CICO) scenario and how 
likely is this?

 6. What will be the action plan if the patient 
vomits?

Many services have developed their own 
checklists to aid the planning of intubation and 
ensure all team members have been briefed, and 
an example is seen in Table 8.2. There has been 
much discussion over the use of these and further 
reading is advised.

In the ideal situation, all patients should be 
pre-oxygenated for 3–5 min and to an end-tidal 
oxygen concentration of 80%, if this is measured. 
This should be undertaken with a tight fitting 
Mapleson C/Water’s circuit with oxygen flow of 
15  l/min. A non-rebreathe mask should not be 
used as it is not as efficacious as either an anaes-
thetic circuit or BVM device [87], and different 
BVMs may give different inspired oxygen con-
centrations in spontaneously ventilating patients 
so are suboptimal [88]. If end-tidal oxygen con-
centration measurement is not available, then 
reliance on time is adequate. During this period, 
it may be required to undertake basic airway 
manoeuvres to ensure a patent airway and oxy-
genation. Throughout the process of intubation, 
oxygenation of the patient should be the priority. 
In some circumstances it may not be possible to 
passively improve a patient’s oxygen saturation 
due to poor respiratory drive, or simply poor 
peripheral perfusion resulting in inaccurate SpO2. 
Recognition of these situations is important, as it 
will likely lead to a physiologically more unsta-
ble patient after intubation has been completed. 
Whilst the original RSI paper described above 
called for the avoidance of positive pressure ven-
tilation to minimise the risk of gastric distension, 
this has to be balanced against the risks of 
hypoxia in these patients. If required, gentle posi-
tive pressure ventilation to maintain or improve 
saturations should be undertaken with 
5–10 cmH2O of Positive End Expiratory Pressure 
(PEEP) and airway adjuncts, as this maintains 
oxygen saturation, decreases the rate of signifi-
cant desaturation and there is no difference in the 

rates of aspiration if patients are hand ventilated 
or left apnoeic [89]. A concept which has been 
suggested for optimising pre- oxygenation in agi-
tated patients is “delayed sequence induction” 
[90, 91]. Essentially, this advocates using a small 
amount of procedural sedation to optimise pre-
oxygenation with either non-invasive ventilation, 
or assisted ventilation with a BVM/Water’s cir-
cuit setup. It relies on the person administering 
the sedation to be experienced enough to titrate 
sedation well enough to maintain some respira-
tory drive while allowing the airway operator to 
assist with ventilation. It has been employed in 
both adults and children with good results [92, 
93], however both familiarity with the agent used 
and an ability to intervene if there is inadvertent 
over-sedation, are essential.

Once the administration of induction agents 
has commenced, pre-oxygenation should not 
cease until an intubation attempt is made. A mask 
with a good seal and high-flow oxygen has the 
ability to generate apnoeic oxygenation, thus 
decreasing the chances of desaturation between 
the onset of apnoea and intubation. Much 
research has been aimed at improving oxygen 
flow during apnoea. In elective hospital practice, 
Transnasal Humidified Rapid-Insufflation 
Ventilatory Exchange (THRIVE) has been shown 
to maintain oxygen saturation during periods of 
apnoea (Fig. 8.7) [94]. In the absence of the spe-
cialised humidification apparatus, high-flow 
through standard nasal cannulae can be used for 
short periods around induction [95]. THRIVE 
specifically works using high flow rates (up to 
70 l/min) and data is from procedures on elective 
patients. Oxygenation with standard nasal cannu-
lae has not been found to be as effective as 
THRIVE [96, 97]. This may be due to either 
lower flow rates, or the fact that if critically ill 
patients have atelectasis or partial lung collapse, 
the degree of shunt present (proportion of blood 
passing through the collapsed sections without 
picking up any oxygen) may be so large that it 
offsets the benefit of THRIVE in well recruited 
lungs. It may be that positive pressure ventilation 
during induction works by recruiting lungs, and 
the pressure effect is more important than the 
increased FiO2 [98].
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Fig. 8.7 THRIVE setup using the Optiflow system (from 
Patel and Nouraei [94]). The oxygen humidification unit 
(a) receives oxygen from a standard oxygen regulator and 

delivers humidified oxygen to a custom-build transnasal 
oxygen cannula (b and c) like a standard nasal oxygen 
cannula (d)

Fig. 8.8 Overview of the Vortex approach. Green zone is an 
area of successful oxygenation either with an awake patient 
or established airway on the outer ring, or after successful 

surgical airway in the inner spot. The blue zone represents 
the period after induction before an airway is established. 
Copyright Nicholas Chrimes. Used with permission

J. Veitch et al.



127

When intubating these patients, it is important 
that the first attempt at intubation should be the 
best attempt. If direct laryngoscopy fails, then 
each further attempt should include a change in 
technique. Do not continue to repeat the same 
technique, hoping for a different result! This 
principle has been codified in the Vortex approach 
to airway management, developed by Chrimes 
[99–101], and highlighted in Fig.  8.8. Vortex 
emphasises human factors and use of cognitive 
aids, so if difficulty is encountered during airway 
management then there are three strategies or 
“lifelines” that exist to promote oxygenation. No 
more than three attempts at each strategy is per-
mitted, and a change in implementation must 
then be made. If oxygenation is still not possible, 
surgical airway management (or front of neck 
access—FONA—most commonly by surgical 
cricothyroidotomy) should be performed. This 
strategy aligns with the UK Difficult Airway 
Society guidelines [102] for the most part. 
However, the vortex approach de-emphasises a 
didactic flow through specified interventions and 
allows for individual expertise in different areas. 
Vortex has obvious advantages in terms of CRM 
as it sets out the options that may be available in 
their simplest forms, rather than trying to recall 
specific flowcharts in a time of crisis, e.g. paedi-
atric, obstetric, adult etc. This is a strength, as at 
its core the key message of oxygenation is 
emphasised throughout airway management, and 
the idea of a surgical airway is made explicit if 
there is a failure to oxygenate.

 Difficult Airways

In 2011, the Fourth National Audit Project by the 
Royal College of Anaesthetists [103] looked at 
all instances of complications from difficult intu-
bation in the NHS over a 1 year period; a total of 
2.9 million general anaesthetics. During this 
period, all cases of airway complications in hos-
pital that led to death, brain damage, the need for 
an emergency surgical airway, unanticipated ICU 
admission or prolongation of ICU stay were 
reported and investigated. Pre-hospital cases and 
data from non-NHS hospitals were not included, 

but of the data reported there were 184 cases in 
total. This does not include previously identified 
difficult airways that were successfully managed, 
only complications from a mixture of anticipated 
and unanticipated difficult airways. While this 
relies on self-reporting, it is fair to say that the 
conduct of anaesthesia and airway management 
for the most part is safe, with only 16 reported 
deaths and three instances of brain damage; a 
mortality rate of 1 death per 5.6 million anaes-
thetics due to anaesthetic factors alone. When the 
data was interrogated further, it was revealed that 
there was a proportionally higher rate of compli-
cations when managing airways in the Emergency 
Department (ED) and ICU, in comparison to the 
anaesthetic room or theatre. This is congruent 
with the concept of physiologically and situation-
ally difficult airways being more frequent in 
these environments as described later in this 
chapter. This is further borne out by the finding 
that only 14% of all incidents reported from an 
anaesthetic rooms/operating theatres led to death 
or brain damage, compared to 60% of incidents 
in ICU and 33% of incidents in ED.  However, 
most instances of airway issues in ICU were in 
patients who already had a tracheostomy [104], 
and this potential risk had been recognised even 
before the NAP4 publication [105]. This higher 
rate of non-theatre intubation complications is 
also borne out in studies of the American Closed 
Claims Database [106]. One of the chief recom-
mendations to come out of the NAP 4 report was 
the universal use of capnography to confirm suc-
cessful intubation, but there were several factors 
around airway assessment, planning and human 
factors that are pertinent to managing any 
airway:

Poor airway assessment contributed to poor airway 
outcomes… due to omission, incomplete assess-
ment or a failure to alter the airway management 
technique in response to findings at assessment.

Assessment to predict both potential airway dif-
ficulty and aspiration risk were equally important.

Poor planning contributed to poor airway out-
comes. When potential difficulty with airway man-
agement is identified a strategy is required. An 
airway plan suggests a single approach to manage-
ment of the airway. A strategy is a co-ordinated, 
logical sequence of plans, which aim to achieve 
good gas exchange and prevention of aspiration.
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 Predicting a Difficult Airway

Every airway has the potential to be difficult—
the degree of difficulty may vary with time, but it 
is never zero. Even in a purely elective setting 
with experienced providers, difficulties can be 
encountered—the well-publicised Elaine 
Bromiley case is a prime example of this [107–
109]. While airway scoring grades and previous 
knowledge of difficulties may forewarn of 
impending problems, many difficult airways are 
unanticipated or difficult because of non- 
anatomical factors.

 Specific Anatomical Difficulties
In addition to the factors outlined previously, sev-
eral anatomical abnormalities linked to certain 
syndromes (e.g. Goldenhaar, Treacher-Collins, 
Pierre-Robin etc) are well known amongst anaes-

thetists approaching exams, and instantly will 
bring the potential for difficult airway manage-
ment to the fore. Facial trauma may also increase 
anxiety about difficult intubation due to disrupted 
anatomy, blood in the airway or swelling and dis-
tortion of normal landmarks. Occasionally, 
trauma may actually make intubation easier e.g. 
in the case of a fractured mandible. Laryngoscopy 
may be easier as there is less mechanical force 
needed to lift the jaw and tongue anteriorly as 
broken mandibles are usually more mobile than 
intact ones. Facial fractures have the potential to 
bleed profusely due to their rich vascular supply, 
so bleeding into the airway may obscure the view. 
In these cases, the tactile feedback from a bougie 
as it “clicks” along tracheal rings, if correctly 
placed, can be invaluable. The use of a bougie has 
also been associated with increased first pass suc-
cess for intubation when compared to stylets or 

Epistat Dental bite blocks

Complete kit in situ.

Fig. 8.9 Midface stabilisation and haemorrhage reduction. Reproduced from Harris et  al. [114] by permission of 
Wolters Kluwer
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use of no introducers [110–113]. There are also 
descriptions of “aiming for bubbles” in these sce-
narios, where air exits the vocal cords into pooled 
blood or fluid [110]. Intubation in these cases 
may be necessary for either primary airway man-
agement or for optimisation of an associated 
brain injury. Post intubation, temporary stabilisa-
tion of the midface is possible using two epistats, 
some bite blocks and a cervical collar to provide 
internal and external buttresses to support the 
fractures until definitive surgical fixation is pos-
sible (see Fig. 8.9) [114].

It is fair to say though that planning for diffi-
cult airway management is more common in 
patients where there is facial trauma or difficult 
associated syndrome than in those patients who 
appear to be relatively “normal”. This is also true 
in areas where advanced airway management is 
relatively commonplace, such as an anaesthetic 
room or operating theatre. These locations also 
have the advantage of being well-lit, stocked with 
multiple airway devices, well-trained assistance 
and supportive colleagues. The approach to air-
way management in trauma, is evidently depen-
dent not just on the anatomy of the patient, but 
also the environment, expertise, equipment avail-
able, location, anticipated course and team 
dynamics. These factors have previously been 
described by Brindley et  al. as a “situationally 
difficult” airway [115].

 Situationally Difficult Airways
While this generally refers to emergency intuba-
tions in hospital, the principles can be extended 
to pre-hospital care and may influence the deci-
sion to proceed with intubation [116]. 
Situationally difficult airways are largely 
untaught in most curriculae; however, it is argu-
able that they are the most commonly encoun-
tered. This is reinforced by the common 
experience of obtaining a better laryngoscopic 
view in theatres in hospital practice in optimum 
conditions when pre-hospital records showed a 
higher degree of difficulty. Even in hospital, rates 
of failed intubation or difficulties in intubation 
are higher outside of the operating theatre [103]. 
If there is a high degree of situational difficulty 
regardless of anatomical considerations, discre-

tion may be the better part of valour and it may be 
more prudent to wait to perform advanced inter-
ventions in a safer environment if oxygenation is 
adequate.

It is virtually impossible to write a set of rules 
that will cover every situation, but some basic 
principles should be applied:

• Never forget that oxygenation is the primary 
goal.

• Never commit to a procedure or intervention 
from which a viable exit strategy has not been 
considered.

• Consider “Is this the right time and place to be 
doing this? What is the likely course if intuba-
tion is delayed 5 or 10 min? Can the patient be 
transferred somewhere safer in this time with 
more support?”

• Optimise the first attempt at any procedure 
and do not keep doing the same thing if it fails.

• Everyone will fail an intubation at some point 
in their career—the trick is recognising and 
declaring failure early and dealing with it.

• Airway management is a team endeavour. Do 
not assume the leader has all the answers and 
if there is a degree of hesitancy or concern 
before a course of action, ask “Is this the right 
thing to do?”

• Brief a plan and follow it—anticipate failure and 
plan how the team will collectively manage it.

• A surgical airway is a successful airway, not a 
consequence of a failed one. A patient who 
dies from airway issue without at least an 
attempt at front of neck access when indicated 
is the only true failed airway.

• Plan onward management and logistics—can 
the patient be moved after this intervention? 
Would intubation be easier if they were moved 
earlier? What is the plan for post intubation 
sedation and has this been prepared?

 Video Laryngoscopy

There are many varieties of video laryngoscopes 
commercially available and it is beyond the scope 
of this book to discuss the pros and cons of each 
model. All have basic design similarities; curved 
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blade, light source and fibreoptic systems 
attached to a video screen. The theory behind this 
design is that a direct line of sight is no longer 
required in order to intubate. Many video laryn-
goscopes have a blade which is less than 2 cm in 
breadth, thus aiding intubation when reduced 
mouth opening is a factor. Most models are easy 
to use with start-up times of only a few seconds 
and they can be kept readily available in case 
direct laryngoscopy fails.

The main disadvantage of video laryngoscopy 
is soiling of the camera with fluid in the airway. 
The presence of oral secretions, lubricant from an 
ET tube cuff, blood, mucus or gastric contents 
within the oropharynx can render visualisation of 
the larynx (and hence, intubation) impossible, 
requiring removal of the scope and cleaning of 
the lens.

There are many advantages of video laryngos-
copy; already mentioned is the smaller blade size 
compared to a standard Macintosh blade. As the 
requirement for direct line of sight to the glottic 
opening is removed, it is possible to intubate the 
patient in a neutral head position with less force 
than direct laryngoscopy.

As video laryngoscopes largely bypass prob-
lems in the oropharynx, they can occasionally be 
used when soft tissue swelling or an engorged 
tongue may render a direct view of the glottis 
impossible. There have also been case reports of 
successful awake intubations with video laryngo-
scopes after local anaesthesia of the oropharynx 
[117–120]. Topical anaesthesia of the airway 
allows insertion of the videolaryngoscope until 
the glottis comes into view, further local anaes-
thetic can be administered under direct vision, 
directed at the vocal cords themselves. This is not 
a widely accepted or common technique, and 
should only be carried out by personnel with 
experience of awake intubations and the pitfalls 
that may present.

It is important to familiarise oneself with 
the type of video laryngoscopes used locally. 
Each has its own particular technique associ-
ated with it, some require a marked deviation 
from the ‘normal’ technique of direct laryngos-
copy. This should be practised in a safe envi-

ronment prior to use in emergency clinical 
situations. Proficiency with videolaryngoscopy 
is not a substitute for proficiency with direct 
laryngoscopy. Devices can fail, views may be 
tricky or impossible to obtain with videolaryn-
goscopes and pre-hospital services may oper-
ate in conditions outside of the functioning 
temperature and humidity parameters that 
manufacturers recommend. Videolaryngoscopy 
can be useful but will never fully replace direct 
laryngoscopy in trauma care [121].

 Failed Intubation and Surgical 
Airways

Surgical airways have been covered in the previ-
ous chapter as they should be considered a funda-
mental skill in trauma rather than an advanced 
intervention. If basic manoeuvres, supraglottic 
airways and intubation have all failed to maintain 
oxygenation then a surgical airway is the next 
step. The performance of this intervention is sim-
ple and life-saving, but there is occasionally great 
hesitancy in performing it [122]. This may be due 
to a variety of factors including lack of confi-
dence or experience, loss of situational aware-
ness, anxiety around criticism of management 
thus far or task fixation on intubation above 
oxygenation.

On occasions when intubation fails, it is 
important to focus on oxygenation. The Vortex 
and DAS guidelines previously mentioned out-
line progression through various methods to 
ensure adequate oxygenation, and a surgical air-
way is the final step in CICO situations.

 Sedation and Anaesthesia 
for Transfer

Once the airway has been secured, there is a need 
to provide adequate post-procedure care to opti-
mise outcomes. This is as true for a transfer from 
a prehospital scene to hospital as it is for a transfer 
from the resuscitation bay to the CT scanner or 
the operating theatre. Both scenarios require plan-
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ning, preparation and forethought, and the unwary 
practitioner can fall into many traps. There is 
occasionally a tendency to be less prepared during 
intra-hospital transfers [123–125] as help or fur-
ther resources are closer to hand and the distances 
are shorter, though complications can occur at any 
stage in either environment [126–129].

Transfer of the intubated and ventilated patient 
requires sedation to allow tube tolerance, amne-
sia, and in many occasions, significant analgesia 
with general anaesthesia. This is true of all trans-
fers, not just patients who have undergone a dra-
matic procedure such as an amputation. Most of 
the agents used to induce anaesthesia can be used 
to maintain anaesthesia. The most appropriate 
way to administer these is by infusion; this will 
reduce the cardiovascular instability that may 
occur with intermittent bolus techniques, and 
decrease the incidence of awareness [130]. The 
decision of which agent to use will be based on 
familiarity and the clinical situation encountered. 
Although propofol boluses can have a profound 
effect on cardiac output and blood pressure as pre-
viously described, infusions are tolerated much 
better by trauma patients. If there is any doubt 
regarding the haemodynamic stability of the 
patient, ketamine is a relatively safe agent to use 
in the minimal effective dose. It does not usually 
exhibit the cardiovascular depression associated 
with other agents, but will still provide dissocia-
tive anaesthesia and analgesia. This would also 
remove the requirement for a second analgesic 
agent, thus reducing complexity for transfer (e.g. 
a second infusion pump). Tachycardia, hypersali-
vation or dysphoria may occur, so the risk of this 
agent needs to be balanced against benefit in 
patients with a history of ischaemic heart disease 
or an unsecured airway. This may preclude certain 
methods of transport (e.g. a hallucinating, dys-
phoric patient may be a threat to flight safety so is 
not appropriate to fly in a helicopter unless fully 
sedated, paralysed and intubated). National guide-
lines exist in the UK for the minimum standards 
of the conduct of anaesthesia during transfer of 
patients and should be adhered to [131].

There is some controversy regarding using a 
mix of pharmaceutical agents in the same 

syringe to facilitate both anaesthesia and anal-
gesia [132, 133]. Many combinations have been 
used in practise; propofol and ketamine, propo-
fol and alfentanil, morphine and midazolam, all 
with a good deal of success. There are advan-
tages to this approach, including simplifying the 
sedation regimen, reduction in equipment 
requirements and ensuring a combination of 
anaesthesia and analgesia. In austere environ-
ments, the military have used a combination of 
ketamine, midazolam and vecuronium in a sin-
gle syringe driver with good results [134]. Care 
should be taken with the relative concentrations 
of each drug based on likely infusion rates, as 
low concentrations of anaesthetic agent with a 
high opiate dose may risk awareness.

 Conclusion

Advanced airway management needs to incor-
porate planning for the technically, physiologi-
cally and situationally difficult airway. The 
clinical situation, along with operator experi-
ence, will dictate which techniques are utilised, 
and appropriate training is essential for consis-
tently good outcomes. If a hospital is 5  min 
from the point of injury and it takes 10 min to 
perform a pre- hospital RSI, it is usually the 
wrong decision if the patient can be moved 
safely without intubation. A pre-alert to the 
receiving hospital allows for concurrent activity, 
and the hospital team can prepare for the proce-
dure in a more permissive environment while 
the patient is being transported more quickly. If 
a pre-hospital anaesthetic is needed to facilitate 
transfer or for other reasons, the safety and 
monitoring standards must meet or exceed those 
found in hospital [135].

The decision-making in the situations 
described is paramount to successful treatment 
of the trauma patient. In addition, the process of 
dealing with difficulties and complications plays 
a vital role in advanced airway management. The 
focus should always be on adequate oxygenation 
[136], with secondary outcomes considered only 
if the situation and technical expertise allows. 
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These procedures and interventions should be 
considered in addition to the techniques 
described in the fundamentals chapter, rather 
than to replace them in their entirety. The skill-
sets are complementary and overlapping, and 
just because interventions are technically possi-
ble, does not necessarily mean they should be 
undertaken. Once again, the utilisation of simu-
lation, supervised clinical training and feedback 
into standardised procedures, whenever possi-
ble, cannot be overemphasised.

Questions
 1. What is the main objective in airway 

management?
 (a) Oxygenation
 (b) Ventilation
 (c) Securing the airway

 2. Intubating drug protocols should never be 
changed

 (a) True
 (b) False

 3. Which is the most cardiovascularly stable 
induction agent?

 (a) Propofol
 (b) Ketamine
 (c) Thiopentone
 (d) Etomidate

 4. Is a surgical airway a failed airway?
 (a) No
 (b) Yes

 5. Transferring the intubated trauma patient 
requires

 (a) Anaesthesia and analgesia
 (b) Amnesia only
 (c) Analgesia only

Answers:
 1. a
 2. b
 3. b
 4. a
 5. a
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Breathing and Chest Trauma

Peter Lax

 Introduction

The third step in the MABCD assessment is 
breathing. Patients may sustain primary damage 
to their lungs or airways as a result of trauma or 
may suffer from respiratory complications as a 
result of trauma elsewhere, e.g. pulmonary fat 
embolus from femoral fractures, decreased respi-
ratory drive from head injuries or abdominal pain 
causing diaphragmatic splinting and decreased 
effectiveness of the lungs. The most critical func-
tions of the lungs are to dissolve oxygen into the 
blood and remove carbon dioxide (CO2) from the 

body. These two functions are interlinked but 
separate, and the factors which affect oxygen-
ation are not entirely the same as those which 
affect ventilation. The delivery of oxygen to tis-
sues and cells is essential for life, and the removal 
of CO2 is a crucial contributor to control of acid- 
base balance and is also important in regulating 
cerebral blood flow and pressure (see Chap. 11 - 
Disability head injury). Injuries to the thorax can 
create problems with oxygenation, ventilation, or 
both, in addition to bleeding or cardiac injuries. 
Before considering major aspects of thoracic 
trauma and how they present, it is crucial to have 
a basic understanding of the normal physiology 
of the lungs to comprehend how trauma can 
cause dysfunction and how our interventions can 
combat this.

 Applied Anatomy and Common 
Pitfalls

This section is a very brief refresher of some of 
the thoracic structures, and it is worth consulting 
an anatomy textbook (or gaining some experi-
ence with a thoracic surgeon, physician or anato-
mist where possible) to understand the applied 
anatomy of the thorax further. A brief surface 
topography with underlying structures is avail-
able in Fig. 9.1 For practical purposes, consider 
the thorax as a bony cage which protects the 
lungs, heart and great vessels. Cardiac and medi-
astinal anatomy will be considered in greater 
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depth in Chap. 10 (Circulation); the emphasis of 
this section is on the thoracic cage and lungs.

There are 12 pairs of ribs which also act as the 
mechanical anchor points for the muscles of res-
piration (intercostals and diaphragm). Each rib 
has a neurovascular bundle (nerve, artery and 
vein) running under the inferior border of the rib. 
Knowledge of the location of this arrangement is 
relevant when considering interventions such as 
chest drain placement or thoracostomy, as 
improper placement may result in further injury. 
The ribs are joined anteriorly in the midline by 
the sternum at the inferior aspect and the manu-
brium superiorly, with the spinal column com-
pleting the ring posteriorly. The ribs are 
cartilaginous in childhood and progressively 
ossify throughout life to provide more protection 
as they harden. In the elderly, osteoporosis and 
decreased calcium content may cause the ribs to 
become more brittle. These age-related changes 

are important as in young children, the ability of 
the ribs to flex and bend may mean that signifi-
cant damage to the underlying lungs may occur 
without visible external signs of trauma such as 
broken ribs.

Consequently, a higher degree of suspicion 
should be applied when assessing paediatric tho-
racic injuries. Conversely, in the elderly less 
force may be required to fracture ribs in compari-
son to paediatric and younger adult populations, 
and these fractures can have more deleterious 
effects. Even simple single rib fractures are noto-
riously painful, and more complex fracture pat-
terns such as multiple fractured ribs and flail 
segments can intrinsically cause management 
challenges in terms of analgesia and respiratory 
mechanics regardless of if there is underlying 
pulmonary parenchymal injury or pre-existing 
disease. When considering the thorax as a struc-
ture, it is also essential to remain mindful that it 
does not exist in isolation. It is inferiorly bounded 
by the abdomen, so any injuries which can affect 
the abdomen can also potentially affect the tho-
rax and vice versa, the classic example being an 
epigastric stab wound (such as the one seen in 
Fig.  9.2) which traverses the diaphragm and 
causes cardiac or pulmonary injury. When con-
sidering the ribs, surrounding structures and their 
interactions some observations can be made. The 
superior three ribs and scapulae are rarely frac-
tured because of their location and protection 
from the surrounding shoulder girdle. When they 

Fig. 9.1 Thoracoabdominal surface anatomy (Mikael 
Häggström via Wikimedia)

Fig. 9.2 Epigastric injuries can injure both abdominal 
and thoracic structures (Manabu Shiraishi from https://
www.researchgate .net /publ icat ion/258994649_
Successful_Surgical_Repair_of_Stabbing_Cardiac_
Injury [under creative commons 3.0 license])
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are fractured, this should be a warning of a sig-
nificant force transfer from impact, and potential 
for cervical spine or other significant injuries [1].

Similarly, the inferior three ribs protect some 
of the abdominal viscera, so consider if there 
could be an associated splenic or hepatic injury if 
ribs 10–12 have been fractured. Another common 
pitfall is inadequate exposure when assessing 
chest injuries. Do not forget to expose the back 
and axillae as small stab wounds in these areas 
are often missed, especially when patients are 
rapidly moved to CT scan or theatre due to insta-
bility before they have been log-rolled.

 Physiology of Normal Breathing

Again, the whole of respiratory physiology is 
beyond the scope of this textbooks, and the below 
is a small primer or some of the key principles 
relevant in trauma that should be expanded on by 
study of dedicated textbooks. The lungs occupy 
the majority of the thoracic cage when expanded, 
and their normal expansion is dependent on the 
integrity of the thoracic cage. In normal breath-
ing, the only way in or out of the thorax for air is 
the trachea via the mouth. As the diaphragm and 
intercostals contract, the ribs swing outward and 
the volume of the thorax increases, subsequently 
decreasing the pressure within the thoracic cav-
ity. Normal intrapleural pressure is slightly lower 
than atmospheric, so when the thoracic cavity 
expands further, the lungs are pulled/sucked 
along with the thoracic wall and expand. As a 
result, at this point the external atmospheric pres-
sure is higher than that within the respiratory 
tree, so air flows down the pressure gradient end-
ing up at the alveoli for gas exchange. The lungs 
will expand until the point where the outward 
force of the slightly negative intrathoracic pres-
sure is balanced by the inwards elastic recoil of 
the lung tissue. The degree of effort needed to 
expand the lungs is otherwise known as lung 
compliance. Compliance is decreased (i.e. it is 
more difficult to stretch the lungs) in conditions 
such as fibrosis, pneumonia and pulmonary con-
tusions. There is also a mechanical extrathoracic 
contribution to overall compliance from pressure 

on the thoracic cage, pressure on the diaphragm 
and stiffness in the chest wall itself, all of which 
may be present in trauma.

 Oxygenation

Oxygenation itself is an entirely passive process. 
The lungs are specialised organs with a fragile 
interface between gas in the alveoli and an abun-
dant capillary blood supply. The three factors 
which will affect the rate of diffusion across a 
membrane are outlined in Fick’s law (as outlined 
in Fig. 9.3); the rate of diffusion is proportional to 
concentration and surface area, and inversely 
proportional to the membrane thickness.

This explains one of the first therapeutic inter-
ventions that is performed in trauma—placing 
the patient on supplemental oxygen. Increasing 
the concentration gradient across the alveolar 
membrane and should increase the oxygen con-
tent blood that is delivered around the body. If, 
due to trauma, the surface area for oxygen diffu-
sion decreases (e.g. in atelectasis) or the mem-
brane thickness increases (e.g. pulmonary 
contusions, oedema or alveolar haemorrhage), 
the diffusion of oxygen will decrease as a conse-
quence, so increasing the concentration gradient 
of oxygen is a practical measure to mitigate the 
other effects of injuries. Remember these three 
factors when assessing a hypoxic patient—their 
relevance in each of the major thoracic patholo-
gies will be explained with each presentation 
later in this chapter.

 Ventilation and V/Q Matching

Ventilation refers to the process by which car-
bon dioxide is eliminated through the body. 
There are some similarities with oxygenation in 
that it depends initially on the diffusion of a gas 

Diffusion ì 
Membrane Thickness

Concertration Gradient ¥ Surface Area

Fig. 9.3 Simplified mathematical representation of alve-
olar diffusion
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across the alveolar membrane (albeit in the 
opposite direction), but the elimination of car-
bon dioxide depends on the total volume of air 
moved from the alveoli, out of the airways and 
into to the atmosphere per minute. This volume 
is calculated by the respiratory rate multiplied 
by the tidal volume, but also must take into 
account the volume of each breath which is not 
directly involved in gas exchange. This is 
known as the dead space and can be broken 
down into two components, anatomical and 
physiological. Anatomical dead space is the 
total volume of all of the airways from the 
mouth to the terminal bronchioles, and in most 
normal size adults is approximately 150 ml, 
though in intubated patients this can increase 
further with the addition of endotracheal tubes, 

connectors and other tubing. As gas exchange 
only takes place across the alveolar membrane 
and not in the trachea or bronchial tree (see 
Fig. 9.4), the composition of the volume of gas 
that is contained within these connecting air-
ways at the end of inspiration remains the same 
as the inspired mixture. This gas does not con-
tribute to either oxygenation or ventilation as it 
never reaches the alveoli but is a part of the vol-
ume of each breath. Physiological dead space 
refers to areas of the lung that are ventilated 
normally but are not perfused with blood, and 
this may be as a result of extreme hypovolae-
mia or pulmonary emboli, both of which can be 
seen in trauma. The overall relationship 
between alveolar ventilation and dead space is 
demonstrated in Fig. 9.5.
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Fig. 9.4 Alveolar-capillary unit (© Openstax CNX/Rice University)

Alveolar ventilation = (Tidal Volume – Dead Space) ¥ Respiratory Rate

Fig. 9.5 Mathematical representation of alveolar ventilation
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The corollary of this is where the lung is not 
ventilated but is adequately perfused, and blood 
passes from the right to the left side of the circu-
lation without picking up oxygen as a conse-
quence, which is referred to as shunt. An example 
of this in trauma is where there is a large pneu-
mothorax where the volume of the lung is 
squashed and unable to transfer gas, but remains 
perfused initially.

The broad term for when ventilation and perfu-
sion of lungs are not adequately paired is V/Q mis-
match. The lungs are adapted for matching areas 
of ventilation to perfusion so that gas transfer is 
efficient as possible. The size of pulmonary arteri-
oles and capillary beds will change in response to 
the presence of oxygen in alveoli so that more 
blood is sent to alveoli that have a higher oxygen 
content, and diverted from under- oxygenated 
areas. In patients with chronic severe lung disease, 
this balance may be on a knife edge. Changes to 
alveolar oxygen concentration may also paradoxi-
cally lead to retention of carbon dioxide in a very 
small subset of patients, but this is not the case in 
the vast majority of the population with or without 
Chronic Obstructive Pulmonary Disease 
(COPD). An excellent paper by Abdo and Heunks 
[2] explains the mechanism behind hypercarbic 
respiratory failure in COPD and dispels the often-
heard myth of “hypoxic drive”. To be clear—
hypoxic drive does not exist in patients with COPD 
as it is commonly taught, and acutely restricting 
access to supplementary oxygen in patients with 
acute trauma should not be done over concerns of 
abolishing hypoxic drive.

 Respiratory Failure

As oxygenation and ventilation are interlinked 
but separate processes, they can fail individually 
or together. Respiratory failure is essentially 
hypoxia, but it can be defined as type 1 failure 
(hypoxia only, low PaO2) or type 2 failure 
(hypoxia with hypercarbia, low PaO2 and high 
PaCO2)—the simple way to remember this is that 
type 1 failure involves one gas, and type 2 failure 
involves two gasses. The treatment will depend 
on the underlying cause, but it is important to 

acknowledge that one can exist without the other. 
A key point to remember is that a therapeutic 
intervention may mitigate a type of respiratory 
failure, but the underlying cause needs to be ade-
quately addressed before it is said to be resolved. 
I.e. if a patient has a low PaO2 with a normal 
PaCO2 and has supplemental oxygen applied to 
bring them back to a normal PaO2, they still have 
type 1 respiratory failure as they have an ongoing 
supplementary oxygen requirement. A clinical 
example in trauma would be a patient with a 
pneumothorax displaying signs of hypoxia 
requiring supplemental oxygen. They may have a 
normal PaO2 and oxygen saturation whilst on 
oxygen, but they still have underlying hypoxia—
type one respiratory failure. If the pneumothorax 
progresses, or the patient tires and their PaCO2 
rises if their minute volume drops, then this is 
type 2 respiratory failure.

Another example of type 2 respiratory failure 
in trauma is where a patient may have significant 
compression of their chest, e.g. entrapped in a 
vehicle in a road traffic collision or crush injury 
with weight on their chest. As such, they may be 
unable to generate significant tidal volumes 
above their dead space, resulting in a decreased 
proportion of each breath being involved in gas 
exchange. This then causes hypercarbia and 
hypoxia, aka type 2 respiratory failure. A 
 mathematical example of this is if a person has a 
500 ml average breath and 150 ml of that volume 
is dead space, the alveolar ventilation (volume 
per minute involved in gas transfer) is 350 ml or 
70%. If the same person has impairment of chest 
expansion and can only generate a 300 ml tidal 
volume, the effective volume involved in gas 
transfer is 150  ml or 50%. With less efficient 
breathing it is not difficult to see why hypercarbia 
develops. This is both a mathematical and physi-
ological effect; efficiency of each breath drops 
and the amount of effort needed to draw breath 
(the work of breathing) increases. With increased 
effort comes increased oxygen requirement and 
CO2 production, and when patients tire further 
the tidal volume will fall further still. The dead 
space remains constant, resulting in an even 
lower efficiency per breath and increasing differ-
ence between oxygen supply and demand, and 
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CO2 production and ventilation. This downward 
spiral results in increasing hypercarbia and wors-
ening type 2 respiratory failure. Another cause is 
patients with a high cervical spine injury result-
ing in loss of the nerve supply to the intercostals 
and diaphragm. If the muscles are effectively 
paralysed, then the chest cannot expand and inef-
fective ventilation will again occur via the same 
mathematical principles.

When patients are intubated and ventilated it 
is especially important to review blood gas results 
as improper ventilator settings may result in iso-
lated hypoxia, isolated hypercarbia or both 
 simultaneously. There is increasing evidence that 
hyperoxia may also be deleterious and should be 
avoided [3].

 Assessment of Chest Injuries

As part of the primary survey, chest assessment 
begins with the observation of the patient on the 
initial approach—do they appear calm and 
breathing normally or are they struggling to 
breathe? Do they appear cyanosed and peri-arrest 
or are they well perfused and comfortable? Are 
they able to speak normally or are they unable or 
have auditory signs of airway obstruction such as 
choking, stridor or stertor? Putting a pulse oxim-
eter on a patient at the earliest opportunity will 
give a wealth of information quickly on cardiore-
spiratory function and guide subsequent action. If 
the patient looks unwell in this first 5  second 
assessment, place them on supplementary oxy-
gen while continuing to assess them. Remember 
that the chest has a back as well as a front—make 
sure that the patient is both adequately exposed 
and rolled or positioned to assess all areas of the 
chest, including the axillae, neck and upper abdo-
men to account for pathology in areas that may 
be missed or cross the diaphragm. While in the 
pre-hospital environment hypothermia is a real 
concern, but so is missing an injury. Ensure that 
exposure and examination are thorough enough 
not to miss anything but rapid enough to avoid 
exposing the patient to the elements for longer 
than is necessary. Several mnemonics can be 
used to assess chests, but they all revolve around 

the standard inspection, palpation, percussion 
and auscultation sequence taught in clinical train-
ing. One such mnemonic is FLAPSS which 
stands for Feel, Look, Auscultate, Percuss and 
Search Side and back. This is often taught with 
TWELVE for neck examination as an extension 
of the respiratory exam for other findings 
(Tracheal deviation, Wounds, Emphysema, 
Laryngeal crepitus, Venous distension and 
Everything else). This is a useful starting point as 
most pathology will have some signs that will be 
picked up by the above examination if done 
correctly.

Feel begins with apparent areas of pain on pal-
pation—is this due to rib fractures, bruising or 
abrasions? It is worth starting away from the 
painful area to elucidate injuries which may be 
missed if the obvious areas are focussed on ini-
tially. One should also make a conscious effort to 
assess for the crunchy sensation of surgical 
emphysema in the chest, highly suggestive of a 
pneumothorax. Surgical emphysema feels like 
the crunch of putting fingers in snow or feeling 
cereal through a plastic bag even if there are no 
visual clues to its presence. It can be quite dra-
matic and spread a considerable distance subcu-
taneously; however, it will usually resolve in a 
few days when the underlying cause is addressed. 
In trauma, the most common cause of surgical 
emphysema is an air leak from the respiratory 
tract, though it can occur in infections with gas 
producing organisms such as clostridium perfrin-
gens. The click or step deformity of rib fractures 
may also be felt, in addition to a provoked pain 
response to damaged tissue that is pressed.

Look for areas of noticeable bruising, swell-
ing, paradoxical movement or asymmetry. 
Compare both sides of the chest to see if there are 
signs of hyper-expansion raising the suspicion of 
pneumothorax, paradoxical chest wall movement 
in flail chest or incised or sucking wounds in an 
open pneumothorax. If possible, a respiratory 
rate should be obtained at this point as a baseline 
measure to assess for either improvement or dete-
rioration later on in conjunction with other vital 
signs. Respiratory rate can be a sensitive predic-
tor of deterioration [4], however there is evidence 
that despite this it is often poorly assessed or 
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documented [5]—do not fall into this trap, assess 
rate properly!

Auscultation is a favourite examination of 
medical professionals the world over but is of 
limited use in the noisy pre-hospital environment 
(and occasionally in the hospital too). The rest of 
the examination should not be rushed through or 
abbreviated in order to put a stethoscope on a 
chest, as the sum of the other steps may be more 
reliable than auscultation alone. There is also an 
experience-related difference in the sensitivity 
and specificity of certain examination signs [6–
8], so auscultation in isolation is not as useful as 
one may think. Indeed, a review of the literature 
from 1966 to 2009 published in the Journal of 
General Internal Medicine in 2010 concluded 
that there has long been concern about the poor 
reliability and sensitivity of physical examination 
signs in respiratory examination overall [9]. 
However, the article states that the use of physi-
cal examination to explore a diagnostic hypothe-
sis remains a cornerstone of clinical practice. 
That is to say, examining a chest to build a 
hypothesis from what is heard is less likely to be 
useful than taking in all the other data available, 
and then listening with an idea of which signs to 
look for specifically to confirm or refute a sus-
pected diagnosis. Specific signs that may be use-
ful are decreased air entry in the context of 
haemo- or pneumothorax, and wheeze or crepita-
tions in the case of airway narrowing or cardiac 
failure.

Percussion can be useful to assess for hyper- 
resonance or dullness in the case of fluid or air in 
the hemithorax respectively, but it is often as 
much as a tactile examination as it is an auditory 
one. The feel of a hyper-resonant chest is differ-
ent from that of a normal one, as is the dullness 
associated with intrapleural fluid. A search of the 
axillae, neck, upper abdomen and back for any 
injuries that may have been missed concludes the 
physical examination and is arguably one of the 
most critical parts—do not neglect it.

Ultrasonography is rapidly gaining more sup-
port in the assessment of both trauma and medi-
cal patients who present with breathlessness or 
shock. Specific protocols such as BLUE [10] and 
RUSH [11] have standardised the approach to 

using ultrasound in these situations and decreased 
variability in its application. The ubiquity, 
decreased size and costs of ultrasound machines 
also make this modality an attractive option, as 
well as the increasing evidence of superior sensi-
tivity in comparison to plain x-ray assessment of 
the chest when looking for specific pathology 
such as pneumothorax [12] or pneumonia [13]. 
Ultrasonography is gaining increased popularity 
even in pre-hospital care, with evidence of appro-
priate short training courses upskilling providers 
who have had no previous ultrasound experience 
[14]. However a note of caution should be 
applied—in the same way that physical examina-
tion is improved when thought is put into its 
interpretation to confirm or refute a pre-existing 
pathological hypothesis, ultrasound must be sim-
ilarly interpreted. If there is a lack of lung sliding 
on ultrasound examination, is this because there 
is a pneumothorax or because an endotracheal 
tube has advanced into the contralateral main 
bronchus and the lung is no longer moving? 
Before undertaking any intervention based on 
physical exam or ultrasound, clinicians should 
ask themselves “does this fit with the current 
mental model or am I missing something?”. Do 
not be afraid to re-assess or ask for a second opin-
ion before embarking on a course of treatment 
where there is reasonable doubt that it is the cor-
rect one. Ultrasound is undoubtedly going to take 
on more of a prominent role in thoracic diagnos-
tics in the future, but it must be subject to data 
capture and peer review in the same way as radio-
graphic studies, and an image is not a surrogate 
or replacement for an engaged brain!

 Diagnoses of Immediately Life- 
Threatening Chest Trauma

Trauma can lead to the disruption of the normal 
anatomical or physiological arrangements out-
lined above, or cause pain sufficient to cause 
respiratory failure. The six immediately life- 
threatening and treatable conditions are outlined 
below with a pathophysiological explanation and 
advised treatment. They are best remembered 
using the mnemonic ATOM FC. It is essential to 
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point out that these conditions can occur in isola-
tion or together, so assessment and treatment may 
involve multiple methods.

 A: Airway Obstruction

Airway obstruction can occur at any point in the 
respiratory tree, and the more proximal and com-
plete the obstruction, the more severe it can be. A 
completely obstructed trachea is rapidly fatal, 
whereas a partially obstructed distant bronchus 
may cause a degree of respiratory failure but can 
be compensated for or mitigated against for a 
period. Causes of airway obstruction in trauma 
are numerous; inhaled foreign bodies from pri-
mary choking or damaged and aspirated teeth 
from facial trauma are examples that are com-
monly seen and are treated by removing the 
obstruction. However, airway obstruction can 
also be caused by posterior displacement of the 
tongue if protective airway reflexes are lost as a 
result of head trauma, intoxication, sedation or 
use of paralytic drugs such as rocuronium. The 
mucosa of the airway can also become swollen or 
inflamed due to inhalational burns from hot gas-
ses, corrosive chemicals or in anaphylaxis. If the 
swelling is severe enough then the entire airway 
can become obstructed at any level. If this occurs 
proximally, endotracheal intubation may over-
come upper airway injuries, but more distal air-
way burns or swelling can be fatal if extensive 
and distal enough.

Airway obstruction and management is cov-
ered more fully in the dedicated chapters, but it 
must be remembered that the airway includes all 
structures from the lips to the terminal bronchi-
oles, so the majority of structures are intratho-
racic. Airway obstruction kills by causing a 
decreased concentration gradient of oxygen 
across the alveolar membrane and subsequent 
hypoxia and shunt. Distal airway burns from 
heated gases can also cause sloughing of cells, 
capillary leak and ultimately lead to hypoxia by 
increased membrane thickness in addition to 
decreased flow of oxygen to the alveoli. Airway 
obstruction may also cause hypercarbia by pro-
portionally increasing shunt fraction. Patients 
will present with hypoxia and physical signs con-
sistent with the underlying cause—absent air 
entry/silent chest in the case of complete obstruc-
tion, localising crepitations/wheeze if there is an 
inhalational burn.

 T: Tension Pneumothorax

A tension pneumothorax is a pneumothorax that 
continues to increase in size with each inspiration 
to a point where the affected lung completely col-
lapses (Fig. 9.6). Beyond this point, the pressure 
in one hemithorax continues to increase and 
cause twisting of mediastinal structures into the 
opposite hemithorax. In spontaneously breathing 
patients, this is mitigated by the increasingly neg-
ative intrathoracic pressure in the unaffected side 

Collapsed
lung

Normal lung

Pneumothorax

Fig. 9.6 Right sided pneumothorax demonstrated con-
ceptually and clinically on x-ray and coronal CT 
(Wikipedia/Blausen.com staff (2014). “Medical gallery of 

Blausen Medical 2014”. WikiJournal of Medicine & 
http://clinicalcases.blogspot.com/2004/02/tension- 
pneumothorax.html & Robertolyra)
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(caused by increasing respiratory effort) aiding 
venous return to the heart, but in ventilated 
patients this is not the case. As well as causing 
respiratory failure, tension pneumothorax in ven-
tilated patients will cause circulatory failure by 
decreasing the venous return to the heart. The 
intrathoracic pressure equals or exceeds the 
venous return pressure to the heart from both the 
inferior vena cava in the abdomen and the supe-
rior vena cava in some cases. This combined car-
diorepiratory insult causes hypotension and 
shock which may mimic hypovolaemia. Two 
points are to be remembered regarding this pre-
sentation: firstly, a true tension pneumothorax in 
a patient who is spontaneously breathing is van-
ishingly rare—they are much more common in 
patients who are being positively pressure venti-
lated. Secondly, the classic signs of tension pneu-
mothorax that are often cited (distended jugular 
veins, tracheal deviation away from the affected 
side and hyper-resonance to percussion) are not 
universal and are ominously late signs if they 
occur at all. Leigh-Smith and Harris’s paper in 
Chest [15] gives an excellent overview of the 
“classical” signs of tension pneumothorax and 
the frequency of their presentation in both spon-
taneously breathing and ventilated patients and 
should be required reading for any trauma clini-
cian. The correct treatment of a tension pneumo-
thorax is urgent decompression to allow the 
build-up of pressure in the affected hemithorax to 
be released and the lung to re-expand. In an 
emergency, this has historically often been by the 
use of needle decompression in the first instance. 
Taking a large cannula and inserting it perpen-
dicular to the skin, over the superior margin of 
the second rib in the mid-clavicular line is often 
cited as the correct emergency management of 
this condition. Recent studies based on the chest 
wall thickness on CT’s, case reports and series 
have revealed an alarmingly high failure rate 
[16], and an 8cm needle may be needed to ensure 
success rather than a standard 3.2 or 4.5 cm IV 
cannula [17]. An adaptation to this approach is to 
use the needle in the fifth intercostal space, mid- 
axillary line where a chest drain would tradition-
ally be inserted, or anterior axillary line. The 
chest wall is thinner in these locations, so there is 

a higher chance of penetration into the intrapleu-
ral space and subsequent release of gas. There are 
specific devices which have been developed to 
overcome the issues with high failure and com-
plication rates of needle decompression [18] such 
as the ThoraQuik. These devices have their own 
issues, amongst them cost and potential for injury 
to the underlying lung and small numbers pre-
sented in initial assessment data [19]. The “gold 
standard” procedure would be to perform a thora-
costomy, followed by the insertion of an intercos-
tal (chest) drain as outlined above. This procedure 
is both diagnostic and therapeutic as by inserting 
a finger into the thoracic cavity it can be deter-
mined whether the lung is collapsed or not ("lung 
down" or "lung up") and creates a larger hole for 
air to escape from than a small needle. It also 
allows for an assessment of blood in the thoracic 
cavity, allows for intrathoracic  adhesion break-
down and assessment of the presence of cardiac 
motion if a left-sided thoracostomy is performed. 
In a patient who is intubated, there is less physi-
ological urgency to insert a formal drain post tho-
racostomy for a pneumothorax. In these patients, 
air is being forced into the lungs by the ventilator 
(positive pressure ventilation) as opposed to rely-
ing on an intact thoracic cage to generate suffi-
cient negative pressure to draw air in during 
normal respiration (negative pressure ventila-
tion). This is useful to remember, as patients who 
are rapidly deteriorating and need to be trans-
ported urgently to hospital, CT or theatre can 
have thoracostomies performed without having 
to insert an intercostal drain immediately. Formal 
drain insertion can be time consuming and make 
the onward transfer more logistically challenging 
in the presence of chest tubes and bottles. In the 
event of deterioration, a finger can be re-inserted 
into these holes to check for reaccumulation and 
release of air or blood. Tissue planes may close 
over the track created from the outside to the 
inside of the thoracic cavity and pneumothoraces 
may re-accumulate in the presence of an ongoing 
air leak from damaged lung, or blood if there is 
significant ongoing bleeding. The creation and 
“re-fingering” of a thoracostomy should be 
undertaken with appropriate caution and made as 
clean as possible without causing significant 
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delay. The published risk of subsequent empy-
ema/infection can be as high as 25% of intercos-
tal drain insertions even when sterile precautions 
are taken [20]. This is a serious complication and 
may necessitate multiple surgeries to treat if there 
is a severe infection. There is also a risk to the 
operator of contracting a blood-borne virus if 
there is an iatrogenic sharps injury due to haste, 
or the patient has multiple broken ribs and a frag-
ment injures the operator. Care should be taken 
whenever this procedure is performed for those 
reasons, and where possible the drain should be 
inserted away from palpable fractures/flail 
 segments though this is not always practical. 
Adequate local analgesia to the skin and pleura is 
be required to perform this procedure safely in an 
awake patient, and occasionally systemic analge-
sia or sedation may also be required.

In patients who are spontaneously breathing, 
performance of a thoracostomy is essentially 
converting a tension or simple pneumothorax 
into a small open pneumothorax and should be 
managed appropriately as the situation dictates. 
This may either be by immediate insertion of an 
intercostal drain or by sealing and monitoring 
with an appropriate dressing such as an Asherman 
dressing or Russell chest seal. Tension pneumo-
thorax causes hypoxia by decreasing surface area 
for gas transfer, and in ventilated patients may 
cause cardiac arrest via the combination of 
hypoxia and decrease in venous return to the 
heart. In spontaneously breathing patients, ten-
sion pneumothorax presents with chest pain and 
respiratory distress, with tachycardia and 
decreased air entry in 50–75% of cases, hypoxia, 
hypotension and tracheal deviation in less than 
25% of cases and cyanosis, hyper-resonance, 
decreased level of consciousness and chest hyper- 
expansion in less than 10% of cases. In ventilated 
patients, tension pneumothorax universally pres-
ents with sudden onset and progressive hypoxia 
and a reduction in cardiac output and blood pres-
sure. In approximately 33% of cases there may 
be high ventilator pressures, chest hyper- 
expansion or decreased air entry. The occurrence 
of venous distension and surgical emphysema is 
rare, occurring in only 20% of cases [15].

 O: Open Pneumothorax

[ h t t p s : / / w w w . y o u t u b e . c o m /
watch?v=sfk6dqxMvNI]

Video: Treatment of an open chest injury
If there is a large wound in the chest, air may 

preferentially enter the chest through the wound 
rather than through the mouth when the respira-
tory muscles contract and intrathoracic pressure 
drops. This leads to air surrounding the lung in 
the pleural space and collapsing it, rather than 
being inside the alveoli/lung parenchyma and 
available for gas transfer. Entrainment of air 
through a wound requires a hole of sufficient 
diameter to be present ( 23  the diameter of the 
trachea or greater) in order for air to preferen-
tially be entrained in the wound rather than by the 
normal route via the respiratory tract. These chest 
injuries are relatively simple to manage, as the 
major pathology can be treated in one of two 
main ways. In the first instance, seal the open 
pneumothorax with an occlusive dressing, con-
verting it to a simple pneumothorax which can be 
addressed with an intercostal drain. If the patient 
requires emergency anaesthesia and positive 
pressure ventilation for another reason (e.g. head 
injury), or if the wound is too large to seal in this 
manner and causing respiratory failure, the act of 
intubation and positive pressure ventilation will 
lead to re-expansion of the lung. There are apoc-
ryphal stories of defibrillator pads being used 
or credit cards being taped across open pneumo-
thoraces and occluded on three sides to create a 
one-way valve system, but there are so many 
devices that are commercially available and inex-
pensive that there is no excuse for not having one 
available in services which regularly deal with 
trauma. The main principle of these devices is 
that they will completely occlude the wound and 
allow air under pressure to escape via a one-way 
flutter valve mechanism so that the lung will re- 
expand. Open pneumothoraces should not be 
occluded entirely without a route for air escape as 
this may potentially convert an open pneumotho-
rax to a pneumothorax which may tension [21]. 
Some wounds may be larger than the available 
dressings, and in those circumstances, anaesthe-
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sia and intubation is the appropriate management 
of this condition. There are some modifications 
of a traditional chest drain bottle system which 
may be used in the case of pneumothorax to make 
the system more portable, but in the event of hae-
mothorax these systems have the potential to clot 
with blood and prevent the escape of air, poten-
tially causing a tension haemopneumothorax. 
They are rarely appropriate acutely but may form 
part of ongoing ambulatory management if the 
patient has a persistent air leak.

Untreated, open pneumothorax causes 
hypoxia by decreasing surface area for gas 
 transfer and may cause hypercarbia by propor-
tionally increasing dead space. The presenting 
findings are usually an open wound that may be 
sucking or gurgling and a patient who is hypoxic 
and in respiratory distress.

 M: Massive Haemothorax

Haemorrhage is the leading preventable cause of 
death in trauma, and there are a large number of 
vascular structures in the thorax which can cause 
significant bleeding (Fig.  9.7). Some injuries 

such as a major aortic transection are almost uni-
versally unsurvivable and will cause death within 
seconds to minutes of injury, but some bleeds 
may be significant while accumulating at a slower 
rate. Blood can fill the intrapleural space from rib 
fractures as each rib has an artery and vein run-
ning under its inferior border which can be dam-
aged. Blood can also accumulate from several 
other sources including the great vessels, lung 
parenchyma or internal mammary and subclavian 
arteries. Patients with massive haemothorax may 
present with signs of respiratory failure, circula-
tory compromise or both. Resuscitation with 
large volumes of blood products may be neces-
sary, as may formal thoracotomy if insertion of 
chest drains and tamponade of the lung after re- 
inflation is insufficient to stop bleeding. Bleeding 
from parenchymal injuries usually settles with a 
chest drain as these bleeds are from low-pressure 
systems and easily tamponaded, but more sub-
stantial bleeds should mandate referral to a tho-
racic surgeon for consideration of interventional 
radiology or  an urgent or emergency thoracot-
omy. This is defined as 1500 ml drain output on 
the first insertion of the drain, 1500 ml total drain 
output in 24 hours or more than 200 ml/h blood 
drainage for three consecutive hours [22]. 
Traditional teaching which is still occasionally 
mentioned was to clamp chest drains in the set-
ting of large volume output. This approach is a 
fallacy without merit, as bleeding will not stop 
and there is an inadequate tamponade effect; if a 
bleed rapidly accumulates it is unlikely to be 
small venous ooze which could be adequately 
addressed by tamponade alone. Also it causes a 
false sense of security—just because the blood is 
not pouring into drains does not mean it remains 
in the circulation! This has been evaluated in ani-
mal models, and clamping the drain worsened 
gas exchange, but the amount of hypotension, 
bleeding and mortality rate were unchanged after 
clamping vs conventional management [23]. The 
advent of cell salvage technology (taking blood 
that has been lost during surgical procedures, 
washing it and returning it to the patient [24] has 
led to the creation of some chest drains systems 
as the atrium device, which may enable re- 

Fig. 9.7 Massive haemothorax (https://openi.nlm.nih.
gov/detailedresult.php?img=PMC2567296_1757- 1626- 1- 
225- 2&query=hemothorax&lic=by&req=4&npos=52 via 
wikimedia under Creative Commons Attribution 2.0 
Generic license)
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transfusion of blood that has been lost into the 
drains. There are several caveats to using cell sal-
vage, aside from the obvious training and cost 
implications (which remain contentious with 
contradictory studies from different populations 
[25–28]). Patients who have a malignancy, infec-
tious contaminants or have had certain medica-
tions applied such as topical clotting agents or 
some irrigation solutions should not routinely 
have cell salvage used. There is an excellent 
review article from Blood Transfusion in 2011 
[29] that provides an overview of this technique.

The longer-term management of patients with 
retained intrapleural blood clots is still conten-
tious, but most centres are leaning towards 
increased intervention earlier to remove retained 
clot. Currently, the two main strategies are either 
a formal VATS procedure (Video Assisted 
Thorascopic Surgery—keyhole surgery of the 
chest) within 72 hours to 7 days, or further chest 
drain insertion to manage any residual clot [30, 
31]. The late complications of haemothorax are 
either infection (leading to empyema) or scar-
ring and fibrosis of the pleura (fibrothorax). Both 
can be debilitating and require multiple opera-
tions or interventions to treat, so should be 
avoided where possible by appropriately aggres-
sive early treatment. In patients who are too frail 
for surgery and have failed to resolve a hemotho-
rax after a second drain insertion, there is some 
data supporting the use of intrapleural thrombo-
lytics outside of the immediate phase of resusci-
tation and stabilisation [31, 32]. However, this 
data refers to haemothorax and non-trauma locu-
lated pleural effusions so should be interpreted 
with caution.

Massive haemothorax causes hypoxia and 
hypercarbia by decreasing surface area for gas 
transfer and also decreasing lung perfusion 
which causes a physiological increase in dead 
space. It may also lead to cardiac arrest due to 
hypovolaemia if untreated. The presenting 
physical signs are tachycardia, hypoxia, dull 
percussion note and potentially hypotension 
depending on the degree of blood loss. Massive 
haemothoraces can also present with tension 
physiology if blood in the hemithorax is under 
enough pressure [33, 34].

 F: Flail Segment

[https://www.youtube.com/watch?v=k78yENIp 
mFE]

Video: Clinical appearances of a flail chest
A flail segment is defined as two or more con-

secutive ribs that are broken in two or more places 
and is a clinical diagnosis (though it is increas-
ingly made on radiological grounds). As previ-
ously mentioned, the mechanical integrity of the 
chest is essential for generating negative pressure 
to breathe normally. When a rib is broken in one 
place, each end of the rib remains attached to one 
side of the sternum or the vertebra, and while pain-
ful, expansion can still occur. If the same rib is bro-
ken in two or more places, there will be a 
free-floating segment that is not anchored to the 
axial skeleton at any point and the mechanical sta-
bility of the chest is lost in that area.

Flail segments cause issues for multiple rea-
sons—they are a marker of significant energy 
transfer, reflect a large degree of damage to the 
underlying lung, can cause significant bleeding 
from the neurovascular bundle underlying the rib 
causing a haemothorax, or the sharp ends of the 
fractures can pierce the pleura and lung paren-
chyma causing a pneumothorax. All these issues 
(while important) are secondary to the major 
pathology in flail chest—loss of the ability to 
effectively expand the lung while spontaneously 
breathing. The cardinal sign of a flail chest is 
paradoxical chest movement. When the patient is 
spontaneously breathing, the intact section of the 
chest will expand outwards with contraction of 
the external intercostals and diaphragm, whereas 
the free-floating section will move inwards 
towards the lower pressure of the thorax. 
Conversely, when the patient breathes out by 
increasing their intrathoracic pressure via con-
tracting their internal intercostals, the intact seg-
ment is pulled inwards whereas the higher 
intrathoracic pressure forces the flail segment 
outwards. Management of this condition acutely 
usually involves the induction of general anaes-
thesia and intubation to manage incipient respira-
tory failure, as well as insertion of a chest drain to 
manage the complications alluded to above. Flail 
segments need to be mechanically fixed, and 
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early intervention has been proven to decrease 
length of time on a ventilator and hospital stay 
[35] as well as improve both functional outcomes 
in terms of return to work and spirometry scores 
at 6 month follow up [36–40]. While in the UK, 
there is NICE guidance for the fixation of flail 
segments, there is some evidence that fixation of 
more straightforward rib fractures may also ben-
efit patients in terms of improved pain scores, 
reduction of length of stay and decreased compli-
cations such as pneumonia [41]. May et al. pro-
duced an excellent educational overview of rib 
fracture management from an anaesthetic 
 perspective, including operative management 
and analgesic options and it is recommended 
reading for those who may deal with rib fractures 
regularly [42].

Flail chest causes decreased tidal volumes by 
both severe pain and loss of mechanical integrity. 
The subsequent lack of expansion causes 
decreased surface area for gas exchange and 
increased proportional anatomic dead space, 
leading to hypercarbia. This is in addition to any 
other associated pathology such as pulmonary 
contusions or pneumothorax having an additive 
effect. The pathognomic sign is of paradoxical 
chest movement, and the patient will also present 
with respiratory distress and other signs related 
to any co-existing chest pathology.

 C: Cardiac Tamponade

Tamponade is discussed more fully in Chaps. 10 
(Circulation) and 12 (Traumatic cardiac arrest). 
Accumulation of blood in the pericardial sac can 
cause compression of the right ventricle and car-
diac failure (Fig 9.8). Needle pericardiocentesis 
in the context of trauma has a high failure rate, as 
aspiration of more viscous clotted blood rather 
than more thin fluid associated with pericardial 
effusions due to medical causes  is inherantly 
more difficult. Cardiac tamponade may cause 
respiratory failure by shunt (decreasing the 
amount of blood pumped to the lungs) but is not 
a primary lung pathology. Some of the signs clas-
sically described in cardiac tamponade may 
mimic tension pneumothorax (moribund looking 

patient, distended neck veins and low blood pres-
sure), so it is important to consider alternative 
diagnoses when treating either of these 
conditions.

 Other Serious Pathology: The Sub- 
acute Six

While the above six pathologies are the leading 
reversible causes of death or severe disability 
from thoracic trauma which may present imme-
diately on assessment, the below six pathologies 
can be just as lethal but can be harder to diagnose 
and may be more insidious in their development. 
Maintaining a high degree of clinical suspicion 
based on the mechanism of injury, presenting 
pathology and imaging results is often the key to 
diagnosing these injuries. The majority of these 

Fig. 9.8 Cardiac tamponade (Blausen.com staff (2014). 
WikiJournal of Medicine. DOI:https://doi.org/10.15347/
wjm/2014.010)
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conditions may develop or worsen after the first 
24 h of acute care when the patient is on a trauma 
ward or intensive care. Prompt recognition and 
treatment are essential for a good outcome. As 
they will require further thought and reading 
around to appreciate fully, a useful mnemonic to 
remember these six injuries is GOT CPD.

 G: Great Vessel Injury

The thorax has several large vessels which can 
become injured in blunt or penetrating trauma, 
and while a severe injury can rapidly prove fatal, 
occasionally major vessels can be damaged with-
out failing catastrophically. While specific arter-
ies may require specific surgical approaches and 
management of severe bleeding, the principles 
are mostly the same as arterial repairs elsewhere 
in the body. It is worth explicitly mentioning aor-
tic and vena cava injuries as they can be rapidly 
fatal and there are multiple options for 
management.

 Aortic Injuries
The most common survivable example of this 
would be aortic dissection or disruption which is 
incomplete—complete aortic dissection is fatal 
within seconds or minutes from the point of 
injury. During rapid deceleration injuries (or 
occasionally penetrating trauma) the aorta can 
shear around its attachments to the posterior tho-
racic wall. These anchoring points are the aortic 
isthmus/ligamentum arteriosum just distal to the 
origin of the left subclavian artery distally, and 
the aortic root proximally. This shearing can give 
rise to an aortic dissection where blood is forced 
between the innermost layers of the aortic wall 
(the intima and media) and the high pressure in 
the aorta hydrodissects the layers apart, creating 
a false lumen. This dissection can follow the 
direction of blood flow away from the point of 
intimal rupture (anterograde dissection) or track 
back proximally (retrograde dissection).

For this reason, dissections can involve either 
just the descending aorta (Stanford type B or 
DeBakey III), just the ascending aorta (DeBakey II 
or Stanford type A) or both the ascending and 

descending aorta (DeBakey I or Stanford type A). 
Understanding the different classifications is vital 
because it influences the likely management strat-
egy; lesions involving the ascending aorta or arch 
(Stanford A) are almost exclusively managed sur-
gically with cardiopulmonary bypass and replace-
ment of the aortic arch and occasionally the aortic 
valve. Lesions which begin distally to the left sub-
clavian and extend inferiorly (Stanford B) are 
more amenable to either conservative/non-surgical 
management. This may be with blood pressure 
lowering agents such as intravenous beta blockers 
or GTN, interventional radiology procedures such 
as TEVAR (Thoracic Endovascular Aortic Repair), 
or both. TEVAR is a minimally invasive endovas-
cular procedure which allows the stenting of the 
aorta and occlusion of a dissection flap and false 
lumen through a small incision in the groin. It is 
much less invasive than open surgery, has faster 
recovery time and much less associated morbidity 
and mortality acutely. It is more dependent on 
patient’s having relatively straightforward anat-
omy, as tortuous vessels may be too ectatic to 
allow for adequate placement of the TEVAR 
device. This may lead to re-intervention in approx-
imately 15% of cases [43], additional need for 
acute pharmacotherapy or an open repair if there 
are serious complications or failure of initial man-
agement. Because of the comparatively recent 
development of this procedure, long term follow 
up data is scarce, though there are a few small case 
series and meta-analyses [44] with favourable 
results and a planned Cochrane systematic review 
[45]. In computer modelled studies of patients 
with complicated type B dissections, the predicted 
morbidity and mortality overall from TEVAR 
compared with open repair is less. This is predom-
inantly due to acute operative complications of 
open procedures [46], and it will be interesting to 
see how these results compare to the systematic 
review once complete.

[ h t t p s : / / w w w . y o u t u b e . c o m /
watch?v=Hlhezm- a9E4&t=215s]

Video: TEVAR repair of a blunt aortic injury

 Vena Cava Injuries
Vena cava injuries are very rare and have a high 
mortality even after arriving in hospital (approxi-
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mately 70–90%) [47]. The vena cava is challeng-
ing to access surgically in an emergency, and 
vena cava injuries rarely occur in isolation, com-
monly being seen concomitantly with liver inju-
ries. If the patients do not exsanguinate and the 
leak seals spontaneously then conservative man-
agement is advised, though this is pragmatic 
mainly due to surgical difficulties with access 
and high perioperative mortality during a repair. 
Only 39 cases of vena cava injury and aneurysm 
have been reported in the medical literature, so 
there is little published data on which to base a 
consensus approach. The current approach of 
conservative management is caveated with the 
fact that follow up CT venography should be per-
formed at 30 days, 6 months and a year to assess 
the growth of vena cava aneurysms or further 
leak, or if the patient becomes symptomatic, then 
they should be urgently imaged.

 O: Oesophageal Injury

Oesophageal injuries are rare and tend to pres-
ent late (usually with mediastinitis) in the con-
text of blunt trauma. Occasionally there will be 
an obvious mechanism which predisposes the 
patient to oesophageal injury, for example, 
ingestion of a caustic substance such as concen-
trated acid or alkali. Specifically in the case of 
caustic ingestion, treatment is initially support-
ive. This can include extensive washout of the 
oesophagus and stomach to minimise further 
damage, systemic treatment with broad-spec-
trum antibiotics to minimise the effect of bacte-
rial translocation from the breakdown of the 
gastrointestinal mucosa, and gastric acid sup-
pression with PPI’s, parenteral nutrition and the 
patient rendered nil by mouth. The oesophagus 
remains friable for the first couple of weeks, and 
anything other than life-saving surgery should 
be discouraged until the initial inflammatory 
storm has settled and the integrity of oesopha-
geal tissue improves. Depending on the site, 
degree of damage and damage to the stomach, 
surgical repair (if necessary) may be possible by 
pulling part of the stomach into the chest to cre-
ate a neo- oesophagus, or in severe cases there 

have been reports of free colonic grafts being 
used for the same purpose.

In the context of oesophageal perforation from 
either blunt or penetrating trauma, the manage-
ment follows along similar lines. The diagnosis is 
made on clinical suspicion leading to formal 
upper GI endoscopy and then management as 
appropriate by specialist upper GI teams in con-
junction with intensive care resources. The mor-
bidity and mortality is largely from infective 
complications, so a low threshold for investiga-
tion and empirical antibiotic coverage is advised. 
For a fuller explanation of the diagnosis and 
management of traumatic oesophageal injury, the 
article by Mubang and Stawicki is recommended 
[48].

 T: Tracheobronchial Injury

This refers to any injury to the airway from below 
the level of the cricoid cartilage to the level of the 
first segmental bronchi. This is a rare condition, 
with upper tracheobronchial injuries commonly 
being the result of penetrating trauma to the neck 
and lower tracheobronchial injuries as a result of 
blunt trauma/barotrauma. Occasionally they can 
present as a result of inhalational injuries (e.g. 
chlorine or hot gases causing inflammation, 
swelling and mucosal breakdown and subsequent 
perforation or scarring), or iatrogenically from 
violent intubation or as a complication of trache-
ostomy. If these injuries are not immediately 
apparent on presentation from the mechanism 
they are usually diagnosed by flexible bronchos-
copy early. The persistence of an air leak despite 
adequate size and number of chest drains being 
placed to drain a pneumothorax in late- presenting 
cases should raise the suspicion of tracheobron-
chial injury (Fig.  9.9). Occasionally, tracheo-
bronchial injury can present as a 
pneumomediastinum. The management of these 
injuries depends on their site, size and physiolog-
ical impact and can range from observation with 
a chest drain in situ and minimising airway pres-
sure, continuing through the use of tracheobron-
chial stents to support the airway, and occasionally 
surgery up to and including lobectomy or 
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 pneumonectomy in the most severe cases. 
Pneumonectomy is avoided wherever possible in 
favour of wedge resections or tractotomy due to 
the high morbidity and mortality of the procedure 
(approaching 60% overall and 80% if the under-
lying mechanism is blunt trauma [49]). If a repair 
of a bronchial lesion is necessary, then it is usu-
ally performed with sutures and a pericardial, 
pleural or muscle tissue patch fashioned around 
the defect. These injuries may be challenging to 
manage in the postoperative period as they can 
occur concomitantly with pulmonary contusions, 
and while higher airway ventilator pressures may 
be beneficial to recruit areas of the lung for gas 
exchange, these high airway pressures may prove 
deleterious to the integrity of the patch repair. 
Excellent overviews of the management of these 
injuries and some of their complications are 
available from Karmy-Jones & Wood [50] and 
Matsushima et al. [49]. Late complications of tra-
cheobronchial injuries are related to scarring and 
fibrosis and may include airway stenosis and dif-

ficulty in breathing. Due to their cartilaginous 
nature, tracheal injuries are notoriously difficult 
to repair as they do not heal quickly if at all.

 C: Cardiac Contusion

Blunt cardiac injuries can cause bruising and 
damage to the heart, causing a release of troponin 
similar to that seen in myocardial infarction. 
Damage to the heart is often seen in road traffic 
collisions if there is a significant frontal collision, 
and any patient who presents with a fractured 
sternum should be considered at risk from devel-
oping a cardiac contusion. This injury can pres-
ent a spectrum of severity, from a minor troponin 
raise with no clinical sequelae to gross cardiovas-
cular instability requiring inotropes and invasive 
monitoring in a critical care area. A baseline 
ECG, echocardiography and telemetric monitor-
ing should be considered for susceptible patients, 
and there should be a lower threshold for admis-
sion to hospital or critical care for those patients 
who have pre-existing cardiac disease presenting 
with cardiac contusions. One common difficulty 
to negotiate is the situation where the mechanism 
of injury may suggest a cardiac condition which 
could have contributed to the trauma. In patients 
with arrhythmia or troponin rise, always consider 
an arrhythmia causing loss of consciousness and 
control of the vehicle before attributing the car-
diac abnormality as the result of contusions. This 
can be a difficult diagnosis to make, and pre- 
hospital professionals who highlight this as a 
potential concern from “reading the scene” 
should be taken seriously, and the threshold for 
cardiac investigation and intervention should be 
appropriately lowered. Cardiac contusions will 
typically improve over 3–5 days with appropriate 
supportive care and monitoring, and in the 
absence of other injuries it may be appropriate to 
take these patients to a coronary care unit rather 
than a formal trauma ICU or ward. All patients 
with cardiac contusions require consultation 
from a cardiologist in addition to normal trauma 
team management, and a decision should be 
made on individual basis on the risk:benefit pro-
file of certain medications (such as anti-platelet 
agents) if recommended.

Fig. 9.9 Right main bronchus injury at thoracotomy (ringed). 
The patient’s head is at the top of the image. This defect had 
not closed with standard chest drain management and required 
a muscle patch across it for definitive closure. The patient 
recovered well and chest drains were removed a week later 
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 P: Pulmonary Contusion

As previously mentioned, the lung parenchyma 
is a highly specialised functional tissue that 
allows diffusion of gasses and its function is gov-
erned by the factors described above in Fick’s 
law. If the lung parenchyma is damaged and 
bruised, swelling can occur as in any other tissue. 
This swelling can affect the smaller airways or 
alveolar interface itself and there may also be a 
degree of bruising or bleeding. The cumulative 
effect of this is that more effort may be needed to 
overcome airway resistance and move air to and 
from the alveoli (increased work of breathing) 
and there may be a decreased efficiency in gas 
transfer due to a combination of increased mem-
brane thickness and decreased surface area. The 
subsequent swelling can also cause decreased 
chest compliance and a necessity for higher air-
way pressures if ventilated. Pulmonary contu-
sions when considered in isolation can be severe, 
but they often occur in conjunction with other 
pathology that may also impact on work of 
breathing or effective gas exchange. However, it 
is rare that pulmonary contusions occur in isola-
tion, except for some blast injuries or inhala-
tional injury. It is also notable that pulmonary 
contusions may only appear mild on initial pre-
sentation, but they can blossom over the first 72 h 
of injury and render patients profoundly hypoxic. 
X-ray findings tend to lag behind the clinical pic-
ture (Fig. 9.10), and the diagnosis is most sensi-
tively made with chest CT.  The effects of 
pulmonary contusions may also be worsened by 
injudicious or excessive administration of fluids 
or blood products causing endothelial activation 
and varying degrees of compromise from mild 
hypoxia to the development of fulminant adult 
respiratory distress syndrome (ARDS) [51]. 
Treatment is supportive and there is no specific 
cure other than time, avoidance of fluid overload, 
chest physiotherapy as needed and lung protec-
tive settings if mechanically ventilated (limiting 
tidal volume to less than 6 ml/kg, avoiding high 
peak pressures) [52]. The degree of support and 
ventilator strategies are discussed later in the 
chapter, but in rare cases may include advanced 
methods only available in some super-regional 
centres such as ECMO.

 D: Diaphragmatic Rupture

Diaphragmatic rupture occurs with either direct 
injury in penetrating trauma or when the abdomi-
nal viscera are suddenly and violently com-
pressed during blunt trauma, causing tearing of 
the diaphragm and herniation of abdominal con-
tents into the thoracic cavity. This causes respira-
tory compromise through the dual actions of 
compressing the lung and reducing the surface 
area available for gas transfer, as well as causing 
mechanical disruption and inability to generate 
negative pressure during spontaneous respiration. 
The chest x-ray of these patients is unusual and 
has been mistaken for pneumothorax in some 
patients (Fig. 9.11), so caution is advised before 
inserting a chest drain. This is another reason 
why a finger sweep is important as part of insert-
ing a chest drain, as abdominal viscera can be dif-
ferentiated from the sponge-like texture of lung 
before inserting a chest drain into an abdominal 
organ. Acute management mainly involves respi-
ratory support and escalation as needed, then 
repair when the patient is physiologically stable 
enough to tolerate surgery [53]. Diaphragmatic 
rupture itself is unlikely to be fatal, but the asso-
ciated respiratory compromise may be. By treat-
ing the consequences acutely and then the 
underlying pathology when possible, the patients 
have the best chance of a good outcome. Left 
sided diaphragmatic ruptures are more common 

Fig. 9.10 Pulmonary contusions on chest x-ray. Note 
surgical/subcutaneous emphysema over the right shoulder 
and neck (trauma.org (http://www.trauma.org/index.php/
main/image/32/) via Wikimedia under Creative Commons 
Attribution-Share Alike 3.0 Unported license)

9 Breathing and Chest Trauma

http://trauma.org
http://www.trauma.org/index.php/main/image/32/
http://www.trauma.org/index.php/main/image/32/


156

than right sided ones as the mass of the liver tends 
to provide a degree of diaphragmatic protection 
in abdominal trauma. All defects should be 
repaired as even small tears can potentially cause 
incarceration of any abdominal viscera which 
herniate through if left unrepaired. A repair can 
be effected from either side of the diaphragm 
(thoracic or abdominal) and either by laparo/tho-
racoscopic means or open repair, usually concur-
rently with other surgical procedures if necessary. 
The location of the liver means that right sided 
repairs are technically easier via a VATS or thora-
cotomy in the case of large or complex defects.

 Escalation of Respiratory Support 
from Basics to Advanced 
Critical Care

Patients with any of the above chest injuries can 
present challenges to anyone from a first 
responder to a professor of intensive care medi-
cine, but the underlying principles remain the 
same—ensure adequate oxygenation and ventila-
tion while dealing with the underlying pathology 

and protect the lungs as much as possible. There 
are a large number of strategies that can be 
employed depending on the severity of the injury 
and the available resources. This section aims to 
illustrate the progression from simple measures 
to advanced intensive care intervention that may 
only be available in super specialised centres. 
The number of patients that require these inter-
ventions decreases as they become more 
advanced, as simple interventions performed 
early enough may prevent the patient from requir-
ing more advanced care. A consequence of this is 
that because there are fewer patients that have to 
undergo advanced procedures, the evidence sur-
rounding them and how we implement them is 
not as abundant. Some of the controversies or 
limitations of our current understanding have 
been included in the advanced intervention sec-
tion. Patients should have therapy directed 
towards the underlying cause—if there is a sig-
nificant pneumothorax, drain it; if there is airway 
obstruction, remove it. The below escalation 
strategy assumes that the underlying cause has 
been treated as best possible, but the patient con-
tinues to deteriorate. It is also important to 
emphasise that this should prompt re-assessment, 
as additional pathology may have evolved or 
there may be a recurrence of the primary issue. 
One example of this is respiratory deterioration 
in a patient with a chest drain in situ that has 
become displaced or obstructed and needs clear-
ing or repositioning to address a re-accumulated 
pneumothorax.

 Basic Principles and Baseline Care

Although there are a large number of pathologies 
which may affect breathing, a stepwise approach 
to maintaining oxygenation and ventilation 
should be applied in each case, with each subse-
quent step building on the previous. It may occa-
sionally be appropriate to escalate immediately 
to a higher level of intervention either due to sig-
nificant chest pathology or because of coexisting 
pathology outside the thorax requiring interven-
tion. For example, a patient with hypoxia due to 
mild pulmonary contusions may not require 

Fig. 9.11 Diaphragmatic hernia with fluid level pro-
jected over the mediastinum. Note this is a hiatus (non- 
traumatic) hernia, but diaphragmatic rupture can present 
with a similar fluid level or bowel contents visible in the 
chest on x-ray (Ahmed Farhat and Daryn Towle via 
Wikimedia [Under CC-BY 4.0 license])
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immediate intubation for their chest injury, but 
they may have a coexisting head injury which 
requires intubation. To start with, positioning or 
extrication may be all that is needed to improve 
both oxygenation or ventilation. Patients who are 
mechanically trapped in vehicles or with weight 
on their chest may develop respiratory failure due 
to crush/asphyxiation but have normal lungs. It is 
vital that when assessing patients in both pre- and 
in-hospital practice that the importance of posi-
tioning is not forgotten. Healthy patients who are 
laying flat on their back have a decreased vital 
capacity compared to when they are sitting up. 
The weight of their abdominal viscera presses 
against their diaphragm and can cause minor 
compression and atelectasis of their underlying 
lung after a while. The work of the diaphragm is 
also less efficient in this position, as it must con-
tract against abdominal pressure in inspiration to 
generate negative intrathoracic pressure. Patients 
who have chest injuries, abdominal pain or 
pathology or any neurological injury that may 
affect breathing will have this positional disad-
vantage exacerbated. When unrestrained, patients 
will typically assume the most comfortable posi-
tion that minimises their work of breathing, and 
they should be supported in assuming this posi-
tion where possible. Pulse oximeters are invalu-
able devices as they give information about 
oxygen saturation, pulse rate and a degree of 
insight into tissue perfusion and cardiac output 
by extension. Applying a pulse oximeter early 
gives a good baseline to judge improvement or 
deterioration from, and the units can be quite 
small and self-contained to avoid getting in the 
way at a busy resuscitation. If the patient is 
hypoxic, the next intervention would be to pro-
vide supplemental oxygen via a face mask or 
nasal cannula depending on the degree of 
hypoxia, likely clinical course and other injuries. 
The British Thoracic Society has created guide-
lines for the use of oxygen in a variety of situa-
tions including emergencies and acute trauma. 
The current iteration recommends high flow oxy-
gen at 15  l/min for trauma resuscitation but 
advises decreasing it to target an oxygen satura-
tion of 94–98% as soon as possible [54]. It is also 
essential to give appropriate analgesia to these 

patients, as this may aid oxygenation and ventila-
tion compromised by pain such as in rib frac-
tures. Analgesia may be pharmacological, 
non-pharmacological (such as splinting) or both. 
Chapter 13 (Analgesia) has several suggestions 
on appropriate agents, doses or other regional 
techniques which may be appropriate depending 
on location and setup.

 Intermediate Options

If respiratory failure is still an issue despite the 
above measures, giving respiratory support via 
CPAP (Continuous Positive Airway Pressure) or 
non-invasive ventilation (NIV, occasionally 
called BiPAP for Bilevel Positive Airway 
Pressure) is the next step (Fig. 9.12). This usually 
requires a dedicated machine, but some newer 
transport ventilators such as the Hamilton T1 or 
Oxylog 3000+ have the facility to be used as an 
NIV machine. In this mode, an airtight oxygen 
mask is placed on the patient’s face and when the 
machine senses the patient attempting to inhale, 
they are given support in the form of a positive 
airway pressure boost. This decreases the work of 
breathing of the patient and allows them to venti-
late more efficiently. When the patient exhales, 
the airway pressure does not fall to atmospheric 
but stays slightly above (usually starting at 

Fig. 9.12 A patient on a BiPAP machine. CPAP exter-
nally appears the same, but does not provide inspiratory 
support (James Heilman, MD via Wikimedia [under CC 
SA4.0 license])
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5 cmH2O and increasing as needed) to help hold 
the smaller airways open and improve oxygen-
ation. This is known as either PEEP (Positive End 
Expiratory Pressure) if the patient is invasively 
ventilated, or alternately PLow or PExp if using 
BiPAP/NIV. CPAP is a similar system, but only 
provides the resistance to exhalation to improve 
oxygenation—the patient does all the work them-
selves during inhalation.

In summary, both BiPAP/NIV and CPAP 
can improve oxygenation by splinting open the 
lower airways (and hence increasing alveolar 
surface area). However, BiPAP/NIV will aid in 
CO2 clearance in addition to this by decreasing 
the work of breathing and increasing tidal vol-
umes by supporting the patient during inspira-
tion too. It is also important to note that due to 
the airtight nature of the mask that oxygen con-
centration can be titrated accurately too. 
Although patients are often said to be breath-
ing 100% oxygen when being given 15  l/min 
via a non-rebreather mask, this is not true. 
They will entrain air from the outside of the 
mask, and the actual fraction of inspired O2 
(FiO2) is not known. Systemic reviews and 
meta-analysis of NIV in trauma have described 
positive benefits in terms of improved oxygen-
ation, decrease in intubation rates and associ-
ated complications [55].

NIV is not an entirely benign procedure, but it 
has a far higher chance of success when initiated 
early rather than waiting for patients to deterio-
rate and being administered with clear goals set 
at the start of treatment. A plan for managing 
common complications (e.g. siting a nasogastric 
tube before commencing NIV to decrease gastric 
distension), as well as endpoints for weaning or 
escalating NIV, should be formulated so that 
improvement or deterioration can be acted on 
appropriately. Adequate and significant analgesia 
should be given to optimise the patient for suc-
cess, but anxiolytics should be avoided where 
possible as they do not contribute to analgesia 
and may increase the rate of complications. Per 
the British Thoracic Society/Intensive Care 
Society guidelines for the ventilatory manage-
ment of acute hypercapnic respiratory failure in 
adults [56] anxiolytics must be administered in 

an intensive care or high dependency unit with 
1:1 or 2:1 nursing support if used at all.

Absolute contraindications to NIV include 
untreated pneumothorax, gastric/laryngeal or 
oesophageal injury, patients with a decreased 
level of consciousness or apnoeic spells, lack of 
protective airway reflexes or significant maxillo-
facial injuries. NIV should be initiated with low 
pressures to begin with to allow the patient to 
acclimatise to the sensation of the machine, but 
support and PEEP should be increased incremen-
tally until adequate (but not necessarily normal) 
oxygenation and ventilation is achieved. Again, 
these acceptable goals should be defined a priori 
and subsequent management plans defined. Care 
should be given to set the trigger appropriately 
(the amount of patient effort necessary to instigate 
a machine supported breath). Too high a trigger 
may mean the patient feels suffocated as they 
have to generate significant negative pressure 
before they have a supported breath, but too low a 
trigger may mean the patient is continually being 
given an assisted breath when they instigate the 
smallest movement of air (e.g. when rolling in 
bed). Similar care should be used when setting a 
ramp (the speed at which inspiratory flow goes 
from zero to maximum). For a more full overview 
of the practicalities of non-invasive ventilation, an 
article from Thorax by Rabec et al. [57] is recom-
mended, and for more evidence on NIV across a 
range of presentations, an article by Scala and 
Pisani is a good starting point [58].

 Advanced Interventions Available 
Commonly

If NIV is not an option due to lack of equipment 
or the patient has failed a trial of NIV, the next 
step on the airway escalator is intubation and 
ventilation. The procedure, risks and benefits of 
intubation have been covered in the airway chap-
ters, so please refer there for a fuller discussion. 
Once the airway has been secured there are sev-
eral ways in which hypoxia can be treated, but 
they all revolve around Fick’s law as described 
above—increase the concentration gradient 
(FiO2), increase the surface area (PEEP or mean 
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airway pressure), and decrease the membrane 
thickness (usually diuretics, chest physiotherapy, 
suctioning or antibiotics in the case of infection). 
Remember that patients’ lungs do not exist in iso-
lation from the rest of their body, and what might 
be an appropriate or desirable intervention to 
improve their respiratory function (e.g. increas-
ing their PEEP) may have deleterious effects 
elsewhere (e.g. increasing intracranial pressure 
or decreasing venous return and subsequently 
decreasing blood pressure in a hypovolaemic 
patient). This is where experience and risk:benefit 
balance inherent in critical care come into play.

Several modes can be used with different ven-
tilators, and a full explanation of these is outside 
the scope of this text. Each mode will either be 
volume or pressure controlled, allow/support the 
patient taking spontaneous breaths or not and 
will have a minimum background respiratory 
rate. The vast amount of proprietary names, 
trademarks and acronyms from various manufac-
turers has made discussions around ventilators 
unnecessarily complex and occasionally confus-
ing. The vast majority of conventional ventilation 
modes can be broken down into some combina-
tion of the above three parameters, and the set-
tings understood by referring to first principles 
once it is understood what the ventilator is trying 
to achieve and how. An excellent handbook from 
the Intensive Care Society [59] is available for 
free for anyone with interest in demystifying ven-
tilators and is recommended reading.

If the patient still has respiratory failure while 
on conventional ventilation, despite increasing 
FiO2, surface area and decreasing membrane 
thickness the next evidence-based options involve 
proning patients. This involves changing posi-
tions from lying on their back to their front every 
few hours to maximise perfusion to sections of 
the lungs which may be better recruited and 
hence improve V/Q matching. The PROSEVA 
Trial [60] in 2014 showed an improvement in 
both oxygenation and mortality when this strat-
egy is implemented, but the units involved were 
experienced in the use of the proning procedure 
and it is not without risks. These risks mainly 
involve tube dislodgement and pressure area 
damage due to improper care during and after 

positioning. Some patients may not be suitable 
for proning despite requiring it, e.g. patients with 
unstable cervical spine or pelvic injuries with an 
ex-fix system in situ. Options in these cases 
include infusions of paralytic drugs to improve 
oxygenation, though again this is not without 
risk. For an overview of the risk/benefit ratio of 
paralytics in severe respiratory distress, the arti-
cle by Bourenne et  al. [61] is a good starting 
point. There are some ventilator modes which 
may be of assistance, such as airway pressure 
release ventilation (APRV), and some recent tri-
als have suggested that this may be a useful res-
cue technique if applied early enough [62], 
though it is still a contentious area [63]. 
Historically, high-frequency oscillatory ventila-
tion (HFOV) had been used to treat refractory 
hypoxia, but two recent trials have triggered a 
move away from HFOV. In the OSCAR trial [64], 
no benefit was shown above standard therapy, 
and the OSCILLATE trial [65] showed that 
HFOV may increase mortality when compared to 
standard therapy. As a result, HFOV is no longer 
a recommended treatment strategy for refractory 
hypoxia in adults, though it is still sometimes 
employed in neonates and paediatrics.

 Super-Specialised Centre Options

[ h t t p s : / / w w w . y o u t u b e . c o m /
watch?v=FiETnE4as5M]

Video: Explanation of ECMO
In patients who have refractory respiratory 

failure despite all the above treatments the prog-
nosis is poor, but there are some other options 
which may be useful in super-specialist regional 
centres. These involve improving oxygenation 
and CO2 removal with extra-corporeal devices 
while resting the lungs and allowing them time to 
recover. The technique is called ECMO (Extra- 
Corporeal Membrane Oxygenation) and is simi-
lar in principle to how a cardiac bypass machine 
works (Fig.  9.13). Blood is continuously taken 
from the body after the patient has been antico-
agulated, passed through a fine membrane which 
allows the uptake of oxygen and removal of CO2 
across concentration gradients and returned to 
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the patient. ECMO can be performed by either 
veno-venous circuits (blood taken from a vein, 
cycled through the EMCO machine and returned 
to another vein) or veno-arterial circuits (taken 
from a vein, returned to an artery) depending on 
the indications for the procedure. For pure respi-
ratory failure V-V ECMO is all that is necessary, 
but for patients with cardiac failure V-A ECMO 
can provide additional support. This is a highly 
complicated, labour intensive and expensive pro-
cedure so is not available in every centre. 
Regional referral networks have sprung up in the 
UK to make the system as efficient and afford-
able as possible. Trauma patients may have rela-
tive contraindications to ECMO as they need to 
be anticoagulated, so any active bleeding or 
bleeding in a perilous area which is currently 
contained but cannot be addressed is cause for 
concern (e.g. brain parenchymal bleeds). The 
only absolute contraindications are unsurvivable 
injury or concomitant comorbid conditions (e.g. 
terminal cancer), or vascular disease which 
means that ECMO cannulae cannot be placed 
[66]. Each centre will have its own acceptance 
criteria after referral, so it is worth locating the 
nearest centre and learning them before referring 
a patient for the first time.

One option that may be employed outside 
super-specialist centres if hypoxia can be miti-
gated to a degree is a process known as ECCO2R 
(Extra-Corporeal CO2 Removal). This depends 
on the patients’ lungs being sufficient to maintain 
an arterial PO2 of 8 kPa, and the ongoing issue is 

primarily CO2 clearance. ECCO2R devices such 
as the Novolung take blood from the femoral 
artery, pass it along a membrane with a fresh oxy-
gen flow across it and return it to the venous side 
of the circulation. The oxygenation capacity of 
this device will not provide adequate compensa-
tion for failing lungs, and the oxygen “sweep” is 
purely to ensure the maintenance of a CO2 con-
centration gradient across the membrane. As CO2 
is more soluble than O2, there needs to be a higher 
concentration gradient to remove CO2 from the 
circulation. The device also uses the difference 
between the patient’s arterial and venous blood 
pressures to drive blood flow—there are no 
pumps involved unlike ECMO.  In some units, 
ECCO2R can be incorporated into haemofiltra-
tion circuits [67], so if a patient requires renal 
replacement therapy in addition to ECCO2R then 
this can be incorporated into the same system 
without the risks of additional line placement. 
This may also allow the use of lung protective 
ventilation strategies using small tidal volumes or 
APRV, without the potentially deleterious effects 
of hypercapnia. This is the premise of the current 
REST Trial which is recruiting in the UK.

 Practical Procedures: 
Thoracostomies and Insertion 
of Chest Drains

A thoracostomy is the formation of a tract from 
the thoracic cavity to the outside environment to 
allow the release of air, blood or fluid contained 
in the thoracic cavity. It should be a sterile proce-
dure when possible, but occasionally (such as in 
the case of traumatic cardiac arrest or peri-arrest 
patients), it is necessary to sacrifice an element of 
sterility for speed.

For spontaneous pneumothorax, there is cur-
rent guidance that Seldinger-type drains are 
appropriate to use [68], and some small studies 
have suggested that their failure rate is compa-
rable to formal surgical drains in traumatic 
pneumothorax [69]. In patients who are stable 
and are found to require a chest drain for hae-
mothorax 24  h post injury, there is some evi-
dence that even small 14F Seldinger drains may 

Fig. 9.13 ECMO circuit in use on a small baby

P. Lax



161

be appropriate here too [70]. Whilst the formal 
surgical drain insertion technique is still seen by 
many as the gold standard, there is an evolving 
and growing role for Seldinger-based techniques 
which may be more familiar and less daunting 
to some practitioners. It must be noted that 
Seldinger techniques are not complication free, 
with the National Patient Safety Agency report-
ing 12 deaths and 15 cases of serious harm 
directly attributable to Seldinger chest drain 
insertion between January 2005 and March 
2008 as highlighted in a 2010 editorial in Thorax 
[71]. Drain size has previously been studied, 
with some advocating large (36–40F) drains for 
haemothorax. The current literature does not 
support the “bigger is better” argument, with 
multiple studies suggesting that 28–32F drains 
are just as effective and less painful for the 
patient [72, 73], and one study suggesting a 
potential use of central venous catheters as a 
replacement for some chest drains [74]! Whilst 
a novel use of a central venous catheter, this 
approach is not recommended when there is 
appropriate and tested equipment available to 
perform the procedure.

It would seem reasonable therefore, to suggest 
that a 32F drain should be the biggest drain used 
acutely, and that patients who are otherwise sta-
ble and do not require immediate drainage should 
have a Seldinger system considered rather than 
mandating a formal surgical drain for all. 
However, the skill of performing a thoracostomy 
in its own right, and subsequently insertion of a 
formal surgical drain is still mandatory for any-
one involved in trauma care. Thoracostomy is 
also one of the first steps in performing a resusci-
tative thoracotomy, and in patients who require 
emergency decompression of their chest has a 
lower failure rate than needle-based techniques 
as previously described.

 Insertion Technique

[ h t t p s : / / w w w . y o u t u b e . c o m /
watch?v=IdmMR8JxmFo]

Video: guide to chest drain insertion

The preferred site for thoracostomy insertion 
is anterior to the mid-axillary line in or above the 
fifth intercostal space (fourth or sixth are accept-
able alternatives), over the superior margin of the 
rib, and posterior to the lateral border of pectora-
lis major. This area is commonly referred to as 
the “triangle of safety” as it avoids the posterior- 
lying long thoracic nerve, stays above the dia-
phragm and avoids going through the potentially 
thick pectoralis muscle. Whilst counting the rib 
spaces down from the manubriosternal joint is 
one method of locating the correct space, it is 
often difficult and time consuming in an acute 
trauma situation. Visual estimation of the correct 
site for drain insertion without identifying the 
space via any method very often leads to drains 
being inserted below the diaphragm, even in 
experienced hands; drains inserted in the correct 
space very often appear to be high. An Australian 
paper in 2017 [75] suggested the use of the mid 
arm point as a sensitive and specific marker for 
identifying the correct insertion point, with 86% 
of insertion points being located in the fifth inter-
costal space, and none lower than the sixth. This 
technique uses the patients’ adducted arm and 
finds the midpoint between the tip of the acro-
mion and the olecranon to use as the insertion 
point. This is a quick, patient specific and repro-
ducible measurement which could easily be 
implemented in patient care, however there must 
be a caveat that it should not be used in patients 
with shoulder or humeral fractures, or patients 
with suspected shoulder dislocations.

Once appropriate insertion point has been 
identified, the site should be cleaned and sterile 
precautions taken as much as possible depending 
on the speed necessary for drain insertion. As a 
minimum, chlorhexidine or iodine skin prep 
should be used and sterile gloves even in an 
emergency. Where possible, full prep and drap-
ing should be used with surgical scrubbing and 
gowning. The skin and subcutaneous tissue over 
the site of insertion should be anaesthetised with 
lignocaine or other appropriate rapid onset local 
anaesthetic in non-anaesthetised patients. Effort 
should also be made to numb the parietal pleura, 
as its perforation is frequently cited as the most 
painful part of chest drain insertion. Local 
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 anaesthetic can be injected into the thoracic cav-
ity before insertion, or flushed via the chest tube 
for post procedure analgesia. Consideration 
should be given to some form of procedural seda-
tion in most patients undergoing formal surgical 
drain insertion. The person performing the proce-
dure should not be the same person administering 
the sedative agent. Ketamine is a good option for 
this procedure as it gives a good combination of 
rapid onset analgesia and dissociation, but may 
make a patient overly euphoric and cause prob-
lems with intra-procedural compliance if improp-
erly dosed.

A 3–4  cm incision should be made over the 
top of the rib through the anaesthetised skin and 
blunt dissection with artery forceps or similar 
should be used through the subcutaneous tissue, 
muscles and down to pleura. The forceps should 
be inserted in a closed position through the 
pleura, opened and retracted to create a path for 
the chest tube to pass along. It may also be useful 
(though painful) to close the forceps, re-insert 
them through the pleural defect, rotate 90 degrees 
and re-open and re-retract them to create a big-
ger, cruciform tract for drain insertion. Before 
withdrawing the forceps from the tract a finger 
should be inserted to check that the pleura has 
been breached and the lung is palpable (it should 
feel like a wet sponge), if there are any adhesions 
that need breaking down and if there is any air or 
blood in the thoracic cavity. This finger sweep 
can also be used to increase tract size, and in ven-
tilated patients it may assist the evacuation of air 
from the thoracic cavity. At this point, the thora-
costomy is complete and it may be appropriate to 
end the procedure here if formal drain insertion is 
not required immediately at this point (e.g. venti-
lated patient about to go to CT scan or operating 
theatre for instability). The whole procedure until 
now should take 60 seconds or less, and the part 
of the procedure which extends this time is invari-
ably insertion, connection and securing of a 
drain. If it is not immediately required  in an 
unstable patient, don’t do it.

If drain insertion is to be performed at this 
point, using the little finger of the non-dominant 
hand to insert along the track to the pleura has the 
advantage that it does not sacrifice dexterity for 

the next part of the procedure by keeping the 
index finger and thumb of the non-dominant hand 
free. This depends on the length and strength of 
the operators finger and the distance from skin to 
pleura (largely determined by the patient’s BMI).

An appropriately sized drain should be 
selected and the artery forceps inserted in the lat-
eral hole at the top of the drain (Fig.  9.14). 
Trocars should not be used for insertion due to 
the high rate of visceral injury associated with 
their use and no apparent advantages. One clini-
cal pearl is to have a second pair of forceps 
clamping the drain closed at the inferior end dur-
ing the insertion process until the underwater 
drain is attached in order to avoid rapid expulsion 
of blood or fluid onto the operator or the rapid 
entrainment of air into the spontaneously breath-
ing patient.

Once loaded onto the forceps, the tube should 
be passed along the tract which is being held 
open by the operator’s finger into the pleural 
space (Fig. 9.15). An appropriate length of tube 
should be inserted into the thoracic cavity, ensur-
ing that all holes in the head of the tube are intra-
thoracic by 2 cm, and the external end of the tube 
securely connected to an appropriately filled 
underwater drainage system. At this point, the 
second set of forceps can be unclamped and the 
drain should start bubbling (if air is present), 
draining blood or fluid, and the fluid meniscus 

Fig. 9.14 Chest drains with drainage holes (Bentplate84 
via Wikimedia [CC SA3.0])
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should start swinging with changes in the 
patient’s intrathoracic pressure.

All that is left now is to secure and dress the 
drain. There are a multitude of suggestions on 
how to complete this, but the most important 
thing is that it does not migrate or fall out. Some 
concerns with cosmesis and use of purse string 
sutures are not a major consideration at this point, 
as if they are truly causing problems when the 
patient is rehabilitated then a scar can be revised. 
Securing the defect with some sort of mattress 
suture in isolation in preparation for drain 
removal is sensible, and it would be prudent to 
have a second stitch in situ to take the weight of 
the drain rather than putting the closure stitch 
under tension and risk losing it or cutting through. 
Two transparent dressings such as a tegaderm are 
useful to sandwich together over the drain site so 
the depth of insertion can be easily seen and con-
firmed, and make identification of migration or 
signs of infection easier to identify than having to 
remove multiple dressings. Adhesive dressings 
can also be used, in addition to padding around 
the tube for patient comfort as needed. As long as 
the drain doesn’t fall out, all other considerations 
are secondary!

 Conclusion

Thoracic trauma is a significant cause of morbid-
ity and mortality, and the majority of treatment 
strategies are easily understood in terms of restor-

ing normal cardiorespiratory physiology. Whilst 
this section has covered some fundamentals, spe-
cific textbooks such as West’s Respiratory 
Physiology: The Essentials are highly recom-
mended to understand the baseline physiology of 
how the lungs work. In addition, there are several 
textbooks which can de-mystify ventilators such 
as the Intensive Care Society ebook and Pilbeam’s 
Mechanical Ventilation—physiological and clini-
cal applications. In common with a lot of trauma 
principles, fundamentals done well early and effi-
ciently can negate the need for advanced thera-
pies later on, so thorough and efficient early 
examination and management are advocated.

Questions

 1. Injuries outside of the thoracic cavity cannot 
lead to respiratory compromise

 (a) True
 (b) False

 2. Most patients are at risk of loss of hypoxic 
drive and should not be given supplementary 
oxygen as a routine

 (a) True
 (b) False

 3. Analgesia for rib fractures should be withheld 
to decrease the risk of opiate toxicity and fur-
ther respiratory compromise

 (a) True
 (b) False

 4. Traumatic injuries are an absolute contraindi-
cation to ECMO

 (a) True
 (b) False

 5. Chest drains should be placed above the fifth 
intercostal space on the effected side

 (a) True
 (b) False

Answers:

 1. b
 2. b

Fig. 9.15 Chest drain insertion after thoracostomy
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 3. b
 4. b
 5. a
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Circulation

Peter Lax

 Introduction

The cardiovascular system has evolved to deliver 
oxygenated blood and nutrients to the tissues and 
vital organs of the body while removing waste 
products to the liver and kidney for excretion. A 
simplified overview of this system is that there is a 
pump, a series of connecting pipes and a fluid 
which is necessary for the correct functioning of all 
other body systems. In trauma, any one of these 
components can fail in isolation or conjunction 
with each other and lead to morbidity or mortality.

 Gross Physiology of Circulation 
and Blood Pressure

Blood pressure is regulated by the balance 
between the sympathetic and parasympathetic 
nervous system on both the heart and vessels. 
The degree of vasoconstriction or vasodilatation 
(otherwise known as the systemic vascular resis-
tance or SVR) and the cardiac output (the amount 
of blood ejected from the left ventricle per min-
ute) can both be increased or decreased by an 
intact nervous system or by certain hormones 
such as adrenaline.

Figure 10.1 gives an overview of the common 
factors that combine or can be manipulated to 
influence blood pressure and circulation. The car-
diac output is the product of the heart rate and the 
stroke volume. In order to increase cardiac out-
put, there either needs to be more beats per min-
ute or each beat has to eject more blood. This 
leads to the first compensatory mechanism that 
can be observed in patients with shock—mount-
ing a tachycardic response to increase blood flow 
around the body. If there is not enough blood 
returning to the heart, then the heart speeds up to 
try and offset decreased stroke volume by increas-
ing its rate. This brings us onto stroke volume, 
which is itself controlled by three factors—pre-
load (volume of blood in the ventricle just before 
it contracts), contractility (the amount of strength 
the heart muscle can contract with) and afterload 
(the amount of resistance to blood being ejected 
from the heart, for example by a tight aortic valve 
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or high SVR). By increasing the amount of blood 
returning to the heart, the fibres in cardiac muscle 
are increasingly stretched and will contract with 
more force up to a point when they become over-
stretched and less efficient. Beyond this point, 
although the amount of filling of the heart 
increases, the contractility and volume of blood 
ejected per beat decreases. This ultimately leads 
to a lower cardiac output and ventricular failure 
with pulmonary oedema and is known as the 
Frank-Starling law. This rarely happens in 
trauma, but occasionally, patients who are given 
large volumes of blood products or fluid and have 
an underlying cardiac condition may develop 
acute heart failure via this mechanism.

Decreases in contractility can be seen in 
patients who have developed cardiac contusions 
as a result of blunt chest trauma, or alternately 
patients who have suffered a cardiac event which 
has subsequently led to trauma. An example of 
this may be the patient who has a myocardial 
infarction or arrhythmia and subsequently blacks 
out and crashes their car. Depending on the under-
lying nature of the injury, decreases in contractil-
ity can be mitigated against by judicious use of 
inotropes to increase myocardial work. However, 
this is a complicated area of management as the 
failing heart may subsequently fail altogether if it 

is pushed too hard pharmacologically. It may be 
possible, or even preferable in some cases, to tol-
erate a slightly lower than normal blood pressure 
or to use small fluid boluses to see if the heart will 
cope with additional preload if there are no other 
considerations such as ongoing bleeding.

 Shock

Shock is simultaneously very simple to define but 
very difficult to quantify objectively on occasion. 
On a systemic level, any state where there is an 
imbalance between the body’s demands for deliv-
ery of blood and oxygen to the vital organs and 
its supply is termed shock. This usually is because 
the circulatory system’s output has fallen below 
demand, but occasionally the imbalance is due to 
increasing demand rather than dropping supply, 
and this is termed high output cardiac failure. 
This occurs in conditions such as beriberi, severe 
hyperthyroidism and morbid obesity. The types 
of shock are defined by their underlying mecha-
nism (distributive, obstructive, cardiogenic or 
hypovolaemic), but ultimately the result is the 
same—inadequate blood and oxygen delivery. 
When considering shock, it should be conceptu-
alised in the basic terms explained above if the 
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Fig. 10.1 Gross overview of physiological parameters and their relation to blood pressure
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problem is with the pump, the pipes or the fluid. 
All treatments of shock are targeted against treat-
ing the underlying cause or mitigating the effects 
that it causes.

 Distributive Shock

Distributive shock is where the heart is function-
ing well, and there is sufficient blood or fluid in 
the body, but it is not in the correct location, i.e. a 
problem with the pipes. The classic examples of 
this are anaphylaxis, septic shock and neurogenic 
shock. It should be noted that neurogenic shock 
and spinal shock are two different things—neuro-
genic shock can be a cardiovascular consequence 
of spinal shock, but spinal shock is a specific 
injury to the spinal cord. Spinal shock is a senso-
rimotor phenomenon, usually caused by hyperex-
tension or hyperflexion of the neck—this is 
covered more in Chap. 32 (Spinal and neurologi-
cal trauma). In distributive shock, the vasomotor 
tone (amount of constriction in the arterial and 
venous systems) is decreased, and the effective 
volume that the normal circulating volume has 
had to fill is vastly increased as a consequence. 
Imagine a bucket that has a capacity of 5 litres and 
contains 4 litres of water initially. If the pressure 
of the water at the bottom of the bucket is mea-
sured, it is directly related to the vertical height of 
water above it. If the same 4 litres of water remain 
but the diameter of the bucket is doubled, the 
pressure of the water at the bottom of the bucket 
will be much lower as the volume it has to fill is 
larger, and hence the vertical height reduced. The 
volume of water in the bucket is the same both 
times and is an analogy for the circulating volume 
of blood. By changing the capacitance of the 
bucket (increasing vasodilation—increasing the 
capacity of the pipes in the circulatory system), 
the pressure is lowered.

 Anaphylaxis
In anaphylaxis, vasomotor tone is lost due to 
histamine release from mast cells, causing sud-
den and profound vasodilation. There is also 
increasing porosity of the circulatory system so 
that fluid can leak out of the capillary system 

and not re- enter into the venous side of the cir-
culation as it would under normal circum-
stances. This is known as capillary leak and 
adds an element of hypovolaemia to the picture 
(i.e. the fluid component of the circulatory sys-
tem is also decreased). This leads to a hyperdy-
namic circulation with the widespread 
vasodilation leading to profound hypotension, 
warm peripheries, a sudden onset erythematous 
rash and a compensatory tachycardia. In severe 
cases, this can also cause a large amount of tis-
sue swelling, which if it affects the airway, can 
be rapidly fatal. The vasodilation itself can 
cause cardiac collapse and arrest without airway 
involvement. Anaphylaxis in trauma is rare, but 
potentially any drug that a patient receives can 
cause an allergic reaction and anaphylaxis is the 
worst-case scenario. The immediate treatment 
of anaphylaxis is with adrenaline/epinephrine, 
usually given by an intramuscular injection (e.g. 
with an EpiPen as seen in Fig.  10.2), but in 
patients with IV access, small aliquots of intra-
venous adrenaline can be given by those with 
appropriate expertise.

 Sepsis
Similarly to anaphylaxis, sepsis is a combination 
of both high output failure and vasodilation, but 
also may have an element of increased oxygen 
demand. The body’s basal metabolic rate 
increases as it attempts to mount an immune 
response to invading pathogens and so it requires 
enhanced oxygen delivery. At the same time, 
bacterial toxins and cytokines are released, 

Fig. 10.2 Epipen autoinjector box. IM adrenaline is the 
first line treatment for anaphylaxis in the community
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which cause peripheral vasodilation and a drop 
the systemic vascular resistance. There may also 
be capillary leak as described in anaphylaxis. In 
both these cases, the correct treatment is to 
address the underlying cause, and provide organ 
support, usually by giving additional vasoactive 
medications (such as noradrenaline, vasopressin 
or adrenaline) to counteract the vasodilation and 
increase SVR.  In anaphylaxis, this may only 
require a short treatment for a few minutes while 
the histamine release has been counteracted, but 
in sepsis, the administration of vasoactive drugs 
may be required for days. Successful treatment 
involves controlling the source of infection by 
either surgery, antibiotics or both while counter-
acting direct effects of the pathogen and the 
body’s immune response. The increased oxygen 
requirement may also induce an element of high 
output failure as described above.

 Neurogenic Shock
Neurogenic shock is where there is a high tho-
racic or cervical cord lesion, which decreases the 
vasomotor tone of the cardiovascular system. The 
degree of vasoconstriction or vasodilation usu-
ally is held in balance by the opposing forces of 
the sympathetic and parasympathetic nervous 
system. The main outflow of the sympathetic ner-
vous system is in the thoracolumbar spinal cord, 
whereas the parasympathetic system originates in 
the cranial, cervical and sacral nerves (see 
Fig. 10.3). If an injury to the cord occurs above 
the level of T3-4 (the upper limits of sympathetic 
innervation), then the balance is lost, and the 
parasympathetic nervous system dominates. This 
leads to vasodilation and increased capacitance 
of all the circulatory vessels (but without capil-
lary leak as described in anaphylaxis). However, 
there is also a compounding cardiac response.

Fig. 10.3 Outflow of 
the sympathetic and 
parasympathetic nervous 
systems (Craniosacral 
outflow, Wikimedia 
under the Creative 
Commons Attribution 
3.0 Unported license)
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In the same way that vasomotor tone is bal-
anced by sympathetic and parasympathetic inner-
vation, the heart is equally dual innervated. The 
sympathetic cardio-acceleratory fibres originate 
from T2-T4, and parasympathetic cardioinhibi-
tory fibres arise from a branch of the vagus nerve, 
the 10th cranial nerve. If the level of the injury is 
higher than the cardio-acceleratory fibres, then in 
addition to the distributive hypotension caused 
by vasodilation the body is unable to mount a 
compensatory tachycardia. Indeed, unopposed 
vagal stimuli will cause worsening bradycardia 
and subsequent decrease in cardiac output and 
compound the hypotension further. The correct 
treatment of neurogenic shock involves infusions 
of vasopressors such as noradrenaline, vasopres-
sin, phenylephrine or metaraminol to maintain 
blood pressure and cord perfusion. If the injury is 
above T2-T4 then directly acting cardiac inotro-
pes/chronotropes may be needed in addition to 
vasopressors. Isoprenaline may be sufficient if 
added to a vasopressor or alternatively adrenaline 
may be used initially to act as a combined ino-
trope/chronotrope and vasopressor. By maintain-
ing this perfusion pressure to the damaged cord 
(and the rest of the vital organs), the risk of sec-
ondary injury is minimised.

 Obstructive Shock

Stressing the heart by increasing the afterload 
significantly can cause the heart to fail. Due to 
the way that the heart has evolved, the right ven-
tricle does not need to be as strong as the left as it 
only pushes blood through the low-pressure cir-
culatory system of the lungs. The left ventricle, in 
contrast, has to supply the whole body so needs 
to be able to generate more forceful contractions. 
Consequently, it is easier to cause the right side 
of the heart to fail than the left. The common 
trauma scenarios in which this is seen are pulmo-
nary embolus and tension pneumothorax.

 Pulmonary Embolus
In pulmonary embolus, a large blood clot or fat 
embolus obstructs the pulmonary artery and 
increases the right ventricular afterload, causing 

impairment of blood flow to the lungs and 
increased dead space. This causes both hypoxia 
and hypotension, as obstruction of blood flow to 
the left ventricle causes decreased preload and 
subsequent decrease in cardiac output. Depending 
on the nature and size of the embolus and other 
factors associated with trauma such as bleeding 
risk, the options for treatment may vary [1, 2]. 
These can range from observation only, antico-
agulation to reduce the risk of the clot increasing 
in size, thrombolytic drugs to break down the clot 
with enzymes, removal of the embolus with inter-
ventional radiology guidance or open surgery 
with cardiac bypass to remove large, life-threat-
ening clots. Each step grows particularly more 
aggressive and increases the risk of side effects, 
so each case requires an individualised approach.

 Tension Pneumothorax
While pulmonary embolus causes increased after-
load on the right ventricle from inside the circula-
tion, external compression of the lung and 
pulmonary artery by a tension pneumothorax 
causes the same issues. This is compounded by 
hypoxia and decreased venous return caused by 
twisting of the mediastinum—please refer to Chap. 
9 (Breathing and chest trauma) for more details.

 Cardiogenic Shock

Cardiogenic shock is when the heart itself cannot 
generate sufficient force to pump blood effec-
tively, despite having adequate blood volume 
returned to it and no problems with afterload. 
This may be due in broad terms as a result of 
intrinsic heart diseases such as cardiomyopa-
thies, an arrhythmia such as supraventricular 
tachycardia or a myocardial infarction; these 
causes of failure are outside the scope of this text. 
The two leading causes in trauma are as a result 
of cardiac contusions as described in Chap. 9 
(Breathing and chest trauma), or rarely as a result 
of cardiac tamponade.

 Cardiac Tamponade
The heart is surrounded by a tight, fibrous sack 
called the pericardium. This structure has evolved 
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to keep the heart in place in the mediastinum, is 
filled with fluid to decrease friction on surround-
ing structures when the heart contracts and is a 
physical barrier against infection. As it is a 
fibrous structure, it does not stretch when the 
pressure inside it increases. Because the pericar-
dium is so inflexible and closely opposed to the 
heart, if fluid accumulates between the heart and 
the pericardium, then it will compress the heart 
from the outside and decrease the ventricular vol-
ume available to fill with blood (see Fig. 10.4). 
This decreases the stroke volume in both ventri-
cles, though it affects the right more than the left 
due to the previously mentioned weakness of the 
right ventricle compared to the left. Any fluid that 
accumulates in the pericardium can compress the 
ventricle, but in trauma, it is most commonly 
blood. In cases of patients presenting with pene-

trating chest or upper abdominal trauma, the 
heart may have been pierced, and blood may leak 
from the injured chamber or vessel into the peri-
cardium. This is an emergency and requires sur-
gical intervention. If the patient arrests, this may 
need to be by a resuscitative thoracotomy (see 
Chap. 12 - Traumatic cardiac arrest). There is no 
role for needle aspiration of pericardial blood 
(needle pericardiocentesis) in trauma as blood 
tends to clot quickly and become too viscous to 
aspirate through a needle. There is also the risk of 
missing the collection altogether and causing fur-
ther cardiac injury if using a blind technique, and 
even ultrasound- guided techniques are not guar-
anteed to succeed [3].

Tamponade itself is not an intrinsic cardiac 
muscular problem, but the mechanism by which 
it produces shock is due to pump failure as 
opposed to fluid or pipe failure; hence its inclu-
sion in this section. There is an element of 
obstruction to filling, but the mechanism of fail-
ure is different from those pathologies listed in 
the Obstructive Shock section. With tamponade, 
the issue is with the heart filling whereas, with 
pure obstructive shock, the pathological mecha-
nism is impairment of the heart emptying.

 Hypovolaemic Shock

The final mechanism of shock is hypovolaemia. 
This is by far the most common cause of shock in 
trauma as the principal cause is bleeding. A car-
dinal maxim is that all shock in trauma should be 
considered to be hypovolaemic until conclusively 
proven otherwise. More than one pathology can 
coexist, so clinicians must aggressively search 
for haemorrhage before concluding that shock is 
not due at least in part to hypovolaemia.

 Failure to Identify Active Bleeding
Typically this is occult bleeding into a major body 
cavity which, if not appreciated from the mecha-
nism of injury or developing signs, will result in 
rapid deterioration or death. These patients typi-
cally need rapid transport to a hospital which can 
manage such bleeds (which usually means sur-
gery or angiography, e.g. in the case of splenic 

Fig. 10.4 Cardiac tamponade—blood fills the pericardial 
space and prevents diastolic filling (Blausen.com staff 
(2014). “Medical gallery of Blausen Medical 2014”. 
WikiJournal of Medicine 1 (2). DOI:10.15347/
wjm/2014.010. ISSN 2002-4436)
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bleeds as in Fig.  10.5) but could also include 
REBOA or resuscitative thoracotomy with cross-
clamping of the descending aorta. The latter 
course of action is not recommended except in 
extremis due to increased morbidity and extremely 
high mortality when performed for extra-thoracic 
causes of hypovolaemia. Management before this 
point should concentrate on active volume 
replacement with blood and rapid access to facili-
ties to obtain definitive haemostatic control.

 Failure to Control Active Bleeding
There is no excuse for not trying to manage exter-
nal bleeding. Every drop of blood is precious cir-
culating volume for that patient, and transfusion 
or intravenous fluids are not equivalent replace-
ments. Every possible effort should be made to 
preserve circulating volume where possible. This 
concept of circulation preservation is now a fun-
damental part of bleeding and shock manage-
ment and is far more effective than relying on 
replacement strategies. The bottom line is that at 
present, the patient’s own blood is the best sub-
stance to be circulating in their vessels. 
Circulation preservation may be as simple as a 
pressure dressing, tourniquet or may be as 
involved as urgent laparotomy or angiography for 
internal bleeding.

In the MABCD assessment, if there is no vis-
ible massive external haemorrhage, move on but 
be aware of the signs of more occult bleeding 
during the assessment of other systems such as 
A-airway and B-breathing and inevitably 
C-circulation and D-disability.

Key Points
Typical features that may be identified include:

• Rapid, shallow breathing. Increased respiratory 
rate is the best single indicator or sign of an 
unwell patient. This could be from many causes 
and not just shock, but should never be ignored. 
In shock, the reduced tissue perfusion and meta-
bolic acidosis which occur result in signs of ‘air 
hunger’. Casualties may appear to be distressed 
or gasping to get their breath as they hyperven-
tilate to compensate in respiratory terms for the 
metabolic acidosis and rising lactate. Whilst it is 
a sensitive sign, it is unfortunately not highly 
specific for any one pathology.

• The oxygen saturation may be difficult to obtain, 
due to lack of perfusion causing a low signal and 
generalised peripheral shut down. It may also be 
genuinely low as a result of increasing ventila-
tion/perfusion mismatching in the lungs.

• Confusion, agitation or anxiety may occur as 
cerebral perfusion drops and blood supply to 
the brain is reduced. This may lead to feeling 
faint and ultimately to a falling conscious 
level and responsiveness

Remember these are also features which may 
suggest a pneumothorax. Hopefully, this has 
been excluded as part of the respiratory assess-
ment, but the possibility of a significant pneumo-
thorax should be considered in trauma patients 
presenting with cardiovascular compromise.

The management of hypovolaemia has 
changed over many years as the understanding of 
traumatic haemorrhage has evolved. This is 
driven primarily from military experience in war, 
and some lessons are re- learned at the start of 
each new conflict. The three principles that 
should be adhered to are 1) preserving circulation 
whenever possible (e.g. with the use of tourni-
quets and other devices and techniques described 

Fig. 10.5 A ruptured spleen such as this example can 
cause significant hypovolaemia. Current practice is to try 
and preserve the spleen and treat with interventional radi-
ology measures, but a severely shattered spleen with 
ongoing bleeding needs surgical intervention (Thomas 
Zimmerman via Wikimedia under the Creative Commons 
Attribution-Share Alike 3.0 Germany license)
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in Chap. 6 (Massive haemorrhage control), 2) 
achieving haemostatic control as soon as possible 
and 3) employing a damage control resuscitation 
strategy. Definitive haemostasis can be either via 
surgical or radiological means or both [4], and 
resuscitative radiology is becoming more 
advanced as time passes. It has several advan-
tages including specific targeting of individual 
vessels without the morbidity of some surgical 
approaches, for example some pelvic arterial 
bleeding can be controlled by minimally invasive 
arteriography and coiling rather than a laparot-
omy to access the vessels and may decrease the 
time to definitive haemostasis [5].

 “Classical” Clinical Signs of Shock

As previously stated, shock is easy to define but 
can be hard to quantify. As the body attempts to 
compensate for blood loss, adaptive physiologi-
cal changes include increased heart rate to com-
pensate for decreased stroke volume, increasing 
diastolic blood pressure to maintain perfusion 
pressure and diversion of blood from the periph-
ery to vital organs. This means that patients may 
feel peripherally cool to the touch, have a pro-
longed capillary refill time and look pale on clini-
cal examination. As blood pressure decreases 
further, the end organs become less perfused, and 
other clinical signs may become apparent. These 
include decreased urine output as the kidneys 
attempt to retain circulating volume or become 
hypoperfused, and confusion or unconsciousness 
if cerebral perfusion is not maintained.

The ATLS classification of hypovolaemic 
shock has been graded from level 1 to 4 depending 
on ranges of heart rate, blood pressure and 
Glasgow Coma Scale (GCS) with approximate 
blood loss inferred from these three signs. This has 
been part of the ATLS course since 1980, but the 
validity of this concept (while attractive based on 
first principles) has not been established. A paper 
by Little et al. [6] from 1995 first explained why 
these measurements are imperfect in practice, and 
a more recent paper by Mutschler et al. [7] retro-
spectively reviewed the German Trauma Register 
and the UK TARN database with these measure-

ments. They concluded that only 9.3% of all 
trauma patients could be allocated to one of the 
ATLS classifications based on their vital signs. 
Further, this classification may overestimate the 
degree of tachycardia and underestimate the 
degree of GCS impairment associated with hypo-
volaemic shock; i.e. patients may have lost more 
than the 40% of their circulating volume that clas-
sifies them as category 4 shock, but their vital 
signs are not as deranged as the ATLS classifica-
tion suggests they should be. Young, fit patients 
may be more hypovolaemic than their vital signs 
suggest. This is before any other confounding fac-
tors are taken into consideration such as medica-
tions, age and other comorbidities, which may 
mean that patients have “abnormal” vital signs 
before they have any trauma inflicted on them. 
Classically ATLS and other courses teach that 
tachycardia is shock until proved otherwise and 
this is true. However, the corollary is not true—the 
absence of tachycardia does not mean the absence 
of shock. Consider an elderly, bleeding patient on 
regular beta-blockers who may be unable to mount 
a tachycardia or a triathlete with a very low resting 
heart rate. Both may be bleeding and in shock but 
have a heart rate of less than an arbitrarily defined 
100 BPM. Thankfully there are other useful clini-
cal signs of developing shock and failure of com-
pensation mechanisms such as skin colour, 
capillary refill time and level of consciousness. For 
more information on this concept and specific 
examples, please refer to Chap. 37 (Silver Trauma).

Conscious level is particularly useful as a prac-
tical indicator of the level of brain perfusion. 
Tachycardia may be present and signify blood 
loss, but if the patient is coherent and not confused, 
then they are adequately perfusing their brain at 
present and may not warrant fluid resuscitation 
immediately, especially with crystalloids. This 
was the basis for US forces pre-hospital fluid 
resuscitation in recent conflicts in Iraq and 
Afghanistan. If the patient could recite their name, 
date of birth and serial number when asked, they 
were deemed to be adequately perfusing their 
brain and not given any fluids.

While previous editions of the ATLS course 
manual have given specific values for specific 
classes of shock, the 10th edition [8] has done 
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away with these but retained a table illustrating 
the features associated with progressive shock. 
Other courses such as the European Trauma 
Course have done away with the classification 
altogether, and advocate multi-factorial assess-
ment of shock on clinical, physiological and bio-
chemical grounds such as lactate, pH and base 
deficit on arterial or venous blood gas analysis 
[9]. This is more in keeping with current practice, 
as the arbitrary division of patients into four 
groups which are not supported by data adds little 
if anything to their management. What is very 
clear is that while tachycardia is one indicator of 
shock, it should no longer be considered a ‘target 
for resuscitation’. In other words, for a bleeding 
patient with a high heart rate, the traditional 
approach was to continue fluid resuscitation and 
avoid anaesthesia until the tachycardia has 
resolved, indicating that the patient was then 
“resuscitated”. This approach is fundamentally 
flawed when a patient is still actively bleeding, 
and the high volumes of fluid required to “treat 
the tachycardia” will create even more severe 
problems and could even be fatal.

Another proposal which appeals to first prin-
ciples is that as patients become progressively 
more hypotensive, peripheral pulses become 
impalpable at specific blood pressures. This is 
often quoted as a radial pulse requires a pressure 
of ≥80 mmHg, femoral ≥70 mmHg and carotid 
≥60 mmHg. The presence of a palpable periph-
eral or central pulse in itself is a reasonable gen-
eralised indicator of adequate perfusion [10, 11] 
and the radial > femoral > carotid pressures 
appear to hold clinically. However there is no 
reproducible evidence that the presence of a spe-
cific pulse equates to a specific blood pressure, 
and this approach may overestimate blood pres-
sure [12, 13].

 Metabolic Assessment of Shock

While clinical signs may give a trend of decline 
or response to therapy and extreme values may be 
useful in defining severe forms of shock, as dis-
cussed, vital signs are not entirely reliable in 
assessing some patients. The metabolic conse-

quences of shock may be apparent before clinical 
signs develop, or before young and fit patients 
(who make up a large proportion of trauma 
patients) exhaust their reserve and start to decom-
pensate. No one test will accurately, consistently 
and infallibly predict major haemorrhage, shock, 
the need for mass transfusion or adequate resus-
citation early [14]. While the below tests, their 
basis, merits and current evidence are discussed, 
having multiple data points to correlate and inter-
pret in the context of both mechanism of injury 
and physiological signs is far more useful.

 pH and Base Excess/Deficit
Base excess is defined as the relative amount of 
acid or alkali that must be added to each litre of 
fully oxygenated blood to return the pH to 7.40 at 
a temperature of 37 °C once the effect of carbon 
dioxide dissolved in the blood has been accounted 
for and normalised to 5.3 kPa [15]. Carbon diox-
ide is an acidic gas which dissociates into H+ and 
HCO3 in water in a reaction catalysed by car-
bonic anhydrase, so changes in the amount of 
CO2 in the blood will subsequently cause a 
change in pH. The more CO2 present, the more 
dissociation occurs and the lower the pH, purely 
from the effect of CO2. Of course, CO2 is not the 
only contributor to pH, and metabolic acids and 
alkalis may have a more significant role depend-
ing on how much is present. By calculating the 
amount of H+ present due to CO2 dissociation and 
subtracting it from the total acid burden, what-
ever remains must be the degree of acidity or 
alkalinity which is due to metabolic rather than 
respiratory causes. The usual range of base excess 
or deficit is +2.0 to −2.0 MEq/l, and values below 
−2 indicate an excess of metabolic acids, and val-
ues above +2 indicate an excess of alkali (base).

To be explicit, base deficit and base excess are 
corollary measurements of the same thing—a 
negative base excess means that there is more 
metabolic acid present and is the same as a posi-
tive base deficit. This occasionally is not clear 
from reading some physiology textbooks and has 
been a cause of some confusion when teaching 
this subject clinically. For the avoidance of con-
fusion, this text will refer to base excess only 
when discussing this area.
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In trauma, base excess is used as a surrogate 
marker of perfusion, as hypoperfusion (assumed 
to be from haemorrhage and/or tissue ischaemia) 
causes the production of acidic metabolites. The 
use of base excess to quantify hypoperfusion and 
infer haemorrhage has been studied in several 
papers and found to have better discriminatory 
value than the physiological parameters described 
in ATLS [16]. Whilst purists will state that base 
excess must be drawn from an arterial sample 
(which may be more challenging in hypovolae-
mic trauma patients), there are data that base 
excess calculated from venous samples is at least 
as sensitive (if not better) than arterial samples as 
a marker of shock and predictor of survival [17]. 
It has been hypothesised that this is due to post- 
capillary acid-base balance being a better marker 
of tissue perfusion than arterial measurements 
[18], and also that changes occur earlier (at least 
in animal models) in the venous circulation in 
haemorrhage than in the arterial [19]. The more 
severe the hypoperfusion, the larger the base defi-
cit. The Mutschler paper referenced above strati-
fied patients into four groups based on base 
excess—no shock (BE  ≤  2.0), mild shock 
(BE > 2–6.0), moderate shock (BE > 6–10.0) and 
severe shock (BE > 10). These groups showed a 
linear progression in terms of transfusion require-
ments, lactate levels, morbidity and mortality 
when their outcomes and length of ICU and hos-
pital stay were followed up. This is an important 
paper as it was a retrospective analysis of over 
16,000 patients in the German Trauma Register, 
which correlated with similar findings from the 
UK TARN database.

While there is a role for arterial blood gasses 
in the assessment of the adequacy of oxygenation 
and ventilation in trauma [20], a venous blood 
gas taken at the time of initial venipuncture can 
give reliable and actionable prognostic results in 
minutes. Clinical pitfalls in interpretation are 
similar to those around lactate measurement as 
described below, but also other causes of an 
increased base deficit can interfere with clinical 
interpretation.

A comparatively recent change in the under-
standing of pH is the Stewart model of acid-base 

balance [21] which looks at the concentration of 
strong and weak ions in a solution and their effect 
on pH. A full explanation of this model is imprac-
tical in this textbook, suffice to say that the con-
tribution of ions other than H+ and OH− are 
essential in determining pH and subsequently 
base excess. Amongst these strong ions are Cl-, 
Na+, lactate, Ca2+, proteins, Mg2+, K+ and albu-
min—all of which may be deranged or adminis-
tered at some point in resuscitation and 
consequently have a knock-on effect on pH and 
base deficit. For example, giving “normal” 0.9% 
or hypertonic saline will increase the concentra-
tion of Cl− ions, which under the Stewart model 
will lower the strong ion difference and subse-
quently cause a hyperchloraemic metabolic aci-
dosis [22, 23]. This has been verified in clinical 
publications [24] and a corresponding decrease 
in this effect when balanced salt solutions such as 
Plasmalyte, Hartmann’s solution or Ringer’s 
Lactate are used [25]. It has been suggested that 
this translates to an increased rate of adverse 
effects such as blood transfusion requirement and 
ventilator days in at least one meta-analysis [26]. 
While base deficit may be an accurate reflection 
of perfusion on admission, if large volumes of 
saline are given, then this may lead to clinical 
decisions being made on iatrogenic complica-
tions rather than evolving pathology. This is yet 
another argument against crystalloid resuscita-
tion generally, but thoughtless administration of 
saline solutions specifically. While there is a role 
for hypertonic saline in the role of brain-injured 
patients (see Chap. 11 - Disability and head 
injury), in a well-resourced centre there is no role 
for 0.9% saline as a resuscitation fluid for acute 
trauma. In more austere environments where 
blood and blood products are not readily avail-
able, 0.9% saline could be considered in the min-
imum amount necessary in accordance with 
permissive hypotension and damage control 
strategies if it is all that is available [27]. One 
redeeming feature is that while Hartmann’s and 
Ringer’s solutions are mildly hypotonic and 
could theoretically worsen cerebral oedema in 
brain-injured patients, 0.9% saline is theoreti-
cally isotonic so should not cause this issue.
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 Lactate
As tissue perfusion becomes impaired, oxygen- 
starved tissues may revert to anaerobic respira-
tion and produce lactate as a result. The initial 
lactate on presentation has been found to corre-
late with mortality and the need for operative 
intervention, and the subsequent clearance of lac-
tate at 6 h is an independent predictor of mortal-
ity [28, 29]. Lactate in itself is a misunderstood 
entity at times; high serum lactate levels are occa-
sionally the source of concern for many health-
care staff, but lactate is an intrinsically 
biologically useful molecule. It can be used as an 
energy substrate by the brain, heart and kidneys 
and may act to mitigate against acidosis by acting 
as a “shuttle” to mop up hydrogen ions in anaero-
bic tissue and transfer them to aerobic tissue, 
where ATP can be produced more efficiently than 
by glycolysis [30]. Lactate has been found to 
improve cardiac output [31] in addition to being 
the primary energy substrate of injured brain and 
may be neuroprotective [32, 33]. Lactate has also 
been shown to be superior to the base deficit 
when assessing the initial severity of trauma [34]. 
Caution is advised though as high lactate levels 
automatically equating to hypoperfusion is not a 
universal truth; specific pathology, normal physi-
ology and some therapeutic agents can raise lac-
tate levels. For example, a runner who falls and 
twists his ankle may have a high lactate level 
from exercise if it is checked acutely—he is a 
trauma patient who is not bleeding but will have 
a high lactate. Similarly, patients who have brain 
parenchymal injury or high brain glucose usage 
may have slightly raised lactate as a consequence 
of acute lactate release from an outward brain: 
blood lactate gradient, though this effect is more 
likely to be localised and small [35]. Finally, 
patients who have been given beta-agonists such 
as salbutamol or adrenaline will also have a 
raised lactate due to the pharmacological action 
of these agents—it does not mean they are 
hypoperfused.

 Haemoglobin
Traditional teaching is that haemoglobin does not 
correlate with acute blood loss as the blood that is 
lost has the same haemoglobin concentration as 

the blood that stays in the body, i.e. the total vol-
ume of blood decreases but the measured haemo-
globin concentration remains the same because 
whole blood is lost. This is undoubtedly true in 
hyperacute haemorrhage at the initial point of 
injury and the immediate post-injury minutes, but 
physiological compensation may have started by 
the time the pre-hospital team reach the patient. 
A study by Bruns et al. [36] looked at the initial 
haemoglobin concentration taken within 30 min 
of arrival in the emergency department and cor-
related this with physical and biochemical signs 
of blood loss and ultimately the need for urgent 
interventions to stop haemorrhage. There was a 
small but statistically significant difference in 
average presenting haemoglobin concentrations 
in patients who required urgent intervention com-
pared to those who did not (mean of 12 g/dl ± 2 g/
dl in those requiring intervention versus 13  g/
dl ± 2 g/dl in those who did not). What was noted 
was that a presenting haemoglobin concentration 
of less than 10 g/dl was associated with over a 
threefold increase in the need for haemostatic 
intervention. A similar (but more extensive and 
multi-centre) study was undertaken in France in 
2018 by Figureiredo et  al. [37]. Enrolling over 
6400 patients, this study went further and com-
pared sequential pre-hospital and in-hospital 
blood results on the point of care testing machines 
with against a formal laboratory sample on arrival 
in hospital. The volume of crystalloid given 
(which may have contributed to an iatrogenic 
dilutional anaemia) was taken into account in the 
analysis, and again similar results were found. A 
pre-hospital haemoglobin concentration of less 
than 12  g/dl in women or 13  g/dl in men was 
modestly predictive for significant haemorrhage 
(defined as requiring ≥ four units of blood or 
death within 24 h attributable to exsanguination). 
In hospital, the same point of care test could dis-
criminate between those who had a significant 
haemorrhage, though the cut off points dropped 
to 10 g/dl for women and 12 g/dl for men. This is 
presumably as a result of a combination of ongo-
ing haemorrhage, physiological compensation by 
drawing fluid from the periphery into the circu-
lating volume and as a result of crystalloid 
administration. Of note, the point of care device 
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was as sensitive as a formal laboratory result but 
without the wait for processing. A drop in hae-
moglobin concentration between pre- and in- 
hospital point of care testing of 2  g/dl or more 
was also predictive of significant haemorrhage. 
Patients who required IV fluids for hypotension 
with significant haemorrhage were also com-
pared to those who were hypotensive and also 
required IV fluids but did not meet the definition 
of significant haemorrhage. It was found that for 
the same amount of fluid administration, there 
was a significantly higher drop in the haemoglo-
bin concentration of those who had significant 
haemorrhage than those who were not bleeding 
as severely.

 Other Biomarkers
There has been much interest in the use of bio-
markers in conditions such as sepsis to identify 
and treat patients early, and trauma is no differ-
ent. Most research has been done in animal mod-
els and identified specific proteins or other 
biomarkers which may be up- or down-regulated 
in response to trauma, and potential treatments 
such as valproic acid [38, 39]. What is not known 
is whether these markers are specific for trauma, 
whether treatment is effective for mitigating the 
underlying cause of the rise, whether they will 
have cross-species validity or whether they would 
be part of a practical and timely laboratory test 
that could be used to guide management in these 
patients. It has not stopped early development 
and patent applications for the use of these bio-
markers [40]. There are currently no other spe-
cific predictive biomarkers in routine clinical use 
other than the ones explored above, though this 
may be an area for development in the future.

 Hypotension in Trauma

While hypotension is a manifestation of shock, 
the modality of treatment of hypotension can 
have significant impacts on mortality. While the 
idea of having a specific number to target seems 
appealing, several factors interact to make this a 
complex treatment decision. Should hypoten-
sion be treated at all? If so, with fluids or vaso-

pressors? Which ones and when? Is there a role 
for antifibrinolytic agents such as tranexamic 
acid?

 History of Permissive Hypotension

Permissive hypotension is a concept which 
appears to have been rediscovered at the start of 
every major conflict in the twentieth century, but 
thankfully is now being accepted as the standard 
of care in trauma. W B Cannon first described it 
in World War One [41], amongst many other fas-
cinating discoveries that seem to have been 
largely forgotten for the better part of a century. 
Cannon also described acidosis in hypoperfused 
states, observations on raised blood pressure in 
severe head injuries that are consistent with cur-
rent interpretations of cerebral perfusion pressure 
and the deleterious effects of hypothermia on 
trauma patients [42]. A professor of physiology 
at Harvard University, Cannon volunteered to be 
a field investigator at a casualty clearing station 
in Bethune, France and was appointed the presi-
dent of the Red Cross medical research society in 
November 1917. He was a shrewd observer and 
documenter of observations and encouraged the 
publication of case reports as a learning tool. In 
his 1918 paper The Preventive Treatment of 
Wound Shock [42], he advised caution in admin-
istering IV fluids to shocked patients without the 
facility to achieve surgical haemostasis:

Injection of a fluid that will increase blood pres-
sure carries danger in itself. Haemorrhage in the 
case of shock may not have occurred to a large 
degree because the blood pressure is too low, and 
the flow too scant to overcome the obstacle offered 
by a clot. If the pressure is raised before the sur-
geon is ready to check any bleeding that may take 
place, blood that is sorely needed may be lost.

This lesson was forgotten after the war but re- 
emerged with the advent of World War 2 and fur-
ther combat casualties. Lt Col Henry Beecher in 
his 1945 publication Preparation of Battle 
Casualties for Surgery [43] argued that a systolic 
blood pressure of 85  mmHg was adequate and 
that the minimum amount of plasma should be 
given to achieve this aim. He also advanced the 
idea that resuscitation should continue during 

P. Lax



181

surgery rather than operate late (as was the pre-
ferred French and Italian model at the time)—a 
concept integral to what we now consider 
Damage Control Resuscitation. Again, this les-
son appeared to be lost after the conflict ended. 
Patients who presented to medical treatment 
facilities during the Vietnam and Falklands con-
flicts often survived for prolonged periods with 
low blood pressure, before being “resuscitated” 
with large volumes of crystalloid and dying of 
their injuries. It was not until 1994 when Bickell 
et  al. published a prospective trial showing 
improved survival, fewer complications and 
decreased length of hospital stay in patients who 
had delayed fluid resuscitation while hypotensive 
from penetrating abdominal trauma [44]. From 
then, the direction of research and current prac-
tise has been to understand what blood pressure 
to tolerate before intervention, what intervention 
to perform and when.

 Permissive Hypotension as a Concept

A baseline understanding of the first principles 
and pathophysiology of bleeding is essential 
when discussing strategies for treating 
haemorrhage- induced hypotension. If bleeding 
occurs and a significant amount of circulating 
volume is lost, the ventricular pre-load drops. In 
turn, this drops the stroke volume, and the car-
diac output is initially maintained or slightly 
increased by a compensatory tachycardia. 
Eventually, if there is enough blood loss and 
decompensation occurs, the cardiac output will 
drop and the blood pressure will also decrease 
(even if circulating catecholamines cause an 
increase in the SVR). This low blood pressure 
reduces the flow of blood to peripheral tissues, 
and the hypoperfusion causes the raised lactate 
referred to earlier (with the already expressed 
caveats).

At this point, the hydrostatic pressure of the 
blood in the vessels drops, and circulating factors 
may be able to form a clot over the bleeding ves-
sel temporarily sealing it. Two important points 
need highlighting—firstly, this clot has formed 
under the best possible circumstances in terms of 

the amount of available circulating clotting fac-
tors, temperature, pH and presence of cofactors 
such as calcium. Secondly, at this point the clot is 
immature and vulnerable to breakdown by either 
rough handling of the patient or further increases 
in the hydrostatic pressure in the injured vessel, 
e.g. by administering fluids. The ethos behind 
permissive hypotension is to protect this clot 
while it matures and prevents further bleeding 
while maintaining an acceptable degree of end- 
organ perfusion. To reiterate—while the patients’ 
blood pressure is not normal, if there is adequate 
perfusion to vital organs then this should be toler-
ated until definitive haemostasis can be assured. 
If the pressure continues to fall, then the resusci-
tative target should be to restore an adequate 
blood pressure only, not a normal one. This is 
usually defined as a systolic pressure of approxi-
mately 80–90  mmHg and is mostly pragmatic 
and based on entrance criteria of trials of liberal 
vs restrictive fluid resuscitation in trauma. An 
editorial on the concept of permissive hypoten-
sion from Nevin and Brohi appeared in 
Anaesthesia in December 2017 and is well worth 
reading for a more comprehensive overview [45].

More recent work has looked at the effect of 
permissive hypotension over a prolonged period 
and concluded that (in animal models at least) 
prolonged permissive hypotension can lead to 
increased morbidity and mortality. The approach 
trialled in animal models by Doran et  al. is 
‘Hybrid’ or ‘targeted’ resuscitation [46]. This 
aims to offer the best compromise between pro-
longed hypotension and overly aggressive 
resuscitation. It is based on the principle that it 
is not blood pressure that matters, but rather 
blood ‘flow’ and perfusion of tissues as 
described above.

The following recommendations were made:

• Maintain a Systolic BP of 80 mmHg for the 
first hour of care

• Increase the systolic BP to 110  mmHg after 
this period even if definitive haemostasis has 
not been achieved

• Then fully restore normotension with blood 
and blood products once definitive control has 
been secured.

10 Circulation



182

By doing this the overall extent of the shock is 
reduced, base deficit improved, the degree of 
coagulopathy and systemic inflammation reduced 
and this may well be the kind of best compromise 
approach that will be adopted in future years.

When this approach was applied to a blast 
model in rats [47], survival was significantly 
improved in the group that had a short period of 
permissive hypotension followed by slow resus-
citation to normotension (Blast NH), rather than 
prolonged hypotensive  resuscitation (Blast 
Hypot), until bleeding was adequately controlled 
(see Fig. 10.6).

Whether or not this can be applied to human 
cases is still not clear, but the animal work does 
suggest promising results. However, this further 
confirms that the shorter the period of hypoten-
sive ‘hit’ the better, but this has to be balanced 
against how it is corrected. Merely filling the 
actively bleeding casualty with any available 
resuscitation fluid is potentially a greater risk.

This is a complicated picture requiring some 
compromises and caution, and a single definitive 
solution is unlikely ever to exist. When consider-
ing the other effects of shock, the picture becomes 
even more complicated. However, some interven-
tions have been demonstrated to worsen outcome 
and should be avoided:

• Excessive volumes of resuscitation fluid while 
still bleeding

• Delays in achieving control of bleeding
• Prolonged or extreme shock

 Cyclic Hyper-resuscitation 
and Crystalloids

Before permissive hypotension was accepted, 
traditional teaching was to aggressively treat 
hypotension by the administration of a fluid chal-
lenge—usually 2000 ml of a crystalloid solution 
such as Hartmann’s or Ringer’s lactate. The 
thinking behind this approach was that by restor-
ing a normal blood pressure, the flow of blood to 
the vital organs would be restored and the patient 
stabilised so they were in the best possible condi-
tion for an operative prcedure. In some cases, the 
timing of operations would depend on whether 
the patient was a responder or non-responder to 
the initial administration of fluids. From the per-
spective of having an endpoint to target and 
assess against, it is easy to see why this approach 
was undertaken. It does, however, have several 
flaws which have been discovered as research has 
progressed. Consider the above emphasis on clot 
protection and preservation—by increasing the 
blood pressure with crystalloids, hydrostatic 
pressure increases and stress on any clot which 
has formed increases. This may cause the clot to 
rupture and cause further bleeding and hypoten-
sion (sometimes referred to colloquially as “pop-
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ping the clot”). Once the blood pressure decreases 
to its previous level, a clot may form again to pre-
vent further haemorrhage. However, the problem 
with this is that the second clot that forms may 
not be as strong as the first for several reasons. 
Firstly, the initial clot was formed under the best 
conditions with the highest number of clotting 
factors available, and many of these factors and 
cofactors may have been consumed in the pro-
duction of the first clot. As a result, the formation 
of a subsequent clot (if possible) may start with 
50% or less of the available clotting factors used 
in the first purely from a consumptive perspec-
tive. Secondly, the action of giving a 2000  ml 
crystalloid bolus will dilute the remaining clot-
ting factors and cofactors that are present further 
and impair their effectiveness. Thirdly, as a result 
of further bleeding from the clot being disrupted 
(and more often than not the 2000 ml bolus not 
being as warm as body temperature), the patients’ 
temperature falls, decreasing the efficiency of the 
enzymatic systems involved in forming a clot. 
Finally, as crystalloid has no oxygen-carrying 
capacity it cannot intrinsically improve the deliv-
ery of oxygen to tissues (other than by a transient 
rise in stroke volume/cardiac output which is 
subsequently offset by deleterious effects), and 
so hypoperfusion and acidosis worsen, causing a 
decrease in plasma pH which adds a second hit to 
the function of enzymatic-dependent clotting.

If the patient is fortunate enough to be able to 
form a second clot despite being replete of coag-
ulation factors, cold, acidotic and having suffered 
further bleeding, they will be hypotensive. This 
may trigger further crystalloid resuscitation and 
the downward spiral continues in the same man-
ner until no clot can be formed, with the patient 
bleeding to death if surgical control cannot be 
achieved. This repeated pattern of hypotension, 
crystalloid administration and further bleeding 
has been termed cyclic hyper-resuscitation and 
should be avoided [48]. Even if the patient sur-
vives to the intensive care unit, administration of 
large volumes of crystalloid has been associated 
with the development of Adult Respiratory 
Distress Syndrome (ARDS), abdominal compart-
ment syndrome and the worsening of pulmonary 
contusions if present [49–54]. Another paper by 

Sharpe et al. [55] compared high and low ratios 
of crystalloid to blood products in resuscitation 
acutely and concluded that there was no appre-
ciable difference between the strategies in terms 
of mortality. This paper raises a couple of meth-
odological questions, as the range of crystalloid 
doses in the high ratio group (1000–11,000 ml, 
mean of 4000  ml) compared to the low group 
(500–8200 ml mean of 1300 ml) does not appear 
significantly different and the low ratio group had 
a higher amount of HES administered in their ini-
tial resuscitation. The volumes of crystalloids 
given in both groups appear at first glance to be 
excessive, but even in this paper there is a statisti-
cally significant difference in the rate of develop-
ment of ARDS!

 Fluid Therapy in Trauma

While some patients may develop hypotension, 
form a clot and maintain an acceptable blood 
pressure, many may not and will require some 
degree of fluid resuscitation in order to get to the 
point of definitive haemorrhage control. The 
question then becomes “which fluid should be 
given”? Crystalloid solutions do not transport 
oxygen and excess administration causes further 
bleeding, hypothermia, dilution of clotting fac-
tors and ARDS as previously described, so the 
alternatives become colloids or blood products.

 Colloids

Colloids are large molecules that exert an osmotic 
pressure and theoretically stay in the circulation 
and exert their effects for longer than crystal-
loids. The most common colloids in recent clini-
cal use are dextrans, modified gelatine or starches. 
Blood is technically a colloid, but in this text-
book, blood is considered a separate entity and 
the use of the word “colloid” refers exclusively to 
non-blood, non-crystalloid resuscitative 
solutions.

An often-quoted rule from historic ATLS 
teaching is “3:1”—students are often told that 
giving a bolus of colloid is the equivalent of giv-
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ing three times the amount of crystalloid for the 
same haemodynamic effect. In terms of mitigat-
ing the effects of excessive volume, this would 
seem a good solution between the deleterious 
effects of crystalloid and the risks and expense of 
blood transfusion if it is not necessary. The prob-
lem lies in the fact that this is an urban myth—the 
actual ratio is only somewhere between 1:1.3 and 
1:1.6 [27, 56–60]. Moreover, a Cochrane review 
[61] showed no evidence of benefit in using col-
loids over crystalloids in the resuscitation of 
patients following burns, trauma or surgery and 
that the use of hydroxyethyl starch (HES) may 
increase mortality in these patients. A further 
review which excluded papers which had been 
retracted because of research fraud further con-
demned HES as it showed an increase in mortal-
ity and acute kidney injury in comparison to 
other resuscitation solutions [62]. As some col-
loids are modified gelatine proteins they also 
carry a risk of provoking anaphylaxis in suscep-
tible patients [63]. They are also more expensive 
to produce than crystalloids, and with no overall 
benefit demonstrated, it is difficult to justify their 
continued use in clinical practice.

 Synthetic Oxygen Carriers

An off-the-shelf, oxygen-carrying solution which 
does not need to be cross-matched, stored under 
certain constrictive conditions, is cheap to pro-
duce and with few serious side effects is consid-
ered the Holy Grail of trauma resuscitation fluids. 
The morbidity and mortality from blood transfu-
sions like acute transfusion reactions, mis-
matched blood groups, the passage of blood-borne 
diseases before the advent of effective screening 
and immunologically mediated problems such as 
Transfusion Related Acute Lung Injury is not 
insignificant. Because of the lack of an alterna-
tive solution, these complications remain a risk of 
this life-saving therapy. Efforts have rightly been 
made to reduce the risk by focussing on systems 
and reporting to minimise it as much as possible. 
If a synthetic drug were produced that could per-
form the same function as even just haemoglobin 
as opposed to the clotting aspects of blood, that 

would be game-changing. The current mortality 
in the USA from a blood transfusion in isolation 
is currently estimated as 2.3 deaths for every 1 
million component units transfused [64]. Some 
improvements have been made due to the evolu-
tion of reporting networks such as the annual 
SHOT (Serious Hazards of Transfusion) report in 
the UK [65] and subsequent changes in practice. 
One example is the use of male-only FFP in 
transfusions in the UK due to a recognised 
increase in immune-mediated complications 
when female plasma is used. However, sidestep-
ping these issues altogether with a synthetic 
product would be much preferred.

There has been much research done on syn-
thetic haemoglobins and perfluorocarbons over 
the last 25–30 years, but the results have not been 
promising. Only one perfluorocarbon has been 
approved for use in humans by the FDA since 
research began (Fluosol-DA-20  in 1989), but it 
was withdrawn 5 years later due to side effects 
ranging from transient hypertension to myocar-
dial infarction, arrhythmias and death. Notably, 
one of the main drivers for the development of 
haemoglobin substitutes was for patients with 
haemoglobinopathies such as sickle cell disease 
rather than trauma, and there has yet to be any 
agents approved for use internationally for any 
indication.

Hemopure has been approved in South Africa 
for treatment of acutely anaemic adult surgical 
patients, but despite trials in other countries, it 
has not been accepted into mainstream practice. 
There have been some phase three clinical trials 
of using synthetic haemoglobins in trauma or 
emergency surgery that were small scale but ini-
tially positive [66, 67], though these were con-
ducted by the product manufacturers (PolyHeme 
from Northfield Laboratories). A recent review 
by Ferenz and Steinbicker [68] has highlighted 
many of the outstanding issues with synthetic 
haemoglobins from clinical and pre-clinical trials 
from 2013 to 2018. It is an interesting article, 
highlighting issues around the short lifespan of 
products, side effects, inflammatory reactions, 
difficulties in either loading or unloading oxygen 
appropriately and different approaches to solving 
these problems. The takeaway message, however, 
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is that while research in this field is ongoing and 
making some progress, it will likely be many 
years before these products make it to market, or 
the medical literature advances much beyond 
case studies and small trial series. An alternate 
source of blood may be from mass production or 
manufacture from stem cells. There is work in 
progress at DARPA, though the cost is currently 
prohibitively high to scale up. Currently, each 
unit of blood costs £30,000 to produce [69] in 
comparison to £120–150 per unit of cross- 
matched blood in the UK. Twenty-five years in 
the future this may be an option as production 
costs decrease and scale increases, but it is not 
yet a viable option.

 Blood Transfusions in Trauma

Blood has a distinct advantage over all other 
transfusion fluids in that it delivers oxygen to tis-
sues in addition to expanding volume. While red 
blood cells will increase oxygen-carrying capac-
ity, if given in isolation, then they will also dilute 
clotting factors that are present. Interestingly, 
more and more research has shown that red blood 
cells themselves are essential components in hae-
mostasis due to their adhesion to endothelial cells 
and platelets and their ability to generate throm-
bin [70, 71], with anaemia increasing bleeding 
times [72]. A full discussion of the role of blood 
transfusion in trauma and the management of 
trauma-associated coagulopathy is found in 
Chap. 15 (Haemostasis and coagulopathy) later 
in this textbook. Suffice it to say the best strategy 
is to preserve as much of the patient’s blood as 
possible (including the use of cell salvage where 
possible), and replace blood with blood—either 
by units of whole blood or balanced component 
therapy. Ultimately, blood transfusion aims to 
promote the delivery of oxygen to tissues (other-
wise known as DO2). This is dependent on two 
factors—the cardiac output and the oxygen con-
tent of arterial blood that reaches the tissues.

 Oxygen Content of Blood

This content is principally due to the amount of 
haemoglobin present in the blood, but there is 
also a small amount of oxygen dissolved in 
plasma itself. The overall formula for calculating 
DO2 is, therefore:

 DO CO CaO2 2� �  
Where CO is cardiac output and CaO2 is the 

oxygen content of arterial blood that is being 
delivered to the tissues. This can be expanded 
into individual components further by examining 
what constitutes the oxygen content of the blood.

The fully expanded equation is seen if 
Fig. 10.7, where:

• [Hb] = Concentration of haemoglobin in 
grams per deciliter (g/dl)

• 1.34 = Hüfner’s constant—the amount of oxy-
gen carried by fully saturated haemoglobin 
(1.39 ml O2/g Hb is the theoretical maximum, 
but in direct measurement, the maximum is 
1.34)

• SpO2 = Percentage arterial O2 saturation
• PaO2 = arterial oxygen tension in kilopascals 

(kPa)
• 0.023 = amount of oxygen in ml dissolved per 

100 ml of plasma per kPa

It can be seen that the most significant deter-
minant of oxygen content in the blood is haemo-
globin concentration. The amount of oxygen 
dissolved in plasma is itself a minor contributor, 
and assuming a patient is on 100% dry oxygen, 
with maximum efficiency in metabolism with a 
normal PaCO2 of 5 kPa, the theoretical maximum 
amount of oxygen that could be dissolved is only 
2.19 ml O2/100 ml plasma In contrast, by increas-
ing the haemoglobin concentration by only 1.6 g 
by the administration of just over 1 unit of blood 
to an average adult, the same raise in CaO2 can be 
achieved while still breathing room air. The dis-
solved concentration of oxygen rarely makes a 

DO2 = CO ¥ (([Hb] ¥ 1.34 ¥ SpO2 ¥ 0.01) + PaO2 ¥ 0.023) 

Fig. 10.7 The oxygen delivery equation
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significant contribution to DO2 overall, as physi-
ologically a PaO2 of 11–13 is a normal value, giv-
ing a dissolved oxygen concentration of 0.25 ml 
O2/100 ml blood, in comparison to 1 g of 100% 
oxygenated blood which transports 1.34  ml 
O2/100 ml blood, i.e. 5.36 times more. This dis-
solved fraction only tends to be physiologically 
significant when there is severe lung damage or 
exceptionally high oxygen demand, and a high 
FiO2 is required.

 Cardiac Output, Blood Pressure 
and Flow

As previously discussed, cardiac output is the 
product of the stroke volume and heart rate. 
When this is combined with systemic vascular 
resistance, it determines the blood pressure. 
While physiological first principles are sound 
and give a good mental model of how the circula-
tory system works, there are a few other factors to 
consider when discussing oxygen delivery to tis-
sues outside of gross systemic models. The flow 
of oxygenated blood to tissues is the important 
measure, and there are a couple of factors which 
may affect flow rather than blood pressure. 
Examining the mathematical model described at 
the start of the chapter, by increasing SVR (caus-
ing vasoconstriction) blood pressure is increased. 
While blood pressure is a driving force for perfu-
sion, downstream vasoconstriction may decrease 
the flow of blood in hypovolaemic states and sub-
sequently decrease DO2. The reason for this is 
that the Hagen-Poiseuille equation governs lami-
nar flow:

 
Q

P r

l
�
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8  

Where:

Q = Flow
P = Driving pressure
r = radius of the tube
η = Viscosity
l = length of tubing

As the factor with the greatest influence in 
terms of flow is the radius of the tube (as it is 
raised to the fourth power), it is therefore obvious 
why peripheral vasoconstriction decreases flow. 
Mathematically, doubling the radius of the tube 
(or in this case, blood vessel) and keeping every-
thing else the same will increase flow by a factor 
of 16 times. This relationship is also why having 
short, large-bore IV access in patients who may 
require large amounts of blood products is prefer-
able to smaller access. The rest of the equation is 
also important to consider. There needs to be a 
driving pressure (P) in order to have flow into a 
vessel, so in most cases adequate filling is neces-
sary to achieve this by increasing preload and 
stroke volume. Flow rate is inversely propor-
tional to viscosity, so thicker solutions such as 
FFP and red blood cells may not be as quickly 
transfused as crystalloids through the same IV 
access due to this. There is also a slight evolu-
tionary advantage, however. When a patient 
bleeds and their haemoglobin levels fall, the 
blood becomes less viscous and flow improves as 
a consequence. As flow improves, DO2 must also 
become more efficient, and this may possibly be 
why management in ICU of patients with a hae-
moglobin level of 7  g/dl is sufficient. Current 
practice is to avoid transfusion above this thresh-
old unless there is a history of ischaemic heart 
disease [73, 74]. It must be pointed out that this 
strategy in acute blood loss does not work—if a 
patient presents with a haemoglobin of 7  g/dl 
before intervention, then they are bleeding and 
require resuscitation with blood and blood prod-
ucts, not crystalloid. After achieving definitive 
haemostasis and restoring an adequate circulat-
ing volume with blood products, there may be a 
role for crystalloids on ICU. One pitfall to point 
out is that when a patient arrives in ICU, they 
may not be adequately resuscitated and still have 
an ongoing requirement for blood products to 
catch up. This is not the time to employ a restric-
tive transfusion strategy or to use vasopressors/
inotropes to correct a low blood pressure caused 
by undertreated hypovolaemia. Inappropriate use 
of vasopressors in this group of patients may 
increase mortality by at least 200% [75–78].
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 Blood Components or Warm Fresh 
Whole Blood?

As blood is usually split into its component frac-
tions (red blood cells, fresh frozen plasma and 
platelets) once it has been donated and 
 cold- stored, there has been much debate over the 
effectiveness of how best to use blood. Questions 
posed include the optimum ratio of blood prod-
ucts to administer to patients who are acutely 
bleeding [79], whether there is a difference in 
outcomes in patients administered blood stored 
for longer or shorter periods [80–82] and whether 
using warm fresh whole blood (WFWB) is supe-
rior to individual component therapy. The mili-
tary experience of using warm fresh whole blood 
(WFWB) to resuscitate patients (i.e. taking a unit 
of blood from a walking donor panel and admin-
istering it without fractionation to a bleeding 
casualty [83]) has generally been positive. Small 
series reports and trial data have shown increased 
survival and decreased transfusion volume 
requirements over 24 h compared to component 
therapy [84–86]. The exact reasons for this are 
not entirely understood and this approach also 
throws up many questions on the effectiveness of 
troops who have donated blood whilst on deploy-
ment (though marksmanship [87] and cognitive 
performance [88] have been reported as being 
preserved or improved). Is WFWB intrinsically 
superior to fractionated components? Is the pro-
cess of buddy-buddy donation between non- 
medically trained personnel safe? There are many 
aspects which need further consideration and 
research, not only in medical but also military 
spheres.

 Practical Aspects of Blood 
Transfusion

A full exploration of the current state of evidence 
behind blood transfusion ratios is available in 
Chap. 15 (Haemostasis and coagulopathy), but 
there are some practical points which are worth 
following in managing blood transfusions in 
major trauma. Firstly, the time to review a mass 
transfusion policy is not the first time it is 

needed—a thorough stress testing of the policy 
should be undertaken well in advance of it being 
used in vivo. Simulation (and specifically in situ 
simulation) is a readily available tool to assess 
the weak points of policies. If a blinded exercise 
is undertaken by the people who may be expected 
to use a mass transfusion policy in real-time, 
there may be some surprising results. 
Unanticipated chokepoints can be elucidated 
[89], explored and improved on, and there are 
several ready-made scenarios which can be 
implemented to test departmental responses [90]. 
Investing a couple of hours in simulation and 
debriefing will pay dividends in the event of the 
mass transfusion policy being enacted. It is also 
vital to let blood bank know where to send prod-
ucts; if a mass transfusion has been declared and 
the patient moves from the emergency depart-
ment to interventional radiology or the operating 
theatre then blood bank and portering staff should 
be made aware. If issues are identified in simula-
tion, then these should be fed into the live organ-
isational reporting system—no patients have 
been harmed but risks/problems may be identi-
fied which could lead to future harm. If these 
problems are not captured, they may well lead to 
actual morbidity or mortality in a live patient in 
future.

Secondly, make sure IV access is adequate 
and appropriate for what is needed. Per the 
Hagen-Poiseuille equation already mentioned, 
flow is optimum in wide and short tubes so IV 
access should be established with this in mind. 
When comparing flow rates through different 
devices in vitro in a paper by Khoyratty et al. [91] 
the Hagen-Poiseuille equation predicts the salient 
points. Peripheral access outperforms central 
lines of the same width, the use of a needle-free 
access device decreases flow rates in cannulae of 
16G or larger (with or without pressured infu-
sion), Rapid Infusion Catheters (RIC) are supe-
rior to 14G cannulae, and flow is improved when 
a pressure system is used to increase the rate in 
all devices. These findings are similar to papers 
by Reddick et al. from 2011 [92] and Wrenn et al. 
from 2017 [93], reinforcing the basic principle of 
IV access being short, wide and peripheral in the 
first instance.
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Third, several mnemonics can be used to pre-
pare a patient and team for a mass transfusion 
and trauma anaesthetic (see TRAUMATIC and 
POLYTRAUMAS examples, above in Figs. 10.8 
and 10.9 respectively). Use of cognitive aids 

should be encouraged as any tool which can 
increase the use of evidence-based practice and 
the available cognitive bandwidth to deal with 
complex trauma are undoubtedly a good thing 
[94, 95]. It is crucial, however, to consider how 

Fig. 10.8 TRAUMATIC Aide Memoire for acute haemorrhage resuscitation (© L May, A Kelly and M Wyse, 
University Hospitals Coventry and Warwickshire)
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Fig. 10.9 POLYTRAUMAS Aide Memoire for ED-Theatre communication for emergency surgery (© B Rippin, K 
Lowery, P Lax, N Kanakaris, Leeds Teaching Hospitals NHS Trust)
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these aids are designed as a poorly thought out 
tool may decrease performance [96]. NASA 
have produced guidelines on how to produce 
checklists which are based on experience and 
sound research methodology [97, 98], and work 
best when internally designed by the people who 
will use them rather than being externally 
imposed [99].

Fourth, having a dedicated clinician managing 
the mass transfusion is exceptionally useful [100, 
101]. Due to the time needed for checking of 
blood, ensuring correct ratios of plasma, plate-
lets, PRBCs and calcium, a dedicated anaesthe-
tist or emergency medicine physician should be 
tasked to keep track of blood products adminis-
tered as well as the practicalities of running a 
mass transfusion device such as a Belmont or 
Level 1. Practically, a count is best maintained by 
either a tally chart or keeping bags of transfused 
products in a set space and separating them by 
type for later documentation. Some centres have 
included a check box system in the blood boxes 
that are issued from the lab for units to be ticked 
off when administered to keep track. This allows 
the lead anaesthetist to concentrate on other 
aspects of resuscitation and request volume 
boluses as needed without having the additional 
cognitive burden of ensuring compliance with 
transfusion protocols.

Fifth, ensure that adequate amounts of cal-
cium are given. A general rule of thumb is to try 
and keep the ionised calcium above 1.0 mmol/l 
on ABG testing. In cases where product admin-
istration is rapid due to ongoing loss and ABG’s 
cannot be checked, give 10 ml of 10% calcium 
chloride for every four units of PRBCs or FFP 
that are administered. This should counteract 
the leaching effect of the sodium citrate that is 
used to preserve red blood cells and FFP, and an 
adequate calcium level is essential to ensure 
clotting. Calcium is also a positive inotrope and 
may contribute to increased blood pressure by 
increasing stroke volume. Calcium gluconate is 
not an ideal substitute in comparison to calcium 
chloride as it has approximately one-third of the 
amount of elemental calcium of calcium chlo-
ride, so three times the volume would be 

required for the same clinical effect [102]. 
Higher levels of calcium are also cardioprotec-
tive when dealing with hyperkalaemia which 
may be associated with muscle damage from 
trauma or massive transfusion itself [103, 104].

Sixth, give a 1 g tranexamic acid (TXA) bolus 
early, or 15 mg/kg in children—the same dose as 
paracetamol/acetaminophen. The CRASH-2 
[105] and MATTERS [106] trials have been 
widely accepted as proof of decreased morbidity 
and mortality from bleeding if TXA is given 
within 3  h of injury. There have been a few 
unconvincing post-hoc analyses which have 
attempted to show an increase in thrombotic 
complications, but these mainly refer to adminis-
tration outside the 3-h window or are method-
ologically flawed. The source data from 
CRASH-2 is open for public scrutiny and analy-
sis. Professor Brohi has offered to collaborate 
and publish an analysis of the data with groups 
sceptical of the effect of TXA as long as he had a 
right of reply in the paper but has not yet been 
taken up on this offer.

Seventh, make use of near-patient testing of 
coagulation such as ROTEM or TEG devices 
where available. Both will give real-time indica-
tions of coagulation and may guide further blood 
product administration, and have been associated 
with lower overall transfusion requirements and 
may lead to improved mortality [107–109]. This 
is covered in more detail in the Chap. 15 
(Haemostasis and coagulopathy).

 Active Management of Circulatory 
Failure

In light of the complex state of the evidence base, 
some contradictory research and uncertainty on 
how to proceed, Revell, Porter and Greaves pro-
posed a new UK consensus statement in 2002 
[110] regarding the pre-hospital management of 
hypotension in trauma.

They stated that:

• Trauma victims with a radial pulse do not 
require fluid until haemostasis is achieved
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• If a radial pulse is absent, then a 250 ml bolus 
of normal saline is given

• In penetrating torso trauma, the presence of a 
major pulse, e.g. femoral, is considered 
adequate

They went on to explain that this approach 
must be combined with rapid transfer to theatre 
or control of bleeding, but they did also identify 
some exceptional situations:

• Head injuries—they were unsure of what best 
evidence to recommend.

• Children—titration to a brachial pulse was 
recommended.

Shock is a pathological, abnormal physiologi-
cal state, and every patient has varying degrees of 
tolerance of it. Even advocates of hypotensive 
resuscitation/delayed fluid resuscitation will 
accept that the limits of this strategy are not only 
defined by the level of the blood pressure, but 
also the duration of the shock.

 In-Hospital On-Going Care

In-hospital, many of the fundamental principles 
remain the same such as the importance of rapid 
control of bleeding and preservation of circulat-
ing volume. The Task Force for Advanced 
Bleeding in Trauma was established in 2004 and 
publishes regular updates to the latest evidence, 
with the fifth edition published in 2019 [111].

The first iteration of the guidelines made some 
key recommendations, with the main beneficial 
factor that they identified in cases of severe 
haemorrhage was to achieve the shortest time to 
theatre.

They also highlighted the importance of circu-
lation preservation with measures such as:

• Use of a damage control approach
• Early recognition of bleeding
• Pelvic stabilisation
• Consideration of early angiography and 

embolisation for pelvic bleeding
• A multi-disciplinary approach.

The latest critical messages from the 2019 
guidelines are:

• Traumatically injured patients should be 
transported quickly and treated by a special-
ised trauma centre whenever possible.

• Measures to monitor and support coagulation 
should be initiated as early as possible and 
used to guide a goal-directed treatment 
strategy.

• A damage-control approach to surgical inter-
vention should guide patient management.

• Coagulation support and thromboprophylaxis 
strategies should consider trauma patients 
who have been pre-treated with anticoagulants 
or platelet inhibitors.

• Local adherence to a multidisciplinary, 
evidence- based treatment protocol should 
serve as the basis of patient management and 
undergo regular quality assessment

Continuing the same key principles started in 
the pre-hospital arena, external bleeding should 
be controlled, excessive crystalloids should be 
avoided, and rapid assessments should be made 
before making decisions about ongoing care and 
moving forward to CT, theatre or interventional 
radiology.

Circulation preservation remains a key prior-
ity by whatever means necessary, and at this 
point, it should be noted that immobilisation 
devices such as pelvic binders or traction splints 
are considered part of ‘C’ for circulation man-
agement. Their application can significantly 
reduce ongoing blood loss and also reduce frac-
ture movement and pain.

Finally, do not forget that simple measures 
such as ‘gentle patient handling’ can also have 
profound effects in terms of minimising further 
blood loss. The increased use of the scoop 
stretcher to reduce bleeding from log-rolling has 
little firm supporting evidence, but anecdotally it 
may reduce sudden internal blood loss and pain 
by avoiding the need for a full log-roll if appro-
priately used. If used badly with poor technique, 
however, it can result in two log-rolls in opposite 
directions to introduce the two halves of the 
scoop.
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Others would argue that a ‘log-roll’ will have 
to be performed at some point to check the back 
of the patient thoroughly, and it can be performed 
without compromise once the pelvis is strapped. 
This is also controversial, as those that actively 
promote limited movement would suggest that 
the traditional rolling and checking of the back 
offers very little unless searching for wounds. 
Major trauma casualties almost invariably going 
through the CT scanner regardless, which should 
pick up back injuries far more effectively than 
simple examination.

As it stands at present, the scoop is favoured 
over the long-board by UK ambulance services, 
but there are concerns that this is being proposed 
as better in terms of its ‘pressure area’ risk when 
in reality, it is just another hard plastic board. 
Ultimately, a vacuum mattress or “vac-mat” is 
probably a far better device than both of these for 
the casualty, but this does have both cost and 
practical limitations. Movement of patients onto 
a vac-mat from a scoop when they arrive in hos-
pital is possible and may minimise other addi-
tional movements before and during CT scan. It 
can also be used to minimise heat loss if the vac- 
mat is wrapped securely and has a heating or 
warmed blanket enclosed next to the patient’s 
skin where possible.

Throughout the early time in the hospital, it is 
essential to look for any signs of ongoing uncon-
trolled bleeding. If identified, then this should be 
managed quickly and effectively to preserve the 
patient’s circulation. Practitioners should not be 
over-reliant on the lab and transfused blood, as 
transfused blood will never be as good as the 
patient’s own.

 Brain Injury and Permissive 
Hypotension

Neurosurgeons would like normotension (or per-
haps slight hypertension) and rapid delivery to 
their care within 4  h to optimise their outcome 
(see disability and head injury chapter for more 
information). The application of permissive 
hypotension in patients with concomitant brain 

injury is a compromise at best, and there is still 
no precise data to guide this approach despite 
several reviews and meta-analyses [112]. The 
best approach would undoubtedly be to deal with 
both severe haemorrhage and surgically amena-
ble brain injury at the same operative sitting in a 
damage control approach, but outside a few cen-
tres of excellence in the world, this is rarely pos-
sible. Conventional wisdom is that active 
haemorrhage takes precedence over brain injury, 
but once bleeding is controlled, then blood pres-
sure should be increased to maintain a cerebral 
perfusion pressure of 50–60  mmHg. The Brain 
Trauma Foundation Guidelines [113] are dis-
cussed in the disability and head injury chapter 
and form the mainstay of current treatment.

 Damage Control Resuscitation

A damage control resuscitation and damage con-
trol surgical approach should be adopted, and the 
bleeding arrested in the shortest time possible. 
Once control has been achieved, circulating vol-
ume can be restored and the shock and hypoper-
fusion addressed (typically correcting the base 
deficit and lactate).

During damage control surgery, other factors 
will help to minimise further blood loss, includ-
ing the use of a cell saver system, anti-fibrinolytic 
agents and other blood products such as FFP, 
platelets and cryoprecipitate.

In theatre during surgery, the temptation exists 
to reach for many of the numerous clinical 
devices traditionally associated with assessing 
resuscitation, cardiac output and hydration. In 
reality, few if any of these offer much value until 
bleeding is controlled and coagulopathy 
corrected.

Even relatively simple monitors such as arte-
rial lines (often erroneously considered immedi-
ately essential) can delay transfer and definitive 
control of bleeding. Therefore, much as in in the 
pre-hospital domain, every action must be con-
sidered; is it appropriate and necessary to per-
form a procedure right now or will it introduce 
unnecessary delay?
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 Failure to Respond to Resuscitation

For some patients, attempts to maintain an ideal 
target MAP may fail, there may be continued 
deterioration and absence of a normal response to 
filling with blood or other fluids. Similarly, even 
after haemorrhage is controlled, it may remain 
difficult to improve the shocked state of the 
patient. This may be as a result of such rapid and 
massive bleeding that the volume loss has not 
been adequately replaced, there may be myocar-
dial damage that is starting to manifest or the 
patient may be still falling further behind as a 
result of concealed or occult ongoing bleeding. 
There may be no response, inadequate response 
or even deterioration to any filling and then the 
prospect of a missed injury or intervention should 
be considered. These may include

 Summary

Shock and fluid resuscitation seem so simple if 
the circulation is merely considered as an empty 
bucket that needs re-filling, or a simple system of 
a pump, a fluid and connecting pipes. While it is 
an excellent theoretical analogy to understand the 
basic concepts of the circulatory system, it is a 
gross oversimplification in practice.

Filling patients to a normal blood pressure 
while still bleeding risks not only further bleed-
ing, but also producing a wide range of severe 
side effects from the large volumes of resuscita-
tion fluids, no matter what type is chosen. Every 
casualty will cope with blood loss and shock dif-
ferently, and this is not merely down to cardio-
vascular fitness but a far broader concept of 
‘shock tolerance’.

Blood pressure is a poor marker in this respect 
as patients may have low blood pressure, but with 
adequate blood flow maintained. They may dis-
play few signs of under-perfusion while others 
may demonstrate worsening acidosis and increas-
ing base deficit with minimal blood loss and no 
drop in blood pressure. The focus must still be 
circulation preservation and rapid haemostasis, 
usually with surgery or interventional radiology. 
Until this is achieved, permissive hypotension, 
minimal crystalloid use, blood and possibly 
hybrid resuscitation will all help to minimise 
complications and achieve the best chances of 
survival.

As yet, no synthetic alternative to blood has 
proved itself to a satisfactory degree, but they may 
be a panacea in future. Stem cell-produced blood 
cells or fresh whole blood are currently likely to 
offer better alternatives but are prohibitively 
expensive or unavailable in everyday practice.

Damage control resuscitation is a hugely com-
plex challenge and requires excellent diagnostic 
and decision skills and continuous ongoing eval-
uation of patient physiology. It is not just filling a 
bucket, and there is a very challenging balance to 
achieve despite the large amount of research that 
has been completed.

Questions
 1. Patients who present with a normal blood 

pressure by definition cannot have suffered 
significant hypovolaemia

 (a) True
 (b) False
 2. Synthetic haemoglobins are commonly used 

in current practice
 (a) True
 (b) False

Conditions which may mimic hypovo-
laemic shock

• Tension pneumothorax—ultrasound is 
quick and sensitive

• Cardiac tamponade—ultrasound could 
quickly reveal a tamponade

• Adrenal insufficiency or crisis—con-
sider a dose of hydrocortisone

• Hypocalcaemia—especially after mas-
sive transfusion of stored blood and 
FFP/cryoprecipitate

• Hypoglycaemia—always check a blood 
sugar

• Spinal injury—mechanism, history, 
examination, CT
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 3. Permissive hypotension means actively low-
ering a patient’s blood pressure to stop 
bleeding

 (a) True
 (b) False
 4. The most important determinant of flow 

through resuscitative IV access is its 
diameter

 (a) True
 (b) False
 5. All trauma patients should be given a 

2000 ml fluid challenge as part of standard 
resuscitation

 (a) True
 (b) False

Answers
 1. b
 2. b
 3. b
 4. a
 5. b
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Disability and Head Injury

Richard J. Gould and Peter Lax

 Introduction

Identification of head injuries forms part of the 
‘Disability’ section of the MABCD assessment. 
Some injuries may immediately be apparent, but 
many require advanced imaging to diagnose. The 

brain is an incredibly complex organ, much of 
which we are yet to understand fully, and injury sus-
tained at the scene cannot be directly treated during 
the initial assessment. The focus of management is 
to stop further injury by preventing physiological 
conditions that are harmful to brain perfusion and 
expedite transfer to a hospital where definitive sur-
gical treatment can occur if needed. To understand 
how to do this, it is crucial to appreciate how blood 
flow to the brain functions in health.

 Primary Versus Secondary Brain 
Injury

Patients with head injuries are affected by both 
primary and secondary brain injuries. A primary 
brain injury is the damage done at the initial point 
of injury and cannot be reversed or modified as it 
represents acute destruction of brain tissue and 
cannot be repaired. The only treatment for pri-
mary brain injury is prevention. Schemes such as 
increasing helmet usage amongst bikers and 
motorcyclists are crucial to decreasing morbidity 
and mortality in this area.

Secondary brain injuries, in contrast, are pre-
ventable and can be minimised or avoided alto-
gether by prompt treatment and attention to detail. 
Chief amongst the insults that cause secondary 
brain injury and worsen neurological outcome are 
hypoxia, hypotension (both leading to impaired 
oxygen delivery to vulnerable tissues [1]), hypo-
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 1. Understand and differentiate between 
primary and secondary brain injury

 2. Understand common neuroprotective 
strategies for minimising secondary 
brain injury

 3. Be able to make a referral for neurosur-
gical intervention with salient points 
from history, examination and radiolog-
ical results
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glycaemia and hypercarbia. These factors are all 
identifiable and treatable, and the attentive practi-
tioner should be alert to aggressively excluding or 
treating them as part of the primary survey and 
ongoing critical care management.

 Applied Anatomy

While a detailed review of neuroanatomy is 
beyond the scope of this book, a basic under-
standing of the anatomy is essential to appreciat-
ing the mechanisms by which brain injury occurs.

The brain is protected by the cranium (or 
skull). The cranium is divided into those bones 
that form the cranial vault and those that com-

prise the facial bones (Fig. 11.1). The bones that 
encase the brain are the left and right parietal and 
temporal bones, plus the frontal, occipital, sphe-
noid and ethmoid bones.

The rounded top of the cranium, the calvaria 
(or ‘skull cap’), is predominately composed of 
the two parietal bones and the frontal bone. These 
bones join (but do not articulate) at the suture 
lines. The coronal suture runs from side to side 
and attached the frontal bone to the parietal 
bones. The sagittal suture unites the left and right 
parietal bones. A lambdoid suture attaches the 
occipital bone to the parietal bones. The temporal 
bones form the skull’s lateral sides and join the 
parietal bones at the squamous suture. These 
sutures are incomplete in neonates and young 

Fig. 11.1 Bony anatomy of the skull (from Ellis [2])
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children, only closing at around the age of two 
years in most cases. This degree of laxity 
(amongst other factors) means that very young 
children have a more considerable degree of 
compensation for changes in intracranial volume 
and pressure than older children and adults [3].

The frontal, parietal and temporal bones join 
with the sphenoid bone at a point on the side of the 
skull called the pterion. This intersection is the 
weakest part of the skull. It is located approximately 
3 cm superior to the zygomatic arch—the part of the 
zygomatic bone that forms the prominent ‘cheek 
line’. Directly behind the pterion sits the middle 
meningeal artery. Due to its close relationship with 
the skull, this vessel is often injured in trauma and 
the brisk arterial bleeding results in the formation of 
an extradural haematoma. Extradural haematomas 
are primary skull injuries, but they will cause a sec-
ondary brain injury if left unchecked.

The meninges provide a protective covering 
for the brain. The dura mater is the thick, outmost 
layer. It supports the arachnoid layer deep to it, 
which itself contains the cerebrospinal fluid 
(CSF). The subdural space also contains numer-
ous veins and sinus that are responsible for venous 
drainage of the brain. The veins are only thin-
walled structures; they are easily damaged and 

can rupture in response to only very mild trauma, 
especially if stretched. As age-related cerebral 
atrophy occurs, these veins become weaker as the 
arachnoid layer is increasingly separated from the 
dura. A rupture of a dural vein is referred to as a 
subdural haemorrhage. It can form part of a head 
injury or be found incidentally on imaging under-
taken for a different reason (Fig. 11.2).

Coronal suture

Supra-orbital
margin

Nasal bone

Zygomatic arch

Nasal septum
Ramus of
mandible

Angle of
mandible

Frontal bone

Optic foramen

Lateral wall of orbit
Superior orbital
fissure
Inferior orbital fissure

Zygomatic bone

Maxilla

Mental protuberance

Fig. 11.1 (continued)

Ventricles Subdural blood
following the
contours of the
brain

Fig. 11.2 Left subdural haematoma with mass effect (the 
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patient’s feet towards their head). Note the lighter grey 
collection of blood on the patient’s left (right side of the 
image), causing the ventricles to collapse and be pushed 
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11 Disability and Head Injury



202

With the skull cap and brain removed, the 
floor of the cranial cavity is exposed. Known as 
the base of the skull, this complex structure is 
formed by the fusion of the frontal, ethmoid, 
sphenoid, temporal and occipital bones. 
Functionally, it is thought of as three depressions 
(or fossae) which each seat different intracranial 
structures.

The largest part of the brain is the cerebrum, 
and easily the most identifiable part of the central 
nervous system. It is divided into left and right 
hemispheres and then into lobes whose names 
correspond with the overlying bone. The cere-
brum’s external appearance is dominated by 
ridges and grooves referred to as the gyri and 
sulci. Deeper sulci separate the lobes. The frontal 
lobe rests in the anterior cranial fossa, and the 
temporal lobes sit in the middle cranial fossa.

Beneath the occipital lobe is the cerebellar 
tentorium. This extension of the meninges forms 
a tough membrane that separates the cerebrum 
from the cerebellum beneath it. The cerebellum 
(literally translates into ‘little brain’) occupies 
most of the posterior cranial fossa. Also within 
the posterior fossa are the brainstem structures—
namely the medulla oblongata, pons and mid-
brain. The brainstem is responsible for autonomic 
controls essential to life (e.g. breathing and car-
diovascular functions), and insults in this region 
are often life-threatening. The presence of the 
tentorium limits the potential space available to 
accommodate an increase in volume, so the pres-

sure effect of blood or tumour in the posterior 
fossa can rapidly compress these structures.

 Physiology

The cranium forms an inherently rigid box that is 
only in communication with the vertebral canal. 
The normal pressure inside this ‘box’ is 
3–10 mmHg and is referred to as the intracranial 
pressure (ICP). The ICP value results from a 
dynamic relationship between the volumes of the 
various intracranial contents (see Figs.  11.3, 
11.4, 11.5, 11.6 and 11.7, below).

Figures 11.3, 11.4, 11.5, 11.6, and 11.7 dem-
onstrating physiological and pathophysiological 
fluid volumes in head trauma (reproduced cour-
tesy of TeachMeSurgery.com and Rose Ingleton).

Because this container is rigid, a rise in one 
component’s volume must be compensated by a 
fall in one of the others, or the pressure will rise. 
This is the Monro-Kellie Doctrine [4]. In health, 
the cranium will contain intravascular blood, 
CSF and brain tissue. Only the volumes of intra-
vascular blood and CSF inside the head can be 
regarded as reducible. If a pathological blood clot 
or excess oedema occurs, CSF can be displaced 
into the spinal subarachnoid space, but once this 
compensation is exhausted, pressure can rise 
very quickly.

The volume of intracranial intravascular 
blood is primarily determined by cerebral 
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blood flow (CBF). The body can autoregulate 
this in health to match the metabolic demands 
of the brain. There are important modifiable 
factors that can profoundly influence CBF, and 

these are significant in the context of head 
injury.

The partial pressure of CO2 in the arterial 
blood is a major regulating factor in cerebral 

Intracranial pathology,
e.g. tumour,
haemorrhage etc.

Brain parenchyma volume =
1400ml (80%)

Compensation:
↑ CSF drainage via
ventricular system
↑ Venous drainage
via dural venous
sinuses

Fig. 11.4 Intracranial compensation in the presence of pathology to maintain a normal intracranial pressure
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Fig. 11.5 Intracranial decompensation in the presence of pathology causing a rise in intracranial pressure
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vasodilatation and constriction. A rise in PaCO2 
causes cerebral vasodilation and increased intra-
cranial pressure in a linear relationship. As 
expected, a reduction in PaCO2 will cause vaso-
constriction and correspond with a fall in CBF 
and, therefore, ICP. However, excessive vasocon-
striction (and consequent decreased CBF) 
decreases the delivery of oxygen to brain tissue, 
consequently worsening secondary brain injury. 
Control of PaCO2 is a fundamental principle in 

managing severe head injuries, and mechanical 
ventilation is commonly employed to achieve 
this. However, arterial oxygenation (PaO2) also 
has an essential role in regulating cerebral blood 
flow. Hypoxia itself will cause cerebral vasodila-
tion in an effort to promote arterial oxygen deliv-
ery. This physiological adaptation also obtunds 
the vasoconstrictive effects of hypocarbia in 
hyperventilation if the patient is hypoxic [5, 6].

The clinical implications of this are that in 
patients with documented hypoxia or hypoten-
sion, the proportion of poor outcomes (death or 
persistent vegetative state) rises alarmingly. Poor 
outcomes are proportional to both the depth and 
duration of hypoxia and hypotension in patients 
with susceptible brain injuries [1]. The aim of 
management in these patients must be to main-
tain normal levels of oxygenation and an ade-
quate Cerebral Perfusion Pressure (CPP). 
Preventing excessive arterial oxygen levels may 
be as important as preventing hypoxia. One large 
retrospective study of ventilated stroke patients 
[7] found a worsening mortality rate in those 
exposed to hyperoxia (defined as a PaO2 higher 
than 40 kPa or 300 mmHg). This finding was rep-
licated in a prospective study of stroke patients 
after mechanical thrombectomy, where the defi-
nition of hyperoxia was tightened to greater than 
16  kPa or 120  mmHg [8]. Those exposed to 
greater oxygen levels had higher mortality and Fig. 11.6 Types of Herniation
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worse functional outcome after multiple 
 regression analysis. This is not a phenomenon 
explicitly limited to stroke patients, as worse out-
comes with hyperoxia have been reported in 
post- cardiac arrest patients, those with sepsis and 
in patients with traumatic brain injury [9]. For 
this reason, normoxia rather than hyperoxia 
should be the target when reliable measurements 
of PaO2 are available, but for brief periods 
hypoxia is more likely to be harmful than 
hyperoxia.

CPP is defined as the difference between 
Mean Arterial Pressure (MAP) and Intracranial 
Pressure (ICP):

 CPP = MAP ICP.–  

While it is quite easy to obtain a reliable esti-
mate of any patient’s mean arterial pressure at 
any time in hospital as it is calculated by 2/3 dia-
stolic pressure +1/3 systolic pressure, measure-
ment of intracranial pressure requires specialist 
invasive equipment. In the early stages of resusci-
tation and management of these patients, there-
fore, it is imperative to assume that any patient 
with a head injury who has a depressed level of 
consciousness or neurological deficit may have 
raised intracranial pressure. This presents a prob-
lem in patients with head and other concurrent 
severe injuries and bleeding. The correct strategy 
for managing a head injury is to increase the 
MAP and hence CPP to minimise secondary 
injury. In contrast, the initial management of 
bleeding polytrauma patients favours permissive 
hypotension. Tolerating a low blood pressure 
may help avoid further bleeding, but may be 
disastrous for a patient with a significant head 
injury. Assuming an ICP of 25–30  mmHg in 
patients with a mechanism and clinical signs of a 
head injury (as outlined below) is a reasonable 
starting point if ICP is not directly measured. 
While many management strategies have focused 
on the contribution of CSF volumes and control 
of CO2 to effect changes in the arterial side of the 
cerebral circulation, there is renewed interest in 
the venous components and their contribution to 
ICP. A paper by Wilson [10] outlines how impair-
ment to venous drainage from a variety of sources 
can lead to increased ICP despite adequate perfu-
sion pressure and CO2 control. For this reason, 

strategies to minimise the obstruction to venous 
drainage are vital. Practical measures outside an 
intensive care setting include the removal of cer-
vical collars, use of ET tube tapes instead of ties 
around the neck, raising the head of the bed to 
30° where possible and decreasing ventilator 
pressures and PEEP.  Various guidelines offer 
suggestions for target blood pressures and cere-
bral perfusion pressures as a “one size fits all” 
approach. The European Brain Injury Consortium 
guidelines [11] advocate a MAP of >90 mmHg; 
the AAGBI [12] recommend a systolic of 
>110 mmHg and a MAP of >90 mmHg, and the 
Brain Trauma Foundation [13] advise a systolic 
BP of >100 or > 110 mmHg depending on patient 
age.

While these models quite possibly simplify 
the complex dynamics in brain injury, they pro-
vide a reasonable starting point for individualis-
ing treatment [14]. However, multiple factors 
may interact with each other and complicate the 
picture.

 Assessment of Head Injuries

Unfortunately, it is occasionally impossible to 
obtain a history from the patient with a head injury, 
and therefore the focus should be on obtaining as 
much collateral information as possible. 
Bystanders, other patients, first responders and 
paramedics may all be considered useful sources.

Important information to obtain will include a 
description of the nature of the incident (includ-
ing details of the mechanism) and the patient’s 
clinical condition at the scene. This is particu-
larly important if the patient has been sedated and 
ventilated before transfer to the trauma centre.

The cause of severe head injuries varies with 
the age of the victims [15–17]. In the young adult 
population, road traffic accidents predominate as 
the cause, either as pedestrians or occupants of a 
vehicle. Assaults are also common in this age 
group, and over 50% of these patients will have 
other extracranial injuries that should be identi-
fied on assessment. In the elderly, falls are the 
primary cause of head injury.

As with all clinical handovers, details regard-
ing the patient’s stability during transfer, treat-
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ment, and drugs administered should also form 
part of the assessment. If available, any informa-
tion regarding the patient’s health and pre- 
existing medical conditions may aid the 
assessment. Chronic alcohol abuse and patients 
taking antiplatelet or blood-thinning medications 
are significant related factors, and injuries may 
be related to relatively minor trauma and sepa-
rated from a hospital presentation by a significant 
period (especially in the elderly).

As previously discussed, disorders of ventila-
tion and circulation can profoundly affect brain 
perfusion, with the risk of further injury being 
sustained. Therefore, the initial assessment of the 
head-injured patient must follow the MABCD 
methodology. Problems identified during this 
assessment should be corrected (e.g. securing a 
compromised airway) before proceeding to the 
next step. Readers are encouraged to refer to the 
appropriate chapters in this book for details of 
these interventions.

The specific neurological assessment can be 
considered as having three essential constituents:

• Level of Consciousness
• Pupil size and reactivity
• Focal neurological assessment for gross 

deficits

 Level of Consciousness

This is perhaps the broadest assessment of cere-
bral function but is recognised for its ability to 
provide useful information to triage and prognos-
ticate the patient with a head injury. Repeated 

assessment over time allows clinical decisions to 
be based upon trends in a patient’s score.

The most straightforward system in use is the 
AVPU scale [18] (Alert, responds to Voice, 
responds to Pain, Unresponsive to stimuli). This 
four-point scale is easy to remember and utilise. 
It forms part of routine nursing observations and 
can be taught to all those with even basic first aid 
training. In some places where the NEWS2 sys-
tem is employed, this is being superseded by 
ACVPU, with confusion being used as a marker 
of neurological deterioration between alert and 
responding to voice [19]. Confusion can be chal-
lenging to quantify, especially in the presence of 
alcohol or other drugs. However, as a general 
rule, patients who become more confused or 
drowsy should be managed with a high index of 
suspicion for serious injury and investigated 
promptly with CT scanning.

The Glasgow Coma Scale (GCS) [20] is a 
more detailed measure of a patient’s level of con-
sciousness. It is the sum of the scores from three 
areas of assessment: eye-opening, verbal response 
and best motor response. The lowest score is 3, 
the highest 15 (Table 11.1).

Using the GCS is more complex than AVPU 
but is believed to allow for a more descriptive 
neurological assessment. When assessing the 
motor score, it is essential to remember that it is 
the best response that is recorded. To correctly 
assess the motor score, a painful stimulus must 
be applied within the distribution of the cranial 
nerves and the response of the upper limbs used 
to generate the motor score. A painful stimulus 
applied to other parts of the body (such as the 
feet) could cause a spinal cord generated ‘with-

Table 11.1 Classical Glasgow coma scale

Best eye response Best verbal response Best motor response Score
Obeys commands 6

Normally conversant and 
orientated

Localises to a painful stimulus 5

Spontaneously open Conversant but confused Withdraws from a painful stimulus 4
Opens to verbal stimulus Inappropriate words Abnormal flexion to pain (decorticate 

response)
3

Opens to a painful 
stimulus

Incomprehensible sounds Abnormal extension to pain (decerebrate 
response)

2

No response No response No response 1

R. J. Gould and P. Lax



207

drawal’ reflex, which is not an assessment of 
cerebral function and can even occur in patients 
with no brain activity [21]. To minimise these 
errors and the inter-operator variability of values, 
the GCS assessment is often performed by two 
practitioners who will confer and agree on a 
score.

It is crucial to accurately score the GCS as it is 
used to categorise both the severity of the head 
injury and to determine treatment [22]:

• GCS ≤8 Severe Head Injury
• GCS 9–12 Moderate Head Injury
• GCS 13–15 Mild Head Injury

Patients in a coma are defined as having a 
GCS of 8 or less per ATLS guidelines [23]. The 
threshold of 8 has historically been believed to be 
important for the initial management of head 
injuries. Below this value, it is believed that most 
patients cannot adequately protect their airway 
and are at risk of gastric aspiration. However, 
GCS has not been validated as a predictor of the 
need for intubation despite the persistence of the 
maxim that all patients with a GCS of 8 or less 
should be intubated [24, 25].

As many patients with a severe head injury 
will have been intubated at the scene, the receiv-
ing hospital clinicians will frequently be unable 
to perform their own GCS assessment due to the 
continuous sedation the patient will be receiving. 
It is, therefore, crucial to get an accurate hando-
ver from the transfer team to ascertain (i) the ini-
tial GCS, (ii) the best GCS post-injury and (iii) 
the GCS immediately before anaesthesia. The 
most sensitive predictor of the degree of primary 
brain injury within the GCS breakdown (and the 
likelihood of good functional recovery if a sec-
ondary brain injury is avoided) is the best motor 
score since the point of injury.

 Problems with GCS

Despite the Glasgow Coma Scale becoming the 
accepted international measure of level of con-
sciousness since its inception in 1974, the use of 
GCS in its current form is not without problems. 

A 2011 article by Green [26] best outlines the 
issues, but to briefly describe them:

• It can be difficult to calculate/remember even 
by experienced personnel [27]. One study 
showed that 23.6% of UK Emergency 
Departments and 40% of Neurosurgical units 
were using an old version of the GCS nearly 
27 years after it was updated [28]. There have 
been subsequent updates in both 2014 and 
2018, which are not widely known about.

• Inter-operator variability is high in both clini-
cal and written assessments (when assessing 
patients, two consultant level Emergency phy-
sicians graded GCS the same only 38% of the 
time in one study [29], and Neurosurgeons 
56% in another [27]).

• The original authors [30] did not advise the 
summation of three components to give a sin-
gle score, and there are 120 possible combina-
tions of scores from the three elements with 
varying prognostic significance. A GCS of 4 
predicts a 48% mortality if calculated as 
E1V1M2, 27% if calculated as E1V2M1 and 
19% if calculated as E2V1M1 [31].

• Positive predictive value for individual 
patients is poor, and either individual elements 
(such as motor score only [31–34]) or simpler 
systems [35, 36] perform just as well.

However, it is unlikely that the GCS will fall 
out of clinical use in the immediate future despite 
these problems.

 Pupils

Pupils are assessed for their size, shape and 
response to bright light. Their speed of response 
must be recorded. Unequal pupil sizes of 1 mm 
or less may be normal, but any greater differ-
ence requires further assessment. If the larger 
pupil is either sluggish to respond to light or is 
fixed, then this suggests a significantly raised 
ICP with a local mass lesion on the side of the 
dilated pupil.

Bilaterally fixed dilated pupils may be an 
ominous sign of critically raised ICP and brain 
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stem compression. If urgent investigation does 
not demonstrate pathology that would be ame-
nable to surgical intervention to reduce the ICP, 
the prognosis in these patients is very poor. If the 
pathology is rapidly treated by surgical interven-
tion, then even patients who present with fixed 
pupils can make a good recovery. A meta- 
analysis of patients with fixed pupils due to an 
extradural haematoma demonstrated that if sur-
gical evacuation was performed, over 50% made 
a good recovery [37].

There are several potential pitfalls to be aware 
of when assessing the pupils. Small ‘pinpoint’ 
pupils can result from opioid administration, and 
atropine can cause pupillary dilatation. It can be 
challenging to determine whether a small pupil is 
reactive or not, but small, unresponsive pupils 
can be associated with midbrain pathology. 
Patients who have had lens implantation surgery 
to correct cataracts will have irregular pupils that 
are often unresponsive to light. In these patients, 
the value of pupillary assessment is therefore 
limited.

 Focal Neurological Deficit

While it is often not practical to conduct a full 
assessment of all motor and sensory groups in the 
limbs during trauma resuscitation, it is vital to 
observe and assess whether any motor response 
is equal on both sides.

If there is no spontaneous movement, then 
painful stimuli must be applied as part of the 
GCS assessment. If there is a suggestion of a dif-
ference, then this may need to be repeated to con-
firm. A clear difference on one side may indicate 
a localised brain injury, such as an evolving intra-
cranial bleed. It is crucial to quickly examine the 
patient and document any gross lateralising signs 
before induction of anaesthesia; once the patient 
is intubated and ventilated, the opportunity for 
examination is lost.

 Treatment and Principles of Care

 Initial Treatment

As has been emphasised previously, preventing 
secondary injury should be the priority of initial 
treatment. A structured approach is essential, and 
this should be the familiar MABCD protocol 
used in all trauma patients.

Early intubation and ventilation are recom-
mended to prevent aspiration and optimise gas 
exchange (PO2 and PCO2). In patients with a 
GCS of 8 or less on admission, this should be 
considered urgently, but is often required in 
patients with higher scores too. Many patients 
with head injury are agitated or combative and 
require anaesthesia and intubation to facilitate 
transfer and investigation, or prevent them from 
sustaining further injuries.

Patients with head injury often have associ-
ated maxillo-facial injuries. These can cause 
problems with intubation due to blood in the air-
way or possibly restricted mouth opening. All 
patients with a head injury must also be suspected 
of having a cervical spine injury, and manual in- 
line stabilisation should be considered during 
intubation. Although early intubation may be 
required, the medical team must be satisfied that 
they have the correct experience and skills to deal 
with these potential problems. Failed intubation 
attempts will result in hypoxia and hypercarbia 
and potentially worsen the degree of brain injury.

There is always likely to be variation amongst 
clinicians regarding the choice of drugs used to 
induce anaesthesia and maintain muscle relax-
ation for intubation. Rapid-sequence induction 
(RSI) is recommended due to the risk of aspira-
tion. The use of suxamethonium is associated 
with a short rise in ICP, although the clinical 
importance of this is unclear. Rocuronium does 
not cause an increase in ICP and is often pre-
ferred. However, the emphasis should be on using 
drugs that the practitioner is familiar with and 
avoiding the deleterious effects of hypotension 
and hypercarbia. A more detailed discussion of 
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airway management can be found in the drug 
assisted airway management chapter.

Optimising ventilation should occur next. 
This should initially consist of instituting 
mechanical ventilation and ensuring an end-tidal 
CO2 (ETCO2) waveform is present. Obtaining an 
arterial blood gas will confirm that oxygenation 
and ventilation are adequate. It is recommended 
to keep PaO2 above 13 KPa and PaCO2 between 
4.5 and 5.0 KPa. If unable to achieve these tar-
gets, then further investigation is needed. 
Potential reasons may include the presence of 
chest trauma (such as an untreated pneumotho-
rax), blood and secretions in the airway (requir-
ing endotracheal suctioning or bronchoscopy) or 
‘fighting the ventilator’ due to inadequate seda-
tion and muscle relaxation. All ventilatory issues 
should be addressed, and further details and 
advice can be found in the Ventilation chapter.

In situations where there is concern regarding 
impending tonsillar herniation and brainstem 
compression, a short-term reduction in ICP can 
be achieved by hyperventilation. This lowers the 
PaCO2 and reduces the intravascular cerebral 
blood volume at the expense of decreasing blood 
flow and oxygen delivery. Reducing the PaCO2 to 
3.5 KPa can allow enough time for transfer and 
definitive management. If neurological assess-
ment shows improvement (such as the return of 
pupillary function), it may suggest that further 
medical and neurosurgical intervention should be 
expedited. It is important to remember that the 
acute effect of hyperventilation is transient, and 
prolonged hyperventilation will be ineffective 
and will worsen brain injury [38].

Maintenance of an adequate blood pressure is 
required to prevent further brain injury, but in 
complex trauma patients there are often compet-
ing problems such as haemorrhage. Aggressive 
fluid loading, vasopressor use and aiming for 
hypertension to treat a head injury before achiev-
ing haemostasis may prove harmful. Ultimately 
this approach may worsen cardiovascular insta-
bility and increase morbidity and mortality. An 
initial target systolic blood pressure of 110 mmHg 
is a reasonable compromise. This can usually be 

achieved with fluid boluses—ideally blood or 
blood products if hypotension is due to haemor-
rhage. Early insertion of an arterial line to permit 
continuous monitoring is also prudent, but should 
not delay the patient in getting a diagnostic CT 
scan.

If haemorrhage is not present or has been con-
trolled, blood pressure should be raised to achieve 
a CPP of 60–70 mmHg. As previously explained, 
this is a calculated figure based on subtracting the 
ICP from the MAP. Although the ICP may not be 
known at this stage, it is reasonable to assume a 
value above normal, and 30 mmHg is often con-
sidered an approximation in patients with a 
severe head injury. It therefore follows that the 
target MAP should be 90–100 mmHg.

Achieving a MAP of 90 mmHg can be a chal-
lenge in these patients. They may be hypovolae-
mic from their injuries, cold from exposure and 
have reduced cardiac output and vasodilation 
due to sedation. A thorough assessment of fluid 
status should be performed, and boluses given if 
needed. Most patients will require some form of 
vasopressor or inotrope to improve their blood 
pressure. This is initially commenced with 
peripheral agents until central venous access has 
been obtained. There is no optimum agent to use 
if a vasopressor is required in the context of an 
isolated head injury. As long as the drug is 
employed quickly and the clinician is familiar 
with its use, minimising the duration and depth 
of any hypotension is more important than using 
a specific drug [39].

Other essential parts of the initial treatment 
can include actions to temporarily reduce ICP in 
order to stabilise a patient before imaging or 
neurosurgical treatment. Hyperventilation has 
previously been discussed, but other pharmaco-
logical options also exist. There are no set rules 
as to when these agents are used. Evidence of 
impending brainstem compression (such as uni-
lateral unresponsive pupil) or a worsening neu-
rological assessment are often cited as indications 
for a trial of these agents. In reality, it is a multi- 
disciplinary decision made by the treating 
clinicians.
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Mannitol is an osmotic diuretic that also acts 
as a free radical scavenger [40]. It does not cross 
the blood-brain barrier and is thought to reduce 
cerebral oedema by drawing free water out of 
brain tissue, reducing cerebral volume and con-
sequently pressure. It will raise the serum osmo-
larity and produce a diuresis. This diuresis can 
cause a fall in blood pressure if the patient is 
hypovolaemic, and hypovolaemia should be 
corrected before mannitol administration. A uri-
nary catheter is also essential when considering 
the administration of mannitol to prevent disten-
tion of the bladder, which can result in sympa-
thetic stimulation.

Hypertonic saline solutions (HSS) are 
another option to lower ICP. These often con-
sist of 30% Saline in a 10 ml volume. A bolus 
of this can ‘dehydrate’ brain tissue and reduce 
ICP. The hypertonic action also results in inter-
stitial fluid being drawn into the intravascular 
compartment, and the associated rise in blood 
pressure is often also advantageous. With their 
small volumes and ease of administration, HSS 
has replaced mannitol as the first-line ICP low-
ering agent in many centres [41]. Its small vol-
ume and portability, in addition to the fact it 
will not crystallise at low temperatures (unlike 
mannitol), lends itself well to use in pre-hospi-
tal practice.

 Continued Management

For patients with isolated head injuries, further 
investigation and management are directed by a 
protocol based on their initial and subsequent 
performance in repeated neurological assess-
ments. Patients with multiple severe or life- 
threatening injuries must undergo resuscitation 
and stabilisation before any transfer for imaging 
can take place. This may include going to theatre 
for life-saving surgery (e.g. laparotomy and arrest 
of severe bleeding) if they are too unstable to go 
to CT initially. However, it may be that these 
patients have the most to gain from CT scan [42, 
43], and modern scanners can complete the pro-
cess in under a minute. It is usually logistical fac-
tors that prolong the process rather than technical 
limitations nowadays.

 CT Scanning

All patients in a coma and those with focal neurol-
ogy or with open injuries will require CT scan-
ning. Intra-hospital transfers to the scanner should 
be regarded in the same way as transfers out of the 
hospital and carefully planned. Full anaesthetic 
monitoring should be applied to the patient in line 
with local and national guidelines. During the 
scan, the anaesthetist must be positioned to see 
patient monitoring clearly. Restless or agitated 
patients may not tolerate scanning without seda-
tion to keep them still, and this should be consid-
ered an indication for intubation and ventilation.

 Neurosurgical Consultation

Following the results of scanning, all patients 
with severe head injuries will require consulta-
tion with a neurosurgeon. The duty neurosurgeon 
will need as complete a picture as possible about 
the patient, and a successful consultation will 
require a telephone history containing the follow-
ing elements:

• Basic patient details (age/sex etc.)
• Very brief relevant past medical history
• History of incident
• GCS at the scene (if available)
• GCS on admission, pupils, focal neurology
• Other injuries
• Initial Management
• Basic investigation results (bloods, gases, c/

spine films)
• CT scan results
• Current neurological status
• If possible, transmit the CT images to the neu-

rosurgical centre as soon as they are available 
(most District General Hospital x-ray depart-
ments can do this).

 Diagnosis and Management 
of Specific Pathologies

So far, this chapter has focused on the general 
management of the patient with a head injury. 
Little can be done initially to correct the direct 
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damage caused by the first impact on the head, 
and the focus is on preventing secondary brain 
damage. The effects of secondary insults can be 
reduced by focusing on the prevention of hypoxia, 
hypercarbia and hypotension, as has been 
explained previously.

Once CT imaging has been acquired, the 
nature of the primary injury can be identified. 
Apart from superficial damage to the scalp, head 
injuries include: skull fractures, focal brain inju-
ries, diffuse brain injuries, and secondary brain 
damage. If there are lesions amenable to surgery, 
this should be expedited as a priority. The longer 
that surgery is delayed from the time of deteriora-
tion, the worse the outcome.

 Skull Fractures

Skull fractures are common but do not cause neu-
rological disability in themselves. They do, how-
ever, provide an indicator of the force of impact 
and thus identify patients at higher risk of signifi-
cant neurological damage (Fig. 11.8). If the frac-
ture is compound, it may be associated with a 
CSF leak and the risk of air and bacterial entry 
into the skull. Any base of skull fracture, CSF 

leak or penetrating brain injury should trigger the 
question of whether vaccination against pneumo-
coccus should be given to minimise the risk of 
pneumococcal meningitis. There is no good evi-
dence for the routine use of prophylactic antibiot-
ics in base of skull fractures (even with CSF 
leaks) [44], though penetrating brain injuries 
should be covered with co-amoxiclav to mini-
mise the risk of meningitis.

 Focal Brain Injuries

These are classified as lesions where macro-
scopic damage occurs in a localised area. They 
comprise contusions and haematomas. 
Emergency surgery may be required because of 
the mass effects of these lesions. 30% of patients 
with a head injury (who are in a coma/ and GCS 
<8) have an intracranial haematoma [45].

 Contusions

Contusions are caused by contact between the 
surface of the brain and the interior ridges of the 
skull. The brain is usually well protected against 

Skull fractures

Skull suture
sites (normal)

Contra-coup
injuries

a b

Fig. 11.8 Skull fracture and associated contra-coup 
injury. (a) CT scan of the brain demonstrating multiple 
skull fractures. Depressed fractures usually require sur-

gery if compound, or if displaced more than 1 cm inwards; 
(b) CT scan from the same patient demonstrating associ-
ated contra-coup injury
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these impacts by the CSF’s cushioning effect; the 
brain’s weight (1200 g) is reduced to effectively 
only 50 g by floating in the fluid. Rapid accelera-
tions caused by impacts to the head or decelera-
tions from falls, RTCs or similar mechanisms 
will result in shock waves travelling through the 
soft substance of the brain. This leads to contu-
sions under the site of impact or remote from it 
(coup and contra-coup injuries).

 Extradural Haematomas

Extradural haematomas are almost always asso-
ciated with a tear in a dural artery, usually the 
middle meningeal (Fig.  11.9). Primary brain 
damage can be minimal, and evacuation without 
delay minimises secondary problems from cere-
bral compression. Studies have shown that about 
one-third of patients with fatal head injuries were 
talking at some time after their injury. 75% of 
such patients have been found to have an intra-
cranial haematoma at post mortem [46].

The classical presentation of an extradural 
haematoma is of a loss of consciousness followed 
by a ‘lucid period’. This is followed by a lapse 
back into unconsciousness associated with the 
development of an ipsilateral dilated pupil and 

contralateral hemiparesis. Unfortunately, only 
about 45% of extradural haematomas present like 
this.

It has been consistently demonstrated in acute 
extradural haematomas that operating within four 
hours of deterioration in conscious level leads to 
less death and disability (though even shorter 
delays were associated with better outcomes—
Fig. 11.10) [47–51]. As previously mentioned, 
this is a skull injury that becomes a secondary 
brain injury if not promptly treated. It is impor-
tant to note that patients with an extradural hae-
matoma who develop fixed dilated pupils before 
craniotomy, if treated promptly, can still return to 
independent living or have minor disability only 
[37]. Extradural haematomas are evacuated by 
formal flap craniotomy and haemostasis of the 
meningeal artery as needed.

 Acute Subdural Haematomas

More common than extradural haematomas, 
these lesions are caused by the rupture of veins 
that bridge the space between the cerebral cortex 
and the dura. Increasing cerebral atrophy with 
advancing age and chronic alcohol abuse tends to 
open up this space, making these lesions more 

Small
extradural
bleed  

Small
extradural
bleed  

Fig. 11.9 CT scan of left sided extradural haematoma in sagittal (bottom) and coronal (top) slices
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common in the elderly. In the young, associated 
primary brain injury is often more severe, result-
ing in a coma from the outset. Early evacuation 
(within 4 h of injury) has been shown to improve 
outcomes if these patients have symptoms 
because of mass effect (Fig.  11.11) [52]. In 
elderly patients, subdural haematomas may pres-
ent with a variety of symptoms—these range 
from incidental findings in well patients to acute 
confusion or loss of consciousness. The manage-
ment of these is consequently dependent on the 
degree of compromise. Small bleeds that are not 

progressing will benefit from a later operation 
when they have coagulated more and are easier to 
remove. Early operation in small bleeds which 
are not causing compromise may result in diffi-
culties in haemostasis and subsequent re- 
accumulation [53]. Hence, a period of observation 
and re-imaging in non-compromised patients is a 
reasonable strategy [54, 55]. This is especially 
true if patients are on anticoagulant or  antiplatelet 
medication, which can be reversed or stopped to 
ensure adequate postoperative haemostasis. 
Subdural haematomas are evacuated via Burr 
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Fig. 11.10 Effect in delay on extradural evacuation on outcome (based on data from Mendelow et al. [47])
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hole craniotomy. The operation itself is relatively 
minor, though the patient group requiring these 
procedures may have other co-morbidities that 
could make anaesthesia and postoperative care 
challenging.

 Diffuse Brain Injuries

The rapid acceleration forces transmitted to the 
brain following an impact to the head result in 
pressure waves travelling through the brain sub-
stance. These can cause stretching and tearing of 
axonal tracts resulting in widespread disruption 
of brain function. Mild forms of this, usually 
termed concussion, may result in temporary 
unconsciousness and amnesia—severe and dif-
fuse axonal injury results in a prolonged coma. 
Little can be seen at a macroscopic level, even 
with sophisticated imaging. Post-mortem, how-
ever, microscopic examination of the brain 
reveals widespread tearing of the tracts within the 
white matter. Cerebral oedema is an inevitable 
accompaniment to this type of injury, giving the 
characteristic appearance of a swollen brain on 

CT scan. The progressive development of oedema 
leads to a rise in intracranial pressure that may 
cause severe secondary injury or death [56]. 
There is no surgical option for managing the pri-
mary injury, though decompressive craniectomy 
may be considered in a few select cases for man-
agement of intractably raised ICP. However, this 
has its problems (see later section).

 Neuro Intensive Care

If not taken directly to the operating theatre, 
patients with a severe traumatic brain injury 
should be admitted to the ICU. The principles of 
care here are to prevent further brain injury and 
allow optimum physiological conditions for 
recovery. As initial stabilisation will have already 
taken place, the focus of management needs to be 
guided by the ICP.  Therefore, all comatose 
patients with a head injury should be considered 
for insertion of an intracranial pressure monitor 
[57–59]. The most common variety is an intracra-
nial ‘bolt’ that introduces a sensor wire through a 
small hole in the skull. The wire sits in the subdu-
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ral space and reflects intracranial pressure. The 
site chosen for the monitor should be away from 
any focal contusion or swelling to give an accu-
rate reading. Once continuous ICP monitoring 
has been established, ICP-directed therapy can be 
used to minimise raised ICP and ensure adequate 
CPP.

Several interventions can be performed in 
ICU to treat elevated ICP.  Standards of care 
include ensuring the patient is 30 degrees head up 
without tight tube ties around the neck, and any 
cervical collar is removed. The rationale is not to 
obstruct but instead encourage venous drainage 
from the cerebral circulation. This, in turn, will 
prevent the ICP from rising [10].

Ongoing ventilation settings are based on the 
same principles as explained previously, avoiding 
hyperoxia and hypoxia, hypercarbia and hypo-
carbia. Very often, PaCO2 targets between 
4.5–5 kPa (33–37.5 mmHg) and PaO2 of 13 kPa 
(97 mmHg) are chosen as acceptable parameters. 
If the treating physicians set targets, in the UK, 
the bedside ICU nurses are empowered to adjust 
ventilator settings to achieve this. This is also true 
when aiming for a CPP of 60–70 mmHg through 
the combination of intravenous fluid and vaso-
pressor drugs as previously described.

Adequate pharmacological sedation is 
required to reduce cerebral oxygen consumption 
and the associated increase in blood flow. 
Analgesia will also be required to prevent dis-
comfort associated with injuries and the interven-
tions being performed. The presence of an 
endotracheal tube can cause considerable dis-
tress, with tachycardia and hypertension that may 
be undesirable. It is usual for ICU patients to be 
sedated with a combination of drugs. The pri-
mary sedative agent is propofol. Propofol is an 
intravenous anaesthetic agent that reduces cere-
bral blood flow (CBF), blood pressure, and car-
diac output. While the reduction in CBF is 
desirable, the fall in cardiac output is not. 
Therefore, patients receiving propofol often 
require additional medication to ensure adequate 
blood pressure. If central venous access is pres-
ent, the most commonly used vasopressor is nor-
adrenaline, and this is likely the most appropriate 
agent [14]. Peripherally administered alpha ago-

nists such as phenylephrine or metaraminol are 
also commonly used either as a temporising mea-
sure before central access has been established or 
if central access is not otherwise desirable [39]. 
The dose of propofol required can be reduced if it 
is co-administered with an analgesic agent. 
Infusions of potent, short-acting opioids are used 
in conjunction with a sedative. Alfentanil and 
fentanyl are the most commonly used drugs. As 
well as providing analgesia, these opioids work 
synergistically with the sedative agents, meaning 
that a smaller dose of each is required when they 
are given in combination.

Propofol has several undesirable side effects. 
The most concerning of these is the Propofol 
Related Infusion Syndrome (PRIS) [60–62]. 
While poorly understood, the development of 
worsening metabolic acidosis combined with 
cardiac arrhythmias, liver and renal dysfunction 
is observed in patients sedated with propofol 
infusions at high doses (generally thought to be 
greater than 4 mg/kg/h. for more than 48 h). If not 
detected early, multi-organ failure can develop, 
and without any specific treatments available, the 
outcome can often be fatal. As patients with trau-
matic brain injuries are often young and other-
wise fit, with a requirement for more considerable 
amounts of sedation, the incidence of PRIS is 
thought to be higher in neurosurgical ICUs.

To prevent this complication, an alternative 
sedative can be used in addition to or substituted 
for propofol. Midazolam is often used for this 
purpose. Midazolam is a short-acting benzodiaz-
epine frequently used for procedural sedation. It 
can cause respiratory depression but is generally 
more cardiovascularly stable than propofol. It is a 
potent anticonvulsant and decreases cerebral 
blood flow and metabolism. The liver metabo-
lises the drug, and the kidneys then excrete its 
active metabolites. As a result, accumulation of 
midazolam can present a clinical problem fol-
lowing an infusion in the presence of organ fail-
ure. Most hospital laboratories can analyse serum 
for midazolam levels. While helping in the 
assessment of patients who are slow to wake up, 
the assay often takes several days to be per-
formed. Because of this limitation, midazolam is 
often reserved as a second-line therapy for 
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patients with refractory ICP in whom a more 
extended period of sedation is anticipated.

Sedation should be titrated to ensure that the 
brain is as relaxed as possible, particularly in the 
initial management phase or if the ICP is ele-
vated. The Richmond Agitation-Sedation Scale 
(RASS) [63] is one scoring system used by ICU 
staff to adjust infusion rates. A RASS score of −5 
(the most sedated score) is required when manag-
ing raised ICPs.

If ICP remains elevated despite the addition of 
a third sedative agent and hypertonic therapies 
have been tried, and no surgical option exists (or 
is thought inappropriate), a final rescue option 
exists in the form of a barbiturate coma [64, 65]. 
Barbiturates are chemically similar to benzodiaz-
epine, and both can cause profound suppression 
of brain activity. Given as a single bolus, a short- 
acting agent such as Thiopentone can induce 
anaesthesia for around 10–15  min [66]. When 
given by infusion in the ICU, the drug rapidly 
accumulates and results in a prolonged period of 
sedation, even after discontinuation of the infu-
sion. This accumulation is due to the long half- 
life (around 12 h) and the likelihood for metabolic 
pathways to become saturated and zero-order 
kinetics to predominate. Thiopentone is such a 
potent agent at suppressing cortical activity it is 
not uncommon for it to cause an isoelectric EEG 
(see below), giving the potential to misdiagnose 
brain death.

Thiopentone infusions are associated with 
many complications in the ICU patient. These are 
generally related to the depth of sedation pro-
duced. It is common to see gastroparesis and 
hypotension on induction of the coma. As the 
hypothalamus is affected, loss of thermoregula-
tion occurs. There is also evidence to suggest that 
immune dysfunction occurs and there is a risk of 
nosocomial infections. Of particular concern to 
ICU clinicians are disorders of potassium, with 
hypokalaemia during the infusion and rebound 
hyperkalaemia on emergence both requiring 
identification and management [67, 68].

As well as the assessment of conscious level 
by ICU staff, continuous monitoring of brain 
activity can be performed by a variety of bedside 
devices [69–71]. Although their exact details dif-

fer, they are all based on the electroencephalo-
gram (EEG). It is comparable to the cardiac ECG 
in that it is obtained by placing electrodes on the 
skin to record electrical impulses beneath. 
Usually, ten channels are recorded simultane-
ously. Interpretation of the full EEG is complex 
and usually done by a neurophysiologist, but sev-
eral systems exist that process EEG data to pro-
duce a more user-friendly output. A cerebral 
function monitor (CFM) obtains information 
from scalp electrodes but produces a simplified 
EEG recording that focuses on the amplitude or 
‘strength’ of brain activity. By monitoring the 
amplitude over hours or days, sedation can be 
adjusted to ensure deep sedation (identified as a 
‘burst suppressed’ pattern). Monitoring can also 
detect the development of subclinical seizures. 
Another more processed monitor is the Bispectral 
Index (BIS). This monitor averages EEG values 
over time to give a single reading between 0 (an 
isoelectric ‘flat’ EEG) to 100. It has been shown 
that general anaesthesia results in a BIS between 
40 and 60, but it is unclear what the target BIS 
should be in neuroprotective ICU management. 
Some treatment modifications are possible based 
on BIS monitoring, such as decreasing the dose 
of thiopentone infusions and, subsequently, fewer 
dose-related complications [72].

Coughing is another spontaneous response to 
the presence of an endotracheal tube and can be 
induced during endobronchial suctioning in 
mechanically ventilated patients. While suction-
ing is required, the cough response is associated 
with an increase in ICP, and it is often desirable 
to reduce it. Opioids can partly suppress the 
reflex, but a bolus or continuous infusion of non- 
depolarising muscle relaxants are also employed 
for this purpose.

It is no surprise that a traumatic brain injury 
can result in seizure activity. These seizures can 
increase cerebral metabolic activity, blood flow 
and subsequently ICP, which will result in wors-
ening secondary injury. While a generalised 
tonic-clonic seizure is usually quickly identified 
and treated, much time can be spent trying to 
identify subclinical seizures in the neurosurgical 
patient as a cause of failure to wake from seda-
tion or wean from invasive ventilation. Clinical 
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signs such as dilated (but reactive) pupils or 
abnormal postures, combined with associated 
changes in heart rate or blood pressure, should 
lead to a suspicion of seizure activity. An elevated 
ICP without changes on CT scan should also 
raise the question of seizures. A formal EEG may 
also confirm this diagnosis but is rarely available 
before treatment should be initiated.

The management of seizures in a patient with 
a head injury should follow that in other settings. 
A dose of a short-acting benzodiazepine may be 
both diagnostic and therapeutic, and a loading 
dose followed by a maintenance regime of an 
anticonvulsant is then commenced. If the seizure 
activity is refractory to first-line therapies, treat-
ments can be escalated with the addition of fur-
ther anticonvulsants or aiming for a higher 
plasma concentration of established therapies. 
Other options include using the anticonvulsant 
properties of sedative agents (particularly mid-
azolam and thiopentone) to terminate seizure 
activity. While treating or preventing seizures 
using sedative infusions may allow time to intro-
duce other therapies, the associated loss of ability 
to monitor consciousness and record GCS should 
limit its use to short-term only.

As seizures can result in further brain injury 
and worse outcomes, there has been interest in 
using anticonvulsants as prophylactic therapy. 
Anticonvulsants have also been thought to offer 
a neuroprotective effect beyond seizure control, 
perhaps by preventing the calcium-induced 
neurotoxicity seen after neuronal hypoxia. 
Phenytoin has been the most studied drug for 
this purpose and has been shown to reduce the 
incidence of seizures in the first seven days fol-
lowing injury [73]. After this period, the pro-
phylactic use of anticonvulsants has not been 
demonstrated to prevent seizures. Therefore, it 
is considered a standard of care for an anticon-
vulsant to be prescribed to patients for the first 
week following a traumatic brain injury. While 
phenytoin is still widely used, levetiracetam 
(Keppra) has similar efficacy, mechanism of 
action and more favourable pharmacodynamic 
properties. For these reasons, it is used as an 
alternative in many centres [74–77].

As much of the focus of pharmacological 
therapy is to suppress brain activity, it is no sur-
prise that there has been much interest in non- 
pharmacological treatments to produce the same 
results. Inducing hypothermia, either prophylac-
tically or therapeutically, has been the subject of 
research for many decades. Therapeutic hypo-
thermia, now often referred to as ‘Targeted 
Temperature Management’ (TTM) has shown 
promising results in patients who have suffered a 
hypoxic brain injury following cardiac arrest. 
Several studies have demonstrated improved 
neurological outcomes in patients whose tem-
perature was maintained at or below 36 degrees 
for the first 72-hours following their event [78]. 
While the mechanism is not clear, animal models 
have shown that hypothermia reduces free radi-
cal formation, cellular metabolism and inflam-
mation, all of which may prevent the progression 
to apoptosis.

When the same principles have been applied 
to the traumatically injured brain, the results have 
been more variable. While many laboratory stud-
ies have confirmed that lowering core tempera-
ture is associated with a slowing of brain activity, 
these have not been reliably translated into clini-
cal studies [79]. Large, international trials have 
explored cooling in a variety of patients and clini-
cal scenarios, but none have demonstrated an 
improvement in survival or outcomes [80]. There 
could be many reasons for this, but it is generally 
accepted that the heterogeneous nature of trau-
matic brain injuries, and the ongoing insult that 
these injuries produce, make a simple compari-
son with post-cardiac arrest patients unreliable. 
Additionally, it has been shown that inducing 
hypothermia in traumatic brain injury patients 
prolongs their length of ICU stay and results in a 
higher incidence of pneumonia. Currently, it is 
not possible to recommend the routine use of 
hypothermia to treat traumatic brain injury. While 
hypothermia is not currently proven to be neuro-
protective, hyperthermia (or pyrexia) has been 
shown to worsen outcome in both human and 
animal studies [81–84]. Fever can be a primary 
neurogenic response, part of the SIRS response 
or as part of an incidental infection. Whatever its 
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basis, pyrexia should be aggressively treated and 
normal body temperature restored.

Even with multiple interventions, ICP often 
remains high and refractory to medical manage-
ment. As untreated raised ICP will result in brain 
stem compression and death, one surgical option 
is to create space for the swelling brain tissue 
with a craniectomy. A decompressive craniec-
tomy is an operation that involves removing a 
large area of the skull (often bifrontal or fronto-
temporal) in an attempt to prevent cerebral her-
niation. While this is often successful in 
preventing brain stem death, there has been much 
debate whether patients recover with good func-
tional outcomes. One of the challenges in manag-
ing patients with TBI is to provide ongoing 
support to those patients in whom rehabilitation 
and some recovery are expected. The most exten-
sive study looking at craniectomy as a rescue 
treatment (RESCUEicp) [85] showed that sur-
gery improved survival. However, the probability 
of being in a vegetative state at six months was 
four times higher, and more patients remained 
dependent on others at 12  months. Compared 
with the DECRA trial [86] looking at medical vs 
surgical intervention for refractory intracranial 
hypertension, the cutoff points for favourable vs 
unfavourable outcomes were different, confound-
ing the analysis. When the data from both trials 
were analysed with the same cutoff points used 
for outcomes employed in DECRA, there was no 
difference in favourable vs unfavourable out-
comes, whether medical or surgical management 
was chosen [87]. The results from this and simi-
lar trials demonstrate the challenges in decision 
making in such situations.

 Summary

In patients with a head injury, the initial resus-
citation targets are summarised in the below 
table:

Primary Secondary
Blood Pressure >110 mmHg systolic CPP 60–70
Oxygenation SpO2 > 95% PaO2 > 13 kPa
Ventilation Clinically Adequate PaCO2 4.5 kPa

Head injuries can be challenging to treat, 
whether in isolation or as part of a polytrauma 
patient. It is not helped by the fact that neuro-
surgical ICUs are regionalised resources, and 
patients may present to non-specialist centres 
before being transferred onwards. Improved 
outcomes are not just due to surgical inter-
vention. Patients with neurological injuries 
that are cared for on specialist neurosurgi-
cal critical care units have better outcomes 
than neurologically injured patients treated 
on conventional critical care units [88]. The 
whole multi-disciplinary team contributes to 
this, rather than one particular intervention. 
Improved speed of access to surgery when 
indicated, minimising delays in treatment or 
transfer, and attention to detail in managing 
these patients will all reap dividends. Initial 
management, as always, is driven by the 
MABCD approach and is directed towards the 
prevention of secondary brain injury once the 
primary brain injury has occurred.

Questions

 1. The Monroe-Kelly Doctrine describes:

 (a) The severity of brain injury
 (b) Assessment of conscious level following 

TBI
 (c) The intracranial relationship between pres-

sure and volume
 (d) The relationship between cerebral perfu-

sion and ventilation
 (e) Indications for decompressive craniec-

tomy

 2. A patient is found at the scene of a road traffic 
collision. He makes no response to a verbal 
stimulus. His eyes open on supra-orbital pres-
sure, and his right elbow bends so that his 
hand is at the shoulder level. There is no ver-
bal response throughout. What best describes 
his neurological assessment?

 (a) GCS 6 - E2, V1, M3
 (b) GCS 7 - E2, V1, M4
 (c) GCS 7 - E3, V1, M4
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 (d) GCS 8 - E2, V1, M5
 (e) GCS 8 - E3, V1, M5

 3. Cerebral Perfusion Pressure (CPP) is depen-
dent on:

 (a) SBP and ICP
 (b) SBP and CVP
 (c) MAP and ICP
 (d) MAP and DBP
 (e) ICP and TCD

 4. The following statement about an epidural 
haematoma is correct:

 (a) The onset of symptoms is slow, over hours 
or days

 (b) Bleeding occurs between the dura and 
arachnoid mater

 (c) The bleeding is venous in origin
 (d) Non-operative management is most com-

monly employed
 (e) The bleeding is between the cranium and 

dura.

 5. Which of the following is NOT a method to 
reduce ICP on ICU patients:

 (a) Head-up positioning
 (b) Prophylactic anticonvulsants
 (c) Prevention of pyrexia
 (d) RASS score of +5
 (e) CSA monitoring

Answers

 1. c
 2. b
 3. c
 4. e
 5. d
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Traumatic Cardiac Arrest

Matthew O’Meara and Peter Lax

 Introduction

Traumatic cardiac arrest is the final common 
pathway of several pathologies, often resulting in 
high mortality.

 Epidemiology

Office of National Statistics data highlights that 
trauma causes approximately 20,000 deaths per 
year in the UK, out of 500,000 deaths overall (4% 
of all deaths), but that it disproportionately affects 
certain age groups (10% of all deaths in those of 
working age) [1]. Survival rates of up to 4% have 
been reported in traumatic cardiac arrest, but may 
be higher in specific situations and for specific 
underlying conditions.

Out-of-hospital cardiac arrest accounts for 
0.5% of all calls to the UK ambulance service, of 
which traumatic aetiology accounts for 10% of 
these (1:20,000) calls overall. There are approxi-
mately ten million calls to the service each year, 
yielding the total number of traumatic arrests as 
5000 per annum. Up to 50% of these patients will 
be beyond help and will not have resuscitation 
commenced, in line with ambulance service 
guidelines [2].

If these patients were distributed equally 
across the trauma system, each network would 
see one potentially treatable patient in traumatic 
cardiac arrest every 4 days. Thus, it is a compara-
tively rare event for most healthcare practitioners 
across the system [3].

 Presentation

Reversible traumatic cardiac arrest may occur in 
the presence of the team caring for the patient or 
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on hospital arrival of a patient who has been pre- 
alerted as being peri-arrest by prehospital teams.

It is possible for patients to be assumed to be 
peri-arrest but to have actually arrested. This 
emphasises the importance of situational aware-
ness, especially during critical phases of care, such 
as during handover. Pulse checks are therefore 
vital, especially in those with agonal breathing.

 Management

 Cardiopulmonary Resuscitation

Two theoretical principles exist concerning 
closed chest compressions during CPR. The car-
diac pump theory purports that compression 
between the bony thorax expels blood into the 
aorta, as would be the case if the heart was beat-
ing natively. The thoracic pump theory relates 
changes in intra- and extrathoracic pressure to 
changes in pressure in the vascular system [4].

The role of closed-chest massage has been 
questioned in the management of traumatic car-
diac arrest. Evidence to support or refute its use is 
weak on both sides of the argument. Therefore, 
CPR should be initiated and performed (espe-
cially if there is a possibility of a medical cause 
of cardiac arrest) unless it is impeding the perfor-
mance of other procedures of a higher priority, 
such as intubation, thoracic decompression, 
resuscitative thoracotomy (where indicated) or 
the administration of resuscitative fluids [5–9].

Trauma patients in cardiac arrest are much 
more likely to present in non-shockable rhythms 
[10, 11]. In patients who are extremely hypovo-
laemic but have arterial pressure monitoring in 
situ, there may be no palpable pulse, but an arte-
rial waveform remains. This indicates a severely 
compromised but present cardiac output. 
However, under traditional ALS teaching, this 
state would be considered Pulseless Electrical 
Activity (PEA) and managed according to stan-
dard cardiac arrest guidelines. Most patients will 
not have arterial lines in situ unless they arrest in 
hospital. Still, echocardiography in prehospital 
care and emergency departments has been used 
to demonstrate “low-flow” as opposed to “no- 
flow” states. If echocardiography indicates effec-

tive myocardial contraction but severe 
hypovolaemia, the correct treatment would be 
aggressive resuscitation with blood and source 
control of bleeding instead of the administration 
of adrenaline and CPR [6, 11]. If there is an inad-
equate circulating volume to the point where 
pulses cannot be palpated, even the most effec-
tive CPR will not correct this.

 Reversing the Reversible

The reversible causes of traumatic cardiac arrest 
vary from those of medical arrest subtly. They 
can be remembered using the mnemonic HOTT 
(Hypovolaemia, Oxygenation, Tension pneumo-
thorax and tamponade) [5, 6].

 Hypovolaemia

Where traumatic cardiac arrest occurs in the con-
text of hypovolaemia, the chances of survival are 
reduced as compared with traumatic cardiac 
arrest from other mechanisms (except for severe 
neurotrauma) [11].

Hypovolaemia in trauma must always be 
assumed to be secondary to bleeding. This can 
occur externally or internally. External blood loss 
should be aggressively treated with direct pres-
sure, dressings, tourniquets, staples or sutures as 
mentioned in the massive haemorrhage chapter. 
Internal haemorrhage from fractures should be 
managed with manual traction and splintage 
before surgical fixation. The pelvis should be 
bound to limit further bleeding into the pelvic 
cavity. Non-compressible thoracic or abdominal 
haemorrhage is only controllable surgically, or 
via interventional radiological means in select 
cases.

Surgical methods to control haemorrhage 
include the need to perform a thoracotomy or 
laparotomy, with packing, clamping or repair of 
bleeding vessels. In the short term, a thoracotomy 
performed in the resuscitation room with aortic 
cross-clamping may buy valuable time to assess 
and address distal bleeding sites. This procedure 
should only be performed in the right environ-
ment with the right equipment and team and with 
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a viable exit strategy for the next phase of care as 
discussed later in this chapter.

Current guidelines recommend resuscitative 
thoracotomy in the event the resuscitation team 
witnesses the patient arrest, or the patient has had 
signs of life and CPR within the previous 10 min 
(blunt trauma) or 15  min (penetrating trauma), 
with a suspected or confirmed cause that may be 
amenable to surgical treatment [12]. The indica-
tions for resuscitative thoracotomy may change 
depending on available expertise and resources, 
as non-specialist surgeons or non-surgical practi-
tioners are able to treat fewer pathologies in com-
paratively austere environments compared to 
trained trauma surgeons in an operating theatre 
[5, 12].

Endovascular techniques have been employed 
since the 1950s to control excessive haemorrhage 
in trauma [13, 14]. Modern balloon technology 
allows for an endovascular balloon to be placed 
into one of the three zones of the aorta to arrest 
haemorrhage distal to that site. The occlusion is 
thought to be temporising while the balloon is 
inflated. However, it may also be temporarily 
therapeutic in itself since a reduction in pressure 
in bleeding vascular beds may facilitate clot for-
mation. Zone three REBOA is reserved for pelvic/
lower extremity bleeding. Zone one occlusion 
(above the diaphragm) is likely to be more appro-
priate for cases of witnessed or near-witnessed 
traumatic cardiac arrest where haemorrhage is 
thought to be the primary aetiology. Once the bal-
loon is inflated, it is imperative to have strict pro-
tocols to minimise inflation time, and the patient 
should be transferred for definitive management 
to either the interventional radiology suite or 
operating theatre. When source control has been 
achieved, effective communication is needed 
between the surgeon/interventionalist and anaes-
thetist regarding deflating the balloon to manage 
the cardiovascular effects of reperfusion. This 
may lead to cardiovascular instability as cold, 
acidic and potassium-rich blood is returned into 
the central circulation at the same time as the vol-
ume of the circulation is increased.

Vascular access can be achieved by several 
methods. The need for short, large bore vascular 
access for aggressive and ongoing fluid resusci-
tation is essential. Peripheral access may be pos-

sible and adequate, but is frequently challenging 
(if possible at all) in severe hypovolaemia. 
Failure of the rapid establishment of adequate 
peripheral access dictates the placement of cen-
tral access, ideally with a Swan sheath introducer 
or another large-bore device (e.g. Vascath or 
MAC line). Standard central lines are too narrow 
to provide adequate flow rates for resuscitation 
(Fig.  12.1). If peripheral access is going to be 
placed, it should be 16G or larger in the first 
instance. However, devices such as the Rapid 
Infusion Catheter (RIC) sets can be used to 
upsize smaller cannulae via a Seldinger 
technique.

Central access can be achieved in the inter-
nal jugular, subclavian or femoral veins [16, 
17]. The subclavian vein is often preferred for 
several reasons. Logistically, the chest is 

Fig. 12.1 Flow rates through various vascular access 
devices (from ddxof.com [15])
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accessible for intervention without impeding 
the airway operator if a concurrent procedure 
such as intubation is ongoing. There is also no 
requirement to move the neck, which may also 
have a cervical collar applied, rendering the 
internal jugular veins inaccessible. 
Anatomically, the subclavian vein is held open 
by the clavipectoral fascia and therefore easier 
to cannulate in hypovolaemic patients, allow-
ing large volume resuscitation straight into the 
superior vena cava. Compared to other central 
access sites, subclavian lines carry the lowest 
risk of infection [18–21], and when secured is 
more comfortable for the patient than an inter-
nal jugular or femoral line [22]. The subcla-
vian route additionally avoids the risk of fluids 
or drugs not getting to the central circulation 
due to an interrupted vascular supply (e.g. 
iliac vein or IVC injury) in the case of femoral 
lines.

Intra-osseous (IO) access can be helpful for 
drugs administration and can be used for fluid 
resuscitation; however, if not appropriately 
guarded, they are easily displaced. Even when 
working well, IO lines often require high pres-
sure to ensure flow. This makes them appropri-
ate for drug bolus administration, but for 
ongoing large volume resuscitation they are 
impractical and central (or large peripheral) 
access is preferred.

Fluid resuscitation for bleeding trauma 
patients is covered in the Circulation Chap. 10 
and should follow principles of haemostatic and 
blood resuscitation where possible. Whole blood, 
initially used in World War One, is a promising 
solution as compared with mixed ratios of blood, 
plasma and platelets. Fibrinogen levels fall early 
in hypovolaemic shock (especially in traumatic 
cardiac arrest) and should be replaced with cryo-
precipitate or reconstituted fibrinogen [23, 24]. 
Electrolytic abnormalities, especially hypocal-
caemia and hyperkalaemia, are a feature of large 
volume product transfusion and should be 
actively sought and excluded in the event trau-
matic arrest occurs on the operating table [25–
28]. All blood products should be warmed to 
mitigate against hypothermia caused by the 
administration of refrigerated blood products.

In the context of a traumatic arrest, universal 
donor blood products should be brought from the 
blood bank as part of an ongoing major haemor-
rhage protocol. This ensures a steady and smooth 
flow of products to the patient. Early tests of 
coagulation and coagulopathy should be sent, 
including the use of thromboelastography.

 Oxygenation

Hypoxia occurs in traumatic cardiac arrest from a 
variety or combination of pathologies. Asphyxia 
occurs when the airway is occluded from any 
cause—in blunt trauma, the most common cause 
is a head injury with secondary airway obstruc-
tion. There may be a direct injury to the struc-
tures of the airway or the neck as a result of blunt 
or penetrating trauma, which may entirely or par-
tially occlude the airway or limit ventilation and 
contribute to asphyxia.

Failure to deliver oxygen occasionally occurs 
due to depletion of portable cylinders or supply 
lines in a medical context, and constant surveil-
lance for low FiO2 should be kept whilst managing 
patients suffering from a traumatic cardiac arrest.

The inspiration of oxygen-deplete air occurs 
with smoke inhalation and will be associated 
with toxicity, for example of carbon monoxide or 
cyanide and will result in histotoxic 
hypoxaemia.

Failure of the respiratory system to adequately 
oxygenate the blood can occur due to indirect or 
direct injury. High cord injuries result in paralysis 
of the phrenic or intercostal nerves resulting in 
failure of nerve impulse transmission to the dia-
phragm or intercostal muscles. Ventilation is 
impaired and may cease altogether with resulting 
hypoxia and hypercarbia. Classic mechanisms 
include those resulting in high cervical spinal inju-
ries from neck hyperflexion or hyperextension, 
such as diving into shallow water or cycling inju-
ries. Once hypoxia is corrected, a return of sponta-
neous circulation (ROSC) usually follows. Spinal 
precautions are essential in these incidents.

Thoracic injury causes damage to the lungs or 
pleura which may impede ventilation, resulting 
in hypoxic cardiac arrest—see the Breathing 
Chap. 9 for more information.
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 Airway Management

The airway should be managed according to stan-
dard protocols. This usually means that the 
patient should be intubated when possible and 
the practitioner appropriately trained. This 
affords optimal ventilation, oxygenation and air-
way protection, though as described in the funda-
mentals of airway management chapter, it has not 
been associated with an increased rate of ROSC 
in cardiac arrest from medical causes. If a well- 
seated supraglottic airway is providing effective 
ventilation and there is no other immediate 
advantage, there is no immediate need to convert 
to an endotracheal (ET) tube. This may change if 
a resuscitative thoracotomy is to be performed, or 
there is significant chest trauma which may mean 
that a supraglottic device is inadequate or inef-
fective to ensure oxygenation and ventilation. 
Where a cervical spinal injury is thought to co- 
exist, the patient should be intubated with manual 
in-line stabilisation of the cervical spine wher-
ever possible, acknowledging that securing the 
airway takes priority over ensuring spinal immo-
bilisation. Videolaryngoscopy offers some advan-
tage in terms of reduced spinal movement; 
however, it may be difficult if the airway is sig-
nificantly contaminated with blood or other liq-
uid debris. Locally agreed protocols should limit 
intubation attempts, and a failed intubation drill 
should be followed in the event it proves 
impossible.

 Ventilation

Once intubated, the cuff of the ET tube should be 
inflated and the patient connected to a ventilator 
delivering 100% oxygen in the first instance. The 
exact mode of ventilation matters less than the 
observance of the principles of lung- protective 
ventilation, in which the volumes the lungs are 
exposed to are limited to 6 ml tidal volume per Kg 
body weight to reduce volutrauma and baro-
trauma. End-tidal CO2 monitoring via waveform 
capnography is mandatory to confirm ET tube 
placement. It may give a gross marker of cardiac 
output or adequacy of CPR in the peri-arrest or 
arrested patient [29–31]. If the patient is success-

fully resuscitated then a low- normal end-tidal 
value (approximately 4.5  kPa/34  mmHg) should 
be targeted to minimise secondary brain injury.

 Traumatic Asphyxia

If the patient has been crushed in the thoracic 
area, ventilation will be impaired, often to the 
point of cardiac arrest. Patients usually appear 
plethoric, with petechial haemorrhage visible to 
the upper torso/face and subconjunctival haemor-
rhages. Oxygenation will reverse cardiac arrest if 
delivered early enough [32, 33] (Fig. 12.2).

 Impact Brain Apnoea

Traumatic arrest may present secondary to impact 
brain apnoea syndrome [34]. In this condition, 
historically referred to as commotio medullaris, 
the respiratory centre is transiently paralysed by a 

Fig. 12.2 Features of traumatic asphyxia include cervi-
cofacial cyanosis with multiple petechiae and subconjunc-
tival haemorrhage (From Lee et al. [32])
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blunt force injury in the absence of demonstrable 
structural brain injury. When laypeople call the 
emergency services, they usually describe the 
patient as not conscious and not breathing after a 
traumatic event (e.g. assault with a head injury). 
CPR advice is usually given, and the patient may 
present to the emergency services or hospital as a 
traumatic arrest. Current dispatcher-advised CPR 
advises compression-only CPR, which will not 
reverse the underlying pathology, namely the 
need to ventilate and oxygenate the patient. CT 
scans and postmortem data from these patients 
reveal a hypoxic brain injury pattern without other 
parenchymal injuries. Many of these patients may 
have survived with basic airway management and 
effective oxygenation during the apnoeic period.

 Spinal Injury

High (C1–C3) spinal cord injury can result in 
traumatic cardiac arrest at the scene by the mech-
anism described above and is often reversed by 
oxygenation. Following the return of spontane-
ous circulation, the patient may develop some 
respiratory effort, but this will be significantly 
limited by the injury. Neurogenic shock and bra-
dycardia are usually features, and doses of vaso-
pressors or inotropes are required to raise blood 
pressure. Cord perfusion and cerebral perfusion 
(and hence oxygen delivery) are reliant on an 
appropriate blood pressure. A comprehensive 
search for other injuries is essential to avoid 
missing concomitant hypovolaemic shock. 
Excessive fluid resuscitation in these patients will 
result in pulmonary oedema, and cardiac output 
monitoring may be helpful in the early phases of 
management (see circulation chapter for further 
discussion).

 Tension Pneumothorax

Air in the pleural cavity can build up due to blunt 
or penetrating trauma, particularly if the patient 
is undergoing positive pressure ventilation. It is 
essential to decompress the pleural cavity of all 
patients presenting with suspected traumatic car-

diac arrest. Chest examination is not reliable 
enough to rule out this treatable and straightfor-
ward injury [35].

Decompression should be done according to 
skill-set and may be by needle or surgical tech-
niques. However, needle decompression has a 
high failure rate, and surgical methods are 
strongly preferred (see breathing chapter for fur-
ther discussion). In an emergency, it is not neces-
sary to place chest drains; simple finger 
thoracostomies will adequately release tension 
pathophysiology; intercostal drains can be placed 
later in the patient care pathway.

Significant air leak may reveal the diagnosis of 
injury to the bronchial tree. Selective right or left 
main stem bronchial intubation may be required. 
This can be done with a bronchial blocker, dou-
ble-lumen endotracheal tube, or simply advancing 
the endotracheal tube further, ideally under bron-
choscopic guidance in the first instance. In cases 
of acute massive air leak, pleural air will re- 
accumulate unless adequately drained.

 Tamponade

The heart sits in a tough, fibrous sack (the peri-
cardium) that provides separation from other tho-
racic structures, allows protection against 
ventricular dilatation, and facilitates ventricular 
interdependence and atrial filling. There is usu-
ally a small volume of pericardial fluid present to 
allow lubrication and low friction movement of 
the heart within the pericardium. Because the 
volume is so small (usually 10–50 ml in health), 
the lack of distensibility of the pericardium does 
not cause a problem with compression of the 
heart.

Cardiac tamponade occurs when blood fills 
the pericardium. The thin-walled right atrium and 
ventricle will become compressed by blood or 
other fluid between the pericardium and the heart. 
This impedes the filling of the right side of the 
heart and forward flow of blood into the lungs 
and left ventricle. Cardiac output is reduced, and 
ultimately the patient will suffer a cardiac arrest. 
The condition is a dynamic and physiological 
diagnosis, i.e. cardiovascular compromise / trau-
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matic arrest in the face of known or suspected 
pericardial fluid (usually blood). The pericardium 
is rich in tissue factor and blood quickly clots. 
Volumes of blood as small as 200 ml can cause 
cardiac tamponade if they accumulate rapidly 
enough. Patients stabbed through the pericardium 
may bleed into it from a hole in one of the heart’s 
chambers, from the myocardium itself or a peri-
cardial vessel. Similarly, blunt traumatic injuries 
to the chest may result in a laceration to the 
pericardium.

Treatment consists of the evacuation of peri-
cardial blood via a thoracotomy and haemostasis 
of bleeding vessels or chambers; surgical haemo-
stasis can be achieved with sutures or staples. If 
performed expeditiously, survival rates of 
10–35% have been reported (far higher than 
those from medical cardiac arrest), most of whom 
will be neurologically intact [11, 36].

For medical causes of cardiac tamponade 
where fluid other than blood may accumulate 
(pericarditis, auto-immune or infective causes 
commonly), needle pericardiocentesis may be an 
option. This involves inserting a needle into the 
pericardium under ultrasound guidance and 
draining the accumulated fluid. This is not appro-
priate in trauma for two main reasons; firstly, 
blood will clot quickly, and a needle-based tech-
nique will not remove clotted blood. Secondly, 
there will still be an underlying defect that may 
still be bleeding and require repair. Without 
exploration and repair via a thoracotomy, bleed-
ing may continue and the tamponade may 
re-accumulate.

 Resuscitative Thoracotomy 
in Traumatic Cardiac Arrest

Several international guidelines exist concerning 
the performance of resuscitative thoracotomy in 
traumatic cardiac arrest. There is broad agree-
ment that this aggressive intervention should be 
performed if the patient suffers a cardiac arrest in 
front of the assembled trauma team, where the 
skill-set exists. Contraindications to this proce-
dure in this context are primarily relative, and 
would include excessive time since cardiopulmo-

nary arrest or the presence of other unsurvivable 
injuries (such as massive head injury).

 Risk to Clinicians

Resuscitative thoracotomy is a high-stakes, 
low- occurrence procedure with significant 
risks to staff and bystanders, primarily due to 
potential exposure to bloodborne viruses or 
psychological sequelae [37]. Patient selection 
is paramount when deciding to perform this 
procedure, not only in terms of patient benefit 
but also in justifying risk to practitioners. 
Historical US data suggests a 4–8 times higher 
rate of HIV, hepatitis B or C virus infection 
risk in the urban trauma population, compared 
to the trauma population as a whole [38]. With 
more community awareness and better treat-
ments, new diagnoses have dropped. However, 
patients live longer with these diseases, so the 
absolute number of cases has increased [39, 
40]. A more recent study has confirmed that 
approximately 9% of patients who sustained 
penetrating trauma in one US centre were 
positive for one of these diseases, many with-
out knowing themselves [38]. This is further 
supported by a Canadian study that confirmed 
a three-fold higher rate of hepatitis C preva-
lence in trauma patients than the background 
population [41]. Considering that the rates of 
sharp and needlestick injuries are higher dur-
ing emergency procedures than elective sur-
gery [42, 43], and that the risk of 
seroconversion of these diseases is higher 
with deeper contamination or injury from hol-
low needles or broken ribs [44], this is a pro-
cedure with significant risk to the provider. 
Prospective multi-centre data shows 7.2% of 
participants (22 staff members) from 305 
emergency department thoracotomies suf-
fered a sharps injury—but only 15 patients 
survived [45]. The procedure mandates uni-
versal precautions to make it as safe as possi-
ble. However, there must be a realistic a priori 
prospect of the patient benefitting from the 
intervention to justify performing it due to the 
risk to staff.
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 Patient Selection

Survival is dependent on indication (blunt mecha-
nisms have a worse outcome than penetrating 
trauma) and time to performance. Again, for 
patients presenting with penetrating thoracic 
trauma in cardiac arrest, survival rates up to 10% 
have been recorded in traumatic cardiac arrest, 
with most of these patients leaving hospital neu-
rologically functional [36]. The rate may further 
be increased if resuscitative thoracotomy is under-
taken for patients before they arrest, and with spe-
cific injury patterns (up to 35% in some case 
series of patients with penetrating cardiac injuries 
[12, 46]).

As previously described, the decision to pro-
ceed with resuscitative thoracotomy is dependent 
on a multitude of factors, including the operator, 
location, likely pathology and time since patient 
arrest. If a patient is not about to arrest immedi-
ately and can be transferred to the operating the-
atre for the procedure, they should be. This 
frequently may not be possible, and patients in 
cardiac arrest already (with appropriate indica-
tions) should have a resuscitative thoracotomy in 
the Emergency Department rather than being 
transferred to the operating theatre in cardiac 
arrest with ongoing CPR.

Indications to perform a resuscitative thora-
cotomy are a penetrating injury to the chest or 
epigastrium, with the arrest occurring in the pres-
ence of the treating team or a thoracotomy com-
mencing within 15  min of arrest. This is also 
predicated on having a team with appropriate 
experience and an appropriately permissive envi-
ronment with good all-round access (either in the 
emergency department or prehospital). Factors 
that are associated with better outcomes in 
Emergency Department (ED) thoracotomy are 
the presenting pathophysiology causing arrest 
and timing [47–50]:

• Treatment of tamponade has the best outcome 
of all causes of traumatic arrest

• Cardiac causes are more amenable to treat-
ment than lung injuries

• Right ventricular injuries are more accessible 
and treatable than left ventricular injuries

• Single chamber injuries have better outcomes 
than multiple chamber injuries

• Prehospital arrests survive less frequently than 
those who arrest during transfer, and the highest 
survival is in those who arrive at the ED with 
some vital signs and then subsequently arrest.

There is not universal mortality amongst blunt 
chest trauma patients who undergo thoracotomy. 
While blunt mechanisms have poorer outcomes, 
the increased use of ultrasound scanning in pre-
hospital medicine and emergency departments 
has meant that pathologies amenable to a resusci-
tative thoracotomy may be more easily identified. 
If there is an obvious tamponade following blunt 
trauma, a resuscitative thoracotomy would be 
justified, and there are now case reports of survi-
vors with this pathology in the published litera-
ture [51]. Some would perform resuscitative 
thoracotomy for blunt trauma (even if the cause is 
not clear) on the grounds that it would allow 
compression of the aorta and internal cardiac 
massage whilst replacing blood. This depends on 
local practice, experience and logistics, and a 
blanket recommendation for or against this is not 
possible based on current evidence.

Outcomes from resuscitative thoracotomy can 
be better than cardiac arrest in the general popu-
lation in some subgroups (e.g. penetrating chest 
injury, treated immediately before, or just after 
arrest). This may reflect differences in patho-
physiology, resource investment and baseline 
population differences. As is often highlighted, 
trauma tends to affect younger people dispropor-
tionately and is the leading cause of death in 
adults under 40  years old. Extrapolating from 
this, one may theorise that the majority of patients 
who suffer a traumatic cardiac arrest from pene-
trating injuries are likely to be younger. 
Consequently, they may have more physiological 
reserve, less cardiorespiratory comorbidity and 
be thought more salvageable than a patient who 
is elderly and has had a “medical” cardiac arrest. 
Extrapolating this line of thought further, the 
younger trauma patient potentially may have a 
higher level of prehospital or in-hospital health-
care resources allocated to them. Any individual 
or combination of these variables may account 
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for the differences in survival, though there is 
currently a paucity of data looking at this 
phenomenon.

 Surgical Technique

The principles of resuscitative thoracotomy are to 
access the thoracic cavity, assess for reversible 
pathology and address it. A secondary aim may 
be to compress the descending aorta. This has 
two benefits: Firstly, it ensures maximal perfu-
sion of coronary and cerebral circulations. 
Secondly, it decreases or removes perfusion pres-
sure to subdiaphragmatic organs. This will reduce 
or stop bleeding in these structures (for example, 
major pelvic bleeding) in addition to temporarily 
decreasing the effective volume that is attempting 
to be perfused. However, from the moment of 
applying aortic compression, distal organs 
become ischaemic and this will rapidly cause sig-
nificant physiological derangement. This isch-
aemic burden will continue to accumulate with 
time until reperfusion. Surgical control of any 
bleeding must be achieved urgently, transferring 
the patient rapidly to theatre for ongoing damage 
control resuscitation and surgery.

All other aspects of resuscitation must be per-
formed simultaneously as part of a well-led 
trauma response to achieve success—airway 
management, oxygenation & ventilation, vascu-
lar access and blood resuscitation. Good lighting 
and suction are essential.

 Clamshell vs Anterolateral Approach

In the resuscitative situation, the thoracic cavity 
can be accessed by a left lateral or clamshell inci-
sion. There has been much discussion regarding 
the “best” approach to resuscitative thoracotomy, 
with proponents of both the left anterolateral and 
clamshell approach. Ultimately, the “best” proce-
dure is the one that works and will primarily be 
dependent on the skill of the individual operator 
and experience within the care system. For 
trained thoracic or trauma surgeons, the antero-
lateral approach may be more familiar and safer 

in their hands. For non-thoracic surgeons or non- 
surgeons, a clamshell approach provides optimal 
access quickly for the potentially reversible 
causes that they can treat and is easily taught [52, 
53]. A recent prospective study in US trauma 
centres has indicated that the clamshell approach 
does not cause additional systemic or thoracic 
complications when compared to an anterolateral 
approach [54].

Further, a recent prospective randomised 
crossover trial of emergency physicians perform-
ing both procedures on cadavers showed a higher 
success rate using the clamshell approach [55]. 
This trial also showed a lower rate of procedural 
iatrogenic injuries and greater physician prefer-
ence and is congruent with other published 
research [56]. When considering the need to per-
form this procedure pre-hospitally, the clamshell 
approach may be preferable as the environment is 
more austere compared to the emergency depart-
ment. The superior exposure afforded by a clam-
shell incision may mitigate against difficulties 
caused by less than perfect lighting or space 
afforded to the practitioner.

 Clamshell Thoracotomy

A 2004 article by Wise et al. provides a succinct 
stepwise guide to performing a clamshell thora-
cotomy [52]. Preparation for thoracotomy should 
begin with pre-alert information, and the poten-
tial (or actual) need for a resuscitative thoracot-
omy should be discussed before first seeing the 
patient. Roles should be allocated, and the proce-
dure discussed to minimise time wasted and pre-
pare the team mentally before proceeding [57]. 
Once the decision made to proceed to thoracot-
omy, the patient should be positioned supine with 
their arms abducted to 90° whilst the airway and 
vascular access are secured. Bilateral finger tho-
racostomies should be performed in the fifth 
intercostal space. An assessment made at this 
point to see if there has been any return of circu-
lation following any of the interventions so far 
(Fig. 12.3). These are IV fluid challenge to cor-
rect hypovolaemia, intubation and correction of 
hypoxia, and thoracostomies to treat tension 
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pneumothorax—HOT. If the assessment reveals 
the return of circulation, based on the effective 
intervention and physiological state, the decision 
must be made regarding the next step. This may 
be to continue to thoracotomy (Figs. 12.4, 12.5, 
12.6, and 12.7) if there is pathology requiring 
immediate treatment, or may be transferring the 
patient to the CT scanner or operating theatre (or 
hospital if the procedure is carried out in prehos-
pital care).

If there is no return of circulation, the next 
step is to join the two thoracostomies across the 
chest in a “swallowtail” shape cut following the 
line of the rib in the intercostal space (Fig. 12.4).

The skin and underlying fat should be cut 
down to the muscle layer. Scissors can then be 
placed through the thoracostomies, deep to the 
innermost intercostal muscles. The muscle layers 
can then be cut through, following the rib line up 
to the sternum. This is performed bilaterally, and 
the sternum is subsequently divided with a large 
pair of scissors or a Gigli saw (Fig. 12.5).

Once access is achieved, it should be main-
tained using rib spreaders in the right hemithorax 
(if available) or an assistant to retract the sternum 
superiorly (Fig. 12.6).

This incision allows full access to the thoracic 
structures. On opening the chest, the anterior 
pericardium may be adherent to the posterior 
sternum and can be liberated by simple blunt fin-
ger dissection. The superior pericardium should 

Fig. 12.3 Finger thoracostomy. (Figures 12.3, 12.4, 12.5, 
12.6, and 12.7 reproduced from Voiglio EJ, Coats TJ, 
Baudoin YP, Davies GD, Wilson AW. Thoracotomie trans-
verse de réanimation. Annales de Chirurgie. 2003 
Dec;128(10):728–33)

Fig. 12.4 Joining of thoracostomies

Fig. 12.5 Cutting through the sternum with trauma shears

Fig. 12.6 Rib spreader in situ with good visualisation of 
thoracic structures from above
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be held up with heavy forceps and cut open with 
a pair of scissors, starting at the cranial aspect 
and continuing caudally. It may be necessary to 
extend this incision laterally at the caudal aspect 
in the so-called “inverted T” incision. This avoids 
damage to the phrenic nerves, which run laterally 
along the pericardium, and care should be taken 
to avoid injuring the coronary vessels. The heart 
should then be delivered through the pericardium 
and inspected for wounds, even if there is no 
overt evidence of tamponade on first opening the 
chest (Fig. 12.7).

In the event of penetrating trauma, wounds can 
be temporarily occluded with a finger, secured 
with mattress sutures or staples, or in extremis, a 
Foley catheter can be inserted into the defect. If a 
Foley is used, then the lumen should be occluded 
to prevent bleeding, and the balloon gently 
inflated to occlude the hole. This is not the first 
choice intervention as it may cause further dam-
age to the myocardium if overinflated, and the 
balloon may decrease chamber volume and impair 
cardiac output if circulation is returned. For non-
surgeons, cardiac staples may be challenging to 
place, and mattress sutures may cut through mus-
cle if they are pulled too tight. A small section of 
the pericardium may be used as a pledget or but-
tress to guard against this in the acute setting. 
Again, care should be taken to avoid inadvertently 
suturing any of the coronary vessels. The poste-
rior aspect of the heart should be inspected, but 

care should be taken to avoid lifting the heart and 
kinking the great vessels as this will compromise 
cardiac output. Swabs can be inserted behind the 
heart (starting from the apex and moving superi-
orly) to lift the heart anteriorly for inspection 
without kinking the vessels. Internal cardiac mas-
sage should be performed using a two-handed 
technique. One hand is inserted behind the heart 
and kept flat while the other lies anteriorly. These 
then compress the heart in a “clapping” manner 
from the apex to the superior aspect in an attempt 
to mimic normal cardiac ejection. This is an effi-
cient manner to improve cardiac output and allows 
a degree of assessment of circulating volume. 
Fluid resuscitation (ideally with blood) should 
continue at this point.

The patient may develop ventricular fibrilla-
tion—this can be treated by either “flicking” the 
heart or by internal defibrillation paddles set to 
deliver a 10 J shock. If these are not available, the 
chest can be closed, and standard external pads 
can be used at normal energy settings.

Once haemostasis is achieved and massage 
has continued, the patient may develop a return 
of spontaneous circulation and even wake up. 
The team should be prepared for this and admin-
istered sedation/anaesthesia as required. Dividing 
the sternum also divides the internal mammary 
arteries, which should be clamped or tied off at 
both ends to prevent further bleeding once a car-
diac output is restored. The patient should be rap-
idly transferred to theatre for definitive surgical 
control of wounds/bleeding / other injuries.

 Other Manoeuvres

In the event of damage to lung structures, bleed-
ing can be controlled by performing hilar twist-
ing or clamping. The inferior pulmonary 
ligament (anchoring the posterior aspect of the 
lung and the hilum to the posterior thoracic cav-
ity) must be divided in order to twist the lung, 
bronchial and pulmonary vascular structures 
around the hilum. An endotracheal tube tie or 
foley catheter can be used to tie the whole of the 
hilum off temporarily.

Fig. 12.7 The delivered heart. Note the incised pericar-
dium at the top of the heart and the right atrial appendage in 
view
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Control of the descending aorta can be 
achieved by following the posterior ribs on the 
left side and manually placing the hand against 
the soft structures lateral to the spinal column and 
pressing back against it. Surgical cross-clamping 
requires dissection of the descending aorta from 
within its fascial plane—this is best done by 
those specifically trained to do so. Once dis-
sected, a Satinsky clamp can be applied to ensure 
temporary hands-free control of defending aortic 
blood flow. Occlusion of the aorta may be a tem-
porising measure to buy time in hospital. 
However, it may not be feasible to maintain fol-
lowing prehospital thoracotomy during transfer 
depending on distance and transport modality. 
The use of REBOA in patients with non-thoracic 
haemorrhage is discussed more fully in the dedi-
cated chapter.

Resuscitation should continue until reversible 
causes have been reversed. In the event the patient 
does not achieve a return of spontaneous circula-
tion, resuscitation should stop. As a dramatic and 
rarely performed procedure, the team should 
debrief where possible.

 Medical Confounders

When accidents are reported to emergency ser-
vices, the full history of antecedent events is 
rarely known. Patients often crash cars or fall 
down stairs due to co-existing medical conditions 
such as cardiac, respiratory or renal disease. The 
key is usually in eliciting a history from bystand-
ers or family members, which is not always pos-
sible in the early phases of arrest. These patients 
must be treated according to standard resuscita-
tive guidelines, with uninterrupted CPR, defibril-
lation and drugs as appropriate to the situation.

 Human Factors in Traumatic Cardiac 
Arrest

The nature of resuscitation often involves an 
impromptu formed team of varying levels of 
experience and understanding. Thus, good fol-
lowership and leadership are essential compo-

nents of a well-functioning team, which will be 
crucial in the optimal treatment of a patient hav-
ing suffered a traumatic cardiac arrest [58]. 
Resuscitative thoracotomy is a damage control 
procedure, and the decision making around it is 
more fully explored in Chap. 29.

Given the comparative rarity of traumatic 
arrest as presented to healthcare teams, teams 
must regularly rehearse and practice together 
where possible. Most centres have pre-drawn up 
algorithms/standard-operating procedures (SOPs) 
to assist in managing traumatic arrest, including 
when and when not to perform aggressive resusci-
tative procedures. Cognitive aids such as these 
assist in decision-making and the expeditious 
execution of a traumatic cardiac arrest algorithm. 
It is helpful that each team member understands 
their own and others roles in the management of 
traumatic cardiac arrest. Various courses, such as 
the American College of Surgeons Advanced 
Trauma Life Support (ATLS) or the European 
Trauma Course (ETC) provide guidance and help 
individuals prepare for managing a patient in trau-
matic cardiac arrest.

In hospital practice, the Trauma Team Leader 
(usually an emergency medicine consultant in the 
UK) has a critical role. The role of the TTL is to 
remain “hands-off” the patient to retain overall 
situational awareness while coordinating several 
other clinicians. This leadership role begins even 
before the patient arrives with pre-briefing based 
on the ambulance pre-alert, assignment of roles 
and setting expectations of likely courses of 
action [57]. Whilst the TTL is an experienced cli-
nician who should be able to perform resuscita-
tive thoracotomy if required, they should limit 
themselves to directing others rather than get 
involved in the procedure itself. Should they be 
the only person capable of performing the proce-
dure, they should formally hand off the role of 
TTL to another clinician who can retain oversight 
and situational awareness while the ED consul-
tant performs the procedure.

Given the high mortality rate and the dramatic 
nature of presentation and treatment, the welfare 
of the team should be considered in the aftermath 
of managing a patient with traumatic cardiac 
arrest, in addition to that of the patient and their 
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family. Debriefing is an essential part of process-
ing such events and should be offered, both hot 
and cold. Hot debriefs are conducted as near to 
the incident as possible, in time terms, whereas 
cold debriefs are conducted some time later. They 
offer a crucial opportunity for questions to be 
raised, issues addressed and individual and 
organisational learning.

 Other Causes of Arrest Relevant 
to Trauma

The following special circumstances of traumatic 
cardiac arrest are discussed since they are 
included in most trauma registries as traumatic 
death.

 Commotio Cordis

Commotio Cordis is a condition in which the 
sudden application of blunt force to the chest, 
usually over the manubrium, results in the trans-
mission of that force to the mediastinum, pericar-
dium and the heart within [59]. The putative 
mechanism is that mechanical energy is con-
verted into electrical energy within the heart’s 
conducting system. If the energy is delivered in 
such a way to interfere with normal sinus rhythm 
(for example, by inducing an R on T phenome-
non), it may put the patient into a malignant 
arrhythmia such as ventricular fibrillation or 
pulseless ventricular tachycardia. Much of this 
mechanism is speculative or derived from animal 
studies since it is impossible to contrive a situa-
tion in which a patient suffering blunt chest 
trauma is ECG monitored at the time of injury.

Treatment consists of standard resuscitation 
protocols, including the use of defibrillation and 
anti-arrhythmic drugs as appropriate. If success-
fully resuscitated, the patient should be ECG 
monitored, have myocardial enzymes or troponin 
levels sent and be admitted for observation. 
Discussion with cardiology should be initiated as 
appropriate. The patient rarely requires any long 
term follow up. The diagnosis is more often made 
postmortem if a sudden blunt force to the chest 

has caused cardiac arrest in the absence of any 
underlying post mortem findings. A slight myo-
cardial contusion may be apparent, but this is 
unusual.

 Lightning

Several thousand people are struck by lightning 
worldwide each year. Some bodies provide 
advice about what to do if caught in a storm, but 
most of this is based on expert opinion and con-
jecture. Electrical injuries are more fully con-
sidered in the Burns section of this textbook 
(Chap. 40).

Lightning causes injuries due to the passage of 
high voltage, high current electricity through the 
body. The electricity passes through the body for 
fractions of a second, which may go some way to 
explain the high survival rate. The body may be 
thrown some distance, causing secondary blunt 
force injury, and burns over the skin may also be 
visible. There is usually an entry and an exit 
wound apparent, as with all electrical injuries. 
Where the skull is struck, severe cranial injury is 
likely reducing the chance of survival. If the 
patient is standing, the exit wound is often on the 
foot. Traumatic cardiac arrest usually follows 
respiratory arrest, most probably as a result of 
paralysis of the respiratory centre. Consequently, 
cardiac arrest will ensue in the absence of artifi-
cial respiration. Most authorities comment on the 
need for prolonged resuscitative attempts, with 
some case reports advocating the use of extracor-
poreal support. A full trauma response, appropri-
ate diagnostic workup and transport to critical 
care are crucial to survival.

The science of lightning injuries, 
“Keraunomedicine” (from the Greek for light-
ning/thunderbolt), flags up some interesting 
clinical phenomena. Keraunoparalysis is a tran-
sient clinical syndrome observed in most light-
ning strike victims. The patients often report 
being unable to get up/move after the event and 
of paraesthesia and paralysis of the limbs. It 
bears all the hallmarks of an acute spinal cord 
injury, with lower motor neurone findings on 
examination and a spinal level. The limbs may 
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appear acutely pale and pulseless as if suffering 
from severe vascular compromise. This finding 
has led most authors to conclude that the patho-
physiology of the neurological findings are 
caused by acute vasospasm to the cord. As with 
other forms of vasospasm, the syndrome is 
reversible, and in most patients it resolves over 
the next 12 h.

Lichtenberg phenomena occur as a result of 
charged particles becoming discoloured within 
the skin. They often occur in the form of unusual 
patterns (e.g. the appearance of trees or leaves—
“arborialisation”), giving the appearance of a 
photograph of the environment the patient was 
standing in at the time of the strike. This has led 
the science of keraunomedicine to be surrounded 
in mystique and folklore over the ages. These 
phenomena are usually transient and disappear 
within 24 h.

The patient may have other acute and severe 
burns which require consultation with burns and 
plastics teams. The burns are often full thickness 
and may involve deeper structures such as muscle 
and bone, requiring early surgical management 
and observation for complications such as rhab-
domyolysis and compartment syndrome.

The heart may be affected, however in survi-
vors this is usually transitory.

In summary, those presenting to a hospital 
who have been struck by lighting usually have a 
good prognosis and, even in traumatic arrest, 
extensive resuscitative efforts should be offered.

 Electrocution

Electrocution occurs when the patient contacts 
a suitable source. It may be classified as high 
voltage (usually industrial) or low voltage 
(domestic).

In the context of high voltage electrocution, as 
may occur secondary to industrial or railway 
accidents, the patient usually suffers severe 
burns, which can be of high percentage. Traumatic 
arrest is thought to occur secondary to respiratory 
arrest or disturbance to cardiac rhythm, but incin-
eration of the patient by secondary burning can 
occur. These patients have a poor prognosis.

Domestic power usually arises from alternat-
ing current at a power of less than 400 volts and a 
frequency of 50–60  Hz. The peculiarity of this 
frequency is that it the exact frequency to induce 
tetany in the muscles. Thus, the patient may 
touch the source and then be unable to let go, pro-
longing the electrocution injury.

Rescue efforts must focus on safety to the res-
cuers before extrication of the casualty. Early 
application of defibrillators alongside conven-
tional life support algorithms is the mainstay of 
treatment. In the event of a return of spontaneous 
circulation, the patient should be transferred to 
critical care for ongoing management. If the 
patient regains consciousness quickly, they 
should be ECG monitored for a suitable period 
before hospital discharge to exclude any underly-
ing cardiac injury or rhythm disturbance.

 Hypothermia

Hypothermia is discussed more fully in the 
immersion and submersion and burns and ther-
mal injuries chapters (39 and 40). Severe hypo-
thermia is classified as anyone with a body 
temperature of less than 32 °C. The confounding 
problem is trying to elucidate whether a patient 
has gone into cardiac arrest because of hypother-
mia, or whether they have been in cardiac arrest 
for a while and become cold. As the body cools 
down, the basal metabolic rate of oxygen con-
sumption decreases (approximately 10% per 
degree of cooling). As the body cools, physiolog-
ical functions are affected, respiration decreases, 
arrhythmias including AF, VF, and bradycardia 
can all occur, resulting in cardiac arrest.

Treatment should include active and passive 
rewarming. In the context of cardiac arrest, sev-
eral points are worth considering. Firstly, resusci-
tative protocols alter, including the sequence of 
the delivery of cardioversion and the use of resus-
citative drugs. Pulses may be challenging to feel, 
and the use of ultrasound may elucidate some 
cardiac activity.

There have been case reports of successful 
resuscitation with full neurological recovery with 
aggressive resuscitation depending on the degree 
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and speed of cooling. Extracorporeal membrane-
ous oxygenation (ECMO) and cardiopulmonary 
bypass may be utilised where facilities are avail-
able. These are often only needed for short peri-
ods to provide oxygenation to the organs and 
warm the patient. Some guidelines incorporate 
potassium as part of the prognostic workup, with 
patients having serum potassium of greater than 
8 mmol/l being beyond help.

 Hanging/Strangulation

There are two categories of hanging: Judicial 
and non-judicial. Whilst traumatic cardiac 
arrest secondary to judicial hanging is unlikely 
to present to healthcare practitioners, patients 
attempting to commit suicide may do so follow-
ing the same mechanism, i.e. a long drop with a 
noose tied anteriorly around the neck with a 
thick rope. This has the effect of the weight of 
the body pulling on the neck and hyperextend-
ing it, injuring the upper cervical vertebrae and 
brain stem. This results in near-instant cardiac 
arrest due to high cord lesions, brain stem 
effects or severe internal vascular damage to 
the vertebrobasilar and carotid vessels. Careful 
handling, immobilisation of the neck and imag-
ing for spinal injuries is essential in patients 
who have unsuccessfully attempted suicide via 
this mechanism.

Injuries from non-judicial hanging usually 
occur secondary to an impairment of blood flow 
to the brain due to compression of the vessels in 
the neck or hypoxia from occlusion of the tra-
chea. Compression of the veins results in raised 
ICP as the hanging ensues and may present as 
petechiae or subconjunctival haemorrhage. The 
hyoid bone may be fractured, and there may be 
damage to the carotid vasculature. Ligature 
marks are often present externally on the neck, 
and it is good practice to note their presence.

As cerebral hypoxia ensues, the patient often 
starts to fit. This may be reported by rescuers or 
be witnessed by emergency medicine services 
arriving on scene quickly after the event.

If presenting in cardiac arrest, these patients 
frequently develop a sustained return of sponta-

neous circulation once oxygenation resumes, for 
example, following endotracheal intubation. 
Airway management is usually straightforward 
in the early phase of this injury. Whilst ROSC 
may ensue, survival with a favourable neurologi-
cal outcome is less common. The vessels in the 
neck should be imaged to exclude injury/dissec-
tion. Hanging injuries which present as short 
drops and asphyxia are incredibly unlikely to 
have unstable neck injuries. In a 2014 literature 
review of 2,795 patients, cervical fracture 
occurred in approximately 2% of all fatal and 
non-fatal hangings, and more harm may be 
caused by a blanket rule advocating the applica-
tion of a cervical collar to these patients [60]. If 
the patient has had a true “judicial style” hang-
ing, they will suffer an irreversible cardiac arrest 
almost instantaneously due to severe vascular 
and or neural trauma. If the patient shows signs 
of life when prehospital practitioners arrive, it is 
highly unlikely that they are in this group. Given 
that the primary pathology is asphyxia, these 
patients do not require transfer to a major trauma 
centre and can be well managed at any hospital 
with intensive care facilities.

 Forensic Aspects

A traumatic cardiac arrest will have been caused 
as a direct result of an intentional or unintentional 
act by way of assault or accident. In most juris-
dictions, there will follow an investigatory pro-
cess, which will fall to the police and coronial 
services.

In the UK, all deaths and injuries which 
occur in the workplace are reportable under the 
Health hand Safety law via the Reporting of 
Injuries, Diseases, and Dangerous Occurrences 
Regulations 2013 (RIDDOR). This places a 
legal duty on employing organisations to file an 
initial report if a person dies or is incapacitated 
for more than 7 days. Whilst it is not the imme-
diate responsibility of the healthcare team to 
form a report, it can be helpful to advise the 
patient/relatives or employers of the need to 
report. In addition, the follow-up investigation 
is likely to require a report from the healthcare 
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team to help inform the level of harm and risk of 
the incident to other people in the workplace.

The Coroner is a judicial appointment by the 
local council (or other unitary area) under the 
Coroners and Justice Act 2009. The key responsi-
bility of the Coroner is to investigate any death 
which is unexpected or unexplained. There is a 
further list of specific situations which must be 
discussed with or reported to the Coroner. These 
include deaths that were sudden, violent or 
unnatural (including accidents and suspected sui-
cides or murders). All traumatic cardiac arrests 
should be discussed and referred to the coroner. 
Those occurring outside the hospital will be 
reported to the police initially, who may take on 
the role of ‘Coroner’s Officers’, particularly out 
of hours. Most ambulance services have estab-
lished reporting relationships with the local coro-
ner to assist in these out of hospital situations. 
In-hospital reporting is usually undertaken the 
next working day by a senior member of the 
healthcare team. The body will have been taken 
to the mortuary.

After death, “last offices” are administered. 
This is the process of respectful treatment of the 
body per the religious or cultural wishes of the 
patient as and when they are known. There are 
some crucial forensic aspects to consider in the 
context of traumatic cardiac arrest. First and prac-
tically, injuries or incisions from medical proce-
dures may continue to bleed. Medical procedures 
may involve the placement of cannulae, catheters, 
endotracheal tubes, for example. Although coro-
ners vary in the extent to which they mandate 
drips and lines stay in, it is usually good practice 
to discuss these requirements with the local coro-
ner, their officer or the pathologist/mortuary who 
will ultimately carry out the post mortem. If medi-
cal devices are removed, this should be carefully 
documented in the notes to assist in the subse-
quent post mortem examination.

There are various types of post mortem exami-
nations carried out In the event of traumatic 
death. The coroner ultimately decides on whether 
or not a post mortem examination is required. In 
the event of a traumatic cardiac arrest, it would be 
unusual not to request some form of post mor-
tem. In cases of multiple casualty events or major 
incidents, virtual or computer-reconstructive post 

mortem examinations have been used to arrive at 
the cause of death. It is more common for the 
coroner to request a standard “Virchov” post 
mortem examination, in which a pathologist 
reviews the notes and makes an examination of 
the body before arriving at a cause of death. The 
cause is often recorded as “multiple injuries” in 
such cases. If there is a criminal investigation 
pending, the police may well commission a 
forensic post mortem. These are undertaken by 
independent pathologists and comprise a thor-
ough review of injuries, illnesses, interventions 
and the antecedent history of events. Second post 
mortem examinations may be requested by a 
defendant as some of the findings may be subse-
quently challenged. There is increasing use of 
scanning technology (CT or MRI) to elucidate 
injuries after death, and some faith groups favour 
this. Advantages include an accurate radiographic 
description of injuries and the ability to carry out 
limited dissection of the body. Although increas-
ingly popular, their validity compared with clas-
sic post mortem techniques is currently the 
subject of ongoing research. Samples of blood, 
hair, vitreous humour may be taken for toxico-
logical analysis as part of the post mortem.

When providing evidence concerning those 
suffering a traumatic injury, whether deceased or 
alive, several principles are worth bearing in 
mind. Firstly, the healthcare team providing treat-
ment should stick to simple descriptions of inju-
ries and interventions such that a layperson can 
understand the information. Excessive medical 
jargon within statements or verbal evidence is 
likely to lead to further questioning/extended 
requests for evidence. Opinion about causation or 
fault should be avoided. Police and hospitals usu-
ally have standard a standard pro forma to help in 
writing statements. It must be signed and dated. 
Numbering any paragraphs helps with subse-
quent requests.

The patient still has a right to confidentiality 
which extends after death. Each healthcare prac-
titioner must be familiar with the relevant guid-
ance outlining the circumstances in which 
information can be disclosed, particularly to out-
side agencies. If information is disclosed, it is 
good practice to note down what has been 
revealed, why, and to whom in the patient’s notes.
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 Conclusion

Traumatic cardiac arrest can be from many 
causes, and the treatment varies depending on 
the suspected mechanism. Patients may have 
been in cardiac arrest from medical causes 
before they suffered trauma, and their treat-
ment is different from patients who have suf-
fered a cardiac arrest because of trauma. While 
some patients with particular injury patterns 
may benefit from invasive treatments con-
ducted early (e.g. penetrating chest injury with 
tamponade physiology requiring resuscitative 
thoracotomy), this is not a universal fact. The 
presenting pathology and time since arrest are 
more likely to determine the likelihood of suc-
cessful resuscitation than a specific mecha-
nism, though certain mechanisms make certain 
pathologies more apparent. The risks to staff 
from the procedure are not insignificant, so 
there must be a reasonable expectation of suc-
cess rather than performing resuscitative thora-
cotomies on patients where it is clearly 
inappropriate.

Questions
 1. All patients in traumatic cardiac arrest are 

candidates for resuscitative thoracotomy.
 (a) True
 (b) False
 2. Thoracotomy for penetrating thoracic injuries 

has a better outcome than for blunt injuries.
 (a) True
 (b) False
 3. Flow rates through peripheral 18G cannulae 

are higher than those through centrally placed 
18G cannulae.

 (a) True
 (b) False
 4. Hypokalaemia is a commonly encountered 

cause of traumatic cardiac arrest
 (a) True
 (b) False
 5. Patients who present following a hanging 

must be taken to a major trauma centre as they 
are highly likely to have a cervical spinal 
injury.

 (a) True
 (b) False

Answers
 1. b
 2. a
 3. a
 4. b
 5. b
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• The stress response after multiple trauma 
is far greater than after elective surgery3 
and includes cytokine and acute phase 
reactant release, impaired coagulation 
and immune response and accounts for a 
large portion of mortality in trauma 
patients. Provision of good pain relief will 
decrease the stress response and long 
term psychological sequelae of injury [1].

• Acute pain during trauma may progress 
to chronic pain. Effective early interven-
tion may prevent or minimise the devel-
opment of chronic pain, and appropriate 
psychological support and non- 
pharmacological means of treatment 
have a vital role to play [2].

• Non pharmacological measures such as 
splinting, reduction of fractures, irriga-

tion of burns and covering burns and 
raw areas with saran wrap might help 
minimize pain.

• Analgesic agents can be administered 
via multiple routes- IV, IO, IM, Intrana-
sal, Subcutaneous, Transdermal, Oral, 
oral transmucosal and inhalational.

• Ketamine is a useful adjunct to patient 
controlled analgesia regimens [3, 4]. 
There are now consensus guidelines 
available on the use of IV ketamine for 
acute pain management from the Ameri-
can Society of Regional Anesthesia and 
Pain Medicine, the American Academy 
of Pain Medicine, and the American 
Society of Anesthesiologists [5]

• There are multiple regional anesthestic 
techniques outlined in the chapter that 
can be utilized to provide analgesia to 
the trauma patient. Brachial plexus 
blocks for upper extremity analgesia, 
femoral and sciatic nerve blocks for 
lower extremity analgesia, fascial plane 
blocks (serratus anterior, erector spinae, 
paravertebral) and thoracic epidural for 
thoracic trauma.

• There is currently no evidence to suggest 
that regional anaesthesia prevents the 
diagnosis of compartment syndrome or 
delays its diagnosis if the patient is appro-
priately examined, though many surgeons 
still believe this to be the case [6–10]

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83628-3_13&domain=pdf
https://doi.org/10.1007/978-3-030-83628-3_13#DOI
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While the need to treat pain for humanitarian 
and physiological reasons is entirely obvious, the 
evidence is that pain is managed poorly and dis-
jointedly at every stage of a trauma patient’s jour-
ney [11]. Who is responsible for pain management 
now? Who is responsible for pain management in 
the next few hours? Who is responsible for ongo-
ing pain management? Is there an overriding plan 
and will any interventions now limit analgesic 
options later (e.g. anticoagulation and regional 
anaesthesia)?

 Assessing Pain

Pain, according to the International Association 
for the Study of Pain, is defined as an unpleasant 
sensory and emotional experience associated 
with actual or potential tissue damage or 
described in terms of such damage. There are 
multiple modalities of pain relief which can be 
utilised. However, the trauma patient poses some 
particular challenges that may limit how we can 
employ them.

The dogma that analgesia should not be given 
[12] lest it mask subtle surgical signs or cause 
gross haemodynamic instability has been 
debunked and is not supported by the current evi-
dence base; however it is still a view held by 
some clinicians. The stress response after multi-
ple trauma is far greater than that after elective 
surgery [13]. This response, includes cytokine 
and acute phase reactant release such as elevated 

levels of catecholamines, cortisol, growth hor-
mone, and adrenocorticotropic hormone. It also 
causes activation of the rennin angiotensin sys-
tem, impairment of coagulation and an altered 
immune response, and accounts for a large por-
tion of the mortality in trauma patients. In several 
studies, inadequately treated acute pain has been 
shown to increase this response, resulting in 
higher morbidity [14]. The provision of not just 
adequate, but good pain relief is not only a 
humane aim but also will decrease the stress 
response and the long term psychological 
sequelae of injury [1].

The requirement for analgesia may also vary 
between injuries and between individuals; there 
may be up to a tenfold inter individual difference 
in the required doses of opioid analgesics such as 
morphine leading to a reluctance to give larger 
doses despite having a patient that is very much 
awake and still in pain. This is aside from con-
cerns around long term issues such as addiction. 
The differences are because of physiological or 
pharmacological aspects (e.g. some patients will 
be ultra-rapid, rapid, slow or even non- 
metabolisers of some drugs such as codeine) and 
the psychological suppression or down- regulation 
of pain pathways depending on the context of the 
injury [15–18].

The anticipated duration of severe pain also 
plays a part in agent choice—e.g. for a short but 
painful procedure such as relocating a joint or 
fracture/dislocation, potent agents are needed to 
provide good analgesia for a short period. Once 
realignment has been achieved however, the 
amount of pain from the injury dramatically 
decreases. If a potent, long-acting analgesic and/
or sedative is given (e.g. morphine and mid-
azolam), then once the painful stimulus is 
removed there may be a rebound over-sedation or 
increased rate of side effects and complications 
such as respiratory depression.

The measurement of pain is essential in target-
ing the appropriate treatment, and as previously 
mentioned each individual’s perception of pain 
will differ depending on circumstance. There may 
be a hyperacute suppression of what looks like a 
catastrophic injury—for example, the injured sol-
dier missing an arm in the middle of a firefight but 

• An assessment of pre-existing nerve 
function should be performed and 
recorded before any block is attempted.

• For patients in severe pain and or unable 
to tolerate oral medication, an IV anal-
gesic regimen in the form of patient 
controlled analgesia (PCA) can be initi-
ated. Prior to initiating patient con-
trolled analgesia consider age, ability to 
comprehend instructions, physical abil-
ity to use the infusion pump and comor-
bidities.
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who declines analgesia. At the other end of the 
spectrum is what appears to be a minor injury that 
ultimately requires multiple modalities of treat-
ment, as is seen in chronic regional pain syndrome 
(previously known as Sudeck’s atrophy, reflex 
sympathetic dystrophy or causalgia).

The time from injury and surrounding psy-
chological issues also play an important role. 
Although the primary concern with pain in 
trauma is acute, this may progress to chronic 
pain. Consequently, the treatment goals may 
change from the complete alleviation of pain 
where possible in the acute phase, to strategies 
aimed at coping with pain on a day to day basis 
to allow a return of as much function as possible. 
Effective early intervention may prevent or mini-
mise the development of chronic pain, and 
appropriate psychological support and non-phar-
macological means of treatment have a vital role 
to play [2].

Firstly, an assessment must be made of the 
magnitude of pain as this will guide the level of 
intervention needed. A patient with a pain score 
of 1/10 will not require strong opiates, and con-
versely, a patient with a 10/10 rating will require 
more than paracetamol! Multiple systems can be 
used, but a 0-10 scale is the most commonly used 
in the UK with 0 representing no pain and 10 
being the worst pain imaginable. Other indices 
are available (e.g. 0-3 scale, mild/moderate/
severe rating, “smiley faces”, FLACC scoring) 
and the clinician should ultimately use whichever 
one they are most familiar with and can be most 
easily understood by the patient; certain pain 
scores have been optimised for certain patient 
populations (e.g. FLACC for children and 
PAINAD for patients who have dementia). 
Potential pitfalls include patients who cannot 
speak either due to injury, age, language barriers 
or mental disturbance, or patients who are intu-
bated and assumed to have an adequate degree of 
analgesia.

With the exception of ketamine [19], none of 
the standard anaesthetic induction agents or ben-
zodiazepines have any analgesic action. Whilst 
anaesthesia may be considered as a highly inva-
sive form of analgesia for humane reasons in 
some extreme circumstances, induction and 

maintenance of anaesthesia will not provide anal-
gesia to obtund the physiological responses to 
pain. An intravenous opiate or opioid should be 
considered in these patients to treat pain even 
when anaesthetised. Opiates are naturally occur-
ring compounds, i.e. morphine and diamorphine, 
whereas opioids refer to both the natural opiates 
and also the synthetically created compounds 
based on opiates, e.g. fentanyl, alfentanil, pethi-
dine, etc.

A reassessment of pain after an intervention is 
always required as the clinician may be tempted 
to try and give repeated doses of drugs which are 
not indicated and run the risk of increased side 
effects without clinical benefit, or possibly not 
give more analgesia when it is needed. The likely 
clinical course of a patient should also be consid-
ered when selecting and implementing an analge-
sic strategy. An extreme example would be a 
patient who is trapped by their leg in a motor 
vehicle accident and currently complains only of 
3/10 pain. If the scene becomes unsafe or a 
patient deteriorates drastically and there is a need 
for amputation for rescue purposes, ketamine 
analgesia/anaesthesia would be appropriate in 
this case. A less extreme example would be the 
same patient who is about to be extricated with a 
severe compound fracture of the leg. Although 
they may complain of 3/10 pain at the moment, 
moving the car and hence the fracture fragments 
which may be relatively splinted by the vehicle 
position will be painful. Either fentanyl, mor-
phine, ketamine or some other analgesic reserved 
for severe pain may be indicated in anticipation 
of this.

The following segments of this chapter will be 
directed at specific analgesia modalities in cer-
tain kinds of trauma but it is far from comprehen-
sive. Familiarity with drugs is paramount, as 
acute traumatic patients represent several man-
agement problems and it would not be appropri-
ate to use a new drug or technique on these 
patients unsupervised for the first time. Existing 
experience with specific techniques (such as 
regional anaesthesia) or medications (such as ket-
amine) is essential before being tried in the 
trauma arena, as liability for the use of said tech-
niques lies with the individual practitioner.
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Pre-hospital practitioners may be faced with a 
large number of problems in the undifferentiated 
trauma patient, and good analgesia may make 
their subsequent management easier. Initial man-
agement with reassurance and simple splintage 
will provide a degree of relief which may be suf-
ficient on its own; however several other options 
can be employed.

 Non-Pharmacological Treatments

 Splinting

Splinting not only provides analgesia when the 
patient is still but may also provide a degree of 
pain relief when the casualty is moved by pre-
venting fracture ends from rubbing together. The 
reduction of fractures back into their normal ana-
tomical alignment also decreases bleeding and 
the risk of fat embolus from long bone fractures. 
Specific devices may be used (e.g. Kendrick 
splints for lower limb fractures), or splints may 
be improvised (e.g. using a bed sheet or triangu-
lar bandage for an improvised pelvic splint) if a 
bespoke device is not available.

 Reduction

The management of dislocations also relies on 
splinting techniques, and the dislocated limb 
should be splinted in the position it is found in if 
that is comfortable for the patient and there are 
no contraindications. An assessment of distal 
neuromuscular status should be made before and 
after moving the limb. Following a radiological 
assessment, limbs should be reduced into the 
neutral position and splinted in place with fur-
ther orthopaedic input as needed for ongoing 
management.

Limbs that are ischaemic secondary to dislo-
cation require urgent reduction; this may be in 
the pre-hospital environment without the benefit 
of access to x-rays pre-procedure. Reduction in 
these instances provides significant pain relief 
almost instantly. Be very cautious of using long- 
acting opioids before reduction, as over- analgesia 

post reduction can occur with a potential for 
complications such as respiratory failure, nausea 
and vomiting.

 Irrigating

Burns should be cooled and irrigated with normal 
saline prior to dressing. In the case of chemical 
irritation, dry chemicals should be brushed away, 
followed by copious irrigation to dilute the irri-
tated area. The inflamed area should be dried and 
be managed according to local burns protocols as 
needed.

 Covering

Covering of raw, exposed tissue protects from 
further irritation from both friction and air mov-
ing across exposed nerve endings. Plain cling 
film (aka Saran wrap) is immensely useful in the 
pre-hospital and early emergency department 
management of such pain, particularly following 
burns.

 Routes of Drug Administration

An ideal analgesic agent has high patient satis-
faction with few adverse events and effects. Some 
drugs can be given by more than one route, e.g. 
diamorphine, fentanyl and ketamine can all be 
given intranasally as well as intravenously. The 
following is a very brief overview of the different 
routes available for administration.

 Intravenous (IV)

The most frequent route of administration of 
drugs for rapid onset and most familiar to acute 
healthcare providers. It requires a cannula that is 
working and an intact vascular supply to the cen-
tral circulation for onward distribution. 
Medications may be given in the form of a bolus, 
infusion or as patient controlled analgesia for 
narcotic pain medication.
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 Interosseous (IO)

The interosseous route was popular historically 
in paediatrics and is becoming more and more 
practised in the adult population with the devel-
opment of devices like the EX-IO (Fig.  13.1), 
FAST-1, FAST-Responder and BIG (Bone 
Injection Gun). The IO route has all the advan-
tages of IV access, is less likely to become dis-
lodged and has few drawbacks on first assessment 
[20–23]. It is increasingly used in both military 
and civilian practice, with the caveat that the IO 
should be removed as soon as is reasonably prac-
tical (i.e. when reliable IV access has been 
secured). It should not be left in for more than 
24 h, and depending on the device used it may 
render some military personnel non-deployable 
for up to 1 year regardless of other injuries.

The risks associated with IO access are mis-
placement, joint injury and osteomyelitis, though 
these complications are rare if the device is used 
correctly. There are very few contraindications to 
IO use, and these are all relatively self-evident—
overlying skin infection, fracture proximal to the 
site of insertion (e.g. femoral or pelvic if tibial 
site used, humeral if humeral head used, sternal 
fracture or previous sternotomy if FAST-1 used) 
overlying burns, inability to locate anatomical 

landmarks, previous joint replacement at the 
insertion site or patient refusal.

The insertion of various devices has not been 
described as unduly painful, but the initial flush-
ing and overpressure of the marrow cavity of the 
bones has been reported as transiently very pain-
ful and lasts a couple of seconds. There has been 
the suggestion of flushing the IO device with 2% 
lignocaine, and various protocols exist regarding 
insertion. However, in the severely obtunded 
patient, this is probably unnecessary.

Various sites of insertion have been described 
(medial malleolus, medial tibia, distal femur, pel-
vic crest, distal radius and humeral head), and 
whichever site is chosen must be cleaned and 
inspected for contraindications before insertion 
of the needle. All acute drugs that are given IV 
(with the exception of bretylium, a historical 
antiarrhythmic agent no longer commonly used) 
may be given through an IO needle. The speed of 
access has been reported to be faster than estab-
lishing IV access in some cases [23, 24], and the 
IO device has also been recommended in ALS 
guidelines for use in cardiac arrest due to ease of 
use and decrease in time to establish access in the 
arrested patient. The increased use of the IO route 
has led to several recent papers comparing the 
merits and drawbacks of each site. In an animal 

Fig. 13.1 EZ-IO needles and driver. This is one of the most commonly used IO systems in use
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model, sternal and humeral routes outperformed 
tibial in terms of producing higher mean maxi-
mal plasma concentrations of adrenaline in car-
diac arrest, with the tibial route leading to a 
statistically significant lower plasma concentra-
tion when compared with the IV route. This dif-
ference was not seen with other IO routes, 
however the time taken to reach maximal concen-
trations was lower in the tibial group than other 
IO sites, and even lower than the IV route [25]. 
This may be significant, as a subgroup analysis of 
the Continuous Chest Compression trial showed 
that IO access was significantly associated with a 
lower rate of return of spontaneous circulation 
(ROSC) than IV access, despite marginally faster 
times to initial drug administration. There was no 
overall effect on mortality, or survival with 
favourable neurological outcome after adjusting 
for population variances [26].

Speed of establishing access is important 
when considering various IO routes in compari-
son to IV.  A randomised controlled trial by 
Reades et al. [27] showed a higher first pass suc-
cess rate with a lower time to initial success when 
using the tibial route compared to humeral IO or 
peripheral IV access, with tibial IO access is less 
likely to dislodge. In the FAST-1 sternal IO 
device, the time of spread to the central circula-
tion has been shown with dye testing to be the 
same as drugs given via a central line [28].

Whilst IO access may be faster and perceived 
as easier in some cases, they are still not infalli-
ble. In a recent paediatric post-mortem study, up 
to 30% of IO devices were found to be improp-
erly placed (i.e. not intramedullary) [29]. Whilst 
these findings may not be generalisable to adults 
(as the trial has not been done) they do serve as a 
warning that IO access may not be as easy as first 
thought.

 Intramuscular (IM)

The IM route has been used historically, but due 
to unquantifiable differences in muscle perfusion 
in trauma has fallen out of favour. The speed of 
absorption of drugs from IM injections is highly 
variable and unreliable, and if the patient is hypo-

volaemic and not perfusing their muscles, then 
the drug may not reach the circulation to have an 
effect. This may be further compounded by mul-
tiple doses being given to achieve an effect, and 
when the patient is resuscitated and normal per-
fusion restored, a large amount of drug may sud-
denly be dumped centrally causing an overdose. 
There is a current trial in the design phase (The 
Trauma INtramuscular Tranexamic Acid Clinical 
Trial (TraumaINTACT)) [30] to use intramuscu-
lar tranexamic acid auto-injectors in trauma, 
where the skill of IV access is not available such 
as forward military units. Occasionally, tetanus 
toxoid immunisations are given IM in trauma, but 
this is the only routine use for the IM route in 
trauma patients.

 Intranasal (IN)

Intranasal administration is a popular route in 
paediatrics and becoming more popular in adults. 
Ketamine, diamorphine, fentanyl and dexme-
detomidine (Precedex) have been used with a 
mucosal atomiser for analgesia and anxiolysis. 
Drugs given by this route benefit from fast onset 
speeds and good bioavailability, with few if any 
contraindications and a bonus that naloxone can 
also be given intranasally if an opiate overdose is 
suspected. It is very good for children who are in 
pain and needle-phobic [31–34].

 Subcutaneous (SC)

Subcutaneous injections are no longer used in 
acute trauma care (with the exception of giving 
prophylactic low molecular weight heparin for 
DVT prophylaxis), but subcutaneous drugs can 
be given in palliative care via syringe drivers.

 Transdermal

The transdermal route can be used in chronic 
pain with fentanyl or buprenorphine patches, but 
these are inappropriate in the emergency setting 
as the onset time of medications given by this 
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route is measured in hours which precludes their 
use in acute trauma. However it is essential to 
look for patches that the patient may have been 
wearing at the time of their injury as this could 
cause either an overdose of opioid if left in posi-
tion, or potentially an underdosing in acute pain 
if the patient is extremely opiate tolerant and a 
“normal” dose is ineffective in relieving acute 
distress.

 Oral

This can be a useful route of drug administration 
in the ICU, and in minor trauma. However 
absorption from the GI tract may take a pro-
longed period in trauma due to hypoperfusion 
and shunting of blood away from the gut in hypo-
volaemia. Some drugs which are useful in man-
aging subacute or chronic pain (e.g. amitriptyline, 
gabapentin, pregabalin) may have to be given 
orally as there is no IV alternative.

 Oral Transmucosal

Transmucosal administration of fentanyl can be 
achieved via either “lollipop” or lozenges that are 
held between the lip and gum and is of use if 
immediately available as the patient is in control 
of their level of analgesia. American military 
practice [35] suggests taping the stick of the lol-
lipop to the patient’s finger so if they become 
obtunded then they will remove the lollipop when 
their hand drops out of their mouth. The rela-
tively shorter half-life of fentanyl in these patients 
means that the duration of respiratory depression 
is less than with morphine. Once the drug source 
has been removed and the systemically absorbed 
fraction starts to redistribute, the patient will start 
to wake up. This practice has also crossed over 
into some civilian centres with good results [36]. 
However, there can be problems of dependence if 
used longer term which is why they are rarely 
used in UK.

The availability of fentanyl lollipops in the 
UK is less than on deployed operations, and 

unfortunately, they are not available in the 
JRCALC formulary at the time of writing, so 
their use is restricted to independent prescribers.

 Inhalational

Entonox is a gas containing 50% nitrous oxide 
and 50% oxygen. It is a good analgesic, with a 
rapid onset and offset (approximately 6–8 breaths 
at either end). It requires a patient who can coop-
erate, but it reduces the inhaled fraction of oxy-
gen from around 85% on a non-rebreathe mask to 
50% on a mouthpiece, and so is not suitable for 
patients with shock or severe injury and a high 
FiO2 requirement. It is, however, a useful agent 
for some patients and should not be forgotten, 
especially in pre-hospital care. It is contraindi-
cated in chest trauma until a pneumothorax has 
been excluded and where the effect of nitrous 
oxide diffusing into air-filled spaces would be 
deleterious (for example, pneumocephalus). It is 
also contraindicated after SCUBA diving and in 
decompression illness. One practical point is that 
the pseudo-critical temperature of entonox (the 
temperature at which it separates into its individ-
ual components of O2 and N2O) is −6 °C. This 
means that around or below this temperature the 
cylinder should be repeatedly inverted to ensure 
an adequate mixture of the two chemicals. Failure 
to do this results initially in the oxygen rising to 
the top of the cylinder and no N2O, and hence no 
analgesia, being given. This is followed by 100% 
N2O being delivered when the O2 has been pref-
erentially inhaled first, and thus a hypoxic mix-
ture is delivered.

Penthrox (methoxyflurane) is an inhalational 
agent which has been popularly used in 
Australasia for many years and has recently been 
marketed in the UK for adults. This may present 
a useful alternative to entonox as it does not suf-
fer from the same logistical challenges and some 
contraindications, and has been found to be non- 
inferior to entonox in a recent review [37], though 
inferior to intranasal fentanyl and intravenous 
morphine [38]. Early experience has been largely 
positive, and the concentrations used provide 
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analgesia without causing renal failure—the rea-
son penthrox was withdrawn as an anaesthetic 
gas in the first instance. Some studies and reviews 
in the paediatric population have shown safety 
and efficacy [39, 40], but it is still considered an 
off license medication for children.

 Brief Pharmacological Comparison 
of Analgesics

 Opiates (Oral, IV, IM, IO, 
Transmucosal, Intranasal)

Traditionally the gold standard analgesia in 
trauma but best used in conjunction with other 
techniques if possible. The standard opiate in UK 
practice is morphine and it is given at a dose of 
0.1  mg/kg via the IV or IO route as an initial 
bolus in severe pain. However, a more practical 
approach may be to give a 3 mg bolus and repeat 
every 5 min until adequate analgesia is attained, 
as the wide variance in tolerance that has previ-
ously been described may lead to an inadvertent 
overdose in some instances. As a rule of thumb, it 
is always easier to give more opiate than it is to 
take opiate out of the patient that has overdosed! 
Of note is that the pharmacokinetics and pharma-
codynamics of morphine means it does not reach 
its peak analgesic effect until 30  minutes after 
administration due to hepatic metabolism of the 
more potent morphine-6-glucuronide.

The antagonist to opioid overdose (naloxone) 
is a useful and rapid-acting drug. However, the 
half-life of naloxone is shorter than that of mor-
phine. In practical terms this means an episode of 
secondary respiratory depression or unconscious-
ness may occur after the naloxone has worn off 
and before the morphine has been metabolised. 
Traditional teaching was to give both an IM and 
IV dose of naloxone as it was thought that the IM 
dose would be absorbed more slowly and thus 
have a more prolonged effect, but this has not 
been born out in clinical practice [41]. Naloxone 
can also be given intranasally [42] or subcutane-
ously with equal efficacy, or via an endotracheal 
tube in intubated patients.

 Paracetamol/Acetaminophen (Oral, 
IV, Rectal)

N-acetyl-para-aminophenol, otherwise known as 
paracetamol or acetaminophen is a commonly 
used analgesic worldwide. It is available in a 
licensed IV preparation for management of acute 
pain. It should be given regularly instead of a 
PRN basis as it forms the foundation of the anal-
gesic ladder and has been shown to decrease opi-
ate requirement. This effect has been increased 
when IV paracetamol has been given in anticipa-
tion of a painful stimulus [43] (e.g. surgical inci-
sion) rather than as a reactionary medication.

The benefits of IV versus oral or rectal 
paracetamol are:

• a shorter time until maximum availability
• a higher dose bioavailability (by definition the 

IV dose is 100% bioavailable in comparison to 
60% oral and 40% via rectal routes)

• less hepatic damage (the paracetamol is given 
systemically rather than being absorbed and 
metabolised by the liver via the portal 
circulation)

• less dependence on gut blood flow, which may 
be altered in trauma, or the patient may be 
strict nil-by-mouth in the case of some bowel 
injuries.

Despite the above, a recent study and system-
atic review found no clinical benefit of IV over 
oral forms of paracetamol in patients who were 
able to take oral doses [44, 45]. Maximal doses 
should be 4  g in 24  h for adults or one dose of 
15 mg/kg every 6 h for paediatric patients or adults 
under 50  kg. Paracetamol administration should 
be documented in the patients drug chart, espe-
cially if given in theatre as there is the potential for 
inadvertent overdose if multiple administrations 
from different areas is not recorded in one chart. 
There is also the potiential for iatrogenic injury if 
preparations containing paracetamol and another 
drug are not identified as such (e.g. co-codamol, 
co-proxamol, co- dydramol), and paracetamol is 
prescribed in addition to these. Paracetamol over-
dose is treated with N-acetylcysteine (Parvolex) to 
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reduce toxicity of the toxic metabolite NAPQI and 
is given as a series of three IV infusions over 1, 4 
and 16 h respectively. Oral dosing is possible, but 
IV is preferred.

 NSAIDs (Oral, IV, IM)

NSAIDs inhibit prostaglandin synthesis in the 
arachidonic acid pathway producing clinical 
anti- inflammatory and analgesic effects. 
However, the inhibition of certain prostaglandins 
also causes a decrease in production of COX I 
and COX 2 which are gastroprotective, as well as 
decreased bicarbonate and mucus secretion in 
the stomach. Care is needed with renal function 
in hypovolaemia and in patients with pre-exist-
ing renal disease, but NSAIDs are very useful if 
the patient is normovolaemic with no ongoing 
bleeding. Caution is also advised in asthmatics, 
as up to 20% of patients with susceptible asthma 
may experience an acute asthma attack [46]. 
Typically, these patients will also suffer from 
allergic rhinitis and nasal polyps, and children 
with asthma also appear to be susceptible to this 
effect [47]. Depending on other injuries (renal, 
orthopaedic, GI bleeding) there may be relative 
contraindications to NSAID use, but where pos-
sible they should be used as they are well toler-
ated and opiate sparing. The “safest” NSAID in 
terms of GI side effect profile is ibuprofen 
(400 mg three times a day) as this has the least 
anti- inflammatory effect, but not the least anal-
gesic effect. If this is insufficient, naproxen may 
be the next agent to consider [48]. Other NSAIDs 
such as diclofenac, meloxicam and ketorolac 
have the advantage that they are also available in 
an IV form, so may be used if the patient is nil by 
mouth for any reason. However, even when tak-
ing IV NSAIDS, patients at risk of GI bleeding 
should be given proton pump inhibitors [49] as 
the GI side effects are as a result of systemic 
absorption, not local toxicity.

 Ketamine and S-Ketamine

Ketamine is a phencyclidine derivative and a 
racemic mixture of two optical enantiomers. The 

R- form is responsible for approximately 30% of 
the analgesic activity of the mixture and has been 
implicated in the side effect profile more than the 
S- form. In Europe, the S- form (often referred to 
as esketamine) is available as a purified 
 preparation but is more expensive than the race-
mic form. However, the usage of s-ketamine has 
not crossed into mainstream UK or US practice 
in comparison to the relative resurgence of race-
mic ketamine in recent years, though it is gaining 
popularity as a rapid acting antidepressant [50]. 
Historical concerns about the deleterious effects 
of ketamine have made some clinicians wary of 
using it, but these fears have been proven ill- 
founded, and the evidence that these concerns 
were based on has proven to be of poor quality. 
Ketamine is enjoying a resurgence in both pre- 
and in-hospital trauma use for analgesia and 
induction of general anaesthesia [19]. It may be a 
useful adjunct to patient controlled analgesia reg-
imens [3, 4]. There are now consensus guidelines 
available on the use of IV ketamine for acute pain 
management from the American Society of 
Regional Anesthesia and Pain Medicine, the 
American Academy of Pain Medicine, and the 
American Society of Anesthesiologists [5].

 Neuropathic Pain Modulating 
Agents

 Gabapentin/Pregabalin

Gabapentin is an anti-seizure medication that has 
been used in the treatment of chronic pain thought 
to be neuropathic in origin. It was thought to be a 
GABA analogue (hence its name), but further 
investigation has revealed that gabapentin does 
not have any effects on GABA receptors. The 
mechanism of action is not fully understood and 
thought to have some direct inhibition of calcium 
channel-medicated neurotransmitter release, but 
even this has been questioned as gabapentinoids 
do not consistently reduce calcium currents in 
laboratory studies [51]. Although its mechanism 
is not fully appreciated, it is an effective agent but 
it was initially thought to take several days if not 
weeks to exert an analgesic effect. However, 
more recent data suggests that it may also have a 
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role to play in acute pain and be opiate sparing. 
Some studies have concluded that gabapentin 
may not be any more effective than carbamaze-
pine in neuropathic pain [52], is equally effective 
as pregabalin but cheaper [53] and may be effec-
tive in treating complex regional pain syndrome 
[54]. Its main side effects are dizziness, drowsi-
ness and peripheral oedema, with an increase in 
depression, and suicidal ideation. Gabapentin 
should not be stopped abruptly as it may cause a 
withdrawal-like syndrome, potentially resulting 
in seizures. Pregabalin was released as a competi-
tor to gabapentin, and the two drugs are structur-
ally similar, however pregabalin is more potent, 
absorbed faster and has higher bioavailability 
[55]. It is also marketed for the treatment of neu-
ropathic pain and post herpetic neuralgia, 
whereas this is an off-license indication for gaba-
pentin. The dose of gabapentin is increased over 
the course of a week and if problems with dizzi-
ness, somnolence, insomnia or other side effects 
are experienced, the dose held at that particular 
level until tolerance is achieved.

 Amitriptyline

Amitriptyline is a tricyclic antidepressant which 
has been used in the treatment of neuropathic 
pain for many years but also can be used in the 
treatment of post-traumatic stress disorder and 
insomnia related to this. A typical dose for neuro-
pathic type pain is 25–50 mg at night as tolerated. 
The main side effects are anticholinergic symp-
toms such as dry mouth, blurred vision, urinary 
retention, nausea, increased sweating, constipa-
tion and prolongation of QTc. In relatively low 
doses it is well tolerated and has a synergistic 
effect with gabapentin.

 Regional Anaesthesia

Systemic analgesia requires the administration of 
medications via one of the above routes and may 
cause unwanted side effects depending on the 
drugs used. One other potential method of analge-
sia would be a peripheral nerve block, if possible.

General principles of nerve blockade include 
ensuring that the standard of monitoring used 
when performing these blocks is the same as in 
patients undergoing general anaesthesia [56]. 
Patients should also be screened for coagulation 
defects which may present a relative or absolute 
contraindication for regional or neuraxial anaes-
thesia. Guidelines exist from the Association of 
Anaesthetists of Great Britain and Ireland 
(AAGBI) [57] and the American Society for 
Regional Anesthesia (ASRA) [58] which out-
line the accepted standards for testing, risks, 
limits and contraindications to performing 
peripheral and central nerve blocks in these 
patients. Occasionally there may be a patient 
who on risk:benefit analysis falls outside of 
these guidelines, they are largely the standard to 
which practitioners will be held and are essen-
tial reading.

There have been several case reports of 
regional anaesthesia used in the pre-hospital 
environment [59–61], and depending on the indi-
cation for use and the transit time to hospital, it 
may be an appropriate modality to use. Indeed, 
for secondary transfer or aeromedical evacuation, 
the supplementation or replacement of parenteral 
analgesia has many attractive advantages. It 
diminishes the risk of respiratory depression 
which may be deleterious at altitude, as well as 
the potential eu- or dysphoria of ketamine, it 
allows the patient to remain awake, promotes ori-
entation and allows assessment of the casualty 
when they are awake. Regional anaesthesia 
should not be employed if it delays time to defini-
tive care but is a useful tool in the analgesic arma-
mentarium. The introduction of hand-held 
ultrasound machines has made regional anaesthe-
sia pre-hospital more available than in previous 
years, and the Royal Flying Doctor Service of 
Australia has employed this technique on many 
occasions, and some regional anaesthesia is 
taught as part of their standard operating proce-
dures. Landmark techniques are possible (and 
regional nerve blocks are also being increasingly 
used in emergency departments for certain patient 
groups (e.g. neck of femur fractures) with good 
results [62, 63]), but in some cases the use of a 
nerve stimulator or preferentially an ultrasound 
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machine is mandatory (e.g. supra- or infraclavic-
ular blocks). It is worth explicitly stating that pre-
hospital regional anaesthesia may preclude a 
repeat regional anaesthetic procedure for surgery 
(e.g. due to maximum dosing and risk of local 
anaesthetic toxicity) or make a proper surgical 
neurovascular exam difficult so should be chosen 
with care.

 Compartment Syndrome

Orthopaedic surgeons are rightly concerned 
about the development of compartment syn-
drome. This is where increased pressure within a 
fascial compartment of a limb (classically fol-
lowing nailing of the tibia) increases due to mus-
cle swelling. This swelling increases to a point 
where the venous drainage of the affected com-
partment is not possible, thus causing more 
swelling. The limb still has pulses as arterial 
pressure is much higher than venous pressure, but 
necrosis of the muscle begins, and the patient 
requires a fasciotomy (an operation to cut the 
fibrous band that separates compartments in the 
limb). The hallmark of compartment syndrome is 
pain out of proportion to the injury, with worsen-
ing pain on a passive muscular stretch.

The diagnosis of compartment syndrome is 
mainly clinical and relies to a large degree on 
clinical suspicion and examination, as a normal 
compartment pressure measured by manometry 
does not exclude compartment syndrome com-
pletely. Recent work has looked at probes which 
measure localised tissue pH or infrared spectros-
copy as an indicator of hypoperfusion in sus-
pected compartment syndrome and may prove 
more reliable in future [64–67].

 Specific Regional Anaesthetic 
Techniques

There are fundamental key blocks which theo-
retically may be employed in- or in some cases 
pre-hospitally for limb trauma. The exact details 
of how to perform these blocks are beyond the 
scope of this text, but there are many resources 
(such as the NYSORA website) for the interested 
practitioner to learn from with appropriate senior 
supervision and oversight.

It must again be reinforced that these blocks 
should be done in as aseptic a fashion as possible, 
and should not increase scene time or time to defin-
itive care if performed pre-hospital. They may be 
appropriate in only an extremely small number of 
scenarios, usually when a prolonged transfer is 
anticipated, or other analgesic options are not prac-
tical. An assessment of pre-existing nerve function 
should be performed and recorded before any 
block is attempted, as well as any subsequent block 
performed, the time and dose of any agent given.

The peripheral nerve blocks outlined can also 
be utilised as a primary anaesthetic technique in 
some instances for surgery in appropriate 
patients, or more commonly are used to supple-
ment general anaesthesia for postoperative pain 
relief. Either a single shot injection or a continu-
ous nerve catheter [68] can be placed to allow for 
infusion of local anaesthetic for a prolonged 
analgesic effect [69]. These catheters if appropri-
ately cared for can be left in situ for over four 
weeks [70], and have the added advantage they 
can be bolused for procedures such as bedside 
dressing changes, which may otherwise require 
further sedation or general anaesthesia.

The techniques outlined in this chapter can all 
be employed effectively, as can epidural analge-
sia/anaesthesia for lower limb injuries. The only 
difference in epidurals used in lower limb inju-
ries compared to those in use for thoracic pain is 
that the catheter is inserted in the lumbar spine 
rather than at a thoracic level. The chances of 
nerve injury and profound hypotension are less, 
though the rate of post-dural puncture headache 
changes with type of needle used and procedure 
[71]. Primary anaesthesia for lower limb frac-
tures can also be achieved with a spinal or sub-

There is currently no evidence to sug-
gest that regional anaesthesia prevents the 
diagnosis of compartment syndrome or 
delays its diagnosis if the patient is appro-
priately examined, though many surgeons 
still believe this to be the case [6–10].
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arachnoid block, though this can cause profound 
cardiovascular changes (hypotension and vasodi-
latation after injection) and is limited to operative 
procedures less than 2 h in length. However, in 
the same way as adding opioids to an epidural 
potentiates its effects, intrathecal opiates can give 
up to 12 h postoperative relief. Although surgical 
anaesthesia is limited to 90–120 min with a sin-
gle shot spinal, there is a degree of postoperative 
analgesia that may persist for up to 8 h or beyond 
in some patients. The use of intrathecal opiates in 
the elderly population is not without complica-
tions, and a more full discussion is available in 
the Silver Trauma chapter.

Spinal anaesthesia is not appropriate in the 
hypovolaemic, under-resuscitated patient, the 
coagulopathic or the patient requiring a pro-
longed procedure. However, in a small group of 
patients with longstanding and severe respiratory 
disease it may be considered an alternative to 
general anaesthesia for certain operations.

NB, hyperlinks in the following section will 
take the reader to videos demonstrating 
ultrasound- guided regional anaesthesia. The fol-
lowing section details the associated anatomy 

and describes the risks associated with each of 
the blocks. Readers are advised to be cognisant 
of the serious associated side effects. These nerve 
blocks are best performed under ultrasound guid-
ance and by appropriately trained personnel.

 Upper Limb Blocks

 Brachial Plexus Anatomy

The brachial plexus is formed by union of anterior 
primary rami of C5-T1 nerves (Fig. 13.2). There 
may be occasional minor contributions from C4 
and T2. As the nerve roots emerge from the inter-
vertebral foramina, they converge to form trunks, 
divisions, cords, branches and terminal nerves. 
Three trunks (superior, middle and inferior) are 
formed between the anterior and middle scalene 
muscles. The trunks divide into anterior and pos-
terior divisions. These fibres combine again under 
the clavicle to form three cords—lateral, medial 
and posterior (based on their relationship to the 
axillary artery). Each of the cords gives off 
branches before ending as a terminal nerve.

Dorsal scapular nerve
To longus and scalene muscle

To phernic nerve
To subclavius

Upper trunk
Middle trunk
Lower trunk

Subscapular n.
To longus and scalene m.

Lateral pectoral n.
Lateral cord

Posterior cord
Medial cord

Upper thoracodorsar n.
Lower subscapular n.
Musculocutaneous n.

Median n.
Axillary n.
Radial n.
Ulnar n.

Fig. 13.2 Brachial 
plexus (Courtesy of 
NYSORA.com)
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 Interscalene Block

Video: Interscalene block [https://www.youtube.
com/watch?v=OhFs- batCSY].

This block is indicated for procedures involv-
ing the shoulder and upper arm. The roots of C5-7 
are usually more densely blocked and C8 and T1 
are spared (ulnar sparing). Contraindications to the 
block include: Patient refusal, coagulopathy, local 
infection, allergy to local anaesthetics. The com-
plications specifically associated with an intersca-
lene block include ipsilateral phrenic nerve 
paralysis and pneumothorax, so caution must be 
used in patients with severe pulmonary disease or 
contralateral phrenic nerve palsy. Horners syn-
drome (due to proximal tracking of the local 
anaesthetic and blockade of the sympathetic fibres 
to the cervico-thoracic ganglion), vertebral artery 
injection, spinal or epidural injection and recurrent 
laryngeal nerve blockade have also been reported.

 Supraclavicular Block

Video: Supraclavicular block [https://www.you-
tube.com/watch?v=9vW1uo7mKDc].

The supraclavicular block is at the level of 
the divisions of the brachial plexus. It is per-
formed under ultrasound guidance and provides 
analgesia for upper limb, forearm and hand as 
well as the shoulder. There can be sparing of 
the ulnar nerve and it does not reliably anaes-
thetise the axillary and suprascapular nerves. 
Complications are similar to those for intersca-
lene blocks and infraclavicular blocks. It is a 
suboptimal site for a continuous catheter 
because they can be easily displaced due to lack 
of muscle mass. Supraclavicular blocks are 
more commonly performed in the UK than 
infraclavicular blocks.

 Infraclavicular Block

Video: Infraclavicular block [https://www.you-
tube.com/watch?v=Z9woYkyJl_U].

This block must not be performed without 
ultrasound. This block relies on depositing local 

anaesthetic under the clavicle and around the 
subclavian/axillary artery. This envelops the lat-
eral, posterior and medial cords of the brachial 
plexus where they run in close continuity with 
the artery. Complications include inadvertent 
arterial puncture, bleeding, local anaesthetic tox-
icity and pneumothorax due to the proximity of 
the pleura. This block is suitable for anaesthesia 
or analgesia distal to the mid humerus for the dis-
tal upper limb.

 Axillary Block

Video: Axillary block [https://www.youtube.
com/watch?v=GaH- CO6OrV0].

Axillary blocks provide similar coverage to 
the infraclavicular block, however the point of 
injection is the medial humerus, thus avoiding 
the risk of pneumothorax. The traditional tech-
nique called for a trans-arterial puncture, but 
with the development of ultrasound-guided 
regional anaesthesia, it is no longer necessary 
to puncture the vessel as the nerves can be visu-
alised. There is the potential to spare the mus-
culocutaneous nerve as it is usually 
inferoposterior to the artery and occasionally 
difficult to visualise.

 Lower Limb Blocks

 Lumbar and Sacral Plexus Anatomy

The lumbosacral plexus provides innervation to 
the lower extremity (Figs.  13.3 and 13.4). The 
lumbar plexus is formed by ventral rami of L1-4. 
The femoral (L2-4), lateral femoral cutaneous 
nerve (L1-3) and obturator nerve (L2-4) arise 
from the lumbar plexus and provide motor and 
sensory innervation to the anterior thigh and sen-
sory innervation to the medial leg.

The sacral plexus arises from L4-5 and S1-4.
The posterior thigh and most of the leg and foot 
are innervated by the tibial and peroneal compo-
nent of the sciatic nerve.

The possible complications associated with 
lower extremity peripheral nerve blocks 
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include infection, nerve damage, accidental 
intravascular injection, local anaesthetic sys-
temic toxicity and allergic reactions to the 
local anaesthetic.

 Femoral Block

Video: Femoral nerve block [https://www.you-
tube.com/watch?v=DwtvZ0tC9ng].

This block can be performed by a landmark 
technique as well as under ultrasound guidance 
and provides suitable analgesia for femoral frac-
tures. The femoral artery is palpated as proxi-
mally as possible in the leg, and a needle is 
inserted 1–2 cm lateral to the pulse until two fas-
cial pops are felt. The local anaesthetic is then 
slowly injected after negative aspiration unless 
resistance or pain on injection is felt. A variant on 
this, the fascia iliaca block, can be used in neck of 
femur fractures.

Video: Fascia Iliaca block [https://www.you-
tube.com/watch?v=p6X0IiYolIk].

 Saphenous Block

Video: Saphenous nerve block [https://www.you-
tube.com/watch?v=C_Xmlqrn68Q].

The saphenous nerve is a branch of the femo-
ral nerve which supplies some knee joint sensa-
tion and a small area of skin on the medial aspect 
of the leg below the knee. It is identified with 
ultrasound by tracing the femoral artery down the 
anteromedial thigh to the point where the artery 
starts to disappear (typically at the lower third). 
Look for the fascial “corner” just above the artery 
and infiltrate local anaesthetic to give excellent 
pain relief to the knee, but without quadriceps 
motor block.

 Sciatic Block

Video: Anterior sciatic nerve block [https://www.
youtube.com/watch?v=h14Ee2yAmUU].

Video: Popliteal sciatic nerve block [https://
www.youtube.com/watch?v=qYM2sft8R2I].

Video: Subgluteal sciatic nerve block [https://
www.youtube.com/watch?v=rl8rZOEMveE].

The sciatic nerve supplies sensation to the 
knee joint and all the structures distal to the knee, 
(except the small strip of skin over the medial 
malleolus innervated by the saphenous nerve as 
described above). The sciatic can be blocked high 
at the buttock, sub-gluteally in the anterior thigh 
or in the popliteal fossa (Fig. 13.5).

 Analgesia for Thoracic Trauma

Case Study
The patient is an 80-year-old male with a 
history of chronic atrial fibrillation on war-
farin, hypertension, smoking and chronic 
obstructive pulmonary disease on home 
oxygen and spinal stenosis on opioids. He 
was involved in a motor vehicle accident 
and sustained left sided fractures of ribs 
3-10, pulmonary contusions and a pneumo-
thorax. He is admitted to the ICU and is 
complaining of severe pain and is unable to 
take a deep breath. What would be your 
analgesic plan?

Fig. 13.5 Simulated needle path and local anesthetic dis-
tribution to block the sciatic nerve (at the level of bifurca-
tion into the Tibial Nerve and Common Peroneal Nerve) 
in the popliteal fossa using the lateral approach. PA, pop-
liteal artery (courtesy of NYSORA.com)

13 Pain Management in Trauma

https://www.youtube.com/watch?v=DwtvZ0tC9ng
https://www.youtube.com/watch?v=DwtvZ0tC9ng
https://www.youtube.com/watch?v=p6X0IiYolIk
https://www.youtube.com/watch?v=p6X0IiYolIk
https://www.youtube.com/watch?v=C_Xmlqrn68Q
https://www.youtube.com/watch?v=C_Xmlqrn68Q
https://www.youtube.com/watch?v=h14Ee2yAmUU
https://www.youtube.com/watch?v=h14Ee2yAmUU
https://www.youtube.com/watch?v=qYM2sft8R2I
https://www.youtube.com/watch?v=qYM2sft8R2I
https://www.youtube.com/watch?v=rl8rZOEMveE
https://www.youtube.com/watch?v=rl8rZOEMveE
http://nysora.com


258

As identified in the respiration and chest trauma 
chapter, the causes of perioperative morbidity 
and mortality in patients with thoracic trauma 
are airway obstruction, respiratory failure and 
haemorrhage. The anaesthetist is ideally suited 
and trained to deal with the problems of airway 
control, ventilatory and circulatory resuscita-
tion, and adequate analgesia in all phases from 
pre-hospital care, through the operating room 
and ICU and eventually into the pain clinic in 
some cases. However, good analgesia is not the 
sole responsibility of anaesthetic staff—all cli-
nicians who deal with trauma should have at 
least a basic understanding of common agents 
and techniques.

Pain from musculoskeletal trauma to the chest 
is a significant contributor to the failure of nor-
mal respiratory dynamics as previously high-
lighted. Inadequately controlled pain may cause 
hypoxic and/or hypercapnoeic respiratory fail-
ure. The inability to deep breathe and cough ade-
quately leads to sputum retention, atelectasis and 
collapse/consolidation of lung tissue, which 
potentially may lead to superadded infection. 
This exacerbates hypoxia and leads to  progressive 
respiratory failure which may result in a need for 
invasive ventilation if not addressed rapidly and 
effectively. The best way to avoid this predictable 
deterioration is to provide adequate analgesia 
from the first presentation of the patient.

The method and magnitude of analgesia 
required will depend more on the amount of pain 
suffered and baseline respiratory reserve than on 
the type and degree of injury sustained in many 
cases. A single lateral rib fracture in an elderly 
smoker with COPD may precipitate respiratory 
failure whereas multiple posterior rib fractures in a 
young fit person may be relatively well tolerated.

Key Points
Effective analgesia reduces stress, helps stabilise 
cardiovascular function, reduces oxygen require-
ments and allows early mobilisation. Analgesia is 
best achieved with a multi-modal approach com-
bining several different drug types rather than 
relying on one technique alone and minimises the 
potential for side effects. Suitable analgesic com-
ponents include:

Non-pharmacological Methods
Splinting, e.g. “Cough Lock” Support with 

Median Sternotomy

• Splinting by hand may offer some temporary 
relief, but binding or strapping may result in 
increased respiratory complications

• Surgical fixation of ribs may reduce pain, 
morbidity, mortality and length of stay 
[72–74]

Regional Anaesthesia
Single Shot or Infusion Catheter

• Intercostal Block
• Intrapleural/paravertebral blocks
• Thoracic epidurals (± epidural opiates/

opioids)
• Serratus anterior plane block

Systemic Analgesia

• Simple analgesia with paracetamol or NSAIDs
• Opioids
• Low dose ketamine infusion

 – 5–10  mg IV loading dose followed by 
0.5–2 mcg/kg/min infusion in a monitored 
High Dependency Unit (HDU) environ-
ment with 10–20  mg boluses as required 
11. Confusion or agitation should be man-
aged by reducing the dose of the infusion. 
Ketamine infusions are very useful in com-
bination with any or all of the above 
techniques.

 Regional Techniques for Thoracic 
Trauma

These can produce excellent analgesia with no 
sedation when performed well and allow almost 
normal chest movement with respiration. The 
technique chosen depends on experience and 
equipment available in addition to any contrain-
dications and local agreements (e.g. site-specific 
requirement for HDU level care for all patients 
with epidurals). However, particularly high 
blocks may reduce the function of the intercostal 
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muscles and cause respiratory insufficiency on 
their own, so caution is advised with their imple-
mentation. With certain techniques (e.g. thoracic 
epidural) there may also be deleterious cardio-
vascular effects including hypotension secondary 
to sympathetic blockade causing vasodilatation 
and bradycardia if the cardio-acceleratory fibres 
are blocked and unopposed vagal tone predomi-
nates. If appropriately implemented and moni-
tored then these techniques have a high success 
rate. In order to avoid complications then good 
nursing care and appropriate monitoring are as 
important as medical technical proficiency. Thus, 
placement of an epidural catheter may require a 
high dependency or ITU setting if ward staff are 
unfamiliar with epidural management or not 
exposed to epidural care on a regular basis.

Intercostal and intra-pleural blocks have the 
potential for local anaesthetic toxicity due to the 
relatively rapid uptake of drug from the pleural 
and intercostal spaces, as well as the risk of pneu-
mothorax. The insertion of these blocks may be 
done before or after an operation while the patient 
is under general anaesthesia, or potentially awake 
in a sitting position if no operation is planned. 
However, the positioning required for these 
blocks in some patients may preclude them being 
done due to restrictions on movement (e.g. pelvic 
ex-fix in situ or unstable spinal fracture awaiting 
fixation) or severe pain. In the latter case, if the 
patient can be positioned or spontaneously move 
when they are awake for an intercostal or intra-
pleural block then they usually will not require 
one. Intrapleural catheters can be placed under 
direct vision at the time of operation if surgeons 
perform a thoracotomy.

 Intercostal Block

Video: Intercostal block [https://www.youtube.
com/watch?v=JVLZoxxthTY].

This block requires multiple injections, one 
for each rib fracture plus one segment above and 
below. The needle is placed just over the lower 
border of the rib at the angle of the rib with the 
injection of 5 ml of bupivacaine 0.25% at each 
site. The limited duration of action of each injec-

tion necessitates repeated injections. Good anal-
gesia with bupivacaine or ropivacaine typically 
only lasts about 4 h. Single shot techniques there-
fore require repeated injections at multiple levels 
and is not practical for upper rib or posterior rib 
fractures. Therefore, this block is included for 
completion, but in practical terms is of limited 
value.

 Intra/Inter-Pleural Block

Video: Interpleural block [https://www.youtube.
com/watch?v=HBupyAtEkHw].

Insertion of an epidural catheter via a 16  g 
Touhy needle into the pleural space allows 
repeated or continuous injection of local anaes-
thetic. Various techniques have been reported for 
detecting the pleural cavity and rely on negative 
pressure within the space. 20 ml of 0.25% bupi-
vacaine will produce several hours of good anal-
gesia and may be repeated every few hours. It is 
effectively an intercostal block from inside the 
thoracic cavity, and the patient should be posi-
tioned during the bolus administration to allow 
the local anaesthetic to pool in the paravertebral 
gutter on the affected side. The intercostal nerve 
at this point is separated from the pleural space 
by the thin posterior intercostal membrane 
through which the local anaesthetic solution dif-
fuses rapidly. This provides excellent analgesia 
for unilateral rib fractures or unilateral thoracot-
omy with bolus administration of local anaes-
thetic, and only requires one needle insertion into 
the chest wall. A catheter technique may be used 
for several days, but it does not work well in the 
presence of pleural fluids or pleural adhesions. In 
addition, the presence of a chest drain may result 
in local anaesthetic being lost from pleural space 
and an ineffective block.

 Paravertebral Block

Video: Paravertebral block [https://www.you-
tube.com/watch?v=l97p0mbOv1E].

This block may be performed with either a 
continuous catheter technique to avoid repeated 

13 Pain Management in Trauma

https://www.youtube.com/watch?v=JVLZoxxthTY
https://www.youtube.com/watch?v=JVLZoxxthTY
https://www.youtube.com/watch?v=HBupyAtEkHw
https://www.youtube.com/watch?v=HBupyAtEkHw
https://www.youtube.com/watch?v=l97p0mbOv1E
https://www.youtube.com/watch?v=l97p0mbOv1E


260

injections or as a single shot technique. 
Unfortunately, there is a less definite end point 
detected on insertion in comparison to epidural 
techniques (ultrasound image in Fig.  13.6). 
Drawbacks include the potential for LA toxicity, 
potential for sympathetic blockade, risk of pneu-
mothorax and possible injection into a dural 
sleeve resulting in total or high spinal anaesthe-
sia. Significant sympathetic blockade to the lung 
may predispose to bronchospasm and production 
of tenacious secretions.

 Thoracic Epidural (+/− Opioid)

A midline or paramedian approach to the epi-
dural space can be used and analgesia provided 
with a continuous infusion of local anaesthetic 
with or without opioid supplementation. 
Repeated bolus administration of local anaes-
thetic can be beneficial if a continuous infusion is 
not a practical proposition though this is rare. It is 
an excellent technique for unilateral and bilateral 
fractures of the middle and lower ribs. Epidural 
blockade may be used for several days but is not 
as effective for upper rib fractures, which would 
require very high blockade, increasing the likeli-
hood of previously mentioned cardiovascular 

complications. This technique is contraindicated 
with thoracic vertebral injuries, other unstable 
spinal injuries, spinal cord injuries, overlying 
skin infection and in the presence of coagulopa-
thy. A typical infusion regime is using 0.125% 
bupivacaine with 2 mcg/ml fentanyl at 6 ml/hour 
with a 6 ml bolus infusion with a 20-minute bolus 
lockout. If large numbers of boluses are demanded 
and the catheter is technically positioned cor-
rectly, the background infusion rate can be 
increased. Epidural solutions can be pre-made by 
pharmacy or reconstituted with strict aseptic 
technique on a volume by volume basis. The 
addition of opioids to an epidural has the effect of 
covering a less than perfect block, as epidural/
spinal opioid receptors can be stimulated at lower 
doses than would be required systemically. This 
also has the effect of reducing (but not eliminat-
ing) the incidence of opioid side effects, namely 
nausea, vomiting, decreased level of conscious-
ness and constipation.

One other potential complication of epidural 
analgesia is inadvertent dural puncture (estimated 
at 1% by the Royal College of Anaesthetists of all 
epidurals performed). This may cause a post 
dural puncture headache, or in severe cases an 
injury to the spinal cord in the thoracic region 
which may result in a permanent sensory or 
motor defect. Even in a perfectly placed epidural 
there is still the risk of infection and spinal 
abscess. Meticulous attention to asepsis and tech-
nique is essential. If there is any suggestion of 
spinal cord abscess or infection around the site 
then the infusion should be stopped, the epidural 
discontinued, and an urgent MRI requested 
regardless of the time of day or night. Unless 
caught and operated on early, spinal abscesses 
and haematomas have a very poor prognosis, so a 
high degree of clinical suspicion and a low 
threshold for intervention must be maintained. 
This is also why an epidural is contraindicated if 
there are overlying skin breaks, infections or sys-
temic sepsis as the epidural and intrathecal spaces 
are sterile under normal conditions, and seeding 
of infection into them is a purely iatrogenic 
complication.

Fig. 13.6 Paravertebral space seen on ultrasound 
(Courtesy of NYSORA.com)
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 Serratus Anterior Plane Block

Blanco et  al. [75] first described the regional 
anaesthetic technique of serratus anterior plane 
block in 2013. Local anaesthetic medication 
deposited superficial to the serratus anterior mus-
cle and can provide analgesia to the hemithorax. 
It has been used in patients with rib fractures or 
following lateral thoracotomy as an excellent 
alternative to thoracic paravertebral blocks and 
thoracic epidurals in patients who have appropri-
ate rib fractures and cannot be repositioned from 
a supine position. In certain patients who are 
intubated and have rib fractures, serratus anterior 
catheters can be placed prior to reducing sedation 
to provide effective analgesia and aid weaning 
from the ventilator [76–80]. If the rib fractures 
are lateral or anterior, then a serratus anterior 
block will likely be effective, but it will not pro-
vide analgesia for posterior rib fractures.

 Local Anaesthetic Systemic Toxicity

Local anaesthetic systemic toxicity (LAST) 
results in CNS and cardiovascular symptoms 
[81–83]. The CNS symptoms include tinnitus, 
dizziness, blurred vision, paraesthesias, perioral 
numbness, seizures, agitation or restlessness. 
Eventually this can culminate in CNS depression, 
respiratory depression and cardiac arrhythmias. 
If toxicity is not treated at this point, further car-
diac symptoms include ventricular dysrhythmias, 
ventricular fibrillation, myocardial depression 
and cardiac arrest (Fig. 13.7).

 The Algorithm for Management 
of LAST Includes

 1. Stop injecting local anaesthetic
 2. Get Help:
 a. Consider Lipid emulsion therapy (intra-

lipid) at the first sign of LAST
 b. Call for LAST rescue kit
 c. Alert nearest facility with Cardio- 

Pulmonary Bypass if appropriate

 3. Airway management: Ventilate with 100% 
oxygen/avoid hyperventilating

 4. Control seizures
 5. Treat Hypotension and bradycardia

Cardiac arrest following LAST may be 
responsive to prolonged advanced life support 
with some adaptations to the universal ALS 
 algorithm [84]. The ASRA recommendations are 
outlined in Fig. 13.8, below:

IV access and appropriate resuscitation facili-
ties are mandated (including access to lipid res-
cue therapy) before commencing any form of 
regional anaesthesia under, the ASRA [85] and 
the AAGBI [86] guidelines for treatment of local 
toxicity. The same standard of monitoring should 
be applied to patients whether they are having a 
general or local/regional anaesthetic [56]. A more 
comprehensive discussion on local anaesthetic 
toxicity treatment is available on the www.lipi-
drescue.org educational website.

 Analgesia for Neuro-Trauma

There are no specific treatment modalities for 
neurotrauma, the only caveat that must be born 
in mind is that specific treatments may cause 
neurological symptoms. For example, high doses 
of opioids can decrease the patient’s level of 
consciousness and cause pinpoint pupils via 
stimulation of the Edinger-Westphal nucleus, 
both of which may alter findings in a neurologi-
cal exam. Another example is ketamine, which 
has both pro- and anticonvulsant properties, so 
any focal neurological examination should ide-
ally take place with the patient as free from 
impediment as possible. Frequently, the initial 
responder may have the most reliable examina-
tion findings as the patient may need high doses 
of analgesia, or even general anaesthesia before 
arriving at the hospital and the attention of a neu-
rosurgeon or critical care team. It is important 
therefore to examine as thoroughly as possible 
and document clearly the highest GCS since 
injury and any lateralising neurological signs in 
the limbs or eyes before induction of general 
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anaesthesia or sedation. A focused neurological 
examination (“move your arms, your legs, close 
your eyes, where are you, what is your name, 
what day/week/month is it”) will give a baseline 
to work from in hospital. It is also important to 
note the time of administration and dose of any 
neuromuscular blockers or other drugs which 
could change neurological examination findings 
in hospital.

It is essential to provide adequate analgesia to 
patients who are intubated and ventilated as pain 
may cause or substantially contribute to a raised 
intracranial pressure. Awareness under anaesthe-
sia and coughing can also cause raised ICP, so 
assessment and maintenance of an adequate 
plane of anaesthesia even when not in the operat-
ing room (i.e. during CT scan, transfer inter- or 
intra-hospitally) are of vital importance.

Emergency call
Stop LA injection

Secure airway
Establish i.v.line

Anticonvulsant
(benzodiazepine)

Lipid emulsion

Antihypotension
(ephedrine
adrenaline

etc.)

Anti-arrhythmia
(atropine etc.)

Lipid emulsion

CPR
ACLS

(adrenaline)

Lipid emulsion

Cardiopulmonary
bypass

Close monitoring
until completely awake

Consider stay in ICU

Initial management

Mild cardiac supperssion

Cardiac arrest

After circulatory
stabilization

Initial management

Mild cardiac suppression

Cardiac arrest

After circulatory stabilization
Lipid emulsion

Bolus 1.5 mL/kg iv
over 1 min

Lipid emulsion

Continuous infusion
0.25-0.5 mL/kg/min

(~18mL/min)

Repeat bolus once or
twice for persistent

cardiovascular
collapse

Continue infusion for at least 10 min after attaining circulatory stability
(Recommended upper limit: approximately 10 mL/kg lipid emulsion over the first 30 min)

a

b

Fig. 13.7 Management of acute local anaesthetic toxic-
ity. (a) Sequence of symptoms and required treatments. 
(b) Sequence of symptoms and program of lipid emulsion 

(20%) infusion. ACLS, advanced cardiac life support, 
CPR, cardiopulmonary resuscitation, ICU, Intensive Care 
Unit. From Sekimoto et al. [84]
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 Clinical Pearls in the Management 
of Acute Pain in a Patient Following 
Trauma

It is important to perform a comprehensive 
assessment of the extent of trauma and injury, 
severity of pain, history of chronic pain, narcotic 
use and other comorbidities in the patient prior to 
initiating an analgesic plan in the acute period. 
Consider using regional anaesthetic techniques 
(peripheral nerve blockade or neuraxial tech-
niques such as epidural analgesia) if the patient is 
an appropriate candidate. This assessment must 
take into account type, location and extent of 
injury, coagulation parameters, haemodynamics, 
allergies, infection, neurovascular injury and 
other comorbidities including cardiac and respi-
ratory disease. A multimodal analgesic regimen 
should be initiated based on individual patient 
characteristics (severity of pain, allergies, contra- 
indications to specific drugs). This regimen may 
incorporate several agents including paraceat-

amol (acetaminophen), non- steroidal anti- 
inflammatory medications, neuropathic agents 
(gabapentinoids, tricyclic antidepressants), opi-
oids analgesics, adjuvants like intravenous ket-
amine and lidocaine infusions. The WHO 
analgesic ladder (Fig. 13.9) provides a good out-
line for initiating therapy based on pain severity, 
though this approach was initially developed for 
treating pain due to cancer and is considered out-
dated by some.

 Initiating Patient Controlled 
Analgesia in the Acute Setting 
for Pain Management

For patients in severe pain and or unable to toler-
ate oral medication, an IV analgesic regimen in 
the form of patient controlled analgesia (PCA) 
can be initiated. Prior to initiating patient con-
trolled analgesia consider age, ability to compre-
hend instructions, physical ability to use the 

Table 3.Special considerations in cardiac life support for patients
with local anesthetic-induced cardiac arrest†

1) If epinephrine is used, small initial doses (10 –100 mg boluses
in adults) are preferable

2) Vasopressin is not recommended
3) Avoid calcium channel blockers and bete-blockers
4) If ventricular arrhythmias develop, amiodarone is preferable
5) In patients with cardiac toxicity avoiding the use of lidocaine

and related class IB antidysrhythmic agents (e.g., mexiletine,
tocainide) is crucial because they may worsen toxicity.
Lidocaine has been used successfully bupivacaine-induced
dysrhythmias, but its additive central nervous system toxicity is
still a major concern.

6) In patients who do not respond to standard resuscitative
measures, cardiac pacing and cardiopulmonary by pass may
be introduced to improve the outcome. Cardiopulmonary by
pass may serve as a bridging therapy until tissue levels of the 
local anesthetic have cleared.

†Adapted from ASRA guidelines.4

Fig. 13.8 From 
Sekimoto et al. [84]
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infusion pump and comorbidities. Comorbidities 
that increase the risk of respiratory depression 
include sleep apnoea, severe obesity, head injury, 
respiratory failure, renal failure (accumulation of 
potent metabolites like Morphine-6 glucuronide) 
and concurrent use of other synergistic medica-
tions such as benzodiazepines. Monitoring of 
patients using PCAs should include monitoring 
of sedation, respiratory rate and pulse oximetry. 
Medications used in PCA regimens include mor-
phine, hydromorphone and fentanyl. Dosing 
strategy for PCA includes a bolus dose and a 
lockout period (Table 13.1). A bolus dose should 
be able to provide significant analgesia but should 
not cause respiratory depression. An appropriate 
lockout interval prevents repeat administration 
until a predetermined time period has elapsed. 
Even though the patient presses the demand but-
ton during this interval, medication is not admin-

istered. Lockout periods are tailored based on 
the drugs pharmacokinetics. Basal infusions 
should not be initiated in opioid naive patients 
and additionally have shown no improvement in 
analgesic effect, but instead are associated with 
higher risk of respiratory depression and side 
effects [87, 88].

Transitioning from PCA to an oral regimen is 
the next step in the acute pain management of a 
patient admitted for trauma. It is necessary to cal-
culate the patients total daily opioid requirement. 
The first step is to assess the frequency of 
demands vs supply from the PCA machine to 
ensure the patient is not requesting analgesia 
greatly in excess of that delivered. Assuming that 
the doses are reasonably concordant with 
demands, add up the total dose of opioids given 
by the PCA in the last 24 h period and covert to 
oral equivalency of the new agent (typically oral 
morphine). This basal requirement is divided in 
two and given as a long acting analgesic twice a 
day. A bolus dose of 10–15% of the total require-
ment calculated is prescribed as a short acting 
opioid as needed for breakthrough pain. After the 
next 24 h the process is repeated again, looking at 
the total opioid dose given as basal dosing and 
adding the total dose of breakthrough boluses. If 

Step 1
Non-opioids

Step 2
Weak opioids

Step 3
Strong opioids

Mild pain
<3 out of 10 on NRS

Moderate pain
3-6 out of 10 on NRS

Severe pain
>6 out of 10 on NRS

paracetamol*

NSAIDs*

codeine

dihydrocodeine

tramadol

morphine

diamorphine

fentanyl

hydromorphone

oxycodone

Fig. 13.9 WHO analgesic ladder

Table 13.1 Typical IV PCA setting for opioids

Analgesic
Typical Bolus 
Dose

Lockout period 
(minutes)

Morphine 1–2 mg 5–10 min
Fentanyl 10–50 mcg 5–10 min
Hydromorphone 0.2–0.5 mg 5–10 min
Remifentanil 0.5 mcg/kg 2 min
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there are only one or two breakthrough episodes, 
then the regime should remain unchanged. If 
there are multiple doses given for breakthrough 
pain, the basal oral dose is recalculated in the 
same way as previously for the IV requirement. 
Does should be tapered down as able over a few 
days as pain subsides in the acute period.

For example, a PCA shows that 70 mg of mor-
phine has been used in the last 24 h and the pain 
specialist decides to transition to oral medica-
tions. The total dose is divided in half (70/2 = 35) 
and prescribed as a twice daily long acting opioid 
(oxycontin 35 mg BD) and 10 mg as a PRN dose 
of oxynorm for breakthrough pain. Analgesia 
should be given well in advance of anticipated 
painful procedures or physiotherapy sessions so 
patients can participate and achieve maximal 
benefit. This must be balanced against risk of 
over-sedation and inability to engage with the 
session, so feedback and a multi-disciplinary 
approach are needed.

When rotating between opioids, it is prudent 
to perform a dose reduction to account for cross 
tolerance. At the authors‘institution some com-
monly used oral opioids in the acute setting 
include oxycodone, hydromorphone and 
morphine.

There are several apps, policies and methods 
which can be used for conversion between doses 
and drugs, and a paper by Nielson et  al. [89] 
found general consensus amongst the recom-
mended conversion factors internationally.

 Chronic Pain After Trauma

Chronic post-surgical or post traumatic pain as 
defined by the International Association for 
Study of Pain is chronic pain that develops or 
increases in intensity after tissue trauma (surgical 
or accidental) and persists beyond three months 
[90]. The incidence of chronic pain after poly-
trauma ranges from 46 to 85% [91] and after 
burns is between 18 and 52% [92, 93]. 
Comparatively, chronic pain after injury to mus-
cles, bones, joints (aka post traumatic arthritis) is 
about 18.7%. Chronic pain after trauma is often 
under recognised and poorly treated. Several 

studies [94, 95] have identified the following risk 
factors which are predictive of patients develop-
ing chronic pain;

• female sex
• injury mechanism
• injury regions (brain-brainstem- cerebellum, 

disc- vertebra, thorax/ skeletal, face, abdomi-
nal, spinal cord, thorax, upper extremity)

• previous history of alcoholism, anxiety or 
depression

• two or more rib fractures
• mild traumatic brain injury
• spinal cord injury
• back and spine problems.

It is important to recognise chronic pain after 
trauma and to attempt to identify the primary 
mechanism which may be nociceptive. This 
could be musculoskeletal or neuropathic (includ-
ing sympathetically-maintained), and the physi-
cian should initiate appropriate multidisciplinary 
management. For nociceptive pain this will 
include opioids, while for neuropathic pain this 
also includes use of medications like neuropathic 
agents (gabapentinoids, tricyclic antidepres-
sants), antidepressants (duloxetine, SSRIs and 
SNRIS), muscle relaxants (baclofen, tizanidine, 
cyclobenzaprine), non-steroidal anti- 
inflammatory medications and paracetamol. 
Consideration should be given to early initiation 
of physiotherapy and interventional management 
like sympathetic blocks for complex regional 
pain syndrome (CRPS) and peripheral nerve 
blocks for pain due peripheral nerve mononeu-
ropathy. Cognitive behavioural therapy can be 
useful in appropriate patients, and a multidisci-
plinary approach should be taken to chronic pain 
management in trauma patients.

In patients with chronic pain which is neuro-
pathic in origin and associated with a diagnosis 
of complex regional pain syndrome, failed back 
surgical syndrome with radicular pain and phan-
tom limb pain secondary to amputation, implant-
able neuromodulatory devices like spinal cord 
stimulators may be considered in the treatment 
algorithm in the longer term. It is beyond the 
scope of this chapter to cover the mechanisms 
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and placement of neurostimulators for chronic 
pain, and review articles by Moisset et al. [96], 
Rokyta and Fricova [97] or Jeon [98] give good 
oversight.

 Summary

Treatment of pain is one of the most important 
interventions that can be undertaken by any per-
sonnel involved in trauma. While there are many 
drugs with complex pharmacological actions and 
interactions that can be used, basic principles 
should not be forgotten in the acute phase. 
Treating pain can be an end in itself but can also 
have impact on patients physiology and out-
comes, so it is important to get it right for a mul-
titude of reasons. The development of complex 
pain syndromes following trauma can be as 
debilitating as the biomechanical or tissue effects 
of the injury itself, and chronic pain management 
is as much about assisting patients to cope with 
the impact of their pain as it is alleviating it. By 
giving appropriate treatment early enough, the 
development of chronic pain syndromes may be 
prevented.

Questions
 1. Which of the following nerve blocks has the 

highest likelihood of ipsilateral phrenic nerve 
paralysis?

 a. Intercostal nerve block
 b. Interscalene nerve block
 c. Supraclavicular nerve block
 d. Suprascapular nerve block
 2. Which of the following should be avoided in 

management of local anesthestic system 
toxicity?

 a. Use of intralipid
 b. Epinephrine
 c. Vasopressin
 d. Benzodiazepenes
 3. The advantages of IV paracetamol over other 

routes of administration include all of the fol-
lowing except:

 a. shorter time until maximum availability
 b. higher dose bioavailability
 c. less hepatic damage

 d. Significant clinical benefit over other 
routes of administration.

 4. Which of the following nerve blocks cannot 
provide analgesia to patient with thoracic 
trauma:

 a. Intercostal nerve block
 b. Interscalene nerve block
 c. Intrapleural nerve block
 d. Serratus anterior plane block
 5. Which of the following regional anesthetic 

techniques has the highest systemic absorp-
tion of local anesthetic?

 a. Epidural
 b. Axillary
 c. Intercostal
 d. Femoral

Answers
 1. b. Interscalene nerve block
 2. c. Vasopressin is avoided in the management 

of LAST.  Calcium channel blockers and 
Betablockers are to be avoided as well in treat-
ing arrthymias in the setting LAST

 3. d. A recent study and systematic review found 
no clinical benefit of IV over oral forms of 
paracetamol in patients who were able to take 
oral doses [44, 45]

 4. b. Interscalene Nerve block provides analgesia 
to the shoulder and upper arm

 5. c. Intercostal nerve block has the highest sys-
temic absorption of local anesthetic
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Initial Approach to Damage 
Control Resuscitation

Peter Lax

 What Is Damage Control?

Damage control is a concept that comes from 
Naval warfare and was first implemented by the 
German Navy at the battle of Jutland in World 
War One [1]. It was subsequently adopted and 
refined by the US Navy and came to prominence 
in the Battle of the Coral Sea and the Battle of 
Midway in World War Two with the efforts of the 
USS Yorktown to stay afloat after taking heavy 
damage [2]. When a ship is damaged in combat, 
if it is still under fire then simultaneous activity 
must take place to concurrently fix the damage 

that has been caused while maintaining the abil-
ity to fire and manoeuvre, and “take the fight to 
the enemy”. A balance must be struck in the divi-
sion of labour in these two areas; sufficient man-
power should be assigned to repair damage 
threatening to sink the ship without compromis-
ing combat effectiveness. The idea is that only 
damage which is an immediate threat to the ship 
is addressed via quick interventions. Definitive 
repairs are not performed, as what is needed in 
the acute situation is to keep the ship afloat and 
functional. Temporising techniques such as seal-
ing compartments which are flooding, putting 
bands of metal around ruptured pipes and sealing 
them with clamps, and removal of floodwater are 
used in preference to definitive repairs. These 
measures are temporising, and all Naval person-
nel are commonly trained and assessed in their 
application before a vessel and her crew are certi-
fied as seaworthy.

A more commonly known example of a dam-
age control approach is the Apollo 13 mission, in 
which an explosion mid-way into the flight to the 
moon crippled the Command and Service mod-
ule, threatening the lives of the three astronauts on 
board. By minimising consumption of oxygen, 
power and water, and use of the Lunar Excursion 
Module as a lifeboat (as well as many novel pro-
cedures from Mission Control), the damage was 
mitigated, and the astronauts returned safely to 
Earth. This took a well-led, well-coordinated and 
well-understood effort to achieve the ultimate 
goal. This brings forward an essential parallel 
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between damage control on ships, spacecraft and 
in medicine: there has to be a systemic awareness, 
appreciation and application of the approach 
rather than personnel working in isolation for it to 
be optimally effective. There needs to be a whole 
team working together to the same end rather than 
individual practitioners in silos, else the approach 
will be uncoordinated, haphazard and ultimately 
counterproductive.

Similarly, a second parallel is that the damage 
control in both medical and mechanical terms 
does not emphasise a return to normality, but 
aims for prompt action to prevent further damage 
and restore essential (rather than complete) func-
tion. To compare Naval and medical approaches, 
a damaged ship is made  waterproof and then 
returns to port for repairs before a new coat of 
paint is applied; painting is not essential to sur-
vival but needs doing at some point. A damage 
control laparotomy deals with bleeding and 
source control, but not forming stomas in the first 
instance; they need doing but are not a survival 
priority in the first operation.

 Philosophy of Damage Control 
Resuscitation

While the acute stress of surgery has long been 
recognised as a potential contributor to morbidity 
and mortality, previous paradigms of care empha-
sised early, definitive operative intervention [3]. 
The theory behind this was that by performing all 
necessary surgical interventions early, the chances 
of recovery were optimised as there was only one 
significant “hit” for the patient to get over. The pre-
vailing idea was to adequately resuscitate the 
patient before surgery and then do everything in 
one sitting. While the thought process behind this 
course of action is understandable, what it led to 
was patients arriving post-operatively in the ICU 
who were cold, acidotic, often under-resuscitated 
and in severe metabolic derangement despite the 
best efforts of staff in the operating theatre. This 
approach, unfortunately, led to significant morbid-
ity and mortality. As our understanding of trauma-
induced coagulopathy, haemostasis and surgical 
decision making has changed, so too has the 
approach to the sickest and most complex patients.

Damage control resuscitation is a group of 
complementary approaches in resuscitation, sur-
gery, anaesthesia and critical care. This culmi-
nates in an early and intense focus on expeditious 
surgery to arrest haemorrhage and prevent con-
tamination, resuscitation with balanced ratios of 
blood products and aggressive treatment of aci-
dosis, hypothermia, hypocalcaemia and coagu-
lopathy. It is explicitly not definitive surgery, it is 
not the required approach for every trauma 
patient, nor is it limited to a particular surgical 
speciality; damage control options exist in 
abdominal, thoracic and orthopaedic injuries. 
Once the initial surgery has been performed, 
some time for stabilisation is allowed on 
ICU.  When the patient is optimised, they can 
return for definitive surgical procedures.

 History and Concepts Around 
Damage Control Surgery

Damage control surgery is defined as a multi-
step operative intervention, which includes a 
brief initial surgical procedure that aims to con-
trol mechanical bleeding, a massive air leak, 
and/or gross contamination [4]. The concept of 
damage control surgery has evolved from multi-
ple military and civilian surgical concepts over 
the last 100 years. The first reports of techniques 
that could be broadly described as Damage 
Control were from cases in 1902 by Pringle [5], 
in which he described supra-hepatic liver pack-
ing for control of haemorrhage which was not 
amenable to primary ligation. This technique fell 
in and out of favour over many years as other 
surgical options developed for managing liver 
trauma, but it is still a useful technique which is 
employed in certain circumstances today. The 
first publication which espoused damage control 
principles was by Stone et al. in 1983 [6]. This 
paper advocated early termination of surgery 
when it was recognised that patients were devel-
oping a coagulopathy during surgery due to 
hypothermia, acidosis and bleeding. This coagu-
lopathy was exacerbated by prolonged surgery 
and was recognised as potentially contributing to 
morbidity and mortality. This led to the develop-
ment of the “staged laparotomy” concept in 
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which a short initial procedure was followed by 
a period of resuscitation on ICU and then a 
return to theatre for definitive surgery. If a patient 
was identified as suffering from a coagulopathy 
intraoperatively, the protocol advocated tech-
niques which we now consider part of damage 
control surgery. These included “…immediate 
termination of the operation; repair of only those 
vessels vital to survival, with ligation of all oth-
ers; ligation of bowel ends… The spleen and 
kidney, if bleeding, were removed unless the 
renal injury was bilateral, for which the kidneys 
were packed. Ureteral wounds were managed by 
simple ligation, while the bladder was closed 
with a one-layered purse-string suture. If the 
pancreas had been resected, the stump was 
ligated with an umbilical tape. Gallbladder 
wounds were closed by a purse- string suture, yet 
major bile duct injuries were merely isolated by 
laparotomy pack” [6].

This approach was refined further and for-
mally termed Damage Control Surgery in a pub-
lication by Rotondo and Schwab in 1993 [7]. 
Rotondo was an ex-Navy surgeon who appreci-
ated the parallels between this surgical approach 
and strategies to keep ships afloat during battle. 
Further publications from their surgical group 
refined the concept of damage control into three 
distinct stages—initial operation (DC1), ICU 
resuscitation (DC2) and definitive surgery 
(DC3). Subsequent definitive abdominal closure 
in cases where the abdomen was left open for a 
prolonged period was termed DC4, and resusci-
tation before initial surgery was subsequently 
termed damage control ground zero (DC0) [8]. 
What is notable in Rotondo’s publications is that 
he identifies explicitly that there is no mortality 
benefit in applying damage control principles to 
patients who do not require it. Specifically, there 
is no benefit in applying damage control princi-
ples to patients who have less severe injuries as 
opposed to a definitive laparotomy as the initial 
treatment. However, in those who have a signifi-
cant vascular injury AND two or more visceral 
injuries, the survival rate in the damage control 
group was 77% compared to 11% in those who 
had definitive surgery at the time of their first 
operation [7].

The hallmark of damage control surgery is that 
it only addresses issues which may be fatal or 
pose a severe threat to life within the first 72 hours. 
Acute haemorrhage control and revascularisation, 
as well as prevention of gross contamination and 
subsequent infection, are the main principles. For 
patients who require immediate or urgent inter-
vention, the initial surgery should last no more 
than 1 hour from incision to closing. Examples of 
strategies employed in this initial phase for haem-
orrhage control would include primary splenec-
tomy (if needed), cautery or use of clotting agents 
on large, raw areas of bleeding such as liver edges, 
and use of packs on areas which ooze and which 
can be left in situ for 48–72 hours. A true trauma 
laparotomy will mandate a “second- look” opera-
tion within 48–72 hours to address any outstand-
ing issues and remove these intentionally retained 
packs. Acutely, packing may prove life-saving 
for ongoing non-compressible haemorrhage. 
However, blood is a perfect culture medium, so 
packs need to be removed before they start to 
become a potential source of infection. Due to 
this, occasionally abdomens are left open with the 
use of a silastic pouch or Bogota bag as a tempo-
rary mechanism of closure which may also 
decrease the incidence of acute abdominal com-
partment syndrome [9, 10].

Bowel injuries are also not definitively man-
aged, insofar as formal ileostomies or colosto-
mies should not be formed at the initial operation. 
Bowel and mesenteries should be examined, and 
any perforations that are amenable to oversewing 
should be quickly closed. For more extensive 
damage, removal of the affected segment should 
be performed with stapled ends, and the two 
blind ends not rejoined at the initial surgery. In 
the initial period, higher than normal circulating 
levels of catecholamines (whether endogenous or 
therapeutic) may divert blood from the alimen-
tary tract and cause a threefold risk of anasto-
motic leak or breakdown [11]. The time taken to 
form an anastomosis or stoma is also not incon-
siderable, and given that neither is an essential or 
acutely life-saving procedure they should not be 
undertaken during the initial surgery as part of 
the damage control strategy. A similar thought 
process applies to the acute formation of tissue 
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flaps by plastic surgery. While they may be 
required subsequently, temporary coverage 
should be applied until the patient is adequately 
resuscitated and able to tolerate a prolonged pro-
cedure. Performing flap or graft surgery at the 
first damage control operation will ultimately 
prove deleterious to the patient; it will unaccept-
ably prolong operative time, have a high chance 
of the flap failing and eliminate a donor site for 
tissue coverage that may be more appropriate to 
use in 72 hours or thereafter. Temporary closure 
or use of a vacuum system at the end of initial 
surgical debridement is usually appropriate in 
these cases unless there are contraindications 
such as the presence of fistulae [10].

Damage control orthopaedic surgery has also 
been well described [12, 13], and the first surgi-
cal approach usually consists of external fixation 
of fractures rather than definitive repair. In com-
mon with abdominal damage control surgery, the 
rationale is to maintain or restore the integrity of 
blood supply to the limb or pelvis, provide a 
degree of fracture stabilisation for analgesia and 
to minimise the early risk of further bleeding or 
fat embolus. Intramedullary nailing or plating 
should not be performed in these patients acutely, 
but be deferred until physiological stability has 
been achieved.

For a more thorough overview of damage con-
trol surgery, refer to the relevant decision making 
and surgical chapters later in this textbook.

 Damage Control Anaesthesia

Anaesthesia for acutely injured patients can be 
challenging, as many agents in common use have 
undesirable and dose-related side effects (such as 
hypotension) which may cause further morbidity 
and mortality. Patients requiring damage control 
resuscitation are usually unfasted and may be 
unable to give any information that may affect 
the choice of anaesthetic. In addition, they will 
invariably be bleeding, may have injury patterns 
requiring different anaesthetic strategies (e.g. 
permissive hypotension for bleeding, but with a 
concurrent head injury requiring normo/hyper-
tension) and yet there will be little (if any) time 

for optimisation. These patients are some of the 
most challenging that an anaesthetist can deal 
with, and often require two or more clinicians to 
ensure optimum care. The general principle in 
these patients is to ensure that they have adequate 
circulating volume and blood pressure to perfuse 
vital organs and ensure adequate oxygen deliv-
ery. Once that has been achieved, amnesia, anal-
gesia and anaesthesia can then be prioritised.

Multiple strategies have been employed; how-
ever, an excellent paper by Sikorski et  al. [14] 
outlines the various options. In terms of ensuring 
cardiostability, amnesia, analgesia and anaesthe-
sia, a strategy of periodic boluses of high dose 
opioids is advised, with large doses of fentanyl 
given at increments as permitted by blood pres-
sure. This has the advantage of blunting the 
intrinsic catecholamine response, preserving 
microvascular flow, limiting damage to the gly-
cocalyx (which has been implicated in the devel-
opment of trauma-induced coagulopathy) and 
avoiding vasodilation with inhalational agents. 
Techniques such as propofol TIVA (total intrave-
nous anaesthesia) by infusions are unreliable as 
computed models of vascular compartments and 
subsequent distribution of drugs are not valid 
when there is sizeable circulating volume loss or 
replacement. This is in addition to propofol’s 
unfavourable pharmacodynamic profile in these 
patients. In patients who are sick enough to 
require a damage control approach, waking at the 
end of an operation is not usually a consideration. 
These patients will universally require admission 
to intensive care and will usually be kept sedated 
until they have had definitive surgery after ade-
quate resuscitation. It is common to give 
20–30 μg/kg of fentanyl in total to these patients, 
if not more (the author has used up to 5 mg in 
total in some cases). The restoration of microvas-
cular flow in conjunction with blood product vol-
ume replacement rapidly assists in resolving 
acidosis and restoring base deficit to normal by 
improving perfusion and oxygen delivery.

The typical division of labour in these cases 
between anaesthetists involves one clinician 
managing blood transfusion and large venous 
access, and the other administering drugs and 
monitoring oxygenation/ventilation parameters 
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and adequacy of anaesthesia. The transfusion 
anaesthetist should ensure an appropriate ratio of 
blood products is given, ideally with monitoring 
of response both clinically and in terms of using 
near-patient testing such as TEG or ROTEM to 
guide further product administration. Asking sur-
geons if patients are forming clots in the surgical 
field may give a broad indication as to the overall 
haemostatic picture. The transfusion anaesthetist 
should also be responsible for liaising with the 
blood bank, haematologists and the administra-
tion of agents such as tranexamic acid and cal-
cium as needed. The second anaesthetist should 
monitor response to transfusion, ensure commu-
nication with the surgical teams, ensure an 
 adequate balance between depth of anaesthesia/
analgesia and adequate blood pressure, liaise 
with ICU to arrange postoperative care and 
ensure other relevant drugs such as antibiotics are 
administered. This was the general approach that 
was developed and modified in Camp Bastion 
during the Afghanistan conflict [15, 16] and was 
one of the factors which saw massive improve-
ments in survival from injuries previously thought 
to be unsurvivable [17]. Several mnemonics or 
aide memoirs can be used in civilian practice, and 
the TRAUMATIC mnemonic developed by the 
University Hospital of Coventry and 
Warwickshire in the UK is an excellent example 
(see Fig. 14.1).

 When to Start Damage Control 
Resuscitation: Indications

As mentioned above, damage control resuscita-
tion is a systemic approach to trauma. 
Consequently, there needs to be a systemic 
acknowledgement that this is the strategy which 
is being employed. In terms of triggers to use 
damage control, there are several factors which 
can prompt the team to consider adopting this 
approach at various stages.

The first indications that a patient may require 
damage control resuscitation can be from the ini-
tial physiological observations or mechanism of 
injury. When dealing with pre-hospital trauma 
care in the UK, trauma triage tools have been 

implemented to identify patients who will benefit 
from transport to Major Trauma Centres (MTC) 
versus those who can safely be dealt with at local 
Trauma Units (TU) or smaller hospitals. The 
absolute triggers for transfer to an MTC are pri-
marily based on physiological data such as sys-
tolic blood pressure less than 90  mmHg, GCS 
less than 13 or extremes of respiratory rate fol-
lowing trauma. However, in some areas, mecha-
nism of injury can also be used as absolute based 
on anatomical considerations (e.g. penetrating 
trauma to head, neck or torso mandate MTC 
transfer) or relative indications (e.g. fall from 
more than 20  ft, ejection from a vehicle in the 
case of road traffic collisions or death in the same 
vehicle). An example of this is the West Midlands 
Major Trauma tool (Fig. 14.2).

Any triage tool that may be used will not be 
absolute, and clinical discretion is needed to 
avoid both under- and over-triaging patients to 
MTC care, hence the involvement of senior clini-
cians on the regional trauma desk. As discussed 
in the mechanism of injury chapter, some trauma 
systems (e.g. London) are moving away from 
using non-anatomical mechanism of injury fac-
tors when deciding on destination hospital based 
on locally gathered audit data (Fig. 14.3). When 
the patient arrives in hospital, a rapid reassess-
ment of the casualty takes place, and similar vital 
signs to those outlined in the PHEM trauma tool 
or other significant deterioration may also prompt 
the adoption of a damage control strategy.

 Damage Control Resuscitation 
in PHEM

The first clinician with a patient may be the best 
placed to highlight and initiate the need for dam-
age control practices. The presenting physiology 
and the context in which the patient has been 
injured are likely to be the most apparent, and 
how the pre-hospital teams work will set the 
tempo for subsequent care. This is not only a 
medical matter, as the speed of extrication and 
patient handling by firefighters can also be con-
sidered as part of the damage control paradigm. 
If the patient is visibly deteriorating, the balance 
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Fig. 14.1 TRAUMATIC Mnemonic for Trauma Anaesthesia
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Fig. 14.2 West Midlands Major Trauma Triage Tool (Reproduced thanks to West Midlands Ambulance Service)

Fig. 14.3 New London Major Trauma tool, de-emphasising mechanism of injury as a screening criteria
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between minimising movement and maximising 
speed for access to the patient and treatment may 
shift so that the compromise between the two 
favours speed over finesse. The often-quoted 
dichotomy of “Scoop and run vs stay and play “ 
[18, 19] is a false one. Meaningful interventions 
should be undertaken on scene that maximise the 
chance of a good patient outcome without delay-
ing transport to hospital and other life-saving 
interventions. This balance can change depend-
ing on patient injury pattern, level of pre-hospital 
response, distance to hospital et cetera, but a gen-
eral rule is that major haemorrhage control, air-
way and breathing interventions should be 
performed on scene with everything else done en 
route.

PHEM damage control measures are targeted 
primarily at circulation preservation and ensuring 
adequate oxygenation and ventilation. These 
interventions include the application of tourni-
quets, pelvic binders and occasionally femoral 
traction splints, airway measures appropriate to 
the level of clinician and patient need, and estab-
lishing sufficient respiratory support. Beyond 
this, measures such as blood or fluid administra-
tion, advanced analgesia etc. can be accom-
plished on the way to the hospital. Even during 
transfer, damage control principles should be 
applied. For example, fluids should be withheld if 
there is adequate blood pressure (in line with a 
permissive hypotension/novel hybrid resuscita-
tion strategy) and tranexamic acid should be 
given to help avoid fibrinolysis of the first clots 
that have formed. Patients should also be kept as 
warm as possible by minimising passive heat loss 
and actively heating fluids or the environment in 
the ambulance where possible.

The caveat to “A and B on scene, C and D en 
route” is when drug or blood administration is 
required to safely facilitate the management of an 
airway or breathing problem (e.g. administration 
of a unit of blood to a hypotensive head-injured 
patient who requires RSI as part of their care). A 
second instance may also be when scene times 
are prolonged due to entrapment or other imme-
diately insurmountable factors preventing patient 
transport. In those cases, additional scene time 
should not be wasted, and the emphasis should 

still be on minimising delays while enhancing 
patient care and decreasing the time to surgery 
and ICU beyond.

Ensuring that activity is continuous, comple-
mentary and running in parallel while the factors 
that are causing the delay are dealt with is the 
hallmark of good pre-hospital care. The ability of 
pre-hospital teams to think three steps ahead of 
where they are now is an essential requirement; 
even if they are incapable of performing advanced 
interventions themselves, they can set the condi-
tions to minimise scene times. This spectrum of 
activity must also include extrication, so only nec-
essary interventions and monitoring should be 
performed in order to avoid impeding firefighters 
and increasing scene times further. An example of 
good crew management decreasing scene times 
might be a technician level ambulance crew arriv-
ing first on scene at a remote accident and identi-
fying a patient who requires RSI for a head injury. 
After requesting appropriate backup and perform-
ing a primary survey to deal with any immediate 
life-threatening injuries within their scope of 
practice, the first crew should appropriately 
expose and position the patient on a stretcher in an 
area with good all- round access. When their 
backup arrives, the patient can be anaesthetised 
much more quickly and leave the scene in a 
shorter period than if the backup crew had to start 
from the beginning of positioning and exposing 
the patient. Improving all-round access to facili-
tate a rapid further assessment, performing any 
necessary interventions on scene and minimising 
further delays assists everyone.

 Damage Control Resuscitation in ED

As well as being a guide to patient dispersal 
(MTC vs TU) for pre-hospital clinicians, the ini-
tial pre-alert/report from scene can prompt in- 
hospital teams to prepare for a patient who has a 
high likelihood of needing damage control resus-
citation. At a systemic level in the emergency 
department, this can lead to the activation of a 
mass transfusion protocol before the patient 
arrives, drawing up emergency anaesthesia drugs, 
preparing invasive monitoring or ensuring that 
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the CT scanner or operating theatre is ready to 
receive an urgent patient. Sharing a mental model 
and conducting a “Zero point survey” [20] is a 
useful way to ensure that each member of the 
team is expecting to manage the patient in the 
same manner (see Fig.  14.4). This involves 
 briefing and preparing the in-hospital team and 
facilities before the arrival of the patient based on 
the information from the pre-alert.

On arrival of the patient, the MABCD assess-
ment will begin again to confirm the injuries that 
have been suspected in the pre-hospital phase and 
monitor any progression of physiology. In addi-
tion to a reassessment of vital signs and calcula-
tion of the shock index [21] (ratio of systolic 
blood pressure to heart rate), there are several 
additional diagnostic point of care tests that can 
be performed in ED that may not be available 
pre-hospital. These can aid in the assessment of 
shock, triggering a damage control approach and 
include blood gas analysis for pH, lactate levels 
and haemoglobin. The evidence behind these 
tests is considered in the circulation chapter, and 
an excellent article by Petrosniak and Hicks [22] 
discusses how they can be integrated into ED to 
optimise resuscitation. One pitfall to avoid is 
false reassurance from an apparently normal 
blood pressure on arrival in the ED in a previ-

ously hypotensive patient. Patients with isolated 
hypotension in the pre-hospital phase of their 
care which resolves spontaneously in ED have 
been found to have higher injury severity scores, 
higher rates of admission to ICU with longer 
lengths of stay, a nearly four-fold increase in the 
need for blood transfusion in the first 24 h and 
increased mortality [23, 24].

In the same way that PHEM damage control 
aims to preserve the patients’ own circulating 
volume, avoid heat loss and ensure quick trans-
port, the goals of ED damage control are mostly 
similar. Patients should be rapidly assessed and a 
decision made whether to image the patient with 
CT or ultrasound, to take the patient straight to 
the operating theatre, or even to operate in the 
ED. The emergency department is better equipped 
and has more personnel than the pre-hospital 
environment (usually), so the occasional tempta-
tion in this scenario is for personnel to perform 
multiple procedures which may not be strictly 
necessary and ultimately slow the progression of 
care. An example may be siting an arterial line in 
a head-injured patient—it is likely to be unneces-
sary before a CT and may ultimately delay time 
to diagnosis. Similarly, in an intubated patient a 
thoracostomy may be necessary for pneumotho-
rax. However, formal intercostal drain insertion 

Zero point survey

Pre-resuscitation

Self
Physical readiness: I’M SAFE
Cognitive readiness: breathe, talk, see, focus

Team
Leader identified
Roles allocated
Briefing

Environment
Danger, space, light, noise, crowd control

Resuscitation commenced

Patient
Primary survey ABCDE

Update
Share mental model of patient status

Priorities
Identify team goals and set mission trajectory

S

T

E

P

P

U Repeat as clinical
situation changes

Repeat as non-
clinical situation
     changes

Fig. 14.4 Zero point 
survey from Reid et al. 
[20]
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is a time-consuming process that puts the patient 
further away from definitive diagnostics and 
treatment. Perform the thoracostomy if necessary 
but do not put the drain in until the patient has 
been to CT—time that is wasted during insertion, 
and the logistics of moving a patient with a chest 
drain in situ are more troublesome than one with 
a simple thoracostomy. A final example is 
tranexamic acid infusions; give the 1 g bolus in 
ED if it has not been given pre-hospital, but there 
is little benefit (and potential logistical chal-
lenges) in commencing the subsequent 8-hour 
infusion via a syringe driver before the patient 
has been to CT.

The second-order effects of an intervention 
should also be considered in the sequence of 
events; if the patient requires intubation, it is 
rarely so urgent that it needs to be done as soon as 
they arrive in the department. An assessment of 
their haemodynamic state and injury pattern may 
change the order in which interventions are per-
formed. For example, a hypotensive trauma 
patient with a chest injury, suspected pneumotho-
rax and decreasing GCS has competing manage-
ment priorities and may require intubation. The 
team leader should take an overall view and pri-
oritise; resuscitate with blood products, prepare 
for a thoracostomy and once the patient has been 
optimised then induce anaesthesia with a reduced 
dose of induction agents. If a rigid, historical 
“vertical” ABCD sequence of interventions was 
followed, inducing anaesthesia and managing the 
airway without any of the other interventions 
could result in worsening hypotension due to the 
effects of positive pressure ventilation on an 
under-filled patient with evolving chest pathol-
ogy. Parallel actions rather than sequential ones 
are the key to smooth and efficient care.

Consider ED damage control resuscitation to 
be a prime example of marginal gains theory [25, 
26]—multiple small changes can lead to a sub-
stantial overall improvement in the standard of 
care. Once immediately life-threatening injuries 
have been identified and temporised as needed, 
the decision comes as to what the appropriate dis-
position of the patient is. Do they require ongoing 
damage control in theatre? Do they need to be 

admitted to ICU or HDU, or has their treatment 
been sufficient to allow them to be monitored on 
a ward level?

 Damage Control: More Than 
Surgery

Damage control is a paradigm, not an operation. 
It requires a large group of people all with the 
same understanding and mindset to achieve nec-
essary but not definitive care and an understand-
ing that perfect may be the enemy of good. By 
implementing strategies which allow appropri-
ately selected patients to be diagnosed and resus-
citated as rapidly as possible, then allowing 
ongoing resuscitation on critical care before 
definitive surgery, outcomes have demonstrably 
improved.

Questions
 1. Damage control surgery should be used for all 

trauma patients who require an operation.
 (a) True
 (b) False
 2. Critically unwell patients who require skin 

grafts or tissue flaps to cover soft tissue loss 
should have these procedures deferred until 
they have been adequately resuscitated and 
stable for >24 h.

 (a) True
 (b) False
 3. Patients who have had a damage control pro-

cedure will usually require post-operative 
care in an Intensive Care Unit

 (a) True
 (b) False
 4. Once a decision has been made to perform 

damage control or a definitive procedure, it 
cannot be changed

 (a) True
 (b) False
 5. Triage tools may be overridden by clinical 

judgement of staff to divert patients to or away 
from Major Trauma Centres

 (a) True
 (b) False
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Answers
 1. b
 2. a
 3. a
 4. b
 5. a
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Haemostasis and Coagulopathy

Robert A. Sikorski, Shaun C. Moeller, 
and Ryan Fransman

 Introduction

Trauma remains the leading cause of death in 
North America in those 40 years of age and 
younger [1], and those 35 years and younger 

globally [2]. On a global scale severe trauma 
 contributes to approximately one in ten deaths 
across all ages accounting for more than 5.8 
 million fatalities per year [3, 4]. Death due to 
haemorrhage remains the primary cause in about 
40% of these potentially preventable deaths [5], 
and trauma induced coagulopathy (TIC) devel-
ops in about ten to 25% of these patients 
(Fig.  15.1). The presence of acute traumatic 
coagulopathy (ATC), a component of TIC, 
increases the odds ratio towards mortality almost 
nine-fold, and is unrelated to transfusion practice 
[6]. These patients also have a higher incidence 
of multi- system organ failure, prolonged hospital 
and intensive care stay as well as increased blood 
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utilisation [7–9]. Death from exsanguination 
occurs within 2–3 h (median time) after presenta-
tion and accounts for nearly 50% of trauma death 
[5, 10, 11]. Early recognition and treatment of 
TIC, along with massive transfusion guidelines, 
represent an opportunity to improve outcomes in 
trauma resuscitation [6].

 The “Classical” Clotting Cascade

The blood clotting cascade and use of Roman 
numerals associated with various factors as 
described in the below diagram was finally 
agreed on in 1962 by a committee that would go 
on to become the International Committee on 
Thrombosis and Haemostasis [12]. As with 
other areas of medicine, advances in research 
have changed our understanding of how this 
complex system works. However, the funda-
mental pathways are still taught to undergradu-

ate and postgraduate students despite there 
being many other factors which influence clot 
formation (Fig.  15.2). Subsequent work based 
on this model such as the cell based scheme of 
coagulation [13] shows that some of the assump-
tions made above fall apart under closer scrutiny 
(e.g. why do Haemophiliac patients bleed if 
their intrinsic pathway is intact?). The funda-
mental principles that are useful from this sche-
mata are that the system is enzyme dependent; 
changes in pH and temperature can effect the 
efficiency of the  system, and some reactions 
require co-factors such as calcium to complete. 
While what follows represents our current 
understanding of coagulopathy in trauma, the 
finer points may change further with subsequent 
research. As with our understanding of coagula-
tion generally, the general management princi-
ples outlined at the end of the chapter may have 
more longevity than the specific mechanisms 
outlined below.

Intrinsic

surface contact

prothrombin

fibrinogen

thrombin
(serine protease)

fibrin stable fibrin
clot

tissue damage

Xll
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Xlll - Fibrin stabilising factor, a transglutaminease

PL - Platelet membrane phospholipid
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The three pathways that makeup the classical blood coagulation pathway

Fig. 15.2 The “Classical” clotting cascade (by Dr. Graham Beards via Wikimedia under Creative Commons 3.0 
license)
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 Trauma Induced Coagulopathy

Most cases of traumatic bleeding are not caused 
by coagulopathy, either innate or iatrogenic. The 
majority of traumatic bleeding is caused by a pri-
mary injury or disruption of the large blood ves-
sels (arteries and veins) and not the coagulopathy 
caused by the failure to form adequate clots at the 
level of the capillary beds/the microcirculation. 
Bleeding at the level of the capillary beds is 
extremely difficult, if not impossible, to control 
by conventional surgical methods such as 
 diathermy, suturing or packing [10]. The extent 
of this coagulation deficit at the level of the capil-
lary bed appears to be dependent on the extent of 
tissue damage, degree of hypoperfusion and 
injury to the endothelial surface layer, all of 
which are dependent on degree of blood loss and 
subsequent shock. Without a bleeding source to 
begin with, TIC should not develop. The pertur-
bations at the microcirculatory level will be 
aggravated further by acidosis, hypothermia and 
the use of crystalloids in resuscitation. Trauma 
patients with TIC as well as large vessel injury 
must be taken to the operating room without 
delay. Hence, damage control surgery (DCS) and 
damage control resuscitation (DCR) must occur 

in parallel in order to address the immediate 
causes of bleeding (Fig. 15.3).

In order to understand the pathophysiology of 
trauma induced coagulopathy one must define 
the process. Trauma induced coagulopathy 
begins between the time of injury and approxi-
mately 30 min post injury. It has been described 
by Davenport and Brohi as a “multifactorial, 
global failure of the coagulation system to sustain 
adequate haemostasis after major trauma haem-
orrhage” [15].

Part of the confusion that arises when discuss-
ing trauma induced coagulopathy can be attrib-
uted to the vast number of acronyms and 
descriptions of pathological processes, some of 
which are describing the same process with a dif-
ferent name. As an overview, TIC is comprised of 
two pathophysiologic processes, the coagulopa-
thy caused by severe shock and traumatic injury 
(Acute Traumatic Coagulopathy (ATC)) and a 
dilutional coagulopathy or “iatrogenic traumatic 
coagulopathy” (ITC). ATC describes the patho-
logical process that occurs due to bleeding, 
whereas ITC refers to the negative iatrogenic 
effects of suboptimal resuscitation (e.g. haemodi-
lution due to crystalloid use or hypothermia if 
cold fluids are used). These iatrogenic factors 

DCSDCR

transfusion /
resuscitation protocol

individually tailored, goal-directed resuscitation.
Sequencing DCR-DCS based on near-patient, real-time
assessment of tissue perfusion and haemostasis

resuscitation DCS critical
care

Fig. 15.3 The top 
scheme represents 
Classical damage control 
resuscitation -damage 
control surgery 
sequence. The lower 
scheme represents 
“integrated” damage 
control resuscitation- 
damage control surgery 
sequencing [14].
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have also been referred to as systemic acquired 
coagulopathy (SAC) or resuscitation associated 
coagulopathy (RAC) [14, 16]. To avoid confu-
sion, in this chapter any factors that are associ-
ated with iatrogenic problems will be henceforth 
referred to as ITC (Fig. 15.4).

Moore and colleagues demonstrated that the 
multivariate predictors of coagulopathy included 
the severity of trauma as defined by the Injury 
Severity Score (ISS), but not base deficit or lac-
tate. The often quoted risk factors for iatrogeni-
cally induced coagulopathy such as hypothermia 

and acidosis were found to contribute to the 
development of ITC but they were poor predic-
tors of patients who develop ITC. Hypothermia, 
defined as a temperature of 34  °C or lower, as 
well as a low transfusion ratio (low number of 
units of platelets and FFP in comparison to units 
of red blood cells) have been implicated in an 
increased mortality from coagulopathy [17]. The 
only relevant multivariate predictor of ITC was 
crystalloid volumes in the setting of shock. 
Clinically relevant cut-offs ranged from 2  liters 
(l) to greater than 4 l. Patients that received less 

Acute
Traumatic

Coagulopathy

latrogenic
Traumatic

Coagulopathy

Trauma
Induced

Coagulopathy

Systemic
Acquired

Coagulopathy

Resuscitation
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Coagulopathy

latrogenic
Traumatic

Coagulopathy

Fig. 15.4 Relationship 
between TIC, ATC, ITC, 
RAC and SAC
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than 2 l of crystalloid pre-hospital were unlikely 
to become coagulopathic regardless of admission 
lactate. Patients who received between 2 and 4 l 
of crystalloid were at risk for coagulopathy only 
if their arrival lactate was elevated. Patients who 
received greater than 4 l of prehospital crystalloid 
elevated the risk for coagulopathy regardless of 
arrival lactate. This provides yet more validation 
for the concept of permissive hypotension, as not 
only does increasing systolic blood pressure with 
crystalloids increase the risk of mechanically 
“popping the clot”, but this evidence shows that 
the risk of subsequent morbidity and mortality 
due to acquired coagulopathy is increased too.

Haemorrhage control, correction of hypovo-
laemia and hypotension via a product balanced 
resuscitation or fresh whole blood (FWB), 
avoiding the phenomenon of dilution coagulopa-
thy, as well as a detailed approach in the preven-
tion and correction of TIC is paramount. In DCR 
organ perfusion may be marginally sacrificed 
(permissive hypotension) in the face of severe 
haemorrhage during the early phase of 

DCS.  Once achieving haemostasis, attention 
may then be shifted to a goal of optimal organ 
perfusion [18, 19].

Functionally, TIC may be defined by the use 
of viscoelastic monitoring as well as standard 
laboratory testing (prothrombin time, INR, acti-
vated partial thromboplastin time, fibrinogen, 
etc.). The two most common viscoelastic moni-
toring devices are the Thromboelastogram 
(TEG®) and the ROTEM®. A sample of blood is 
taken and injected into a receptacle with reagents 
to accelerate clot formation in specific pathways. 
Into this is placed a pin connected to a strain 
gauge on the device, and the sample is rotated 
until clot begins to form. As the clot matures and 
strengthens, the resistance to movement of the 
pin increases and this is plotted against time on a 
graph to give a visual representation of clot for-
mation time, strength and degradation (Fig. 15.5). 
These devices can be used for near patient testing 
in areas such as the emergency department or 
operating theatre and can provide useable results 
within 10 min, much quicker than results are typ-
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ically available from haematology labs. These 
whole blood clotting tests define the relationship 
between laboratory based abnormalities and clin-
ically relevant bleeding more closely than stan-
dard laboratory testing [20–23].

 TIC: Pathophysiology 
and Mechanism

TIC is a complicated multi-faceted pathophysio-
logic state that has not been fully elucidated [24]. 
TIC may be identified clinically by its presenta-
tion related to the timing and severity (defined by 
ISS) of the traumatic injury. The mechanisms and 
hypotheses used to explain TIC are much less 
clear and overlapping. The hypotheses are not 
mutually exclusive of each other either. The 
hypotheses were elegantly described by Dobson 
et al. These are

 1. The DIC-fibrinolysis hypothesis
 2. The activated protein C hypothesis
 3. The glycocalyx hypothesis
 4. The “fibrinogen-centric” hypothesis [18]/the-

ory of hypofibrinogenaemia

 The Theory of DIC-Fibrinolysis

The DIC-fibrinolysis hypothesis proposes that 
coagulopathy is closely related to tissue hypoper-
fusion, shock, endothelial activation and endo-
thelial injury. This sequence of events leads to a 
prolonged prothrombin time (PT), a picture of a 
consumptive type process (i.e. the clotting factors 
are being used up in a pathological inflammatory 
process that seems to meet the criteria for DIC), 
low fibrinogen and anti-thrombin levels, and 
increased fibrinogen degradation products and 
D-dimer levels. The disproportionate increase in 
plasmin levels relative to the activation of throm-
bin is thought to be the cause for the hyper- 
fibrinolytic state [25]. Plasmin is a thrombolytic 
enzyme which breaks down blood clots whereas 
fibrin is a clotting factor (Factor 1a) which pro-
motes clot formation. In health, these proteins are 
held in balance so when levels of thrombin 

increase, plasmin increases too in order to ensure 
clots are formed only where needed and not in 
widespread distal areas of the body. In response 
to major trauma, the theory of DIC-fibrinolysis 
suggests that there is an over-activation of plas-
min relative to the levels of thrombin so all clots 
are broken down. As the stimulus for clot forma-
tion has not been removed, the coagulation sys-
tem still attempts to form thrombi and uses up 
additional clotting factors in the process. These 
factors are then subsequently broken down by 
thrombin in a downwards spiral. This model pro-
poses a similar mechanism of coagulopathy as is 
seen in Disseminated Intravascular Coagulation 
(DIC), a coagulopathy with medical causes as 
opposed to trauma (e.g. sepsis, certain malignan-
cies, vasculopathies or liver failure). The 
International Society of Thrombosis and 
Haemostasis (ISTH) have developed scoring sys-
tems and guidelines for the diagnosis, classifica-
tion and treatment of DIC [26], however these 
guidelines are not valid in TIC. As described by 
Rizoli et al. [27] within the first 24 h after trau-
matic injury almost all severely injured trauma 
patients (ISS > 16) have an ISTH score of “overt 
DIC” or “suggestive of non-overt DIC” 
(Fig.  15.6). There is a paucity of evidence that 
suggests thrombus formation in the microcircula-
tion of trauma patients and consumption of clot-
ting factors and platelets (thrombocytopenia).

The authors also reported that upon autopsy or 
organs/tissues removed surgically that no evi-
dence was found to support evidence of DIC at 
the microcirculatory level in patients with 
TIC. However, this initial fibrinolytic phase may 
subsequently be followed by a DIC-thrombotic 
phenotype. This second phase may be initiated 
by a high level of plasminogen activator inhibi-
tor- 1 (PAI-1) from both the endothelium and 
platelets. Tissue plasminogen activator (tPA) is 
inhibited causing an inhibition in fibrinolysis. 
This process may begin as early as 3–4  h post 
injury and continue for up to 24–48 h post trauma 
[20, 28, 29]. This may be the same mechanism 
involved in fibrinolysis shutdown, but it occurs 
later on in trauma and is part of the reactive phase 
of coagulation when patients become prothrom-
botic and show an increased rate of VTE.  It is 
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unclear when one mechanism ends and the other 
begins, and what the implications for VTE pro-
phylaxis are.

 The Theory of Activated Protein C

Tissue hypoperfusion is the driving force behind 
the endogenous hypo-coagulable state of 
TIC.  This theory suggests that the hypo- 
coagulable state is mediated primarily by the 
activation of protein C (aPC). In the presence of 
intact endothelium when thrombin binds to 
thrombomodulin, protein C (PC) is activated in 
combination with protein S (PS) and causes a 
proteolytic cleaving of activated factor V (aV) 
and activated factor VIII (aVIII) reducing ongo-
ing thrombin generation (Fig. 15.7). Tissue factor 
pathway inhibitor (TFPI) and antithrombin (AT) 
bind to the uninjured, intact endothelium, and 
inhibit the action of procoagulant proteases. TFPI 
and AT will circulate in a low concentration, but 
levels are substantially increased after Tissue 
Factor is released. Confusingly, Tissue Factor is 
also present in the circulation, but it is a different 

subset of Tissue Factor from that released follow-
ing trauma. Intact endothelium is essential in pre-
venting further thrombin generation in the 
absence of vascular injury [30–33]. In the pres-
ence of vascular injury, circulating protein C 
undergoes activation by binding to the endothe-
lial protein C receptor in the presence of protein 
S and the thrombin-thrombomodulin complex. 
The binding of thrombin by thrombomodulin 
depletes the availability of thrombin necessary 
for clot formation [10]. Thrombomodulin is a 
receptor present on the endothelium in usual 
homeostasis, but when it complexes with throm-
bin it then activates protein C (with protein S as a 
co-factor). Once protein C has been activated, 
this causes an anticoagulant effect by inactivating 
Factors Va and VIIIa to stop thrombin generation, 
and inhibiting PAI- 1, which consequently means 
more tPA is available for clot breakdown (i.e. hits 
it from both sides). At the same time the 
thrombomodulin- thrombin complex also 
decreases the amount of circulating thrombin 
which decreases clot formation. Brohi and col-
leagues showed a significant relationship between 
thrombomodulin activity, tissue hypoperfusion, 
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prolonged measurements of coagulation, fibrino-
lytic activity and decreased levels of protein 
C.  The authors postulated an upregulation of 
thrombomodulin leading to the lower levels of 
protein C (i.e. protein C levels are lower because 
it is being activated; aPC levels are increased and 
this is reflected in a lower PC assay) [10, 25, 34, 
35]. Cohen, et al. reported that coagulopathy and 
fibrinolysis correlated strongly with elevated 
activity of aPC. This correlation was noted only 
when associated with the presence of hypoperfu-
sion (base deficit >6) and severe injury (Injury 
Severity Score (ISS) > 15) [36]. Protein C, a ser-
ine protease, has both anticoagulant as well as 
cytoprotective functions. During the onset of sep-
sis it has been shown that aPC has a beneficial 
effect on organ injury and mortality. This has 
been demonstrated in both experimental and clin-
ical investigations. The resultant reduction in 
aPC seen in severe sepsis may contribute to endo-
thelial cell dysfunction and a prothrombotic state. 
The evidence, as previously mentioned, does not 
support a procoagulant state at the microcircula-
tory level. The depletion of aPC may result in a 
cytoprotective loss and subsequently increased 
end organ damage in severe trauma [36–39]. 
Platelet activation occurs through the proteolytic 
activation of factors V and VIII to Va and 
VIIIa.  The proteolytic deactivation of Va and 
VIIIa with protein S as a cofactor, leads to a 
depletion of PAI-1 as well as an inhibition of 

thrombin activatable fibrinolysis inhibitor. 
Fibrinolysis proceeds unchecked leading to 
increased activity of tPA and products of clot 
breakdown (D-dimers).

The presence of hypoperfusion and shock 
with the subsequent activation of protein C has 
been implicated as the driver of TIC. This hypoth-
esis has come under question recently. 
Researchers have shown that in the absence of 
hypoperfusion and shock, coagulopathy occurred 
in blunt traumatic injury. Coagulopathy was pres-
ent in isolated blunt traumatic brain injury and 
pulmonary contusion [40]. Protein C levels or 
activity of aPC were not measured in these stud-
ies [10, 41]. A negative correlation between the 
activity of clotting factors Va and VIIIa and the 
degree of hypoperfusion was demonstrated by 
investigators, perhaps implicating that the pro-
teolytic deactivation of Va and VIIIa in shock 
states are not solely responsible for driving TIC 
[42, 43]. Chapman et al. found the overwhelming 
release of tPA not the lack or degradation of 
PAI-1 was the cause of hyperfibrinolysis in 
trauma patients [44]. This has biological concor-
dance with the historic use of tPA as a thrombo-
lytic medication used to treat myocardial 
infarctions, pulmonary emboli and ischaemic 
strokes. The contribution of aPC to TIC was stud-
ied by Campbell et al. The in vitro study found 
that physiologic concentrations of aPC had no 
significant effect on the depletion of Va (plasma 
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or platelet-derived). They also demonstrated that 
fibrinolysis was not induced by aPC in the pres-
ence or absence of tPA. The authors were aware 
and acknowledge that there were some ex vivo 
limitations to the study [43, 45].

Moore and colleagues demonstrated an 
increased mortality in trauma patients with a pro-
coagulant, prothrombotic, non-hyperfibrinolytic 
phenotype. The phenotypes were classified by 
Ly30—clot lysis 30  min after the maximum 
amplitude (MA) by thromboelastography (TEG). 
This was termed “fibrinolysis shutdown” and 
shown to be an independent predictor of morbid-
ity and mortality (Fig. 15.8).

 The theory of Glycocalyx injury

The breakdown of the endothelial surface layer 
related to hypoperfusion, shock and endothelial 
injury is partly addressed by this theory. The gly-
cocalyx is an endothelial luminal surface layer, 
which in humans has a thickness which varies 
from 0.5 to 5.0 μm. The glycocalyx consists of 
glycosaminoglycans (GAG), proteoglycans 

(PG), and associated plasma proteins in which 
approximately one third of the total volume of 
plasma proteins reside. It serves as a protective 
barrier to vascular permeability [46]. The main 
subtype of PG found in the glycocalyx is syn-
decan- 1. The proteoglycans are considered “core 
proteins” which are attached to the intraluminal 
surface of the endothelial cells and it is to the PG 
that the GAG are covalently bound. The GAG 
chains that are bound to the PG are comprised of 
primarily heparan sulphate, dermatan sulphate 
and chondroitin sulphate. The sulphated GAGs 
are negatively charged enabling the interaction 
with plasma proteins. There are numerous pro-
teins which interact with the GAGs. Included in 
these are fibrinogen fibronectin, albumin, throm-
bomodulin, antithrombin III as well as various 
cell adhesion molecules [47].

Products of glycocalyx shedding (primarily 
syndecan-1) have been detected in trauma, sepsis 
and chronic inflammatory states. Catecholamine 
levels have also been implicated in the rate of 
glycocalyx shedding [48, 49]. This has been 
described as shock induced endotheliopathy of 
trauma [50]. Components of the glycocalyx 
which have anticoagulant properties are of par-
ticular interest in TIC.  Heparan sulphate (HS) 
and chondroitin sulphate (CS), which augment 
the efficiency of antithrombin III and thrombo-
modulin leading to a potential auto- heparinization 
effect at the microcirculatory level. This phenom-
enon may be a component of TIC, or perhaps be 
necessary in order to provide an improved red 
cell flow in the microcirculation during hypoper-
fused states [25, 51]. Both HS and CS have been 
shown to be crucial in maintaining membrane 
integrity [52–54].

 The Theory of Hypofibrinogenaemia

There is much renewed interest in the role of 
fibrinogen loss as the primary responsible factor 
for the development of TIC.  Fibrinogen loss 
leads to a reduction in clot tensile strength and 
clot amplitudes by viscoelastic monitoring, with 
high levels of clot breakdown as demonstrated by 
high levels of fibrin degradation products and 
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Fig. 15.8 U-shaped distribution of mortality related to 
fibrinolysis phenotype. The y axis represents the percent-
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d-dimers [55, 56]. The hypofibrinogenaemia seen 
in severe trauma is related to the rate of break-
down as compared to the synthesis and is directly 
related to the degree of injury as well as methods 
of resuscitation [57]. This has led to the use of 
antifibrinolytics such as tranexamic acid (TXA), 
fibrinogen concentrates and fibrinogen replace-
ment with cryoprecipitate to correct hypofibrino-
genaemia in an attempt to reverse hyperfibrinolysis 
and reduce bleeding (Fig. 15.9) [58–62].

 The Role of Platelets

Platelets and associated platelet derived mic-
roparticle (PMPs) are critical for clot genesis 
and clot strength. Both are necessary for coagu-
lation especially in traumatic injury and the pre-
vention of TIC. PMPs are procoagulant and have 
been implicated in the genesis of prothrombotic 
states in trauma [63, 64]. Platelets contribute to 
over 60% of clot strength primarily in coagulop-
athy and resuscitation [65]. They provide a net-
work for clot structure and provide the 

environment necessary for thrombin burst. 
Although lower platelet counts are related to 
mortality in coagulopathy and resuscitation, 
platelet function is also related to inadequate clot 
formation and clot strength. Investigators found 
that platelet “hypo- function” related to four dif-
ferent agonists; adenosine diphosphate (ADP), 
arachidonic acid (AA), thrombin receptor acti-
vating peptide and collagen. Platelet hypo-func-
tion related to these agonists was present on 45% 
of patients on admission and 90% of patients at 
some point during their ICU stay compared to 
healthy controls. Platelet function can be mea-
sured in isolation as part of the clotting cascade, 
and platelet dysfunction on admission increases 
mortality tenfold despite adequate platelet num-
bers. In this study, inhibition related to AA and 
collagen stimulation was predictive of mortality 
[66]. Solomon et al. found that ADP and throm-
bin receptor activating peptide pathway inhibi-
tion was associated with mortality as well [67]. 
Stalker described “location dependent differen-
tial platelet activation” referring to the location 
of activated platelets in relation to the centre of 
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Fig. 15.9 Schematic overview of TIC. Trauma induces a 
laboratory-evident coagulopathy through a variety of dif-
ferent pathways, which is likely modulated by baseline 
patient factors such as genetics and comorbidities. 
Unfortunately, few causative relationships are currently 
known. TIC is a separate entity from iatrogenic causes of 

coagulopathy including haemodilution and pre-injury 
anticoagulant therapy. Currently, the literature only identi-
fies TIC based on laboratory abnormalities, and its rela-
tionship to true clinical coagulopathic bleeding is 
unknown [10]
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the clot. A combination of confocal intravital 
imaging, genetically engineered mice and anti-
platelet agents following intravascular injury 
were used to determine the hierarchical structure 
of a haemostatic plug as related to the activation 
of platelets and fibrin accumulation. Two types 
of penetrating injuries were produced in the 
mice, however one was produced with a laser 
and introduced a heat induced variable to the 
injury pattern. Both types of injury produced a 
hierarchical structure which had a core of closely 
packed “irreversibly activated” platelets overlaid 
by a loosely packed minimally activated plate-
lets. Thrombin was shown to be generated close 
to the site of injury and close to the core of the 
thrombus. ADP release from platelet dense gran-
ules extends throughout the core and throughout 
the outer shell. This study demonstrated the vari-
ous states of platelet activation and response in 
injury and haemostatic plug formation [65, 68, 
69]. Moore et al. demonstrated a sex dependent 
signalling and cellular activation. Females tend 
toward hypercoagulability and have shown a sur-
vival benefit in TIC [70]. Native platelets may 
also undergo a downregulation via a signalling 
process from plasma of trauma patients; in plate-
lets that are otherwise normal, exposure to pro-
teins that are released into the plasma in trauma 
patients causes downregulation of ADP and col-
lagen receptors (Glycoprotein VI) expressed on 
the platelet surface. These platelets also showed 
a decrease in calcium mobilization when exposed 
to the plasma. Approximately one- third demon-
strated a return of calcium mobilization at 120 h, 
but not fully returning to baseline. Similarly, 
infusion of healthy donated platelets into a 
trauma patient may cause the platelets to become 
unresponsive when exposed to the trauma 
patient’s plasma [66].

Trauma induced coagulopathy is a multifacto-
rial, global process induced by hypoperfusion 
and shock. It is characterised by an imbalance of 
haemostasis, protein C activation, cellular dys-
function, hypofibrinogenaemia, endothelial sur-
face layer degradation and shedding, plasma 
mediated inhibitory effects on platelet signalling 
pathways and fibrinolysis. The extent of shock 

and hypoperfusion determines the severity of the 
trauma induced coagulopathy [15].

 Haemostasis and Resuscitation

The previous section detailed the mechanisms 
and results of TIC. The identification and rapid 
treatment of the patient with TIC often deter-
mines the immediate and long term outcomes of 
these patients [6]. Several methods and scoring 
systems have been implemented with varying 
degrees success for both pre hospital and in hos-
pital prediction for the need to activate a massive 
transfusion event [71–79].

The Assessment of Blood Consumption 
(ABC) by Cotton et al. [72] was a comparative, 
retrospective study looking at trauma admissions 
to a Level 1 trauma centre. The ABC score was 
assigned based on four non-weighted parameters: 
penetrating mechanism, positive focused assess-
ment sonography for trauma (FAST) scan, arrival 
systolic blood pressure of 90 mm Hg or less, and 
arrival heart rate >120  bpm. The Trauma- 
Associated Severe Haemorrhage (TASH) as well 
as the McLaughlin scores were calculated in 
addition, but both TASH and McLaughlin require 
laboratory and radiology results to complete cal-
culations. Comparatively, the area under the 
receiver operator curves (AUROC) between all 
three were statistically similar as predictors of 
massive transfusion. An ABC score of 2 or greater 
was 75% sensitive and 86% specific for predict-
ing the need for MTP (correctly classifying 85%) 
[71, 72]. The Shock Index (SI) is calculated by 
dividing the heart rate by the blood pressure with 
a normal range of 0.5 to 0.7 in healthy adults. SI 
had a significantly greater sensitivity (P = 0.035), 
but a significantly weaker specificity (P < 0.001) 
compared to ABC score [78]. Sensitivity is a 
measure of the true positive predictive value of 
the test, i.e. if the patient requires a massive 
transfusion, how likely is the test to pick this up? 
Sensitivity is the corollary of this—if the test 
indicates the patient does not require a massive 
transfusion, what is the accuracy of this negative 
prediction?
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There is no consensus on a specific or perfect 
scoring system in both the civilian and military 
populations. El-Menyar et  al. [80] performed a 
systematic search yielded 241 articles and 24 dif-
ferent scoring systems. Key words used were 
“massive transfusion,” “score,” “model,” 
“trauma,” and “haemorrhage” in different combi-
nations. Many of the scores are complex requir-
ing difficult calculation and time consuming lab 
tests whereas some were simple and easy to 
remember using physiologic parameters, injury 
characteristics, and/or simple procedures done as 
point of care. At present, despite the various scor-
ing systems implemented, there remains either an 
institutional based system or a reliance on treat-
ing physician “gestalt” to activate/implement a 
massive transfusion protocol [81]. The need for 
adopting a consensus score or merging several 
scoring systems to better predict the need for a 
life-saving massive transfusion must be addressed 
[80]. Unnecessary blood product administration 
is accompanied by an increased incidence of 
acute renal failure, acute lung injury and nosoco-
mial infection. Being correct in predicting which 
patients that will need massive transfusion early 
will aid in the treatment and ultimately favour-
able outcome in those patients with TIC [8, 82].

 Tranexamic Acid

As mentioned in this chapter, early recognition 
and treatment is essential. The need for pre- 
hospital treatment early may determine survival 
in trauma patients with haemorrhage. This 
begins with the prevention and reversal of the 
hypofibrinogenemia and fibrinolysis that accom-
panies traumatic shock. The use of the antifibri-
nolytic, TXA, prehospital and on arrival to the 
trauma centre has been a matter of investigation 
and discussion for many years. Several studies in 
favour of early administration have shown a 
decrease in mortality or a decrease in blood 
product administration.

The CRASH-2 trial, over 20,000 patients at 
risk for haemorrhage who received TXA versus 
placebo, showed a decrease in death due to haem-
orrhage with the early administration (<1  h) of 

TXA. The subgroup analysis showed an increase 
survival benefit in patients with severe shock and 
a systolic blood pressure of <75  mmHg. TXA 
administered greater than 3  h after injury was 
shown to increase mortality. One of the major 
limitations of the CRASH-2 trial is the difficulty 
in extrapolating the results to major trauma sys-
tems and centres [83]. Military studies such as 
the MATTERS and MATTERS-II trial showed 
and significant decrease in death due to haemor-
rhage more evident in the cohort receiving mas-
sive resuscitation. Twenty four hour and 30 day 
mortality were reduced in both groups and fur-
ther reduced in the MATTERS-II trial when 
cryoprecipitate was given in addition to TXA. In 
both trials there was a suggestion of the anti- 
inflammatory effects of TXA administration in 
trauma. In a univariate model patients treated 
with TXA trended toward an increase in throm-
botic events but there was no statistical difference 
in a multivariate model [60, 61]. The results of 
the TAMPITI trial are eagerly awaited [84]. This 
trial is a randomized placebo controlled pre- 
hospital trial to define the effects of TXA on the 
immune system, its mechanism of action, phar-
macokinetic data, and efficacy as well as safety 
data for the use of TXA in severely injured 
trauma patients. The patients will be randomized 
into pre-hospital placebo, 2  g or 4  g doses of 
TXA within 2 h of injury. Primary outcome mea-
sures will be the portion of activated monocytes 
between the 3 treatment arms through 72 h after 
admission. Secondary outcome measures 
between the three arms will be cytokine measure-
ments, leukocyte function, plasma drug availabil-
ity, rate of thromboembolic events, incidence of 
seizures and all adverse events in total. This may 
have clinical implications in terms of the anti- 
inflammatory response versus complication rate, 
and may change dosage recommendations if it 
has an impact on immunomodulation.

In patients with traumatic brain injury (TBI) 
the CRASH-3 trial examined the effects of TXA 
on patients, with a GCS of 12 or less, with iso-
lated intracranial bleeding compared to placebo. 
The risk of head injury-related death was reduced 
with tranexamic acid in patients with mild-to- 
moderate head injury (RR 0·78 [95% CI 0·64–
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0·95]) but not in patients with severe head injury 
(0·99 [95% CI 0·91–1·07]; p value for heteroge-
neity 0·030). The authors demonstrated that the 
incidence of thrombotic events as well as sei-
zures were similar between the TXA and pla-
cebo group [85]. The American College of 
Surgeons Committee on Trauma [86], European 
Task Force for Advanced Bleeding Care in 
Trauma [87, 88], and UK National Institute for 
Health and Care Excellence [89] all recommend 
administering TXA for hospitalized trauma 
patients as soon as possible if within 3 h of injury 
[90]. Care must be given to all trauma patients in 
terms of receiving TXA in this author’s opinion. 
Those patients who arrive at a trauma centre 
should undergo viscoelastic monitoring prior to 
receiving TXA. Moore et al. elegantly described 
the phenomenon of fibrinolysis shutdown and 
the associated mortality associated with a 
Lys30  <  0.9% and the association with TXA 
administration and physiologic fibrinolysis [91]. 
In hospital TXA should be reserved for those in 
hyperfibrinolysis (Lys30 > 3%) [92, 93]. In the 
pre-hospital setting where testing is not available 
it is in the discretion of the pre-hospital person-
nel to administer TXA at their discretion solely 
if it is within their purview to do so.

In the California Pre Hospital Antifibrinolytic 
Therapy Study (CalPAT) [94], investigators com-
pared 724 patients in 2 groups—those who 
received TXA and those who did not (control 
group). Both groups were similar in ISS, age and 
mechanism of injury. It was determined by the 
first responders that the patients exhibited signs 
of shock and were candidates for TXA adminis-
tration. TXA administration in the pre-hospital 
setting showed a reduced mortality at 28  days 
which was statistically more evident in the most 
severely injured patients. The study group 
reported no increase in incidence of untoward 
effects in the TXA group. It was concluded that 
TXA may be used safely in the pre-hospital set-
ting. The use of pre-hospital TXA was reviewed 
and analyzed in the German Trauma Registry. 
They propensity score matched two similar 
groups of patients, those who were administered 
TXA and those who were not. TXA was associ-
ated with prolonged time to death and signifi-

cantly improved early survival. The difference 
was more pronounced in those who were more 
severely injured [95]. El-Menyar, et al. performed 
a meta-analysis on the efficacy of pre-hospital 
TXA.  Only two out 92 referenced studies met 
their inclusion criteria. 24 h, 30 day mortality and 
thromboembolic events were the searched out-
comes for the analysis. Prehospital TXA appears 
to reduce early mortality in trauma patients. The 
pooled analysis also showed a trend toward lower 
30-day mortality and reduced risk of thromboem-
bolic events [96]. The administration of TXA 
during aeromedical transport showed no survival 
benefit between pre and in-hospital administra-
tion of TXA [97]. In this author’s opinion, trauma 
patients with prolonged transport in haemor-
rhagic shock, with the current available evidence, 
TXA should be administered in the pre hospital 
setting.

 Historical Evolutions

Historically speaking, trauma resuscitation was 
performed with large volumes of crystalloid, low 
ratio of red cells to thawed plasma as well as the 
addition of inotropes to optimise oxygen delivery 
by increasing cardiac output [98]. In 2007, 
Borgman et  al. demonstrated that early aggres-
sive high ratio resuscitation of red blood cells to 
thawed plasma in a 1:1 ratio improved survival in 
a combat setting [99]. Later Holcomb et  al. 
showed that not only RBC:Plasma ratios 
improved survival but a high Platelet:RBC ratio 
improved survival as well [100].

In the same year it was shown that an increasd 
fibrinogen to RBC ratio improved survival in mil-
itary personnel needing a massive transfusion 
[101]. The Prospective Observational Prospective 
Multicentred Major Trauma Transfusion study 
(PROMMT) revealed that in the first 6 h, patients 
with ratios <1:2 were 3–4 times more likely to die 
than patients with ratios ≥1:1. Higher plasma and 
platelet ratios early in resuscitation were associ-
ated with decreased mortality in patients trans-
fused at least three units of blood products during 
the first 24  h after admission. RBCs [11, 102–
104]. The Pragmatic Randomized Optimal Plasma 
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and Platelet Ratios (PROPPR) trial compared 
1:1:1 (Plasma:Platelets:RBCs) to 1:1:2 
(Plasma:Platelets:RBCs) in a multicentred trial 
including 680 severely injured trauma patients 
that met PROPPR criteria. The difference in 24 h 
and 30 day mortality were not statistically signifi-
cant. Secondary outcome revealed that at the 2.9 h 
mark, high ratio resuscitation was significantly 
different. The study became unblinded once hae-
mostasis was achieved and the administered blood 
products were revealed to the practitioners [5, 
105, 106]. High ratio resuscitation has become the 
mainstay of practice within the United States.

The European guideline on management of 
major bleeding and coagulopathy following 
trauma: (fifth edition) recommends, for increased 
fibrinolytic activity (by viscoelastic monitoring) 
and a low fibrinogen concentration (< 1.5 Gm/L), 
early administration of TXA. Most trauma cen-
tres administer cryoprecipitate or fibrinogen con-
centrate to treat low fibrinogen levels. With a low 
intrinsic fibrinogen concentration, FFP adminis-
tration will not rapidly increase fibrinogen levels 
in the bleeding trauma patient in isolation. There 
is also a lower incidence of TRALI (Transfusion 
Related Acute Lung Injury, a respiratory compli-
cation of blood product transfusion) with a 
decrease in the use of plasma as well as a decrease 
in haemodilution and decrease in haemoglobin 
concentration [88]. There exists a difference in 
transfusion practices between the USA, Europe 
and Canada. Perhaps there is a hybrid in philoso-
phy that needs to be developed between the two 
methods of resuscitation.

Freeze dried lyophilized plasma has made a 
resurgence (FDP). The advantages of FDP are a 
long shelf life, stability at extremes of room tem-
perature, easy and rapid reconstitution [107, 
108]. The Israeli Defense Force (IDF) have 
reported successful administration of FDP (and 
TXA) at the point of injury [109].

Low titre fresh whole blood provides in vivo 
haemostatic properties, simplified logistics, lower 
transfusion volumes as well as less haemodilu-
tion. Also less anticoagulant that is used for com-
ponent preservation and transport is introduced 
into the resuscitation process [110, 111]. Whole 
blood storage methods decrease the effects of 
storage lesions that are found in components of 

whole blood. Red blood cells and platelets 
undergo biochemical as well as morphologic 
changes as their shelf lives increase. As shelf life 
increases there is a release of microparticles, oxy-
gen carrying capacity decreases, membrane ATP 
concentrations decrease and there is an increase 
inflammatory mediators. These changes have 
been noted as early as day 7 of shelf-life [112]. 
Logistics prove to be the main obstacle in the use 
of low titre leuko-reduced fresh whole blood in 
the civilian population. Most civilian blood banks 
do not keep low titre leuko-reduced blood on 
hand. Leukoreduction may prove to be a caveat 
depending on the type of leukoreduction filter 
used. Platelet sparing versus nonplatelet sparing 
filters must be used in order to maintain the qual-
ity and haemostatic properties of the fresh whole 
blood being transfused [113].

 Conclusion

Trauma related death due to haemorrhage 
accounts for approximately 30 to 40% of the mor-
tality in the civilian trauma population. 
Haemorrhage results from both coagulopathy as 
well as surgical bleeding. The rapid diagnosis and 
timely treatment of the patient with TIC deter-
mines the immediate and long term outcomes of 
these patients. The mechanisms and theories of 
TIC remain a hybrid between fibrinolysis, acti-
vated protein C, hypo-fibrinogenaemia and endo-
thelial surface layer degradation. Rapid response 
from pre-hospital emergency medical personnel 
is key and transporting the patient to a trauma 
centre in a timely fashion is paramount. Pre-
hospital administration of TXA, whole blood, 
fibrinogen concentrate, freeze dried plasma or 
component therapy have been shown to decrease 
the amount of blood product administration in 
hospital, decrease morbidity and improve out-
comes. The availability and dosing of prehospital 
therapies varies between countries, civilian, mili-
tary and local emergency medical services.

The key point from this review is that there 
needs to be a consensus for the care of the trauma 
patient from the point of injury to definitive treat-
ment at the nearest trauma centre. There is an 
integral team approach from point of injury and 
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delivery of the patient to definitive care. In 
instances of prolonged extrication or transport 
time patients in shock should be given TXA by 
emergency personnel pre-hospital. A hybrid of 
high ratio resuscitation, TXA and factor concen-
trates seems to be the ideal resuscitation method 
in order to provide the best haemostasis with lim-
iting the complications of high volumes of resus-
citation components. Research is ongoing and 
current trials may provide us with needed data to 
refine our global approach in the treatment of the 
patient with Trauma Induced Coagulopathy.

Questions
 1. Which of the following ions are essential 

cofactors in clotting?
 (a) Potassium
 (b) Calcium
 (c) Phosphate
 (d) Chloride
 (e) Sodium
 2. Tranexamic acid is effective in haemostasis 

by:
 (a) Decreasing clot formation time
 (b) Increasing platelet cross linking
 (c) Promoting generation of fibrinogen
 (d) Decreasing fibrin breakdown
 (e) Decreasing plasma levels of Protein C
 3. Which of the following are scoring systems 

used in prediction of blood product 
requirements?

 (a) TASH score
 (b) ABC score
 (c) McLaughlin score
 (d) MARCH score
 (e) GCS
 4. The presence of acute traumatic coagulopathy 

increases mortality by what degree:
 (a) 3 fold
 (b) 5 fold
 (c) 7 fold
 (d) 9 fold
 (e) 12 fold
 5. Which clotting factor is the final common 

pathway between intrinsic and extrinsic sys-
tems in the classical model of coagulation?

 (a) VIIa
 (b) VIIIa
 (c) Xa

 (d) XII
 (e) XIII

Answers
 1. b
 2. d
 3. a, b, c
 4. d
 5. c
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In Hospital REBOA for Major 
Trauma

Tim J. Stansfield

 Introduction

Resuscitative Endovascular Balloon Occlusion 
of the Aorta (REBOA) is a resuscitative adjunct 
used by trauma teams with the intent to benefit 
selected major trauma patients [1]. Colloquially 
sometimes termed “blowing a balloon up in the 
aorta”, it is a conceptually attractive, technically 
straightforward intervention. It requires the trans-

luminal passage of a catheter mounted compliant 
or semi-compliant balloon into a selected aorta 
segment and then inflation (distension) of the bal-
loon with an appropriate liquid. This concept is 
demonstrated in Fig. 16.1. At higher volumes of 
inflation the balloon will form a circumferential 
seal with the aortic wall, sustained throughout 
each cardiac cycle. In the context of major trauma, 
the trauma team will decide whether they intend 
to use this capability, or whether they intend to 
inflate without full occlusion of an aortic segment. 
In either case, the aim of REBOA is to temporally 
obstruct aortic flow within the targeted aortic seg-
ment to improve the resuscitative management of 
the patient. The operator expectation is that such 
an improvement will be favourably reflected in 
the long-term outcome for the patient.

 Assumptions

 1. Unless otherwise implicitly stated, all refer-
ence to REBOA in this chapter will be in its’ 
role as a resuscitative adjunct in selected 
major trauma patients. Strategies and effects 
of use in other contexts, for example post- 
partum major haemorrhage or aortic aneu-
rysm rupture, are not directly considered.

 2. Unless otherwise stated anatomical descrip-
tions in this chapter refer to normal adult anat-
omy. Conventional REBOA catheters are 
designed for operation in adults; data and 
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descriptions of use refer to the adult 
population.

 3. Consent for REBOA is not discussed or 
implied as it is assumed that patients for 
REBOA will have such an injury and treat-
ment profile as to not have capacity to con-
sent. The procedure is performed in line with 
other lifesaving interventions—in the patient’s 
best interests. Explanations, albeit brief in 
time critical situations, to the conscious 
patient is almost always appropriate regard-
less of lack of capacity. Clearly in the very 
unlikely event the patient has capacity then 
consent must be sought, albeit appropriately 
tailored such that gaining consent does not 
disproportionately threaten their life.

 Purpose of REBOA

The similarities with open extraluminal aortic 
control are manifest. In humans, the benefits of 
REBOA are not fully defined by empirical human 
data, in part an extrapolation is made from other 
types of aortic control and animal data. With such 
formulation the potential benefits include:

 1. Alteration of the aortic arch haemodynamics 
to the advantage of the coronary and cerebral 
circulation in the same way as open extralu-
minal aortic control.

 2. Reduction of arterial blood flow and pressure 
distal to the inflated balloon and therefore:

 (a) Decreased blood loss, primarily from 
arterial bleeding. There may be a reduc-
tion in venous bleeding (for example, by 
reducing inflow into an organ or region, 

venous outflow may be proportionately 
reduced).

 (b) Improved visualisation of the operative 
field as it will be less continuously obfus-
cated by ongoing bleeding. For example, 
this may make damage control laparot-
omy (DCL) considerably more efficient.

 (c) Improved probability of clot formation in 
injured tissues.

 3. Reduction in the associated morbidity of open 
aortic exposure and extraluminal aortic con-
trol, if that was to be the alternative strategy. 
For example, the wound generated by left lat-
eral thoracotomy and the potential to cause 
intercostal avulsion on manoeuvring to clamp 
the descending thoracic aorta (DTA).

REBOA is not sustained or implanted, rather 
it is a temporary measure while an acceptable 
level of definitive haemorrhage control is 
achieved. For REBOA to be worthwhile, it is 
implicit that the potential benefits described 
above must come at an acceptable:

• Risk. For example: the physiological cost to 
the patient; principally in the ischaemic hit to 
the tissues oxygenated by flow distal to the 
balloon and the subsequent reperfusion hit.

• Opportunity-cost. This includes opportunity- 
cost to the:
 – Patient; whether an alternative strategy 

may be more efficient or effective and to
 – Healthcare resource; whether the benefit to 

the patient justifies any compromise to 
delivering healthcare to other patients. 
Decisions on healthcare resource cost 
clearly need to be pre-established by the 

Fig. 16.1 Image 
courtesy of UK REBOA 
trial protocol. “blowing 
a balloon up in the 
aorta”: A catheter 
mounted balloon device 
is inflated in the aorta, 
inserted via a right 
femoral access sheath
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hospital system rather than by the respond-
ing trauma team. In large well-resourced 
medical facilities cost to healthcare 
resource is likely to be far less impactful 
compared to a facility with limited 
resources.

 Probable Haemodynamic Effect 
of REBOA in Humans

REBOA increases cardiac afterload and proximal 
aortic pressure, and improves perfusion of the 
heart and brain [2, 3]. This is supported by basic 
science data in large animal models [4, 5] and is 
consistent with modelling of cardiac physiology 
such as the Frank-Starling law. In trauma, the 
mean increase in systolic blood pressure (SBP) 
from REBOA has recently been calculated from 
selected published literature as 78.9 mmHg [6]; 
the individual increase will clearly depend on the 
REBOA type (see below) and patient factors. In 
uninjured porcine models with total REBOA [7], 
reduced flow in the IVC, hepatic vein and por-
tal vein with increased flow in the SVC has been 
noted.

 Use of REBOA Within a MTC

REBOA is used in many Major Trauma Centres 
(MTCs) worldwide. The frequency of use in a 
trauma centre with REBOA capability probably 
depends on the population at risk presenting to 
the MTC (including the pre-hospital healthcare 
pathway), the trauma centre protocol and where 
the trauma team analyses the balance of risk to 
lie. In the UK, in-hospital REBOA as an adjunct 
for trauma resuscitation has effectively been ini-
tiated by the UK-REBOA trial. The vast majority 
of in-hospital REBOA use in the UK, outside the 
Royal London Hospital, is for patients who have 
been randomised to REBOA as part of this trial.

Key Points
Based on UK-REBOA trial protocol [8] and 
recruitment so far [9], UK major trauma centres 
in the future may on average select one patient 
every 2–3 months for the intervention.

This frequency is slightly less than that indi-
cated by a TARN dataset gap analysis for exsan-
guinating sub-diaphragmatic bleeding [10]. With 
greater clarity on the trauma patient groups that 
are likely to clinically benefit from REBOA and 
with more familiarity of its’ use, it is conceivable 
that it becomes a modestly more frequent inter-
vention than highlighted. It may be there is a very 
rare role for UK Trauma Unit (TU) use of 
REBOA either as a transfer adjunct or for on-site 
DCL.  However, it is very unlikely that a TU 
trauma team in the UK would be able to justify 
the opportunity cost in training to use REBOA 
compared to other priorities for training.

REBOA preparation, decision making, and 
conduct is within the context of the trauma team 
managing a major trauma patient with a poten-
tially life-threatening injury. Such processes 
require integration into the in-hospital resuscita-
tion pathway through the pre-arrival preparation 
phase, ED management phase, operating (con-
ventional or hybrid theatre) or CT imaging phase, 
and then beyond. Trauma teams need to be able 
to conduct Damage Control Resuscitation (DCR) 
including blood product transfusion while main-
taining a minimal and survivable duration of 
REBOA that meets the resuscitation strategy. 
This also requires concurrent interface with and 
transition through various hospital departments 
within a few hours from arrival in hospital. 
Therefore those seeking to optimise their REBOA 
processes should ensure familiarity with:

• Human factor considerations in complex pro-
cesses, for example those described in the 
Human Factors and Decision Making in Damage 
Control Surgery chapters within this textbook.

• DCR imperatives
• Key decision points regarding definitive 

haemorrhage control, for example those 
described in the Decision Making in Damage 
Control Surgery chapter.

• REBOA specific considerations:
 (a) Probable haemodynamic effects of 

REBOA
 (b) Patient selection and strategy for REBOA
 (c) Practical technique of performing 

REBOA
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• These REBOA specific considerations are 
described in this chapter.

Definition

REBOA is the action of inflation of a catheter 
mounted balloon device within a discrete aortic 
segment, for a discrete time interval, with the 
intent of facilitating resuscitative efforts for the 
patient.

 Indications/Contraindications

The purpose of REBOA has been described 
above. Indications and contraindications 
of use are partly dependent on the type of 
REBOA and are considered in the patient 
and strategy selection section of this chap-
ter. Identifying absolute contraindications for 

REBOA (Table 16.2) early will help avoid sit-
ing an unused and unnecessary larger access 
sheath.

 Types of REBOA

REBOA is not one entity. There several vari-
ables in the conduct, which create differ-
ent combinations and therefore “types of 
REBOA”. In considering these variables, the 
analysis should be approached through a risk 
and benefit (risk reduction) assessment using 
slow cognitive decision- making in order to 
optimally select appropriate patients and 
REBOA conduct. Clearly, such an analysis 
requires an understanding of each variable. 
The variables are:

1. Level of balloon deployment
2. Strategy of occlusion
3. Duration of balloon inflation

The crux combination of variables for the 
conduct of REBOA principally effecting the 
physiological benefit and burden

 

4. Environment of insertion
5. Access type
6. Access location
7. Type of balloon catheter

These variables may confer different risks 
of complications and effects on the wider 
DCR pathway, such as time to proximal 
control. Without serious complication, they 
do not directly carry a material difference to 
the physiological benefit or burden.   

 Level of Balloon Deployment

The level of balloon deployment refers to the 
anatomical aortic segment targeted; these are 
divided into three zones.

• Zone 1 REBOA
 The balloon is contained entirely within the 

aortic segment between the left subclavian 
artery (SCA) and the coeliac axis. The princi-
ple patient group for the use of zone 1 REBOA 
is in those known or thought to have a sub- 

diaphragmatic visceral or torso vascular 
exsanguinating injury not amenable to more 
distal occlusion. For example, a patient with 
exsanguinating arterial bleeding from a liver 
laceration, as shown in Fig. 16.2(a). Primary 
survey identification of this patient group will 
be discussed later in this chapter. For the 
majority of adults, zone 1 is an approximately 
20 cm length segment.

• Zone 2 REBOA
 The balloon is deployed across part or the full 

length of visceral aortic segment (the segment 
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that includes the coeliac axis to the lower renal 
artery). Currently, this is not considered a rea-
sonable target for balloon deployment. This is 
because of:

 – The real risk of dissection or thromboem-
bolism into the arterial branch ostia caused 
by an abutting balloon. Such complications 
may cause organ infarction, multiorgan 
failure and death.

 – The significant practical difficultly in accu-
rately deploying a balloon in zone 2 with-
out fluoroscopic or intravenous ultrasound 
(IVUS). Such an attempt would likely have 
significant opportunity cost in the time and 
effort required.
In the majority of adults zone 2 is an 
approximately 3 cm length segment.

• Zone 3 REBOA
 The balloon is contained entirely within the 

infrarenal aortic segment. The key patient 
group for the use of zone 3 REBOA is in those 
patients known or thought to have 
 exsanguinating bleeding from iliac arterial 

territory injury. For example, a patient with 
exsanguinating arterial bleeding from a pelvic 
fracture bleeding, as shown in Fig.  16.2(b). 
Primary survey identification of this patient 
group will be discussed later in this chapter. In 
the majority of adults zone 3 is an approxi-
mately 10 cm length segment.

 Strategy of Occlusion

A strategy of occlusion refers to the targeting of 
an aortic pressure proximal to and/or distal to 
the balloon. There is no definition as to the level 
within the arterial tree that these pressure mea-
surements are taken from. However, the proximal 
pressure measurement will usually be taken from 
a transducer connected to the lumen of an appro-
priate balloon mounted catheter or a radial arte-
rial line, and the distal pressure measurement will 
usually be taken from the insertion sheath side 
port. In an alternative rare example, if the balloon 
mounted catheter has been inserted via an upper 

a b

Fig. 16.2 Image courtesy of UK REBOA trial protocol. (a) Zone 1 balloon total occlusion for a liver laceration. (b) 
Zone 3 balloon total occlusion for pelvic fracture and associated significant vessel bleed
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limb access site, then a transducer connected to 
the sheath side arm or radial arterial line will 
measure the proximal pressure, and a transducer 
connected to the balloon mounted catheter or a 
groin femoral access sheath will measure the dis-
tal pressure. It is not mandated to take invasive 
pressure measurements to use REBOA, however 
significant situational awareness is likely to be 
lost with regards to the ongoing resuscitation 
effort without such measurements. This cannot 
be recommended as usual practice in a hospital 
setting.

The quantity of fluid inflated into the balloon 
is not directly proportionate to the diameter of the 
balloon; the exact relationship is principally 
dependent on the construct of the occlusion bal-
loon and the external forces acting on the bal-
loon. The fluid volume inflated into the balloon 
not infrequently requires alteration as the resusci-
tation progresses to maintain the desired effect. 
The aorta is an elastic structure in healthy indi-
viduals and will distend, particularly in systole, 
as the patient is returned to euvolemia. The strat-
egies described below may be combined together 
and do not have precise boundaries between one 
another. For example, on completion of total 
REBOA, gradually deflating the balloon before 
removal will retain a transient partial occlusive 
effect during deflation.

• Total (aka complete or continuous)
 A total REBOA strategy aims to achieve 

occlusion of an aortic segment. In other words 
the balloon forms a circumferential seal with 
an aortic wall segment, sustained throughout 
each cardiac cycle. This balloon strategy will 
provide, as an initial effect for an individual 
patient, the most reduced distal aortic flow and 
the greatest afterload increase of all the strate-
gies. This is usually confirmed by loss of the 
biphasic arterial line signal distal to the bal-
loon and a distal pressure drop to less than 
15  mmHg. Note the pressure distal to total 
REBOA, in an active circulation state, is 
greater than 0 mmHg.

• Partial
 A partial REBOA strategy aims to deflate the 

balloon to ensure a degree of distal aortic flow 

to mitigate the ischemic and/or reperfusion 
hit, while not overtly compromising the bene-
fit in reducing active bleeding. Based on blood 
pressure, this is clearly not an exact science. 
Furthermore, there is no consensus for pre-
cisely how this should be performed. Targeting 
a 5–10 mmHg increase from the total REBOA 
distal pressure may generate the optimal bal-
ance as suggested by the UK REBOA trial 
protocol [8]. There is evidence from the 
Japanese registry [11] that a median occlusion 
time of 58  min with partial REBOA was as 
well tolerated as a median occlusion time of 
33 min for total REBOA.

• Proximal target pressure only
 Targeting a proximal pressure with REBOA 

without reference to the distal pressure poten-
tially offers a similar effect to partial REBOA 
with the potential advantages of:
 – Maximising the distal flow at any given 

acceptable level of proximal perfusion
 – No mandated requirement to connect a sec-

ond transducer to monitor the distal 
pressure.

• A systolic pressure just below the probable 
normal baseline systolic pressure is probably 
the optimal target, for example, 110 mmHg in 
a usually fit and well young adult. Therefore, 
as a successful resuscitation progresses, a 
greater distal flow may be achieved. This may 
or may not achieve a more optimal balance of 
blood loss against distal ischaemia/
reperfusion.

• Intermittent
 The balloon is emptied entirely and re-inflated 

to a proximal or distal blood pressure target 
after a time interval. There is no consensus on 
the duration of the time interval. Intermittent 
REBOA aims to allow the maximum distal 
aortic flow at the risk of:
 – A critical perfusion loss to the carotid and 

coronary circulation as the proximal aortic 
pressure may significantly decrease on 
complete balloon deflation, depending on 
the resuscitative progress.

 – Clot disruption and blood loss from the dis-
tal arterial distribution at complete balloon 
deflation.
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 – Significant blood pressure variability 
between inflation and deflation; this may 
have a deleterious impact on organ function 
compared to a patient with the same aver-
age but more consistent blood pressure.

 Intermittent REBOA may be performed inten-
tionally. Alternatively, if total REBOA has 
been deflated after haemostasis is thought to 
have been achieved and there is a later sus-
tained precipitous fall in blood pressure or 
additional distal bleeding requiring aortic con-
trol then the balloon may be reinflated thus 
mimicking an intermittent strategy.

 Duration of Balloon Inflation

This refers to the length of time the balloon is 
inflated.

 Consider with Level and Strategy 
of Occlusion
The triumvirate of duration of balloon inflation, 
level and strategy of occlusion are most infor-
mative when described together. Every minute 
of zone 1 complete occlusion is associated with 
a relatively significant incremental increase in 
morbidity and mortality, possibly in an exponen-
tial relationship. The UK REBOA trial [8, 9] cur-
rently recommends a target of less than 30 min 
of complete occlusion at zone 1, which is con-
sistent with international consensus [12]. The 
UK REBOA trial also currently recommends a 
target of less than 90 min of complete occlusion 
at zone 3, whereas international consensus rec-
ommends targeting less than 60  min. Such tar-
gets are clearly not purporting to be “windows of 
safety” rather a reasonable balance of risk against 
giving enough time for adequate definitive con-
trol. A systematic review of the literature [13] in 
studies that recorded the occlusion time identi-
fied the average zone 1 time in 190 cases to be 
58.5 min, and the average zone 3 time in 32 cases 
to be 68 min. The strategy of balloon occlusion 
was not recorded, nor was this data linked to out-
come. Therefore, such mean duration times only 
provide an indication of published practice rather 
than guidance on conduct.

 Environment of insertion

The environment of insertion refers to the physi-
cal space and surroundings that the REBOA cath-
eter is inserted. This is most straightforwardly 
categorised into:

• Pre-hospital REBOA
 This is where REBOA is performed “in the 

field” rather than the hospital facility. London 
HEMS performed the world’s first pre- hospital 
REBOA in 2014. Pre-hospital REBOA may 
be performed in very challenging environ-
ments and may confer a higher risk of access 
complications, prolonged ischaemic times and 
balloon dislodgement. Such interventions 
must balance the risk of prolonged scene times 
to complete the procedure (although noting 
that it is technically possible to perform 
REBOA at risk on a moving medical evacua-
tion platform) against the benefits of shorten-
ing transfer times to hospital; where 
complications of REBOA may be fewer and a 
more comprehensive DCR package can be 
implemented. To ensure governance parity 
with the wider healthcare network, services 
employing pre-hospital REBOA must ensure 
that usage is subject to proper peer review, 
standardisation and morbidity and mortality 
analysis. The receiving trauma team should 
have specific training be able to manage an 
insitu REBOA in any network offering this as 
a prehospital intervention. A specific aide- 
memoire or checklist for trauma teams receiv-
ing a patient with REBOA in situ may reduce 
the risk of missed balloon dislodgment or 
catheter malposition.

• In hospital REBOA
 When performed in hospital, REBOA is prob-

ably most commonly initiated in the ED resus-
citation trauma bay. However, the ongoing 
conduct of REBOA may then move to various 
locations in the hospital depending on resusci-
tation and definitive haemorrhage control 
imperatives. Outcomes and complication pro-
files from in hospital REBOA may be signifi-
cantly different to pre-hospital REBOA within 
the same regional service. For example, (1) 
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pre-hospital REBOA may allow a sicker group 
of patients, who would have otherwise have 
died, reach hospital and (2) accessing the fem-
oral artery may be more challenging in the 
pre-hospital space in terms of lighting, equip-
ment specification and operator ergonomics.

 Access Type

Endovascular balloon catheters are almost exclu-
sively deployed via a sheath. It is possible to cut 
down onto an artery, gain proximal and distal 
control, perform an arteriotomy and direct the 
catheter into the artery without a sheath. Indeed, 
the first reported cases of REBOA in trauma by 
Hughes were performed by such a technique 
[14]. However, arterial access sheaths:

 – Often have a haemostatic valve to the main 
lumen that will limit blood loss

 – Provide atraumatic navigation for catheters 
and guidewires into the lumen (for example, 
avoiding traumatising the intima opposite the 
arteriotomy)

 – Generally allow invasive pressure monitoring 
via the sheath side arm with a catheter and/or 
guidewire in situ. This is particularly useful in 
REBOA in providing more options and accu-
racy for the strategy of occlusion.

Arterial access for REBOA is broadly catego-
rised into:

• Percutaneous access
 The sheath access (usually in the CFA seg-

ment) is inserted directly through the skin and 
soft tissues into the artery. This is probably 
most often done under ultrasound guidance to 
mitigate the risk of malposition or inadvertent 
vessel injury. A subsequent cut down for 
sheath removal with or without embolectomy 
may be required. In most circumstances, per-
cutaneously inserted sheaths of 8 French (F) 
gauge or smaller do not routinely require a 
formal arteriotomy closure; either with a per-
cutaneous closure device or cut down and sur-
gical closure. Pressing on the sheath exit site 

for 3 min multiplied by the French gauge is 
usually sufficient. For example, approxi-
mately 20  min following removal of a 7F 
sheath, graduating from very firm pressure to 
lighter pressure during this time period. 
Failure to establish haemostasis in these cir-
cumstances will lead to a groin haematoma 
and possibly an arterial pseudoaneurysm. A 
patient with a significant trauma associated 
coagulopathy may need formal arteriotomy 
closure following a 7F or 8F sheath. Unless 
there are hostile access reasons in the groin 
(e.g. very significant subcutaneous fat, heavily 
calcified femoral artery), percutaneous access 
is likely to be the optimal and first line option.

• Open Access 
 The sheath access is inserted under direct 

vision into the exposed artery; usually by a cut 
down onto the CFA segment. Exposing the 
CFA segment in the groin is not without risk 
of injury to the common femoral vein (rarely 
potentially life-threatening bleeding). 
Percutaneous access has significantly fewer 
wound complications than open access. 
Depending on the orientation of the arterial 
exposure wound it may be beneficial to insert 
the sheath through the skin, into the exposure 
wound and then into the arterial segment. 
Such an approach in selected patients will 
allow a more appropriate angle of approach to 
the artery (not confined by the wound edges) 
and provide more stability to the sheath.

A recent systematic review [13] of the pub-
lished literature identified 310 percutaneous and 
79 cut downs were performed in providing access 
for REBOA.  Interestingly, some of the large 
matched cohort studies [15], while not recording 
proportions of access type, estimated a 50:50 
split in usage.

 Access Location

The arterial segment for sheath access is likely 
to be defined by the department SOP or proto-
col. All protocols are likely to use the Common 
Femoral Artery (CFA) segment as the first line. 
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If a trauma team is able to use upper body 
access locations then this gives more flexibil-
ity to the resuscitation effort. Different arterial 
segments have different complication profiles 
in terms of the region they perfuse. Access 
locations for REBOA can be broadly catego-
rised to:

• CFA
 REBOA sheath access is almost exclusively 

sited into the CFA segment, thus providing 
retrograde access into the aorta via the exter-
nal and common iliac artery. A systematic lit-
erature review [13] identified of all the 
published cases of REBOA used for trauma, 
where the access location was specified; 388 
out of 390 were via the CFA.

• Brachial Artery
 Technically the brachial artery can be used 

for access. However, this will need to be 
done over a guidewire under fluoroscopy (to 
avoid aortic arch injury or catheter misdirec-
tion) and requires an expert, practiced endo-
vascular skillset. These are significant 
limitations in time critical, unplanned, cir-
cumstances. The brachial artery segment is 
generally optimally accessed immediately 
above the biceps tendon. It’s potential use is 
where the CFA segments do not provide suit-
able access, for example, if there is suspected 
or known discontinuity to both iliac vessels. 
However, in such circumstances it is very 
likely that an alternative strategy to REBOA 
will be more appropriate. It is worth noting 
that the average adult brachial artery is 
approximately 4–5 mm in diameter. In con-
trast, the average CFA is 7–8 mm in diame-
ter—brachial access may therefore confer a 
higher risk of distal flow compromise espe-
cially from larger sheaths.

• Other
 Examples of other balloon catheter access 

points include intra laparotomy (iliac or aorta) 
and axillary. There is one recorded case of 
carotid access in the literature [13]. De-novo 
carotid access independently confers a higher 
risk of stroke and death. It is very unlikely that 

REBOA via carotid access can ever be 
justified.

 Type of Balloon Catheter

There are many different types of balloon 
catheters that have been used to perform 
REBOA.  Table  16.1 lists most currently used 
catheters with their principle advantages and dis-
advantages. This table:

• Aims to provide an insight into how balloon 
catheter selection may impact on the conduct 
of REBOA

• Is not a recommendation for an particular bal-
loon catheter

• Cannot be relied on for reference values; oper-
ators should refer to the instructions for use 
(IFUs) issued with any particular device

• Does not contain all data on the catheters (for 
example: working length, catheter French 
guage, bending stiffness)

 Risk Analysis for REBOA

With similarity to other resuscitative interven-
tions, meaningful patient selection for REBOA 
will depend on an appraisal of the risk and benefit 
it confers against the alternative strategy or strat-
egies considered by the trauma team. The alterna-
tive strategy is likely to be to proceed to damage 
control laparotomy without REBOA; where the 
options for open aortic control are weighted (see 
Decision Making in Damage Control Surgery 
chapter). It is worth noting that risk in these cir-
cumstances is inclusive of opportunity cost and 
that benefit is probably more easily considered as 
risk reduction.

Key Points
Risk analysis to insert a balloon catheter and 
inflate the balloon utilises slow (deliberate) 
thinking decision making in order to ensure 
an optimal decision based on the available 
information.

16 In Hospital REBOA for Major Trauma
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Importantly, such an analysis will be partly 
dependent on the readiness to deploy the balloon 
catheter, in other words the degree of further 
action required to perform REBOA.

 Escalation of Readiness for REBOA

Full readiness to perform REBOA is at the end point 
of: suitable arterial access acquired, the REBOA 
plan is articulated and the balloon catheter system is 
prepared for insertion. Such readiness will:

 1. Reduce the time between the definitive deci-
sion to use REBOA and the deployment of the 
balloon in the appropriate zone. Thus there is 
less opportunity cost of REBOA compared to 
an alternative strategy at the point of the defini-
tive decision.

 2. Have “sunk costs” of access risk. In other words, 
the risk from attempting access and the risk of 
failing to achieve access will not need to be con-
sidered in the decision to perform REBOA as 
access will already have been achieved.

Therefore, while not lessening the overall 
risk, a full or higher level of readiness will make 
the decision to perform REBOA less complex 

and more responsive to the dynamic situation. 
Escalation towards such readiness is conducted 
from the pre-alert of the patient’s arrival though 
to the primary survey and resuscitation phase. It 
is thus integrated into the DCR process and can 
be achieved mostly by rapid thinking and mini-
mal bandwidth expenditure, certainly in a well 
rehearsed team. Figure 16.3 schematically repre-
sents the rapid thinking readiness escalation pro-
cess in the yellow boxes and the slow thinking 
risk analysis of whether to proceed with balloon 
catheter insertion and inflation in the blue box.

Readiness should be discontinued if REBOA 
is no longer a reasonable prospect due to:

• The current resuscitation efforts ending due to 
patient death, futility or the patient is suffi-
ciently euvolemic without evidence of active 
bleeding, or

• The patient has been transferred to immediate 
definitive haemorrhage control; either surgi-
cal, endovascular or hybrid, or

• Aortic control has been achieved by extra 
luminal means

Table 16.2 explains the risk analysis process 
of readiness in more detail giving examples of 
where thresholds are met to perform the actions. 

Example time points of re-evaluation:
• Prior to obtaining micropuncture arterial

access
• Prior to obtaining sheath access to allow

balloon mounted catheter depolyment
• Prior to balloon mounted catheter tray

opening

Risk analysis for:
•  using REBOA vs alternative strategy
• continuing REBOA readiness sequence

(NB: Risk analysis considers risk vs risk
reduction and opportunity cost)

Example time points of re-evaluation:
• Sudden deterioration in hemodynamics
   thought to caused by sub-diaphragmatic
   bleed.
• Critical logistic problem preventing
   immediate haemorrhage control if 
   required

Commit to alternative strategy
• Immediate definitive haemorrhage

control (surgery or endovascular)
• Extraluminal aortic control

No REBOANo REBOA

End of resuscitation
   Death
   Futility
   Target achieved

Rapid cycle of
re-evaluation by

trauma team 

Continue REBOA
readiness sequence

Threshold met to continue
readiness sequence

Risk analysis for
• balloon catheter insertion
• balloon inflation

Readiness achieved
• Suitable access in situ
• REBOA plan articulated
• Balloon catheter prepared

Threshold not met to
continue readiness sequence

Opportunites of
re-evaluation by

trauma team

Pause REBOA
readiness sequence

REBOA

Decision for balloon catheter
insertion and balloon inflation

Fig. 16.3 REBOA readiness escalation process
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Table 16.2 Example of risk analysis for escalation of readiness for REBOA

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

Prepare Ready 
Ultrasound (US) 
machine

•  This preparation is 
likely to be part of the 
standard primary 
survey protocol for a 
major trauma patient 
and therefore should 
not carry additional 
risk or opportunity 
cost.

•  Most US machines 
carry the risk of a 
uncharged battery and 
therefore sudden loss 
of function at a 
critical stage.

Departmental daily 
functionality 
checks for US and 
ensure the battery 
has been 
appropriately 
charged prior to 
use.

Reduces the 
opportunity cost 
of spending time 
readying the US 
machine for:
 – eFAST
 – sheath access 
at a more critical 
phase of the 
resuscitation.

On pre-alert for 
major trauma 
patient.

Ready mobile 
radiography (if 
trauma team 
intend to use)

•  If this readiness is 
part of the standard 
primary survey 
protocol for such a 
major trauma patient 
then no additional 
risk or opportunity 
cost will be carried.

•  If radiography is not 
normally used as a 
primary survey 
adjunct then this rare 
event may carry small 
frictions in 
choreography and 
communication with 
the wider team.

Include logistics 
and choreography 
of radiographs in 
major trauma team 
training simulation.

Reduces the 
opportunity cost 
of spending time 
readying mobile 
radiology for:
 – The primary 
survey adjunct 
investigations 
(chest and pelvic 
radiographs)
 – For guidewire 
fluoroscopy.

On pre-alert for 
major trauma 
patient.

Ensure all 
REBOA kit 
available, 
including:
 – local 
anaesthetic 
unless already 
appropriately 
analgised and/or 
unaware
 – trolley to set 
up kit

The individual allocated 
to do this will 
potentially lose 
situational awareness 
(SA) of the trauma 
team.

•  If possible, ED 
should call 
forward the 
trauma team in 
advance of a code 
red patient; in 
sufficient time for 
all preparation 
and briefing (with 
a fudge factor for 
kit malfunction). 
This may need a 
call more than 
10 min before the 
patient is due to 
arrive.

If done prior to 
patient arrival 
reduces risk of:
 – Loss of SA
 – Opportunity 
cost of spending 
time setting up at 
a more critical 
phase of the 
resuscitation.

•  On pre-alert for 
major trauma 
patient in 
haemodynamic 
shock

or
•  On pre-alert for 

code red patient.

•  Allow the staff 
member 
conducting this 
step to regain SA 
on return, 
possibly through 
a pre-patient 
arrival brief.

T. J. Stansfield
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Table 16.2 (continued)

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

Ready arterial 
pressure 
transducers ×2

Opportunity cost: this 
action will need some 
additional preparation 
time and has a lower 
priority than, for 
example, preparation of 
airway management.

•  If done prior to 
patient arrival 
reduces risk of:

 – Loss of SA
 – Opportunity 
cost of spending 
time setting upat 
a more critical 
phase of the 
active 
resuscitation.

•  On pre-alert for 
major trauma 
patient in 
haemodynamic 
shock

or
•  On pre-alert for 

code red patient.

•  There is a 
reasonable 
chance that at 
least one 
arterial 
pressure 
transducer may 
be used 
regardless of 
REBOA.

Ready and open 
access kit onto 
suitable 
preparation 
trolley

•  Need for space 
allocation; this could 
be outside or slightly 
away from the 
resuscitation bay

•  Need for about 5 min 
of time to set up 
which may cause a 
loss of SA by the 
staff member 
responsible for set up

•  If done prior to 
patient arrival 
reduces risk of:

 – Loss of SA
 – Opportunity 
cost of spending 
time setting upat 
a more critical 
phase of the 
active 
resuscitation.
•  Laying out the 

access kit in an 
immediately 
accessible 
format 
probably:

 – Makes the 
technical aspect 
of procedure 
much easier – 
Gives higher 
chance of 
maintaining 
relative sterility 
in stressful 
circumstances.

Any of:
•  On pre-alert for 

code red patient if 
consistent with 
exsanguinating 
haemorrhage.

•  ATMIST handover 
and patient 
consistent with 
exsanguinating 
haemorrhage.

•  At primary survey 
if 
haemodynamically 
shocked and no 
obvious absolute 
contraindication 
for REBOA.

(continued)
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Table 16.2 (continued)

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

Access Obtain 
micropuncture 
access (e.g. 4F 
sheath) if 
percutaneous 
access intended

•  Arterial line access 
complications (see 
below). Although the 
purpose of 
micropuncture is to 
mitigate these risks, 
these access risks are 
still carried to a 
degree

•  Time spent gaining 
access by an 
appropriately trained 
healthcare provider; 
who could be 
otherwise performing 
a more essential task 
(opportunity cost)

•  Time spent gaining 
access that could 
otherwise be spent 
escalating the patient 
to definitive 
haemorrhage control

•  Perform all 
percutaneous 
arterial access 
under US 
guidance where 
possible

•  Escalating 
readiness via 
micropuncture 
access probably 
reduces the 
arterial access 
risk as there is an 
additional 
assurance the 
sheath is in the 
lumen prior to 
attempted larger 
sheath entry.

•  If trajectory 
looks likely for 
REBOA then 
early arterial 
access:

 – Negates the 
unknown quantity 
of access 
complications or 
inability to 
achieve access at 
a more complex 
DCR period
 – Negates the 
opportunity cost 
of trying to gain 
access while 
there is a window 
to escalate to 
definitive 
haemorrhage 
control.

Both of:
•  Patient deemed 

haemodynamically 
shocked on 
primary survey 
(this can rapidly be 
established if the 
performs 
horizontal 
resuscitation and 
assessment).

•  No contra 
indication for 
ipsilateral balloon 
mounted catheter.

Upsize access 
(e.g. 4F to a 7F 
sheath) to allow 
deployment of 
balloon mounted 
catheter.
OR
Obtain de-novo 
access:
 – percutaneous 
sheath
 – open cut 
down and 
sheathin order to 
allow 
deployment of 
balloon mounted 
catheter.

Arterial access 
complications
These are significantly 
affected by patient 
factors such as 
pre-existing arterial 
disease and 
subcutaneous tissue 
covering. The chief 
complications to 
consider are:
•  Venous injury/ 

arterial injury with 
haemorrhage that 
cannot be managed 
by direct pressure

•  Accidental venous 
cannulation

•  Limb ischaemia or 
infarction from:

 – Artery 
dissection(including 
proximal extension) and 
sequelae
 – Arterial spasm 
around sheath
 – Thromboembolism
 – Air embolism

•  The first choice 
CFA access site 
should be 
contralateral to 
any significant 
lower limb injury. 
Lower limb 
injury is not an 
absolute 
contraindication 
to sheath 
insertion, 
however if 
required then:

 – Aim for sheath 
removal
 – as early as 
possible
 – Anticipate an 
additional 
ischaemic hit to the 
leg from CFA 
arterial spasm.

•  Advantages of 
access 
independent to 
REBOA:

 – Provides an 
invasive arterial
 – Pressure 
measurement to 
guide 
resuscitation
 – If performed 
in CFA segment 
then this will 
likely give a more 
consistent 
pressure 
measurement 
than the usual 
alternative of 
radial artery 
access.

All of:
1. Met the 
requirements for 
micropuncture 
access (whether or 
not a microsheath in 
situ).
2. None of the 
following absolute 
contraindication 
for REBOA:
 – Cardiac 
tamponade
 – Known aortic 
injury that is likely 
to convert to a 
propagating aortic 
dissection or full 
thickness laceration
 – Life-threatening 
intra-thoracic 
bleeding.
3. On the balance of 
probabilities will 
receive REBOA 
unless 
circumstances 
improve 
significantly.
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Table 16.2 (continued)

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

•  Generating surgical 
needs, for example:

 – Infection requiring 
surgical intervention
 – Patch angioplasty
 – Arterial bypass
 – Amputation
•  Generally later 

presenting 
complications that 
may need surgery

 – Stenosis of artery
 – Pseudoaneurysm
 – AV fistula
Note: The addition of a 
serious access 
complication may 
contribute to the 
patient’s death

•  Consider setting 
a time threshold 
and attempt 
number threshold 
for access (for 
example; the 
healthcare 
provider should 
discontinue 
further access 
attempts at a 
particular groin if 
more than 3 
access attempts 
are unsuccessful 
or the time spent 
on trying to 
achieve access 
exceeds 
5–10 min). This 
will hopefully 
reduce the risk of 
flailing with 
attempting access 
and causing 
arterial injury 
without benefit.

•  Depending on sheath 
size and 
circumstance, the 
sheath access site 
may need:

 – A percutaneous 
vascular closure device
 – A subsequent open 
cut down onto the 
artery to remove the 
sheath and close the 
arteriotomy.
Opportunity costs
•  Time spent gaining 

access by an 
appropriately trained 
health care provider; 
who could be 
otherwise performing 
a more essential task.

•  Time spent gaining 
access that could 
otherwise be spent 
escalating the patient 
to definitive 
haemorrhage control.

(continued)
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Table 16.2 (continued)

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

Concurrent injury 
exacerbation
•  In order to gain 

adequate views and 
space for access into 
the CFA an in situ 
pelvic binder 
(depending on its’ 
construct) will 
probably need to

 – have a wedge cut 
from its fabric over the 
CFA region while 
maintaining the pelvic 
binder functionor
 – be removed with 
manual stabilisation of 
the pelvis in place
This may compromise 
the pelvic stabilisation 
with result bleeding.
•  If there is a lower 

limb injury ischaemia 
associated with 
sheath insertion (eg 
arterial spasm) may 
convert a salvageable 
limb into an 
unsalvageable limb or 
other less favourable 
outcome.
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Table 16.2 (continued)

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

Ready 
REBOA 
plan

Decide on:
•  initial zone for 

balloon (1 or 
3)

•  initial balloon 
strategy

•  Potential distraction 
from other decision 
making.

•  Additional bandwidth 
required.

•  Making decision too 
early may risk 
needing to rethink 
decision if there is a 
material change in the 
patients’ 
circumstances prior 
to balloon inflation.

•  Trauma team 
familiarity with 
the effect and 
rationale of aortic 
occlusion; trauma 
team simulation 
training likely to 
help with this.

By planning this 
decision, it 
probably allows 
the decision to be 
made in less 
stressful 
circumstances, 
with improved 
bandwidth 
reserve and 
situational 
awareness 
compared to 
making the 
decision at the 
point of balloon 
catheter insertion. 
This may 
therefore increase 
the probability of 
making a “better 
decision”.

Following primary 
survey (including 
mechanism of 
injury analysis) and 
eFAST, where 
approximate 
anatomical level(s) 
of likely ongoing 
bleeding 
established.

Exit strategy
Once REBOA in 
situ the decision 
is usually 
between OT or 
CT 
(corresponding 
to first key 
decision point; 
KDP1 discussed 
in chapter 
30_6.1)

This decision making is 
largely predicated by 
the zone and strategy of 
REBOA already 
identified in the 
preceding step. For 
example, a total zone 1 
REBOA is probably 
less likely to survive a 
move to CT than to the 
OT. Therefore, the exit 
strategy is unlikely to 
confer much additional 
cognitive effort by the 
team and the risk and 
opportunity cost should 
be minimal. The exit 
strategy is effectively 
the output of KDP1.

A balloon 
inflation should 
not be seen as an 
end in itself. A 
temporarily lower 
aortic pressure 
may be the 
marginal gain 
required to 
trigger clot 
formation. 
However, the 
distal ischaemic/ 
reperfusion 
sequelae clock 
starts at balloon 
inflation and this 
precious time 
should not be 
spent on 
decisions that 
could have been 
made 
pre-emptively.

As part of KDP1.

(continued)
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This process begins with the initiation of readi-
ness on the pre-alert of a major trauma patient’s 
arrival, such steps can be initiated en masse if 
the patient arrives in ED without warning. 
Although full readiness is achieved with cathe-
ter preparation, the financial cost of an opened 
and unused expensive balloon catheter is diffi-
cult to justify. Therefore, while it may be rea-
sonable to move to full readiness with a lesser 
expensive balloon catheter, this readiness step 

may be better done in conjunction with a delib-
erate decision to perform REBOA if the team is 
using the more expensive balloon catheters. 
These risk analyses deliberately do not consider 
access type, access location, type of balloon 
catheter and environment of insertion. Such 
decisions are most likely to be pre-emptively 
made based on the resources available, the skill 
set of the operators and institutional protocol or 
experience.

Table 16.2 (continued)

Phase Actions
Risk and opportunity 
cost of action Mitigation of risk

Benefit (risk 
reduction) of 
action

Example of 
threshold to make 
decision for action

Ready 
REBOA 
catheter

Open balloon 
catheter tray

Cost of balloon catheter 
kit (may cost >£2000).

Ensure Trauma 
Team Leader 
confirms with the 
other trauma team 
members that the 
decision to proceed 
to REBOA is in 
accordance with 
plan.

•  Allows 
immediate 
catheter use 
when a 
decision for 
REBOA is 
made

•  Note: The short 
time interval 
between 
readying the 
REBOA kit and 
deploying the 
balloon once 
the preceding 
readiness 
sequence steps 
have occurred 
means that 
there may be 
minimal 
advantage in 
doing this 
before a clear 
decision on 
REBOA has 
been taken.

Either:
•  At the decision to 

proceed to 
REBOA (requires 
risk analysis for 
balloon catheter 
insertion and 
inflation)

Or
•  Concurrent to 

REBOA planning 
(above).

•  Prepare 
balloon 
mounted 
catheter for 
insertion (for 
example, if 
using 
ER-REBOA™ 
catheter: flush 
lumens and 
measure zone 
1 and zone 3 
distances, then 
standby to 
connect 
arterial 
pressure 
transducers).

•  Ready 
guidewire for 
insertion if 
required for 
balloon 
deployment.

•  Time (balancing the 
opportunity cost) and 
an appropriately 
trained operator are 
required.

•  It is possible to 
damage a balloon 
prior to insertion if 
not handled with 
care.

•  Kit may desterilise if 
accidently falls or 
hangs off trolley.

•  Ensure 
preparation 
trolley is 
sufficiently large 
to accommodate 
all kit.

•  A REBOA 
assistant can 
manage the kit 
trolley.

As soon as balloon 
catheter kit opened.

Within each phase the actions are considered in an escalatory order; although not all actions (for example, micropunc-
ture access) are necessarily needed to reach the final step. The risk analysis of whether the patient has an injury profile 
amenable to aortic balloon inflation is clearly vital and concurrent
SA Situational Awareness, US Ultrasound, OT Operating Theatre

T. J. Stansfield
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 Rationale to Gain Femoral Access 
with REBOA Decision Not Yet Made
Access for REBOA is not the exclusive reason 
to gain femoral arterial access. Monitoring the 
blood pressure in sick major trauma patients is 
best performed by invasive arterial lines. This is 
often via the radial artery, although there is evi-
dence that radial arterial cannulation has a higher 
failure rate than femoral [16]. There is also evi-
dence from non-trauma critically ill patients that 
there are significant differences in invasively 
monitored blood pressures between radial and 
femoral lines in the same patient [17–22]. This 
difference increases as the amount of vasocon-
striction increases, and so the central arterial 
pressure of a hypotensive trauma patient may be 
higher than that displayed by an under-reading 
radial arterial line. Establishing femoral access 
for arterial pressure monitoring early in the 
patient’s pathway is therefore a useful adjunct to 
resuscitation. To minimise the complication rate 
of such arterial access, a microsheath (e.g. 4F) 
should be used; a smaller gauge causes less of 
an injury to the artery and a femoral artery is less 
likely to circumferentially seal with the sheath, 
which would potentially cause limb ischaemia. 
If the patient subsequently requires further readi-
ness for REBOA then the access may be straight-
forwardly upsized to a larger French gauge sheath 
by the following steps:

 1. Insert an access guidewire (e.g. J tipped 
0.035 inch).

 2. Full withdrawal of the original access sheath 
with groin pressure onto the proximal CFA 
segment to minimise haematoma formation.

 3. Enlarge the skin entry wound if required 
under local anaesthetic. This is particularly 
important if upsizing to a much larger French 
gauge.

 4. Insert a larger sheath (mounted on obturator/
introducer) that is compatible with the 
selected balloon catheter.

 5. Remove access guidewire and obturator.
 6. Aspirate and heparin-saline flush of the sheath 

side port.

 Specific Injuries Affecting Access 
Considerations
When deciding on the site of access the trauma 
team must consider factors that may exacerbate 
concurrent injuries or make balloon catheter nav-
igation difficult or impossible to achieve. These 
are:

• Ipsilateral limb injury.
 This is a relative contraindication to arterial 

access and will be dependent on the extent of 
the limb injury in the context of the overall 
injury burden. It is possible, for example, to 
place CFA access ipsilateral to a comminuted 
open knee fracture without appreciable 
adverse consequences. However, if access is 
sited ipsilateral to a significant downstream 
arterial injury or mangled limb and the same 
limb subsequently requires major amputation, 
it will probably not be possible to rule out that 
the access contributed to the amputation or a 
higher level of amputation than would other-
wise have been needed. In such situations, the 
more straightforward method of risk analysis 
will be to assume access will precipitate limb 
sacrifice or a higher level amputation. 
Therefore sheath access for REBOA ipsilat-
eral to a significant downstream arterial injury 
will only be justified if there is no reasonable 
alternative to save the patient’s life. It should 
be noted that causing a lower limb infarction 
also presents a risk to life either through the 
ischaemic hit or subsequent additional surgi-
cal burden in an already very sick patient.

• Iliac arterial injury.
 This may be:

 – Presumed. For example, an pulseless groin 
with a penetrating ipsilateral iliac fossa 
injury.

 – Known. For example, through definitive 
identification on CTA imaging or intraop-
erative direct visualisation.

In either circumstance, siting ipsilateral access 
and/or attempting to navigate a guidewire or bal-
loon catheter across an iliac injury carries very 
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significant risk. Specifically, a quiescent, man-
ageable, injury may be converted into active life- 
threatening bleeding or a viable lower limb may 
be converted into a life-threatening non-viable 
lower limb. In certain circumstances, such a risk 
may be sufficiently low as to be justifiable if per-
formed by a highly experienced operator who 
first crosses the lesion using a guidewire under 
detailed fluoroscopy. Such an undertaking is not 
appropriate in a conventional ED resuscitation 
bay.

• Pelvic binder in situ
 Pelvic binders can save lives by reducing the 

pelvic volume through circumferential com-
pression and therefore allowing pelvic clot 
stabilisation. A pelvic binder lies at the level 
of the greater trochanters, unfortunately sig-
nificantly obstructing CFA access. In the vast 
majority of major trauma patients requiring 
REBOA attempting balloon catheter naviga-
tion from upper limb/ torso sites is  impractical. 
Therefore, it is probably reasonable to remove 
the pelvic binder, maintain manual pelvic sta-
bilisation and prioritise proximal control in 
the following circumstances:
 – Where life threatening pelvic bleeding 

appears active during primary survey 
despite initial resuscitative efforts includ-
ing with a pelvic binder In situ as this is 
less likely to stop spontaneously.

 – Evidence of life threatening sub diaphrag-
matic abdominal bleeding regardless of 
pelvic injury

Once access is gained the pelvic binder can 
usually be reapplied. It is also occasionally pos-
sible to cut a wedge of material from some pelvic 
binder constructs without significantly compro-
mising their effectiveness, while adequately 
exposing the CFA for access. Attempting CFA 
access with compromised views from an in situ 
pelvic binder should be avoided. There is a 
greater risk of flailing at a time critical phase and 
potentially compromising the skin entry point—
displacing the operator to an accidental SFA or 
distal EIA access.

 Risk Analysis for Conduct of REBOA

Decision making as to whether or not to use 
REBOA, optimally involves a focused risk analy-
sis that considers:

 1. Insertion of the balloon catheter via the 
accessed arterial system into the aorta, includ-
ing guidewire insertion if required.

 2. Inflation of the balloon in the aortic lumen.

Whether to proceed with these two actions is 
likely to be most efficiently decided by coupling 
their risk analysis (risk, risk reduction, opportu-
nity cost) rather than considering them sepa-
rately. This process is outlined at Table 16.3 and 
forms the basis for the deliberate decision mak-
ing (slow thinking) for the use of REBOA. This 
decision making will likely be optimised by a 
brief team discussion. With familiarity of the pro-
cess and using time during the initial DCR to 
beginning weighing the risks and merits, a deci-
sion may be made, discussed and shared within 
about 30  s. It is certainly not practical to use 
Table 16.3 as a step by step aide memoire in time 
critical circumstances.

There may be some circumstances where the 
trauma team decide to insert the balloon catheter 
without immediate balloon inflation, for exam-
ple, reserving balloon inflation for progressive 
patient deterioration or for further trauma team 
re-assessment. However, catheter insertion via a 
femoral sheath is likely to be rapid whether or not 
a guidewire is required; the time benefit is very 
marginal. The patient circumstances are unlikely 
to have sufficiently changed during the time 
required for insertion to merit a re-assessment. 
Inserting a balloon catheter for it not to be used 
will have carried patient risk for no discernible 
benefit. Therefore the standard protocol should 
be to only insert a balloon catheter if there is the 
immediate intent to inflate the balloon. It is not 
clear whether it is possible to justify a rare excep-
tion to this rule in terms of mitigating the risk of 
transfer through the hospital of an actively bleed-
ing patient using an in-situ uninflated aortic bal-
loon catheter.

T. J. Stansfield
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 Identifying the Highest Impact Group
By identifying the patient group that will receive 
most benefit from REBOA and differentiating 
these from the patient group that will receive lit-
tle or no benefit, may give a more efficient frame-
work for determining where REBOA risk is most 
justifiable. The literature on REBOA outcome in 
relation to patient cohort is discussed later in this 
chapter. On the balance of probabilities, those 
patients with exsanguinating sub diaphragmatic 
haemorrhage, that have not become physiologi-
cally irretrievable, are the major trauma group 
most likely to benefit from REBOA.  London 
HEMS use the clinical “Hateful 8” signs to help 
differentiate the prehospital exsanguinating 
trauma casualty to those causalities that have a 
shock mimic (for example: vagal response from 
peritoneal irritation, spinal cord injury above the 
T6 root, impact brain apnoea, other major head 
injury, cardiac tamponade, tension pneumotho-
rax). Better selection of patients with the most 
favourable risk/benefit profile for REBOA use 
may therefore involve identifying exsanguinating 
subdiaphragmatic haemorrhage through:

• Identifying the Hateful 8 signs or a similar 
system of signs.

• Ensuring the mechanism of injury is poten-
tially consistent with exsanguination (accept-
ing that pre-hospital information may be 
vague or incorrect).

• Primary survey, eFAST findings and/or pelvic 
radiograph findings consistent with proposed 
method of exsanguination.

 Identifying Level of Bleeding
If REBOA is delayed until definitive bleeding 
point identification is made at DCL or CTA, 
then the cost to the patient in terms of hypoper-
fusion and blood loss may be substantial or life- 
threatening. The classic Stannard [1] algorithm 
for determining optimal balloon occlusion level 
based on primary survey findings suggested 
trauma patients who were non responders or tran-
sient responders with a systolic blood pressure of 
less than 90 mmHg with no evidence of mediasti-
num haematoma on CXR should be targeted with:

• Zone 1 REBOA for those with a (1) positive 
abdominal FAST (perihepatic, perisplennic or 
pelvic peritoneal fluid identified) in or (2) neg-
ative abdominal FAST and no evidence of pel-
vic fracture.

• Zone 3 REBOA for those with a negative 
abdominal FAST and pelvic fracture.

This chapter has proposed a less algorithmic 
method of determining REBOA catheter use. 
However, the Stannard algorithm appears to be a 
highly efficient way of identifying the initial tar-
get zone of occlusion without delaying a decision 
to definitive bleeding point identification. 
Rational adjustments to such an algorithm in 
terms of occlusion zone include:

• Initiate a zone 1 REBOA inflation if the 
patient is profoundly shocked, periarrest or in 
a low outflow state, for resuscitative purposes 
despite only meeting Stannard zone 3 criteria. 
The balloon occlusion should then be moved 
to zone 3 after aggressive resuscitation in 
order to continue to target bleeding control.

• If following a zone 3 REBOA inflation the 
patients’ haemodynamic parameters worsen 
then this may be explained by a false negative 
FAST and exacerbation of abdominal bleed-
ing. If there is no life threatening alterative 
identified (tension pneumothorax, cardiac 
tamponade, balloon malposition) then the bal-
loon occlusion should be moved to zone 1.

• If a patient meeting zone 3 criteria has had sig-
nificant external blood loss, e.g. from a trau-
matic amputation, it is conceivable the 
abdominal FAST may not become definitively 
positive until patient filling. Repeating the 
FAST in such circumstances following 
1–2  units of volume resuscitation may then 
declare an abdominal bleed justifying a move 
to zone 1 REBOA.

 Ensuring an Immediate Exit Strategy
As indicated in Table 16.2, identifying a intended 
pathway to balloon deflation (a REBOA exit 
strategy) prior to inserting a balloon catheter is a 
appropriate readiness step.

16 In Hospital REBOA for Major Trauma
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Key Points
The distal ischaemic and subsequent reperfu-
sion sequelae clock starts (“clock on”) at balloon 
inflation and this precious time should not be 
spent on decisions and logistic organisation that 
could have been made pre-emptively.

In the real world the operating suite, CT scan 
(with subsequent interventional endovascular 
intent) or hybrid suite may not be immediately 
available following balloon occlusion, and/or the 
patient’s clinical situation may evolve to merit an 
alteration to the REBOA exit strategy. However, 
in order to minimise the associated risk, the 
trauma team should avoid, for example, calling 
the theatre coordination hub to arrange theatre 
space for DCL only once a zone 1 total REBOA 
occlusion is fully deployed.

 Practical Considerations 
in the Conduct of REBOA

 Equipment Readiness

The initial readiness step for REBOA is to prepare 
the equipment. There are many process similari-
ties between preparing for REBOA and preparing 
for a resuscitative thoracotomy; both manoeu-
vres, although technically straightforward to 
execute, require equipment readiness and assis-
tance for optimal efficiency. The cognitive aid 
shown in Table 16.4 for REBOA preparedness is 
intended to remove the burden on trauma team of 
bandwidth that can otherwise be expended for the 
resuscitative effort. Those well- rehearsed with 
REBOA equipment set up are unlikely to find this 
useful. Such preparedness, at first glance, appears 
if it will carry significant time-based opportu-
nity costs (for example, alternatively spending 
this time on a direct path to achieving definitive 
haemorrhage control). In fact, a well organised 
equipment bag and rehearsed setup will compare 
favourably in efficiency to an alternative strategy, 
for example, resuscitative thoracotomy.

Figure 16.4 shows an organised REBOA 
equipment bag aiming to reduce bandwidth 
expenditure and accelerate readiness to perform 
REBOA.  The exact details of the preparedness 

process will depend on the hospital facility, the 
access choices and the balloon mounted catheter 
device being used.

 Technique of REBOA Catheter Use

Technique for REBOA catheter insertion is well 
described in other texts [23]. Clearly there are 
differences in technique between institutions and 
operators depending on personal experience, the 
available catheter mounted balloon, correspond-
ing instructions for use (IFU), the ancillary and 
access kit used and method of balloon position 
confirmation. The following is a description of 
the core technique that will be broadly applicable 
to many but not all circumstances:

 Sheath Access (in this Example: CFA 
and Percutaneous)
Note: It is quicker and more straightforward to 
work with a dedicated assistant, particularly for 
those that do not use similar equipment regularly.

 1. Set up the equipment. It may be helpful to 
refer to a preparation checklist, for example 
Table 16.4. Include a vascular closure device 
if desired (e.g. Angio-Seal™ VIP vascular 
closure device).

 2. Wash hands with soap and don sterile gloves.
 3. Select groin for insertion. If this is equivo-

cal then a right handed operator standing on 
the patients’ right, aiming for a right CFA 
puncture with the US machine on the 
patients right to allow machine control 
adjustment (and vice versa for left handed 
operators) may be the most ergonomic 
configuration.

 4. Disinfect skin (eg ChloraPrep BD 10.5  ml 
applicator; 2% chlorhexidine gluconate and 
70% isopropyl alcohol w/v) in selected groin 
and upper thigh.

 5. Cover lower limbs with sterile drape to allow 
sterile zone for sheath and ancillaries (can 
also use this for guidewire and balloon cath-
eter if remains sterile between interval of 
sheath insertion and REBOA decision).

 6. Advance obturator/introducer into sheath 
and ensure secured.

T. J. Stansfield
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a
b c

Fig. 16.4 REBOA equipment bag organisation at Leeds 
MTC.  This bag was opened prior to a major trauma 
patient’s arrival at Leeds MTC: (a) The REBOA bag 
unopened with a security seal tag to facilitate equipment 
replenishment process, (b) the bag opened displaying the 

contents of the main pouches within the bag, (c) access 
equipment from bag laid out and ready (micropuncture 
catheters were a later addition to the kit bag). In the event 
arterial access was not required and this opened kit on the 
trolley was ultimately discarded without use

Table 16.4 Leeds MTC REBOA preparation checklist

Ser Equipment Readiness description
Confirm or tick 
when ready

(a) (b) (c) (d)
1 REBOA bag Move REBOA kit bag from hanging hook to selected 

resuscitation bay
2 Ultrasound US switched on and check basic function

Cognitively rehearse switching tranducers between CFA 
access (linear array 5–10 MHz) and eFAST (curvilinear 
array 3.5–5 MHz +/− linear array +/− phased array 
2–8 MHz)
Power supply plan (for example: battery with plan for 
socket backup)

3 Pressure 
transducers

Arterial pressure transducers ×2 ready to use with 
flushed lines and hung on drip stand.

4 Trolley for 
access (kit 
opened)

Sterile trolley cover for working space
Sterile Gloves: for operator and assistant
Ultrasound ancillaries
     • Coupling medium (e.g.: sterile KY Gel)
     • Sterile sleeve cover and securing bands
ChloraPrep™, BD 10.5 ml applicator
Local anaesthetic
     • Lignocaine 1% 10 ml
     • 5 ml syringes ×2
Percutaneous micropunture access Kit (including e.g. 4F 
MAK™, Merit)
Percutaneous Access Kit (e.g. 7F Avanti®+, Cordis, 
18G access needle, 0.035 short guidewire)
Scalpel size 11
20 ml 0.9% saline prefilled syringes ×2
Gauze swabs
Temporary sharps holder

5 Ready 
REBOA kit 
(unopened)

ER-REBOA™ Catheter, Prytime Medical™
Sterile fenestrated Drape 170 cm × 150 cm
10 ml 0.9% saline prefilled syringes ×2

6 Ready 
securing kit 
(unopened)

Suture silk size 0
Large Tegaderm™, 3M™ dressings ×2
ER-REBOA™ Catheter clamp

16 In Hospital REBOA for Major Trauma
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 7. Flush sheath via side port and introducer 
with sterile 0.9% saline.

 8. Identify a suitable segment of CFA to punc-
ture on US.

 (a) The artery can be identified as it is:
 –  relatively noncompressible compared 

to vein. In a severely hypovolaemic 
patient this may not be so obvious.

 –  obviously pulsatile unless low flow 
state or cardiac arrest. Pulsatility 
should be identified on B-mode in 
axial view and identification can be 
reinforced with colour or waveform 
mode.

 –  lateral to the vein. Note that excep-
tions to this are so rare (e.g. some 
variants of persistent sciatic artery, 
previous extra anatomical bypass that 
alters the configuration) that they can 
be effectively discounted unless over-
whelming evidence to the contrary.

 (b) Identify an entry point for the needle tip 
into the CFA.  This point should allow 
for (1) compression on sheath removal if 
the intent is not to use a vascular closure 
device or open cut down and/or (2) sub-
sequent cut down for sheath retrieval or 
complication straightforward and (3) 
being in a wide enough part of the artery 
to accommodate sheath. The CFA/ distal 
EIA may circumferentially spasm 
around the sheath at any point along its’ 
length and attempting to enter the artery 
at the CFA bifurcation to offset this is 
probably futile. Therefore, while 
acknowledging the CFA may be of very 
short length with a high profunda femo-
ris take off, the operator should ideally 
target:
 –  the anterior wall of CFA
 –  at least 1 cm below the inguinal liga-

ment (compressing the distal EIA via 
the groin is often ineffective and fix-
ing complications with a surgical 
approach is more straightforward at 
the CFA segment than the distal EIA 
segment)

 –  at least 1 cm above the femoral bifur-
cation. It is less straightforward to 
repair complications and close arteri-
otomies directly at the bifurcation.

 9. Infiltrate local anaesthetic into skin (eg lig-
nocaine 1% about 3 ml) and overlying sub-
cutaneous tissue.

 10. Under US longitudinal and/or short axis 
visualisation insert the needle (for the sheath 
guidewire) at approximately 45 degrees to 
the groin skin plane in line with the long axis 
of the CFA.  Longitudinal visualisation is 
preferred for insertion as the length of the 
needle can be visualised and the depth of the 
needle tip can be more consistently judged. 
Some US machines allow dual on screen 
short and longitudinal axis imagery.

 11. Confirm the needle is in the arterial lumen 
with:

 (a) US visualisation
 (b) arterial back bleeding through the nee-

dle. Note that in low flow, hypoxic and/
or hypovolaemic states this may not 
spurt and /or may not appear to be obvi-
ously oxygenated blood.

 12. Keep hold of the needle, place ultrasound 
probe on the sterile drape and insert the 
sheath guidewire (e.g. J tip 0.035  inch) 
through the needle. This should pass easily 
and the US should be used to confirm the 
wire is in the lumen. The guidewire should 
be advanced at least about 10–15 cm. If the 
wire does not pass easily then the needle and/ 
or guidewire are either:

 (a) Extra arterial
 (b) Within the arterial wall. This can poten-

tially cause a problematic dissection, 
especially if the operator perseveres 
against resistance.

 (c) Within a side branch from the CFA/ dis-
tal EIA (this may not cause resistance)

 (d) Pushed against the posterior arterial wall 
preventing egress of the guidewire

The former two situations require removal 
of the needle; with the exception of a needle 
that has passed “through  – through the 
artery”—it is often possible to withdraw the 
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needle into the lumen. The latter two situa-
tions may be salvaged by altering the posi-
tion of the needle tip within the lumen and 
rotating the guidewire on advancing it into 
the artery. If the operator is in doubt the nee-
dle must be withdrawn.

 13. Withdraw the needle over the guidewire and 
make a small incision in the skin (e.g: 3 mm 
for a 8F sheath). The operator must ensure 
this incision completely connects to the 
guidewire skin entry point, otherwise there 
will be effectively be no incision for the 
sheath insertion, potentially resulting in 
sheath kinking.

 14. Insert the prepared sheath over the guidewire 
to its’ hilt. Note the guidewire end must be 
visible at all times to prevent embolisation of 
the entire wire into the vessel. Troubleshoot 
as follows:

 (a) If the sheath fails to advance at the skin 
entry point and the skin is tight around 
the sheath and/or obturator then enlarge 
the incision.

 (b) If the sheath advances partly into the 
artery but not fully, then do not force. 
Given otherwise success of the preced-
ing steps described above it is most 
likely the guidewire is in a side branch. 
Either attempt to reposition the guide-
wire under US visualisation or remove 
the sheath and the guidewire (provided 
the sheath size is appropriate to direct 
removal), compress the groin and con-
sider other access locations for REBOA 
or an alternative strategy.

 15. Remove the guidewire and obturator (aka 
introducer or dilator).

 16. Use a 10 or 20 ml syringe three-quarters full 
with heparin-saline (10 IU/ml) to aspirate:

 (a) from sheath side or
 (b) directly from sheath lumen

depending on the sheath design. The aspi-
rate should be consistent with arterial blood 
with the caveats already described. Flush the 
aspirated lumen with 5–10  ml of heparin- 
saline; this should (1) flow easily and (2) be 
conducted with the syringe angled down-

wards to reduce the risk of an air embolism 
into the artery. If these steps are unsuccessful 
then the assumption must be that the sheath 
end is not in the arterial lumen.

 17. Secure the sheath to the skin with at least one 
suture (e.g. 1-0 silk)

 Balloon Catheter Insertion
Note: if the balloon catheter does not have a prox-
imal pressure monitoring capability then a radial 
arterial line is likely to be the most straightfor-
ward option to measure proximal pressure fol-
lowing a femoral catheter insertion.

 1. Ensure an appropriate size sheath, with 
regards to:

 (a) Diameter. The sheath must be able to 
accommodate the catheter French size, 
preferably including enough space to 
simultaneously transduce the fluid col-
umn in continuity with the sheath side 
arm with the catheter in situ; particularly 
if such a pressure measurement is part of 
the intended strategy.

 (b) Length. Long enough to support the 
inflated balloon to prevent balloon migra-
tion if required. A zone 3 REBOA is less 
likely to require such long sheath support 
as it can be “floated down” to the aortic 
bifurcation. The sheath must not be so 
long as to interfere with balloon inflation.

If a smaller sheath is in situ, this can 
straightforwardly be exchanged for a larger 
sheath over an appropriate length guidewire. 
Enlarging the skin incision may be required 
at this stage depending on the size 
discrepancy.

 2. Connect the pressure transducer to the sheath 
side arm.

 3. If required, insert the balloon catheter guide-
wire (e.g.: Lunderquist or Amplatz guide-
wire) of appropriate length into sheath 
lumen. Note that the wire will usually be at 
least a 2  m length. This is optimally done 
under fluoroscopic visualisation.

 4. Taking care not to desterilise the catheter 
mark the shaft distance from the sheath entry 
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point to zone 1 and to zone 3. For example, 
with an ER-REBOA™ Catheter this is from 
the sheath entry point, along the iliac aortic 
curvature, to where the apex of the pig tail 
aligns with the:

 (a) Suprasternal notch for zone 1
 (b) Xiphisternum for zone 3.
 5. Insert the balloon catheter (over guidewire if 

required) and attach a pressure transducer to 
the appropriate catheter lumen if the catheter 
design allows.

 6. Confirm deflated balloon position if required 
to do so based on personal and institute prac-
tice. For example, use of a plain film 
 radiograph demonstrating integral radio-
opaque markers are at the appropriate verte-
bral level or aortic balloon visualisation in 
relation to the heart or aortic bifurcation with 
US or IVUS.

 7. Insert stylet into catheter if required (i.e. 
when using a Rescue Balloon catheter)

 8. Inflate balloon in accordance with the bal-
loon strategy to the desired pressure response. 
Note, the:

 (a) Balloon catheter must be held in position 
so that it doesn’t migrate or slip.

 (b) Inflation fluid should be a sterile fluid 
(e.g. 0.9% saline). It may be mixed with 
IV contrast solution (e.g. Omnipaque 
300) if fluoroscopic visualisation of the 
balloon during inflation or more precise 
position confirmation is required.

 (c) End point for balloon inflation will be 
guided by any or all of the:

 (i) device IFUs for a particular aortic 
zone

 (ii) blood pressure response and occlu-
sion strategy

 (iii) loss of femoral pulse(s)
 (iv) tactile feedback on the syringe and 

catheter. Note resistance to inflation 
in less compliant balloons requires 
any additional inflation to be per-
formed under fluoroscopy to miti-
gate the risk of aortic rupture.

 9. The operator must ensure communication 
with the TTL, and hence the trauma team, to 
ensure appropriate situation awareness. The 

trauma team needs to record the zone, pres-
sure strategy and duration. The use of a data 
capture capability, if available on the patient 
monitor (e.g.: Tempus Pro) may facilitate the 
record.

 10. Either continue to hold the balloon catheter 
in situ (this will be awkward for transfers) or 
secure the balloon catheter to the skin using 
proprietary adhesive dressing and fastener or 
an alternative secure fix.

 Adjusting Level of Aortic Balloon 
Occlusion
This is done in conjunction with the TTL and 
anaesthetist; acknowledging that this may be the 
same person if this step is intraoperative and resus-
citative leadership has been passed to the anaes-
thetist. The technique will depend on the balloon 
catheter and an analysis of the balance of risk:

• Deflating the balloon completely will proba-
bly have highest risk of bleeding exacerbation 
and/or clot disruption

• Deflating the balloon to partial REBOA may 
mitigate such a bleeding risk, however, float-
ing a partially inflated balloon across the vis-
ceral segment may cause or exacerbate aortic 
intimal injury (dissection). Aortic dissection 
can be unsalvageable and/or cause multiorgan 
failure.

• Retrograde movement of the balloon catheter 
though the aortic lumen is probably more 
likely to cause intimal injury or exacerbation 
of injury than antegrade movement.

• It is very likely that an aortic injury will not 
have been recognised or defined at this stage 
of the resuscitation.

On this basis deflating the balloon completely 
prior to moving aortic zone, regardless of direc-
tion, is likely to be the safest option. Therefore 
the optimal technique may be with two 
operators:

 1. Release the catheter security dressing or 
suture as required.

 2. Holding the sheath in place, advance or with-
draw the balloon catheter to either the:
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 (a) appropriate level pre-marked on the cath-
eter or recorded distance on catheter cm 
markings

 (b) correct vertebral level under fluoroscopic 
guidance and visualisation of the radi-
opaque markers.

 3. Reinflate the balloon in accordance with the 
desired balloon occlusion strategy.

 4. Hold or re-secure the balloon catheter to the 
skin appropriately as described above.

 In Conjunction with Definitive 
Haemorrhage Control
The “clock is on” once balloon occlusion is initi-
ated and the patient should be moved to the oper-
ating theatre for DCL, the CT scan suite (with 
subsequent interventional endovascular intent) or 
the hybrid suite. In practice, a patient is unlikely 
to survive with zone 1 REBOA if taken to a CT 
scan suite and a lifesaving definitive abdominal 
haemorrhage control intervention is required. 
Balloon inflation to definitive haemorrhage con-
trol via a CT scan in most institutions may often 
exceed the survivable zone 1 REBOA time, par-
ticularly for total REBOA.  If CT is performed 
then consideration should be given to moving to 
partial REBOA or complete balloon deflation for 
the duration of the scan. If a rapid protocol CT 
angiogram is used (e.g. Bastion) then such risk 
of clot disruption or additional bleeding is likely 
to be tolerable. The trauma team have the option 
of reinflating the balloon and accepting a subop-
timal CT if this is not physiologically tolerated.

Key Points
The trauma team should anticipate an improve-
ment in patient consciousness, possibly precipi-
tating agitation, on balloon inflation.

This is particularly the case for zone 1 REBOA 
where carotid flow may be restored to within nor-
mal limits. Adjustments in analgesic and hypnotic 
drug dosage may be necessary in reaction to this.

Intraoperatively the surgeon or surgical assis-
tant can directly control the balloon catheter, 
however, concurrent critical balloon manoeuvres 
and critical in cavity surgical manoeuvres will 
not be possible. A scrubbed REBOA operator, 

familiar with the device, who does not have con-
current duties at the operating table such as the 
scrub staff, surgeon or surgical assistant is prob-
ably therefore optimal. The surgical team will 
have access to the aorta and are able to corelate 
invasive pressure readings with presence or 
absence of aortic pulsation. Deflation of the bal-
loon may be more optimally transitioned to man-
ual external aortic compression. For example, 
particularly if a segment of infra renal aorta is 
sufficiently exposed. The principle rationale for 
such an approach is that currently available bal-
loon technology has a sharp inflection point for 
release of occlusion, as described below.

The paradigm of DCL including a decision on 
four quadrant packing is extant with a clear prior-
ity for balloon deflation immediately after the 
most likely source(s) of exsanguinating bleeding 
have been identified and the relevant inflow artery 
selectively controlled (e.g. clamped). If the surgi-
cal plan is to remove an injured organ (e.g. sple-
nectomy), there is no intrinsic need to do so prior 
to balloon deflation, unless it is required to pro-
vide access to another source of significant bleed-
ing. If on balloon deflation a point of bleeding 
declares then the surgeon, in conjunction with the 
trauma team, should decide whether this requires 
balloon reinflation to address.

In moving total REBOA from total zone 1 to 
total zone 3 it is probably optimal to weight the 
risk of exacerbation of visceral segment distribu-
tion bleeding vs pre-emptive action. For example, 
a zone 2 retroperitoneal haematoma may convert 
to a life threatening bleed from transected renal 
artery clot blowout. Transitioning such a REBOA 
zonal move though a short period of partial zone 
1 REBOA during which the supracolic and retro-
peritoneal structures are observed may be 
beneficial.

 Balloon Deflation and Removal 
of Catheter
The REBOA operator and trauma team should 
be aware that with currently available balloon 
technology, deflation does not allow for the same 
degree of aortic flow control compared to care-
fully releasing aortic control at open surgery. 
This is likely to be due to:
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• a “windsock” effect where the deflating bal-
loon deforms via a pear shape to continue a 
circumferential seal with the aortic wall until 
an inflection point where a tiny volume change 
results in complete loss of this seal and very 
significant reduction in the obstruction to flow.

• elasticity of the aorta (particularly in the 
younger adult cohort) allowing blood to move 
past a partially inflated balloon in systole but 
not in diastole.

Balloon deflation, whether as part of intermit-
tent REBOA, adjusting the occlusion strategy or 
with the intent of catheter removal, is clearly a 
critical step for the patient and requires careful 
coordination by the trauma team. The blood pres-
sure drop and reperfusion sequalae should be 
anticipated by the anaesthetic team and an appro-
priate plan formulated, particularly for prolonged 
duration zone 1 Total REBOA. For example, if 
resuscitative and haemorrhage control goals have 
been achieved, then the anaesthetic team should 
aggressively trend the patient towards vasodila-
tion and euvolemia so that the patient will more 
likely optimally respond to further volume filling 
and vasoconstrictive agents if required at balloon 
deflation. A workable technique for total balloon 
deflation that prioritises communication and con-
trolled deflation is:

 1. Agreement with the anaesthetic team/TTL for 
total balloon deflation.

 2. Incremental deflation of the balloon with 
withdrawal of 0.5  ml volumes at time inter-
vals that allow appropriate “blood pressure 
catch up”, if required, by the anaesthetic team.

 3. Alternatively, transition through sequential 
reperfusion:
• Zone 1 total REBOA deflation transitions 

to partial REBOA (e.g. 5–10  mmHg 
increase in distal pressure) and resuscita-
tion in accordance with response.

• Zone 1 partial REBOA transitions to zone 
3 REBOA and resuscitation in accordance 
with response.

• Zone 3 REBOA transitions to selective 
iliac control if available. For example:

 – intraoperatively at DCL using external 
control

 – using a concurrent iliac occlusion bal-
loon catheter in situ.

This allows sequential reperfusion of the 
lower limbs and, to some extent, hemi pelvis 
with an appropriate resuscitation interval in 
between. Note: attempting to inflate an aortic 
balloon in the iliac segment in order to pro-
vide the same effect is technically possible, 
however, risks iliac rupture.

 4. Remove the balloon catheter. It is important to 
confirm complete balloon deflation before 
attempting this in order to reduce the possibil-
ity of the balloon becoming stuck in the 
sheath. If a guidewire is in situ and there is no 
intent for endovascular intervention on the 
aortic segment or aortic branches then this 
should be removed simultaneously or imme-
diately after catheter removal. If the deflated 
balloon catheter becomes stuck then:

 (a) If the operator is sure the balloon is con-
tained entirely within the sheath then it 
can be removed as one entity in accor-
dance with a sheath removal plan (see 
below).

 (b) If the balloon is stuck at the sheath end 
such that some folds of the balloon may be 
protruding into the arterial lumen then re-
advance the catheter, ensure complete bal-
loon deflation and then rotate the catheter 
while pulling it back through the sheath. 
Ultimately if the operator cannot withdraw 
the catheter completely into the sheath or 
is not sure that the balloon segment has 
been withdrawn fully into the sheath then 
an open cut down and retrieval should be 
performed. It is technically possible to 
withdraw a stuck, protruding, deflated bal-
loon and low profile sheath through an 
artery wall without complication. 
However, this cannot be recommended as 
it may cause a significant laceration to the 
artery resulting in serious associated com-
plications including pseudoaneurysm, 
major haemorrhage and/or vessel dissec-
tion that otherwise may be avoided.
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 5. Following removal of the balloon catheter, if 
it is still serviceable and the access is still in 
situ, then the operator may wish to reserve the 
ability to reinsert it in the immediate future. If 
practicable, the device can be reprepared and 
kept sterile for such a need until definitive 
haemorrhage control has been achieved.

 Sheath Management Plan
The final step directly related to REBOA is for 
the trauma team, guided by the REBOA opera-
tor, to identify a sheath management plan. This 
is based on a risk analysis between keeping the 
sheath in situ with reassessment of the situation 
within the next few hours and sheath removal. 
When considering sheath removal the sheath side 
port (or sheath lumen if no side port) should be 
aspirated to assess for clot. It is important to note 
that the REBOA patient cohort has significant 
differences to an elective vasculopathic patient 
cohort and therefore the risk assessment has dif-
ferences. Consider the:

• Risk to the limb.
 This requires an assessment of thrombosis 

risk, whether there is a distal limb injury, the 
general perfusion state of the limb and whether 
an access complication was recognised. It 
may be reasonably obvious that arterial inter-
vention is required, for example:

• Presence of gross ipsilateral limb ischaemia
• Available imaging demonstrating thrombus
• Clot is removed from the side port of the 

sheath

In such circumstances open cut down with con-
firmation of inflow and appropriate outflow man-
agement (e.g. Fogarty balloon trawl) is very likely 
the safest overall option, rather than attempting an 
endovascular solution. “Monitoring” asymptom-
atic known thrombus in these circumstances car-
ries a risk of limb loss. Ruling out a risk to the limb 
is not so straightforward. In trauma patients a pink 
foot does not necessarily correlate to a viable foot. 
In particular, those patients that have received a 
significant overall tissue injury from trauma and 
surgery, and have had a massive transfusion should 

be presumed to have prothrombotic characteris-
tics. Individual institutions will usually decide 
where to set the threshold for open exploration of 
the arterial tree in those patients that do not have 
an obvious indication. This is likely to be based on 
their own experience; for example institutions that 
exclusively perform REBOA on obviously exsan-
guinating patients are likely to have a significantly 
higher yield from open thrombectomy than those 
institutions which have a lower threshold for 
REBOA use.

• Intent for definitive endovascular 
intervention.

 The sheath can be upsized as required and/or 
may provide convenient access for angioem-
bolisation, covered stent deployment or other 
endovascular procedure. This may negate the 
risk of a further access attempt. However, if 
endovascular intervention is only a possibility 
rather than a definite immediate intent, then 
the rationale to keep in situ is significantly less 
strong.

• Type of access
 – Open access

Open access will require a combination 
of sheath removal, arteriotomy closure and 
wound closure. This should be done as 
soon as possible; target a limit of 12 h from 
the index incision.

 – Percutaneous access
Percutaneous access can potentially be 

left in situ with a slow heparin-saline infu-
sion via the side port for 24–48 h. However, 
in a patient who is coagulopathic and/ or 
with a risk of rebleeding this may be unde-
sirable. The size of the sheath, location of 
the sheath and coagulation status of the 
patient will inform on whether immediate 
direct pressure is a reasonable option for 
arteriotomy closure following sheath 
removal. If in doubt then the operator 
should choose between:

a percutaneous vascular closure device 
(note there are device and access specific 
considerations to decide as to whether this 
is a reasonable option), or
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an open cut down, sheath removal, Fogarty 
balloon trawl and arteriotomy closure.

Key Points
In formulating a sheath management plan the 
trauma team including the REBOA operator will 
need to decide where their risk toleration lies; 
this will depend on the patient’s profile, burden 
of injury and the logistics of the hospital facility.

Early sheath removal (target within 1 to 2 h of 
insertion) is likely to be the optimal balance of 
risk for the majority of patients. As a general rule, 
low profile sheaths (for example up to 7F or 8F) 
that:

• were inserted in-hospital without complication
• have no significant clot on sheath side arm 

aspiration
• are not upstream to an ischaemic limb
• have been in situ for less than 2 h, and
• are sited in patients that can be safety moni-

tored and intervened on if signs of limb isch-
aemia develop

Can probably be removed directly at low risk. 
If these criteria are not met then the intervention 
as per a risk to the limb, described above, should 
be followed.

 Lower Limb Fasciotomies
In order to manage the risk of compartment 
syndrome the trauma team should be aware 
that lower limb fasciotomies may be required. 
Patients at higher risk of lower limb compartment 
syndrome include those that have had:

• A prolonged REBOA inflation time (particu-
larly total occlusion)

• An ischaemic complication to a lower limb.

In isolated ischaemic circumstances (i.e. in 
patients with no significant contributing ipsilat-
eral limb fracture or direct soft tissue injury com-
ponent), prioritising the anterio-lateral leg 
compartment is probably reasonable. Thigh and 
buttock fasciotomies are very rarely indicated.

 Current Literature Perspective

Major trauma related literature review informs 
the risk analysis described in this chapter by 
quantifying some of the risk and benefit related 
to REBOA.

 Comparison to Resuscitative 
Thoracotomy

Outcomes for resuscitative thoracotomy (RT) 
for subdiaphragmatic bleeding provide a poten-
tial extrapolation and/ or comparison group for 
REBOA.  Both share a paradigm for decision 
making based on rapid risk analysis (for RT 
principally in terms of futility) in major trauma 
patients that usually results in aortic occlusion. 
However, characterising REBOA only as an 
endovascular alternative to an open DTA occlu-
sion clamp in these circumstances is an over-
simplification of the more nuanced risk-benefit 
analysis described in this chapter. The benefit of 
in-hospital open DTA occlusion prior to damage 
control laparotomy in patients with exsanguinat-
ing sub-diaphragmatic bleeding have been his-
torically unclear [24–26]. Historical case series’ 
(pre 2000) have suggested an overall survival rate 
of about 4.5% [27] in such patients with trau-
matic cardiac arrest and

 1. penetrating abdominal injury with signs of 
life in the pre-hospital environment

 2. blunt abdominal injury with signs of life on 
arrival to hospital.

who undergo open DTA occlusion; compared 
to a survival rate without occlusion of 0%. These 
may be two groups of patients where heuristics 
from RT decision familiarity and outcome can 
drive the REBOA risk-benefit analysis.

 Extrapolating Epidemiological Data 
Is Problematic

Besides these potential groups are there others 
that may benefit from REBOA? Historical data 

T. J. Stansfield



341

has consistently attributed about 1  in 3 trauma 
deaths in the first 24 h to haemorrhage indepen-
dent of head injury [28]. Trauma specialists have 
hypothesised that some of these deaths will be 
in patients who survived to hospital with non- 
compressible subdiaphragmatic haemorrhage 
who would have survived if they had sooner 
bleeding control [29]. Extrapolating data from 
quality trauma mortality studies needs to be done 
with caution.

• An analysis of a single Canadian trauma cen-
tre identified 1 in 3 in-hospital haemorrhagic 
deaths after blunt trauma as being preventable 
due to a delay to definitive haemorrhage con-
trol [30]. However, over 85% of these deaths 
were due to several hours of delay in obtaining 
angioembolisation for pelvic bleeding after 
initial damage control pelvic and abdominal 
surgery. REBOA may be able to help form an 
initial clot, however it cannot mitigate against 
such logistic challenges that many hospital 
systems may experience. This Canadian study 
makes a very reasonable case for a hospital 
hybrid suite; but their data should not be used 
as a strong case for REBOA.

• Variations in the definition of preventable 
deaths suggests that identifying these patients 
is not as objectively obvious as perhaps could 
be suggested, such variations are particularly 
prevalent in pre-hospital studies [31]. 
Therefore caution needs to be exercised in 
extrapolating the significant numbers of pre-
hospital haemorrhage related deaths classified 
as potentially preventable as a case for in- 
hospital aortic control manoeuvres [32]. 
Perhaps a reasonable case for thinking cre-
atively about the delivery of earlier high 
impact care, but again, not necessarily a strong 
case for REBOA.

 REBOA Human Evidence Base

In order to more clearly identify potential patient 
groups that could benefit from REBOA, the cur-
rent Oxford CEBM level 3 evidence base (obser-
vational studies) is summarised in Table  16.5. 

There is no current OCEBM level 1 or 2 evi-
dence base regarding REBOA. Some of the data 
sources used by the studies overlap, such that the 
same patient cases appear in more than one study. 
The caveats regarding the interpretation of non- 
randomised trauma evidence described in chapter 
30_6.1 apply to these studies. The findings of this 
evidence base can be summarised as:

 1. It remains unclear as to the group of patients 
(categorised by physiological and/ or injury 
profile) where survivorship favours REBOA 
compared to an alternative strategy. There 
remains the possibility that such a group will 
not be clearly identified for the foreseeable 
future.

 2. Partial REBOA is, on the balance of probabil-
ities, more favourable than total REBOA in 
some patients (perhaps all patients, although 
this seems unlikely).

 3. REBOA survivors, on the balance of probabil-
ities, have a very low level of clinically sig-
nificant balloon catheter complications.

These human data sets therefore do not pro-
vide an assured or comprehensive set of answers 
about how to conduct REBOA or who may ben-
efit from REBOA (if anyone).

 Future Availability of OCEBM Level 2 
Evidence

The UK REBOA trial is the first randomised con-
trolled trial (RCT) aiming to determine the clini-
cal effectiveness of REBOA.  It is a multicentre 
trial, recruiting non-pregnant trauma patients 
over the age of 16 (or thought to be so at the 
point of recruitment) from Major Trauma Centres 
(MTCs). Patients randomised are believed, by 
the trauma team, to have life threatening non- 
compressible torso haemorrhage amenable to 
REBOA in the context of a potentially surviv-
able injury. The patients are randomised to either 
REBOA (with no mandated level, duration or 
strategy of occlusion) or to standard treatment. 
Between 2018 and October 2020 59 patients out 
of a target of 120 have been randomised. There 

16 In Hospital REBOA for Major Trauma



342

Ta
bl

e 
16

.5
 

Su
m

m
ar

y 
of

 h
um

an
 s

tu
dy

 e
vi

de
nc

e 
fo

r 
R

E
B

O
A

St
ud

y
D

at
a 

so
ur

ce
O

C
E

B
M

 
le

ve
l

D
at

es
 

co
nd

uc
te

d
D

es
ig

n
Po

pu
la

tio
n

In
te

rv
en

tio
n 

gr
ou

p
C

om
pa

ri
so

n 
gr

ou
p

O
ut

co
m

e
St

ud
y 

L
im

ita
tio

ns
C

om
m

en
t

N
or

ri
 

et
 a

l. 
[3

3]

Ja
pa

n 
T

ra
um

a 
D

at
a 

B
an

k 
(n

at
io

na
l 

re
gi

st
ry

)

3
20

04
 to

 
20

11
• 

R
et

ro
sp

ec
tiv

e,
 

na
tio

na
l r

eg
is

tr
y,

 
m

at
ch

ed
 c

oh
or

t 
st

ud
y.

• 
Pr

op
en

si
ty

 m
at

ch
ed

 
R

E
B

O
A

 c
as

es
 w

ith
 

no
n-

 R
E

B
O

A
 c

as
es

 
on

 tr
ea

tm
en

t 
lik

el
ih

oo
d.

 T
he

 
au

th
or

s 
us

ed
 a

 
lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

 f
or

 p
ro

pe
ns

ity
 

sc
or

e 
ba

se
d 

on
: a

ge
, 

se
x,

 c
al

en
da

r 
ye

ar
, 

R
T

S,
 m

ec
ha

ni
sm

 o
f 

in
ju

ry
, m

ax
im

um
 

A
IS

 f
or

 e
ac

h 
of

 th
e 

ni
ne

 b
od

y 
re

gi
on

s 
an

d 
tr

ea
tin

g 
fa

ci
lit

y.

• 
18

07
 b

lu
nt

 
tr

au
m

a 
pa

tie
nt

s 
w

ith
 s

ur
vi

va
l 

da
ta

• 
>

18
 y

ea
rs

 o
ld

• 
T

re
at

ed
 a

t 
tr

au
m

a 
ce

nt
re

s 
th

at
 u

se
 R

E
B

O
A

• 
35

1 
R

E
B

O
A

• 
Pr

ec
is

e 
cr

ite
ri

a 
fo

r 
R

E
B

O
A

 u
se

 
no

t c
le

ar

• 
14

56
 

no
n-

R
E

B
O

A
• 

Pr
op

en
si

ty
 

m
at

ch
ed

 a
s 

de
sc

ri
be

d 
in

 
de

si
gn

 c
ol

um
n

• 
R

E
B

O
A

 
co

nf
er

re
d 

a 
lo

w
er

 
ch

an
ce

 o
f 

su
rv

iv
al

 
to

 le
av

e 
ho

sp
ita

l. 
O

R
 =

 0
.3

0,
 9

5%
 

C
I 

=
 0

.2
3–

0.
40

• 
Su

bg
ro

up
 

an
al

ys
es

:
 –

 I
so

la
te

d 
ab

do
m

in
al

 in
ju

ry
 

(O
R

 f
or

 s
ur

vi
va

l, 
0.

32
; 9

5%
 

C
I 

=
 0

.0
8–

1.
23

)
 –

 I
so

la
te

d 
se

ri
ou

s 
pe

lv
is

/lo
w

er
 

ex
tr

em
ity

 in
ju

ry
 

(O
R

, 0
.2

7;
 9

5%
 

C
I 

=
 0

.0
3–

2.
7)

• 
N

o 
re

co
rd

 o
f 

vi
ta

l s
ig

ns
 a

t 
ad

m
is

si
on

 f
or

 im
pr

ov
ed

 
in

ju
ry

 s
tr

at
ifi

ca
tio

n.
• 

R
E

B
O

A
 s

ur
vi

vo
rs

 v
s 

no
n-

su
rv

iv
or

s 
ha

d 
a 

m
ea

n 
G

C
S,

 1
1.

6 
vs

. 7
.2

 
(p

 =
 0

.0
00

1)
. T

hi
s 

im
pl

ie
s 

th
at

 c
on

cu
rr

en
t C

N
S 

in
ju

ry
 

co
nt

ri
bu

te
d 

to
 w

or
se

 
su

rv
iv

al
. S

om
e 

of
 th

e 
R

E
B

O
A

 s
ig

na
l s

tr
en

gt
h 

m
ay

 h
av

e 
be

en
 lo

st
 b

y 
th

is
 

ef
fe

ct
.

• 
T

he
re

 w
er

e 
no

 s
ho

ck
 

m
im

ic
 d

at
a 

(f
or

 e
xa

m
pl

e,
 

no
n-

th
er

ap
eu

tic
 la

pa
ro

to
m

y 
da

ta
 n

ot
 s

ho
w

n)
: S

om
e 

of
 

th
e 

R
E

B
O

A
 u

se
 m

ay
 n

ot
 

ha
ve

 b
ee

n 
fo

r 
th

e 
pu

rp
os

e 
of

 h
ae

m
or

rh
ag

e 
co

nt
ro

l.
• 

N
o 

tim
in

g 
of

 in
te

rv
en

tio
n 

an
al

ys
is

 a
va

ila
bl

e 
an

d 
th

er
ef

or
e 

so
m

e 
pa

tie
nt

s 
m

ay
 h

av
e 

be
en

 f
ur

th
er

 
do

w
n 

th
e 

lin
e 

of
 

ir
re

tr
ie

va
bi

lit
y—

so
m

e 
of

 
th

e 
R

E
B

O
A

 m
ay

 h
av

e 
be

en
 

“l
as

t d
itc

h”
. H

ow
ev

er
, n

ot
e 

th
e 

24
%

 s
ur

vi
va

l r
at

e 
fo

r 
R

E
B

O
A

 p
at

ie
nt

s 
is

 m
uc

h 
be

tte
r 

th
an

 th
e 

su
rv

iv
al

 r
at

e 
of

 R
T

 a
nd

 o
pe

n 
D

TA
 

oc
cl

us
io

n 
fo

r 
bl

un
t t

ra
um

a;
 

su
gg

es
tin

g 
th

e 
R

E
B

O
A

 
co

ho
rt

 w
er

e 
no

t i
n 

as
 m

uc
h 

ex
tr

em
is

 a
s 

a 
tr

au
m

at
ic

 
ca

rd
ia

c 
ar

re
st

 c
oh

or
t.

• 
C

om
pl

ic
at

io
ns

 w
er

e 
no

t 
re

co
rd

ed
.

• 
Pr

es
um

ab
ly

 a
na

ly
se

d 
da

ta
 

al
so

 u
se

d 
by

 o
th

er
 J

ap
an

 
re

gi
st

ry
 s

tu
di

es
 [

34
, 3

5]
.

• 
E

xt
er

na
l v

al
id

ity
 to

 U
K

 
m

ay
 b

e 
co

m
pr

om
is

ed
:

 –
 T

he
re

 w
as

 a
n 

av
er

ag
e 

of
 

3 
h 

fr
om

 p
oi

nt
 o

f 
in

ju
ry

 to
 

de
fin

iti
ve

 in
te

rv
en

tio
n 

an
d 

2 
h 

to
 b

lo
od

 tr
an

sf
us

io
n—

th
is

 
is

 a
 s

ig
ni

fic
an

tly
 d

if
fe

re
nt

 
pr

ac
tic

e 
to

 E
ur

op
e 

an
d 

U
S.

 –
 T

he
 m

ea
n 

ag
e 

of
 th

e 
pa

tie
nt

s 
w

as
 5

1.
8 

ye
ar

s 
(5

1.
6 

in
 th

e 
R

E
B

O
A

 g
ro

up
).

T. J. Stansfield



343

M
oo

re
 

et
 a

l. 
[1

5]

U
S 

T
ra

um
a 

re
gi

st
ry

 d
at

a 
fr

om
 

tw
o 

le
ve

l 1
 

tr
au

m
a 

ce
nt

re
s 

in
 

Te
xa

s

3
Ja

n 
20

12
 to

 
Ju

ne
 2

01
3

R
et

ro
sp

ec
tiv

e,
 lo

ca
l 

re
gi

st
ry

, m
at

ch
ed

 
co

ho
rt

 s
tu

dy
.

• 
96

 tr
au

m
a 

pa
tie

nt
s

• 
>

 =
 1

6 
ye

ar
s 

ol
d

• 
N

o 
in

tr
at

hr
oa

ci
c 

ha
em

or
rh

ag
e 

(s
us

pe
ct

ed
 o

r 
co

nfi
rm

ed
)

• 
N

o 
pe

ne
tr

at
in

g 
ch

es
t t

ra
um

a

• 
24

 R
E

B
O

A
• 

C
ri

te
ri

a:
 –

 S
B

P 
<

 9
0 

an
d 

pa
rt

ia
l/ 

no
n-

 re
sp

on
de

r
 –

 Z
on

e 
1 

(Z
1)

 
if

 F
A

ST
 +

ve
 o

r 
no

 p
el

vi
c 

fr
ac

tu
re

 –
 Z

on
e 

3 
(Z

3)
 

if
 F

A
ST

 -
ve

 
an

d 
pe

lv
ic

 
fr

ac
tu

re
• 

Z
1 

=
 1

9,
 

Z
3 

=
 5

• A
pp

ro
x.

 5
0%

 
fe

m
or

al
 c

ut
 

do
w

n,
 5

0%
 

pe
rc

ut
an

eo
us

72
 R

T
 p

at
ie

nt
s 

w
ith

 s
ta

nd
ar

d 
ca

re
 f

or
 

ex
sa

ng
ui

na
tin

g 
ha

em
or

rh
ag

e 
fr

om
 a

bd
om

en
 

or
 p

el
vi

s

R
E

B
O

A
 c

on
fe

rr
ed

 
hi

gh
er

 tr
en

d 
of

 
su

rv
iv

al
 to

 le
av

e 
ho

sp
ita

l, 
ho

w
ev

er
, 

O
R

 w
as

 
in

de
te

rm
in

at
e:

 
O

R
 =

 2
.8

8,
 9

5%
 

C
I 

=
 0

.9
4–

8.
87

• 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nt

ro
l a

nd
 in

te
rv

en
tio

na
l 

gr
ou

p 
si

gn
ifi

ca
nt

ly
 d

if
fe

re
d 

bi
as

in
g 

fo
r 

a 
be

tte
r 

R
E

B
O

A
 o

ut
co

m
e:

 –
 I

SS
 =

 7
5 

in
 6

.3
%

 o
f 

R
E

B
O

A
 a

nd
 2

1.
3%

 o
f 

R
T

 
gr

ou
ps

.
 –

 3
3%

 o
f 

th
e 

R
E

B
O

A
 

gr
ou

p 
w

er
e 

ha
vi

ng
 C

PR
 o

n 
ar

ri
va

l t
o 

E
D

 c
om

pa
re

d 
to

 
63

%
 o

f 
th

e 
R

T
 p

at
ie

nt
s.

• 
T

he
re

 w
er

e 
no

 s
ho

ck
 

m
im

ic
 d

at
a;

 th
e 

re
le

va
nc

e 
of

 th
is

 is
 d

es
cr

ib
ed

 in
 th

e 
ro

w
 a

bo
ve

.
• 

N
o 

co
m

pl
ic

at
io

n 
ou

tc
om

e 
da

ta
 r

ec
or

de
d.

• 
87

.5
%

 R
E

B
O

A
 a

nd
 1

4.
3%

 
R

T
 d

ea
th

s 
su

rv
iv

ed
 to

 I
C

U
 to

 
di

e 
of

 h
ea

d 
in

ju
ry

. M
os

t 
de

at
hs

 in
 th

e 
R

T
 g

ro
up

 w
er

e 
fr

om
 h

ae
m

or
rh

ag
e 

in
 E

D
.

D
uB

os
e 

et
 a

l. 
[3

6]

T
he

 P
ro

sp
ec

tiv
e 

O
bs

er
va

tio
na

l 
A

or
tic

 O
cc

lu
si

on
 

fo
r 

R
es

us
ci

ta
tio

n 
in

 T
ra

um
a 

an
d 

A
cu

te
 C

ar
e 

Su
rg

er
y 

(A
O

R
TA

) 
st

ud
y:

 
8 

pa
rt

ic
ip

at
in

g 
le

ve
l 1

 tr
au

m
a 

ce
nt

re
s 

in
 th

e 
U

S 
(5

 o
f 

w
hi

ch
 

of
fe

re
d 

R
E

B
O

A
)

3
N

ov
 2

01
3 

to
 F

eb
 2

01
5

Pr
os

pe
ct

iv
el

y 
re

co
rd

ed
 r

eg
is

tr
y 

da
ta

, m
at

ch
ed

 c
oh

or
t 

st
ud

y.

• 
11

4 
tr

au
m

a 
pa

tie
nt

s 
un

de
rg

oi
ng

 
in

te
rv

en
tio

na
l 

ao
rt

ic
 o

cc
lu

si
on

 
af

te
r 

in
ju

ry
 f

or
 

sh
oc

k
• 

>
 =

 1
8 

ye
ar

s 
ol

d
• 

So
m

e 
pa

tie
nt

s 
ha

d 
as

so
ci

at
ed

 
ch

es
t t

ra
um

a:
 –

 4
.4

%
 h

ad
 

ca
rd

ia
c 

re
pa

ir
 –

 3
.5

%
 h

ad
 a

 
no

n-
 an

at
om

ic
al

 
lu

ng
 r

es
ec

tio
n

• 
46

 R
E

B
O

A
• 

Z
1 

=
 3

6,
 

Z
3 

=
 1

0
• A

pp
ro

x.
 5

0%
 

op
en

 c
ut

 d
ow

n,
 

50
%

 
pe

rc
ut

an
eo

us
• 

M
ea

n 
tim

e 
fr

om
 d

ec
is

io
n 

to
 R

E
B

O
A

 w
as

 
6.

6 
m

in

• 
68

 o
pe

n 
ao

rt
ic

 
oc

cl
us

io
ns

 
(l

ap
ar

ot
om

y 
or

 
th

or
ac

ot
om

y)
• 

M
ea

n 
tim

e 
fr

om
 d

ec
is

io
n 

to
 o

cc
lu

si
on

 
w

as
 7

.2
 m

in

• 
R

E
B

O
A

 
co

nf
er

re
d 

a 
hi

gh
er

 
tr

en
d 

of
 s

ur
vi

va
l t

o 
le

av
e 

ho
sp

ita
l. 

H
ow

ev
er

, O
R

 w
as

 
no

t c
le

ar
ly

 
de

te
rm

in
at

e:
 

O
R

 =
 2

.0
4,

 9
5%

 
C

I 
=

 0
.8

2 
=

 5
.0

7
• 

R
E

B
O

A
 

co
m

pl
ic

at
io

ns
:

 –
 1

/4
6 

(2
.2

%
) 

ar
te

ri
al

 
ps

eu
do

an
eu

ry
sm

 a
t 

th
e 

ac
ce

ss
 s

ite
 –

 2
/4

6 
(4

.3
%

)
di

st
al

 e
m

bo
lic

 
ev

en
ts

 –
 N

o 
in

fe
ct

io
n 

or
 

ne
ed

 f
or

 
am

pu
ta

tio
n

 –
 2

/4
6 

(4
.3

%
) 

ba
llo

on
 m

ig
ra

tio
n 

af
te

r 
de

pl
oy

m
en

t

• 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nt

ro
l a

nd
 in

te
rv

en
tio

na
l 

gr
ou

p 
si

gn
ifi

ca
nt

ly
 d

if
fe

re
d 

po
te

nt
ia

lly
 b

ia
si

ng
 f

or
 a

 
be

tte
r 

R
E

B
O

A
 o

ut
co

m
e:

 –
 O

pe
n 

ao
rt

ic
 o

cc
lu

si
on

 
gr

ou
p 

m
or

e 
lik

el
y 

to
 h

av
e 

ai
rw

ay
 m

an
ag

ed
 w

ith
ou

t 
pr

e-
ho

sp
ita

l i
nt

ub
at

io
n.

 –
 R

E
B

O
A

 w
as

 p
er

fo
rm

ed
 

by
 a

n 
at

te
nd

in
g 

in
 9

3.
5%

 
of

 c
as

es
, w

he
re

as
 o

pe
n 

ao
rt

ic
 o

cc
lu

si
on

 w
as

 
pe

rf
or

m
ed

 b
y 

an
 a

tte
nd

in
g 

in
 5

7.
3%

 o
f 

ca
se

s

• 
T

he
 m

ea
n 

ag
e 

of
 th

e 
pa

tie
nt

s 
w

as
 4

0.
8 

ye
ar

s 
ol

d.
• 

Pr
es

um
ab

ly
 a

na
ly

se
d 

da
ta

 
al

so
 u

se
d 

by
 B

re
nn

er
 e

t a
l. 

[3
7]

. H
ow

ev
er

, t
hi

s 
st

ud
y 

us
ed

 a
 le

ss
 p

re
ci

se
 

co
m

pa
ri

so
n 

gr
ou

p.

(c
on

tin
ue

d)

16 In Hospital REBOA for Major Trauma



344

• 
O

pe
n 

ao
rt

ic
 

oc
cl

us
io

n 
co

m
pl

ic
at

io
ns

:
 –

 1
/6

8 
(1

.4
%

) 
re

ta
in

ed
 

ha
em

ot
ho

ra
x 

re
qu

ir
in

g 
op

er
at

iv
e 

ev
ac

ua
tio

n
 –

 2
/6

8 
(2

.9
%

) 
lo

ca
l w

ou
nd

 
in

fe
ct

io
ns

 
re

qu
ir

in
g 

ad
di

tio
na

l s
ur

gi
ca

l 
in

te
rv

en
tio

n.
• 

N
ot

e 
A

K
I 

w
ith

 
di

al
ys

is
 r

eq
ui

re
d 

in
 

4/
11

4 
(3

.5
%

) 
pa

tie
nt

s 
ov

er
al

l:
 –

 2
/4

6 
(4

.3
%

) 
in

 
th

e 
R

E
B

O
A

 g
ro

up
 –

 2
/6

8 
(2

.9
%

) 
in

 
th

e 
op

en
 a

or
tic

 
oc

cl
us

io
n 

gr
ou

p 
(p

 =
 0

.6
60

)

• 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nt

ro
l a

nd
 in

te
rv

en
tio

na
l 

gr
ou

p 
di

ff
er

ed
 w

ith
 a

n 
in

de
te

rm
in

at
e 

ef
fe

ct
 o

n 
th

e 
ou

tc
om

e:
 –

 O
pe

n 
ao

rt
ic

 o
cc

lu
si

on
 

gr
ou

p 
w

er
e 

m
or

e 
lik

el
y 

to
 

su
ff

er
 a

 p
en

et
ra

tin
g 

in
ju

ry
 

(4
7.

1%
 v

s.
 2

3.
9%

, 
p 

=
 0

.0
13

)

St
ud

y
D

at
a 

so
ur

ce
O

C
E

B
M

 
le

ve
l

D
at

es
 

co
nd

uc
te

d
D

es
ig

n
Po

pu
la

tio
n

In
te

rv
en

tio
n 

gr
ou

p
C

om
pa

ri
so

n 
gr

ou
p

O
ut

co
m

e
St

ud
y 

L
im

ita
tio

ns
C

om
m

en
t

Ta
bl

e 
16

.5
 

(c
on

tin
ue

d)

T. J. Stansfield



345

B
re

nn
er

 
et

 a
l. 

[3
7]

T
he

 P
ro

sp
ec

tiv
e 

O
bs

er
va

tio
na

l 
A

or
tic

 O
cc

lu
si

on
 

fo
r 

R
es

us
ci

ta
tio

n 
in

 T
ra

um
a 

an
d 

A
cu

te
 C

ar
e 

Su
rg

er
y 

(A
O

R
TA

) 
st

ud
y:

 
11

 p
ar

tic
ip

at
in

g 
le

ve
l 1

 tr
au

m
a 

ce
nt

re
s 

in
 th

e 
U

S 
an

d 
C

an
ad

a 
(a

ll 
of

 w
hi

ch
 o

ff
er

ed
 

R
E

B
O

A
)

3
N

ov
 1

3 
to

 
Ja

n 
17

Pr
os

pe
ct

iv
el

y 
re

co
rd

ed
 r

eg
is

tr
y 

da
ta

, m
at

ch
ed

 c
oh

or
t 

st
ud

y.

• 
28

5 
tr

au
m

a 
pa

tie
nt

s 
un

de
rg

oi
ng

 
in

te
rv

en
tio

na
l 

ao
rt

ic
 o

cc
lu

si
on

 
af

te
r 

in
ju

ry
 f

or
 

sh
oc

k
• 

>
=

18
 y

ea
rs

 o
ld

• 
N

o 
pe

ne
tr

at
in

g 
th

or
ac

ic
 in

ju
ry

 
w

ith
 a

n 
A

IS
>

=
2

• 
C

om
pl

et
e 

su
rv

iv
al

 d
at

a 
av

ai
la

bl
e

• A
ll 

ao
rt

ic
 

in
te

rv
en

tio
ns

 
w

er
e 

in
iti

at
ed

 in
 

E
D

• 
Pe

ne
tr

at
in

g 
m

ec
ha

ni
sm

 in
 

41
.4

%
 o

f 
pa

tie
nt

s

• 
83

 Z
1 

R
E

B
O

A
• A

pp
ro

x.
 5

0%
 

cu
t d

ow
n 

an
d 

50
%

 
pe

rc
ut

an
eo

us

20
2 

R
T

 p
at

ie
nt

s 
w

ith
 o

pe
n 

D
TA

 
oc

cl
us

io
n

• 
R

E
B

O
A

 
co

nf
er

re
d 

a 
hi

gh
er

 
ch

an
ce

 o
f 

su
rv

iv
al

 
to

 le
av

e 
ho

sp
ita

l, 
(t

ot
al

 o
f 

13
/2

85
 

su
rv

iv
or

s)
 

O
R

 =
 4

.2
0,

 9
5%

 
C

I 
=

 1
.3

3–
13

.2
5.

• 
Su

bg
ro

up
 

an
al

ys
is

, R
E

B
O

A
 

vs
 R

T
:

 –
 I

f 
C

PR
 r

eq
ui

re
d 

be
fo

re
 h

os
pi

ta
l 

th
en

 to
ta

l o
f 

5/
17

2 
(2

.9
%

) 
su

rv
iv

or
s,

 
O

R
 =

 2
.0

5,
 9

5%
 

C
I 

=
 0

.3
3–

12
.6

9.
 –

 I
f 

C
PR

 s
ta

rt
ed

 
in

 E
D

 p
ri

or
 to

 
ao

rt
ic

 o
cc

lu
si

on
 

th
en

 to
ta

l o
f 

1/
57

 
(1

.8
%

) 
su

rv
iv

or
s

 –
 I

f 
no

 C
PR

 p
ri

or
 

to
 a

or
tic

 o
cc

lu
si

on
 

th
en

 to
ta

l o
f 

7/
56

 
(1

2.
5%

) 
su

rv
iv

or
s,

 
O

R
 =

 8
.0

0,
 9

5%
 

C
I 

=
 0

.8
9–

17
.5

8.
• 

R
E

B
O

A
 

co
m

pl
ic

at
io

ns
:

• 
T

he
re

 w
er

e 
ve

ry
 f

ew
 

ov
er

al
l s

ur
vi

vo
rs

 to
 

ca
lc

ul
at

e 
O

R
s;

 ty
pe

 1
 e

rr
or

 
m

ay
 b

e 
m

or
e 

lik
el

y.
• 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
co

nt
ro

l a
nd

 in
te

rv
en

tio
na

l 
gr

ou
p 

si
gn

ifi
ca

nt
ly

 d
if

fe
re

d 
po

te
nt

ia
lly

 b
ia

si
ng

 f
or

 a
 

be
tte

r 
R

E
B

O
A

 o
ut

co
m

e:
 –

 7
5%

 o
f 

th
e 

op
en

 D
TA

 
oc

cl
us

io
n 

gr
ou

p 
ha

d 
C

PR
 

be
fo

re
 h

os
pi

ta
l c

om
pa

re
d 

to
 2

5%
 o

f 
th

e 
R

E
B

O
A

 
gr

ou
p.

• 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nt

ro
l a

nd
 in

te
rv

en
tio

na
l 

gr
ou

p 
di

ff
er

ed
 w

ith
 a

n 
in

de
te

rm
in

at
e 

ef
fe

ct
 o

n 
th

e 
ou

tc
om

e:
 –

 1
6.

9%
 R

E
B

O
A

 v
s 

51
.5

%
 o

pe
n 

D
TA

 o
cc

lu
si

on
 

ha
d 

pe
ne

tr
at

in
g 

m
ec

ha
ni

sm
 

(p
 <

 0
.0

01
)

 –
 D

ur
at

io
n 

of
 a

or
tic

 
oc

cl
us

io
n,

 m
ed

ia
n:

 f
or

 
R

E
B

O
A

 w
as

 3
1 

m
in

, a
nd

 
fo

r 
op

en
 D

TA
 o

cc
lu

si
on

 
w

as
 1

9 
m

in
; h

ow
ev

er
 th

e 
st

ra
te

gy
 o

f 
oc

cl
us

io
n 

w
as

 
no

t r
ec

or
de

d.

Pr
es

um
ab

ly
 a

na
ly

se
d 

da
ta

 
al

so
 u

se
d 

by
 D

uB
os

e 
et

 a
l. 

[3
6]

. H
ow

ev
er

, t
hi

s 
st

ud
y 

us
ed

 a
 m

or
e 

pr
ec

is
e 

co
m

pa
ri

so
n 

gr
ou

p.

 –
 2

/8
3 

(2
.4

%
) 

re
qu

ir
em

en
t f

or
 

pa
tc

h 
an

gi
op

la
st

y
 –

 1
/8

3 
(1

.2
%

) 
re

qu
ir

em
en

t f
or

 
lo

w
er

 li
m

b 
am

pu
ta

tio
n

 –
 4

/8
3 

(4
.8

%
) 

di
st

al
 e

m
bo

lis
m

 –
 3

/8
3 

(3
.6

%
) 

ba
llo

on
 m

ig
ra

tio
n

 –
 T

he
re

 w
as

 a
 tr

an
si

tio
n 

to
 in

st
itu

tio
ns

 p
re

fe
rr

in
g 

E
R

-R
E

B
O

A
 b

al
lo

on
 

ca
th

et
er

 u
se

 d
ur

in
g 

th
e 

st
ud

y.

(c
on

tin
ue

d)

16 In Hospital REBOA for Major Trauma



346

Jo
se

ph
 

et
 a

l. 
[3

8]

A
m

er
ic

an
 

C
ol

le
ge

 o
f 

Su
rg

eo
ns

 T
ra

um
a 

Q
IP

 d
at

a 
se

t (
74

0 
pa

rt
ic

ip
at

in
g 

ho
sp

ita
ls

)

3
20

15
 to

 
20

16
• 

R
et

ro
sp

ec
tiv

e,
 

na
tio

na
l r

eg
is

tr
y,

 
m

at
ch

ed
 c

oh
or

t 
st

ud
y.

• 
42

0 
tr

au
m

a 
pa

tie
nt

s 
al

iv
e 

on
 

ar
ri

va
l

• 
>

 =
 1

8 
ye

ar
s 

ol
d

• 
no

 R
T

• 
al

l 
ph

ys
io

lo
gi

ca
l 

pa
ra

m
et

er
s 

re
co

rd
ed

• 
14

0 
R

E
B

O
A

• 
Pr

ec
is

e 
cr

ite
ri

a 
fo

r 
R

E
B

O
A

 u
se

 
no

t c
le

ar

• 28
0 

no
n-

 R
E

B
O

A
.

• 
Pr

op
en

si
ty

 
m

at
ch

ed
 a

s 
de

sc
ri

be
d 

in
 

de
si

gn
 c

ol
um

n

• 
R

E
B

O
A

 
co

nf
er

re
d 

a 
lo

w
er

 
ch

an
ce

 o
f 

su
rv

iv
al

 
to

 le
av

e 
ho

sp
ita

l 
O

R
 =

 0
.4

2,
 9

5%
 

C
I 

=
 0

.2
7–

0.
66

.
• 

C
om

pl
ic

at
io

ns
:

 –
 A

K
I:

 1
0.

7%
 

R
E

B
O

A
 g

ro
up

 v
s 

3.
2%

 n
on

-R
E

B
O

A
 

gr
ou

p 
(p

 =
 0

.0
2)

 –
 E

xt
re

m
ity

 
am

pu
ta

tio
n 

3.
6%

 
R

E
B

O
A

 g
ro

up
 v

s 
0.

7%
 n

on
-R

E
B

O
A

 
gr

ou
p.

 –
 N

o 
di

ff
er

en
ce

 
in

 c
om

pl
ic

at
io

ns
 

(a
ll 

re
co

rd
ed

 a
s 

0)
 

fo
r 

D
V

T,
 P

E
, 

st
ro

ke
, M

I,
 

ex
tr

em
ity

 
co

m
pa

rt
m

en
t 

sy
nd

ro
m

e

• 
R

E
B

O
A

 s
ur

vi
vo

rs
 v

s 
no

n-
su

rv
iv

or
s 

ha
d 

a 
m

ea
n 

G
C

S,
 1

1.
6 

vs
. 7

.2
 

(p
 =

 0
.0

00
1)

. T
hi

s 
im

pl
ie

s 
th

at
 c

on
cu

rr
en

t C
N

S 
in

ju
ry

 
co

nt
ri

bu
tin

g 
to

 w
or

se
 

su
rv

iv
al

. S
om

e 
of

 th
e 

R
E

B
O

A
 s

ig
na

l s
tr

en
gt

h 
m

ay
 h

av
e 

be
en

 lo
st

 b
y 

th
is

 
ef

fe
ct

.
• 

T
he

re
 w

as
 n

o 
do

cu
m

en
ta

tio
n 

as
 to

 th
e 

pa
tie

nt
 r

es
po

ns
iv

en
es

s 
to

 
flu

id
 r

es
us

; a
 u

se
fu

l 
de

te
rm

in
at

e 
in

 r
at

e 
of

 
ac

tiv
e 

bl
ee

di
ng

 a
nd

 m
ay

 
so

m
et

im
es

 in
di

ca
te

 s
ho

ck
 

m
im

ic
s.

• 
Pr

es
um

ab
ly

 a
na

ly
se

d 
da

ta
 

al
so

 u
se

d 
by

 o
th

er
 U

S 
re

gi
st

ry
 s

tu
di

es
 [

15
, 3

7]
.

• 
T

he
 m

ea
n 

ag
e 

of
 th

e 
pa

tie
nt

s 
w

as
 4

4 
ye

ar
s 

ol
d.

St
ud

y
D

at
a 

so
ur

ce
O

C
E

B
M

 
le

ve
l

D
at

es
 

co
nd

uc
te

d
D

es
ig

n
Po

pu
la

tio
n

In
te

rv
en

tio
n 

gr
ou

p
C

om
pa

ri
so

n 
gr

ou
p

O
ut

co
m

e
St

ud
y 

L
im

ita
tio

ns
C

om
m

en
t

Ta
bl

e 
16

.5
 

(c
on

tin
ue

d)

T. J. Stansfield



347

• 
Pr

op
en

si
ty

 m
at

ch
ed

 
R

E
B

O
A

 c
as

es
 w

ith
 

no
n-

R
E

B
O

A
 c

as
es

 
on

 tr
ea

tm
en

t 
lik

el
ih

oo
d.

 T
he

 
au

th
or

s 
us

ed
 a

 
lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

 f
or

 p
ro

pe
ns

ity
 

sc
or

e 
ba

se
d 

on
: 

de
m

og
ra

ph
ic

s,
 v

ita
l 

si
gn

s 
(p

re
-h

os
pi

ta
l 

an
d 

E
D

 S
B

P,
 H

R
, 

an
d 

G
C

S 
sc

or
e)

, 
m

ec
ha

ni
sm

 o
f 

in
ju

ry
, 

IS
S,

 e
ac

h 
bo

dy
 

re
gi

on
 A

IS
, p

el
vi

c 
fr

ac
tu

re
s 

(i
nt

ac
t, 

in
co

m
pl

et
el

y 
di

sr
up

te
d,

 a
nd

 
co

m
pl

et
el

y 
di

sr
up

te
d 

pe
lv

ic
 r

in
g)

, l
ow

er
 

ex
tr

em
ity

 v
as

cu
la

r 
in

ju
ri

es
 a

nd
 f

ra
ct

ur
es

, 
nu

m
be

r 
an

d 
A

IS
 f

or
 

in
tr

aa
bd

om
in

al
 s

ol
id

 
or

ga
n 

in
ju

ri
es

 (
liv

er
, 

sp
le

en
, a

nd
 k

id
ne

y 
in

ju
ri

es
).

• 
R

E
B

O
A

 m
ay

 
ha

ve
 c

on
fe

rr
ed

 a
 

qu
ic

ke
r 

tim
e 

to
 –

 L
ap

ar
ot

om
y:

 
m

ed
ia

n 
33

 m
in

 
(I

Q
R

 =
 2

6–
62

) 
in

 
th

e 
R

E
B

O
A

 g
ro

up
 

vs
 4

5 
m

in
 

(I
Q

R
 =

 3
5–

69
) 

in
 

th
e 

no
n-

R
E

B
O

A
 

gr
ou

p
– 

A
ng

io
em

bo
lis

a-
tio

n:
 m

ed
ia

n 
46

 m
in

 
(I

Q
R

 =
 3

1–
69

) 
in

 
th

e 
R

E
B

O
A

 g
ro

up
 

vs
 5

9 
m

in
 

(I
Q

R
 =

 3
9–

78
) 

in
 

th
e 

no
n-

R
E

B
O

A
 

gr
ou

p

(c
on

tin
ue

d)

16 In Hospital REBOA for Major Trauma



348

A
be

 
et

 a
l. 

[3
4]

Ja
pa

n 
T

ra
um

a 
D

at
a 

B
an

k 
(n

at
io

na
l 

re
gi

st
ry

):
 2

34
 

pa
rt

ic
ip

at
in

g 
ho

sp
ita

ls

3
20

04
 to

 
20

13
• 

R
et

ro
sp

ec
tiv

e,
 

na
tio

na
l r

eg
is

tr
y,

 
m

at
ch

ed
 c

oh
or

t 
st

ud
y.

• 
Pr

op
en

si
ty

 m
at

ch
ed

 
R

E
B

O
A

 c
as

es
 w

ith
 

no
n-

R
E

B
O

A
 c

as
es

 
on

 tr
ea

tm
en

t 
lik

el
ih

oo
d.

 T
he

 
au

th
or

s 
us

ed
 a

 
lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

 f
or

 p
ro

pe
ns

ity
 

sc
or

e 
ba

se
d 

on
: a

ge
, 

ge
nd

er
, m

ec
ha

ni
sm

 
of

 in
ju

ry
, t

ra
ns

po
rt

 
ty

pe
, p

re
-h

os
pi

ta
l 

tr
ea

tm
en

t, 
vi

ta
l s

ig
ns

 
at

 E
D

, I
SS

• 
30

4 
tr

au
m

a 
pa

tie
nt

s 
al

iv
e 

on
 

ar
ri

va
l t

o 
ho

sp
ita

l
• 

>
 =

 1
4 

ye
ar

s 
ol

d
• 

co
m

pl
et

e 
da

ta
 

se
ts

• 
N

o 
A

IS
 =

 6
 f

or
 

an
y 

on
e 

in
ju

ry
• 

D
id

 n
ot

 h
av

e 
bo

th
 R

E
B

O
A

 
an

d 
ao

rt
ic

 c
ro

ss
 

cl
am

pi
ng

• 
15

2 
R

E
B

O
A

• 
Pr

ec
is

e 
cr

ite
ri

a 
fo

r 
R

E
B

O
A

 u
se

 
no

t c
le

ar

15
2 

op
en

 a
or

tic
 

oc
cl

us
io

ns
 

(l
ap

ar
ot

om
y 

or
 

th
or

ac
ot

om
y)

• 
R

E
B

O
A

 
co

nf
er

re
d 

a 
hi

gh
er

 
ch

an
ce

 o
f 

su
rv

iv
al

 
to

 le
av

e 
ho

sp
ita

l 
O

R
 =

 3
.8

4,
 9

5%
 

C
I 

=
 1

.9
1–

7.
69

.

• 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nt

ro
l a

nd
 in

te
rv

en
tio

na
l 

gr
ou

p 
si

gn
ifi

ca
nt

ly
 d

if
fe

re
d 

w
ith

 a
n 

in
de

te
rm

in
at

e 
ef

fe
ct

 o
n 

th
e 

ou
tc

om
e:

T
he

 R
E

B
O

A
 g

ro
up

 h
ad

 a
 

lo
w

er
 A

IS
 th

or
ax

 s
co

re
 3

.8
 

vs
 4

.2
 (

p 
<

 0
.0

01
),

 b
ut

 th
e 

gr
ou

ps
 d

id
 n

ot
 d

if
fe

r 
in

 
IS

S.
• 

N
o 

re
co

rd
 o

n 
ho

w
 

R
E

B
O

A
 w

as
 c

on
du

ct
ed

 
(e

.g
. z

on
e,

 ti
m

e,
 s

tr
at

eg
y)

 
or

 ti
m

e 
of

 o
pe

n 
ao

rt
ic

 
oc

cl
us

io
n.

• 
N

o 
co

m
pl

ic
at

io
n 

ou
tc

om
e 

da
ta

 r
ec

or
de

d.

• 
Pr

es
um

ab
ly

 th
is

 s
tu

dy
 

an
al

ys
ed

 d
at

a 
al

so
 u

se
d 

by
 

ot
he

r 
Ja

pa
n 

re
gi

st
ry

 s
tu

di
es

 
[3

3,
 3

5]
.

• 
T

he
 m

ea
n 

pa
tie

nt
 a

ge
 w

as
 

53
.7

 y
ea

rs
.

• 
Se

e 
co

m
m

en
t o

n 
ex

te
rn

al
 

va
lid

ity
 f

or
 th

e 
N

or
ii 

et
 a

l. 
[3

3]
 s

tu
dy

.

A
so

 
et

 a
l. 

[3
5]

In
pa

tie
nt

 d
at

a 
ex

tr
ac

te
d 

fr
om

 
th

e 
Ja

pa
ne

se
 

D
ia

gn
os

is
Pr

oc
ed

ur
e 

C
om

bi
na

tio
n 

da
ta

ba
se

: 1
00

0 
pa

rt
ic

ip
at

in
g 

ho
sp

ita
ls

3
Ju

l 2
01

0 
to

 
M

ar
 2

01
4

• 
R

et
ro

sp
ec

tiv
e,

 
na

tio
na

l r
eg

is
tr

y,
 

m
at

ch
ed

 c
oh

or
t 

st
ud

y.
• 

Pr
op

en
si

ty
 m

at
ch

ed
 

R
E

B
O

A
 c

as
es

 w
ith

 
no

n-
R

E
B

O
A

 c
as

es
 

on
 tr

ea
tm

en
t 

lik
el

ih
oo

d.
 T

he
 

au
th

or
s 

us
ed

 a
 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
 f

or
 p

ro
pe

ns
ity

 
sc

or
e 

ba
se

d 
on

: a
ge

, 
se

x,
 B

M
I,

 a
et

io
lo

gy
, 

Ja
pa

n 
C

om
a 

Sc
al

e,
 

pr
es

en
ce

 o
f 

he
ad

 
in

ju
ry

, C
PR

 o
n 

ad
m

is
si

on
, s

ev
er

ity
 

of
 in

ju
ry

, h
os

pi
ta

l 
fa

ci
lit

y.

• 
26

9 
T

ra
um

a 
pa

tie
nt

s
• 

>
=

15
 y

ea
rs

 o
ld

• 
N

o 
pe

ne
tr

at
in

g 
th

or
ac

ic
 in

ju
ry

• 
19

1 
R

E
B

O
A

• 
Pr

ec
is

e 
cr

ite
ri

a 
fo

r 
R

E
B

O
A

 u
se

 
no

t c
le

ar

68
 R

T
• A

dj
us

te
d 

by
 

pr
op

en
si

ty
 s

co
re

, 
th

er
e 

w
as

 n
o 

si
gn

ifi
ca

nt
 

di
ff

er
en

ce
 b

et
w

ee
n 

R
E

B
O

A
 a

nd
 R

T
 in

:
 –

 I
n 

H
os

pi
ta

l 
m

or
ta

lit
y 

H
R

 =
 0

.9
4;

 9
5%

 
C

I 
=

 0
.6

0–
1.

48
 

(p
 =

 0
.7

9)
 –

 V
en

til
at

or
 f

re
e 

da
ys

 –
 I

C
U

 f
re

e 
da

ys
• A

ut
ho

rs
 n

ot
ed

 n
o 

lo
w

er
 li

m
b 

am
pu

ta
tio

ns
 in

 
ei

th
er

 g
ro

up
• 

C
om

pa
ri

ng
 

R
E

B
O

A
 to

 
no

n-
ad

ju
st

ed
 R

T
 

co
nf

er
re

d 
a 

hi
gh

er
 

ch
an

ce
 o

f 
su

rv
iv

al
 

to
 le

av
e 

ho
sp

ita
l i

n 
fa

vo
ur

 o
f 

R
E

B
O

A
 

O
R

 =
 2

.6
9,

 9
5%

 
C

I 
=

 1
.4

9–
4.

88

• 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nt

ro
l a

nd
 in

te
rv

en
tio

na
l 

gr
ou

p 
si

gn
ifi

ca
nt

ly
 d

if
fe

re
d 

po
te

nt
ia

lly
 b

ia
si

ng
 f

or
 a

 
be

tte
r 

R
E

B
O

A
 o

ut
co

m
e:

 –
 C

P
R

: 2
2%

 o
f 

R
E

B
O

A
 

gr
ou

p 
vs

 6
2%

 o
f 

R
T

 g
ro

up
 

(p
 <

 0
.0

00
01

)
 –

 R
ec

ei
vi

ng
 in

te
rv

en
ti

on
al

 
ra

di
ol

og
y:

 4
0%

 o
f 

R
E

B
O

A
 

gr
ou

p 
vs

 2
6.

5%
 o

f 
R

T
 

gr
ou

p 
(p

 <
 0

.0
5)

 –
 R

ec
ei

ve
 e

xp
lo

ra
to

ry
 

la
pa

ro
to

m
y:

 9
%

 o
f 

R
E

B
O

A
 g

ro
up

 v
s 

18
%

 o
f 

R
T

 g
ro

up
 (

p 
<

 0
.0

5)
• 

N
o 

re
co

rd
 r

eg
ar

di
ng

:
 –

 P
re

-h
os

pi
ta

l t
ra

ns
po

rt
 

tim
e

 –
 H

ow
 R

E
B

O
A

 w
as

 
co

nd
uc

te
d 

(e
.g

. z
on

e,
 ti

m
e,

 
st

ra
te

gy
)

 –
 T

ra
um

a 
Sc

or
e 

or
 p

re
ci

se
 

in
ju

ry
 d

et
ai

ls
 th

at
 m

ay
 

ha
ve

 e
ff

ec
te

d 
pr

op
en

si
ty

 
sc

or
in

g

• 
Pr

es
um

ab
ly

 a
na

ly
se

d 
da

ta
 

al
so

 u
se

d 
by

 o
th

er
 J

ap
an

 
re

gi
st

ry
 s

tu
di

es
 [

33
, 3

5]
• 

Se
e 

co
m

m
en

t o
n 

ex
te

rn
al

 
va

lid
ity

 f
or

 th
e 

N
or

ii 
et

 a
l. 

[3
3]

 s
tu

dy
.

St
ud

y
D

at
a 

so
ur

ce
O

C
E

B
M

 
le

ve
l

D
at

es
 

co
nd

uc
te

d
D

es
ig

n
Po

pu
la

tio
n

In
te

rv
en

tio
n 

gr
ou

p
C

om
pa

ri
so

n 
gr

ou
p

O
ut

co
m

e
St

ud
y 

L
im

ita
tio

ns
C

om
m

en
t

Ta
bl

e 
16

.5
 

(c
on

tin
ue

d)
T. J. Stansfield



349

Sa
de

gh
i 

et
 a

l. 
[3

9]

A
or

tic
 B

al
lo

on
 

O
cc

lu
si

on
 

T
ra

um
a 

R
eg

is
tr

y:
 

13
 p

ar
tic

ip
at

in
g 

ho
sp

ita
ls

 in
 

R
us

si
a,

 S
w

ed
en

, 
Is

ra
el

, F
in

la
nd

, 
Ja

pa
n,

 I
ta

ly

3
N

ov
 2

01
1 

to
 S

ep
 2

01
6

In
iti

al
ly

 r
et

ro
sp

ec
tiv

e 
th

en
 p

ro
sp

ec
tiv

el
y 

re
co

rd
ed

 r
eg

is
tr

y 
da

ta
, m

at
ch

ed
 c

oh
or

t 
st

ud
y.

• 
96

 T
ra

um
a 

pa
tie

nt
s 

w
ho

 a
ll 

ha
d 

a 
ba

llo
on

 
in

fla
te

d 
in

 a
or

ta

• 
50

 T
ot

al
 

R
E

B
O

A
• 

Pr
ec

is
e 

cr
ite

ri
a 

fo
r 

R
E

B
O

A
 u

se
 

no
t c

le
ar

• 
46

%
 <

30
 m

in
 

oc
cl

us
io

n 
tim

e
• 

14
%

 >
60

 m
in

 
oc

cl
us

io
n 

tim
e

• 
46

 P
ar

tia
l o

r 
In

te
rm

itt
en

t 
R

E
B

O
A

• 
Pr

ec
is

e 
cr

ite
ri

a 
fo

r 
R

E
B

O
A

 u
se

 
no

t c
le

ar
• 

29
%

 <
30

 m
in

 
oc

cl
us

io
n 

tim
e

• 
38

%
 >

60
 m

in
 

oc
cl

us
io

n 
tim

e

• 
To

ta
l R

E
B

O
A

 
co

nf
er

re
d 

a 
lo

w
er

 
tr

en
d 

of
 3

0 
da

y 
su

rv
iv

al
 

O
R

 =
 0

.7
5,

 9
5%

 
C

I 
=

 0
.3

5–
1.

62
• 

N
o 

st
at

is
tic

al
 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

co
m

pl
ic

at
io

ns
:

To
ta

l R
E

B
O

A
:

 –
 E

xt
re

m
ity

 
co

m
pa

rt
m

en
t 

sy
nd

ro
m

e 
11

%
 –

 B
al

lo
on

 
m

ig
ra

tio
n 

2%
 –

 B
al

lo
on

 r
up

tu
re

 
2%  –

 E
m

bo
lis

at
io

n 
si

gn
s 

4%
 –

 M
O

F 
in

 
su

rv
iv

or
s 

33
%

Pa
rt

ia
l o

r 
in

te
rm

itt
en

t 
R

E
B

O
A

:
 –

 E
xt

re
m

ity
 

co
m

pa
rt

m
en

t 
sy

nd
ro

m
e 

0
 –

 B
al

lo
on

 
m

ig
ra

tio
n 

7%
 –

 B
al

lo
on

 r
up

tu
re

 
5%  –

 E
m

bo
lis

at
io

n 
si

gn
s 

2%
 –

 M
O

F 
in

 
su

rv
iv

or
s 

36
%

• 
In

co
m

pl
et

e 
ou

tc
om

e 
da

ta
se

t
• 

Po
ss

ib
le

 s
ig

ni
fic

an
t 

di
ff

er
en

ce
s 

in
 th

e 
co

nd
uc

t 
of

 D
C

R
 (

in
cl

ud
in

g 
th

e 
pr

eh
os

pi
ta

l p
ha

se
) 

be
tw

ee
n 

ce
nt

re
s 

pa
rt

ic
ip

at
in

g 
w

ith
 

re
gi

st
ry

 m
ay

 h
av

e 
ha

d 
si

gn
ifi

ca
nt

 im
pa

ct
 o

n 
fin

di
ng

s.

• 
67

%
 o

f 
ca

se
s 

w
er

e 
fr

om
 

Ja
pa

n.
 S

ee
 c

om
m

en
t o

n 
ex

te
rn

al
 v

al
id

ity
 f

or
 th

e 
N

or
ii 

et
 a

l. 
[3

3]
 s

tu
dy

.
• 

Pr
es

um
ab

ly
 a

na
ly

se
d 

da
ta

 
al

so
 u

se
d 

by
 th

e 
Ja

pa
ne

se
 

re
gi

st
ry

 s
tu

di
es

 [
33

–3
5]

.
• 

88
%

 b
lu

nt
 tr

au
m

a.
• 

M
ea

n 
ag

e 
52

 y
ea

rs
.

R
T

 R
es

us
ci

ta
tiv

e 
T

ho
ra

co
to

m
y,

 C
I 

C
on

fid
en

ce
 I

nt
er

va
l, 

O
R

 O
dd

s 
R

at
io

16 In Hospital REBOA for Major Trauma



350

was a trial pause during part of the COVID pan-
demic, and last recruitment is now scheduled for 
2023. The advantage of conducting this study in 
the UK was that, at incept, there was virtually 
no in-hospital REBOA conducted nationwide. 
Trauma team equipoise was probably therefore 
more guided by the evidence base and stan-
dardised REBOA training rather than by ad hoc 
enthusiastic, albeit competent, early adopters. 
Bayesian experimental design allows this seem-
ingly small recruitment number to determine:

• The primary clinical outcome of 90-day mor-
tality (defined as death within 90  days of 
injury, before or after discharge from 
hospital).

• The primary economic outcome of lifetime 
incremental cost per QALY gained, from a 
health and personal social services 
perspective.

There are a range of secondary outcome mea-
sures, including functional outcome at six months 
and complications. Knowing beyond reasonable 
doubt whether, in those patients that share the char-
acteristics of the trial population group, REBOA is 
advantageous or not will greatly enhance the ability 
to conduct a risk-benefit analysis for a critically ill 
trauma patient presenting to ED.

 System Optimisation for REBOA

There are several other considerations for institu-
tions and hospitals offering REBOA that will, in 
principle, optimise delivery of this intervention.

 Access to a Suitable Training 
Programme

The UK REBOA trial conducts standardised 
training to establish and sustain recruiting cen-
tres. There are also well-established courses in 
the US: ESTARS [40], modified ASSET [41] and 
BEST [42]. Many centres are likely to run their 

own in-house training programme instead of or 
in addition to such national courses. Collective 
training is probably helpful given the myriad of 
human factor considerations involved in deliver-
ing REBOA in a DCR context.

 Audit and Clinical Governance

Given the risk profile of the REBOA interven-
tion and the relative complexity of integrating 
REBOA decision making within the context of 
DCR, it is likely there will always be a benefit in 
ensuring there is a forum where areas of improve-
ment can be identified.

 REBOA Protocol or Guidance

This is likely to be mandated in most institutions. 
One approach is to construct a straightforward 
protocol for use such as the Stannard algorithm 
described in the risk analysis for REBOA sec-
tion of this chapter. An alternative approach is 
to allow for a more nuanced risk analysis which 
may offer the team more options and adaptability 
to dynamic situations. The details of the protocol 
will therefore depend on the local trauma faculty 
view on how to best to manage the uncertainties 
regarding the use of REBOA.

 Conclusion

• REBOA is an adjunct to DCR in severely 
injured trauma patients.

• The group of patients most likely to benefit 
from REBOA are almost certainly those with 
exsanguinating sub-diaphragmatic haemor-
rhage. Whether REBOA in this patient group 
is superior to an alternative strategy conducted 
by the trauma team is unclear based on the 
current literature.

• Understanding the risks, opportunity costs 
and risk reductions REBOA offers may help 
make a more optimal decision in its use.

T. J. Stansfield
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Questions
1.  In a conscious trauma patient, with isolated 

exsanguinating sub diaphragmatic torso 
bleeding, the most consistent haemodynamic 
consequence of a Zone 1 total REBOA is 
likely to be:

 (a) Increased IVC flow rate
 (b) Increased renal artery flow
 (c)  Increased aortic arch intraluminal 

pressure
 (d)  Decreased carotid artery intraluminal 

pressure
 (e)  Exacerbation of subdiaphragmatic 

bleeding
2. Zone 1 partial REBOA:
 (a)  Results in less distal flow than a Zone 1 

total REBOA
 (b)  Will not exacerbate subclavian artery 

bleeding
 (c)  May reduce the overall re- perfusion 

insult compared to zone 1 total REBOA
 (d)  Is usually determined by the mean arte-

rial pressure
 (e)  Mandates fluoroscopy to assure 

position
3. With regards readiness for REBOA:
 (a)  Sheath access prior to a decision to per-

form REBOA is optimal
 (b)  Sheath access following a decision to 

perform REBOA is optimal
 (c)  An unassisted operator is usually more 

efficient
 (d) Microsheath use (e.g. 4F) has no role
 (e)  Sheath access site is solely determined 

by operator ergonomics
4.  If clot is removed from a percutaneously 

inserted 7F sheath side port then the manage-
ment option likely to carry the lowest risk of 
limb threatening distal thromboembolism is:

 (a)  Flush with side port with 10 IU/ml hepa-
rin, 0.9% saline mix

 (b)  Systemic heparinisation targeting the 
APTTr between 2.0 and 3.0

 (c)  Angiographic imaging and risk assess-
ment for intervention

 (d)  Open cut down and 
thromboembolectomy

 (e)  Remove sheath immediately and pro-
vide external compression to prevent 
haematoma formation.

5.  In a patient who has had 20 min of zone 3 
total REBOA and then complete balloon 
deflation:

 (a)  There is no risk of compartment 
syndrome

 (b)  Severe arterial lacerations within the 
pelvis may be haemostatic

 (c)  Mandatory lower limb fasciotomies are 
required

 (d) There is no risk of reperfusion injury
 (e)  Sequential reperfusion of the common 

iliac arteries is mandated

Answers
1. c
2. c
3. a
4. d
5. b
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Anticoagulants in Trauma

Robert Greig

 Introduction

Death due to haemorrhage remains the primary 
cause in 2.3 million trauma deaths per  annum 
worldwide. As described in the haemostasis and 
coagulopathy chapter, trauma induced coagulop-
athy (TIC) develops in about 10 to 25% of trauma 
patients. The presence of acute traumatic coagu-
lopathy (ATC), a component of TIC, increases 
mortality almost nine-fold, and is unrelated to 
transfusion practice.

Patients with ATC have a higher incidence of 
multi-system organ failure, prolonged hospital 
and intensive care stay as well as increased blood 
product utilisation. Death from exsanguination 
occurs within 2 to 3 h (median time) after presen-
tation, accounting for nearly 50% of trauma 
deaths. Early recognition and treatment of TIC, 
along with massive transfusion guidelines, repre-
sent an opportunity to improve outcomes in 
trauma resuscitation.

But what if the patient was already anticoagulated 
prior to the trauma?

Millions of people worldwide are anticoag-
ulated and they are anticoagulated for various 
indications. The multitude of indications also 

reflects a variety of ages that are anticoagu-
lated. With increased age (“silver trauma” for 
example) there is increased likelihood of anti-
coagulation reflecting the pathologies of old 
age e.g. NVAF, Stroke prevention, DVT.

In the past there were few alternatives to war-
farin. Today in 2021 while warfarin is still the 
predominant anticoagulant used worldwide, 
there is a growing population of patients antico-
agulated with a newer breed of anticoagulants 
(Direct oral anticoagulants (DOAC)) that the 
trauma team need to be aware of and prepared to 
manage. In the UK, as in many other countries, 
DOACs are now used first line in anticoagulation 
for non-valvular AF and VTE treatment & 
prevention.

This chapter aims to provide a background 
knowledge to anticoagulants and how to reverse 
their properties rapidly in the trauma setting—it 
does not describe FFP to packed red blood cell 
resuscitation ratios which are considered else-
where. The basis of this chapter is to take a phar-
macologically anticoagulated patient and put 
them on a “normal coagulation footing” for 
which they will then need typical blood product 
resuscitation as per  any “non anticoagulated” 
trauma patient.

R. Greig (*) 
Emergency Medicine, Jersey, Channel Islands,  
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 Anticoagulants: Types 
and Assessing Anticoagulant Effect

This section aims to cover most anticoagulants 
and can also be applied to non-traumatic anti-
coagulated haemorrhage e.g. gastrointestinal 
and intracranial bleeds. One often assumes that 
trauma happens outside of the care environment 
but falls also happen in medical facilities and 
not every patient is on warfarin or a DOAC; 
many patients will be on injectable anticoagu-
lants such as low molecular weight heparins. 
Figure  17.1 outlines the sites of action of the 
anticoagulant agents that are considered indi-
vidually below.

Vitamin K Antagonists (VKA) Also 
Called Coumarins: Warfarin 
(Coumadin), Dicumarol (Dicoumarol), 
Acenocoumarol (Sinthrome), 
Phenindione

Pharmacology The most commonly used VKA 
is warfarin and its effects on coagulation are 

complex. Taken orally, VKA inhibits the Vitamin 
K conversion cycle affecting both the prothrom-
botic factors II, VII, IX, X, and also the anti-
thrombotic Proteins C & S.

When first initiated warfarin exerts a proco-
agulant effect with the onset of anticoagulant 
action typically developing from 24 to 72  h. 
Warfarin metabolites are excreted 92% renally.

Monitoring Anticoagulant Effect INR 
(International Normalised Ratio) or PT 
(Prothrombin Time) are both increased with war-
farin. INR is the standard test to assess VKA/
Warfarin anticoagulation. Once steady state has 
been achieved, the APTT will also be prolonged 
due to Factor IX depletion, and this may be a 
guide as to whether the patient is in a pro-or anti- 
coagulant phase of the warfarin effect.

 Direct Oral Anticoagulants (DOACs: 
Formerly Called NOACs (Novel Oral Anti 
Coagulants))

These fall into two groups:

Intrinsic Pathyway Common Pathway

APTT

PT

Extrinsic Pathway

Exposed Collagen

Xlla

Xla

IX IXa

Vllla

X

Xa

DOACs

Warfarin
Prothrombin
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Thrombon

(IIa)
TT
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LMWH Fondaparinux
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Fig. 17.1 Effect Sites of Anticoagulants on the Normal Clotting Pathway
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 Direct Thrombin Inhibitors:  
Dabigatran (Pradaxa)
Pharmacology Dabigatran is a competitive 
reversible direct inhibitor of the active site of 
thrombin (Factor IIa). Dabigatran inhibits throm-
bin, preventing the conversion of fibrinogen into 
fibrin, the final point of the clotting cascade. The 
onset of anticoagulant action peaks at 1.5 h and a 
steady state of anticoagulation is achieved after 
3 days of continuous dosing.

Dabigatran’s half-life (T 1/2) ranges from 12 
to 14 h after continuous dosing. The half-life is 
increased to >24 h in patients with a creatinine 
clearance of <30 mL/min and with severe renal 
impairment dabigatran may be detected up to a 
week after the last dose.

Dabigatran is mostly subject to renal excretion 
and excreted unchanged, hence the anticoagulant 
effect will increase as renal function declines. In 
overdose, its effects can be reduced with haemo-
dialysis, but this is exceptionally rare.

 Factor Xa Inhibitors: Apixaban (Eliquis), 
Edoxaban (Lixiana) and Rivaroxaban 
(Xarelto)
Pharmacology These agents act by reversible 
direct inhibition of free and clot-bound Factor 
Xa. Inhibiting Xa prevents formation of throm-
bin, hence the “-xa-” in the names of these agents.

Maximum effect varies between 1 and 4 h post 
dosing and the half-life also varies from 5 to 9 h 
with rivaroxaban, 9–14  h with apixaban and 
10–14  h with edoxaban. Edoxaban has a much 
larger volume of distribution. Apixaban and riva-
roxaban are currently more commonly prescribed 
as edoxaban is a newcomer to the market, though 
recent cost reductions in edoxaban have meant 
patients who are newly diagnosed with atrial 
fibrillation are preferentially started on edoxaban 
in the UK. Many patients who take apixaban and 
rivaroxaban may be transitioned over to edoxa-
ban if there is no clinical contraindication.

Approximately one third of the excretion of 
Factor Xa inhibitors is via the renal route. 
Edoxaban also has three metabolites that act as 
anticoagulants in laboratory tests, but are produced 

in a small amount which are highly protein bound, 
so that they are not felt to clinically contribute to 
the anticoagulant effects of edoxaban [1].

Factor Xa inhibitors have similar clinical 
indications to warfarin, with the exception of 
prosthetic heart valve prophylaxis or valvular 
AF. Some (particularly rivaroxaban) have other 
rapidly growing indications, e.g. rivaroxaban 
with aspirin in peripheral arterial or coronary 
artery disease, but usually at lower doses 
[2–5].

Monitoring Anticoagulant Effect of Both 
Groups DOACs were intended to be anticoagu-
lants that don’t require monitoring—i.e. “antico-
agulation that you can turn your back on”. 
Xa-inhibitors prolong PT (Prothrombin Time) 
and APTT (Activated Partial Thromboplastin 
Time) to a varying degree. The APTT cannot be 
used for evaluation of FXa inhibitory effects 
because of the weak correlation and variability of 
assays [6].

PT prolongation is related linearly and dose- 
dependently to the Factor Xa-inhibitor concen-
tration. The effect on the PT depends both on the 
assay and the FXa inhibitor. Anti-FXa assays are 
commercially available yet there is currently no 
data that associate a coagulation parameter or a 
drug concentration with bleeding risk [7]. That 
being said, 30 ng/ml of DOAC is considered to be 
the cut-off of safety for emergency surgery or 
consideration for thrombolysis based on expert 
opinion [8, 9]. Warfarin provides continuous 
anticoagulation which can be measured, however 
DOACs operate on peaks and troughs which 
decline to very low levels with 24-hour dosing, or 
low levels with 12-hour dosing. Measuring PT/
APTT or DOAC level is therefore time depen-
dent—some centres can (and will) measure 
DOAC levels pre- and 2–3  h post dose where 
there is a particular issue e.g., absorption or other 
potential drug interactions. There is a lot of varia-
tion between laboratories in the effects of DOAC 
on PT/APTT due to different thromboplastin 
reagents; with some reagents apixaban will give 
normal PT/APTT at peak levels for example. A 
very long PT/APTT may be a clue to a higher 
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level of DOAC but it is not reliable (something 
like a lupus anticoagulant or dietary vit k defi-
ciency may also prolong PT/APTT).

In essence, the standard coagulation result can be 
normal or abnormal and it does not reflect the 
degree of anticoagulation or bleeding risk.

Dabigatran concentrations may be measured 
either directly, or by using surrogates such as coag-
ulation tests. However, when the use of the most 
common tests such as the standard coagulation 
screen or global screen have been considered 
APTT, PT, and INR have been found to be clumsy 
in regard to the anticoagulation effect of dabigatran 
[10, 11]. Hawes et al. found 29% of patients had 
normal PT and 29% had normal APTT whilst tak-
ing Dabigatran 150 mg BD [12]. Standard coagula-
tion tests are affected to varying degrees by 
dabigatran. The sensitivity of PT and APTT varies 
considerably based on the assays used  - APTT 
shows a curvilinear dose-response with a steep 
increase at low concentrations whilst PT is rela-
tively insensitive. However Thrombin Time (TT) is 
a sensitive measure which could be used for assess-
ing low concentrations of dabigatran [13]. Most 
clinicians do not have access to liquid chromatog-
raphy-mass spectrometry assays to determine 
plasma dabigatran concentrations and questions 
still arise as to the clinical validity of the result.

Therefore, instead of measuring dabigatran 
concentrations directly, the TT could be used as a 
surrogate to determine dabigatran concentrations 
and its clinical effect. TT is a test that is more 
widely available and familiar to some clinicians. 
However Brett et al. [11] concluded that the TT is 
not a perfect surrogate for dabigatran concentra-
tions as it is associated with false positive results 
(i.e. the TT was prolonged not only in patients 
who had clinically relevant dabigatran levels, but 
was also prolonged in some patients who did not 
have significant levels of dabigatran). This find-
ing was the same as in the CORIDA study [14]; 
while a normal TT 100% predictive of having a 
low dabigatran concentration that is safe for sur-
gery, a high TT may be due to the presence of 
dabigatran or another factor.

In a study by Ebner et al. [13], 481 samples 
from 96 DOAC-treated patients were tested using 

PT, APTT, TT, DOAC-specific assays (anti-Xa 
activity, diluted TT), and liquid chromatography- 
tandem mass spectrometry (the latter being the 
gold standard for DOAC quantification). 
Sensitivity and specificity of test results to iden-
tify DOAC concentrations <30  ng/ml were 
calculated.

The study addressed can ‘test x’ identify if 
‘patient y’ has negligible DOAC levels. 
Sensitivity (the ability of a test to rule out antico-
agulation in this study) represented the percent-
age of samples correctly identifying DOAC 
levels <30 ng/ml i.e. excluding anticoagulation. 
Specificity (the ability of a test to rule in antico-
agulation in this study) represented the percent-
age of samples identified as DOAC >30  ng/ml 
ruling in anticoagulation.

Ebner et al. found that normal PT and APTT 
provide insufficient specificity to safely identify 
DOAC concentrations <30  ng/mL (rivaroxaban 
PT: specificity 77% & sensitivity 94%; apixaban 
PT: specificity 13% & sensitivity 94%. Dabigatran 
aPTT: specificity 49% & sensitivity 91%). A sub-
stantial proportion of cases with DOAC levels 
above an accepted safe treatment threshold of 
30  ng/ml would have normal global results for 
PT/APTT, and (with the exception of dabigatran 
as mentioned above) a normal TT.

Ebner et  al. conclude that with regard to 
DOAC treated patients, abnormal APTT/PT/TT 
results may reflect a presence (but not the degree) 
of anticoagulation and that normal results are 
clinically meaningless [13]. However, if the TT is 
near normal there is very little dabigatran left on 
board—this may be useful in certain circum-
stances, e.g. the last dose was taken a couple of 
days ago and the patient has minor renal 
impairment.

In summary, normal test results of global 
coagulation assays are simply not suited for 
emergency coagulation (or anticoagulation) 
assessment in DOAC treated patients [10, 13, 
15]. A calibrated quantitative anti-FXa assay may 
help to inform clinical decisions in exceptional 
situations about use of apixaban, edoxaban or 
rivaroxaban, for example in overdose and 
 emergency surgery, although this is not available 
in most centres. However, use of anti-FXa assays 
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should not be used to measure the effectiveness 
of andexanet alfa (the antidote to rivaroxaban and 
apixaban, see later) as the results may not be reli-
able. Treatment monitoring should be based 
mainly on clinical parameters indicative of 
appropriate response (achievement of haemosta-
sis) and lack of efficacy (re-bleeding) [15].

Francart et  al.[16] found of patients taking 
Rivaroxaban, 32% had a normal PT.

If a patient is on a DOAC or has had a dose in 
the preceding 24  hours one must assume the 
patient is anticoagulated and must be reversed if 
clinically significant bleeding is proven or sus-
pected [13]

 Low Molecular Weight Heparin 
(LMWH), Heparin (Unfractionated 
Heparin, UFH) and Fondaparinux

Pharmacology Low molecular weight heparins 
(LMWH) activate antithrombin III, which in turn 
binds to and inhibits Xa. Lack of Xa prevents 
activation or conversion of prothrombin to throm-
bin stopping the common clotting pathway or 
reducing its efficacy.

Unfractionated Heparin (UFH) not only deac-
tivates Xa by activating Antithrombin III but the 
molecular chain is longer (higher molecular 
weight), allowing UFH to bind and block 
Thrombin, preventing conversion of Fibrinogen 
to Fibrin. Binding of both Antithrombin III and 
Thrombin is termed “the bridging effect”. This is 
achieved by the longer, larger molecular size. 
LMWHs are too small to have this effect.

There is also a secondary effect: UFH not only 
prevents fibrin formation but also prevents 
thrombin- induced activation of platelets and of 
factors V and VIII [17].

Fondaparinux works in a similar way to 
LMWHs but its anti-Xa activity is seven-fold that 
of other LMWHs. It is a synthetic analogue of the 
Antithrombin III binding pentasaccharide 
sequence found in UFH and LMWH. Its molecu-
lar weight is much lower than that of the LMWHs 
at 1728 compared to the average of 5000 for 
LMWHs. The pentasaccharide sequence is chem-
ically modified to increase the affinity (by a fac-
tor of approximately 300) for Antithrombin III 
compared to UFH and LMWH.

Fondaparinux is an indirect Xa inhibitor 
(compared with direct Xa inhibition of DOACs). 
Its anticoagulant effect makes no change to PT/
INR/APTT results whilst being 100% renally 
excreted unchanged [18].

Fondaparinux has pure Xa activity compared 
to LMWHs which have some effect on Factors II, 
IX, XI, and XII. The half-life of Fondaparinux is 
much longer at 21 h compared to a mean of 4 h 
for LMWHs, however this rises to 72 h when cre-
atinine clearance is <30  ml/min. Usage of 
fondaparinux is low in an era of DOACs.

Monitoring Anticoagulant Effect UFH antico-
agulation may be reflected in the prolongation of 
APTT or the APTT ratio or Anti FXa levels. 
Monitoring these parameters allows titration of the 
intravenous infusion rate. In truth, APTT is poor at 
measuring the anticoagulation effect of heparin 
[19], but it is the best test available immediately. 
Most institutions in the United States utilise anti-
FXa or APTT to monitor UFH therapy [20].

During the COVID pandemic, Anti-FXa and 
APTT were found to be prone to monitoring 
inaccuracies and lead to under dosing of UFH in 
the severely ill. Medication, e.g. propofol, or 
Antiphospholipid antibodies (raised in critically 
ill COVID cases) have been found to falsely 
increase anti-FXa levels. APTT levels are also 
affected by COVID via raised fibrinogen levels 
found in the critically ill COVID cases. [20–23]

The same cannot be applied to LMWH or 
Fondaparinux. These medicines (like DOACs) 
were designed not to be routinely monitored.

LMWHs do affect the APTT but results are 
considered suboptimal for monitoring. APTT 

There is no acute reliable measure of 
DOAC anticoagulation and no coagula-
tion test can be applied to decide whether 
a reversal agent is required or not.
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displays a linear dose response to LMWH but is 
less strongly correlated with anti-Xa activity. 
There is variation between APTT assays and 
types of LMWH [24]. Alternatively, Anti-Xa 
assays are performed using chromogenic mass 
spectrometry with the result given in interna-
tional units per millilitre (iu/ml): LMWH thera-
peutic range is 0.5–1.2 iu/ml and the prophylactic 
range is 0.1–0.4 iu/ml. The Anti-Xa test is not a 
method of global coagulation and cannot predict 
bleeding risk. It is an expensive time-consuming 
test with no current role in the trauma patient as it 
is not readily available in most places and diffi-
cult to perform.

Fondaparinux does not cause any change in PT/
APTT/INR tests. The standard assay for Anti-Xa 
activity does not reflect on Fondaparinux because of 
the vast affinity difference between Fondaparinux 
and LMWH for Xa, although bespoke assays for 
fondaparinux are possible to create [25].

APTT is insensitive to both LMWH and 

Fondaparinux.

Antidotes for Anticoagulants

 For Warfarin

 Vitamin K
Can be given IV or PO, with reversal effects within 
12–24 h. In acute trauma Vitamin K has no role in 
the acute management of coagulation reversal, 
however vitamin K is the only true antidote to war-
farin which will allow manufacture of replacement 
clotting factors. It can be given as follow up to 
urgent reversal with Prothrombin Complex 
Concentrate (PCC) as Vitamin K begins to take 
effect after 6 h to assist synthesis of new clotting 
factors [26]. PCC will give a time-limited window 
of “normal” clotting of 6–12 h, but without addi-
tional Vitamin K then anticoagulation may reoccur 
without additional medication given.

 4 Factor Prothrombin Complex 
Concentrate (PCC). Beriplex or Octaplex
Beriplex (manufacturer CSL Behring UK LTD) 4 
factor dried human complex of clotting factors. 
Contains Factors II, VII, IX, X coupled with 

Protein C & S.  Administered IV: Each loaded 
syringe of prepared Beriplex will be 20 ml in vol-
ume and should be administered as a slow 
push = 8 ml per minute or over 2.5 min.

The dose is 30–50  iu/kg (note: max 100 kg 
body weight). Alternatively, 3000  iu for most 
VKA anticoagulated adults is adequate if work-
ing off approximate weights in traumatic haem-
orrhage including neuroaxial bleeds 
(Brain-Spine-Eye bleeds). Often clinicians can-
not wait for the INR to return from the lab or 
they may be working in the pre-hospital 
environment.

Haemostasis should be achieved 30  minutes 
after injection and a coagulation screen should be 
repeated at that point. Repeated administration of 
Beriplex taking the total dose beyond 5000 iu is 
not advised.

Octaplex (manufacturer Octapharma) is also a 
4 factor PCC.  It is also administered IV but it 
must be given more slowly than Beriplex ini-
tially: 1  ml per minute for the first 5  min then 
increasing by 1  ml per minute over subsequent 
3  min to maximum rate of 8  ml/min. In this 
author’s opinion, this seems impractical com-
pared to Beriplex administration. A “standard” 
dose of 30  iu/ml for all patients regardless of 
INR. If the patient’s weight is unknown: 2000 iu 
for majority of female patients and 2500 iu for a 
majority of male patients.

The maximum dose is 3000 iu and haemosta-
sis is reported at 60 min, compared with 30 min 
for Beriplex. Octaplex is cheaper than Beriplex, 
so some hospitals have locally agreed protocols 
which have pre-specified doses of 1000–3000 iu 
dependent on patient weight and INR (if known) 
and over a shorter period.

There is some controversy regarding the use 
of four factor PCC to reverse DOACS [27–30]. If 
andexanet alfa is not available, the author advises 
50 iu/kg of Beriplex.

 For Dabigatran

 Idarucizumab (Praxbind, Boehringer 
Ingelheim)
This is a specific reversal agent (humanised 
monoclonal antibody fragment) for dabigatran 
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(Pradaxa) indicated for when rapid anticoagula-
tion reversal is necessary. The affinity of Praxbind 
for dabigatran is 300-fold more potent than the 
affinity of dabigatran for thrombin. Praxbind 
removes dabigatran from thrombin, forming a 
stable complex that results in neutralisation of 
dabigatran’s anticoagulant effect.

The dose is 5 g via intravenous infusion and 
administered as two consecutive infusions over 5 
to 10  min each or as a bolus injection. 
Idarucizumab binds specifically to dabigatran 
reversing its direct thrombin inhibition. 
Idarucizumab has no effect on any other antico-
agulants [31] and has an immediate effect; once 
in circulation the dabigatran is neutralised.

Both dabigatran and idarucizumab are 
excreted by the kidneys, either separately or as 
a complex. In porcine trauma models, animals 
with blunt liver injury developed low urinary 
volumes presumably due to haemorrhagic 
shock. Clinicians must bear this in mind when 
dealing with dabigatran enhanced haemorrhagic 
shock, if renal perfusion pressure is not restored, 
dabigatran anticoagulation will return, irrespec-
tive of dosing with idarucizumab. A further 
treatment of 10 g may be required within 24 h if 
further bleeding is evident. In the same trauma 
models, administration of idarucizumab resulted 
in termination of bleeding and restored kidney 
perfusion [32].

If idarucizumab is not available, do not con-
sider PCCs as they will not work and theoreti-
cally may have an increased risk of 
thromboembolic events based on laboratory data 
[33–35]. However, dabigatran is excreted in the 
urine (80% renally excreted with a T1/2 of 

approximately 13 h with a glomerular filtration 
rate (GFR) of >80 ml/min, and 18 h with a GFR 
of 30–50 ml/min) so it’s vital that renal perfusion 
pressure is maintained. Clinicians could consider 
haemodialysis, as dabigatran is not protein bound 
(unlike direct Xa inhibitors) although this is 
highly unlikely to occur in the resuscitation 
room!

 For Direct Factor Xa Inhibitors: 
(Apixaban, Edoxaban and Rivaroxaban)

 Andexanet Alfa (Ondexxya or Andexxa 
Manufactured by Alexion)
Andexanet alfa is a high affinity decoy molecule 
for Factor Xa inhibitors. It sequesters apixaban 
and rivaroxaban, inhibiting them from binding to 
endogenous Xa. Thus, Xa function returns and so 
does thrombin formation. Andexanet alfa is 
administered as a bolus over 15 min (“low dose” 
regimen) or 30  min (“high dose” regimen) fol-
lowed by an infusion over 120 min (Fig. 17.2).

It works rapidly (within 2–10  min); in 
healthy volunteers on apixaban (Annexa-A 
study) 100% thrombin generation is restored to 
above lower limit of normal range, and in the 
case of rivaroxaban (Annexa-R study) it is 
restored to 96% after bolus administration [36, 
37]. It is currently very expensive (approxi-
mately £25,000 per course), so its use may 
increase in future and may have to be autho-
rised by a consultant haematologist depending 
on local arrangements.

There are two Andexanet alfa regimens 
depending on three elements:

FXa inhibitor Dose Time since last
dose

<8 hours ≥8 hours Unknown

Apixaban £5mg Low Low Low

>5mg High Low High

Unknown High Low High

Rivaroxaban £10mg Low Low Low

>10mg High Low High

Unknown High Low High

Fig. 17.2 Reversal 
regimens for Factor Xa 
inhibitors from 
Summary of Product 
Characteristics
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 (A) Which DOAC was taken? (apixaban or 
rivaroxaban) (there is currently no licence 
for edoxaban reversal)

 (B) The DOSE of DOAC taken
 (C) TIME since last dose

The above three elements will decide which of 
the two regimens will be used: “High dose” or 
“Low dose”:

The reversal effect will last for up to 14 hours, 
although peak normalisation is 4  hours from 
start of the drug administration

Edoxaban and Andexanet Alfa At time of 
writing there was insufficient data to grant andex-
anet alfa a licence in the reversal of edoxaban - 
partly because the numbers of patients on this 
drug are currently low making recruitment diffi-
cult. Annexa-4 enrolment is ongoing to specifi-
cally recruit further patients on edoxaban to 
address this. The initial Annexa-4 [38] analysis of 
352 subjects attempted to look at andexanet and 
edoxaban reversal but the numbers were just too 
small.

A phase II pharmacokinetic and pharmacody-
namic study [39] assessed andexanet alfa com-
pared with placebo when administered to healthy 
volunteers on a steady dose of 60 mg edoxaban. 
In an andexanet dosing regimen of 600 or 800 mg 
bolus (which finished 3 and 5 h after the last dose 
of edoxaban respectively) and a bolus plus infu-
sion regimen of 800 mg followed by 1 h of 8 mg/
min infusion (which is half the time of the 

licensed high dose regimen), Xa activity returned 
to baseline within 2 min for the edoxaban groups 
where the largest reduction was observed for the 
bolus plus infusion (800/8  mg) cohort. In the 
edoxaban group, Xa activity was sustained for 
1.5 h after the infusion completed. The duration 
of anti-Xa inhibition was half that observed in a 
parallel rivaroxaban cohort. The duration of the 
andexanet for edoxaban infusion was only 60 min 
compared to 120 min (i.e. half the licensed rivar-
oxaban and apixaban regimens) most likely 
because the volume of distribution is twice that of 
rivaroxaban. Thrombin generation lasted 2 h after 
the completion of the bolus plus infusion in both 
edoxaban and rivaroxaban cohorts.

The study authors acknowledge that ‘reversal’ 
was based on anti-FXa activity and thrombin 
generation levels rather than bleeding outcomes. 
However, correlation of these bleeding outcome 
surrogate markers has been shown to reflect anti-
coagulant bleeding correction in animal studies 
[40, 41].

The author would recommend following local 
guidance as use of andexanet alfa would be off 
label for the reversal of edoxaban but would 
advise that the “High Dose” regimen should be 
used in the face of traumatic life threatening 
edoxaban enhanced haemorrhage (where the 
dose and timing of the last dose is unknown): 
800 mg bolus over 30 min followed by 8 mg/min 
over subsequent 120 min. Readers are advised to 
further contact the manufacturer for further med-
ical information regarding dosing and 
administration.

 4 Factor Prothrombin Complex 
Concentrate & DOAC Reversal

There is some controversy regarding the use of 4 
factor PCC to reverse DOACs. If andexanet alfa 
is not available, the author advises 50  iu/kg of 
Beriplex [35, 42–46]. Figure 17.3 is a suggested 
decision tree for consideration of PCC vs andex-
anet in DOAC reversal.

Often in trauma, it is unlikely that the 
clinician will be able to ascertain the 
time since last DOAC dose and the actual 
dose. Advised practice is to follow the 
HIGH DOSE Regimen for trauma with 
exsanguination or neuroaxial bleeding 
enhanced by DOAC anticoagulation.
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 For Unfractionated Heparin (UFH)/
Heparin

 Protamine
Protamine is a drug that should not be used 
lightly and is rarely used outside of cardiopulmo-
nary bypass surgery. It’s also an ingredient in cer-
tain subcutaneous insulin preparations 
(protamine-zinc-insulin) and patients on these 
insulins are at an increased risk of allergic reac-
tions to protamine reversal.

Side effects include pulmonary artery hyper-
tension, histamine release, systemic hypotension, 
anaphylaxis, pulmonary oedema and paradoxical 
bleeding. Thus the author recommends a “low 
and slow” approach to protamine use [47, 48].

Protamine is given by peripheral intravenous 
infusion rather than centrally. Peripherally 
appears to be associated with less histamine 
release compared with central administration.

UFH is an anionic molecule that when exposed 
to the cationic protamine molecule forms a salt. 

This salt is inactive and has no anticoagulant 
properties.

The anti-heparin effect is rapid in onset, within 
5  min, and the unbound half life is short at 
10 min. Little is known about the metabolism of 
the UFH-Protamine salt. Studies suggest it is 
either subject to hepatic or renal metabolism.

Care is needed at all stages of protamine use, 
especially in terms of traumatic haemorrhage 
because excessive doses of protamine paradoxi-
cally cause impairment of platelet function, so 
may clinically cause bleeding.

Note: Protamine has no effect on Fondaparinux 
induced anticoagulation.

The dosing of protamine to reverse UFH and 
LWMH is controversial and varies in the medical 
literature. What is accepted is that 1  mg of 
Protamine reverses 1  mg (100  iu) of UFH/
Heparin/LMWH [49].

The author advises clinicians in the United 
Kingdom (UK) to refer to either Toxbase or the 

Patient taking Apixaban (Eliquis)
or Rivaroxaban (Xarelto)

Neuroaxial Bleed
or

Sight Threatening Bleed?

Non Neuroaxial
Bleed +/- shock

Trauma
Case

Non Trauma
Case

Beriplex* plus
local pressure
or haemostatic

adjuncts

Ondexxya*
plus standard

RBC FFP
Cryo

resucitation

NoYes

Beriplex*, consider
Palliation

Ondexxya*

Premorbidly fit
for neurosurgery?

Fig. 17.3 Decision making in reversal of apixaban or rivaroxaban. *Do not co-administer other blood products within 
same IV line
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British Society of Haematology or their local 
haematologist for heparin/UFH/LMWH 
reversal.

Toxbase Guidance
In the UK clinicians will be familiar with and 
have 24 h access to www.toxbase.org, an online 
up to date database on poisons treatment. This 
guidance is taken from their database.

Protamine reversal for Heparin/UFH:

• Give a loading dose of 20–25 mg IV Protamine 
at a rate (not exceeding) 5 mg per minute.

• Repeat APTT after 4 h.

British Society for Haematology Guidance 
(BSH)
From the BSH guidance titled “Management of 
Bleeding in Patients on Antithrombotic Agents” 
[47] (dated 1st November 2012 with an adden-
dum made in February 2019):

• Calculate the amount of Heparin given intra-
venously in the preceding 2-hour period.

• Assume that 1  mg of protamine reverses 
100  iu of heparin: e.g. an infusion rate of 
1250 iu/h. requires a reversal dose of 25 mg. 
Given slowly at a rate not exceeding 5 mg/min 
via intravenous infusion.

• Bleeding soon after 5000  iu loading bolus 
needs 50 mg.

• The reversal affect can be measured using 
APTT.

The BSH also states that a maximum dose of 
50  mg is sufficient to reverse heparin/UFH in 
most settings.

Further information regarding Protamine: as 
mentioned at the start of this section, protamine 
is not a drug to be used lightly given the potential 
severity of its side effects. It is a proven valuable 
reversal agent for heparin induced 
anticoagulation.

Clinicians should be prepared for the side 
effects: have ready access to cardiovascular res-
cue drugs during administration including vaso-
pressors and inotropes coupled with intramuscular 
adrenaline if anaphylaxis develops.

IV steroids and H1 & H2 antagonists should 
also be at hand to calm any histamine based aller-
gic response. If a mild allergic response occurs 
and an infusion is required consideration should 
be given to either slowing the rate of infusion to 
over 16 h with prophylactic administration of ste-
roids with H1 & H2 antagonists or considering an 
alternative medication. Certainly, if anaphylaxis 
develops protamine should be discontinued and 
andexanet alfa (as an off-licence, second line 
agent as described above) considered if life 
threatening or neuroaxial bleeding cannot be 
stopped.

Excess dosing of protamine negatively 
impacts on platelet function and the coagulation 
cascade thus paradoxically causing anticoagula-
tion. Excess protamine can stimulate clot break-
down by decreasing thrombin concentration (in 
theory).

Andexanet alfa could be used as an alternative 
if anaphylaxis develops but bleeding continues 
[50]. The author advises that andexanet use 
would be off label. Readers are advised to con-
tact the manufacturer for further medical infor-
mation regarding dosing and administration or 
their local haematologist.

 For Low Molecular Weight Heparin 
(LMWH)

 Protamine
Protamine reverses approximately 60% of 
LMWH based on data from animal studies. 
Anti-Xa levels post protamine infusion do not 
correlate its likelihood of persistent bleeding. As 
with Heparin/UFH 1  mg of protamine reverses 
100 iu or 1 mg of LMWH [48, 49].

Please see advisory guidance in the Heparin/
UFH section regarding the clinical risk with prot-
amine use.

 Protamine Reversal for LMWH: 
Courtesy of Toxbase
• Administer a loading dose of 20  mg IV 

Protamine over 4 min.
• Then an infusion is required over the subse-

quent 8 h: the total dose of protamine (loading 
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and infusion) should match 1 mg of Protamine 
for every 1  mg or 100 iu of Enoxaparin, 
Tinzaparin or Dalteparin. e.g. if 100  mg 
Enoxaparin taken, 100 mg of protamine will 
be required: 20  mg as loading IV dose and 
80 mg as IV infusion over 8 h.

• Note: it is unnecessary to monitor the APTT.

 Andexanet Alfa

At the time of writing there were human and ani-
mal studies [38, 51] examining the validity and 
safety of using andexanet alfa to reverse the anti-
coagulant effects of LMWH in the face of life 
threatening haemorrhage. There still are insuffi-
cient studies to give FDA/EMA approval for 
LMWH reversal by andexanet.

The author advises that andexanet use would 
be off label but andexanet should be used as sec-
ond line after protamine. Readers are advised to 
contact the manufacturer for further medical 
information regarding dosing and 
administration.

 For Fondaparinux

At the time of writing there were no identified 
antidotes to Fondaparinux induced anticoagu-
lation.

Studies suggest that rFVIIa (NovoSeven man-
ufactured by Novo Nordisk) affords some correc-
tion of global coagulation assays [47, 52, 53]. A 
placebo controlled study in healthy volunteers 
treated with therapeutic doses of fondaparinux 
and 90 μg/kg rFVIIa demonstrated correction of 
prolonged coagulation times and partial restora-
tion of thrombin generation [54]. Currently the 
British Committee for Standards in Haematology 
advise use of rFVIIa [47].

NovoSeven rFVIIa dose 90 mcg/kg IV [54] 
as a slow push over 5 min.

Readers are advised to contact the manufac-
turer for further medical information regarding 

dosing and administration or their local 
haematologist.

Theoretically andexanet alpha could also be 
used given that it’s a decoy molecule for Xa 
inhibitors [55] but the data is still very limited.

 Anti-Platelet Agents

Finally, a brief mention should be made regard-
ing all anti-platelet agents in the trauma setting 
and consideration for platelet transfusion. This is 
a controversial area. The data is mixed and cur-
rently there is no evidence to suggest any mortal-
ity benefit from platelet transfusion in patients 
with traumatic intracranial haemorrhage taking 
anti-platelet agents nor significant reduction in 
haemorrhage progression or neurosurgical inter-
vention [56, 57]. In one meta-analysis regarding 
traumatic intracranial haemorrhage, platelet 
transfusion shows a trend towards decreased sur-
vival [57]. Platelet transfusion theoretically 
increases the risk of arterial thrombosis. In 
patients taking anti-platelet medication, if there is 
significant bleeding or concern then the anti- 
platelet medication should be stopped. Patients 
will start to produce functional platelets them-
selves within 24  hours of stopping the 
medication.

 Summary

Dealing with haemorrhagic trauma is complex 
enough, this can be compounded by the presence 
of medications—the worst being anticoagulants. 
It is vital that the clinical team has a working 
knowledge of the antidotes to reverse the plethora 
of anticoagulants now available.

• If a patient has taken any oral DOAC in the 
preceding 24 h, assume they are fully antico-
agulated. However, patients who have taken 
rivaroxaban or edoxaban 24 h prior may have 
near normal bleeding times.

• There is no acute rapidly accessible test to 
determine the level of anticoagulation from a 
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DOAC, the PT & APTT could be normal yet 
the patient anticoagulated

• Often clinicians cannot ascertain the time or 
dose of last DOAC consumption (often 
because clinicians are unable or forget to ask 
or check medical records!).

• Reversal agents aren’t true reversal agents: 
they buy you a period of normal coagulation, 
the effects of some anticoagulants can return.

• Coagulation screens produce clinically 
meaningless results in this setting. Do not 
be guided by them (unless the patient is 
anticoagulated with either VKA or UFH) in 
the decision- making process regarding anti-
coagulant reversal. Remember standard 
blood tests have a lag time before the results 
are available, but an expert local haematolo-
gist may be able to give some 
interpretation.

• Resuscitation rooms should have standard 
operating procedures (SOPs) for reversal 
agent use including pictorial instructions on 
drug reconstitution because often reversal 
agents are either rarely used or very expensive 
and therefore not stocked in large volumes—
mistakes can be costly in more ways than one, 
and antidotes should be rapidly available 
when needed.

• Do not use FFP to reverse anticoagulants as 
there is a risk of volume overload in some 
patients due to the large amount of FFP needed 
to have sufficient effect to reverse anticoagu-
lants, regardless of other considerations. Use 
blood products to resuscitate whilst removing 
the anticoagulant from the equation with 
antidotes.

• Trauma units should stock reversal agents 
within the resuscitation room, not in remote 
departments.

Multiple Choice Questions
 1. Which of the following are Factor Xa Inhibitor 

Anticoagulants?
 (a) Apixaban
 (b) Edoxaban
 (c) Dabigatran
 (d) Fondaparinux
 (e) Warfarin

Answer: Correct = A & B are Factor 
Xa Inhibitors.

Incorrect  =  C is a Direct thrombin 
Inhibitor; D is an Indirect FXa Inhibitor 
via Antithrombin III; E inhibits the forma-
tion of Factor X.

 2. In regard to Factor Xa Inhibitor Anticoagulants: 
which of the following is true…

 (a) The effect on PT depends on either the 
assay or the Xa Inhibitor

 (b) They act by forming an irreversible 
blockade of both free and clot bound FXa 
thus preventing Thrombin from being 
formed

 (c) The degree of anticoagulation or bleed 
risk cannot be reliably ascertained by 
standard laboratory testing.

 (d) There is no acute reliable measure of 
DOAC anticoagulation
Answer:
A, False: it depends on both.
B, False: the effect is reversible.
C, True: Its consensus opinion that a 
plasma level of DOAC below 30 ng/ml is 
considered the cut off of safety for emer-
gency surgery, but this is far from a stan-
dard laboratory test (currently).
D, True: Mass spectrometry may exclude 
DOAC levels, but this isn’t a rapid test in 
the acute haemorrhagic situation.

 3. Regarding dabigatran anticoagulation: which 
of the following is false…

 (a) Clinicians must be aware that the 
idarucizumab- dabigatran complex is 
renally excreted and therefore optimum 
urinary output must be maintained

 (b) Idarucizumab is a monoclonal antibody, 
which forms a complex with dabigatran, 
with an affinity for dabigatran 300 times 
more than that of dabigatran to thrombin.

 (c) If idarucizumab is not available, then 
dialysis may be an option as it is not pro-
tein bound

 (d) If idarucizumab is not available, then 4 
factor PCC is a reversal option

R. Greig
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 (e) A normal TT is indicative of a subject 
suitable for emergency surgery.
Answer: D is the false answer, the rest 
are true.

 4. Reversal of heparin anticoagulation with prot-
amine: true or false

 (a) Protamine is a low-risk drug
 (b) Protamine is best administered 

peripherally
 (c) UFH and Protamine  combine to form a 

salt
 (d) Fondaparinux is reversed by protamine

Answer:
A, False: It has multiple side effects 
including paradoxical bleeding, sys-
temic hypotension and anaphylaxis. 
Clinicians should be prepared for the 
side effects including having IM adrena-
line nearby.
B, True: Its associated with less histamine 
release given peripherally IV.
C, True: This salt is subject to renal or 
hepatic metabolism. The exact pathway 
has yet to be described.
D, False: There is no antidote to 
Fondaparinux anticoagulation. Although 
NovoSeven can be tried.

 5. True or False: Regarding Andexanet alfa… 
before deciding on the dosing regimen (High 
dose or Low Dose) you need to ascertain

 (a) the DOAC taken
 (b) the TIME of last dose
 (c) the DOSE taken
 (d) the PT & APTT

Answer: A: True, as andexanet alfa 
doesn’t currently have a license to reverse 
edoxaban, however early indications sug-
gest that you would follow the High Dose 
regimen in an emergency.
B, True.
C, True.
D, False: No measurements are required 
only proof of haemorrhage.
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The story of how UK emergency medical ser-
vices (EMS) developed into their modern form 
spans more than 150 years. Local developments, 
international experiences and geographical barri-
ers have all influenced their development. The 
medical literature gives intermittent glimpses and 
insights into this fascinating tale of innovators, 
early adopters and individuals determined to 
change the system for the better. As such the 
story rarely forms a ‘joined-up’ narrative and no 
text can hope to credit every notable step of prog-
ress nor address every controversy in this field. 
Indeed, many lessons have been learned for a 
frustratingly long time and are often re-learned. 
Those frustrations are more than balanced by the 
truly inspirational figures on whose shoulders our 
professions now stand: Sir William Knott-Bower; 
Dr. Frank Pantridge; Dr. Douglas Chamberlain; 
Dr. Ken Easton to name but a few. What follows 
is a brief history of the EMS system with a focus 
on the development of UK pre-hospital emer-
gency medicine. The very earliest examples of 
pre-hospital care as well as relevant international 
influences are included to put the story of prog-
ress on these small islands into perspective.

 Antiquity to Early Modern

Hippocrates (460–370  BC) provides one of the 
first entries in the medical literature to recognise 
the importance of providing care at the optimal 
moment [1]:

there are proper moments during diseases, … One 
must sometimes act quickly… These favourable 
moments will pass by quickly… Death will ensue 
if one defers [treatment]… One must grasp the 
opportunity

Military campaigns have often been the catalyst 
for improvements in immediate care. Early 
examples [2] include the surgeons accompanying 
Philip II of Macedon’s army units in the mid- 
300 s BC. Stretcher bearers would be encouraged 
to bring in the wounded from the battlefield. 
Specially tasked horse units with modified sad-
dles provided more rapid evacuation of casualties 
from battle in the armies of sixth century AD 
Byzantium. Horse drawn carriages were later uti-

• Early examples of pre-hospital care 
largely centre around the battlefields of 
antiquity and the middle ages. Provision 
of medical care at the point of injury and 
the rapid transport of casualties to field 
hospitals were to form the modern con-
cept of an ‘ambulance’.

• Significant advances in casualty care 
developed during the American Civil 
War were rapidly transferred to the large 
U.S. cities and European capitals such as 
Vienna and Paris in the mid-to late 
1800s. Similar progress in the UK would 
take many more decades and be pio-
neered by city police and fire services.

• Ambulances used during World War I 
were redeployed onto the UK mainland 
post-war, forming the Home Ambulance 
Service. This rapidly expanded in both 
size and scope, with the gradual 
acknowledgement that first aid training 
of attendants was crucial.

• Following World War II, the epidemics of 
polio, trauma and cardiovascular disease 
would drive rapid change in medical sci-
ence and pre-hospital systems. Training 
of ambulance personnel in these advanced 
skills heralded the era of the professional 
ALS paramedic. Opportunities for further 
specialism within the profession were to 
follow soon after.

• Doctors’ involvement in on-scene pre-
hospital civilian care would progress 
from ad hoc volunteering with BASICS 
and ‘flying squads’ to the formation of a 
sub-specialty training programme in 
2012.

• Helicopter emergency medical services 
spread through the UK in the late 1980s 
and 1990s. In parallel, the Faculty of 
Pre-hospital Care was formed and pro-
fessional examinations in the domain 
were developed. The range of pre-hospi-
tal personnel and interventions has 
expanded rapidly in the twenty-first 
century.
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lised to transport wounded crusaders from battles 
to hospital in Jerusalem—the precursor to the 
chivalrous order of the Knights of St John. The 
latter would be recognised in the name of the 
well-recognised international first aid organisa-
tion formed in 1877 and still active today.

The invention of firearms would transform 
immediate care, starting on the battlefields of 
France. Undoubtedly influenced by the royal sur-
geon Abroise Paré, King Henry II of France 
ordered the provision of mobile hospitals to treat 
the ill and injured in 1550 [1]. Paré was a pioneer 
in many regards  – an early battlefield surgeon 
credited with refinements in amputation tech-
nique, the invention of new surgical instruments 
and designing prostheses amongst many others. 
Later, Larrey (1766–1842) would quickly realise 
the implications of the newly developed and 
highly mobile artillery on battlefield care. 
Ambulances would require similar levels of 
mobility [1]. Leaving the wounded until after 
combat and then ponderously transporting to 
hospitals more than a league (2.42 miles) behind 
the lines meant a transit time of more than 24 h 
from injury. Many arrived dead or beyond help. 
Horse-drawn “flying ambulances” were to pro-
vide urgent treatment on the battlefield before 
rapidly transporting to field hospitals. Napoleon 
credited these as one of the greatest inventions of 
the 1700s and Larrey is recognised as the father 
of the modern concept of an ambulance [2].

Other remarkable examples of early pre- 
hospital care include [1]: a description of mouth-
to- mouth artificial ventilation in 1761 by Dr. 
Samuel-Auguste Tissot; public access drowning 
first aid boxes in 1774 in Paris by Philippe- Nicolas 
Pia; and possibly the first successful use of defi-
brillation in 1775 by Danish veterinary surgeon 
Abildgaard. He describes the experimental deliv-
ery of an electric shock to a variety of animals; 
having shocked a domestic cockerel it appeared 
“completely dead” but thankfully “briskly flew 
off” after a subsequent shock “in the chest” [3].

Key Points
• The importance of timely treatment of critical 

illness has long been acknowledged in medi-
cal publications.

• For many centuries casualties were slowly 
evacuated to distant field hospitals, with rela-
tively few examples of rapid on-scene treat-
ment and transport.

 Late Modern: 1860–1945

The service one would receive in the case of ill-
ness or injury in London in the 1860s would 
depend on one’s wealth. Those with the means 
could call on a cab [2], otherwise ad hoc arrange-
ments with carts, stretchers or other ‘unsuitable 
conveyances’ would need to be made. It was rec-
ognised that rough, inexpert handling of casual-
ties caused harm. The British Medical Journal 
(BMJ) would explain why the famous surgeon 
Percival Pott, having fractured his leg in the 
street, fought off assistance from bystanders with 
his cane [4]:

well he knew the danger which a man has suffered 
an accident is liable to undergo at the hands of 
those who undertake his conveyance to a surgeon

The limb- and life-threatening consequences of 
rough handling rendering a closed fracture open 
in the pre-antibiotic era were a major concern of 
the day. Recommendations for effective pre- 
hospital care in the same article of 1860 seem 
very prescient [4], especially when one considers 
how much longer it would take to establish an 
ambulance service in London:

 1. Surgeons in suitable localities, possessed of a stock 
of splints, bandages, pillows, etc., whose duty it is 
to obey every call to succour the injured.

 2. Printed instructions put into circulation by the authori-
ties, with regard to what persons ought to do who are 
near to or who are witnesses of any serious accident.

 3. Ambulances, held in readiness for the immediate 
transit of persons who have met with severe inju-
ries-the slings in common use, and other modes of 
conveyance, being more or less inconvenient or 
objectionable.

Across the Atlantic, the American Civil War 
(1861–1865) was raging. William Green Morton, 
credited with the first public demonstration of 
surgical anaesthesia with ether in 1846, was treat-
ing soldiers of the Northern United States. 
Witnesses state [1] he would regularly anaesthe-
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tise more than 100 men per day and demand to be 
conveyed to the front to visit hospitals. The deliv-
ery of anaesthesia on the battlefield lead to the 
then Surgeon General William Alexander 
Hammond to announce the end of the “medical 
Middle Age” [1]. At the end of the conflict, the 
experience gained in casualty management was 
transferred promptly into civilian life in US cit-
ies. Horse-drawn ambulances with surgeon- 
ambulance men and medical equipment appeared 
in Cincinnati in 1865 and New York in 1869 at 
Bellevue Hospital. The latter had an impressive 
telephony service resulting in rapid casualty 
location and conveyance to the wards. Their sys-
tem of “holding of coroner’s inquests …, by 
which grand opportunities for studying forensic 
medicine are afforded” [5] exceed many UK pre- 
hospital services’ current routine follow-up 
practise.

These experiences were brought across to 
Europe and slowly adopted. Henri Nachtel is 
credited with importing them to France, where he 
eventually gained the support of Victor Hugo to 
initiate one of Europe’s first pre-hospital 
physician- based municipal ambulance services in 
1887. Saint Louis hospital housed on-call facili-
ties (a stable!) for an intern, a coach driver, a tele-
phone operator and the horses [1]. Vienna 
however gains the credit for Europe’s first organ-
ised EMS system with the founding of Vienna’s 
voluntary society for rescue in 1881 in the wake 
of a large theatre fire [6].

Back in London, comparatively little progress 
had been made during the two decades outlined 
above. The ‘St John Ambulance litter’ or ‘Furley 
stretcher’ was developed for civilian practise and 
introduced around 1880  in London [7]. Police, 
fire-fighters, and taxi-drivers would variably 
convey patients on these wheeled stretchers to 
hospitals and surgeries. Around this time horse-
drawn ambulance carriages for the transport of 
patients with infectious diseases, and shortly 
afterwards for all patients, were introduced by 
the London Metropolitan Asylums Board [2]—
these would remain in service until 1912. The 
Asylums Board had 6 ambulance stations, mean-

ing the whole of London was within a 3-mile 
radius of a station [8].

The bicycle and the electric vehicle are both 
making come backs within UK practise more 
than a century after their debuts. The bicycle was 
first utilised in Leicester in 1892, securing a 
stretcher between two bicycles, and a later devel-
opment in Birmingham using tandems in a simi-
lar arrangement [2]. It would be the year 2000 
before these would again feature, this time in 
London [8]. Easily a century ahead of its time, 
however, was the electrically powered ambulance 
introduced in 1907 by the City of London Police 
[9]. That the police would invest such in an 
ambulance demonstrates the marked EMS sys-
tem differences compared to today. At the turn of 
the century, police in Manchester and Liverpool 
had developed more advanced services than the 
capital [10].

This had not gone unnoticed by Sir William 
Knott-Bower, commissioner of the City of 
London police. He recognised that his officers 
would often be the first to attend most cases and 
thus a policy of first aid training for every police-
man was implemented. Determined to bring 
London’s ambulance provisions up to speed, he 
attempted in a 1904 report to persuade the Police 
Committee to invest in a combined mounted 
police patrol and ambulance system:

to meet the requirements of the City of London 
such as has been available for many years in 
Liverpool, Manchester, and many of the large 
towns in the provinces, in Paris and Vienna, and in 
nearly all the great cities of America [9]

His criticisms of the ambulance provisions to the 
population of London echo Hippocrates’ earlier 
quote and the recommendations of the BMJ arti-
cle published 43 years earlier:

[the hand litter] has the disadvantages of length of 
time necessarily taken in bringing it to the scene, 
and in removing the patient, want of prompt first- 
aid on the spot, lifting and carrying of the patient 
by unskilled persons…Thus, even where the hand- 
litter is available, a simple fracture may often 
become compound before arrival at the hospital, a 
patient may sink from exhaustion or haemorrhage 
whom earlier skilled aid might have saved [9].
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Knott-Bower’s vision was to place two senior St 
Bartholomew medical students to act as ‘surgical 
dressers’; his request was however declined on 
the grounds of cost [9]. The parallels with the 
Paris-based system implemented in 1887 are no 
coincidence—Dr. Nachtel is credited by the 
Commissioner as being the “first [to bring] the 
question of Horse Ambulances to the notice of 
the Court of Common Council” [9]. He oversaw 
the installation of 52 electric street call boxes, so 
effectively used in New York 40 years previous, 
that could be used by any police constable to 
summon an ambulance [10]. The system was 
impressive in its efficiency: ambulance response 
times averaging 4 min; delivery of the patient to 
the accident ward (including rendering of first aid 
on the spot) averaging 9.5 min.

Political pressure and frustrated calls for a 
dedicated municipal ambulance service rapidly 
mounted in the medical literature in the first 
decades of the twentieth century. This is notable 
in correspondence to the Lancet in 1910, lament-
ing “ancient and out-of-date … stretchers”, lack 
of any “organisation… for dealing with cases of 
accident” [in suburban London] and patients 
being conveyed by “obsolete wheeled litters, a 
passing growler, or a greengrocer’s van” [10]. 
Street and road accidents were already resulting 
in large numbers of casualties, and the problem 
was growing rapidly. 1907 saw 17,055 injuries 
with 283 fatal in such incidents; this compares to 
10,540 and 155 respectively in 1905 [10]. Clearly 
the increasingly busy and mechanised post- 
industrial streets of the city were giving an early 
insight into the looming pandemic of trauma to 
follow later in the century.

Once again, war would drive progress in the 
civilian ambulance services. The vast numbers of 
casualties in World War I and huge progress made 
in casualty ‘flow’ from the front lines to rehab 
would positively influence pre-hospital care in 
the UK [2]. The Red Cross ambulances them-
selves, jointly with the Order of St John, would 
be redeployed onto the UK mainland to form the 
‘Motor Ambulance Service for England, Ireland 
and Wales’ [11], or the ‘Home Ambulance 
Service’. The review of its first year, published in 
1920, details its 256 operational ambulances 

 having carried over 7000 cases in return for a 
small fee, “remitted in necessitous cases” [11]. 
Progress was rapid, by 1925 some 1500 cases 
were transported per week, and the need for first 
aid skills amongst its staff was gaining recogni-
tion with yet more evidence of the rising death 
toll on our roads [12]:

the increasing demand on the service to deal with 
road accidents has emphasised the need for skill in 
first aid on the part of the attendants serving with 
the ambulances… In road accidents, involving 
perhaps several persons, it often falls to the lot of 
the attendants to handle difficult case without pro-
fessional supervision [of doctors or nurses]. A 
good deal of harm may be done by unskilful 
handling.

Rather remarkably the service also provided an 
“x-ray car” “for private patients and cottage hos-
pitals within a reasonable radius of London” 
allowing radiographs to be taken in patient’s bed-
rooms [12].

The Local Government Act resulted in respon-
sibility for ambulance provision in London being 
transferred to London County Council in 1930 
[8], the earliest recognisable version of today’s 
London Ambulance Service. This re-structuring 
was applied to the rest of the country post-war, 
forming county ambulance services. It is impor-
tant to note that the Home Ambulance Service 
worked alongside rather than replace numerous 
other pre-existing voluntary, police- and fire-led 
ambulance services, some of which continued to 
function until 1948 [2].

The next sentinel moments in the develop-
ment of UK pre-hospital practise were seen in the 
mid-1930s. Orkney County Council awarded the 
first contract for an air ambulance covering the 
northern Scottish Isles to Highland Airways in 
1934 [13]. Following a fire on Wimpole Street, 
London, which resulted in jammed operator tele-
phone lines and a delayed response, the world’s 
first universal emergency number was introduced 
[14]. 999 went live in 1936, fully 32 years before 
its equivalent in the USA.

The outbreak of World War II led to the forma-
tion of the London Auxiliary Ambulance Service 
to work alongside the London County Council 
Ambulances during the Blitz. This was not a 
knee-jerk response to the declaration of war in 
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September 1939, rather the culmination of years 
of preparation for mass casualty events, re- 
organisation of the hospital network and the cre-
ation of extra bed capacity [15]. Initially staffed 
by 5000 volunteers, 50% of whom were women, 
the service swelled to 10,000 staff at its peak and 
was disbanded in 1945 [2].

Key Points
• As early as 1860, the importance of high qual-

ity, basic on-scene care by trained individuals 
and careful handling of casualties was well 
recognised.

• Major US cities, Vienna and Paris developed 
advanced, medicalised pre-hospital systems 
decades before the UK.  The police and fire 
services of UK cities formed the very earliest 
versions of an ambulance service.

• The Home Ambulance Service was formed 
following World War I, supplementing the ser-
vices provided by the fire and police. These 
endured until the end of World War II.

 Contemporary: 1945—Present

Medical progress following World War II pro-
ceeded at a high pace, driven simultaneously by 
polio epidemics, ever-increasing civilian trauma 
deaths and developments in the cardiovascular 
sciences.

The polio epidemic far surpassed the capabili-
ties of medical services to provide artificial venti-
lation. Iron-lung external negative pressure 
ventilators were first utilised clinically in 1928 in 
Boston, with invasive positive pressure ventila-
tion coming into use in Denmark in 1952 [1]. 
Expertise was however centred in a few hospitals 
nationwide with, for example, only two centres in 
the whole of France. Patients would often die in 
transit from the provinces to these hospitals. 
Recognising this situation, Maurice Cara would 
create physician-staffed ambulances with porta-
ble ventilators (of both types) in 1956. In-transit 
mortality rates for high-risk patients fell rapidly 
from 50% to 1% [1].

World Health Day 1961 focussed on civilian 
trauma deaths—“Accidents Need Not 

Happen”—already the world’s third cause of 
early mortality [16]. Remaining in the political 
spotlight, the seminal 1966 report by the 
National Academy of Sciences in the USA pub-
lished “Accidental Death and Disability: The 
Neglected Disease of Modern Society” would 
result in marked improvements to trauma care. 
The report was particularly damning of the cur-
rent situation [17]:

expert consultants returning from both Korea and 
Vietnam have publicly asserted that, if seriously 
wounded, their chances of survival would be better 
in the zone of combat than on the average city 
street

Approximately 50 per cent of the country’s ambu-
lance services are provided by 12,000 morticians, 
mainly because their vehicles can accommodate 
transportation on litters

Although it is possible to converse with astronauts 
in outer space, communication is seldom possible 
between an ambulance and the emergency depart-
ment that it is approaching

In contrast to the days when an intern accompanied 
every ambulance on an emergency call, the pendu-
lum may have swung too far toward total depen-
dence on ambulance personnel

The recommendations of this report would lay 
the foundations for modern pre-hospital trauma 
systems: data collection; research; public access 
first aid materials; instruction manuals for health-
care professionals; co-ordination of ambulance 
provision; multi-disciplinary radio channels 
resembling today’s multiagency working princi-
ples (e.g. JESIP); and a single, universal public 
emergency number.

On the other side of the Atlantic, exciting 
developments in pre-hospital cardiac care were in 
motion in Belfast. The post-war years had wit-
nessed the first successful treatment of ventricular 
fibrillation in humans – during open chest surgery 
in 1947 [18] and by the external application of 
current to a closed chest in 1956 [19]. Coronary 
thrombosis was another feared early killer and it 
often did so quickly. Epidemiologists Bainton and 
Peterson demonstrated that 63% of patients dying 
from acute coronary thrombosis did so within the 
first hour of their presentation [20]. The average 
age of their 1963 patient cohort was just 45 years. 
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Further evidence would demonstrate that 10% of 
this patient group died in an ambulance on their 
way to hospital [21]. If such rhythm disturbances 
occurred on a cardiac ICU survival rates of 
approximately 50% were described [22].

Dr. Frank Pantridge recognised that it “seemed 
silly to keep the ICU in the hospital and that the 
thing to do was take both the equipment and 
expertise to the patient” [21]. Defibrillators of 
that era however were exclusively mains pow-
ered. In the winter of 1965, assisted by technician 
Alfred Mawhinney and his Senior House Officer 
John Geddes, he converted a mains defibrillator 
to function from two 12 V 63-amp car batteries in 
series with a static inverter [21]. The first ‘porta-
ble’ defibrillator weighed 70  kg! Placed in an 
ambulance with a junior doctor and a nurse, the 
mobile intensive care unit (MICU) went live on 
first January 1966. General practitioners would 
make priority calls to the hospital switchboard 
who then alerted the duty doctor and ambulance 
control. Response times were less than 15  min 
for 78% of calls [23].

Early results of this innovation were published 
in 1967 to a remarkably mixed response. Of the 
312 patients attended over 15 months, no patients 
died in transit. This compares to a pre-MICU 
study of coronary deaths showing 102 of 414 
patients arriving dead at hospital. Ventricular 
fibrillation had been successfully treated in 10 
patients outside of hospital, 4 of whom were in- 
transit; 5 of these patients survived to discharge 
from hospital [24]. Dr. Pantridge describes his 
perceptions of the UK medical establishment’s 
response to this seminal development thus [21]: 
“we were voices in the wilderness”; “we were 
disbelieved and indeed, to some extent, ridi-
culed”. The response in the USA was far more 
positive. ‘Time’ magazine featured this work just 
a month after it appeared in the Lancet [24] and it 
is reported that Air Force One was fitted with a 
defibrillator given President Johnson’s cardiac 
history [21]. St Vincent’s hospital in New York 
imitated this physician staffed MICU in 1968 
[24]. Miami pioneered ECG telemetry to the hos-
pital which would act as a “Trojan horse” for the 
delegation of physician-level interventions at dis-
tance [24]. Subsequent iterations in 1969  in six 

different US states utilised ‘paramedics’ drawn 
from fire departments to provide early care for 
victims of myocardial infarcts and for primary 
cardiac arrests [24]. Amongst these, the Seattle 
programme is highly regarded for [24]:

• Its implementation of a ‘tiered’ emergency 
response—CPR trained firemen initially, fol-
lowed by defibrillation-trained paramedics.

• Physician supervision during the unit’s first 
10 months allowed for the teaching of endo-
tracheal intubation, ECG interpretation and 
administration of IV cardioactive medica-
tions; these paramedics would then work solo 
with physician advice available by radio.

• Large-scale citizen CPR training—100,000 
Seattle residents were trained within a few 
years of the programme’s inception.

The year 1970 saw the inception of the pio-
neer ‘Advanced Life Support’ (ALS) paramedics. 
The UK ambulance service was undergoing 
major changes during these years. Pre-1966 all 
that was required to work on an ambulance was a 
driving license and the promise that one would 
attend a first aid course in service [25], the time-
frame for which was not defined. It was possible 
to work for some time without any healthcare 
training at all. Dr. E L M Millar would chair a 
committee reporting to the Minister for Health on 
ambulance service equipment and training. His 
1966 reports proposed an 8-week basic training 
programme and civil defence training with a 
heavy practical element [26, 27]. After 12 months’ 
experience on the roads a variety of tests would 
follow before the award of the ‘Ambulance 
Services Proficiency Certificate’, or colloquially 
a ‘Millar certificate’ [25]. The ambitions of these 
reports are clear [28]:

the working party would like to see advanced 
courses for those seeking promotion, special 
courses for instructors and control room opera-
tors, and refresher courses of 1 week every 3 
years

stresses the need for practical training under the 
conditions simulating the actual work of an ambu-
lance service
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During his first year he should spend at least a 
week in the casualty department of an approved 
hospital

…ambulance services council should be set up, 
with representatives of the Royal Colleges… it 
might well have a standing committee for 
training…

This could be considered an early call for the 
Joint Royal Colleges Ambulance Liaison 
Committee (JRCALC) which would not convene 
for the first time until 1989.

Lessons had been learnt during the Blitz in 
appropriately training ambulance crews with 
“enough background knowledge to make sensi-
ble decisions and behave calmly in critical situa-
tions”; the old teaching of “rush the casualty to 
the nearest hospital” was fast becoming outdated 
[28]. The curriculum outlined by Millar is 
‘broadly similar’ to today’s ambulance techni-
cian qualification, indeed the programme evolved 
into the Institute of Health and Care Development 
technician programme [25]. It would be another 
19  years before ‘extended trained ambulance 
staff’, or ALS paramedics, would be similarly 
established at a national level in the UK [29].

The latter half of the 1960s saw the rapid 
expansion of volunteer immediate care doctor 
schemes [30] and more frequent descriptions of 
‘flying squads’ [31].These aimed to fill the “ther-
apeutic vacuum” [32] affecting those trapped and 
critically injured in road and industrial incidents 
between scene of accident and meaningful inter-
vention at hospital. Dr. Ken Easton founded the 
UK’s first general practitioner immediate scheme 
with 34 of his colleagues covering 1000 square 
miles in the North Riding of Yorkshire [30]. An 
ex-RAF doctor, he worked at a practise in 
Catterick near the A1 corridor, a road notorious 
for its high accident rate. He worked alongside 
Mr. Ron Exelby, who having inherited a haulage 
firm upon leaving the RAF recognised the need 
for a vehicle rescue and recovery business in the 
area [33]. By 1973 there were 28 such schemes 
around the UK, ranging in membership from 1 to 
100 [30]. Dr. RAA Johnson recounts his experi-
ences of visiting 9 of these [30]:

the potential of radio-telephones is becoming tre-
mendous with new, more sophisticated equipment

the natural reluctance shown by some ambulance 
services… and the fear that the ambulance men 
will become drivers and porters if doctors attend 
incidents… almost without exception, these fears 
have been allayed

His description outlines the equipment, tasking, 
governance arrangements and the beginning of 
multidisciplinary training with police, fire, and 
ambulance personnel at staged incidents. Most of 
these schemes were funded by charitable donations 
from the public; indeed, the only scheme at that 
time receiving hospital funding was the Northern 
Region Hospitals Board of Scotland [30].

Dr. Easton went on to be the first chair of the 
British Association of Immediate Care Schemes 
(BASICS) at its inception in 1977, inspiring the 
next generation of immediate care doctors, 
though gaining government support proved far 
more challenging [33].

An early description of an ‘Accident Flying 
Squad’ based at the Derbyshire Royal Infirmary 
in 1966 recounts a dynamic and prescient pre- 
hospital team [31]. With “no available stan-
dards for guidance” they equipped themselves 
with a portable ventilator (requiring a portable 
power supply), medications, surgical instru-
ments and even plasma [31]. Their first ever 
call was a delayed primary response to a multi-
ply injured patient at a cottage hospital, 
assisted by the Derby Borough Police. Another 
case recounts a rendezvous with an ambulance 
to provide timely resuscitation of the victim. 
The squad actively prepared for major inci-
dents, encouraged multi-agency working and 
were to install the UK’s first hospital radio-
transmitter to allow two-way communication 
with local ambulances.

Similar such arrangements were in place in 
both France and Germany from 1957 [1, 6]. The 
critical difference on the Continent was the rapid 
recognition of their value. The French govern-
ment made physician-staffed mobile intensive 
care units (SMUR) a national service in 1965 and 
created a national specialist dispatch service 
(SAMU) in 1968 [1]. That same year the German 
anaesthetist Frey started trials of helicopter EMS; 
they would become a national service just 3 years 
later [6].
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Another innovator of UK pre-hospital medicine 
was working to make Brighton “the Seattle of the 
UK” [34]. Dr. Douglas Chamberlain was reportedly 
motivated to improve the ambulance response hav-
ing witnessed the 999 response to a patient suffering 
a sudden cardiac arrest in front of him in 1970 [34]:

…the ambulance which arrived after a protracted 
time with a defibrillator that took two men to lift. 
When it was turned on it exploded and caught fire. 
I thought we ought to be able to do better…

A pioneer in many regards, his work to establish 
the ‘extended skills’ (defibrillation, endotracheal 
intubation) of UK ‘paramedics’, jointly establish 
the Joint Royal Colleges Ambulance Liaison 
Committee (See Figure  18.1—‘What is 
JRCALC?’) and advocate for the first public 
access defibrillators (PAD) are perhaps some of 
his finest achievements. PADs were distributed 
far and wide [34]: Brighton and Hove Football 
ground in 1977 [35]; Victoria station, London; 
and British Caledonian Airlines aircraft. Not to 
mention the huge mark left on the academic 
world of resuscitation: training the first 
Resuscitation Officer; key member of the 
Resuscitation Council UK, European 
Resuscitation Council, and International Liaison 
Committee on Resuscitation; and Editor-in-Chief 
of Resuscitation journal from 1990.

With continued political pressure from the 
likes of Pantridge, Chamberlain and their peers, 
local versions of the Brighton “experimental” 
[29] ‘paramedic’ training schemes slowly spread 
and evolved during the 1980s to other parts of the 
UK [36]. This was formalised in 1985 with the 
Department of Health introducing a national 
training scheme for such ‘extended trained ambu-
lance staff’ [29]. The goal was to train enough 
paramedics to ensure their presence on each 
emergency ambulance by 1996. This target was 
achieved by most services; the UK finally had an 
ALS-based ambulance service [36].

By now the UK’s first air ambulances were 
appearing and trauma was back on the medico- 
political agenda. Long since used to transport 
critically injured patients in Europe, it was 
acknowledged that we needed to “catch up 
experts and systems in other countries” [37]. 
Starting in Cornwall in 1987 they spread quickly, 
numbering 10 by 1999 [38]. London’s helicopter 
flew its first mission in 1989 and the iconic heli-
pad on the roof of the Royal London was built in 
1990 [39]. Initially the helicopter system was 
instituted solely for the treatment of trauma [40].

The Surgical Colleges take much of the credit 
for bringing trauma back onto the political 
agenda from 1988. A review of 1000 trauma 
deaths showed that up to one third of trauma 
deaths were potentially preventable and that UK 
trauma management “still leaves much to be 
desired” [41]. The average age of this patient 
cohort was 41 years—many life-years were being 
lost. Of grave concern was that many of the 
deaths judged to have been preventable were due 
to failure to stem haemorrhage, prevent hypoxia 
and delays to (or absence of) surgical treatment 
[41]. The “Report on the Management of Patients 
with Major Injuries” recommended enhanced 
training for ambulance staff, more sophisticated 
methods of transport and improved communica-
tion between ambulances and receiving hospitals 
[42]. The British Orthopaedic Association made 
increasingly strong calls for centralisation of 
trauma services and US-style trauma networks in 
their reports of 1989, 1992 and 1997 [43–45].

The North Americans were simultaneously 
developing trauma management; the changes 

Figure 1: A Brief Outline of JRCALC
What is JRCALC?

Joint Royal Colleges Ambulance Liaison 
Committee first convened in 1989, bringing 
a multidisciplinary approach to training, 
education, and standards to the UK ambu-
lance service [68]. It publishes frequently 
updated clinical guidelines for pre-hospital 
care, the first version of which was pub-
lished in the year 2000. Guideline develop-
ment sub-groups bring multidisciplinary 
experts with pre-hospital experience 
together to produce these [68]. The 
‘JRCALC guidelines’ form the basis for 
paramedic practise in the UK.  One of its 
original roles was to provide oversight to the 
ambulance services, though this has become 
less prominent now that all Ambulance 
Trusts have a medical director [68].
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implemented either side of the Atlantic differed 
[46]. While the United States focused on pre- 
hospital triage based on physiology and mecha-
nism of injury, the UK focused on in-hospital 
trauma expertise and seniority [46]. UK consul-
tant trauma involvement almost doubled between 
1989 and 1997, while the severity adjusted odds 
of trauma death reduced by 60% in long-standing 
Trauma Audit Research Network (TARN) par-
ticipant hospitals [46]. Most of these gains had 
been made by 1994, with stagnation the key mes-
sage between 1994 and 2000 [46]. The question 
became: Should we be addressing the pre- 
hospital phase of treatment?

More frequent and urgent calls for reform of 
UK pre-hospital care would follow from the mid- 
90s. The British Medical Association Board of 
Science and Education recognised BASICS as a 
valuable national resource in 1993, recommend-
ing central funding [47]. The value doctors could 
offer pre-hospital beyond the competencies of a 
‘Level 2’ paramedic was formally acknowledged. 
Cooke highlights some of the deficiencies of 
immediate care schemes, citing the part-time 
nature and “variability of the service”, variable 
geographical cover where “audit…is sparse” 
[48]. His call for recognition of “the practitioner 
in immediate care…as a specialist” requiring a 
training program and examinations would remain 
unmet until pre-hospital emergency medicine 
(PHEM) was approved by the General Medical 
Council as a medical sub-specialty in 2011.

The Royal College of Surgeons of Edinburgh 
were characteristically early to adapt to develop-
ments in urgent care, having already introduced 
the Specialty Fellowship in Accident & 
Emergency Medicine in the 1970s [49]. The 
Faculty of Pre-hospital Care (FPHC) was formed 
within the College in 1996 with the primary aim 
of setting and maintaining standards in pre- 
hospital care [49]. This further strengthened the 
calls for change. It was becoming increasingly 
unacceptable that “the pre-hospital phase is the 
only part of the health service in which manage-
ment of the individual patient is not the responsi-
bility of a senior clinician” (a hospital specialist 
or a General Practitioner) [38]. Noting that the 
average ambulance service paramedic would see 
only one severely injured patient per year, there 

was a strong argument to use helicopters to 
deliver an expert trauma team to the scene of 
severe injuries [38]. Training was in short supply 
for doctors however, with only one pre-hospital 
‘training scheme’ for registrars and a total of 2 
NHS appointed consultants in the specialty in 
1999 [38].

However, training and career development 
opportunities were fast expanding for paramedics 
in the early part of the twenty-first century. State 
registration of paramedics with the Council for 
Professions Supplementary to Medicine came in 
2000 along with publication of the first iteration 
of JRCALC guidelines [29]. A year later the term 
‘paramedic’ becoming a protected title and the 
first UK BSc (Hons) Paramedic Sciences degrees 
would produce graduates [29]. A more flexible 
paramedic workforce was proposed to meet effi-
ciency and resource targets. Emergency Care 
Practitioners would be educated to degree level, 
work across professional and organisational bar-
riers in Emergency Departments (ED), hospital 
and primary care settings [50]. The “confusing 
variation” [51] and the “number of different ter-
minologies” [52] around this role that ensued 
required clarification for other healthcare profes-
sionals and patients alike. The more standardised 
term ‘specialist paramedic’ was recommended 
by the College of Paramedics in 2014 [52], man-
dating a minimum of post-graduate diploma level 
education for such roles. These changes coin-
cided with the formal end of the Millar certificate 
era [50]. Paramedics are now regulated by the 
Health and Care Professions Council (HCPC) 
and their college publishes a professional journal 
and CPD resources for their 10,000+ members.

The debate on ‘pre-hospital and retrieval med-
icine’ continued formally in print in 2005. It 
began: “the provision of on scene medical sup-
port to ambulance services in the UK is frag-
mented, disorganised, and largely unregulated” 
[32]. The need for a medically regulated and spe-
cifically trained workforce to provide immediate 
care was once again stressed by Dr. R Mackenzie. 
It was accompanied by a detailed outline of 
potential accreditation pathways and, in retro-
spect, a highly accurate framework of today’s 
PHEM subspecialty training pathway [32]. The 
reactions from learned societies and Royal 
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Colleges were largely positive. Calls to ensure 
this new specialty was multidisciplinary were 
multiple and many feared alienating or discour-
aging long-standing immediate care doctors [32].

Enough momentum had been gained and 
progress was rapid. The NCEPOD 2007 report 
‘Trauma: Who Cares’ commented on the poten-
tial need for personnel capable of delivering pre- 
hospital anaesthesia and considered the current 
structure of pre-hospital management insufficient 
for those with severe injuries [53]. Such special-
ist resources were available in some areas, some 
of the time, depending who was on-call; the issue 
became that of inequality of access. This “geo-
graphical lottery” of emergency care seen in so 
many counties [54] was, the Royal College of 
Surgeons would inform parliament, resulting in 
preventable deaths in the UK [55]. The scale of 
this inequality was starkly presented in a wide- 
ranging 2009 survey of ambulance services, air 
ambulances, BASICS schemes and emergency 
departments [56]. Accounting for incomplete 
data collection, it was estimated that volunteer 
doctors made almost 10,000 scene attendances 
per year. None of these schemes had a guaranteed 
24 h service. 45% of their doctors reported hav-
ing the capability to provide rapid sequence 
induction of anaesthesia (RSI), latterly known as 
pre-hospital emergency anaesthesia (PHEA). The 
hospital ‘flying squad’ was largely obsolete with 
only 2% of EDs being able to provide an ‘RSI- 
capable’ team. Air ambulances operations were 
largely restricted to daytime taskings with only 
29% operating with a doctor 7 days per week.

The Intercollegiate Board for Training in 
PHEM was formed in 2009. The aim of the train-
ing scheme was to produce specialists equivalent 
to independently practising consultants. As such, 
an expansive medical curriculum with associated 
knowledge, skills and behavioural elements was 
devised [57]. The FPHC exams would be core to 
demonstrating this high standard: The Diploma in 
Immediate Medical Care (dating from 1988); and 
the Fellowship in Immediate Medical Care (dating 
from 2000) [49]. Graduates of the scheme would 
be expert providers of pre-hospital critical care, 
transfer and retrieval medicine. Predictions esti-
mated that their “high level on-scene and in- transit 

medical support” would benefit approximately 
0.5–1% of emergency calls, acknowledging that 
99% of pre-hospital care demand was met “to a 
high standard” by paramedics [58]. The first 
PHEM registrar began training in the East of 
England in 2012; more than 50 trainees have now 
completed this training programme [58]. In 
response the early concerns, provisions for experi-
enced immediate care doctors to accredit as con-
sultants and  multi- disciplinary access to the 
national summative PHEM assessments were 
made.

Calls for major improvements in pre-hospital 
governance would continue in 2011 despite this 
progress. The lack of national standards for pro-
vider competencies, training and revalidation, the 
absence of a central governing body and increas-
ing interest of the Care Quality Commission in 
the sector remained high on the agenda [59]. The 
rapid expansion of the UK pre-hospital world 
came with some complications:

• Even with guidance on nomenclature relating 
to ‘specialist’ paramedic roles [52], large vari-
ations exist in the regional training and com-
petencies of critical care paramedics (CCP) 
around the UK [60].

• The medical workforce expanded, with a 
wider range of backgrounds and experience. 
Many assume that staff on air ambulances 
would have critical care capabilities but “many 
employ[ed] doctors that do not have these 
skills” [56].

• Combinations of the above working within 
very different pre-hospital organisations with 
different ‘sign-off’ expectations for solo prac-
tise of sedation and/or anaesthesia.

The net effect of this being that there could be 
considerable uncertainty about the skill set of an 
air ambulance or ‘critical care’ resource arriving 
at a tasking; and marked differences in services 
both in and between regions. The FPHC 
Practitioner levels clarify this to some extent (see 
Table  18.1 ‘Levels’ and Skill sets of UK Pre- 
hospital practitioners—A brief guide), but some 
carefully targeted questions may still be needed 
to establish this on-scene.
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There is much to celebrate in the advances 
that have been made in the UK EMS system. A 
new generation of pre-hospital professionals are 
beginning their careers with many exciting devel-
opments and challenges afoot. Both the 
Association of Anaesthetists of Great Britain and 
Ireland and NICE have set quality standards for 
pre-hospital RSI and FPHC guidelines are being 
published with a high frequency [62–64]. Our 

trauma systems are world-renowned, with a 2015 
paper highlighting regular emergency thoracoto-
mies in London having good neurological out-
comes in 15%, versus just one successful such 
procedure in the whole of the USA [65]. A 
Masters degree in pre-hospital care has recently 
opened at the Institute of Pre-hospital Care in 
London [66] and the development of extended 
roles for paramedics leads both the USA and 

Table 18.1 ‘Levels’ and Skill sets of UK Pre-hospital practitioners—A brief guide. As outlined in the main text, role 
nomenclature in UK pre-hospital practise is confusing and in an almost constant state of flux. The below table outlines 
current conventional role ‘boundaries’ and skill sets to help clarify this [57, 60, 61]. There will undoubtedly be exam-
ples of different local practises and individuals who perhaps do not fit neatly into this; please accept my apologies for 
any oversights or oversimplifications

FPHC 
descriptor FPHC definition

Practitioner 
‘Level’ Example role title Example skill set

F Non-registered 
healthcare 
practitioner

3 Senior healthcare 
assistant/
technician

− Basic resuscitation skills (BLS, airway, 02, 
defibrillation)
− Trauma skills (spinal immobilisation, 
fracture Mx, haemorrhage control, wound 
management)
− Measurement of vital signs and 12-lead ECG
− Entonox analgesia
− Limited range of emergency drugs for ACS, 
asthma anaphylaxis and hypoglycaemia.

4 Associate 
ambulance 
practitioner

G Registered 
pre-hospital care 
‘Practitioner’

5 Paramedic All the above, plus:
− Tracheal intubation (N.B. variation between 
ambulance trusts)
− Needle thoracocentesis
− Needle cricothyroidotomy
− IV cannulation & analgesia
− Oral/IM/IV drug administration of a wide 
JRCALC pharmacopoeia

6 Critical care 
paramedic
Also:
Nurse,
Physician’s 
assistant,
Some medical 
staff

Large variations in scope of practise and local 
arrangements, including:
− Procedural and post-ROSC sedation
− Administration of muscle relaxant
− Ultrasound/ECHO competencies
− Thoracostomy
− Surgical airway
− Amputation
− Non-invasive ventilation
− Arterial and central venous access
− Chest drain insertion
In current practise, doctor-only:
− Rapid sequence induction of anaesthesia
− Thoracotomy
− REBOA
− ECMO

H Registered 
pre-hospital care 
‘Advanced 
Practitioner’

7 Post-DIMC 
experienced Dr., 
CCP or nurse

8 Post-FIMC Dr., 
CCP or nurse

– 9 Senior pre-
hospital 
management
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Australia [50]. There are a number of potentially 
‘meaningful interventions’ that we may choose 
to expand in the short term: point-of-care blood 
tests; telemedicine; various imaging modalities; 
REBOA; and ECMO. Funding of specialist pre- 
hospital teams will likely remain challenging. 
Many PHEM trainees and critical care paramed-
ics learn their trade entirely within charitable 
organisations. The government recently allocated 
a “one-off” £10 million to 9 different air ambu-
lances to improve their equipment and facilities 
[67]; a small minority of services are centrally 
commissioned. For parting thoughts, what les-
sons will we continue to re-learn in the modern 
era? Upon what unmet needs and neglected 
patient groups will the next generation reflect?

Key Points
• The 25 years following World War II saw the 

development of invasive ventilation, external 
cardiac defibrillation and their rapid adoption 
in the pre-hospital setting. The world’s first 
ALS paramedics were trained to deliver these 
interventions in the USA.

• Prior to 1966, all that was required to work on 
a UK ambulance was a driving license and to 
agree to sign up to a first aid course. The 
Millar Report of that year was to formalise the 
training of ambulance personnel.

• It would take another 20  years before a 
national UK training programme for ‘ALS 
paramedics’ was instituted. Professional reg-
istration, post-graduate opportunities and 
diversification of paramedic roles followed 
relatively quickly.

• Meanwhile, numerous volunteer immediate 
care doctor schemes and flying squads were to 
fill the “therapeutic vacuum” facing critically 
injured, trapped trauma victims on-scene.

• Pre- and in-hospital trauma management has 
featured prominently in the medico-political 
agenda since the mid-1980s. In parallel, UK 
Helicopter emergency medical services have 
rapidly expanded. Key development since 
then include: the development of standards; 
more equitable geographical provision; and 
professionalisation of training for these 
services.

 Conclusion

This history of UK pre-hospital care charts the 
progression from basic first aid and stretcher con-
veyance of casualties to advanced helicopter- 
based critical care interventions over the course 
of a few centuries. Taking the time to understand 
this journey, sometimes tortuous and slow, is 
 critical to understanding the current system and 
potential future developments. To those of you 
who will shape the future of this specialty, I hope 
that you find the accounts and anecdotes of the 
pioneers included in the text both instructive and 
inspiring. Notably, these pioneers are not limited 
to medical inventors and visionaries, but also to 
those who tirelessly published and lobbied to 
raise the profile of the neglected diseases of their 
times. Despite the apparent complexity of mod-
ern EMS systems, the astute reader will have 
noted the basic lessons of pre-hospital care being 
relearned through each generation covered by the 
text. Let us not forget these as we look forward to 
an exciting future in this specialty.
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Questions
 1. Regarding historical developments in emer-

gency medicine, the following were first 
reported prior to 1900:

 (a) successful external cardiac defibrillation 
of a human being

 (b) ‘iron lung’ ventilation
 (c) successful external cardiac defibrillation 

of a chicken
 (d) mouth-to-mouth ventilation
 (e) an electric-powered ambulance

Answers: FFTTF

 2. Communication between pre-hospital teams 
and the destination hospital is crucial. Which 
of these statements are true:

 (a) the universal emergency number, 999, 
was introduced in the UK in 1936
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 (b) by the 1980s, communication between 
UK ambulances and receiving hospitals 
was advanced

 (c) telephone links between incident scenes 
and Bellevue hospital, NYC, were in 
place by 1869

 (d) horse-drawn flying ambulances were pro-
posed to be one of the greatest inventions 
of the 1800s

 (e) telemetric transfer of ECGs from scene to 
local hospital was pioneered in Miami in 
the late 1960s

Answers: TFTFT

 3. Pre-hospital pioneers and ‘firsts’. Which of 
these statements are true?

 (a) the first portable defibrillators used in the 
UK weighed 70kg

 (b) the ‘Millar certificate’ marked a signifi-
cant step towards professional, highly 
trained paramedics

 (c) physician-staffed mobile intensive care 
units became a national standard in 
France in 1965

 (d) Helicopter emergency medical services 
(HEMS) were widely established in 
Germany in 1971

 (e) the UK’s first HEMS unit was established 
by 1981

Answers: TTTTF

 4. Service provision and nomenclature within 
UK pre-hospital practice. Which of the fol-
lowing are true?

 (a) Specialist clinical roles have a limited 
range of tightly regulated, clearly defined 
terms

 (b) Provision and availability of physician- 
led pre-hospital critical care is uniform 
throughout the UK

 (c) IBTPHEM is the organisation responsible 
for GMC-approved pre-hospital doctor 
training

 (d) the NMC is the professional body that 
represents UK paramedics

 (e) only doctors are eligible to sit the FPHC 
exams (DipIMC/FIMC)

Answers: FFTFF

 5. Which of the following correctly quote semi-
nal reviews, commentary and reports into pre- 
hospital care?

 (a) Although it is possible to converse with 
astronauts in outer space, communication 
is seldom possible between an ambulance 
and the emergency department that it is 
approaching [1966]

 (b) …the fear that the ambulance men will 
become drivers and porters if doctors 
attend incidents… almost without excep-
tion, these fears have been allayed…
[1974]

 (c) the provision of on scene medical support 
to ambulance services in the UK is con-
sistent, well-organised, and highly regu-
lated [2005]

 (d) very little harm may be done by unskilful 
handling [1925]

 (e) it seemed silly to keep the ICU in the hos-
pital and that the thing to do was take both 
the equipment and expertise to the patient 
[1965]

Answers: TTFFT

References

 1. Club de l’histoire de l’anesthésie et de la réanimation, 
France. Anesthésie, analgésie, réanimation, Samu: 
notre histoire, de 1945 aux années 2000. Tome III, 
Paris: Éditions Glyphe; 2016.

 2. Pollock A. Ambulance services in London and Great 
Britain from 1860 until today: a glimpse of history 
gleaned mainly from the pages of contemporary jour-
nals. Emerg Med J. 2013;30(3):218–22.

 3. Abildgaard P.  Societatis Medicae Havniensis 
Collectanea [Internet]. Joann Gottlob Rothe; 1775. 
334 p. (Societatis Medicae Havniensis Collectanea). 
Available from: https://books.google.co.uk/
books?id=ZtJcAAAAcAAJ

 4. British Medical Journal. BMJ. 1860;s4-1(207):980–2.
 5. Mapother ED. An address on American medicine. Br 

Med J. 1870;2(514):477–9.

M. Beardmore

https://books.google.co.uk/books?id=ZtJcAAAAcAAJ
https://books.google.co.uk/books?id=ZtJcAAAAcAAJ


387

 6. Roessler M, Zuzan O.  EMS systems in Germany. 
Resuscitation. 2006;68(1):45–9.

 7. Sir John Furley and St John Ambulance [Internet]. 
Museum of the Order of St John. 2019 [cited 2020 
May 3]. Available from: http://museumstjohn.org.uk/
sir- john- furley- and- st- john- ambulance/

 8. Our History [Internet]. London Ambulance Service 
NHS Trust. [cited 2020 May 3]. Available from: 
https://www.londonambulance.nhs.uk/about- us/
who- we- are/a- brief- history/

 9. Police ambulances | City of London Police [Internet]. 
[cited 2020 May 3]. Available from: https://colp.mpw.
cds.co.uk/police- forces/city- of- london- police/areas/
city- of- london/about- us/about- us/police- ambulances/

 10. Hardy HN.  An ambulance Service for London. 
Lancet. 1910;176(4533):195–7.

 11. British Medical Journal. Br Med J. 
1920;1(3099):713–7.

 12. British Medical Journal. Br Med J. 
1925;2(3374):388–92.

 13. Bloice L, Baxter G, Gray D. Report on the social and 
cultural importance.pdf [Internet]. 2017 Feb [cited 
2020 Mar 3]:[42 p.]. (SPARA Project). Report No.: 
Deliverable 7.1. Available from: https://rgu- repository.
worktribe.com/output/246807/report- on- the- social- 
and- cultural- importance- of- remote- and- peripheral- 
airports

 14. Why 999 for an emergency? 2010 May 13 [cited 
2020 May 3]; Available from: http://news.bbc.co.uk/
local/london/hi/people_and_places/history/new-
sid_8675000/8675199.stm

 15. Denham M. As we once were the wartime emergency 
medical service and the future NHS | British Geriatrics 
Society [Internet]. British Geriatric Society. 2015 
[cited 2020 May 3]. Available from: https://www.
bgs.org.uk/resources/as- we- once- were- the- wartime- 
emergency- medical- service- and- the- future- nhs- 2

 16. Cardiology: Immediate Counterattack. Time 
[Internet]. 1967 Sep 1 [cited 2020 May 3]; Available 
from: http://content.time.com/time/magazine/arti-
cle/0,9171,837241,00.html

 17. National Academy of Sciences (US) and National 
Research Council (US) Committee on Trauma, 
National Academy of Sciences (US) and National 
Research Council (US) Committee on Shock. 
Accidental Death and Disability: The Neglected 
Disease of Modern Society [Internet]. Washington 
(DC): National Academies Press (US); 1966 [cited 
2020 May 3]. Available from: http://www.ncbi.nlm.
nih.gov/books/NBK222962/

 18. Beck CS. Ventricular fibrillation of long duration abol-
ished by electric shock. JAMA. 1947;135(15):985.

 19. Zoll PM, Linenthal AJ, Gibson W, Paul MH, Norman 
LR. Termination of ventricular fibrillation in man by 
externally applied electric countershock. N Engl J 
Med. 1956;254(16):727–32.

 20. Bainton CR, Peterson DR.  Deaths from coro-
nary heart disease in persons fifty years of age and 
younger: a community-wide study. N Engl J Med. 
1963;268(11):569–75.

 21. Pantridge JF. An unquiet life: memoirs of a physician 
and cardiologist. Place of publication not identified: 
publisher not identified; 1995.

 22. Pantridge JF, Geddes JS. Cardiac arrest after myocar-
dial infarction. Lancet. 1966;287(7441):807–8.

 23. Pantridge JF, Geddes JS. A Mobile intensive-care unit 
in the management of myocardial infarction. Lancet. 
1967;290(7510):271–3.

 24. Eisenberg MS, Pantridge JF, Cobb LA, Geddes 
JS. The revolution and evolution of prehospital car-
diac care. Arch Intern Med. 1996;156(15):1611–9.

 25. Kilner T.  Educating the ambulance technician, 
paramedic, and clinical supervisor: using factor 
analysis to inform the curriculum. Emerg Med J. 
2004;21(3):379–85.

 26. Millar ELM.  Ambulance training and equip-
ment. Part 1. Training [Internet]. Great Britain: 
Ministry of Health; 1966 [cited 2020 May 
3]. Available from: http://archive.org/details/
op1269011- 1001

 27. Millar ELM. Ambulance training and equipment. Part 
2. Equipment and vehicles [Internet]. Great Britain: 
HMSO; 1967 [cited 2020 May 3]:[55 p.]. Available 
from: https://archive.org/details/op1269012- 1001/
page/n53/mode/2up

 28. Training the ambulance man. Lancet. 
1966;287(7438):649.

 29. The Journey of the College | About Us [Internet]. 
2019 [cited 2020 May 3]. Available from: https://web.
archive.org/web/20190418131938/https://www.col-
legeofparamedics.co.uk/about_us/the- journey- of- the- 
college

 30. Johnson RA. Immediate care schemes. J R Coll Gen 
Pract. 1974;24(149):847–50.

 31. Collins J.  Organization and function of an accident 
flying squad. BMJ. 1966;2(5513):578–80.

 32. Mackenzie R, Bevan D.  For Debate...: A license to 
practise pre-hospital and retrieval medicine. Emerg 
Med J. 2005;22(4):286–93.

 33. A Brief History of BASICS [Internet]. British 
Association for Immediate Care. [cited 2020 May 
3]. Available from: https://www.basics.org.uk/
brief- history- basics/

 34. Baskett P.  Douglas Chamberlain CBE DSc (hon) 
FRCP FRCA FACC FESC—A man for all decades of 
his time. Resuscitation. 2007;72(3):344–9.

 35. Jaggarao NSV, Sless H, Grainger R, Vincent R, 
Chamberlain DA. Defibrillation at a football stadium: 
an experiment with Brighton and Hove Albion. BMJ. 
1982;284(6327):1451–3.

 36. Carney CJ.  Prehospital care  - a UK perspective. Br 
Med Bull. 1999;55(4):757–66.

 37. Earlam R. Trauma Helicopter [Internet]. [cited 2020 
May 3]. Available from: http://www.richardearlam.
com/trauma- helicopter/

 38. Coats T, Goode A. Opportunity to improve pre- hospital 
care in the UK. Lancet. 1999;353(9161):1292.

 39. Our History | London’s Air Ambulance [Internet]. 
[cited 2020 May 3]. Available from: https://www.lon-
donsairambulance.org.uk/about- us/history

18 History of Pre-Hospital Medicine in the UK

http://museumstjohn.org.uk/sir-john-furley-and-st-john-ambulance/
http://museumstjohn.org.uk/sir-john-furley-and-st-john-ambulance/
https://www.londonambulance.nhs.uk/about-us/who-we-are/a-brief-history/
https://www.londonambulance.nhs.uk/about-us/who-we-are/a-brief-history/
https://colp.mpw.cds.co.uk/police-forces/city-of-london-police/areas/city-of-london/about-us/about-us/police-ambulances/
https://colp.mpw.cds.co.uk/police-forces/city-of-london-police/areas/city-of-london/about-us/about-us/police-ambulances/
https://colp.mpw.cds.co.uk/police-forces/city-of-london-police/areas/city-of-london/about-us/about-us/police-ambulances/
https://rgu-repository.worktribe.com/output/246807/report-on-the-social-and-cultural-importance-of-remote-and-peripheral-airports
https://rgu-repository.worktribe.com/output/246807/report-on-the-social-and-cultural-importance-of-remote-and-peripheral-airports
https://rgu-repository.worktribe.com/output/246807/report-on-the-social-and-cultural-importance-of-remote-and-peripheral-airports
https://rgu-repository.worktribe.com/output/246807/report-on-the-social-and-cultural-importance-of-remote-and-peripheral-airports
http://news.bbc.co.uk/local/london/hi/people_and_places/history/newsid_8675000/8675199.stm
http://news.bbc.co.uk/local/london/hi/people_and_places/history/newsid_8675000/8675199.stm
http://news.bbc.co.uk/local/london/hi/people_and_places/history/newsid_8675000/8675199.stm
https://www.bgs.org.uk/resources/as-we-once-were-the-wartime-emergency-medical-service-and-the-future-nhs-2
https://www.bgs.org.uk/resources/as-we-once-were-the-wartime-emergency-medical-service-and-the-future-nhs-2
https://www.bgs.org.uk/resources/as-we-once-were-the-wartime-emergency-medical-service-and-the-future-nhs-2
http://content.time.com/time/magazine/article/0,9171,837241,00.html
http://content.time.com/time/magazine/article/0,9171,837241,00.html
http://www.ncbi.nlm.nih.gov/books/NBK222962/
http://www.ncbi.nlm.nih.gov/books/NBK222962/
http://archive.org/details/op1269011-1001
http://archive.org/details/op1269011-1001
https://archive.org/details/op1269012-1001/page/n53/mode/2up
https://archive.org/details/op1269012-1001/page/n53/mode/2up
https://web.archive.org/web/20190418131938/https://www.collegeofparamedics.co.uk/about_us/the-journey-of-the-college
https://web.archive.org/web/20190418131938/https://www.collegeofparamedics.co.uk/about_us/the-journey-of-the-college
https://web.archive.org/web/20190418131938/https://www.collegeofparamedics.co.uk/about_us/the-journey-of-the-college
https://web.archive.org/web/20190418131938/https://www.collegeofparamedics.co.uk/about_us/the-journey-of-the-college
https://www.basics.org.uk/brief-history-basics/
https://www.basics.org.uk/brief-history-basics/
http://www.richardearlam.com/trauma-helicopter/
http://www.richardearlam.com/trauma-helicopter/
https://www.londonsairambulance.org.uk/about-us/history
https://www.londonsairambulance.org.uk/about-us/history


388

 40. Kirk CJC, Earlam RJ, Wilson AW, Watkins 
ES. Helicopter emergency medical service operating 
from the Royal London Hospital: the first year. Br J 
Surg. 1993;80(2):218–21.

 41. Anderson ID, Woodford M, de Dombal FT, Irving 
M. Retrospective study of 1000 deaths from injury in 
England and Wales. BMJ. 1988;296(6632):1305–8.

 42. Saleh M.  Commission on the provision of surgical 
services. The management of patients with major 
injuries. Ann R Coll Surg Engl. 1989;71(4 Suppl):58.

 43. The British Orthopaedic Association. The 
Management of Trauma in Great Britain. London; 
1989.

 44. British Orthopaedic Association. The Management 
of Skeletal Trauma in the United Kingdom. London: 
British Orthopaedic Association; 1992.

 45. British Orthopaedic Association. The Care of Severely 
Injured Patients in the United Kingdom. London: 
British Orthopaedic Association; 1997.

 46. Lecky FE.  Lack of change in trauma care in 
England and Wales since 1994. Emerg Med J. 
2002;19(6):520–3.

 47. British Medical Association Board of Science and 
Education. Immediate care schemes. London: BMA; 
1993.

 48. Cooke MW.  Immediate care: specialty or pastime? 
Injury. 1994;25(6):347–8.

 49. Gibson M. Letter to author. 2020.
 50. Brooks IA, Cooke M, Spencer C, Archer F. A review 

of key national reports to describe the development of 
paramedic education in England (1966–2014). Emerg 
Med J. 2016;33(12):876–81.

 51. Jashapara A.  Critical care paramedics  - Delivering 
enhanced pre-hospital trauma and resuscita-
tion care: A cost-effective approach [Internet]. 
NHS Confederation; 2011 [cited 2020 May 
3]:[16 p.]. Available from: https://pure.roy-
a l h o l l ow a y. a c . u k / p o r t a l / e n / p u b l i c a t i o n s /
critical- care- paramedics%2D%2Ddelivering- 
enhanced- prehospital- trauma- and- resuscitation- 
care- a- costeffective- approach(c7d9148f- 9d24- 4be2- 
95f8- 94a77cc47081)/export.html.

 52. College of Paramedics. Paramedic Curriculum 
Guidance [Internet]. College of Paramedics; 2014 
[cited 2020 May 3]. Available from: https://colleg-
eofparamedics.co.uk/COP/ProfessionalDevelopment/
Paramedic_Curriculum_Guidance.aspx

 53. Findlay G, Martin IC, Carter S, Smith N, Weyman 
D, Mason M.  A report of the National Confidential 
Enquiry into Patient Outcome and Death 2007. p. 151.

 54. Lockey D. International EMS systems: geographical 
lottery and diversity but many common challenges. 
Resuscitation. 2009;80(7):722.

 55. House of Commons Hansard Debates for 11 Jun 
2008 (pt 0001) [Internet]. Hansard. 2008 [cited 
2020 May 3]. Available from: https://publications.
parliament.uk/pa/cm200708/cmhansrd/cm080611/
halltext/80611h0001.htm

 56. Hyde P, Mackenzie R, Ng G, Reid C, Pearson 
G.  Availability and utilisation of physician-based 
pre-hospital critical care support to the NHS ambu-
lance service in England, Wales and Northern Ireland. 
Emerg Med J. 2012;29(3):177–81.

 57. Curriculum - The Intercollegiate Board for Training 
in Pre-Hospital Emergency Medicine | IBTPHEM 
[Internet]. The Intercollegiate Board for Training in 
Pre-Hospital Emergency Medicine; 2015 [cited 2020 
May 3]. Available from: http://www.ibtphem.org.uk/
curriculum/

 58. Mackenzie R. Brief history of pre-hospital emergency 
medicine. Emerg Med J. 2018;35(3):146–8.

 59. Nutbeam T. Clinical governance and prehospital care 
in the UK. Emerg Med J. 2011;28(2):91–2.

 60. von Vopelius-Feldt J, Benger J. Critical care paramed-
ics in England: a national survey of ambulance ser-
vices. Eur J Emerg Med. 2014;21(4):301–4.

 61. Black JJM, Davies GD. International EMS systems: 
United Kingdom. Resuscitation. 2005;64(1):21–9.

 62. Lockey DJ, Crewdson K, Davies G, Jenkins B, 
Klein J, Laird C, et  al. AAGBI: safer pre-hos-
pital anaesthesia 2017: association of anaesthe-
tists of Great Britain and Ireland. Anaesthesia. 
2017;72(3):379–90.

 63. Consensus Statements - The Faculty of Pre-Hospital 
Care [Internet]. [cited 2020 May 3]. Available 
from: https://fphc.rcsed.ac.uk/my- fphc/resources/
consensus- statements

 64. NICE.  NICE Quality Standard 166: Trauma 
[Internet]. National Institute for Health and Clinical 
Excellence; 2018 [cited 2020 Jan 12]. Available from: 
https://www.nice.org.uk/guidance/qs166/resources/
trauma- pdf- 75545603800261

 65. Wilson MH, Habig K, Wright C, Hughes A, Davies 
G, Imray CHE.  Pre-hospital emergency medicine. 
Lancet. 2015;386(10012):2526–34.

 66. The Institute  – IoPHC.co.uk [Internet]. [cited 2020 
May 3]. Available from: http://iophc.co.uk/about- us/
the- institute

 67. £10 million awarded to 9 air ambulance chari-
ties [Internet]. GOV.UK. 2019 [cited 2020 May 3]. 
Available from: https://www.gov.uk/government/
news/10- million- awarded- to- 9- air- ambulance- 
charities

 68. About | [Internet]. [cited 2020 May 3]. Available 
from: https://www.jrcalc.org.uk/about/

M. Beardmore

https://pure.royalholloway.ac.uk/portal/en/publications/critical-care-paramedics--delivering-enhanced-prehospital-trauma-and-resuscitation-care-a-costeffective-approach(c7d9148f-9d24-4be2-95f8-94a77cc47081)/export.html
https://pure.royalholloway.ac.uk/portal/en/publications/critical-care-paramedics--delivering-enhanced-prehospital-trauma-and-resuscitation-care-a-costeffective-approach(c7d9148f-9d24-4be2-95f8-94a77cc47081)/export.html
https://pure.royalholloway.ac.uk/portal/en/publications/critical-care-paramedics--delivering-enhanced-prehospital-trauma-and-resuscitation-care-a-costeffective-approach(c7d9148f-9d24-4be2-95f8-94a77cc47081)/export.html
https://pure.royalholloway.ac.uk/portal/en/publications/critical-care-paramedics--delivering-enhanced-prehospital-trauma-and-resuscitation-care-a-costeffective-approach(c7d9148f-9d24-4be2-95f8-94a77cc47081)/export.html
https://pure.royalholloway.ac.uk/portal/en/publications/critical-care-paramedics--delivering-enhanced-prehospital-trauma-and-resuscitation-care-a-costeffective-approach(c7d9148f-9d24-4be2-95f8-94a77cc47081)/export.html
https://pure.royalholloway.ac.uk/portal/en/publications/critical-care-paramedics--delivering-enhanced-prehospital-trauma-and-resuscitation-care-a-costeffective-approach(c7d9148f-9d24-4be2-95f8-94a77cc47081)/export.html
https://collegeofparamedics.co.uk/COP/ProfessionalDevelopment/Paramedic_Curriculum_Guidance.aspx
https://collegeofparamedics.co.uk/COP/ProfessionalDevelopment/Paramedic_Curriculum_Guidance.aspx
https://collegeofparamedics.co.uk/COP/ProfessionalDevelopment/Paramedic_Curriculum_Guidance.aspx
https://publications.parliament.uk/pa/cm200708/cmhansrd/cm080611/halltext/80611h0001.htm
https://publications.parliament.uk/pa/cm200708/cmhansrd/cm080611/halltext/80611h0001.htm
https://publications.parliament.uk/pa/cm200708/cmhansrd/cm080611/halltext/80611h0001.htm
http://www.ibtphem.org.uk/curriculum/
http://www.ibtphem.org.uk/curriculum/
https://fphc.rcsed.ac.uk/my-fphc/resources/consensus-statements
https://fphc.rcsed.ac.uk/my-fphc/resources/consensus-statements
https://www.nice.org.uk/guidance/qs166/resources/trauma-pdf-75545603800261
https://www.nice.org.uk/guidance/qs166/resources/trauma-pdf-75545603800261
http://iophc.co.uk/about-us/the-institute
http://iophc.co.uk/about-us/the-institute
https://www.gov.uk/government/news/10-million-awarded-to-9-air-ambulance-charities
https://www.gov.uk/government/news/10-million-awarded-to-9-air-ambulance-charities
https://www.gov.uk/government/news/10-million-awarded-to-9-air-ambulance-charities
https://www.jrcalc.org.uk/about/


389© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
P. Lax (ed.), Textbook of Acute Trauma Care, https://doi.org/10.1007/978-3-030-83628-3_19

Aviation Considerations in PHEM

Joe Moore and Peter Lax

The use of helicopters in aeromedical evacua-
tion and emergency medical response can be 
traced back to World War II. In Burma in January 
1945, a Sikorsky YR-4 helicopter was used to 
extricate a 21-year-old soldier who had acciden-
tally shot himself through his hand from the Naga 
Hills back to Myitkyina [1]. Modern helicopters 
are more technologically advanced, and the legal 
considerations of operating a helicopter around 
built-up areas are not insubstantial. Pilots must 

have good knowledge of both technical and legal 
aspects of the relevant issues surrounding heli-
copter emergency medical services (HEMS) 
duties before being selected as a HEMS pilot. 
While HEMS have been used in the military (most 
notably the UK MERT in Afghanistan [2, 3]), 
taskings and training are more specific to the the-
atre of operations for the deployment depending 
on the perceived threats. Many basic principles 
are the same in military and civilian operations, 
but this chapter will focus specifically on UK 
civilian practice and regulations. The general con-
siderations for HEMS aviation in the UK are out-
lined, and the Agusta Westland AW109 helicopter 
is used as an example. However, at the time of 
writing, seven different models of helicopters are 
operated in the UK in the HEMS role by various 
charities. Each operator will have different poli-
cies and standard operating procedures. Where 
specific details are given below, they are related to 
operations at The Air Ambulance Service in the 
UK and Sloane Helicopters as the operator.

While each airframe will have specific operat-
ing characteristics and limitations, the principles 
below are applicable for all airframes within their 
operating flight envelope. The AW109 helicopter 
is a twin-engine, single pilot helicopter. It is the 
fastest helicopter in use by any UK HEMS organ-
isation, typically cruising at 150–180 mph. In the 
HEMS role, it is a legal requirement for the air-
craft to be crewed by a HEMS pilot and a HEMS 
TCM (Technical Crew Member) or two HEMS 
pilots. These are supplemented with a doctor or 
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• Differences between HEMS and Air 
Ambulance taskings

• UK Aviation legislation and exemptions
• Specific sites of interest
• Carriage of patients and escorts
• Tasking and radio procedures
• Navigation and lookout
• Weather and flight safety
• Landing sites
• Specific flight zones and limitations
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second paramedic. There is typically the ability 
to carry one further person in addition to the 
patient, and this capacity is used for crew train-
ing, observing or, occasionally, to bring an escort 
for a patient (e.g. parent of an injured child). It 
consumes around 240  kg of fuel per hour 
(4 kg per min, approximately 5 L/min).

 HEMS vs Air Ambulance

Helicopter Emergency Medical Services (HEMS) 
and Air Ambulances are two separate entities, 
though they are often grouped together when dis-
cussing the use of helicopters in pre-hospital and 
transfer medicine. The most significant distinc-
tion between a HEMS operation and an Air 
Ambulance is that HEMS aircraft are allowed to 
land on previously unsurveyed sites to treat 
patients and then transfer them to a hospital. In 
contrast, Air Ambulances can only land in loca-
tions that have been pre-surveyed and fly to 
another pre-surveyed site. Simply put, Air 
Ambulances most commonly transport patients 
between hospitals, but HEMS aircraft will fly 
from a base to the scene of an accident and then 
on to a hospital. In the UK, the RAF survey land-
ing sites (and occasionally a secondary site) for 
every hospital to allow for Air Ambulance flights. 
These landing sites may not be on the hospital 
site but located a short distance away, depending 
on the layout and location of the hospital.

Where there are helicopter landing pads on- 
site, the approaches are assessed to ensure they 
are free of obstructions such as wires, high trees 
or other hazards to the aircraft. In hospitals with-
out helipads, the nominated site may be a large 
sports field in the hospital’s vicinity, which will 
require a land ambulance transfer to or from the 
landing zone (LZ), known as a secondary trans-
fer. In the case of hospitals that require a second-
ary transfer to get from the LZ to the hospital 
itself, ambulance availability and distance may 
play a part in the selection of destination hospi-
tals for patients. To avoid unnecessary delays, it 
is always prudent to request a ground ambulance 
from control when loading a patient onto a heli-
copter before taking off from the scene if it will 
be needed on arrival at the LZ!

 Aviation Legalities

Helicopter operators hold an Air Operators 
Certificate (AOC) that entitles them to com-
plete Commercial Air Transport (CAT). This is 
the same base certification that is needed for 
any fee- paying flight service. In addition, 
selected operators hold some additional per-
missions that allow them to operate a Helicopter 
Emergency Service (HEMS). To maintain this, 
the UK aviation regulatory body (the Civil 
Aviation Authority—CAA) audits each opera-
tor and completes a flight with each service at 
least once a year.

To be a legally authorised HEMS flight and 
operate with HEMS exemptions, the aircraft 
must:

• Be tasked by Ambulance Control
• Have either a HEMS pilot and HEMS TCM, 

or two HEMS qualified pilots on board.
• Have a landing site larger than twice the diam-

eter of the main rotor blades (otherwise known 
as a 2D site, 26 metres in the AW-109).

• Be operating within the Class 1 helicopter 
performance envelope when arriving at a hos-
pital. This refers to the performance in the 
event of one engine failing during a critical 
phase of flight, such as landing or takeoff. 
Factors such as patient/escort weight and 
current fuel level need to be dynamically cal-
culated on each tasking as they will change 
on scene, as opposed to fixed weights that 
will be static throughout the shift such as 
equipment and crew.

Those four factors are the minimum mandated 
hard limits. However, there are many other fac-
tors to consider.

 Permissions and Exemptions

SERA (Standardised European Rules of the Air) 
is where the basis for UK Aviation Rules are laid 
down. Exemptions to some of these rules can only 
be issued by the CAA, subject to certain condi-
tions being met. The authoritative regulations are 
found in Part-SPA, Subpart J—HEMS [4], but 
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below is a brief overview of some of the exemp-
tions in use for HEMS in the UK.

 Minimum Heights SERA3105
For all civilian aircraft, Visual Flight Rules state 
that unless taking off or landing any aircraft 
should fly at least 500 ft. above the highest per-
son, vehicle or structure within a 150-metre 
radius of the aircraft in non-congested areas (i.e. 
over the countryside). In congested areas (i.e. 
 metropolitan areas), the minimum altitude is at 
least 1000 ft. above the highest person, vehicle or 
structure within a 600-metre radius of the air-
craft. The CAA has issued an exemption from the 
1000  ft. rule in the UK for HEMS flight, but 
HEMS are not exempt from flying within 500 ft. 
of any person, vessel, vehicle or structure.

 Prisons
There are several prisons with a no-fly zone 
around them, as depicted on standard aviation 
maps. While HEMS are exempt from these exclu-
sions, and prison no-fly zones (NFZ) are typi-
cally marked up on HEMS aviation maps 
manually (e.g. with a coloured sticker) to show 
this. Still, it is good practice to avoid the NFZ 
unless critical.

 Nuclear Facilities
All nuclear facilities have a no-fly zone around 
them, as depicted on aviation maps. HEMS are 
permitted into these areas (as stated in the CAA 
exemption), but each NFZ has specific restric-
tions. On the rare occasion HEMS may be tasked 
into one of these areas, the pilot should be given 
a few minutes of extra planning time to check the 
individual NFZ requirements before entering.

 Landing and Taking off Near Open-Air 
Assemblies
Under the Rules of the Air regulations 5 (1)(b) 
[5], a helicopter shall not land in a congested area 
or near an open-air assembly without the permis-
sion of the CAA. HEMS are exempt from this as 
long as they are acting as an ‘Emergency Services 
Helicopter’.

 Pilot Duty Period and Discretion

Pilots are usually scheduled to work a 10- or 
12-hour day depending on the operator, including 
time at the start and end of shift to prepare the 
aircraft and paperwork. They are permitted to 
extend their working day past 10 h at their discre-
tion, i.e. if they are happy to do so. Potentially 
this may lead to a delayed start to the next days’ 
shift if the pilot has to reclaim any of the addi-
tional hours worked. The maximum duty periods 
are also limited by how many consecutive days 
are worked and (theoretically) by how much fly-
ing has been done [6]. While the mission profile 
of most HEMS services is one of multiple short 
flights, there are maximum limits of how many 
flying hours can be accrued over specific periods 
(Fig.  19.1). HEMS pilots are unlikely to come 
close to these limits, as most flights are under 
20–30  min. Turnaround and standby times (as 
well as time on scene) mean that even on busy 
days it is improbable that a pilot would come 
close to violating the 9-hour flight rule [7].

Crews cannot work more than seven consecutive 
days and must have a 2-day rest period if they work 
seven consecutive days. There are additional restric-
tions on 14-day working and an absolute limit on 
flight hours in any 3-day period (18  h), 28-day 
period (90 h) or 12 month period (800 h). Again, the 
mission profile of most HEMS units means that 
pilots would rarely come close to these limits.

 Carriage of Patients

One utility of HEMS is to bring medical capabil-
ity closer towards the point of injury and decrease 
the time from injury to assessment by advanced 
medical teams. A second implied use is to trans-
port patients from the point of injury to a hospi-
tal, though not all patients are suitable for air 
transportation. The following scenarios merit 
some considerations:

Patient Height Certain helicopters may strug-
gle to fit an over extended scoop stretcher; if the 
patient needs to be laid completely flat. Another 
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consideration that should be made is if there is a 
Kendrick or other traction splint in place, as this 
will usually extend beyond the end of the scoop. 
Alterations can be made to the seating in the heli-
copter for patient  loading/unloading in extreme 
circumstances, but this is the exception rather 
than the rule as it may take time to reconfigure 
the aircraft. If this is longer than the time it would 
take to move the patient to the hospital by road 
with an available ambulance, consideration 
should be given to moving the clinical crew to the 
land ambulance to escort the patient instead of 
flying them.

Weight Patient weight is a consideration in both 
fuel calculations for flight and for landing perfor-
mance (Class 1 weight as described above).

Circumference All patients and their escorts 
need to be secured in the aircraft, typically with 
four-point harnesses on the stretcher. Largely 
obese patients may prove challenging and can 
only be carried if the sliding door immediately 
next to the stretcher can be safely closed with the 
patient secured. The patient must also be able to 
lay flat, and their body habitus may preclude this.

Contaminated/Off-Gassing A small amount of 
contaminant inside the small volume of the heli-
copter cabin can make it very unpleasant for the 
crew and potentially incapacitate the pilot, caus-
ing a serious risk to flight safety. Patients who 
have been involved in incidents with chemicals 
that could impair safe flight would not be flown. 
This includes specific incapacitants such as tear 

20.8 Maximum flying hours

The Maximum number of Flying Hours which a pilot may be permitted to
undertake are:

Single day Table E

Any 3 consecutive days 18 hours

Any 7 consective days 30 hours

Any 3 consecutive 28 day periods 240 hours

Table E - FDP- Helicopters

Local time of
start

Single Pilot Two pilots

Length of
FDP in
hours

Max.

flying time
in hours

Max.

flying time
in hours

Length of
FDP in
hours

0600-0659

0700-0759

0800-1359

1400-2159

2200-0559

9

9

9

10

10

10

10

8

8

8

6

6

6

7

7

7

7

5

11

12

Fig. 19.1 Taken from 
Overseas Territories 
Aviation Circular 121 
[8]
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gas, common agents such as petrol or diesel fuel, 
patients involved in industrial chemical agents or 
infectious diseases.

Suicidal Patients Patients who have attempted 
suicide or are psychiatrically unwell are not car-
ried (unless they have been given a general anaes-
thetic) as they could pose a risk to flight safety if 
they make a further attempt.

Near Term Pregnancy Typically, carrying 
heavily pregnant patients should be avoided as 
delivering a baby in a helicopter is not ideal. Still, 
this may have to be done in extreme cases after an 
individual risk/benefit analysis. Depending on 
the reason for transport and necessity to lay the 
patient supine, it also may not be possible to pro-
vide manual displacement of the uterus or lateral 
tilt in flight to relieve aortocaval compression.

Unstable Patients Patients with severe cardiore-
spiratory instability pose a challenging dilemma as 
they may benefit the most from rapid transfer to 
hospital. However, the cramped environment of the 
helicopter and use of safety restraints for both clini-
cal crew and passengers limit the interventions 
which can be performed. Very unstable patients are 
usually best transported by land, but if there is no 
other option or the transfer time is significantly lon-
ger, they can be transported by air. There are no 
absolute rules in this situation, but each patient 
should be considered on a case by case basis. It also 
needs to be established that the benefit of transfer-
ring a patient by air outweighs the risk, however 
small that risk may be. If a patient has a non-time-
critical minor injury and can be transported by land 
without causing a deterioration in their condition, 
they should not be flown.

 Carriage of Escorts

There are occasions when it is appropriate to 
carry an escort, the most obvious being a parent 
when transporting a child. Before offering the 
escort a seat, clinicians should consult the pilot. 
The pilots’ primary consideration is the addi-
tional weight and its effect on aircraft perfor-
mance, but other factors exist too:

• Has the escort flown in a helicopter before?—
If they are scared, how will they react?

• How stable is the patient?—How will the 
escort react if the patient deteriorates?

• Was the escort involved in what happened to 
the patient? Are there any other reasons that 
they should not be transferred with the patient 
from a forensic or safeguarding perspective?

• Is the rear seat medical crewmember happy 
that the escort will not distract them from the 
patient’s care? For the majority of incidents 
where HEMS are tasked, the police may be 
able to transport relatives or escorts on blue 
lights to the hospital if required.

The rear seat crew member can indicate to the 
pilot if they feel that the escort may not be appro-
priate to fly, and crews should discuss this sce-
nario at morning briefings before it occurs.

 Call Taking and Tasking

Generally, the TCM or doctor will answer the 
base emergency phone and take details of the 
tasking from ambulance control. The most cru-
cial information to obtain is the location (grid 
ref., town, etc.) so that it can be plotted on the 
overview map to allow for flight route planning 
by the pilot. Several factors come into play. 
Amongst these are the current and predicted 
weather, NOTAMS (Notice to Airmen—tempo-
rary warnings or restrictions in some areas), 
ATZs (air traffic zones), danger areas, likely des-
tination hospitals, fuel considerations (current 
fuel load, projected usage and ability to be under 
class 1 weight when arriving at hospital, timings 
(last landing and FTLs—flight time limitations), 
additional kit and route for departing the airfield.

Once a plan has formed, the pilot will start the 
helicopter while the crew continue to take further 
details such as type of incident, injuries, number 
and age of patients, other assets travelling etc.

 Radio Procedures

Radio communication can be complicated as 
two separate radio systems are used in flight. 
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The first deals with the aviation side of HEMS, 
typically speaking to air traffic control towers, 
radar services and occasionally talking to other 
aircraft when needed. These are the pilot’s 
responsibility, and specific radio licenses and 
qualifications are required by the CAA (Civil 
Aviation Authority) before being authorised to 
use these systems. The second is the radio com-
munication system used by the ambulance ser-
vice for taskings, updates, and “flight 
following”- both systems may be overheard by 
all crew for situational awareness. While this 
may be useful, it occasionally can be distracting 
as people operating exclusively on the aviation 
system cannot hear when the ambulance system 
is broadcasting and vice versa and may “cross-
talk”. Transmissions and messages on the avia-
tion system always take priority as they may be 
transmitting instructions that could pose an 
immediate threat to life if not heard (e.g. aircraft 
vectoring instructions for collision avoidance). 
There is also an intercom system so that the 
crew can communicate within the helicopter 
over the noise of engines and wind rush.

The busy times on the radios are takeoffs and 
landings, departing the airport, updating control 
on the estimated time of arrival on scene, passing 
through other ATZ’s and coming back into the 
base, so conversation on the intercom is kept to a 
minimum during these times. Especially impor-
tant is the concept of a “sterile cockpit” when 
descending through 300 ft. into a scene. This is 
the idea that everyone should be silent. There 
should be no transmissions unless there is a 
safety-critical issue that has been spotted to allow 
the pilot to concentrate on the landing—this 
includes answering routine radio messages.

 Comms Panel in the Aircraft

The comms units in each aircraft will vary, so 
new crewmembers should take local guidance. 
However, there are a couple of universal princi-
ples to note. There are always at least three set-
tings that can be modified on the comms box of 
each aircraft, and it is not always obvious what 
they do. These settings are:

Vox—This changes how sensitive a micro-
phone is. Turned fully anti-clockwise, the micro-
phone is ‘live’ the whole time, meaning that all 
incidental aircraft noise will be picked up. 
Conversely, if it is turned fully clockwise, the crew 
member would have to shout very loudly to get the 
microphone to pick up! This setting should be 
adjusted so that the microphone will pick up when 
the crew member speaks at a comfortable volume 
but doesn’t pick up breathing noise.

ICS—This stands for Intercom System and is 
the volume that conversations from crewmates 
are heard.

RX—This is the volume for ALL radios, so it 
will vary how loudly all the radio transmissions 
that come into the helicopter are heard (both 
ambulance and aviation).

 Maps and Charts

Pilots use specific aviation charts for navigating, 
which detail ATZs, airspace etc. The two carried 
as standard are the 1:250000 (quarter mil) used 
for most taskings, and the 1:500,000 (half mil) 
used if there is a significant distance to fly and 
show less detail due to the scale. Ordnance 
Survey (OS) maps and street A-Z maps are car-
ried to fine-tune navigation the aircraft gets closer 
to the scene (Fig. 19.2).

 The UK Grid Reference System

The British Isles are split into a series of 
100  km  ×  100  km squares on a 1:50,000 scale 
map, and a 6 figure grid reference is used to plot 
a point, e.g. “SP 123456”. This reference will be 
accurate to within 100 m of an incident which is 
good enough for HEMS purposes. Each square is 
given a two-letter code. The Northern ones have 
the prefix ‘N’ (NA, NB, NC......), the Southern 
ones have the prefix ‘S’, and the Eastern ones 
have the prefix ‘T’. This is where the alphabetical 
component comes from in the example 
(Fig. 19.3).

The numerical component is split into 2 × 3 
figures (i.e. in the example above, it is “123” and 
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“456”). Each of the squares within the map seg-
ment designated by the alphabetical code (e.g. 
SP, SK) is split into 1 km2. Therefore, each two- 
letter square represents 100  km  ×  100  km. 
Specific points within these two-letter squares 
are referenced by how many Easterly (left to 
right) and then Northerly (bottom to top) subdivi-
sions are used. The order of sequences is often 
remembered as “along the corridor then up the 
stairs”. The first two numbers of each sequence 
give the number of full squares that are moved 
(e.g. in the example, 12 along and 45 up within 
the SP square). The final number of each three- 
digit set comes from splitting the designated 
square into tenths to give a location within a 100- 
metre radius.

In Fig. 19.4, the grid reference for the centre 
of the highlighted square would be TL625335 
(i.e. the large map square is TL, the specific 
square to localise it is 62 across and 33 up). 
Within that box, it is 5/10th across and 5/10th up. 
If the location desired was in the top left corner of 
the same highlighted box, the reference would be 
TL621339, i.e. the same box but 1/10th across 
and 9/10th up.

In the example above of SP123456, think of 
the coordinates as being in the SP square and 
then moving along to the East 12.3 squares, 
finally going up 45.6 squares. The key for reading 
an OS Map is printed on every map.

Fig. 19.2 Quarter (top) and half mil aviation maps (reproduced with the permission of NATS)

Fig. 19.3 UK OS Map grids (Produced with kind per-
mission of Ordnance Survey)
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 A-Z Maps or Street Mapping

Precise street mapping is completed using iPads 
or similar devices and is usefl when landing in 
conurbations and an incident is on a particular 
road. Hard copy A-Z maps can be carried as a 
backup option (Fig. 19.5). The crew can either 
look for the road name in the index at the back 
of the book for the relevant county or plot the 
grid from the grid reference. In this example, 
the previous SP123456 location will be used. 
The Ordnance Survey website (https://gridrefer-
encefinder.com/) can be used to display the grid 
used in this example.

Find out roughly from the OS map where it is; 
the example is just east of Evesham in the County 
of Worcestershire.

Look on the back cover of the AZ, find 
Evesham and look up the page number required—
for this example, it is page 164/165.

On that page, look across the bottom and up 
the left-hand side. The grid reference numbers 
are visible, and 123,456 has been plotted in the 

below picture. One thing to note on A-Z maps is 
that they are twice the magnification of OS maps, 
so the Eastings and Northings are spread across 
two squares in the book compared to one square 
on a folding map.

 In-Flight Navigation

On the way to an incident, the TCM will provide 
a route brief to the pilot at an appropriate time 
using an aviation chart, generally after exiting the 
base’s controlled air space. This brief should 
include a gross error check (e.g. ‘We will pass 
Rugby on our left’), any pertinent aviation haz-
ards or NOTAMS en-route, including any tall 
obstacles if the cloud base is low.

The medical passenger should be looking out 
for other traffic or aviation hazards. The TCM 
will continuously be updating the location on 
the map in case the weather closes in, or there is 
a diversion to another incident and the need to 
plan a new route. The TCM should also point 
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Fig. 19.5 A-Z map used for short-distance navigation
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out any relevant target headings, e.g. ‘That vil-
lage with the spire is the one we’re heading for’ 
and any additional briefings required on the 
location of the incident. This template for brief-
ing and navigation will be repeated for all flights 
for the TCM, i.e. flights to hospital and back to 
base.

 Lookout and the Clock Code

Airspace in the UK is mainly uncontrolled (i.e. 
it is up to individual pilots to see other aircraft 
and avoid collisions); therefore, a good lookout 
is essential. This is particularly true when leav-
ing or re-entering controlled airspace around 
airports or when looking for a landing site when 
all eyes are drawn to the scene. To communicate 
that a crew member has seen another aircraft, 
the clock code is to identify where it is relative 
to the helicopter (Fig.  19.6). 12 o’clock is 
straight ahead of the aircraft, 6 o’clock is 
directly behind, 3 o’clock is 90° to the right, and 
9 o’clock is 90° to the left.

If an aircraft is seen, it is also referred to as 
being above (“high”) at the same height (“level”) 
or below (“low”) as the helicopter, e.g. “Plane at 
2 o’clock, high”. This system can also be used for 

describing ground-based obstructions, e.g. “Wind 
turbines, 3 o’clock”.

The pilot is responsible for overall lookout 
and flight safety, but the diagram below shows 
areas of responsibility during high workloads; 
ORANGE for pilot, YELLOW for TCM & 
GREEN for rear-seat crew members (Fig. 19.7).

 Weather Limitations

Most small aircraft (both helicopters and aero-
planes) operate to Visual Flight Rules (VFR). 
This means that they need to see where they are 
going, maintain visual contact with the ground, 
and keep away from clouds. Larger aircraft and 
airliners operate to Instrument Flight Rules 
(IFR); this means they can navigate by sole refer-
ence to their instruments, radio beacon or GPS 
rated navigation and use instrument landing sys-
tems (ILS) at airports where they are equipped.

Figure 19.8 shows the difference between 
weather limits for Air Ambulance and HEMS and 
also the difference that carrying a TCM makes as 
a comparison. Despite being allowed to fly at 
300  ft. under CAA exemptions, HEMS aircraft 
do not have an exemption to the 500 ft. minimum 
cloud base restriction. Usually, a HEMS aircraft 
will not accept a tasking on safety grounds unless 
there is a 500  ft. cloud base and 1.5  km of 
visibility.

Fig. 19.6 The clock code is used to describe relative 
positions to the aircraft

Fig. 19.7 lookout zones on aircraft and arcs of 
responsibility
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Sometimes HEMS aircraft will depart on a 
tasking within these limits, but if the weather 
worsens en route they may not be able to com-
plete the tasking. One UK-based example of this 
would be a tasking in the Peak District where low 
cloud cover or fog obscures the ground and 
removes the ability to land or operate safely. 
There is the option to convert to IFR flight and 
recover back to a suitably equipped airfield in 
these instances. IFR flight will allow appropri-
ately equipped aircraft with specifically trained 
and current crews to navigate between set points 
at set altitudes in poor visibility. Still, it will not 
allow them to land anywhere. Landing in poor 
visibility requires ILS (Instrument Landing 
System) equipment, a related but separate capa-
bility. This is only possible in large airports with 

the appropriate equipment, not on scene or in 
hospital helipads. Regardless of equipment and 
currency, HEMS aircraft cannot fly in fog, thun-
derstorms or icing conditions for safety reasons.

 Disc Safety

 Main Rotor

This is inclined forwards on the AW109 and so is 
low at the front of the helicopter (Fig. 19.9), there-
fore, disc discipline is paramount! The most sig-
nificant danger periods are during startup or 
shutdown when the disc’s rotational speed is below 
that which will provide sufficient lift to stop the 
disc from dropping.

Fig. 19.8 Visibility minimum standards for operations
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 Tail Rotor

The tail rotor counterbalances the rotational force 
generated by the engines, and the rotor itself can 
change orientation to allow rotation of the body of 
the aircraft. It is hard geared to the main rotor so 
that they will rotate at a fixed ratio to each other. In 
the event of the loss of tail rotor effectiveness, the 
helicopter cannot be controlled and will spin 
uncontrollably. The tail rotor is positioned low, 
and a ‘stinger’ under the tail rotor provides a visual 
reminder of its presence, and safety around this 
area is also paramount. One solution to decrease 
risk from the tail rotor initially developed by the 
Hughes Aircraft Company is the use of a NOTAR 
(NO TAil Rotor) system [9]. This uses the Coanda 
effect to generate a jet of air which can be directed 
to provide counter-torque in the place of a tail 
rotor. While it avoids the physical presence of a 
blade, is quieter than tail-rotor systems, reduces 
aircraft vibration, and there are no significant dif-
ferences in flying characteristics, there are down-
sides. These are principally decreased fuel 
efficiency, reduced manoeuvrability at high for-
ward airspeeds and greater complexity due to the 
increased number of parts in the system. 
Subsequently, NOTAR systems have only been 
employed by MD helicopters. A halfway compro-
mise between these two systems is the Fenestron 
system [10, 11]. This houses a fan in place of the 
tail rotor and is principally used by Eurocopter/
Airbus Helicopters. The fan is housed in the body 
of the tail and has between eight and eighteen 
blades which can be placed at different angles to 

minimise noise. Housing the fan inside the tail 
assembly also decreases the risk of rotor strike on 
either the ground or people with poor disc 
discipline.

 Disc Discipline

Entry under the disc (whether it is already run-
ning or about to start up) is only allowed if a 
crewman is wearing their helmet with the visor 
down and they have received a “thumbs up” 
acknowledgement from the pilot. The pilot will 
only let personnel under the disc if it is stopped or 
at ground idle speed, as in between the disc can 
be unstable and move in the wind. The crew 
member responds with a thumb up to show they 
have acknowledged the clearance and they must 
only walk in the green areas indicated in 
Fig. 19.10 (between 9 and 11 o’clock or between 
2 and 3 o’clock). Sloping ground also presents a 
hazard as this can reduce the clearance between 
personnel and the disc.

Fig. 19.9 AW109 helicopter. Note the main rotor disk is 
tilted forwards and so is lower at the nose

Fig. 19.10 Safe zones of entering and leaving the disc
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 Disc Protection on Landing 
and Take off

When landing on scene, it is imperative that all 
the crew remain in communication and maintain 
a good lookout for people running towards the 
aircraft until the rotors have stopped; particular 
attention is paid to the tail rotor area. After land-
ing, the pilot will opt for one of three levels of 
disc protection from the crew. Generally, a 
medium threat level is assumed whenever the 
public is nearby, but even members of other 
emergency services may approach the disc with-
out thinking!

Minimum Threat Clear to open doors, stand 
outside of the aircraft and under the disc if the 
crew wishes to. This is used when the risk of peo-
ple approaching is low (e.g. isolated location 
with no one in the immediate vicinity of the LZ). 
The crew is still to look out and be ready to react 
if required.

Medium Threat Clear to open doors; crew 
mandated to stand outside of the aircraft and 
under the disc. The crew remain plugged into the 
aircraft communication system but stand outside 
next to the helicopter, so they are a visible deter-
rent and can react quickly if someone approaches. 
Should a threat appear, the rest of the crew should 
be informed, and the crew member who has seen 
the danger should put their hand out in front of 
them to signal the approaching person to stop. 
The crew should be aware of the disc while put-
ting their hand out directly ahead of them rather 
than above their head to avoid injury. If the crew-
member believes the approaching person will not 
stop, then they should ask the pilot for permission 
to come off comms and exit the disc to intercept 
them. As mentioned previously, the crew should 
bear the risk posed by upsloping ground in mind.

Maximum Threat Clear to open doors and 
cleared to stand outside of the disc area if 
required. This level is used when the crew 
believes that a person will not stop from coming 
under the disc. The crew member should tell the 
pilot what they are doing until they come off 

comms. The crew member must remember to dis-
connect their headset, or they will be pulled back 
towards the aircraft when they run out of cable! 
They can then exit the disc, bearing in mind the 
hazard posed by upsloping ground.

Depending upon the scene, these three levels 
can also be used on takeoff as people can be 
unpredictable at this stage too. Usually, HEMS 
crews will try to recruit Police, Ambulance staff, 
(or within reason) responsible members of the 
public to help them keep the crowd back to a safe 
distance during takeoff.

 Takeoff and Landing Checks

The very nature of HEMS means that time is a 
valuable commodity, and efficiency should be 
embraced wherever possible. However, this 
needs to be balanced against the potentially cata-
strophic results of making mistakes in aviation. 
To minimise the risk of forgetting something 
important, ‘read and response’ checklists are 
used before every takeoff and landing to address 
the biggest threats to the aircraft. Some aircraft 
may have additional items, but these are the mini-
mum necessary checks. When the pilot is ready, 
he will ask for the checks, they are:

Pre Take Off

• Both engines............At flight
• Fuel Pumps and cocks............on
• Captions and lights............On, as required
• Limiter............On
• Instruments and radios............Set
• Secure in the front............Check
• Secure in the back............Check

Pre Landing

• Site Survey............Discussed
• Gear Down............Three Greens
• Secure in the front............Secure
• Secure in the back............Secure

Note. ‘Secure in the front’ means helmets secure 
(pilot and TCM are to check each other’s straps), 
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seatbelts are worn and correctly secured, the doors 
are latched (pins into holes), and there are no loose 
objects in the cockpit. ‘Secure in the back’ means 
helmets and seatbelts are secure for all persons, 
including patients and escorts, the doors are latched, 
and all equipment is stowed and secured.

 Landing Site Selection

Usually, the aim is to land as close to the patient 
as possible to minimise the distance carrying 
equipment from the landing site to the patient, or 
the patient back to the aircraft. Sometimes the 
closest site isn’t always the quickest, e.g. if the 
landing site is a tight space or has blockages to 
exits. The crew should consider this during the 
landing recce (Fig. 19.11). Although HEMS air-
craft can land in areas as small as ‘2D’ (twice the 
dimension of the largest diameter of the disc, 
26 metres in an AW109), it has to be agreed by 
the crew that the landing site is appropriate for 
the tasking they believe they are going to. The 5 
S’s of a safe landing site - size, shape, surround-
ings, surface, and slope- should be considered 
when assessing potential landing areas.

• Size. Is it big enough? The minimal diameter 
required, as previously mentioned, is 2D or 
twice the largest rota diameter.

• Shape. Does its shape lend itself to an 
approach or departure in a specific direction?

• Surroundings. Obstacles—trees, fences or 
wires.

• Surface. A surface composition such as dust/
sand or snow can cause problems with visibil-
ity when in the final phases of landing. Mud 
can also cause problems if the surface is 
waterlogged or not firm enough to support the 
helicopter’s weight after it has landed. FOD 
(or Foreign Object Debris) is any substance, 
object or debris which could cause damage to 
the aircraft or personnel or property in the 
immediate vicinity. The downwash created by 
the rotor blades can be severe enough to knock 
people over. It can cause anything not secured 
to the ground to be moved which could cause 
injury to people or animals under trees, or be 
sucked into an engine or rotor and cause dam-
age to the helicopter.

• Slope. Is there an excessive slope that will 
cause the aircraft to be unstable or put the 
crew or public at risk of rotor strike?

X

Wind

2. Pilot states
Landing
direction

3. Site Survey
(see next slide)

4. Final Landing
    Checklists

5. No radio <300 agl
without pilot’s
permission inform pilot
if you have a ‘Stand-
Down’ over the radio.

1. Crew clearly
identifies landing
site. Think
access for
crew/patient

1. There are many ways to fly a recce; it does not have to be an 
    'L-shape' approach. Another alternative could be in a high hover 
    from position 5.

2. The most important event is position 1 – identifying the
    landing point and acess checking amongst the crew using
    different descriptions.

Fig. 19.11 Landing site selection procedure
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The height of objects near the landing site is 
also a consideration. For exampole, an Operators 
guidance might be that nothing can be higher than 
3 feet within 1D on any landing site (i.e. under the 
disc itself). Between 1-2D, nothing can be over 
5 ft. The tail rota must be clear of all objects.

Access and egress from the landing site to the 
patient should be considered. It may be time- 
critical to get a doctor or paramedic to a patient 
immediately after landing, so landing somewhere 
which involves climbing over a wall to get out 
may be necessary. However, access to the site or 
repositioning of the helicopter may subsequently 
be required to ensure the patient can be loaded 
into the aircraft if needed for onward transport.

 Landing Site Recce: Arrival 
and Approach

• Cabin security. Before the rear crew member 
can open the door, all loose objects must be 
secured—this includes jackets, paperwork, 
maps etc.

• Personal security. Double-check seat belts 
are fastened and visors lowered to prevent 
dust from blowing into eyes.

• Briefing. Ensure that all crew know where 
they are aiming to land in the site.

Ensure the crew know how their seat rotates/
tracks and that they can close the door if required.

The pilot will then state “clear for doors”; the 
response is “door opening”, and the rear crew 
member then ensures the door is fully open and 
locked in position. They may also rotate their seat 
to better view the tail area and down to the land-
ing site. They will then state one of three options:

 1. Good to continue down as briefed.
 2. The site is unsuitable—“Up, Up, Up” are the 

words to be used.
 3. Stop—there are things to be aware of before 

proceeding. The door operator will point out 
hazards currently stopping the aircraft from 
landing, and the pilot will see if they can 
manoeuvre the helicopter to mitigate these. If 

they can safely reduce the risk, the aircraft 
will land; if not, the pilot will abort the land-
ing, and the aircraft will be flown away and a 
new landing site selected. Before the helicop-
ter flies away, the door is closed, and the pilot 
informed that the door is securely shut.

 Wheels and Stinger Check

Once landed on scene, the pilot may ask for a 
wheel and stinger check if the ground is excep-
tionally soft or if there is uneven ground around 
the tail rotor. Once the wheels are on the ground, 
the rear door operator will rotate their seat and 
lean out, and the front door operator will lean out 
to look at how far the wheels have sunk in the 
mud. This then can be communicated to the pilot 
in terms of simple fractions, e.g. “halfway up the 
wheels”. The maximum amount of sinkage that is 
allowed is approximately half the diameter of the 
main landing gear. The rear door operator may 
also have to look through the gap between the 
open door and the helicopter to get a good view 
and check that the stinger is not touching the 
floor. If the stinger is getting close, the rear crew-
member must communicate this to the pilot to 
prevent a tail rotor strike.

If for any reason the landing site is unsuitable, 
then the helicopter may have to be repositioned. 
All doors must be closed and the pilot informed 
that the door is securely shut before the helicop-
ter is repositioned.

 Specific Landing Site 
Considerations

 Railways

In the event of a HEMS helicopter being deployed 
to a rail incident, under no circumstances will the 
helicopter land on or near any part of the track, 
nor will any part of the helicopter protrude within 
three meters of the railway track. There is also 
the risk of overhead wires to consider near the 
incident.
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 Reservoirs

There are two types of reservoirs that merit 
consideration:

Underground Reservoirs These generally are 
large open areas with a grass cover on them (and 
from the air can look a very enticing landing 
spot!). As well as the potential risk of damage to 
the structure or helicopter, another concern is that 
a helicopter weighing over three tons landing on 
it might disturb the internal structure that covers 
the reservoir and lead to bits of rust flaking off 
and contaminating the water. This would require 
divers to inspect the tank or for it to be drained 
with subsequent disturbance of the water supply 
to a large geographic area, so it is best to avoid 
landing on these sites.

Open Lakes During the summer when the water 
gets low, the land around open lake reservoirs 
looks good to land on, but there have been prob-
lems where the undercarriage has gone through 
the crust and started to sink. Therefore these sites 
should be avoided.

 Beaches

When landing on beaches, it is advisable to pick 
a landing site above the high water mark in case 
the tide starts coming in and the engines cannot 
be restarted! If that is not possible, consider a 
rotors-running drop-off or even keeping the 
engines running, bearing in mind the risk from 
sand to the helicopter and personnel on the 
ground.

 Prisons

Many operators have a policy that they will not 
land in prisons. It may be that Ambulance Control 
informs HEMS units that the Governor of the 

prison has given his permission to land inside its 
grounds, but even in this instance operators still 
may choose to not land within their perimeter. 
The reason is that if the inmates discover what 
triggers a helicopter being sent, they potentially 
could stage an incident and use a helicopter as an 
escape plan or worse. Even overflying high- 
security prisons is prohibited for most aircraft, as 
the area above them is considered permanently 
restricted airspace.

 Industrial Incidents

When travelling to an industrial incident, the 
nature of any substances that may be involved 
will play a part in HEMS activity. The crew 
should consider the direction of the prevailing 
wind. The landing site should be upwind from 
the incident to avoid contaminating the aircraft 
or exposing the pilot and crew to any risk of 
incapacitation. When moving patients from 
these incidents, it may not be possible to fly 
them if they have been contaminated by certain 
chemicals that pose a flight risk if they were to 
“off- gas” and incapacitate the pilot. Similar 
consideration must be given to patients exposed 
to CS gas or pepper spray in police or military 
incidents—if they are at risk of off-gassing, they 
cannot be flown and must be transported by 
land.

 Airport Landings

 IFR Recoveries

If the weather turns poor and IFR conditions 
are encountered, the aircraft will need to 
descend through the cloud at an airfield with a 
suitable Instrument Landing System (ILS), 
Performance Based Navigation (PBN) 
approach or use a Non- Directional Beacon 
(NDB) approach. All types of approach require 
pilots to navigate by the details supplied on 
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‘the plate’ (Fig. 19.12). This is a navigational 
document for each aircraft that details a flight 
path in these conditions. Below is an example 
with the crucial details listed:

• Airfield, Runway & Approach details
• ILS Frequency (detailed ×2)
• NDB frequency
• Inbound heading
• Inbound height
• Top of drop
• Check heights
• Decision Altitude & vis
• Go Around details

 Night Flying

To ensure safe operating, pilots must undertake 
additional training and have currencies with addi-
tional equipment such as night-vision goggles. 
This is before considering the need for more 
planning time before taking off and (depending 
on aircraft type) the potential need for an addi-
tional pilot. As the risk and associated costs are 
higher and the response times are increased 
because of extra planning time, in most areas 
operating in night conditions does not offer the 
same advantages as HEMS during daylight. This 
is especially true in metropolitan areas which are 
supplied with good traffic systems and motor-
ways. However, there are some areas of the coun-
try where night HEMS may still be a valuable 
and viable option. What must be considered by 
all HEMS personnel is the impact of a prolonged 
tasking close to night hours. This leads to two 
scenarios that must be planned for:

• Once landed on scene it becomes official 
night, and a night departure procedure is 
undertaken.

• Having left scene for either hospital or base, it 
becomes official night while flying.

Factors to be aware of include weather limits 
(when planning, the weather suitability for taking 
off or flying VFR at night the cloud base and vis-
ibility should be greater than 1500 ft. and 5 km), 
hospital landing site facilities and transfer times. 
Not all hospitals are approved for night landings 
or takeoffs. If the hospital is not suitably 
equipped, then the aircraft must have left the hos-
pital landing site before official night. If the air-
craft has landed and is on an unequipped pad and 
night falls before departure, then it must be left in 
situ until the following day.

Fig. 19.12 IFR Chart for landing at East Midlands 
Airport
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 Procedures for Departure 
from a HEMS Site at Night

Size The site has to be at least 100 m × 60 m 
with no obstacles higher than 40 ft. in the backup 
area for a helipad departure. The crew must 
deploy portable landing site lights per Fig. 19.13.

 Marshalling Signals

If it becomes necessary for the pilot to reposition 
the helicopter at the scene of an incident, the 
TCM or medical passenger may be asked to assist 
the pilot by watching the approach and giving 
suitable hand signals to guide them in safely. 
There are several marshalling signals, as shown 
in Fig. 19.14.

 Aircraft Emergency Procedures

A full explanation of in-flight emergencies is 
beyond the scope of this text, and the exact 
procedures will differ between aircraft and 
operators. In the unlikely event of an in-flight 
aviation emergency, the pilot will take any 
immediate actions, but then the TCM will use 
the appropriate Emergency Checklist. Most 
emergencies will require the defective system 
to be shut down. A decision is then made about 
whether the mission can continue as planned, 
if a diversion is necessary, or if a landing is a 
better option and how quickly this needs to 
happen.

For emergencies that require a forced landing 
(e.g. double engine failure), the TCM will acti-
vate the Emergency Locator Transmitter (ELT) 

SITE LAYOUT

25 metres

60 metres

100 metres

H

Fig. 19.13 Night light 
setup for departure after 
dark from a HEMS 
landing site

I’m
Marshaller

Hover Move Left Move Right Forwards
(Palms towards

you)

STOP! Move up
(palms up)

Move Down
(Palms down)

Backwards
(Palms away from you)

Fig. 19.14 Common marshalling signals
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and, if time allows, update control on their loca-
tion and intention. The rear seat passenger will 
ensure their seat is in the rearward facing position 
and turn the oxygen supply off to minimise the 
risk of fire on landing. All loose objects should be 
secured and the brace position adopted.

 Batteries

Many items are carried on board that contain bat-
teries. Two central problems with this need to be 
considered:

• Lithium batteries, if damaged, can cause very 
intense fires.

• The cargo compartment of the aircraft may 
not have any smoke or fire detection systems.

A battery fire in the cabin would be bad, but 
the crew would know about it. However, if the 
fire was in the cargo compartment near where 
many of the aircraft’s electronic systems are 
located, it could be catastrophic.

Therefore any kit that contains batteries must 
be checked to ensure there is no damage to the bat-
tery or the equipment before it is put on board the 
aircraft.

 Conclusions

HEMS operations in the UK are fully funded by 
distinct and dedicated charities, with no central-
ised Government funding. While they are expen-
sive to operate, they bring multiple advantages to 
the care of critically injured patients, either by 
decreasing the time taken to get to definitive care 
or by bringing clinical teams who can provide 
advanced levels of care to the point of injury. 
Safety is the priority at all times; due to this, there 
has only been one fatal helicopter crash in UK 
HEMS operation since 1987 [12] despite over 
270,000 flights. This model is safe; however, the 
tasking, training and governance requirements 
around HEMS operations are necessarily strict 
about maintaining this standard, and meet or 
exceed the same essential standards for other 
commercial aircraft operators.

Questions
 1. The limitations on air ambulances are the 

same as HEMS aircraft.
 (a) True
 (b) False
 2. Helicopters were first used as medical evacu-

ation platforms in the Vietnam war.
 (a) True
 (b) False
 3. The zone of safety when entering a running 

rotor disk is either at the three or nine o’clock 
position.

 (a) True
 (b) False
 4. Patients who have been in an industrial chem-

ical accident should not be transported by air.
 (a) True
 (b) False
 5. The minimum size of a HEMS landing site is 

twice the maximum size of the rotor disc
 (a) True
 (b) False

Answers
 1. b
 2. b
 3. b
 4. a
 5. a
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Scene Safety

Jenny Mealey and Peter Lax

 Introduction

Working in the pre-hospital environment is vastly 
different from working in a well-resourced, warm 
and well-lit hospital. Performing even simple 
tasks can become more complicated, and the 
environment itself can cause or compound medi-
cal issues (e.g. hypothermia as a primary pathol-
ogy or worsening coagulopathy in trauma 
patients). The majority of health care profession-
als work in an indoor environment and may not 
fully understand the challenges or limitations that 
working outdoors poses. Placing a cannula in a 
comfortable ward environment differs from per-
forming the same task in the dark and rain in a 
ditch. Some of the challenges and mitigations 
that can be put in place are as follows.

 Environment

 Temperature and Weather

Both hot and cold weather can present challenges 
for patients and practitioners. For example, 
patients involved in road traffic collisions may be 
unable to move due to either physical entrapment, 
pain or injuries that require coordinated and spe-
cialist extrication, and the environment can com-
pound this. Patients cannot be left enclosed in 
vehicles in extreme heat or cold for any length of 
time without potentially suffering complications. 
The effects of the environment must be consid-
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• Kit Management
• Being prepared and escalating concerns
• PPE
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• Fire & rescue
• Communication
• Team debrief
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ered when performing interventions such as expo-
sure for examination. Exposure needs to be 
adequate for assessment, but also avoid unneces-
sary heat loss. While ensuring timely and safe 
medical care is a paramount consideration, a 
degree of compromise may be needed to account 
for the effects of the environment. As General 
Patton famously said, “A good plan violently exe-
cuted now is better than a perfect plan next week”. 
Working in safety equipment in the heat is physi-
cally demanding (as is working in multiple layers 
of clothing in the cold weather), especially where 
a degree of dexterity is required.

The weather will affect all aspects of scene 
management. In cold and wet weather, a quicker 
extrication strategy may be the preferred option 
due to the risk of thermal injury to the patient 
during a prolonged extrication. Modifications of 
standard operating procedures may also need to 
be considered in light of the effects of weather. 
For example, a Rapid Sequence Induction is typi-
cally performed with 360° access in optimised 
space on scene [1]. In the rain, the location may 
need to be changed to make the procedure safer 
for the patient and technically easier for the oper-
ator. One example would be to perform an RSI in 
the centre of the ambulance with the side door 
opened to create space rather than outside. This 
may decrease heat loss, provide more light and 
improve the chances of first-pass success in a 
critical intervention. Bright sunlight can also hin-
der videolaryngoscopy by causing glare artefacts 
on the screen [2, 3], and practitioners should con-
sider this during the set up for the procedure. The 
operating temperature of individual pieces of 
equipment may also be exceeded in the pre- 
hospital environment; they may cease to function 
or require changes to their use. While this is less 
likely in temperate climates, practitioners who 
work in extremes of cold or heat may be more 
familiar with this issue.

 Traffic

It is very easy to become task-focused and lose 
situational awareness. This is true not just on roads 
but railway lines, industrial areas and anywhere 
where the location cannot be fully closed down to 

allow for a “sterile” work area. Do not be tempted 
to rush in, even if there are already resources on 
scene. Take a few seconds to look around the envi-
ronment; fully appreciate the risks and hazards, 
look for them, listen for them and don’t forget the 
sense of smell. Scenes always have four dimen-
sions—front and back, left and right, top and bot-
tom and time. Hazards can emerge from any 
direction at any point, and while a scene may be 
safe at the initial time of assessment, there is no 
guarantee it will stay that way. Scene safety is an 
individual and team responsibility that cannot be 
devolved—each practitioner is as responsible for 
their teams’ safety as they are their own. Often, 
other agencies such as police or fire departments 
may already be on scene and have made initial 
safety checks, but this is not always the case [4]. 
Team and patient safety always take precedence 
over clinical treatment. A useful starting point is to 
clarify with other agencies what has been done to 
make the scene safe—do not assume anything has 
been done. For example, a railway line may have 
been made safe in one direction, but the parallel 
line may still be live (meaning trains passing very 
close or electrical current still passing through it). 
If in doubt, check—it is far better to make two 
phone calls to the Rail Operator than none at all, 
and scene safety should be one of the first and most 
frequently enforced lessons for new practitioners 
working in pre-hospital care. Motorways are very 
dangerous; drivers passing the scene are distracted 
and can easily cause further collisions by “rubber-
necking”. Try and allow at least one clear lane for a 
safety margin on an active tasking, or move to a 
safer location as soon as possible. While shutting a 
busy motorway may not be an ideal course of 
action, in certain circumstances (e.g. landing an air 
ambulance), it may be mandatory to close one or 
both directions of traffic flow temporarily. In the 
event of a fatal incident, the road will be closed by 
Police to preserve the scene and collect forensic 
evidence for the ensuing investigation.

 Kit Management

Have a kit dump which is close to hand but not so 
close that it is being stepped on or covered in oil 
(or worse, other responders helping themselves 
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to your equipment!). The Fire Service will desig-
nate an area where all hydraulic tools are located 
if they are not being immediately used. Tools are 
returned to this area once they have been used 
and thus avoid cluttering up space around the 
patient. Medical equipment should be managed 
similarly with an emphasis on safety. For exam-
ple, if a cannula needs to be placed, ensure a 
sharps box is to hand, the needle is made safe, 
and all equipment is removed from the area 
around the patient after cannulation. Pre-hospital 
clinicians are there to enhance the capabilities of 
existing teams, not to create more work or haz-
ards for them. Personal kit should also be 
 appropriately managed, but what is carried will 
vary from person to person depending on role 
and experience. A basic cannulation kit, trauma 
shears, gloves and a head torch are a good start-
ing point, as well as a mobile phone or radio in 
the event of needing to summon help in an emer-
gency. Preparation of kit may also decrease scene 
times and time to intervention as well as reducing 
cognitive loads on pre-hospital teams, so training 
and standardisation in equipment preparation can 
have a direct patient benefit [5, 6].

 Being Prepared and Escalating 
Concerns

When working in the pre-hospital environment as 
part of an enhanced care team, practitioners 
should expect to be sent to the sickest, most 
injured patients and the most complex of taskings 
and should prepare accordingly. Arriving at a 
scene without essential safety equipment is unac-
ceptable and will make the team appear amateur-
ish. Team and scene safety is paramount; if 
something looks unsafe then speak up. This does 
not need to be in an aggressive manner in the first 
instance, but can be escalated as required. There 
will always be a level of risk in all emergencies - 
the key is to look for them, mitigate risk where 
possible and verbalise the subsequent plan to oth-
ers. If the threat has not been acknowledged, the 
verbal escalation can increase from “I am con-
cerned…” to “This is unsafe…” and finally 
“STOP, this is dangerous.” The mnemonic CUS 
can be used to remember this schema. For exam-

ple, “I’m concerned that beam could cause a 
safety hazard, has it been secured?”. If no action 
has been taken it can escalate to “Team I’ve 
noticed this beam above us looks very unsafe, 
can anyone confirm it has been secured?”. If 
there is still no acknowledgement or feedback, 
this is then followed finally by “Everyone stop! 
That beam is unsafe, move now!”.

 Personal Protective Equipment (PPE)

Under UK law, employers should provide employ-
ees with the appropriate clothing and safety 
equipment required under the Personal Protective 
Equipment at Work Regulations (1992) and 
Section 9 of the Health and Safety at Work Act 
(1974). A helmet (for example, to be used at RTCs 
and on building sites) is essential. Ensure that if 
these are for communal use, they are checked for 
cleanliness, serviceability and fitted correctly at 
the start of a shift. High visibility jackets should 
be readily available; again, ensure there is one in 
an appropriate size for each team member. 
Working in a jacket that is too big or small will 
make tasks more difficult and appear amateurish.

Boots are essential equipment, and many peo-
ple choose to purchase a preferred style or brand. 
Ensure that they are fit for purpose with good 
non-slip soles and reinforced toe caps. Diesel and 
other fuels are extraordinarily slippery, and fall-
ing over not only can cause injury but can be 
embarrassing on a busy scene! Gloves are also 
essential workwear. Both latex or nitrile exami-
nation gloves and a set of heavy-duty industrial 
gloves for use at RTC’s are crucial. Practitioners 
may wear examination gloves underneath RTC 
gloves to save time, but for assisting with the 
patient’s extrication, a good set of RTC gloves 
will minimise the risk of any minor cuts from 
glass or sharp surfaces. Goggles or safety glasses 
can be used to prevent contamination from blood 
and body fluids and as eye protection when glass 
or vehicles are being cut. They may not be used 
as frequently as other PPE but should be easily to 
hand. Knee pads should be purchased if the 
employer’s clothing does not have built-in knee 
protection  - this is a worthwhile investment as 
they will save a lot of bruising and discomfort.
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 Training SOP’s and Sign Off

All institutions and schemes should have a 
period of training and sign off before authoris-
ing solo practice. Even practitioners with sig-
nificant prior experience can make the most of 
this time by watching how others operate in the 
pre-hospital environment, debriefing even sim-
ple jobs to understand the decision-making pro-
cess and scene etiquette. This is especially true 
for personnel who have lots of hospital experi-
ence but limited exposure to working in the pre-
hospital environment; clinical medical skills 
are not necessarily the essential part of each 
case. Standard operating procedures (SOP’s) 
should be agreed on at an organisational level, 
with dissemination amongst all clinical staff 
and regular audit to ensure compliance or iden-
tify areas for improvement. There should also 
be appropriate senior support available for each 
shift, and personnel should never doubt who to 
call if they find themselves in a difficult or com-
plicated situation. Simulation training is an 
excellent way to learn in a safe and supportive 
environment. Staff should be honest about their 
weaknesses and ask peers and mentors to 
develop scenarios that will help strengthen 
skills in these areas. For example, staff who do 
not regularly deal with children in their daily 
practice may benefit from paediatric simula-
tions. Try and ensure the simulations are as real 
as possible—if there is a check sheet for kit or 
procedures, then use it in the simulation; if a kit 
dump is required, then set one up. Particular 
emphasis should be placed on adequate kit 
familiarity and preparation. All staff should 
rehearse the set up for an RSI and know how to 
set up the ventilator. The first time this is done 
should not be on scene where stress levels will 
be high, and something could easily be missed. 
The more uncommon procedures such as thora-
cotomy and resuscitative hysterotomy should 
be practised using simulation where possible 
and thoroughly discussed. Many schemes have 
an “Emergency of the day” for the team to dis-
cuss, or perhaps an SOP of the week so that 

these are frequently reviewed, and any amend-
ments required can be actioned promptly.

Organisational learning is also essential, and 
each individual should also ensure they are famil-
iar with the adverse incident reporting procedures 
within the organisation. There may be several 
levels of reporting, from discussing a case at a 
morbidity and mortality meeting to immediate 
actions should equipment fail.

 Beginning of Shift Checks 
and Procedures

Daily briefings should be an established part of 
any enhanced care team. These should include 
any kit or equipment issues, hospital issues, 
weather, crew issues and confirmation of senior 
on-call arrangements as necessary. This is in 
addition to legally mandated checks such as stock 
checking/signing out of controlled or scheduled 
drugs.

There should be a communications check to 
ensure at least two forms of communication 
within the team (e.g. radio and mobile phone). 
This is an opportunity to check or confirm famil-
iarity with any issues that may arise with equip-
ment. Is the on-call senior listed as “on-call”, “Dr 
X”, or “Dave” on the phone? Is there a passcode 
on the phone? Do all team members know how to 
use the radio effectively? Can they unlock it, 
adjust the volume and change the channel? 
Proper voice protocols and procedures are essen-
tial for effective working in pre-hospital care and 
will improve with practice and experience. 
Messages should be short, unambiguous and to 
the point; rehearse the message before transmit-
ting it to develop this skill, and consider if it 
could be refined before pressing the send button. 
Be confident in using the radio, think before 
speaking, be clear and don’t waffle! If team 
members lack confidence in radio communica-
tions, then incorporate it into simulation practice. 
Practice giving a situation report, requesting fur-
ther resources or handing over a patient to a hos-
pital via radio communications.
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 Driving

There may be a requirement to be appropriately 
trained and practised in emergency response 
(“blue light”) driving. While this is often consid-
ered an exciting part of the job, it is also chal-
lenging. There are minimum standards to be met 
and rules to be adhered to, and most organisa-
tions will have an appropriate course to under-
take before being allowed to drive on blue lights. 
The individual should always drive within their 
limitations. Ensure that any vehicle used for 
emergency response driving is well maintained 
and has had basic oil, water and tyre checks regu-
larly. If a responder is a passenger and a col-
league is driving, it is the passenger’s 
responsibility to co-drive. Co-driving involves 
navigation, safety checks when approaching 
junctions, being alert to dangers and communica-
tion with the tasking service and other responders 
as necessary. Some response schemes utilise a 
“sterile cockpit” ethos and prohibit talking while 
driving unless highlighting a safety issue or 
updating the driver on mission-critical informa-
tion. This has to be balanced against the need to 
create a shared mental model of what should hap-
pen on arrival if a high-stakes intervention needs 
to occur rapidly (e.g. who is doing which part of 
a maternal resuscitation/resuscitative hysterot-
omy). Ensure that the vehicle is as safe on the 
inside as possible. If something has to be taken in 
the ambulance, ensure it is strapped in as a venti-
lator flying through the air at 40 mph will cause 
damage to whomever or whatever it hits! 
Communication extends into the car; if any indi-
vidual is unhappy with the speed or style of driv-
ing, they should be able to raise this, e.g. “I’m not 
comfortable doing this speed in the rain. Can we 
slow down please?”

 Multiagency Working

It is rare to attend a scene as part of an enhanced 
care team and not find other agencies there. The 
most important thing to do is to approach every 
scene and try and establish clear communica-

tion. This can be as simple as approaching the 
team who are present and saying, “Hello, 
I’m......., this is Jenny, what can we do to help?”. 
This immediately shows an intention to work as 
a team and not take over or push people out of 
the way. Life is much easier if first respond agen-
cies don’t feel threatened or marginalised by 
other practitioners! CRM is an important skill, 
and using personnel to the best of their abilities 
should be encouraged.

Conversely, if a responder is becoming over-
whelmed or given a task that they do not feel con-
fident undertaking, provide them with a job they 
feel happy with rather than exclude them from 
patient care. For example, “Could you run 
through a bag of fluids please?” or “Can you get 
the scoop and cut those trousers?”. This approach 
will help the responder to feel they participated 
and were useful, despite feeling overwhelmed. It 
may also help improve working relationships 
between services. Enhanced care teams can be 
exposed to major trauma regularly. However, in 
the UK, most ambulance crews will attend per-
haps one major trauma incident a year [7]. 
Emphasise what the team needs to do, make sure 
everyone has a job that they can perform even if 
its something simple.

 Dynamic Risk Assessment

In practical terms, this is the process of assessing 
risk and monitoring that risk. This involves every 
part of a scene—the patient, the geography, the 
weather, other agencies, relatives etc. No incident 
will be risk-free, but having an appreciation of 
the risk with active mitigation can make the scene 
safer. This process is continuous; for example, 
the arrival of friends or relatives who are being 
held back by the Police can cause conflict and 
risk. This can generally be managed by going and 
speaking to them if possible. Friends and rela-
tives are understandably worried, and straightfor-
ward communication and information can be 
enough to defuse the situation to the point that 
they may be able to see the patient calmly. For 
example, “Hello, I’m Laura, one of the doctors. 
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Ben has suffered the following injuries, we are 
currently treating him, and we will take him to 
University Hospital”. This will not always work 
or be possible (especially if there are drink or 
drugs involved), but the fear of a friend or relative 
dying is behind most aggression when bystanders 
try to get to the patient.

It is prudent to learn some basic de-escalation 
strategies. Be mindful of (and learn and emulate) 
the tone and body language that experienced 
individuals use. Be polite and respectful; if the 
situation is volatile, then leave until Police can 
gain control. Getting into a shouting match is 
pointless, unprofessional and does nothing to add 
to patient care. It can be challenging to reason 
with someone who has consumed drugs, alcohol 
or both; if this person is the patient, then an ele-
ment of chemical control may be required [8–10]. 
Any benefits gained from drug administration 
have to be balanced against the risks of the proce-
dure. In some cases, assistance from the Police 
(either by talking the patient down or other lim-
ited forms of restraint) can prevent the need for 
pharmacological intervention.

Practitioners should always be aware of their 
surroundings and avoid letting their exit routes be 
blocked. As part of their daily briefing (or before 
operational sign off), they should also know how 
to operate the radio’s emergency button. Once the 
button has been pressed, they should also know 
what happens and how they can help get informa-
tion across to control or the Police. Something as 
simple as saying, “come on, put the knife down 
and let’s get out of the kitchen”, gives colleagues 
vital information about the incident, weapon and 
location on scene.

Chemical suicide has become more prevalent 
in recent years [11, 12]. The methods vary from 
mixing chemicals that will create a toxic gas to 
ingesting chemicals. If the patient appears 
deceased in an enclosed space such as a car, take 
a moment to look for evidence of chemicals. Are 
the windows taped, is there a sign in the window? 
If chemical suicide is a potential mechanism, and 
toxic compounds may still be in the environment, 
do not enter. Request the Fire Service and HART 
(Hazardous Area Response Team) to attend. They 
can enter in the necessary§ PPE and assess the 

threat and the casualty. For ingested chemicals 
(e.g. sodium nitrate), consulting Toxbase will tell 
inform the practitioner of the risks of off-gassing 
into the environment. This may impact transport 
options, as individual patients may not be able to 
be emplaned onto a helicopter if they pose a risk 
to flight safety (see aviation chapter for more 
details).

Confined area working is not an uncommon 
occurrence. Examples of recent cases in confined 
spaces include building collapse, RTCs and inci-
dents in tunnels, mines or lift shafts. Medical 
teams should only enter these areas when deemed 
safe, generally by the fire brigade. These can be 
challenging environments as access to equipment 
will be restricted, movement will be minimised, 
and it is easy to become anxious and unable to 
operate. If small spaces are a source of anxiety 
for individuals, it may be worth adding these into 
simulated practice or asking a colleague to go 
into the space instead. Multiagency working with 
partner agencies (e.g. Fire service or Mountain 
Rescue services) who have access to specialist 
training areas and equipment is excellent for 
overcoming fear, developing strategies and build-
ing relationships before working with each other 
on scene. The balance of extrication versus in- 
situ training can be a difficult one. Occasionally 
the most crucial intervention on scene will be 
extrication rather than anything medical, and the 
environment may preclude any meaningful inter-
ventions with the patient in their current location. 
Good communication and a flat hierarchy 
between agencies should aid in effective decision 
making and optimise patient care.

 Manual Handling

There are many adjuncts available to assist with 
moving patients, and where possible, these 
should be utilised to minimise risk to responders. 
If they cannot be used, then try to have as many 
people as possible to distribute the weight and 
effort required to move the patient. Even in a 
snatch rescue, there is time to get multiple rescu-
ers to grab part of the patient and move to a safer 
location rather than one individual. A responder 
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who injures themselves moving a patient may be 
unable to treat them once they have been relo-
cated, but a team member who stands back while 
everyone else lifts is not one who will be remem-
bered kindly!

 Infection Control

A danger added to any scene by medical respond-
ers is sharps and the additional risk of injury - this 
appears to be an international phenomenon [13–
15]. Ensure if a needle or scalpel is used 
 (preferably a “sharp-safe” model) that it is imme-
diately put in a sharps bin. Ideally, all sharps 
should be used once and safely discarded. 
However, if a scalpel is required to be used again 
on the same patient (e.g. at two different stages in 
an amputation), then it should be retained by the 
individual practitioner, not on the floor or any-
where else it could accidentally harm anyone or 
pose an infection risk to the patient.

Eye protection should be worn where there is 
a risk of splashing body fluids. Although the risk 
is higher at some times than others (e.g. when 
performing invasive procedures), it is ever- 
present. There are reports of colleagues who have 
had blood flicked in their eyes by the elastic of an 
oxygen mask being removed.

Gloves should always be worn. If there is 
likely to be a lot of contamination with body flu-
ids, consider double gloving. This method not 
only provides extra protection, but the top soiled 
pair can be removed when a cleaner pair is 
required. Always double glove for a thoracot-
omy or thoracostomy where rib fractures are 
suspected.

 Police and Evidence

In the UK, the Police are the lead agency on 
scene in overall command and control, unless 
they cede this authority to the Fire Service to deal 
with specific safety concerns. The Police require 
only a few pieces of information in the initial 
phase of any incident. The most important of 
these being the potential for life-threatening or 

life-changing injuries (e.g. paralysis, significant 
head injury or loss of a limb). This information 
allows them to escalate or de-escalate their 
response to the scene quickly. Responses range 
from calling in collision investigation and foren-
sic teams and closing the road for hours or merely 
marking locations and taking photographs. They 
will also require the patient details, as they often 
have to deliver the news of a severely injured or 
deceased patient to the next of kin—a job none of 
us would like.

If pronouncing death at a scene (which will 
obviously require extensive police investigation), 
it would be highly advisable to remove any kit or 
equipment from the patient’s immediate vicinity 
before confirming the death. At some point, every 
pre-hospital scheme has had vital equipment 
impounded as part of the crime scene by an over-
zealous police officer! Discretely move the bags, 
monitor and other equipment back toward the 
vehicle or the ambulance (although these too can 
be impounded) before stopping resuscitation and 
confirming death. If someone has already pro-
nounced death or followed the local recognition 
of life extinct (ROLE) protocol, then do not 
approach the scene as this may disturb or destroy 
evidence. The more people that contaminate a 
scene, the harder it is for the Police to preserve 
evidence an establish a solid case for their inves-
tigation. Other forensic considerations are out-
lined in the forensic chapter, and while lifesaving 
interventions should take priority over the preser-
vation of a scene, needlessly destroying evidence 
helps no-one. For example, when cutting a stab 
victim’s clothes to expose injuries, cut away from 
the tears made by the weapon where possible. 
Another example would be in major incident 
care; if a body needs to be moved to gain access 
to a live casualty, move it but take a picture of the 
position the body was found in before relocating 
it. This will help with criminal and coronial 
investigations following the incident.

 Fire and Rescue Services

The fire service will monitor the scene safety and 
discuss with the medical teams the options for 
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extrication and agree on the best extrication plan. 
Firefighters have authority over medical teams on 
safety matters, though they will largely go out of 
their way to accommodate medical teams and 
interventions. Basic principles of extrication are 
described below. However, specific vehicle extri-
cation methods are beyond the scope of this text-
book, and dedicated texts on extrication 
methodology are available. Ask the fire crews via 
the Officer in Charge (OIC) what they can do, let 
the OIC know if the patient can or cannot be 
moved in specific ways, come up with a plan 
together, and then let the crew carry it out. Try 
not to stop them frequently to check the patient 
and avoid leaving unnecessary equipment in the 
middle of an active scene. Monitors such as small 
finger pulse oximeters are useful as they can be 
placed on a patient without trailing wires and get-
ting in the way of firefighters who may be using 
hydraulic cutting equipment. Establish a position 
where the patient can be observed for deteriora-
tion or the need for intervention without obstruct-
ing firefighters. The number of procedures that 
can be carried out on an entrapped patient is min-
imal; the severely injured patient will often ben-
efit more from an emergency or rapid extrication 
than they will a “heroic” or misguided procedure. 
Stories of performing RSI’s while hanging 
through a sunroof are (more often than not) tales 
of systems failing rather than succeeding. If a 
procedure increases time to extrication and 
makes the management or movement of a deteri-
orating, critically ill patient more complex, the 
balance is rarely in favour of performing it.

The JESIP principles [16–18] offer sound 
practical advice about setting up command points 
next to each other for ease of communication and 
additional mutual support. There are courses 
nationally, and attendance is highly recom-
mended. The individuals in overall charge of 
their team should be identifiable, and this may be 
by using a tabard or a different coloured hel-
met—if unsure of who to speak to, ask.

Everyone at the scene of an incident is work-
ing toward the same goal of getting the patients 
out in the best possible condition. Communication 
between the agencies is critical; discuss what 

needs to happen and be realistic about what can 
be done. A truly trapped patient cannot be 
released in 5 min no matter how sick they are or 
who is shouting loudest! A helpful tool is to 
liaise between medical and fire leadership regu-
larly on scene, setting time periods to review 
extrication plans and patient condition as the 
scene evolves.

 Communication

Good or poor communication is usually the most 
consistent feedback point raised from all serious 
or multiagency incidents. It is a recurring theme, 
and lessons are not learned as well as they should 
be, even in high profile cases. For example, the 
1987 King’s Cross fire highlighted the limitations 
and issues around communicating above and 
below ground with radios causing poor dissemi-
nation of information and impacting situational 
awareness and decision making [19, 20]. This 
issue was highlighted again in 2005 with the 7/7 
bombings, with official reports into the incident 
stating that communication difficulties had not 
been dealt with adequately despite recommenda-
tions from the King’s Cross fire report [21, 22]. 
Communication difficulties on scene have also 
been highlighted as causing problems as recently 
as the Grenfell Tower Inquiry [23, 24]. Effective 
communication within and between agencies, as 
well as to patients and bystanders, will expedite 
most incidents. There should be an ethos of 
equality within any team and an ingrained under-
standing of the primacy of safety. Any team 
member should be to be able to speak up if they 
see something they are not sure about or have any 
concern about on scene. Any such concern should 
be taken seriously, discussed on an even gradient. 
It does not matter who is the most medically 
qualified person on scene; safety is everyone’s 
concern. It is very often the most qualified clini-
cian who becomes fixated on a medical issue and 
becomes unable to see the broader picture. The 
idea of “Doctor knows best” in pre-hospital care 
is rightfully being replaced with “What is the 
team consensus”.
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 Verbal and Non-Verbal 
Communication

The moment a team arrives on scene, people are 
watching to see their demeanour and reaction. 
The first responding team may have been unsure 
whether to ask for additional resources, or they 
may not have asked for any at all and be surprised 
by others arrival! While walking to the scene, 
take it in. Walk with purpose and do not allow 
body language to convey apathy, boredom or 
arrogance. For some patients, this is the worst 
day of their lives, and while a practitioner may 
forget individual incidents, someone will 
 remember the team who looked after them and 
their attitude. The team should introduce them-
selves and use their first names. This is an excel-
lent human factors technique and will help reduce 
any perceived authority gradient with other agen-
cies and make them feel comfortable raising con-
cerns. “Lucy, I’m concerned about this patient’s 
leg.” “Ok, Paul. I’ll come and have another look, 
thanks.” is far less formal than “Dr Smith I’m 
concerned about this patients leg”. When dis-
cussing the plan of action, involve the wider 
team; experienced teams use this approach and 
should be suitably experienced that the plan will 
be no surprise to them. Ask the wider group, “can 
anyone think of a better way to do this? Does 
anyone think there is something else we can 
do?”. It may be that there isn’t, but the team has 
been asked and the opportunity to offer an opin-
ion given. Humility on scene and acknowledge-
ment that there is a large amount of experience 
both within and outside of the team will improve 
communication, and ultimately, patient care. An 
arrogant individual who believes they have all of 
the answers and do not need to listen to anyone 
else has no place working in pre-hospital care.

If a traumatic procedure is to be performed, 
tell people what to expect and give them the 
option to leave—especially non-medical col-
leagues. For example, before a thoracotomy warn 
personnel that the internal organs will be visible, 
and they may see steam come from the chest. Not 
everyone will be able to cope with this, so use 
them to go and complete another practical task 
(e.g. “could you get the scoop stretcher and the 

bed, please?”). Soft skills are essential in getting 
the best out of teams—if a responder is made to 
feel like a failure because they can’t cope with 
seeing an intervention, they may shut down and 
refuse to work on scene, both now and in future 
taskings. If they are given a task where they are 
made to feel useful and contribute to patient care 
without seeing something distressing, they are 
still available to help with work and scene man-
agement. If responders are required to hold a tar-
paulin, ask them to face away and tell them when 
it is safe to look back. Do not underestimate how 
much these things can traumatise onlookers, both 
professionals and bystanders.

 Team Debriefing

Hot debriefings should be conducted where pos-
sible, and managers should undertake formal 
welfare checks after any distressing incident. 
Wherever possible, a “cold” team debrief should 
be held, inviting all services involved. Responders 
should have an opportunity to ask questions and 
debrief honestly; if something went wrong, say 
so. Offer a phone number or email address as a 
point of contact for the pre-hospital organisation 
or clinical manager. This gives all services a 
chance to understand decision-making processes 
and the interventions carried out. Having this 
opportunity and information can help people pro-
cess what may have been the worst job they have 
ever attended.

Key Points
• Exposure needs to be adequate for assess-

ment, but also avoid unnecessary heat loss
• Perform an RSI in the centre of the ambulance 

with the side door opened to create space 
rather than outside. This may decrease heat 
loss, provide more light and improve the 
chances of first-pass success in a critical 
intervention.

• Take a few seconds to look around the envi-
ronment; fully appreciate the risks and haz-
ards, look for them, listen for them and don’t 
forget the sense of smell. Scenes always have 
four dimensions—front and back, left and 

20 Scene Safety



418

right, top and bottom and time. Hazards can 
emerge from any direction at any point.

• Medical equipment should be managed simi-
larly with an emphasis on safety. For example, 
if a cannula needs to be placed, ensure a sharps 
box is to hand, the needle is made safe, and all 
equipment is removed from the area around 
the patient after cannulation.

• Arriving at a scene without essential safety 
equipment is unacceptable and will make the 
team appear amateurish. Team and scene 
safety is paramount; if something looks unsafe 
then speak up. This does not need to be done 
aggressively in the first instance but can be 
escalated as required.

• All institutions and schemes should have a 
period of training and sign off before authoris-
ing solo practice. Even practitioners with sig-
nificant prior experience can make the most of 
this time by watching how others operate in 
the pre-hospital environment, debriefing even 
simple jobs to understand the decision- making 
process and scene etiquette.

• There should be a communications check to 
ensure at least two forms of communication 
within the team (e.g. radio and mobile phone).

• If a responder is a passenger and a colleague is 
driving, it is the passenger’s responsibility to 
co-drive. Co-driving involves navigation, 
safety checks when approaching junctions, 
being alert to dangers and communications.

• Life is much easier if first respond agencies 
don’t feel threatened or marginalised by other 
practitioners!

• The arrival of friends or relatives who are 
being held back by the Police can cause con-
flict and risk. This can generally be managed 
by effective communication where possible.

• Practitioners should always be aware of their 
surroundings and avoid letting their exit routes 
be blocked. Knowledge of the emergency 
operation of radios is essential.

• Multiagency working with partner agencies 
(e.g. Fire service or Mountain Rescue ser-
vices) who have access to specialist training 
areas and equipment is excellent for overcom-

ing fear, developing strategies and building 
relationships before working with each other 
on scene.

• A responder who injures themselves moving a 
patient may be unable to treat them once they 
have been relocated, but a team member who 
stands back while everyone else lifts is not one 
who will be remembered kindly!

• The Police require only a few pieces of infor-
mation, such as the potential for life- 
threatening or life-altering injuries in the 
initial phase of any incident. This allows them 
to determine their response and should take no 
more than 10 s.

• Try not to stop fire crews frequently to check 
the patient, and avoid leaving unnecessary 
equipment in the middle of an active scene. 
Monitors such as small pulse oximeters are 
useful as they can be placed on a patient with-
out trailing wires and getting in the way of 
firefighters who may be using hydraulic cut-
ting equipment.

• A truly trapped patient cannot be released in 
5 min no matter how sick they are or who is 
shouting loudest!

• The moment a team arrives on scene, people 
are watching to see their demeanour and 
reaction.

• While walking to the scene, take it in, walk 
with purpose and do not allow body language 
to convey apathy, boredom or arrogance.

• If a traumatic procedure is to be performed, 
tell people what to expect and give them the 
option to leave—especially non-medical 
colleagues. For example, before a thoracot-
omy warn personnel that the internal organs 
will be visible, and they may see steam 
come from the chest. Not everyone will be 
able to cope with this, so use them to go and 
complete another practical task (e.g. “could 
you get the scoop stretcher and the bed, 
please?”).

• Hot debriefings should be conducted where 
possible, and managers should undertake for-
mal welfare checks after any distressing 
incident.

J. Mealey and P. Lax
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 Conclusion

Working in the pre-hospital environment poses 
more challenges than in-hospital practice. 
Clinical medicine is only one facet that needs to 
be considered, and the environment can both 
cause and worsen clinical presentations. As well 
as the risk to patients, the environment can be 
hazardous to unwary or inexperienced practitio-
ners. Effective teamwork is even more essential 
to ensure safety and optimise patient outcomes 
than in a well-lit, warm, well-resourced hospital. 
This chapter is not an exhaustive list of the  factors 
and hazards associated with the environment for 
individuals who currently or wish to work in the 
pre-hospital environment. For those staff who 
receive patients in emergency departments, it is 
hopefully an insight into some of the issues that 
have faced crews that present neatly packaged 
patients from frequently chaotic incidents. It is 
also an illustration of why everything may not 
have been completed in a hospital textbook stan-
dard manner.

Questions
 1. The term sterile cockpit refers to
 (a) Infection control issues during 

procedures
 (b) Decontamination of the aircraft between 

jobs due to covid-19
 (c) Maintaining silence during critical phases 

of flight or response driving (except in an 
emergency)

 2. When should a hot debrief be conducted
 (a) Only when requested by the fire & rescue 

team
 (b) After every job
 (c) After jobs where unusual or uncommon 

procedures have taken place
 3. When arriving on scene, the most critical pri-

ority is
 (a) Getting to the patient
 (b) Personal safety
 (c) Establishing a cordon
 (d) Finding the officer in charge
 (e) Deciding which hospital to go to

 4. When arriving at a rail incident
 (a) You can walk on the lines as they’ll have 

been turned off
 (b) You can walk down the side of the track 

wearing a hi-vis as all the train drivers 
will see you

 (c) The ambulance service will turn off the 
electricity

 (d) Only go on the tracks when advised by 
network rail that it is safe

 5. On arriving at an RTC, you find a patient 
trapped under a car and a bystander who is a 
first aider, also under the car comforting the 
patient. Should you

 (a) Ask the bystander to come out from under 
the car

 (b) Leave them as they’re first aid trained
 (c) Wait till the fire service arrive
 (d) Ask the first aider to start treatment, such 

as o2 application.

Answers
 1. c
 2. c
 3. b
 4. d
 5. a
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Mechanism of Injury

Thomas G. D. Woolley, Steve Dick, and Darren Reid

 Introduction

The term ‘mechanism of injury’ (MOI) is used to 
describe a process of considering the forces 
involved in an injury-causing event. In a patient 
with traumatic injuries, this process is used to 
suggest possible patterns of injuries and thus 
guide assessment and treatment. It is important to 
note that the physical forces involved in an indi-
vidual incident will include a vast array of vari-
ables. As such, the MOI can only provide a guide 
to potential injuries rather than a prescriptive list.

The MOI assessment considers the application of 
mechanics to understand the movement of objects, 
the forces applied to the structures of the human 
body, knowledge of the underlying anatomy and 
how this is affected by these forces. Understanding 
these interactions is also merged with scientific data 
relating to common injury patterns to provide clini-
cians with guidance on the likelihood of specific 
injuries and injury patterns [1].

Certain MOIs can be used to decide on the 
level of clinician response dispatched to the scene 
alongside patient symptoms via the MPDS 
(Medical Priority Dispatch System) criteria uti-
lized by most ambulance services in the UK [2–
6]. However, most major trauma triage tools 
utilize the MOI to identify “high-risk” patients to 
transfer to major trauma centres, though the 
validity of this approach has recently been chal-
lenged [7, 8]. Commonly included mechanisms 
that may trigger admission to a major trauma 
centre include traumatic death of occupant in the 
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• Understanding the physical forces 
involved

• Classification of injury mechanisms
• Road traffic collisions: Cars
• Road traffic collisions: Pedestrians
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same passenger compartment, ejection from the 
vehicle, significant intrusion into the passenger 
compartment, falls from >20 ft, and motorcycle 
crash >20 mph (Figs. 21.1 and 21.2).

It should be noted that while the MOI is often 
used in high speed, high force accidents, such as 
a head-on collision between two cars, it can be 
equally helpful in predicting injury patterns in 
low force incidents.

By way of an example, consider an elderly 
patient falling from standing. While the forces 
involved are lower, clinicians must consider the 
nature of the fall, the material the patient fell onto 
and the relative vulnerability to injury caused by 
the ageing process or frailty.

 Understanding the Physical Forces 
Involved

To effectively utilize MOI assessments, it is 
essential to understand how the forces involved 
in an injury-causing event are generated and 

 dissipated. This requires a basic understanding of 
several underlying physical principles.

Firstly, consider Newton’s laws of motion [9]:

• A body in motion or at rest will remain in that 
state until acted upon by an outside force.

• The sum of forces applied to an object is equal 
to the mass of that object multiplied by its 
acceleration.

• When a body exerts a force on a second body, 
the second body will simultaneously exert a 
force of equal magnitude and in the opposite 
direction to the first body.

To apply these concepts to traumatic injury, 
one must look at their effect on a patient. Picture 
the rider of a bicycle thrown from the saddle 
when travelling at a speed of 25 mph who falls to 
the floor. If we crudely estimate that the rider 
strikes the floor and stops immediately, we can 
understand the force applied by the ground to the 
rider. We must also be aware that while the rider 
may stop almost instantaneously, their internal 

Fig. 21.1 2015 West Midlands Ambulance Triage Tool (incorporating mechanism of injury)

T. G. D. Woolley et al.
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organs are still travelling at 25 mph and will con-
tinue to move and collide with other internal 
structures, generating sheering and other forces.

The second consideration is the amount of 
energy liberated at the moment of impact. The 
kinetic energy of a moving object can be found 
from [2]:

 KineticEnergy mass velocity= ×1 2/  
When we apply this formula to the cyclist 

from our previous example, we can see that 
velocity, or speed, is the most significant driver of 
kinetic energy. An identical cyclist falling from 
his bicycle at 5 mph would generate significantly 
less kinetic energy.

Conversely, even a slight increase in the 
cyclist’s speed would substantially affect the 
kinetic energy produced.

An increase in mass has a far more negligible 
effect on the total kinetic energy released on 
impact; a slow-moving lorry will potentially cause 
less damage than a car travelling at high speed.

Impulse momentum theory describes the rela-
tive rate of change in the momentum of an object. 
It demonstrates that the relative changes in 

momentum (∆P) and the time over which these 
changes occur (∆T) determine the level of force 
applied to an object.

 
F

P

T
=
∆
∆  

To better understand this concept, visualize a 
person undertaking a bungee jump. If they were 
to jump when attached to an ordinary rope, their 
fall would be arrested once the entire length of 
line had been used. Their change in momentum 
would be significant and near-instantaneous, 
resulting in a massive transmission of force 
through their harness and likely causing substan-
tial injuries. Now consider the use of the elasti-
cated rope seen during bungee jumps. The 
momentum change is identical when compared 
to jumping with a static line. However, the grad-
ual reduction in speed increases the time over 
which momentum is changed, reducing the force 
transmitted to the harness and the jumper.

This concept has driven several design changes 
to improve safety [10–14] and aid in reconstructing 
incidents for investigation [15]. Increasing the time 
over which momentum is changed can be relatively 

Fig. 21.2 2020 London Ambulance Service Major Trauma Triage decision tool (note mechanism of injury has been 
removed favouring anatomical and physiological data)
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straightforward—for example, placing padding 
around hard objects and fitting vehicles with seat-
belts and airbags. More complicated engineering 
innovations which perform the same function have 
been seen, such as the development of vehicle 
crumple zones and seatbelt pre-tensioners.

 Grouping of Injury Types

It is important to note that certain types of injury 
are specific to particular injury mechanisms. 
These mechanisms can be broadly divided into 
four groups; blunt trauma, penetrating trauma, 
ballistic trauma, and acceleration/deceleration 
trauma. The effect of these four mechanism 
groups on the human body differs significantly 
and warrant further discussion.

 Blunt Trauma

The term ‘blunt trauma’ is used to define mecha-
nisms of injury in which the initial force applied 
to the patient is limited to contact with the outer 
surface of the body and where there is no pene-
tration into a cavity. Blunt trauma may cause 
body cavities to become open, such as the evis-
ceration of bowel or the creation of an open skull 
fracture. Still, these injuries differ from true pen-
etrating injuries in that the open cavity is a result 
of the force dissipating through the body. 
Typically, blunt trauma mechanisms involve a 
relatively high ratio of contact area to force, 
whereas the opposite is true for penetrating inju-
ries. Mechanisms of injury leading to blunt 
trauma can range from a simple fall from stand-
ing to being struck by a falling object or a person 
being struck by a vehicle.

 Penetrating Trauma

Penetrating trauma is used to group all injuries in 
which a foreign body penetrates a body cavity. 
The most obvious example of this is a stab wound 
caused by a sharp object, but further examples 
include impalement, industrial accidents and fall-

ing debris. While gunshot wounds are a form of 
penetrating trauma, ballistic injuries cause differ-
ent injury patterns and are discussed below.

Penetrating trauma involves the transmission 
of force through an object with a relatively small 
surface area, transmitting the energy to a small 
area of the body. Generally, this results in a pre-
dictable injury pattern based upon the estimated 
route the object took through the body cavity and 
the tissues it encountered during its journey. 
Unlike ballistic trauma, there is generally little 
force transmitted outside of this path.

A common pitfall in making a diagnosis of 
injures based on the assessment of the entry 
wound in penetrating trauma is not to appreciate 
the actual depth and direction that the penetrating 
object may have travelled. For example, depend-
ing on the length and force of the penetration, 
wounds to the buttocks and groin may be associ-
ated with injuries to the abdominal and even tho-
racic viscera.

 Ballistic Trauma

Ballistic injuries generally involve projectiles 
travelling at extremely high velocity that cause 
significant damage beyond the path they take 
through a cavity. The MOI relating to ballistic 
injuries is covered in detail within the ballistics 
chapter. Therefore, it will not be covered here 
other than highlighting that these injuries have 
additional management considerations compared 
to more conventional penetrating injuries.

 Acceleration and Deceleration 
Trauma

Newton’s second law of motion describes the 
relationship between the forces acting upon a 
body, its mass and acceleration or deceleration 
and gives us the formula: Force  =  mass × 
acceleration.

For a body with a fixed mass, the rate of 
acceleration or deceleration is, therefore, the 
primary determinant of the amount of force 
transmitted.

T. G. D. Woolley et al.
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For example, a faster deceleration during a 
head-on motor vehicle collision will lead to a 
more forceful impact of the driver’s torso against 
the steering wheel or their head onto the 
windscreen.

Acceleration and deceleration are also com-
monly the cause of compression and shearing 
injuries to thoracic and abdominal viscera and 
vascular structures.

Shearing injuries such as damage to the aortic 
arch occur as a direct result of deceleration 
forces. Additionally, these forces can cause inter-
nal organs such as the heart and liver to pull away 
from their ligamentous attachments leading to 
significant internal haemorrhage.

 Road Traffic Collisions

Road Traffic Collisions (RTCs) are among the 
most common causes of trauma death and injury 
in the UK, with 1870 deaths and 25,950 serious 
injuries from July 2018 to June 2019 [16].

By understanding the forces involved in colli-
sions, it is possible to relate these to associated 
injury patterns.

Road traffic collisions involving vehicles can 
be broadly categorized into frontal or head-on 
collisions, lateral impact collisions and rear-end 
collisions. They can also be further subdivided 
depending on the type of vehicles or road user 
involved.

 Frontal/Head-on

A head-on motor vehicle collision is the mecha-
nism of collision that accounts for the majority of 
both driver (58%) and front seat passenger (53%) 
deaths [14].

This mechanism results in rapid deceleration 
of the vehicle as it impacts, with direct transmis-
sion of large forces to the vehicle and, conse-
quently, the occupants.

Front-seat occupants will continue to move 
forward after the vehicle has impacted.

If unrestrained, they may either collide with 
the vehicle dashboard, steering wheel, roof, 

windscreen or “submarine” under the steering 
wheel and into the footwell, depending on how 
well restrained they are and what impact technol-
ogy is in the car.

This can result in lower limb and pelvic inju-
ries due to the impact of the knees against the 
dashboard, chest and abdominal injuries from 
impact with the steering wheel and head and 
facial injuries from impact with the windscreen, 
as well as physical entrapment from a variety of 
causes.

There is also a high chance of ejection from 
the vehicle through the windscreen with addi-
tional injuries from impact with the ground.

Unrestrained rear seat occupants may also 
collide with the front seats, causing injury to 
themselves as well as further injury to front-seat 
occupants.

As previously mentioned, the presence of 
safety devices such as airbags, seat belts, and 
the crumple zone in modern vehicles have 
helped dissipate some of the force projected 
onto the patient and reduce some of the effects 
of blunt impact trauma. However, the vehicle 
occupants can still suffer significant injuries 
despite these.

Seat belts can cause abrasions and lacerations 
across the neck, torso and abdomen, and contu-
sions and perforations of the abdominal viscera.

Summary of Injury Patterns
• Various degrees of traumatic brain 

injury
• Scalp injuries
• Facial injuries
• Flexion and extension injuries to the 

cervical spine
• Seatbelt injuries
• Rib fractures, flail chest, sternal frac-

tures, pulmonary/cardiac contusions
• Abdominal visceral injuries, ruptured 

diaphragm
• Upper limb injuries
• Pelvis and acetabular injuries, fracture/

dislocation of femur and patella

21 Mechanism of Injury



426

Impact with airbags can cause facial injuries. 
The talcum powder, which is used to lubricate the 
airbags as they deploy, is dispersed and can cause 
respiratory irritation or breathing problems. 
Patients may experience temporary deafness 
from the explosion of an airbag in a confined 
space.

 Rear Impacts

Rear-end collisions are commonly associated 
with whiplash injuries of the cervical spine and 
injuries to the lower back. On the whole, serious 
rear-end collisions are less frequent than frontal 
impact collisions.

Absent or poorly adjusted headrests may 
exacerbate neck injuries, and a rear-end shunt at 
high speed may cause a subsequent frontal colli-
sion with associated injuries.

 Side on/“T-Bone” Collision

Despite the increase in strength in modern vehi-
cles, their sides are still less well designed to tol-
erate impacts than the front or rear. The narrower 
diameter of the vehicle wall and smaller distance 
between the outside and passenger compartment 
compared to the vehicle’s longitudinal axis can-
not accommodate a sufficient crumple zone. This 
means that impacts along the lateral axis are 
unable to dissipate the force of impact in the 
same way as the longitudinal axis of the vehicle.

The proximity of the shell of the vehicle to the 
occupant means that they are much more likely to 
suffer injuries as a result of intrusion into the pas-
senger compartment.

Indicators of high risk in these cases include 
significant damage to the B post and damage or 
lateral movement of the occupant’s seat. Another 
factor to consider is that the human body has a 
different tolerance to G-forces depending on the 
axis, duration, duration and location of their 
application [17, 18]. This is depicted in Fig. 21.3.

 Rollover

A rollover is defined as a crash in which the vehi-
cle is overturned by at least a quarter turn, and 
therefore resting on its side, but may also include 
those that end up on their roof or even back on 
their wheels. Rollovers may occur due to rapid 
directional change at high speeds or following a 

Scene Findings Associated with Significant 
Injury
• Intrusion into the passenger 

compartment
• Deformity of lower door sills
• Damage to “A” post caused by 

pedestrian
• Movement of passenger seats within a 

compartment
• Damage to dashboard around steering 

wheel (indicating knee strike)
• Separation of the engine from the 

vehicle
• Report of secondary collision (e.g. Car 

vs Car, then into a wall)

Summary of Injury Patterns
• Hyperextension of the lumbar spine
• Hyperextension and hyperflexion of the 

neck
• Shear injuries to kidneys, liver and 

spleen

Summary of Injury Patterns
• Head injury through impact with the 

side of the car (then possibly with adja-
cent occupant)

• Shear injuries to kidneys, liver and 
spleen

• Pelvic and long bone injuries
• Pulmonary contusion and diaphrag-

matic injury
• Lateral hyperextension of the neck
• Arm and leg injuries

T. G. D. Woolley et al.
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collision with road furniture or other vehicles. 
Vehicles may overturn on their side (short axis) 
or end over end (long axis).

Motor vehicle rollovers represent a small but 
significant proportion of crashes. Despite occur-
ring in only 2.5% of all vehicle crashes, they 
account for over a third of motor vehicle accident- 
related occupant deaths [19]. They are also asso-
ciated with increased injury severity compared to 
non-rollover collisions with specific injury types, 
including severe spinal cord injuries and signifi-
cant injuries to the torso and spleen.

Restrained passengers will typically remain in 
their seat but will be struck by unrestrained 
objects or other occupants in the vehicle. Head 
injuries and spinal injuries due to impact with the 
sides and roof of the car are common. If casual-
ties are unrestrained, they may be ejected from 
the vehicle leading to a higher mortality rate.

Factors associated with increased injury sever-
ity include roof crush (a notably weak part of 
many vehicles), entrapment, ejection and intru-
sion of the B-post into the passenger 
compartment.

Look for deformation of the roof, multiple 
body panels and damage to the environment. Due 
to the nature of rollover incidents, almost any 
injury is possible, and occupants require a high 
index of suspicion.

 Pedestrian

The most common mechanism is a frontal colli-
sion of a pedestrian with a car, which accounts 
for over 80% of pedestrian road traffic collisions. 
Accidents involving larger vehicles such as buses 
and lorries are less common but usually occur 

Fig. 21.3 Differential 
tolerance of G-forces 
depending on loading 
direction (Cmglee via 
Wikimedia, based on 
data from Brulle [18])
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due to significant blind spots in these vehicles. 
They are also more likely to have fatal outcomes 
as a result of the significant forces involved.

A vehicle’s impact will typically result in a 
significant transfer of force to the pedestrian with 
little impact on the vehicle. This means that while 
there may often be little visible damage to the 
vehicle, the pedestrian may still have suffered 
significant injuries. Visible damage to more 
robust parts of the car such as bumper, wind-
screen and A-post should lead to a very high 
index of suspicion of significant pedestrian injury 
(Fig. 21.4.).

Pedestrian impact with vehicles is usually 
thought of as three separate collisions; the initial 
impact with the front of the vehicle, the second-
ary impact with the bonnet, windscreen and roof 
and finally, the impact with the ground.

The height of the pedestrian shows some cor-
relation with the patterns of injury.

In adults, the point of impact will usually be 
between the front bumper or bonnet edge and the 
pedestrian’s lower limbs. This often causes the 
pedestrian to be thrown upwards and onto the 
bonnet and roof of the car. Therefore, the most 
frequent combination of injuries is lower limb 
and pelvis injuries with a traumatic head injury 
(Fig. 21.5).

Shorter patients and children will take the 
impact of the vehicle across the centre of their 
body, and as a result, will be thrown forwards of 
the vehicle. The transmission of forces is more 
significant in this case due to its being a direct 
blow to the centre of mass instead of an off- centre 
impact.

Associated injuries in these cases are there-
fore more likely to include pelvic, abdominal and 
thoracic trauma.

 Cyclists and Motorcyclists

Road traffic accidents involving cyclists and 
motorcyclists may include falls, collisions with 
other vehicles and collisions with stationary 
objects.

Cyclists will be propelled forwards, hitting 
either the vehicle or object they have collided 
with or impacting directly with the ground. 
This will commonly cause injuries to the head 
and neck as well as thoracic and upper limb 
injuries.

Falls onto outstretched arms are common and 
associated with wrist fractures and shoulder inju-
ries such as dislocation and clavicle fractures. 
High velocity falls may also cause fractures to 
the scapula.

This mechanism of fall is also associated with 
a high risk of head-first impact, with the ground 
causing hyperextension or hyperflexion injuries 
of the cervical spine and associated vertebral 
fractures, with the potential of a high spinal cord 
injury as a result.

Fig. 21.4 Damage profile to a vehicle that has hit a 
pedestrian

Summary of Typical Pedestrian Injury 
Patterns
• Sheer injuries to kidneys, liver and 

spleen
• Lower limb injuries
• Hyperextension/hyperflexion injuries to 

the neck
• Head Injuries
• Chest injuries
• Pelvic fractures

T. G. D. Woolley et al.



429

Motorcyclists may be thrown forward and 
upwards on frontal impact, causing them to sus-
tain pelvic and femoral fractures as they collide 
with first the fuel tank and then the handlebars 
[21, 22].

Depending on the nature of the accident, some 
of the force of impact may be dissipated by the 
rider rolling or sliding down the road. This may 
even be sufficient for the rider to avoid any seri-
ous injury. Furthermore, protective clothing worn 
may help motorcyclists may also prevent signifi-
cant abrasions and cuts. Modern motorcycle hel-
met and protective clothing design have reduced 
the risk of traumatic brain injury and cervical 

spine injury, but a high degree of suspicion should 
remain.

A motorcyclist who falls from a bike due to 
lateral forces is said to have “high-sided” or “low-
sided” [23]. A high-siding motorcyclist effec-
tively travels up and over the motorbike, 
generating forces associated with a fall from a 
height, an impact at speed with the ground and a 
significant rotational force. A low-siding motor-
cyclist will fall from the bike’s low side, often 
sliding away from or underneath the bike. This 
can generate injuries associated with crushing 
between the bike and the road but is generally 
associated with less significant injuries (Fig. 21.6).
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Fig. 21.5 Patterns of 
moderate or severe 
injuries in pedestrian vs 
car collisions (based on 
data from Jain [20])
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 Falls

Falls from a height are a common cause of blunt 
trauma and are associated with a high rate of 
injury and mortality.

The most important factor influencing the 
severity of the injury is the height fallen. Falls 
from >20 ft for adults or >10 ft for children will 
generally trigger a major trauma centre admis-
sion. However, other aspects that will also deter-
mine the severity of the fall include the impact 
surface, the rate of deceleration and the parts of 
the body striking the ground [24].

Injuries associated with a fall from height onto 
feet typically include calcaneal fractures, lumbar 
spine blowout fractures and possibly unstable 
vertical shear pelvic injuries. Head-first falls are 
associated with often severe head injuries, and 
hyperflexion or hyperextension injuries of the 
cervical spine.

Falls from standing in the elderly will often 
produce injuries such as a neck of femur frac-

ture and wrist fractures as a result of their 
lower bone density.

 Equestrian Accidents

As large and powerful animals, it should not be 
surprising that incidents involving horses often 
result in significant injuries. Approximately 20% 
of all horse riders will suffer an injury requiring 
hospitalization or other medical treatment in their 
riding career, with a fatality rate of 1  in 10,000 
riders, usually from head injury [25]. While an 
emphasis has traditionally been placed on the 
size of the horse involved, it is more important to 
consider the speed, relative positioning of rider 
and horse, the trajectory of any fall and any con-
tact made between the horse and rider after they 
separate. Where an injury occurs before a rider is 
mounted, for example, a kick or trampling inci-
dent, the duration of any contact or number of 
kicks is important [26].

Fall from
seated height
(Hcom)

Additional height
due to trajectory
(at Rcom)

Lowside accident Highside accident

Fig. 21.6 High side vs low side ejection (from Lloyd [23])
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 Kicks

Horses generate and transfer massive forces 
when kicking, and these forces are transmitted 
through a relatively small contact area around the 
hoof. When applied to the human body, this 
force, which has been reported to be up to 10,000 
Newtons, can cause significant injuries. Kick 
injuries from horses to the patient’s head are 
associated with a high incidence of skull fracture 
and high-grade Le Fort fractures. Kicks to the 
thorax and abdomen can cause significant dam-
age to underlying organs, including reported 
cases of aortic rupture. This is particularly impor-
tant to consider in the later management of 
patients as contusions, and more subtle injury 
may not be immediately apparent on the first CT 
images.

 Falls from a Horse

Falls from horses are associated with a high inci-
dent of head and pelvic injuries. Factors influenc-
ing the severity of injury include the use of 
protective equipment (helmets and automatically 
inflating air jackets), whether the rider remained 
connected to the horse in any way (instinctively 
keeping hold of the reins or a foot getting trapped 
in a stirrup) and contact between the horse and 
rider after the fall.

“Rotational” falls are a specific mechanism 
which are recognized as extremely dangerous 
and have been associated with numerous fatali-
ties. A rotational fall typically occurs when a 
horse and rider attempt to navigate a jump over 
a fixed obstruction rather than a collapsible 
obstacle such as a typical jump found at riding 
schools. In a rotational fall, the horse typically 
strikes its chest or forelegs on the object, caus-
ing a pivoting motion of the horse and resulting 
in a somersault- like rotation over the object. 
Consequently, the rider is either catapulted 
from the horse at significant speed or, more 
troublingly, rotates through the initial impact 
in combination with the horse. This results in 
an impact with the floor or jump, followed by 
the horse landing on top of the rider. The range 

of injuries that can be sustained in a rotational 
fall from a horse is vast. As such, any rider 
reported to have suffered a rotational fall ought 
to be very thoroughly examined, imaged and 
observed.

 Summary

Mechanism of injury allows us to understand the 
magnitude of forces involved in an incident, the 
direction they occur in and knowledge of the 
underlying anatomy to deduce the potential inju-
ries that a patient may suffer.

Once the mechanism and mode of injury are 
known, injuries can be broadly split into four dis-
tinct types: blunt, penetrating, ballistic, and 
acceleration/deceleration.

Key points to remember are:

• Pedestrians are at high risk of serious injury if 
struck by moving vehicles and should be con-
sidered to have such injuries until proved oth-
erwise, even if there is no visible damage to 
the vehicle.

• Patients ejected from their vehicle or involved 
in a rollover are at increased risk of death.

• Falls from height carry a risk of significant 
injury, especially from above 6 m.

• The external wounds sustained by victims of 
stabbings may not reflect the internal 
damage.

• Rapid deceleration and acceleration may dam-
age internal organs through shearing forces 
without visible external signs of injury.

Questions
 1. Mechanisms of injury are commonly catego-

rized in all of the following terms EXCEPT:
 (a) Penetrating
 (b) Ballistic
 (c) Blunt
 (d) Invasive
 2. Which mechanism of motor vehicle collision 

is most commonly associated with driver and 
front seat passenger death.

 (a) Frontal Impact
 (b) Side on/T-bone Impact

21 Mechanism of Injury
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 (c) Rear Impact
 (d) Rollover
 3. Which of the following suggests the highest 

likelihood of injury to the driver of a vehicle 
in a side-on or t-bone vehicle collision:

 (a) Lateral movement or damage to the driv-
er’s seat

 (b) Lateral movement or damage to the front 
passenger seat.

 (c) Damage to the side panels without intru-
sion into the passenger compartment

 (d) Significant damage to the rear of the car 
without intrusion into the passenger 
compartment.

 4. A high-side ejection from a motorbike is 
when:

 (a) There is a collision that impacts the side 
of the bike.

 (b) The rider slides away from or underneath 
the bike

 (c) The rider travels up and over the bike dur-
ing the fall.

 (d) The rider is ejected over the handlebars of 
the bike.

 5. The most important factor influencing the 
severity of injury in a fall from height is:

 (a) The weight of the person falling
 (b) The height fallen
 (c) The speed of the fall
 (d) The impact surface

Answers
 1. d
 2. a
 3. a
 4. c
 5. b
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Mass Casualty Incidents
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 Introduction

Unfortunately, those working in healthcare, par-
ticularly the field of trauma, may be involved in a 
major incident or mass casualty event. This may 
be as a first responder, or in hospital as a clinician 

working in a receiving emergency department for 
victims of the incident. It is therefore essential 
for healthcare professionals to have an under-
standing of how to approach and work with teams 
involved in these incidents.

In the UK, the Major Incident Medical 
Management and Support (MIMMS) system is 
the most commonly used approach to exploring 
and dealing with major incidents. This chapter 
broadly follows the MIMMS approach [1].

A mass casualty event involves a large number 
of presenting casualties but usually within the 
capacity of responding services. A major incident 
is one which requires abnormal responses and 
measures.

An understanding of major incidents is vital 
for all levels of those involved; from the police 
and ambulance services responding on the ground 
through to hospital management ensuring bed 
space for post-surgery patients. Even members of 
the public including victims and bystanders may 
need a basic understanding of how to act in these 
events, particularly in the initial phases of an 
incident. This will further extend to those work-
ing in  local authorities who will need to ensure 
travel and logistical infrastructure remains intact.

 Types and Scope of Major Incidents

There are several ways to describe and think 
about major incidents. These can be related to 
their cause and origin and also consequential 
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effects of the incident. An initial categorisation of 
these incidents is to look at the cause to deter-
mine if it is natural or human-made. An exam-
ple of a natural major incident could be an 
earthquake, such as in Nepal in 2015 [2], or wild-
fire, such as the 2019–2020 Australian bushfires 
[3, 4]. Human-made incidents can be just as var-
ied and include train crashes, large traffic colli-
sions and even accidents involving nuclear power 
plants such as the 2011 Fukushima nuclear power 
plant accident [5].

Incidents can be further categorised as com-
pensated vs uncompensated. A compensated 
incident is one in which the requirements are 
matched by the resources available, whereas in 
an uncompensated incident demand outstrips 
locally available resources and requires external 
assistance. Either of these types of incident may 
also involve responding services and infrastruc-
ture (e.g. hospitals or major roads become unus-
able), thereby making it a compound incident.

The size and scope of an incident should also 
be considered as part of the above classification. 
However, these do not exist in a linear relation-
ship, i.e. a “large-scale” incident does not always 
provide a guide to the severity and resources 
required. A large train derailing at low speed may 
appear as a large incident, but the carriages could 
well be empty; conversely, a small amount of 
explosive detonated in a bus full of passengers 
could be catastrophic. The usual amount of 
resource available may also determine the tipping 
point for declaring a major incident. A four-car 
RTC may just be an everyday tasking for a major 
metropolitan ambulance service with hundreds of 
vehicles; however, the same incident on an iso-
lated small island may completely overwhelm the 
local health system.

The time frames involved should also be con-
sidered in planning for and dealing with major 
incidents as they may involve additional services 
beyond those normally expected to be involved. 
Local authorities may be required to coordinate 
relief efforts such as organising food deliveries 
and shelter to those affected whilst businesses 
such as supermarkets may need to implement 
special measures and deliveries as part of relief 

efforts. Local and regional infrastructure may be 
required to support aid efforts ensuring transport 
methods are available (road, rail) and power sup-
plies are reliably maintained or rapidly restored.

There is much crossover between the terms 
mass casualty incident, major incident and disas-
ter. A disaster tends to suggest a larger scale of 
incident. The International Foundation of the Red 
Cross defines a disaster as one in which “a sud-
den and calamitous event disrupts a community 
or society and the hazard impacts on vulnerable 
people” [6]. Whilst a major incident can be man-
aged by emergency services, albeit with special 
measures put in place, a disaster usually involves 
the victims as actors and participants in relief 
efforts. This suggests that any capacity for 
response by typical infrastructure and services 
has been completely overwhelmed. Historically, 
major incidents can generally be managed by a 
nation’s intrinsic resources and services, whilst 
disasters typically require an international effort.

The most recent example of a disaster is the 
August 2020 Beirut explosion [7]. In a system 
which was already under considerable economic 
strain and was due to go into lockdown for 
increasing COVID transmission, a large explo-
sion of 2700 tons of ammonium nitrate occurred 
in the city docks. This was thought to be second-
ary to a fireworks storage facility catching alight 
and spreading to the neighbouring warehouse 
where the chemical was stored. The city was 
largely shielded from the blast by a grain silo (the 
main food reserve in the country which was also 
destroyed). Still, the pressure wave blew out win-
dows and caused glass injuries kilometres away 
from the epicentre. Three hospitals have been 
rendered non-functional and two others dam-
aged, with the majority of the imported medical 
supplies in the dock to combat the spread of 
COVID destroyed. Using the above classifica-
tion, this is a human-made, uncompensated, com-
pound incident. As one doctor put it, “My first 
instinct was to just put on my white coat and just 
go to try to see what happened… initially, I 
thought the hospital was safe. People are going to 
need us there. The biggest shock was to actually 
see that there was no hospital left” [8].

A. G. Porthouse et al.
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 CBRNE3T

Major incidents may sometimes involve chemi-
cals, nuclear threats, biological agents (natural or 
human-made) or explosions (Fig.  22.1 shows 
symbols related to these). These can be thought 
of within the umbrella “CBRNE3T” structure 
used to describe military incidents and hazards 
and will require specialist personnel and equip-
ment to deal with—Table 22.1 provides a break-
down of these.

If an incident is expected to involve any of the 
above, then specialist advice and services may be 
required, such as involvement of ambulance 
Hazardous Area Response Teams (HART). Those 
responding will need to ensure they wear correct 
Personal Protective Equipment (PPE) and liaise 
with those in control of the scene such as Armed 
Response Police in an explosives incident.

 Preparation

Those working in healthcare should be well 
aware of the importance of advanced preparation 
and planning. This is all the more pertinent in 
major incidents which can quickly overwhelm 
organisations and individuals.

 Organisational Preparedness

Organisations that could be involved in a major 
incident should have pre-made plans which con-
sider all hazards that may occur. These plans 
could be for an organisation that may be suscep-
tible or at risk of a major incident, such as a pre-

determined attendance for a chemical factory fire 
by emergency services. Those that would be 
involved in the incident should have regular train-
ing and familiarisation with major incident plans.

Building on planning and training, tabletop 
exercises and simulations can further enhance 
preparedness at all levels. They may be conducted 
by individual organisations, or at a higher level 
involving multiple responding services with high 
fidelity simulation of a theoretical incident—for 
example, exercises mimicking a terror attack on a 
large shopping centre have been conducted in the 
UK [11]. This also allows for major incident plans 
to be tested to “breaking point” which will expose 
potential flaws and hitches in responses.

Other actions to ensure organisational pre-
paredness could involve regular kit and equip-
ment checks, confirming those within the 
organisation know where they can access basic 
first aid equipment and major incident packs. 
Adequate supplies of PPE should be maintained.

The NHS has drawn up Major Incident and 
Mass Casualty Clinical Guidelines (Fig. 22.2) to 
assist in preparedness which can be accessed via 
the Emergency Preparedness, Resilience and 
Response area of the NHS England website [13]. 
This stresses the importance of preparedness in 
receiving hospitals alongside providing quick 
references for various injuries and types of attack 
(e.g. CBRN).

 Individual Preparedness

Whilst an organisation can go some way to pre-
paring individuals, those involved in response to 
major incidents also bear a personal responsibil-

Fig. 22.1 Common symbols that may be related to CBRN incidents

22 Mass Casualty Incidents
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ity to make sure they are up to date with training 
and new techniques. In the UK, there are several 
courses catered to preparing individuals to deal 
with major incidents, MIMMS being one of the 

best known with derivatives for the military and 
hospital-specific major incidents.

Vehicles used for responding should be regu-
larly serviced and well maintained, and personnel 

Table 22.1 Description of CBRNE3T incidents

Type What is it? Example
Chemical An incident involving intentional or 

accidental release of chemicals. Could 
result in contamination of the scene and 
workers and poisoning of casualties.

Novichok nerve agent poisoning in March 2018 in 
Salisbury [9]. This required extensive contact tracing, 
isolation and clean up. Fortunately, doctors were used 
to seeing the symptoms of organophosphate poisoning 
from the local agriculture industry, so quickly realised 
the Skripals were suffering from a similar toxidrome. 
This required a large-scale combined approach 
including specialists from the Defence Science and 
Technology Laboratory in Porton Down. This incident 
also highlights the importance of scene 
decontamination as there was a second round of 
exposure resulting in a fatality.

Biological Similar to a chemical incident, this can 
involve the intentional or accidental 
release of biological agents, or these could 
be due to naturally spreading infection.

The 2001 Anthrax letter attacks in the United States 
could be considered a biological major incident. The 
incident resulted in a large-scale tracing and 
decontamination effort.

Radiological An emission of radioactive material or 
radiation. This can cause widespread 
contamination.

2011 Fukushima nuclear power plant accident which 
led to a massive release of radiation and radioactive 
materials into the environment.

Nuclear An incident involving a nuclear 
detonation or out of control reaction. 
There will be direct consequences of the 
release of large amounts of energy from 
the initial incident accompanied by the 
possibility of exposure to radiation and 
the spreading of radioactive materials.

1986 explosion at the Chernobyl nuclear power plant. 
The energy from the blast caused considerable damage 
to the reactor building allowing the release of large 
amounts of radioactive material. The two nuclear 
weapons used in Hiroshima and Nagasaki during the 
second world war demonstrate the devastation that the 
energy released from a nuclear explosion can cause.

Explosive/
Ballistic

All the effects of explosive activity on the 
human body including gunshot wounds, 
indirect fire, improvised explosive devices 
and bombs.
With IEDs or bombs: Risk of primary 
trauma of the blast wave on gas 
containing structures, secondary trauma 
from the impact of airborne debris and 
tertiary injury following being thrown by 
the blast and sudden deceleration.

London Bombings 7 July 2005 [10]. The deliberate 
detonation of homemade explosives on public 
transport. These explosions occurred over multiple 
sites, some of which were difficult to access, such as an 
underground passenger train.

Environmental Environmental conditions likely to cause 
harm, e.g. heat, cold and altitude.

The wildfires that burnt through Australia during 2019 
and 2020 were a large scale environmental incident 
resulting in over 30 deaths and large amounts of 
damage [3, 4].

Endemic Infectious diseases that pose a hazard to 
health but that are not deliberately 
released.

2014 Ebola outbreak in West Africa is an example of a 
large scale, long-running incident involving an 
infectious disease. More recently, COVID19 has been 
present on a global level.

Trauma Traumatic injuries that are distinct to 
those caused by the above factors.

There are various examples of major incidents that can 
lead to traumatic injuries. Examples of events which 
these injuries could arise from include road traffic 
collisions or building collapses.

A. G. Porthouse et al.
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that may be required to drive at speed to an inci-
dent should receive appropriate training.

Individuals responding in the pre-hospital 
phase of a major incident should be familiar with 
the PPE that they are expected to use. At a mini-
mum, a correctly fitted helmet, eye protection, 
hearing protection, protective suit with high 
 visibility markings and appropriate gloves (offer-
ing cut and heat protection) and footwear (with 
steel toe caps) should be worn by individuals. 
This can then be further added to or changed 
depending on the hazards present. Individuals 
should also ensure they have adequate warm kit 
and waterproof layers.

In hospital staff have similar responsibili-
ties—at a minimum, each staff member should 
know where to report to if they are called in to 
work as part of a major incident response. Of 
the published data in the UK, approximately 
50% of staff have not read their hospital’s 
major incident plan or do not know what their 
role is in a major incident [14]—this is simply 
not acceptable. A potential solution would be 
credit-card-size action cards for each staff 
group, with the first steps of where to go, who 
to report to and relevant contact details given 
out at hospital induction and carried until 
needed.

Major incident scene

Ambulance Service estimates
number of lives casualties

(and produces METHANE report)
P1 Hold

Patients unlikely to survive
their injuries.

Move to appropriate area
and make comfortable

Self presenters
of any age group

may present to any
medical facility. Expect

to treat the casualty, as no
ambulance transfers will

be available
that day

Survivor Reception centre
Non injured survivors

MTC

Adult Major
Trauma Centre

TU

Adult Trauma
Units

LEH

Local
emergency
hospitals,
Walk in
Centres,
Treatment on
scene, GP

Consider air transport to
out of area MTCs/TUs

Request mutual aid from NHS England
to disperse casualties outside of the

local redion to further afield

MTC(Paeds)

Paediatric
Major Trauma
Centre
(priority given
to the smallest
children)

TU
(designated)

Trauma Units
with paediatric
capability

(any)

Any local
emergency
hospitals, Walk
in Centres,
treatment on
scene, GP

Adult

12 years old or over

If regional capacity exceeded

P1 P2 P3 P1 P2 P3

Under 12 years old
or within paediatric triage tape

Paediatric (<12yrs)

Primary triage at scene
(Triage sieve

as per NARU guidelines)

Fig. 22.2 From NHS clinical guidelines for major incidents [12]
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 Public Involvement

Events over recent years in Europe have seen a 
surge of deliberate attacks that have cumulatively 
resulted in hundreds of deaths and thousands of 
injuries. Unfortunately, the tempo of incidents is 
not slowing. Against this background of violence, 
the statutory emergency services have worked 
hard to firm up their resilience by adjusting tac-
tics, revising their equipment and enhancing their 
communication capabilities. Much work has 
been done on system preparedness and multi- 
agency working by exercising scenarios that have 
chilling similarities to what has played out in real 
life.

During a firearm or knife attack, police fire-
arms units will mobilise swiftly. Their priority 
will be to contain, and if necessary, neutralise the 
threat. Other services, and specifically medical 
and fire rescue services, will also be mobilised 
but will be held off until it is safe to move for-
ward. This means that there will be no profes-
sional help immediately available: it is a 
deliberately staged response underpinned by the 
need to remain safe. Similar staging arrange-
ments may be made in the event of non-terror 
related incidents if there are safety concerns. The 
fire and rescue services have overall control of 
safety issues on site and may refuse to let other 
agencies enter if safety concerns remain (e.g. fire 
or chemical contamination).

During terror incidents, the public may be 
more exposed and vulnerable in the immediate 
aftermath than in a conventional situation, simply 
put, they will be on their own until it is safe for 
others to arrive.

During this initial managerial and therapeutic 
vacuum, the injured will be reliant upon them-
selves or each other to survive; within the mili-
tary this is called “self-aid” or “buddy-aid”. 
Casualties with major haemorrhage will die if 
simple and effective treatment is not applied. The 
use of an improvised tourniquet is advocated if 
bleeding cannot be stopped by direct pressure 
and elevation of the limb. In the context of an 
amputated limb, a tourniquet is mandated.

The citizenAID team recognised the similarity 
between the members of the public in a mass 

casualty incident and the situation a soldier must 
cope with when dealing with combat casualties. 
A wounded soldier will not receive an immediate 
formal medical response, but instead will rely on 
his own actions or those of friends around him to 
render life-saving first aid. Only when the “fire-
fight” has been won is it safe to evacuate the 
casualty. A member of the public caught up in a 
terrorist event is effectively isolated on a “battle-
field”, albeit on the streets of a city in a developed 
country.

The wounding pattern is exactly that seen 
from bullets, bombs, knives and vehicle accidents 
that are seen in conflict. The hard-won clinical 
lessons from the recent military conflicts have 
demonstrated extraordinary and unprecedented 
survival of severely injured service members. 
This, in part, is due to the immediate and timely 
interventions at the point of injury. These battle-
field medical skills have been contextualised for 
the civilian environment within citizenAID.

The citizenAID program focuses on key 
principles that are proven to be effective and 
save lives [15, 16]. These are scene control, 
inward and outward communication and the 
treatment of the injured. Each element is then 
applied to the shooter, knife attacker or bomb-
ing incident. Information is also given on what 
to do when a suspect bomb is found. citizenAID 
takes any non-medically trained member of the 
public and enables them to save lives in the 
unlikely but not impossible chance of a terrorist 
attack. An important aspect of citizenAID is the 
development of a school program that aims to 
drive the key messages of citizenAID into both 
primary and middle schools. Cartoons have 
been designed and through allegory, inform 
children of what to do in these rare but not 
impossible situations.

In many countries around the world exposed 
to the risks of natural disaster, it is common to see 
government-led educational initiatives in schools 
preparing society for a disaster such as a tsunami 
or an earthquake. As much as we do not know 
when the next earthquake will occur, we will not 
be able to predict when the next terrorist assault 
will be. Still, by embracing citizenAID within 
society we can be better prepared, ultimately less 
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scared, and equipped with basic skills to save 
lives in these rare events.

The UK National Counter Terrorism Security 
Office has warned hospitals and general practices 
that they may be targets for terrorist attacks, in 
updated guidance on protecting crowded places 
from a terrorist attack issued in June 2017 [17]. 
The document, which advises on ramping up the 
security of all crowded settings, has a specific 
section dedicated to healthcare. It tells health 
professionals, “It is possible that your hospital or 
surgery could be the target of a terrorist incident”. 
This reinforces the importance of major incident 
plans, and organisational and personal prepared-
ness, as previously discussed.

 CSCATTT

The CSCATTT paradigm is a system initially 
developed as part of MIMMS which has since 
been adapted and used by multiple organisations 
such as the National Ambulance Resilience Unit 
(NARU) and the Joint Emergency Services 
Interoperability Programme (JESIP). Following 
this system allows prioritisation and greater uni-
fication between attending services and provides 
a common language and approach. It should be 
followed sequentially and applies across all ech-
elons of response—from those first on scene all 
the way through to incident commanders at a 
strategic level.

Key Points
C—Command & Control
S—Safety
C—Communications
A—Assessment
T—Triage
T—Treatment
T—Transport

It uses a stepwise and straightforward 
approach to establish control and safety of an 
incident first before addressing other priorities 
such as triage, and finally, medical treatment. 
Effective communication and following this sys-
tem allows good situational awareness to be 

maintained both at the incident and at distant 
sites where coordination of other resources may 
be occurring. This will also hopefully prevent the 
responder from merely rushing to the nearest 
casualty without appreciating the overall 
situation.

 Command, Control 
and Coordination of an Incident

The various agencies involved in an incident will 
have individual command chains within their 
organisations. Alongside this, an incident will 
require an overall commander. Command is usu-
ally thought of as a vertical process (associated 
with hierarchy and formal rank structure) whereas 
control occurs as a horizontal process. NARU 
describes the action of command as exercising 
authority which is associated with a rank or role, 
and control as the application of the authority and 
management of resources [18].

Initially, command of an incident will fall to 
the most suitable person present until a full 
response is mounted. This may simply be the first 
ambulance on scene acting as a control point. The 
command and control process will begin with the 
declaration of a major incident; then as the inci-
dent and response evolves, each responding 
organisation will appoint their own commanders 
at up to three levels; Bronze, Silver and Gold. 
These have also been referred to as Tactical, 
Operational and Strategic tiers. While there can 
be multiple Tactical/Bronze commanders within 
one area, they will report to a single Operational/
Silver commander who has oversight of that area.

In a disaster or very significant major incident, 
there may be multiple areas (each with a Silver 
commander) who will report to the Strategic/
Gold commander who will be coordinating 
national resources. There is only ever one Gold 
commander. The use of Gold command is infre-
quent, but a theoretical example of how Bronze/
Silver command can be used is a train crash with 
multiple casualties. Each carriage may have its 
own Bronze commander who is overseeing 
numerous paramedics and medical teams, and 
each Bronze commander would report to the 
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Silver commander who has overall control of the 
incident. There would be no need for Gold com-
mand in this scenario. However, if 15 trains 
crashed in different areas as part of a coordinated 
terror attack, then Gold command may be used to 
coordinate the response.

A major incident usually requires a response 
from multiple emergency services. Each service 
will have an individual command structure as 
discussed; however, one service will take pri-
macy of responsibility for a scene and hence 
“control” the incident. The command tiers of 
Bronze, Silver and Gold can also relate to differ-
ent cordons or “zones” (also may be called Cold, 
Warm and Hot) which assist with identification 
of threat level, scene access and egress, and 
control.

Training and tabletop planning can lead to 
predetermined attendance procedures within 
each service, with the immediate dispatch of spe-
cific numbers and types of vehicles, equipment 
and personnel in response to a major incident 
being called.

The Ambulance Commander and the Medical 
Commander lead the medical element of a 
response to a major incident. They should be eas-
ily identifiable and be closely linked to the Fire 
and Police service commanders. Ideally, all three 
should be co-located as the incident evolves and 
talk regularly to share mental models and priori-
ties. The appointment of these personnel may be 
predetermined but is initially likely to be fluid, 
with the first crew on scene assuming this role 
and acting as a rendezvous point until a more 
senior officer arrives. Those operating in a com-
mand role should not be engaged in patient treat-
ment as it limits situational awareness, constrains 
the ability to communicate with other services 
and act as a conduit to higher echelons.

 Primacy at Scene

Fire and rescue will usually hold primacy at the 
scene of a major incident if there are safety con-
cerns; otherwise the police will be in charge, 
especially if firearms or weapons are involved or 

there is suspicion that a crime may have occurred. 
The police are usually the last to leave the scene 
of a major incident as evidence preservation, col-
lection and investigation falls to them. They are 
also important for closing off roads and control-
ling access points. When clinicians are working 
with the police at a crime scene, they should 
understand the importance of evidence preserva-
tion. However, clinical need may take priority at 
times (see forensic considerations chapter for 
further details). The medical response rarely has 
primacy, though most other organisations will be 
incredibly accommodating to ensure patients are 
treated as best possible. Medical teams do not 
have the ability to overrule either fire or police, 
but the corollary is not true!

 Safety

Safety precautions should start long before arrival 
at the scene of a major incident—prevention 
beats any intervention. Prevention can be done at 
an individual level (for example, individuals 
ensuring their car is roadworthy before setting off 
on a journey) or at a population or organisational 
level such as implementing changes following 
root cause analysis of major incidents.

Those responding should consider donning 
PPE before setting off to the scene as hazards 
may be immediately present or offer little time to 
do this on scene. This is especially important in 
incidents involving hostile actors such as a fire-
arms incident.

Key Points
There is a risk that those arriving at an incident 
(whether as assistance, members of the public, or 
the media) become part of the incident itself. An 
attempt to minimise this risk is through the 
enforcement of cordons. Safety of those respond-
ing to an incident is commonly referred to as 
“Safety 1-2-3”:

 1. Self
 2. Scene
 3. Survivors
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If approaching an incident with an unknown 
hazard, then responders should follow STEP 
1-2-3:

 1. Step 1: one casualty—approach as normal
 2. Step 2: two casualties—approach with 

caution
 3. Step 3: three or more casualties—do not 

approach, evacuate the scene and seek further 
help

A responder who is unsafe, be it through 
incorrect PPE, neglecting an ongoing unmiti-
gated threat, or through inadequate training, will 
be putting themselves and the casualties at 
increased risk rather than assisting. Teams such 
as HART (Hazardous area response team) or 
SORT (Special Operations Response Team) may 
be required to assist with treatment if there is an 
immediate or suspected CBRN threat.

 Communication

Communication failures are frequently cited as a 
significant contributor to failings or poor out-
comes in response to a major incident [19–24]. 
Major incident plans should be in place in every 
emergency service and hospital that may receive 
patients in response to these events, however, rec-
ognition and declaration of a major incident and 
initiation of these plans is a common limiting 
factor.

Various communication methods can be uti-
lised at an incident but should be standardised, 
tested and well-practised by responding organ-
isations before a major incident is declared. 
Communication can take place locally, such as 
between a group of Fire and Rescue personnel 
stabilising a car, or across a distance when an 
ambulance may need to update a control centre of 
its location.

Radios are commonplace amongst responding 
organisations in the UK.  They typically have 
good reliability in open areas, but operators 

should be trained in their use and familiar with 
voice procedure and the phonetic alphabet (see 
Table 22.2). Mobile telephones may initially be 
useful in reporting an incident and establishing 
some coordination. Still, users should be aware 
that cellular networks could become swamped by 
calls or suffer disruption of supporting infrastruc-
ture, which will impair reliability [25].

Methods of communication that can be used 
locally can include hand signals, loudspeakers 
and runners with written notes to ensure mes-
sages are passed accurately. Ideally, all critical 
communication should be conducted as part of a 
“closed-loop” where those communicating 
acknowledge receipt of the information and 
actions required.

Different organisations will use varying com-
munication formats. The mnemonic METHANE 
(adopted by the Joint Emergency Services 
Interoperability Principles—JESIP) provides a 
structured way to make an initial report or update 
on an ongoing incident.

Key Points
M—Major incident declared/standby & My 

Callsign
E—Exact location: grid reference, landmarks, 

junction numbers
T—Type of incident
H—Hazards
A—Access and egress routes available or blocked
N—Number of casualties
E—Emergency services and equipment present 

and required

Using METHANE also allows the responder 
to think about the management of the scene in an 
organised way, prompting them to identify entry 

Table 22.2 The NATO Phonetic Alphabet

Alpha, Bravo, Charlie, Delta, Echo, Foxtrot, Golf, 
Hotel, India, Juliet, Kilo, Lima, Mike, November, 
Oscar, Papa, Quebec, Romeo, Sierra, Tango, Uniform, 
Victor, Whiskey, X-ray, Yankee, Zulu
—The NATO Phonetic Alphabet
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and exit routes to the scene and begin planning 
for which resources may be required in a logical 
order.

Another example of a useful communication 
tool for pre-alerting patients into a hospital dur-
ing major incidents is the ATMIST system 
(Table  22.3). This mnemonic allows individual 
casualties to be quickly handed over with all the 
relevant information that healthcare providers 
downstream will require and can even be physi-
cally attached to the patient using slate cards.

Communication between medical, ambulance, 
police and fire commanders is vital in the coordi-
nation of an incident response. These command 
nodes should be clearly identified to each other 
and to all other members of the response through 
clearly labelled tabards, PPE and signposts and 
vehicle markings where appropriate.

 Assessment

An assessment of the scene needs to be made by 
those responding early in the incident to deter-
mine what other emergency resources are 
required. Initially, this may be completed by an 
inexperienced provider and the assessment can 
be built up throughout the implementation of 
CSCATTT. As discussed, METHANE is a pow-
erful tool in that it encourages the user to start to 
assess and think about key areas of incident 
control.

Assessment of the scene is a continuum and is 
required at all levels as an incident develops. As 
the scene evolves and levels of command are 
established, accurate assessment allows optimi-
sation of resource allocation. This will exist 
across a spectrum, from deciding what equip-
ment and capabilities are required at the scene of 
the incident through to which receiving hospitals 
are the most appropriate for individual patients 
and if these hospitals need to start clearing space 
for casualties.

Incident assessment requires liaison across all 
responding services per JESIP (see Fig. 22.3) and 
will continue after the incident is wound up as 
part of the debrief process.

Table 22.3 ATMIST Handover system

A Age
T Time of wounding
M Mechanism of injury
I Injuries sustained
S Signs and symptoms (including patients obs in an 

ABCD format)
T Treatments given

Co-locate
Co-locate with commanders as soon as practicably possible at a single,

safe and esily identified location near to the scene.

Communicate
Communicate clearly using plain English.

Co-ordinate
Co-ordinate by agreeing the lead service. Identify priorities, resources and

capabilities for an effective response, including the timing of further meetings.

Jointly understand risk
Jointly understand risk by sharing information about the likelihood and

potential impact of threats and hazards to agree potential control measures.

Shared situational awareness
Shared Situational Awareness established by using METHANE

and the Joint Decision Model.

Fig. 22.3 Principles for 
joint working (From 
JESIP [26])
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 Triage

Triage is the process of sorting casualties into 
priority categories, usually based on physiologi-
cal parameters, to guide urgency of treatment and 
evacuation and optimise treatment delivery in a 
system with finite resources. A casualty’s triage 
category should be reassessed as an incident 
progresses.

Sorting patients by severity has roots deep 
within the warfare environment. The idea of 
“sorting” and “sieving” patients by injury and 
physiological reaction to that injury was brought 
to the fore by one of Napoleon’s doctors in the 
early 1800s [27]. Initially focussed around return-
ing those that could still fight to the frontline and 
separating those requiring surgery, triage has 
evolved into a complex discipline with a vast aca-
demic background and several widely adopted 
solutions.

The typical triage system used by UK respond-
ers is a sieve—sort system. It allows a rapid, 
reproducible and safe categorisation of patients 
at the point of wounding, and a more nuanced but 
reproducible sorting of patients further down the 
line. The ultimate aim is to deliver the correct 
patient to the correct care at the correct time. An 
example of good triage in action may be a police 
medic identifying an abdominal gunshot wound 
with uncontrolled bleeding and ensuring they are 
taken to a hospital with surgical capability 
quickly (well within the hour) and allowing 
another casualty with a dislocated shoulder to be 
further assessed on scene by experienced medical 
practitioners and directed to the most appropriate 
healthcare facility with appropriate use of 
resources.

In the UK, the vast majority of pre-hospital 
and emergency care providers use a similar triage 
system for the initial sieve. This focusses on eas-
ily measurable physiological parameters includ-
ing level of consciousness, presence or absence 
of breathing abnormalities and whether cardio-
vascular compromise (manifested in heart rate 
abnormalities) is present. This can all be quickly 
and accurately measured in a chaotic situation. A 
note should be taken of numbers and categories 
of casualties for communication up-stream. 

Casualties and their classification can also be 
individually identified by physical makers such 
as wrist “snap-bands” or cruciform triage cards. 
Liaison with other locally responding units such 
as ambulance services and fire and rescue should 
be sought to ensure a commonly used and under-
stood system of marking and communication.

An example of a commonly used triage sieve 
system is shown in Fig.  22.4. The practitioner 
performing triage would begin in the top left of 
the algorithm and follow the prompts to assign a 
category. It should be noted that if a casualty has 
had a tourniquet applied due to catastrophic 
haemorrhage, then they are triaged as a P1. 
Following the algorithm assesses the other physi-
ological parameters as described above with 
prompts for limited interventions.

Key Points
The triage categories, as described by MIMMS 
[1] and similar systems, are:

 – P1 (sometimes referred to as T1)—Those 
requiring immediate care. These are the sick-
est patients who cannot wait for life-saving 
interventions

 – P2 (sometimes referred to as T2)—Those 
requiring urgent care. These are unwell casu-
alties who require interventions within the 
next 2–4 h

 – P3 (sometimes referred to as T3)—Those 
patients whose treatment can be delayed 
beyond 4 h (but they will still require assess-
ment and further triage)

The triage tool demonstrated in Fig.  22.4 
requires some training and healthcare-specific 
skills to use. Figure 22.5 illustrates a triage sieve 
that can be used by the public, or those without 
medical training, in a major incident as devel-
oped by citizenAID.  It relies on easily measur-
able parameters, for example whether a casualty 
is talking, to assign a triage category and also 
contains prompts for simple interventions.

Triage is a prescriptive process which relies 
on adherence to a strict protocol and categorisa-
tion. The most appropriate person to perform the 
initial triage sieve may be the most junior clini-
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cian (or non-clinical team member) who will fol-
low the selected algorithm and allow more senior 
clinicians to gain an overview and start planning. 
There is evidence that senior clinicians perform-
ing triage results in less over-triage of patients 
(i.e. a reduction in patients inappropriately being 
sent to major trauma centres) [29]. There is also 
evidence that higher levels of over-triage para-
doxically increases population mortality In major 
incidents [30], so there is a definite balance that 
must be struck between gaining situational 
awareness for senior clinicians and ensuring cor-
rect disposition arrangements. While every 
patient may benefit at an individual level from 
being sent to a major trauma centre, this benefit is 
not realised at a population level. There is a defi-

nite opportunity cost for less- or moderately- 
injured patients who are sent to a major trauma 
centre when they could be adequately managed at 
a trauma unit or smaller hospital.

As patients pass through the echelons of care, 
there may be more time and resources to assess 
the patient. In this case, it could be desirable to 
perform a triage sort on a patient allowing more 
accurate assignment to care in an appropriate 
time frame. An example of a triage sort system 
based on the Triage Revised Trauma Score 
(TRTS) is included above (Table 22.4).

Triage serves as a guide and suggestion to care 
that should be offered. It is best used when the 
clinical demands of a situation outstrip time and 
resources. Whilst there are robust systems for tri-

Triage sieve (National ambulance resilience unit)

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

Place in recovery position

Below 10 or
30 and above

10-29

<120/Cr>2 sec

>120/Cr>2 sec

Circulation
(Pulse/capillary

refill)

Respiratory
rate

Unconscious

Airway (open)
breathing

Walking

Are they
injured

Catastrophic
haemorrhage

P1

Survivor
reception centre

P3

DEAD

P1

P1

P2

Apply tourniquet/
haemostatic dressing

Fig. 22.4 Triage sieve 
as used by NARU [28]
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age, they should be used by trained practitioners 
and applied sensibly and appropriately. The 
 practitioner should recognise that in some situa-
tions, clinical judgement and experience may 
trump algorithm based triage tools as alluded to 
above. The benefit of triage systems is that they 
“fail- safe” on an individual patient level, and pro-
vide a degree of medicolegal protection if they 
are followed. Triage systems can also be subject 
to under or over triage. Under triaging may result 
in an unwell patient being classified as less sick 
than they actually are as opposed to over triage 
which may cause patients to be classified as more 
unwell than they actually are. The underlying 
principle of triage is to “do the most, for the 
most”, and by basing decisions on easily measur-
able physiological criteria, this approach follows 
egalitarian principles.

Triage tools currently in use in the UK are 
robust and can serve most of the population. If 
adult triage criteria are applied to the paediatric 
population, they fail-safe and will over triage 
children to higher levels of care than they would 
otherwise need [31, 32]. Again, while this is 
advantageous at an individual level, it may prove 
deleterious overall from a systemic perspective.

Unfortunately, children may be involved in 
major incidents, such as the 2017 Manchester 
Arena bombing, and normal physiological 
parameters vary with age. In this case, alternative 
triage tools (e.g. paediatric triage tape) are avail-
able to give responders a rough guide to the 
child’s condition when they may not always 

Fig. 22.5 Triage sieve as used by the public 
(citizenAID)

Systolic Blood
Pressure 

Respiratory
Rate 

GCS Score

>89 10-29 13-15 4

76-89 >29 9-12 3

50-75 6-9 6-8 2

1-49 1-5 4-5 1

0 0 3 0

Priority Score

T1 1-10

T2 11

T3 12

Dead 0

Individual scores
added together to
give overall triage
sort score and
priority   

Table 22.4 Example of physiological triage sort based on MIMMS model [1]
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know exact ages. These systems have recently 
come under some criticism as they appear to per-
form poorly in terms of explicitly identifying 
children who require life-saving interventions, 
and the data they are based on may be method-
ologically flawed [33].

It is worth remembering that all the difficulties 
of working in a major incident will apply during 
triage. Dark and noisy working conditions may 
obscure injuries, patients may be in an anxious or 
heightened state from previous activity, and PPE 
may lead to difficulty in measuring observations 
such as respiratory rate.

 MPTT-24: A New Triage Tool

The Modified Physiological Triage Tool 
(MPTT) (Fig. 22.6) is a sieve derived from mili-
tary data which has been shown to outperform 
previous triage methods in military and civilian 
scenarios [35]. It has been further refined into 
the MPTT- 24; the name resulting from decreas-
ing the upper limit of the Respiratory Rate 
bracket to 24 breaths per minute. Alongside the 

alteration to respiratory rate, the triage tool uses 
the AVPU scale (patient responding to voice) 
instead of the GCS scale, increasing perfor-
mance and rapidity of use [34].

 Treatment

Performing interventions takes time, and in the 
initial response to a major incident the objective 
is to achieve “the most for the most”. To this end, 
limited treatment takes place and is usually gov-
erned by the skill of the responder, the equipment 
available, the injuries sustained and the total 
number of casualties. The triage sieves which 
were presented earlier in the chapter include 
some limited interventions such as application of 
tourniquets and placing casualties in the recovery 
position. The UK Defence Medical Services mil-
itary triage sieve also includes airway positioning 
if the casualty is not breathing. Interventions are 
limited to allow all casualties to be fairly triaged 
in a short time frame.

Depending on the circumstances, it may be 
appropriate and desirable to ask survivors and 

Yes

No

Yes

No

No

Yes

No

Yes

No

Yes

Yes

No

Apply Tourniquest or
Haemostatic dressing

Put in recovery position

Priority 1

Priority 1

Priority 1

Priority 3

Dead

Priority 2

Catasrophic
Haemorrhage?

Walking?

Breathing?

Responds to Voice?

Respiratory Rate
12-23?

Heart Rate
<100?

Fig. 22.6 The 
MPTT-24 triage tool 
[34]
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walking wounded to self-clear from the area and 
attend a designated survivor reception centre or 
casualty clearing station for secondary triage. 
More unwell casualties may need assistance with 
extrication and evacuation. The casualty clearing 
station should be set up in an easy to access area 
where security can be guaranteed. It is here that 
casualties from all triage categories will go for 
secondary triage (sort systems as described 
above), resuscitation, treatments and onwards. At 
this stage, treatment should follow the MABCD 
approach.

In incidents involving firearms or terrorism, 
medical help may be delayed in getting to the 
casualties [36]. In these circumstances, bystand-
ers and even casualties may need to apply basic 
first aid and interventions as described above.

 Transport

While people traditionally think of injured per-
sonnel arriving at hospitals in a designated ambu-
lance, in major incidents these resources are 
likely to be overwhelmed. This means there is a 
requirement for carefully considered use of avail-
able resources, matching a patient’s clinical 
needs to the capabilities and equipment of a 
transportation platform.

The utilisation of improvised evacuation plat-
forms, with consideration of the most appropriate 
destination, helps manage on scene and down-
stream patient flow and outcome. An awareness 
of local receiving centres and their capabilities 
can be drilled during tabletop exercises, and an 
overview of capacity can be maintained through 
Gold Command.

Airframes such as helicopters may be neces-
sary for long-distance transfers if a patient 
requires specialist input (such as a burns centre). 
Still, they are limited in capacity of casualties 
they can carry and space for interventions once 
en route. Survivors and even walking wounded 
could travel in improvised platforms such as a 
coach with medical escort freeing up more clini-
cally capable platforms such as ambulances to 
deal with priority 1 and 2 casualties.

At times, those in charge of arranging trans-
port may have to take a nuanced approach when 

it comes to platform and destination selection. In 
an incident with large numbers of casualties, 
available ambulance vehicles may be at a pre-
mium resulting in a balance of risk vs benefit of 
travel time to certain facilities against a shorter 
journey time (with further secondary transfer) 
allowing an ambulance asset to be returned to the 
incident scene ready for a new tasking.

Some platforms may be unsuitable for a par-
ticular patient due to restrictions or requirements. 
Contaminated patients may not travel in an air-
frame due to the risk of contaminants (such as 
toxic agents) affecting the pilot and other aircrew. 
In the event of CBRN incident, specialist input 
from services such as HART should be sought, 
and subsequently, they may be able to utilise 
transport platforms best. Injuries and casualty 
type may also dictate which transport may be 
suitable; casualties that need to lie flat will not be 
able to travel via Patient Transport Service vehi-
cle or bus for example. These considerations may 
ultimately mean that lower priority patients 
(P2/3) begin to leave the scene quicker than P1 
patients depending on the availability of the 
platform.

What also needs to be considered is patients 
who will make their own way to the hospital 
without going through a sieve/sort system and 
can overwhelm capacity in short order. A recent 
example of this is the 7/7 bombings, where four 
bus drivers used their initiative to load patients 
onto double-deckers and arrived at the Royal 
London Hospital (the MTC) and overwhelmed it 
with walking wounded patients [10].

 Crew Resource Management & 
Human Factors

Major incidents will require a large number of 
people to be involved at all levels and potentially 
in multiple locations (on scene, in a control room, 
at receiving hospitals). Those in charge should 
ensure that workforces are rotated to allow them 
to rest and that there is access to food, water and 
ablutions if the incident and subsequent recovery 
period are going to be prolonged. The usual 
amount of emergency work will continue during 
the incident—people elsewhere will still have 
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heart attacks and strokes which need treating. 
Hence, the capacity for these patients in the sys-
tem needs to be considered additionally. While 
elective and some urgent (e.g. cancer) services 
may temporarily be put on hold, this is only an 
ultra-short-term strategy as these patients will 
have worse outcomes if left for long periods and 
are then often uncounted victims of these inci-
dents [37].

A well-rested workforce will go some way 
towards mitigating against errors due to human 
factors. Regular communication with all levels of 
personnel as to plan updates, expected timelines 
and perceived problems will also aid in this miti-
gation as well as a standardised and well- 
rehearsed major incident management system 
such as the MIMMS approach.

 Debrief

Following the event, debriefing should occur at 
all levels. Those directly involved with hands-on 
work at the scene will require feedback on per-
formance and a chance to raise their concerns. At 
higher levels, reports and investigations into the 
cause and management of the incident will help 
prevent similar incidents occurring and also 
improve outcomes. This highlights the need for 
accurate record-keeping throughout.

A debrief is not just a chance for learning but 
also to aid the mental resilience of those involved 
in the event. These incidents can often expose 
people to traumatic experiences, and staff wel-
fare should be considered during and after the 
event (see Fig. 22.7).
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Early intervention
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Additional support

Monitoring and
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Treatment

Peer and family
support

Organisation
acknowledges
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External professional
support

(eg. Mind BlueLight
infoline)
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GP Primary

Care Support
Occupational Health
primary healthcare

Screen and Treat
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(Trauma risk management)

or equivalent

IAPT
(Improving accesss to

psychological therapies)

Specialist Mental Health Services

Fig. 22.7 NHS Clinical Guidelines for major incidents—Psychosocial support for staff [13]
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 Summary

It is essential to follow a structured and shared 
system, such as CSCATTT, when managing a 
major incident. Alongside a structured approach 
preparation will improve the response to an inci-
dent. This not only includes individual prepara-
tion but organisational readiness which can be 
further enhanced through exercises, either large 
scale and high fidelity or tabletop. Preparedness 
will also aid in generating resilience, although 
staff welfare and debriefing are essential as well.

Questions
 1. Command and control differ in that:
 (a) Commander refers to a higher ranked 

individual than a controller
 (b) Command is a horizontal process and 

control a vertical one
 (c) Command involves exercising authority 

whereas control is the application of this 
and use of resources

 (d) Command is the application of authority 
and use of resources whereas control 
involves exercising authority

 2. You are asked to lead the triage of casualties 
at a scene involving a train derailment. You 
have been assigned an area with three casual-
ties. Casualty A is a 24-year-old male lying 
against a doorway with some blood slowly 
oozing around a leg wound, is talking but 
clearly distressed by what has happened to 
him and is confused. He has a respiratory rate 
of 27 with a heart rate of 112. Casualty B is 
not responding to you. She appears to be in 
her 30s and has an obvious head wound with 
no ongoing bleeding, a respiratory rate of 8 
and a heart rate of 100. As you approach, 
casualty C walks over to you holding his wrist 
complaining of severe pain. At first glance he 
appears to be breathing quickly and is panick-
ing about what has just happened. You have 
been told to use a standard triage sieve like 
that used by NARU. What is the correct triage 
category for the patients:

 (a) Casualty A is P1, Casualty B is P1, 
Casualty C is P2

 (b) Casualty A is P2, Casualty B is P1, 
Casualty C is P3

 (c) Casualty A is P2, Casualty B is Dead, 
Casualty C is P2

 (d) Casualty A is P1, Casualty B is P1, 
Casualty C is P1

 3. In the METHANE mnemonic T stands for:
 (a) Triage categories of patients  - to be 

reported to help facilitate the evacuation 
of patients to correct facilities

 (b) Total number of patients – to allow appro-
priate allocation of suitable vehicles for 
evacuation of patients

 (c) Telecommunications  – to establish effi-
cient and reliable communications 
between bronze level and silver / gold 
levels of command

 (d) Type of incident – to support the correct 
allocation of specialist resources and 
ensure use of correct PPE

 4. Which of the following is correct at the scene 
of a major incident:

 (a) The police will have primacy at all 
incidents

 (b) If an incident leads to severe casualties in 
large numbers then the medical services 
will have primacy

 (c) The police are typically last to leave the 
scene

 (d) Evidence preservation may prevent some 
required medical interventions

 5. When approaching a new scene with three or 
more unconscious casualties you should:

 (a) Approach with caution and ask for spe-
cialist equipment to be bought you in 
meantime

 (b) Do not approach at all until specialist 
equipment or services is on scene

 (c) Approach to within 2  m and call out to 
casualties to ascertain level of 
consciousness

 (d) Complete appropriate lifesaving treat-
ments then safely withdraw from scene 
and await further helps

Answers
 1. c
 2. b
 3. d
 4. c
 5. b
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Tactical Trauma Care

Hannah M. Clancy and Alexander G. Porthouse

 Introduction

Tactical medicine is a unique and specialised area 
of healthcare. While people frequently think of 
military medics applying tourniquets in foreign 
warzones, it is vital to stress that tactical care also 
occurs in domestic settings and when working 
with non-governmental organisations (NGOs) 
and civilian agencies. Tactical field care occurs 
when the threat is not necessarily neutralised in a 
semi-permissive or non-permissive environment.

Recent years have seen an increase in terror 
attacks both within the UK and abroad. 
Traditional sequential management by the emer-
gency services to control or eliminate the threat is 
recognised to delay treatment to victims. To this 
end, emergency services are adapting their prac-
tices to allow lifesaving care to be delivered 
closer to the immediate incident wearing special-
ist personal protective equipment (PPE) [1, 2]. 
This falls in line with police armed response units 
adopting more aggressive military tactics to sub-
due better armed, equipped and trained threats. 
Indeed, police armed response teams will typi-
cally receive trauma training on their D13 course 
of a similar standard to that of a British Army 
Combat Medical Technician [3].

As states destabilise and fail, a power vacuum 
leaves parties vying for supremacy with internal 
as well as international conflict. Healthcare pro-
fessionals may find themselves included in the 
response to this, working for global charities and 
NGOs and dealing with traumatic injuries. In 
non-conventional warfare and through domestic 
threats, it may be challenging to distinguish hos-
tile persons and combatants from the civilian 
population. An appreciation of care within the 
tactical environment allows healthcare providers 
to better protect themselves and deliver an appro-
priate and safe level of care to their patients.

Many practices described within this chapter 
are based around those of the British Armed 
Forces. However, many of these principles are 
valid worldwide and are employed with other pub-
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• Describe the scope of tactical medicine 
and trauma care.

• Learn the key considerations for work-
ing practice and safety within the tacti-
cal environment.

• Review the MABCD management para-
digm and the considerations that the tac-
tical environment requires.

• Gain an understanding of the appropri-
ate interventions at different phases of 
an incident and levels of care provision.
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lic, charitable and private organisations. Within the 
armed forces, many western countries follow very 
similar practices when delivering trauma care to 
ensure interoperability in multinational operations 
with organisations such as NATO. Some of these 
training methodologies have been passed on to 
other (non-military) organisations which operate 
in similar environments. This chapter explores 
some of the lessons learned from previous con-
flicts and how these fundamental principles can be 
applied in the civilian setting.

 War Wounds on Home Soil

In recent years the world has seen an increasing 
number of marauding firearms terrorist attacks 
(MTFA) and roving terror attacks (RTA) [4]. These 
attacks, either by “lone-wolf” solo actors or planned 
groups of terrorists, are typically characterised by 
indiscriminate targeting of civilians. They occur in 
many forms, increasingly involving shooting or 
stabbing and bludgeoning. They may also involve 
explosives (either improvised or military-grade), 
starting fires, vehicular attacks, hostage-taking or 
sieges. Examples include Anders Breivik planning 
and executing a “lone- wolf” attack in Norway in 
2011, killing 77 and injuring 319 [5], and the 
Islamic State attack in November 2015 by a group 
of nine terrorists in Paris, resulting in 137 deaths 
and 413 casualties [6]. While security services 
intercept many such attacks in the planning phase, 
some will still slip through the net. This is an inter-
national phenomenon, as shown in Table 23.1.

Those treating casualties will encounter 
wounding patterns similar to those sustained in 
combat, including gunshot wounds (GSW), stab-
bings and blast injuries, requiring tactical field 
care unless the threat has been eliminated. 
Injuries may affect multiple regions of the body 
(discussed later in the Anatomy and Wounding 
section) and may be complicated further by inci-
dental environmental or intentional pathogenic 
contamination [7–9]. The civilian emergency 
response services are increasingly exposed to 
what may previously have been considered a mil-
itary threat, and the public and personal safety 
and equipment considerations to mitigate for this 
are discussed later in this chapter.

 Phases of Care

Working outside of a hospital in any environ-
ment poses unique challenges at the best of 
times, with some of these outlined in the Scene 
Safety chapter. When these issues are com-
pounded by an ongoing threat to responders and 
their casualties, decision making and treatment 
options become even more pressurised and con-
text-dependent. Working within the tactical 
environment exposes the practitioner to unique 
risks such as hostile personnel and potential 
CBRNE3 threats (see CBRN chapter for further 
details) and an ever- changing environment in 
addition to the “usual” constraints of pre-hospi-
tal practice.

As a NATO member, the UK armed forces 
separate an incident into “zones” or phases, guid-
ing what can and cannot be achieved when deliv-
ering care within the tactical sphere and how the 
practitioner should view and respond to their 
environment. These are standardised between 
NATO members to enable interoperability (see 
Fig.  23.1) [10]. This is increasingly mirrored 
across civilian response services with uniformity 
of terminology and training to improve coordina-
tion between different emergency services and 
regions [11]. The point of these phases is not to 
restrict care, but is born from the necessity to pro-

Table 23.1 Recent terrorist attacks and casualty figures

Atrocity Year Dead Injured
Madrid train bombings 2004 192 2000+
London bombings 2007 55 700+
Mumbai attacks 2008 174 300+
Norway (Brevik) attacks 2011 77 320
Boston Marathon bombing 2013 3 264
Kenya mall shooting 2013 67 200+
China Kunming knife attacks 2014 29 140
Tunisia resort shootings 2015 38 39
Paris Islamic state attack 2015 130 440
Brussels bombings 2016 32 300+
Nice bastille day vehicular attack 2016 86 458
Berlin Xmas market attack 2016 12 56
Westminster car/knife attack 2017 4 50
Manchester arena bombing 2017 23 500+
London bridge attack 2017 8 48
Barcelona las Ramblas attack 2017 14 120
Las Vegas concert shooting 2017 59 527
Average per attack 30 251+
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tect the practitioner and casualty, enable safe and 
effective care and “do the most for the most”. The 
priorities within each “zone” are based on those 
interventions that optimise resource, personnel 
and time allocation given the ongoing threat 
level. At times the phase of care will intuitively 
match the current zone of operation; in other 
words, “care under fire” will take place in the 
“hot zone” and “tactical field care” in the “warm 
zone”. However, this will not always be the case, 
as the phase of care is determined by the threat 
level, not the patient location. This level can fluc-
tuate with time and other factors determining the 
evolution of an ongoing incident. The appropriate 
level of care to provide should be under constant 
evaluation. The complexity of possible and 
appropriate interventions can be increased as the 
threat to those providing care is reduced.

 Care Under Fire/Non-Permissive 
Environment

Care taking place in the hot “non-permissive” 
zone is commonly termed “care under fire”. Here 
there is an ongoing imminent threat to both 
responders and the general population. The prior-
ity remains to contain or neutralise the threat rather 
than provide “gold standard” medical interven-
tions. If the casualty is inaccessible to the responder 

and alert, they should be encouraged to perform 
self-aid, extricate, and/or seek cover until help can 
get to them. There is an increasing drive for public 
education in these matters through first aid 
schemes and initiatives such as the “CitizenAid” 
application [12, 13] in the UK and the “Stop the 
Bleed” campaign in the USA [14, 15].

All members of the British Armed Forces are 
trained to deliver basic first aid under these cir-
cumstances to themselves or others, termed ‘self- 
aid’ and ‘buddy-aid’. This is similar to practice in 
other agencies worldwide who work in this envi-
ronment (e.g. US law enforcement ‘SWAT’ 
teams). Only those immediately life-threatening 
injuries are addressed: tourniquets for massive 
haemorrhage and maintenance of an airway by 
positioning (recovery/three-quarter prone) alone. 
Within military practice, on operations where a 
high number of casualties are anticipated, a 
greater proportion of a unit’s members may be 
upskilled to national equivalents of Team Medic, 
or potentially a Combat Medical Technician 
included in the task force (see Box 23.1) [16].

Tactical emergency medical services (TEMS) 
is an evolving civilian field. There is a recogni-
tion of the dangers present even on carefully 
planned tactical police operations and the poten-
tial need for increased medical support. Much of 
this is modelled around a military approach. 
There is debate about the utility of health care 
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providers in the hot and warm zones when 
organic team members can be trained in the ini-
tial lifesaving measures of haemorrhage control 
and airway management. The benefits of rapid 
access to a vocational provider’s more advanced 
skill set have been questioned [17, 18]. Current 
practice in the USA does not generally support 
health care providers (physicians or mid-level 
providers) being placed in the hot or warm zone. 
The only situation this may be beneficial is if 
there is a mass casualty, where specially trained 
physicians may provide direct medical oversight 
of both initial triage and treatment areas which 
could be near the warm zone. There is a require-
ment for both those responding tactically and 
those responding in a medical capacity to appre-
ciate each other’s roles and capabilities, the tac-
tics employed and pertinent legal elements of 
these situations [19]. There is a need to upskill 
those responding tactically so that they can assist 
their “buddies” in addition to assisting civilian 
casualties and wounded suspects. Physicians 
play a crucial role in the training of these 
advanced tactical team medics and should deploy 
with them whenever possible to be on scene in 
the “cold zone” as medical oversight for casual-
ties. They should also be immediately available 
once the victim is extricated to the more permis-
sive safe zone before transport. As a minimum, 
the medical responder should be aware that they 
will need to optimise cover from view and fire in 

tions and perform reception/triage of 
casualties. It can perform resuscitation 
and treatment of shock to a higher level 
than Role 1 facilities. In practical terms, 
this means the provision of damage con-
trol surgery (life, limb and function sav-
ing), basic laboratory and imaging 
services, limited intensive care capacity 
and a limited holding capacity for pro-
longed care of severely injured service 
personnel in austere and hostile environ-
ments. It is unlikely to operate in the tacti-
cal environment unless small teams are 
deployed within specialist environments.

Box 23.1 Levels of Care in the British 
Army—UK Armed Forces [16]
Battlefield Casualty Drills: All soldiers in 
the British Army have annual training in 
first aid, basic life support and basic prin-
ciples of major trauma care, including the 
use of tourniquets. This includes delivery 
of care under fire by ‘self-aid’ and 
‘buddy-aid’.

Team Medic: A soldier from within the 
operational unit who has additional medi-
cal training primarily focussed on trau-
matic injuries and who carries minimal 
additional specialist medical equipment.

Combat Medical Technician: A medi-
cally trained soldier able to deliver protocol 
based primary health care, care under fire, 
resuscitation and stabilisation and in-tran-
sit monitoring for evacuation. They are 
regulated by the British Army Scope of 
Practice and Code of Conduct and will 
always work under supervision, even if this 
is remote.

Role 1: Led by Medical Officer (Doctor) 
or military nurse practitioner with BATLS 
(Battlefield Advanced Trauma Life 
Support) training. Capable of field resusci-
tation and early stabilisation. They usually 
belong to a larger unit (Regiment or Ship). 
Provides tactical and prolonged field care.

MERT (Medical Emergency Response 
Team): Senior physician-led (Emergency 
medicine/Anaesthetics/GP with advanced 
airway and resuscitation skills) and a team 
of variable size and skill mix. Can provide 
resuscitation with blood products, pre- 
hospital emergency anaesthesia and 
advanced decision making. May have a 
role in tactical field care and may bypass 
some treatment areas to allow a shorter 
time from the point of injury to damage 
control or definitive surgery.

Role 2: A Role 2 Medical Treatment 
Facility provides an initial surgical 
response capability and is characterised 
by its ability to perform surgical interven-
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this environment, and allow the armed response 
element to lead the event. In this scenario, medi-
cal elements are force enablers that support the 
overall mission rather than being the lead.

At this point, the priority is to win the firefight 
and preserve life before evacuation rather than 
providing definitive care. Only minimal and cru-
cial interventions should be performed whilst the 
threat remains active. This can be at odds with a 
healthcare provider’s instincts and may result in a 
hefty psychological burden following the event. 
Evacuation of a casualty to a more permissive 
environment and a higher level of care must be 
balanced with the safety to move without causing 
further casualties.

For the responder delivering care in this envi-
ronment, it is essential that they wear correct per-
sonal protective equipment (PPE) for the threat 
encountered. This may include a ballistic helmet, 
goggles, body armour, chemical resistant suits 
and respirators. In some circumstances, camou-
flage (both visible and infrared) and identifying 
markers are necessary to allow other units and 
friendly actors in the area to identify the health-
care provider quickly. Personal equipment may 
also include a weapon issued to the individual for 
defence of themselves or their casualty. This 
should be maintained and familiar to the user as 
with the rest of their PPE.

Due to PPE requirements and the often physi-
cally demanding task of operating within the tacti-
cal environment, casualties and responders may be 
at risk of heat injury. This can manifest in the dis-
turbance of physiological parameters even without 
injury. Raised temperature, respiratory rate and 
heart rate should alert the responder to the poten-
tial for heat injury. The risk of heat injury may be 
increased by working in already austere conditions 
and dehydration due to climate or lack of resources 
[20–22]. While PPE is essential in this environ-
ment, it is uncomfortable to wear for long periods 
and can degrade the performance of both tactical 
and medical tasks [23–26]. It can also decrease 
mobility and dexterity to perform interventions. 
The decision to remove a patient’s PPE to examine 
and treat them depends on the prevailing scene 
dynamics and risk/benefit balance.

When all these issues are considered together, 
whole unit training (including medical contin-
gency plans) should be undertaken in full PPE so 
that any limitations can be identified and solu-
tions put in place before any live operations are 
undertaken. While challenging to seek real-life 
experience in these scenarios, it is essential to 
simulate and train as realistically as possible for 
these events. Training should include large-scale 
high-fidelity exercises and tabletop planning 
exercises, with specially trained physicians 
involved in the medical planning and logistics of 
the planned event.

 Tactical Field Care/Semi-Permissive 
Environment

Once the threat is eliminated or a casualty is 
extracted from immediate danger to a 
 semi- permissive environment, “tactical field 
care” commences. However, there continues to 
be a secondary threat of indirect fire or CBRNE3T 
(see later section). An example would be the ces-
sation of enemy fire in a military firefight or a 
wounded police officer being removed from an 
area where there is still an ongoing siege with ter-
rorists. Those working in this environment should 
always be aware of the potential for regression to 
a non-permissive environment. It is therefore 
important to continue with PPE, maintaining 
good tactical discipline and communication. 
Assessment of the casualty and access for treat-
ment may be at the expense of removing their 
ballistic protection. Working under limited light-
ing in order to maintain security can make inter-
ventions challenging.

In the tactical field care phase, a full MABCD 
survey should be done (see later), interventions 
from the hot zone should be reviewed, and the 
patient should be stabilised for medical evacua-
tion (MEDEVAC). There may be a greater avail-
ability or selection of kit and equipment at this 
stage. However, it should be stressed that actions 
taken in this phase should be swift but accurate, 
and again, only those actions appropriate to the 
level of threat should be performed.
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All interventions up to this point fall under the 
umbrella of pre-hospital care; non-medically 
trained personnel can be given specific and tar-
geted training in these techniques and have 
employed them effectively on operations [18]. In 
the military, this level of care is most likely deliv-
ered by a combat medical technician if they are 
attached to the operating force element. In situa-
tions where MEDEVAC can be based on a plat-
form that is safe to take forward, advanced care 
providers can collect patients, and advanced 
interventions can begin in the tactical environ-
ment, effectively “bringing the hospital to the 
patient”. The gold standard for this was the 
Medical Emergency Response Team (MERT) in 
Afghanistan, where a CH-47 Chinook permitted 
360-degree access to the patient in flight. This 
capability also allowed patients more rapid evac-
uation to deployed hospital care.

Information passage between each of these 
levels of care is limited but vital and can be effec-
tively achieved using the ATMIST tool (see Box 
23.2), although others do exist.

It is always good practice to maintain kit dis-
cipline in the pre-hospital environment, but this is 
even more applicable in a tactical context. This 
not only includes maintenance and regular func-

tions checks, but when using kit and equipment, 
only having the safe minimum requirement 
unpacked at any time for the survey or interven-
tion. This allows a quick response to a change in 
the threat level or the arrival of an evacuation 
platform. There will likely be no clinical “white- 
space” available. Part of this care may be deliv-
ered in less than ideal environments that could be 
noisy, dirty or cold with limited ability to assess 
casualties. Depending on the tactical situation, 
the use of light and communications equipment 
may also be strictly controlled as this could alert 
hostile forces.

 Resuscitation and Advanced Care/
Permissive Environment

This phase can occur when all nearby threats 
have been neutralised or the casualty and health-
care provider have been extracted to a safe area. 
Use of PPE and tactical discipline should still be 
adhered to as directed by those in charge of scene 
safety, but this phase should allow more conven-
tional treatment to begin—essentially more akin 
to standard trauma care. It may be possible to run 
horizontal resuscitation with a well-staffed and 
equipped team and a manageable number of 
casualties.

 The Physiology and Anatomy 
of Tactical Trauma Care

 Physiology
The severity of a casualty is typically judged 
based on physiological parameters; heart rate, 
blood pressure, respiratory rate, oxygen satura-
tion and temperature. Those that serve in the tac-
tical environment are generally younger and fitter 
than the general population. This manifests as an 
ability to compensate for physiological insults 
until very unwell, when there is a rapid 
decompensation.

The nature of a warzone, site of a terror attack 
or disaster zone means that confusion and chaos 
often reign supreme. Casualties, whether 
bystanders or responders, will likely already have 
raised heart and respiratory rates if they have 

Box 23.2 ATMIST Report
A—Age & sex.

T—Time of wounding.
M—Mechanism of injury.
I—Injuries sustained.
S—Signs & symptoms.
T—Treatments given.
“I have an ATMIST report - 33-year-old 

male, time of wounding approx. 1940 hrs 
with a mechanism of stabbing during a 
possible terror attack. Injuries sustained 
are one stab wound to the chest and one to 
the abdomen. I suspect some internal 
abdominal bleeding. He has bruising 
around his abdomen but is currently alert 
with a resp rate of 26, heart rate of 120 and 
a palpable radial pulse. I have given him 
oxygen, applied a chest seal and abdo 
dressing and given him 5 mg of Morphine.”
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been running or fighting, which can lead to con-
fusion during triage or treatment. However, even 
taking this into account, a casualty should be 
assumed to be at their worst triage category rather 
than mislabelled as “well but distressed” to avoid 
missing those that are injured. This approach 
does lead to an element of over-triage initially, 
but it is safer than under-triage.

 Anatomy and Wounding
For those who frequently operate in the tactical 
environment, such as military personnel and spe-
cialist police officers, PPE is designed to mitigate 
risk. Combat body armour and helmets are the 
items most frequently seen, primarily protecting 
the head and thorax with some protection to the 
abdominal organs. As mentioned previously, 
body armour can be a double-edged sword in that 
it provides protection but limits mobility and can 
cause fatigue and so potentiate injury.

Data from terror attacks and recent conflicts 
demonstrate injury patterns commonly affecting 
the head, neck, chest, abdomen and junctional 
areas and commonly involving multiple areas 
[27]. Casualties may suffer penetrating injury 
from gunshot wounds, stabbing or shrapnel or 
blunt force trauma from direct impact or explo-
sions. Alongside the obvious external wounding 
caused by explosives, there may be internal inju-
ries such as blast lung or internal haemorrhage, 
and therefore adherence to a thorough format of 
assessment is crucial.

 Unique Challenges of Tactical 
Trauma Care

While deaths from trauma have historically been 
described as trimodal (immediate from unsurviv-
able injuries, early primarily from haemorrhage 
or airway compromise and late from infection 
and SIRS response), there is an increasing shift 
away from this theory in an era of pre-hospital 
care, trauma networks, early resuscitation and 
critical care [28–30]. While outcome from trauma 
may, in the controlled environment, be linked to 
timelines to accessing care and at the level of care 
and expertise available, extended distances and 

accessibility of the casualty, either physically or 
due to ongoing threat, are significant contributors 
in the tactical environment.

 CBRNE3T

The term “CBRNE3T” is an expansion of the 
widely recognised CBRN (chemical, biological, 
radiological and nuclear), acknowledging 
disease- non battle injury (DNBI) as the leading 
cause of casualties on operations (see Box 23.3) 
[31–36]. Defence describes its service personnel 
as operating in an “all-hazards environment”, but 
this is increasingly becoming a factor that must 
be considered in all pre-hospital and major inci-
dent settings. Operational environments may 
have a known CBRNE3T threat that a chain of 
command can take steps to mitigate against, 
including donning of PPE in line with the per-
ceived threat state and have a well-rehearsed 
response. Casualties and responders in the civil-
ian environment are unlikely to have the benefit 
of this “pre-alert”.

Box 23.3 CBRNE3T
Chemical—Threats from chemical agents 
or industrial chemicals and crowd control 
agents.

Biological—Weaponisation of live 
organisms, toxins and biological hazards.

Radiological—Release of ionising or 
non-ionising radiation.

Nuclear—Harnessing of nuclear fis-
sion/fusion reactions.

Explosive (ballistic)—Results of gun-
shot wounds, indirect fire, improvised 
explosive devices, shells and bombs and 
their collateral damage.

Environmental—Hazards emerging 
from heat, cold and altitude.

Endemic—Infectious diseases pose a 
risk even when not deliberately released.

Trauma—Not all trauma is a result of 
explosive activity.
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Tactical field care is often delivered in austere 
environments where local flora and fauna, cli-
mate, terrain and disease may have a concurrent 
impact alongside operational threats. Patients in 
this setting may have been exposed to (and may 
continue to need protection from) any of these 
threats even once evacuated from the immediate 
incident. A high level of suspicion of should 
remain when responding to these incidents.

From the responder’s perspective, a “Safety 
1-2-3” approach towards an unwitnessed or sus-
picious incident where there may be a CBRNE3T 
element in play [37, 38]:

 1. One person incapacitated with no apparent 
cause:

approach using standard protocols
 2. Two people incapacitated with no apparent 

cause:
approach with caution, update control

 3. Three or more people incapacitated with 
no apparent cause:

use caution:
• Evacuate those not involved from the scene
• Communicate and advise that help is on 

the way
• Disrobe patients in the immediate area—to 

minimise contamination
• Decontaminate patients before they leave 

the “hot zone”, dry decontamination

While the vocational medical responder’s util-
ity in the hot zone is debated, recognised roles, 
particularly in the CBRN environment, include:

Medical Reconnaissance—observation of signs 
and symptoms with the aim to identify a toxi-
drome and potential causative agent.

Triage—described in the “Major Incidents” 
chapter. May be undertaken by non-medical 
personnel but require adaptation in the pres-
ence of CBRN agents.

Trauma care—those withing the CBRN envi-
ronment may still have other injuries that 
require treatment.

Antidote administration

Decontamination will then take place in the 
warm zone (see Fig. 23.2) [39].

 The MABCD Approach 
in the Tactical Environment

Care in the non-permissive and semi-permissive 
environment is limited due to safety to the res-
cuer and efficacy of interventions in this setting. 
Here the suggested interventions are explored 
and broken down into each stage. The approach 
detailed here is similar to that used by the UK 
armed forces and most NATO forces. It is essen-
tial that practitioners receive training in tactical 
trauma care and that teams are familiar with one 
another’s systems. The UK armed forces train 
their medical personnel in Battlefield Advanced 
Trauma Life Support (BATLS), an adapted ver-
sion of the original Advanced Trauma Life 
Support (ATLS) course.

 Care Under Fire

Care under fire occurs at the point of wounding, 
in a non-permissive environment where the prior-
ity remains to “win the firefight”. Minimal inter-
ventions are performed at this stage and are 
usually provided by self-aid or buddy aid, not a 
specially trained responder. Soldiers and armed 
response officers should be trained in basic first 
aid, including control of massive haemorrhage, 
have annual refresher training, and carry equip-
ment such as emergency care bandages and tour-
niquets. As public education on response to these 
events is developed, there is a push to provide 
this equipment in public areas or teach impro-
vised techniques for bystanders to perform care 
under fire.

The SAFE approach to Care Under Fire
• S—Shout/send signal for help

In the military setting, this involves 
shouting “man down” to inform members of 
the immediate subunit if tactically appropri-
ate. From here, a member of the unit will be 
responsible for communicating this “contact 
report” to a higher echelon to give a loca-
tion, time of enemy contact, number of ene-
mies and their disposition and the 
commander’s intent, usually via radio com-
munications. In addition to this, when the 
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tactical situation allows, a “nine-liner” 
report is made to request medical evacuation 
if needed. This is given in a specific format 
to save time and allow accurate transcription 
by personnel receiving the message in the 
event of communication difficulty (see 
Fig. 23.3). Casualties, if able, should make 
others around them aware of their injuries. 
Those responding to the scene should iden-
tify the likely need for assistance and request 
this early.

• A—Assess for danger: to self, patient and 
scene

At this point, the priority is responding to 
the threat. This may involve neutralising the 
assailant. A safe approach route must be estab-
lished, clear of secondary devices, considering 
the ongoing risk of indirect fire. As discussed 
previously, the Safety 1-2-3 approach is used 
in an instance with multiple casualties to con-
sider the possibility of a CBRN threat. The 
structural integrity of any infrastructure must 
also be considered, both at the current time 

and with anticipation of how the firefight may 
evolve in the next few minutes.

• F—Find and free casualties
Not all casualties are immediately identifi-

able, particularly those ejected from vehicles 
or thrown by a blast wave. All possible casual-
ties need to be identified and accounted for. 
Casualties may be physically or functionally 
entrapped and need to be freed to permit treat-
ment and evacuation. In a civilian setting this 
can involve multiple agencies, including the 
Fire Services and the Hazardous Areas 
Response Team. Speed of extrication is usu-
ally governed by the patient’s condition. 
Control of c-spine and appropriate interven-
tions will likely be dictated by the level of 
ongoing threat and the likelihood of injury. Of 
note, patients with penetrating ballistic neck 
injuries should not routinely have cervical 
spine collars applied as this worsens outcomes 
in patients who have potentially survivable 
injuries by causing airway compromise or hid-
ing other life-threatening pathology. Patients 

Hot Zone

Incident

Triage and
decontamination

Warm Zone

Casualty
clearing
station

Cold Zone

Silver Command

Ambulance
loading point

Inner Cordon
Clean / Dirty Line

Outer Cordon

Incident
Control
point

In

Out

Fig. 23.2 Response to CBRN incidents and cordon control (based on Byers et al. [39])
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with penetrating ballistic neck injuries and 
unstable spinal pathology die of their wounds 
very quickly [40]. If patients with these inju-
ries are attended by medical teams, they 
should not have a cervical collar applied.

• E—Evaluate
Assessing the casualty and their injuries. In 

this environment, only immediately life- 
threatening conditions are addressed.

Interventions appropriate during care under 
fire:

• <M>—Massive Haemorrhage
Tourniquet applied by self-application or 

buddy aid. This is the primary method of hae-
mostasis in the non-permissive environment. 
Improvised tourniquets may be used.

• A—Airway
Turning the patient onto their front to allow 

postural drainage.

 Tactical Field Care

Tactical field care takes place in a semi- permissive 
environment. Here there is an ongoing threat to 
consider danger from CBRNE3T, but a more 
thorough assessment and treatment can be pro-

vided. The interventions in each stage of the 
MABCD approach have been outlined in previ-
ous chapters. However, a brief list of appropriate 
interventions in the warm zone for each stage is 
laid out below.

• M—Massive Haemorrhage
The ideal haemorrhage control follows a 

stepwise approach (see Fig. 23.4) [41]. The 
threshold for tourniquet application in the 
tactical environment is low in the non-per-
missive environment. The clinical require-
ment can be reassessed in the semi 
permissive environment and assessed for 
haemostasis [41, 42].

If a tourniquet has been applied too prox-
imally, an additional tourniquet should be 
applied as close to the wound as is viable. 
Once this is in place, the original tourniquet 
can be loosened slowly but left in place to 
assess for adequate haemostasis. If it is felt 
that a bleed can be adequately controlled by 
other means, then again, the tourniquet 
should be loosened slowly but not removed, 
with monitoring of adequate haemostasis. 
Equally, if ongoing bleeding despite a tour-
niquet, a second tourniquet more proximal 
than the first may be applied (See Fig. 23.5) 
[43].
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Topical haemostatics include agents such 
as Celox. They are not indicated before a semi 
permissive environment is reached because of 
the time taken to apply correctly. Application 
of celox is ideally a two-person technique (see 
Fig. 23.6) [43].

• In those with penetrating trauma, a roll to 
identify any further injuries and exit wounds 
should be performed early to avoid missing 
other sources of haemorrhage. In those with 
blunt trauma should be minimal.

• A—Airway
Inspection and clearing of the airway. Hand 

operated suction.

OPA/NPA sizing and insertion.
Oxygen if available.
Surgical airway if required and appropri-

ately trained provider present.

• c—Cervical Spine Control
Manual immobilisation.
Care of a potential C-Spine injury must be 

balanced with the impact of an immobilised 
casualty on manoeuvrability out of an area of 
ongoing threat.

• B—Breathing
A thorough assessment of the chest should 

be made using whatever means the responder 
is most familiar with (for example, see Box 
23.4) [42]. Interventions performed in this 
environment include applying oxygen if avail-
able, analgesia, needle thoracentesis, thoracos-
tomy, chest seal application and early 
recognition of the need to expedite 
evacuation.

• C—Circulation
Intravenous or intraosseous access gained 

and fluids administered to restore a radial 
pulse.

Administration of Tranexamic Acid, fluids 
or blood products if available.

Field Dressing

Topical haemostatics

Pressure and elevation

Tourniquet

Fig. 23.4 Haemorrhage control ladder (Adapted from 
Moorehouse et al. [41])
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Fig. 23.5 Achieving haemostasis (based on BATLS Aide Memoire, 3rd Edition) [43]
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• D—Disability
Level of consciousness is generally 

assessed using one of two scales. The AVPU 
scale, or the Glasgow Coma Scale.

AVPU stands for:

• A—Alert.
• V—Responds to verbal stimuli.
• P—Responds to painful stimuli.
• U—Unresponsive.

AVPU is a quicker and simpler score to 
assess than the GCS but can still be used to 
identify deterioration.

• E—Exposure/Environment
Patients should be packaged carefully for 

transport with minimal patient handling. All 
interventions should be checked and protected 
from dislodgement. Consider whether the 
patient has been offered sufficient analgesia 
prior to movement and whether antibiotic 
cover is indicated if they are available. The 
casualty will need protection from the envi-
ronment to avoid hypothermia and hyperther-
mia and exposure to other CBRNE3T threats. 
Adequate documentation about the patient’s 
injury and treatments will need to accompany 
the patient through the chain of care. Regular 
reassessments should be made while awaiting 
evacuation.

 Challenges of International 
and Austere Working

The majority of medical care worldwide in 
mature healthcare systems is delivered in an envi-
ronment that is safe, clean, well lit, protected 
from the elements and has almost immediate 
availability of senior support. Virtually all of 
these elements are missing in the tactical and aus-

Operator 1 Operator 2

Appply pressure to wound
through  field dressing

Open a fresh first field dressing
Open CELOX gauze

Working together

Remove field dressing

Apply pressure through fresh field
dressing for 3 minutes

Unravel and insert CELOX gauze
Pack wound tightly

Fig. 23.6 Celox 
Application (based on 
BATLS Aide Memoire 
3rd edition) [43]

Box 23.4 BATLS Approach to Respiratory 
Assessment (Based on BATLS Aide Memoire, 
3rd Edition) [43]
Currently, BATLS teaches a “RISE N 
FALL” assessment of the chest. This is 
designed to be a thorough assessment of 
the respiratory system in a uniformed for-
mat that all providers are familiar with.

R—Respiratory Rate
I—Injuries to chest and axillae
S—Symmetry of chest wall
E—Effort of breathing
N—Neck assessment
 T—Trachea
 W—Wounds
 E—Emphysema
 L—Larynx
 V—Veins
 E—Complete neck assessment every 

time before applying a cervical collar
F—Feel: for tender areas and bony 

crepitus
A—Assess resonance (percussion)
L—Listen to chest (auscultation)
L—Look at the back

H. M. Clancy and A. G. Porthouse



467

tere environments. Security in the tactical setting 
is not guaranteed. This is particularly true for 
those working furthest forwards, embedded 
within front line fighting units or working with 
tactical emergency response units, providing the 
immediate interventions to save lives and prevent 
further injury. Even for those in comparatively 
safe rear echelons, there is a need to be concealed 
from the enemy and an ever-present risk of harm 
from rogue actors infiltrating accompanying 
organisations [44, 45], indirect fire (artillery and 
mortars) or long-range attacks such as airstrikes.

Displaying the red cross, crescent, or crystal 
should guarantee protection to the wearer, vehi-
cle or building displaying it under the Geneva 
Conventions [46]. However, this is often not 
adhered to in non-conventional conflict [47–49]. 
Disruption of logistic and support chains is a 
potent method to render a fighting force ineffec-
tive. Healthcare facilities may even be seen as 
desirable targets by those wishing to create terror 
and psychological harm to a population. While 
remaining concealed from the enemy, aid posts 
need to be easily identified by the population they 
are there to serve.

The kit and equipment available are often lim-
ited to that which can be carried by the practitio-
ner, or accommodated by the transportation 
platform. There are restrictions in terms of cold- 
chain supplies (items that require transport and 
storage in refrigerators), such as various drugs 
and blood products. There is a need to estimate 
the number and type of casualties in order to take 
an appropriate kit selection, often relying on 
improvisation or adaptation of existing equip-
ment to perform multiple roles. Sourcing of kit 
and equipment can be difficult when dislocated 
from a supply chain, as some countries do not 
allow transit through or importation of certain 
medications. Monitoring equipment usually con-
nected to a continuous power supply is now lim-
ited by battery life, and spare batteries can be 
bulky and heavy. Communications equipment 
presents yet another challenge; they require suf-
ficient battery power and capacity to run reliably 
but may create electromagnetic signals or 
“splash” alerting hostile forces to their location. 
They may also require specific criteria to be met 

to send and receive signals, such as a direct line 
of sight or good prevailing atmospheric condi-
tions depending on the type of communication 
bearer being used. These can all be limited in the 
austere environment or when working “at reach”. 
Consideration should be given to capacity on the 
communication network for the passage of infor-
mation. Those using radio equipment should be 
trained in its use and familiar with basic voice 
procedures and protocols [50].

The evacuation chain involved in the care of a 
patient injured in these circumstances is often 
complicated if it formally exists at all. While mil-
itary operations will have a specific medical 
evacuation (MEDEVAC) plan as part of the med-
ical planning aspect, charities and aid agencies 
may not have the luxury of being able to evacuate 
patients from or to hospitals outside of the region.

MEDEVAC typically relies on the coordina-
tion of several different organisations, potentially 
of different nationalities, who have not necessar-
ily cooperated before. Each organisation will 
have their Standard Operating Procedures 
(SOPs), and there is no guaranteed congruency in 
these. Again, communications can be an issue 
here in terms of interoperability of systems or 
even common language.

Increasingly there is a need to provide “pro-
longed field care”, not solely the immediate 
resuscitation. This comes with inherent chal-
lenges for kit requirements, monitoring, transport 
and ability to maintain functionality. Alongside 
this is the breadth of presentations to these aid 
posts. Everything from trauma to primary health 
care must be catered for, including the presenta-
tion of obstetric and paediatric patients. In tacti-
cal trauma care, there is often an element of scene 
appraisal and “reading the wreckage” in predict-
ing injury patterns and the management of per-
sonnel who may not initially appear injured and, 
potentially, a need to triage patients to prioritise 
“the most for the most”.

The natural and man-made challenges ordi-
narily faced in the pre-hospital environment are 
compounded by tactical requirements, such as 
minimal noise permitted and no white light as 
previously mentioned. The scope of tactical care 
is likely to increase as non-blood oxygen- carrying 
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fluids, clotting products and medications that are 
more stable across different climatic conditions 
are developed.

 Conclusion

Working in tactical and austere environments pro-
vides a unique and exciting challenge to medical 
practitioners. While the medical principles remain 
unchanged at their core, there are many consider-
ations on top of these (such as safety, protective 
equipment and tactical discipline) that the care 
provider needs to take into account. Training and 
simulation can go a long way towards preparing 
someone to work in this setting.

An understanding of delivering care in the 
tactical environment is not just applicable to 
those practising in the military. Civilian respond-
ers could find themselves attending a major 
incident such as a terror attack or violent crime 
and may be tasked to work alongside specialist 
police units. If ever in doubt about what actions 
to take at this sort of incident, always consider 
responder safety and liaise with those in charge 
of the scene.

Questions
 1. Which of the following is correct in the care 

under fire environment:
 (a) Responders should remove a casualty’s 

PPE to get better access to them
 (b) Lifesaving interventions can be delivered 

by non-trained personnel
 (c) Catastrophic haemorrhage should be 

managed using the haemorrhage control 
ladder

 (d) Obstructed airways should be managed 
using a surgical airway

 2. The “M” in ATMIST stands for:
 (a) “Mechanism of Injury.”
 (b) “Management”
 (c) “My call sign.”
 (d) “Major Incident declared”
 3. Which of the following is incorrect regarding 

the semi-permissive environment?
 (a) A full MABCD assessment should be 

made

 (b) There remains an ongoing threat to the 
casualty and responder

 (c) C-spine immobilisation should be applied 
in all blast victims

 (d) A tourniquet applied during “care under 
fire” should never be removed

 4. Which of these is a challenge to working in 
the austere environment?

 (a) Communications
 (b) Extremes of temperature and their effect 

on equipment and medications
 (c) Availability of resupply
 (d) All of the above
 5. Which is incorrect regarding the “all- hazards 

environment”?
 (a) Care delivered may be limited by PPE
 (b) Casualties should be decontaminated at 

the outer cordon
 (c) ≥3 casualties presenting with similar 

symptoms should raise suspicion of a 
CBRN threat

 (d) Normal physiological parameters for tri-
age can be used

Answers
 1. b
 2. a
 3. c
 4. d
 5. b
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Trauma Retrieval

Holly A. Chambers, Graham M. Percival, 
and Robin D. Berry

 Introduction

Trauma transfer teams were initially developed 
by enthusiastic volunteers who recognised a local 
requirement and developed staffing and opera-
tional models to meet demand. More recently, 
lessons learned from conflict and the concentra-
tion of expertise into Major Trauma Centres 
(MTC’s) has resulted in an increase in the num-
ber of trauma transfers and the complexity of 
interventions made before and during transit. 
This has seen the establishment of guidelines and 
minimum standards from governmental organ-
isations and professional societies dealing with 
ICU transport and specific patient cohorts [1–3]. 
Today’s transfers require motivated, highly 
trained individuals who have the pragmatism to 
function in a remote and austere environment, in 
addition to the mental agility and clinical skills 
necessary to deliver best practice care en route.

Whilst the medical management of injured 
persons is described elsewhere in this book, the 
purpose of this chapter is to consider those fac-
tors required to deliver an adaptable, consistently 
safe and well-governed transfer service.

 Training

The transfer environment can be an overwhelm-
ing and unforgiving place for both patient and 
staff, with a wide variance in the published inci-
dence of adverse events during intra-hospital 
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• Understand the complexity of the trans-
fer environment and the associated risks 
to the patient and ‘crew’

• Recognise the requirement for trained, 
skilled staff

• Describe those factors required to 
deliver an adaptable, consistently safe 
and well-governed transfer service

• Promote the Defence Systems Approach 
to Training

• The multi-modal roles of simulation 
training

• The importance of Standard Operating 
Procedures

• Communication in all its forms as cen-
tral to a “safety culture”
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transfer [4–7]. It is a mistake to assume that a cli-
nician who is clinically competent in the hospital 
setting will effectively function in the transfer 
role. Procedural skills alone do not prepare a 
practitioner to safely conduct trauma transfers 
without further training and exposure. Novices 
should not learn through trial and error but should 
have an introductory equipment course followed 
by closely supervised practice [8]. Transfers 
within a hospital do not guarantee immediate 
senior assistance, especially when remote loca-
tions are involved. Furthermore, there is now 
published evidence that specifically trained trans-
fer teams have a lower incidence of complica-
tions [9, 10] than ad hoc crews. Consequently, 
hyperacute transfers of unstable patients (e.g. to 
Major Trauma Centres from Trauma Units) 
should be performed by the most experienced 
staff.

Many transfer services will choose to deliver 
the bulk of their training in-house with access to 
external courses when appropriate. Unfortunately, 
the cost of external training can become prohibi-
tive for any except permanent staff members, and 
therefore a robust in-house system is essential for 
trainees.

The transfer setting deserves respect, and the 
delivery of a robust induction and training pack-
age demonstrates a commitment to preparing 
novices for working in a challenging environ-
ment. A significant component of transfer train-
ing is generic, but additional bespoke elements 
will be needed to address local transfer pathways, 
logistics and platforms. It is crucial that this ini-
tial instruction is planned in both time and con-
tent and not left to chance. Front loading with 
programmed lessons will ensure the novice is 
equipped with sufficient knowledge and skills to 
function safely in the early days whilst experi-
ence is gained. Exposure to “on the job” situa-
tions is valuable when supervised, but 
unsupported ‘learning by mistakes,’ should never 
be acceptable.

To reduce the potential for individual variation 
in training, all delivery should be based around 
objectives and learning outcomes. This can 
involve a significant amount of work in analysing 
exactly what a novice needs to know about a 

piece of equipment, for example, and then defin-
ing how that training will be delivered. Relying 
on “word of mouth” cascade training will 
undoubtedly lead to gradual dilution of informa-
tion accuracy and relevance. The Defence 
Systems Approach to Training (DSAT) is a well- 
governed method of analysing, preparing and 
delivering training that is reproducible, auditable 
and educationally robust [11]. The DSAT step- 
wise process deconstructs a skill and takes train-
ing development from Training Needs Analysis 
right through to Key Learning Points and Lesson 
Plans. Any service wishing to demonstrate sound 
educational governance would be recommended 
in using such a systematic approach to its training 
planning and delivery. Failure to provide ade-
quate training in the use of medical devices, in 
general, should be considered a significant clini-
cal risk with subsequent litigation likelihood.

It is out of the scope of this chapter to define 
the content of induction and refresher training, 
but a variety of methods and resources should be 
available.

 1. Hands-on instruction and training
 2. Case-based discussions
 3. Simulation/scenarios
 4. Journal Club
 5. Morbidity and Mortality review

 Key Points in Transfer Medicine

The mountaineer Edward Whymper eloquently 
describes the mindset required; “Climb if you 
will, but remember that courage and strength are 
nought without prudence, and that a momentary 
negligence may destroy the happiness of a life-
time. Do nothing in haste; look well to each step, 
and from the beginning think what may be the 
end [12].”

Furthermore, these key points should be borne 
in mind:

 1. Transfer is not a treatment and may expose 
the patient to significant risks as the patient 
does not settle into a steady state during the 
journey. Therefore, the risk-benefit assess-
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ment must be clearly in favour of transfer 
before considering the task further. In the pre- 
hospital setting, the decision to transport the 
patient to ED is usually simple, but the timing 
and necessity for secondary transfers often 
require more thought. Similarly, whilst the 
hazards of inter-hospital transfer may be obvi-
ous, intra-hospital moves to facilitate imaging 
and damage control resuscitation deserve 
equal respect. One prospective study demon-
strated that approximately 80% of intra- 
hospital transfers experienced some form of 
adverse event, with 33% of transfers being 
complicated by a critical incident [4], and the 
frequency of these adverse events increased 
with the complexity of the patient.

 2. Leave nothing to chance. Transfer teams are 
frequently required to expedite patient moves, 
and to do this safely they need to create and 
share accurate mental models of the task and 
any anticipated problems [13, 14]. This skill is 
developed from effective training, familiarity 
with kit and operating platforms, along with 
local knowledge of patient care pathways.

 3. The transfer environment is hazardous—the 
casualty, all personnel and equipment must be 
safely secured to ensure the safety of the 
patient, the transfer team, their escorts and the 
vehicle in which they are travelling.

 4. The transfer of critically ill patients is a ‘team 
sport’. Where possible, training should be 
conducted as a squad with both medical and 
allied health professional staff included.

 Trauma Retrievals

The goal is to deliver injured persons to the point 
of definitive care as quickly as possible and in the 
best physiological state [15].

Trauma retrievals can be divided into three 
categories:

 1. Primary retrieval (from the scene to the most 
appropriate receiving facility). This will be 
determined by time, the patient’s physiology 
and the nature of their injuries. In this con-
text, providers need to be competent and 

practised in primary survey and interven-
tions such as rapid sequence induction (RSI), 
thoracostomy, intravenous and intra-osseous 
access, titrated fluid resuscitation and the use 
of sedation. Any procedures undertaken 
should be focused on those which are imme-
diately life- saving or intended to prevent 
secondary brain injury. Currently, the trans-
fer platforms used in civilian practice lack 
the size or physical access to allow many 
procedures to occur in transit. Consequently, 
experienced practitioners are needed to 
ensure the correct balance between ‘scoop 
and run’ or ‘stay and play’.

 2. Modified Primary Retrieval, the mission is 
undertaken as a primary retrieval but with the 
patient being collected from a small, local 
medical facility such as a GP Surgery or 
Community Hospital. This type of transfer 
may be “sold” as a secondary mission but rep-
resents all the clinical challenges usually 
associated with outdoor pre-hospital work, 
including limited access due to room size.

 3. Secondary retrievals are performed after pri-
mary survey, imaging and damage control 
resuscitation in a trauma unit when the patient 
requires the tertiary services provided by an 
MTC. This transfer may be time-critical (for 
example, traumatic brain injury), but other 
injuries may allow for an extended timeline.

The risks of an extended journey to an MTC 
versus a pit stop in a closer trauma unit [30], 
potentially necessitating a subsequent secondary 
transfer, must be carefully but quickly evaluated. 
Stopping for limited interventions or diagnostic 
imaging is attractive to primary transfer teams, 
but it is difficult to maintain momentum once a 
hospital team becomes engaged. Unfortunately, 
the clinicians’ natural desire to diagnose and treat 
can lead to delays in definitive care, which may 
significantly impact morbidity. Therefore, pit 
stops should only focus on life, limb and sight- 
saving interventions. This requires an under-
standing within trauma networks regarding the 
priorities of care, with trauma units being sup-
ported and prompted by the MTC trauma team 
leader.
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Secondary transfer teams take critically ill 
patients from a relative place of safety and put 
them in a potentially hostile environment. 
Consequently, effective governance systems 
must be in place to control or minimise these 
hazards.

The patient should be conveyed without suf-
fering harm or deterioration due to the transfer. 
This mandates that providers understand the 
physiology and evolution of trauma and the 
potential physiological effects of transfer [16, 
17]. An effective transfer is not simply about the 
carriage of an individual but also about their 
ongoing management and optimisation within 
the confines of the operational space.

 Human Factors

Human factors are those elements of behaviour 
and performance that can act as precursors to 
accidents and incidents. The number of factors is 
legion, but 12 common and inter-related elements 
have been identified in aviation and recur in acci-
dent investigation; the so-called, dirty dozen 
(Table 24.1). Whilst recognising and understand-
ing these factors is crucial to creating, maintain-
ing and developing a safe and efficient transfer 
service, it must be acknowledged that even the 
best drilled individuals and teams will make mis-
takes, occasionally leading to harm. The psycho-
logical safety of the team is vital to creating a 
culture that will allow accurate reporting, debrief-
ing and sharing of lessons without fear of redress 
or humiliation. Similarly, support mechanisms 
must be in place for team members who need 
reassurance after witnessing or being party to an 
adverse event.

 Situational Awareness

Largely acquired through experience, this crucial 
skill demonstrates why novices should not be 
sent unaccompanied, and that provision should 
be made for trainees to learn alongside more 
experienced staff. At different stages of a patient 
move, individual team members will become 
relatively task-focused, emphasising that situa-
tional awareness must be a collective responsibil-
ity. In particular, the aeromedical world presents 
hazards related to noise and moving parts. In 
turn, aircraft are at risk from FOD (foreign object 
damage) and dangerous air cargo; therefore, 
patient packaging must be meticulous. It is man-
datory that practitioners are familiar with the 
transport equipment and recognise the features of 
normal operation and any weaknesses in func-
tionality. This enables full participation and trou-
bleshooting as required.

Key Points
Zero-point surveys are used in resuscitation sce-
narios and can be readily adapted to promote the 
safe transfer of casualties [13]. At any point in the 
patient’s journey where a change in  location or 
position occurs, lines, tubes and monitoring are 
at potential risk of becoming dislodged. Zero- 
point surveys before each stage of transfer are 
helpful to confirm readiness to perform and con-
clude an activity.

S Self:—physical readiness, am I prepared, 
am I safe?

T Team:—who is leading, do others know 
their roles, deliver brief

E Environment:—hazards, space, light, noise, 
crowd control, temperature, shelter from the ele-
ments. It may not be possible to control the envi-
ronment, such as aircraft noise and rotor 
downwash, therefore stop and check when out of 
those immediate environs.

P Patient:—MABCD assessment/check
U Update:—share mental model of patient 

status
P Priorities:—identify team goals, set mission 

trajectory

Table 24.1 The dirty dozen [18]

Lack of teamwork Lack of 
assertiveness

Norms

Lack of awareness Distraction Fatigue
Lack of knowledge Pressure Complacency
Lack of 
communication

Stress Lack of 
resources
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 Team Structure and Function

When proposing a retrieval formation, it is impor-
tant to be clear how staffing requirements have 
been calculated. The involvement of an experi-
enced Human Resources practitioner when build-
ing and costing an establishment may reduce 
future management challenges, particularly when 
sessional staff are drawn from other employers.

Although there is considerable overlap in the 
team profile required to deliver primary and sec-
ondary retrievals, the pre-hospital environment 
has traditionally been seen as the realm of 
Emergency Medicine specialists, whilst critical 
care transfers are the domain of Anaesthetists 
and Intensivists. These divisions have related to 
the practical skill sets achieved during speciality 
training and the different experiences of provid-
ing organ support. With transfer training now 
codified into the training syllabi as part of a spe-
cialist trainee pathway for a variety of clinical 
specialities and sub specialities, these boundar-
ies have faded. This has further been supported 
by the development of formal qualifications 
such as the Diploma in Retrieval and Transfer 
medicine from the Royal College of Surgeons of 
Edinburgh [19]. We are now seeing the evolu-
tion of practitioners with generic skill sets, who 
can provide best-practice care, whether at the 
incident scene or during primary or secondary 
transfer.

The most reliable and consistent performance 
will come from established transfer teams, with 
their size and composition determined by the ser-
vice provider, patient population and the avail-
able means of transport. The military usually 
operates with four-person teams, but in the civil-
ian setting, the size constraints of the transfer 
platform often serve to limit the medical squad to 
two. Typically, one will be a doctor, whilst the 
other could be a nurse, operating department 
practitioner or paramedic. Qualification in a par-
ticular field of practice should not confer auto-
matic inclusion or exclusion to an individual. It is 
recognised that each profession brings its own 
skills, knowledge and perspective. The 
Emergency Medical Retrieval Service in Scotland 
has successfully created a generic Retrieval 

Practitioner role with recruitment from a Nursing 
(EM or ICU) or Paramedic background, acknowl-
edging that nurses can be trained to do pre- 
hospital tasks and paramedics can be instructed 
in critical care transfers. These practitioners work 
in a variety of transport platforms, including 
rotary and fixed-wing aircraft. Successful teams 
function to a level greater than the sum of their 
parts, representing an amalgamation of skills, 
training and personality. Most teams exist in a 
state of flux, seeing changes of kit, personnel and 
vehicles with learning coming from collective 
experience, exposure, training and debriefing. 
Whilst every team must have a clear leader, any 
authority gradient must allow all team members 
to contribute. At different phases of the transfer, 
the skill set and practitioner required to execute 
an activity may change.

 Standardisation and Processes

There are many aspects of the transfer process 
that can be controlled and made predictable by 
applying Standard Operating Procedures. These 
should aim to reduce individual variability with-
out stifling clinical judgement. There should be 
standardisation of equipment, regular mainte-
nance and function tests, regular re-qualification 
examinations, and hands-on simulation scenarios 
to facilitate this.

The precise configuration of the kit and ancil-
laries is to a certain extent dependent on the 
expected mode of transport and the reliance on 
this for operational capability. A service that can 
operate independently of a vehicles power and 
oxygen supply has the greatest flexibility, but 
often requires a greater payload to support this 
versatility.

Equipment must be compliant with extant leg-
islation making it suitable for use in medical 
transport such as land and air ambulances. This 
extends to how equipment is secured in vehicles, 
and whenever available, specialist patient trans-
fer trolleys with securing brackets should be 
used. CEN 1789 (European Committee on 
Standardisation) [20] and British Standards com-
pliant electromed will have been tested to with-
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stand the rigours of the transfer environment and 
have inbuilt dampening technology to prevent 
erroneous observations.

 Checklists and Establishing 
the Appropriate Norms

Norms refer to the ‘way we do things’, with 
workplace practices developing over time, influ-
enced by local experience and culture. Without 
scrutiny, actions can be both good and bad, safe 
and unsafe, with rogue elements deviating from 
best practice. Since norms are enforced through 
peer pressure and habit, it is essential to develop 
psychologically safe, well-governed services that 
follow best practice guidelines.

Medical teams are increasingly using check-
lists in their field of practice. They are of proven 
benefit in transfer medicine when packaging kit 
and drugs, or when performing interventions on 
the move [21]. Like any item of kit, they should 
have a specific location within the transfer bags 
and be readily accessible to the team.

Various process links have been made between 
medicine and aviation, particularly in the areas of 
communication, checklists and emergency action 
cards. The aviation industry accepted that it was 
unrealistic for aircrew to commit everything to 
memory and precisely recall information as 
required, especially in an emergency situation 
[22–25]. Checklists are not intended to replace 
team members expertise and knowledge, but 
removing the cognitive burden of simple tasks 
allows their timely progression and is evidenced 
based in support of safe procedures.

Key Points
In order to be effective, a checklist should have a 
number of features:

 1. Purpose—To assist in a high-risk procedure 
or complex logistics pathway

 2. Structured and logical
 3. Have an endpoint that leads to an action/inter-

vention, e.g. RSI checklist
 4. Involve at least two people—the challenger 

and the responder

 5. Each challenge should require a response, e.g. 
confirming that equipment is present or pro-
vide specific information.

 6. Presented in a way that makes it legible (font 
size, text/background contrast), use of colour, 
borders and sections to ensure lines are not 
accidentally missed and provide an intermedi-
ate point to return to if the checklist is inter-
rupted for some reason.

 7. Mandated use by all team members in a pre-
dictable and consistent way.

An extension of the checklist is the Emergency 
Action Card (EAC) which is a method of con-
firming that the required actions in response to an 
event have been carried out correctly. Most 
actions in response to an emergency will be car-
ried out immediately and from memory, with the 
EAC being used to confirm actions. If the situa-
tion remains unresolved, the EAC may be used to 
facilitate troubleshooting. This is especially use-
ful in an environment where normal cues such as 
equipment alarms may go unnoticed due to 
excessive noise or poor lighting.

Examples of EAC topics:

 – Accidental extubation
 – Sudden fall in SpO2

 – Sudden rise in Peak Airway Pressure
 – Falling EtCO2

 Simulation Training

Transfer medicine is well suited to simulation 
training. Every opportunity should be taken to 
rehearse a team before they go live wearing the 
necessary clothing and PPE to ensure safety and 
comfort. It is vital to thoroughly debrief these 
practice sessions and address any lessons 
learned—this is best facilitated by using a ‘fac-
ulty’ to run the scenario. The debrief should also 
form part of the wash-up after completing a 
patient move, and this should include all those 
directly involved. Inward looking debriefs rarely 
identify subtle problems and do not lead to sus-
tained service development. These sessions can 
also be a valuable testbed for new procedures or 
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checklists and can further identify potential haz-
ards to staff or patients without placing either 
group in danger.

Drilling teams in common or emergency tasks 
using standardised equipment and procedures 
builds memory, creates more resilient individuals 
and permits the promulgation of lessons learned 
to the wider transfer network. Establishing a 
robust learning and audit culture is essential to 
developing a progressive transfer team that can 
communicate and implement lessons learned. 
However, implementing changes in practice will 
only be effective if they have been disseminated 
to the wider group. This can be a challenge when 
large numbers of part-time sessional staff are 
involved. Regular briefing communications 
should be distributed amongst all team members 
to encourage engagement with service develop-
ment projects and learning from the experience 
of others. A robust governance system goes hand 
in hand with this learning culture, and team mem-
bers should feel comfortable and have easy 
access to an event reporting system. This system 
needs to have a positive output and be seen as 
benefitting the service and individual develop-
ment and safety.

 Command and Control

Ideally, there should be a ‘tasking authority’ who 
receive transfer requests and deploy the appropri-
ate medical assets. Acting as a focal point, they 
reduce the medical team’s administrative burden, 
allowing them to focus on the mission. Transfer 
teams are purely present to deliver clinical care, 
not to facilitate timetables or crew duty hours. 
The control centre should act to manage these 
expectations whilst enabling conference calls 
between interested parties.

The control centre acts as the communication, 
transport and logistic hub for the transfer team. 
They will facilitate access to resources that are 
not routinely used on all missions, such as anti-
malarials for international flights, blood products 
or specialist drugs. The control centre must have 
an empathetic relationship with the transfer team 
by ensuring missions run as seamlessly as possi-

ble, and personnel are recovered back to the 
home base with the minimum of delay, assuming 
that the next mission is always just about to hit 
the controllers screen. Good examples of estab-
lished command and control hubs are The Royal 
Air Force Aeromedical Evacuation Control 
Centre (AECC) and the Scottish Ambulance 
Service (SAS) Specialist Services Desk (SSD).

 Preparation

To reduce the risks to the patient, crew and vehi-
cle, significant patient interventions should be 
performed before leaving a fixed location. Whilst 
road ambulances have the ability to stop quickly 
and provide a stable platform, that option is less 
readily available when air assets are used. 
Therefore, it is essential to confirm that all lines 
and tubes are well secured, and that staff have 
good access to intravenous ports. A general rule 
of thumb is to secure the lines and tubes to the 
patient, the patient to the stretcher and the 
stretcher to the transport. Any infusions should 
be changed at the point of departure, with pre- 
filled replacements easily to hand.

Similarly, batteries should be fully charged 
and sufficient oxygen carried for twice the 
expected transit time. Preparing the patient with 
access and orientation guided by the transport 
platform can significantly reduce the amount of 
line and tube husbandry required once the patient 
is loaded. If the standard road ambulance has a 
stretcher position that makes access to one side of 
the patient more difficult, consider this when sit-
ing and securing IV cannulae or invasive pressure 
transducers. Equipment accessibility is an essen-
tial consideration during transport, particularly in 
small air platforms where bags may need to be 
stowed out of reach for safety and security. 
During road transport, bags are generally acces-
sible but should be secured to avoid them becom-
ing potential hazards should the vehicle turn or 
brake suddenly.

For longer transports, aspects of nursing care 
that are not often considered in shorter, primary 
transfers need to be contemplated. For example, 
patients should be rolled where possible to 
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inspect and alleviate the impacts of pressure 
damage from lying in one position for prolonged 
periods. When packaging patients, consideration 
should be given to using devices such as vacuum 
mattresses to distribute pressure on “at risk” 
areas to mitigate against long periods of immo-
bility, especially when anaesthetised [26, 27]. 
Prolonged contact with moist areas from leaking 
dressings or other bodily fluids can also contrib-
ute to skin damage, so inspection of wounds, 
monitoring of vacuum dressing systems or re- 
dressing saturated bandages need to be possible. 
Packaging also needs to take into account the 
ambient temperature, as patients can very easily 
become hypothermic following anaesthesia or 
trauma [28]; however, they can also become 
hyperthermic if packaged incorrectly.

During transfer, the aim should be to remain 
seated and secure whilst monitoring the patient 
and any ongoing therapies (Fig.  24.1). There 
should be no routine requirement for personnel to 
move around the back of an ambulance whilst 
travelling, as this exposes the whole team and 
patient to increased risk. Accessibility to equip-
ment also includes items such as syringe pumps, 
the monitor and ventilator, which should be visi-
ble and within arm’s reach of at least one of the 
team to enable changes to be made from the secu-
rity of their seat.

Requesting the vehicle to pull over and stop, 
or in extremis asking a helicopter to land should 

always be a briefed option. However, this choice 
is not readily available to colleagues using fixed- 
wing assets.

 Loading Plan

Loading and unloading is a particularly challeng-
ing part of the transfer process when the chance 
of tube and line displacement is highest. There 
are several decisions to be made during this 
phase, and they should all be made well in 
advance of moving the patient:

• How will the patient be positioned?
• What access to the patient is possible?
• How does that fit with existing tubes and 

lines?
• Do any interventions need to occur?
• How will the patient, equipment, bags and 

transfer team be secured?

In most instances, the transport platforms 
available to individual teams will be limited, and 
teams must rehearse loading with the relevant 
crews.

Spatial constraints usually dictate the location 
of kit during the move, and this needs to be a con-
sideration when packing bags.

 Equipment Packaging and Carriage

To manage the patient’s expected physiological 
path and to mitigate against potential untoward 
events, transfer teams should have considerable 
redundancy in the equipment, drugs, and con-
sumables carried. Bags should be packed in 
accordance with a checklist so that the location of 
specific items is never in doubt or subject to indi-
vidual variation. Consideration must be given to 
the manual handling implications of transfer bags 
and the weight consequences for the transport 
platform. Transfer teams working in the pre- 
hospital environment may have to access awk-
ward locations and do not want to be impeded by 
heavy or bulky bags. An individual transfer bag 
should not exceed 20 kg as this becomes a man-

Fig. 24.1 An RAF CCAST repatriation. Note the equip-
ment and monitoring is set up so that the accompanying 
team can remain seated during landing and takeoff and 
still have access to all monitoring and infusions
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ual handling issue. The stowage of bags in transit 
needs to allow for heavy braking, landing, or 
vehicular accidents and a suitably attached cara-
biner and webbing sling provides a simple but 
effective solution.

Visual and loud audible alarms within specific 
patient limits should be set on electromedical 
equipment to enable team awareness of changes 
to the patients’ condition. A designated team 
member must have ‘eyes on’ the monitor at all 
times during the transfer, and they should be pro-
vided with effective means of gaining the atten-
tion of the rest of the team should the patient 
deteriorate.

 Feeling Included

Within established teams and irrespective of rank 
or role, the use of first names is commonplace 
and demonstrates trust and bonding within the 
group. Frequently however, teams will rely on 
other allied health professionals (e.g. ambulance 
crews) to complete their missions. Asking for 
first names can promote inclusivity and reduce 
barriers to effective communication.

 Communication within the Team

Effective communication maintains team situa-
tional awareness and shares the team leaders 
“mental model”. All team members must feel 
empowered and have the confidence to converse 
with the wider group. In most circumstances, 
communication will be through normal conversa-
tion or via a headset, but predetermined hand sig-
nals can be used. In noisy, low lit environments, 
the use of headsets dramatically improves com-
munication and reduces the fatigue experienced 
by otherwise hypervigilant staff. Established 
transfer teams with individual familiarity, strong 
SOP structure and a system of daily and pre- 
mission briefs will experience fewer communica-
tion problems in difficult environments. The team 
will share a common mental model where com-
plex or urgent communication will be the excep-

tion to the norm, reducing the likelihood of 
misheard or misunderstood messages.

The military “SMEAAC” model of briefing 
can have some value when seeking a reproduc-
ible communication structure:

 – Situation: What is happening at the moment?
 – Mission: What do we plan to do?
 – Execution: How are we going to achieve the 

plan?
 – Actions on: What will we do if things go 

wrong?

Any questions?: An opportunity for the team 
to raise concerns or clarify any unclear points.

 – Confirm understanding: Check team 
understanding.

Whilst the level of ambient environmental 
noise determines the method of communication 
and hearing protection required, it does not guar-
antee perfect and unambiguous message transfer 
in all circumstances. Effective use of aircraft 
intercom systems requires practice to become 
accustomed to voice distortion and lack of non- 
verbal cues.

Intercom systems should have the capability 
to “isolate” the transfer team to allow medical 
discussions without distracting the aircrew. 
However, these periods should be kept to a mini-
mum to ensure that medical crew remain situa-
tionally aware of the aircraft state and overall 
mission progress.

 Mission Communication

Good communication is paramount in trauma 
retrieval to eliminate unnecessary delays. 
Transfer teams need to know where they are 
going, how they are getting there, who will meet 
them and how long it will take. During the jour-
ney, it is desirable that tasking agencies and 
receiving facilities can be contacted in the event 
of delay, diversion or deterioration. Access to a 
reliable form of 2-way communication is essen-
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tial, whether via mobile or Airwave system. For 
secondary transfers, a tripartite conversation 
between referring unit, receiving centre and 
transfer team ensures a common understanding 
of the patient condition and plans before depar-
ture. This significantly reduces the potential for 
misinterpretation of clinical information and 
facilitates an efficient handover on completion of 
the journey. A long narrative is not required, but 
the information provided as an ATMIST should 
assist the receiving team in planning for the 
patients’ arrival and determining whether a 
Trauma Team or Code Red activation is required. 
There is no excuse for a critically injured patient 
to arrive unannounced at a receiving facility.

 Clinical Information

Where teams are working on regular referral 
pathways or within networks, documentation 
should be agreed upon and standardised to ensure 
effective communication and data collection for 
both clinical and audit purposes. For continuity 
of care and avoidance of significant omissions, it 
is imperative that the transfer team hand over and 
leave copies of all clinical information before 
they disperse. In its simplest form, handover 
includes patient details and an ATMIST/ AMPLE 
brief, but following DCR is likely to comprise 
operation notes and findings, imaging and 
reports, resuscitative fluids, drugs given, next of 
kin details and agreed ceiling of treatment/resus-
citation status (Fig.  24.2). Wherever possible, 
trauma networks should enable image sharing 
between receiving hospitals and the MTC to limit 
the requirement for re-imaging and further expo-
sure to ionising radiation. This is especially 
important in the paediatric population, where 
they are at greater risk of radiation-induced 
malignancy or infertility.

 Team Welfare

The overall welfare of the team is the responsibil-
ity of the team leader but requires the attention of 

all team members. Fatigue is a natural physiolog-
ical response to prolonged physical and or mental 
stress. It reduces concentration, impairs memory 
and degrades decision making as the individual 
becomes easily distracted and loses situational 
awareness. They may exhibit mood changes, 
becoming withdrawn or aggressive, but unfortu-
nately transfers do not follow shift patterns or 
sleep cycles. Individuals may be stressed through 
hypervigilance and/or the effects of noise, vibra-
tion and travel sickness. Cumulative fatigue is a 
safety risk for the whole team, and it is the 
responsibility of all team members to recognise 
fatigue in themselves and others, particularly 
during overnight missions.

Daily routines should allow for meal breaks, 
although a team “welfare pack” with snacks, 
drinks and cash should be prepared for short 
notice moves. This pack should also include a 
small stock of team medications for minor but 
debilitating ailments such as headaches and 
motion sickness.

 Infection Control

The team and gaining unit must be made aware if 
the patient is subject to source or protective isola-
tion, applying to both active infections and colo-
nisation. Provision of appropriate PPE, including 

Fig. 24.2 Patient post damage control laparotomy who 
may be transferred for definitive care. The operative infor-
mation may be passed on via a variety of means! [29]

H. A. Chambers et al.
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eye and respiratory protection is vital. Alcohol- 
based hand rubs, sharps receptacles and decon-
tamination materials must be available and easily 
secured for transport. Hand hygiene can be diffi-
cult in transit; larger platforms such as fixed-wing 
aircraft may offer toilets with sinks. While soap 
and water are preferable, hand wash wipes and 
alcohol-based hand rubs are acceptable substi-
tutes. Enhanced cleans of vehicles are time con-
suming and impact on the availability of vehicles 
and equipment. This should be a consideration 
when planning multiple, sequential patient 
transfers.

Insertion of biomedical devices such as can-
nulas and the drawing up medications in a hospi-
tal setting will save time, effort and allow for the 
appropriate level of asepsis. Any devices placed 
in transit under ‘suboptimal’ conditions must be 
documented and handed over accordingly. 
Aseptic Non-Touch Technique (ANTT) can be 
maintained even in the transfer environment and 
should form a part of any training serials.

 Recovery Phase

After a transfer, hardware needs to be decon-
taminated, consumables and drugs replaced, 
and electrical equipment placed on charge. 
Depending on the transfer service structure and 
the distances and time travelled, there may be a 
relief crew and a second set of equipment that is 
checked and ready to use. A team with a high 
mission rate may not always have time to 
restock before their next job, so there should be 
a degree of resilience in the capability. Local 
experience and circumstances will determine 
the amount of reserve equipment required, and 
for those teams involved in major incident 
response, this resilience becomes crucial. 
Depending on the time of day and duration of 
the mission, thought should be given to delay-
ing critical replenishment tasks or delegating 
them to a ‘reserve’ team. This is because the 
effect of fatigue leading to mistakes or omis-
sions in restocking bags is significant. Kit and 
equipment that cannot be replenished because 
of supply or servicing issues should be quaran-
tined until returned to full complement.

 Contemporary Transfer Medicine

Transfer Medicine is an emerging speciality and 
represents all the complexities of moving a criti-
cally injured patient safely. The significance of a 
Post Graduate Diploma in Retrieval and Transfer 
Medicine facilitated by the RCS in Edinburgh 
highlights the speciality’s growing maturity and 
importance. The days of using the most junior or 
least missed members of a department to move a 
patient should be long gone, as the casualty 
requires skilled, senior involvement at all stages 
of their clinical journey. These rules should be 
applied to all transfers, whether within a hospi-
tal’s confines or when moving a patient to defini-
tive care.

 Conclusion

Trauma transfers are potentially hazardous for 
both the patient and their escorts. They should 
only be undertaken by individuals trained for the 
task, familiar with the kit and the working envi-
ronment. Classroom lessons and simulation exer-
cises should be completed before supervised 
practice is allowed. Good communication strate-
gies and the use of standard operating procedures 
with checklists will provide team members with a 
shared mental model allowing safe carriage of 
complex casualties.

Questions
 1. Which of these is not one of the human factors 

dirty dozen?
 (a) Assertiveness
 (b) Distraction
 (c) Pressure
 (d) Stress
 2. Which are the truly key points in transfer 

medicine?
 (a) Most patients settle into a steady state 

during transfer.
 (b) Patient escorts do not require seat belts as 

they need rapid access to their patient.
 (c) Leave nothing to chance.
 (d) Intra hospital moves can be safely con-

ducted by junior staff under distant 
supervision.
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 3. Regarding Zero-point surveys
 (a) They are conducted as part of a wash-up 

debrief.
 (b) Include an assessment of ‘self’.
 (c) Are patient focussed.
 (d) Are optional for individual team 

members.
 4. Which of the following is not a feature of 

checklists
 (a) They are intended for high-risk 

procedures.
 (b) They are structured and logical.
 (c) They have an endpoint leading to an 

action.
 (d) No response is required to a challenge.
 5. Which is not part of the SMEAC model of 

briefing
 (a) Situation: what is happening at the 

moment?
 (b) Mission: what do we plan to do?
 (c) Execution: how are we going to achieve 

the plan?
 (d) Actions on: what are the timings for the 

mission?

Answers
 1. a
 2. c
 3. b
 4. d
 5. d
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Sedation and Field Amputation

Caroline Leech  and Jonathan Veitch

 Introduction

Emergency limb amputation is a very rare proce-
dure that may be necessary in the pre-hospital 
setting to save a life. Amputation may be required 
due to entrapment in the wreckage of a road traf-
fic collision, building collapse, or industrial and 
agricultural machinery. There is limited literature 
on pre-hospital amputation [1], with the excep-
tion of heterogenous case reports which are prone 
to publication bias [2]. While most of these pub-
lications have focussed on the mechanics and 
technical conduct of surgical amputation, often 
little consideration is given to the strategy of 
sedation to facilitate the procedure. There is mor-
bidity and mortality associated with sedation, 
which can be increased in isolated environments 
and with sicker patients [3, 4]. This chapter aims 
to outline some considerations around the use of 
sedation for painful procedures, both in- and pre- 
hospital with specific reference to the perfor-
mance of emergency amputation. There is also an 
overview of some of the common sedative agents 
and considerations of which agents may be most 
appropriate in specific circumstances.

 Sedation

Appropriate and safe use of sedation has the 
potential to reduce pain and anxiety, decrease 
Post Traumatic Stress Disorder (PTSD) [5, 6] and 
increase the ease of transportation of injured 
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• An introduction to sedation for painful 
procedures.

• Sedation for field amputation
• Indications for prehospital amputation 

and consideration of the potential risks 
of the procedure.

• Preparation of equipment and checklists 
for actions: including for use before 
decision to perform, immediately before 
procedure, and post emergency amputa-
tion (immediate and delayed actions).

• The surgical technique for emergency 
limb amputation in the field: including 
standard guillotine technique and novel 
methods in extreme circumstances.

• An overview of the pharmacology, 
doses and side effects of drugs com-
monly used for procedural sedation
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patients. It can facilitate life or limb-saving thera-
peutic procedures to be undertaken outside of the 
theatre environment in a humane way. The 
requirement to reduce fractures and dislocations, 
in order to treat neurovascular compromise, can 
be function- or even limb-saving.

The ideal sedating agent would allow titration, 
be cardiovascularly stable, provide maintenance 
of respiratory drive and airway reflexes, along 
with a rapid reversal if required. Currently no 
such agent fulfils these requirements completely 
so the choice of agent (or agents) rests on the end 
point required. The “classic triad” of anaesthesia 
that should be considered is analgesia, amnesia 
and paralysis. All three elements may not be 
required in each instance and the degree and 
depth of each element that is required also 
changes.

Gaining experience with sedation is vital and 
initial training should be done in a fully moni-
tored hospital environment with an experienced 
supervisor. There must be consideration of indi-
vidual patient variation in pharmacodynamics 
and pharmacokinetics (especially in those who 
are cardiovascularly compromised). Even experi-
enced anaesthetists and procedural sedationists 
are caught out occasionally; the important thing 
is to be able to deal with any potential complica-
tions. There are multiple guidelines for safe seda-
tion practices in various settings and across 
different populations [7], but the common theme 
is that there are minimum standards of training 
and monitoring that are required, and that con-
tinual audit and standardisation of procedures 
should be undertaken to ensure safety [8].

 Sedation in Practice

The art of sedation is based around achieving a 
blend of hypnosis, anxiolysis and analgesia 
appropriate for the clinical situation. No one drug 
provides all these in an easily titratable way, 
therefore a combination of agents is commonly 
used. However, the number of agents used should 
be kept as low as possible as many drugs will act 
synergistically and may lead to over-sedation. 
Complex regimes are more prone to failure or 

complications than simple ones, and increasing 
depth of sedation is associated with a higher risk 
of complications [9]. The following are examples 
of sedation regimes in commonly occurring situ-
ations: they are by no means the only combina-
tion that will work, nor the best in every individual 
patient or in each setting (pre-hospital vs ED vs 
operating theatre). Experience will shape the 
choice of agent and help avoid common pitfalls. 
Institutional or organisational guidelines should 
be developed in conjunction with all parties who 
may be involved in sedation, and with reference 
to established national guidelines where relevant 
[7, 8, 10]. Regular audit and feedback should be 
employed to continually improve local practice.

When performing procedural sedation, it is 
important to ensure an appropriate level of moni-
toring (including end-tidal CO2 levels) and to 
plan for all potential complications. Common 
factors to consider should be over- or under- 
sedation, loss of the airway and subsequent 
desaturation, dysphoria (if using ketamine) and 
vomiting. A pre-sedation brief (ideally supported 
by a checklist, such as Fig. 25.1) should be com-
pleted and all members of staff involved should 

Procedural Sedation Checklist

Indication? Agreed

Discussed

Check

Check

Check

Check

Check

Check

Oxygen (+1 spare cylinder)

Assessment of potential problems?

IV access (check patency)

Monitoring (ECG / NIBP / Sats /
ETCO2)

Rescue equipment (Suction / BVM /
Airway kit)

Action plan & equipment

Roles allocated

Fig. 25.1 Pre-sedation checklist (reproduced with per-
mission of The Air Ambulance Service)
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know the plan in each of these scenarios and have 
equipment to hand to effectively manage them. 
Ideally, two points of patent IV or IO access 
should be achieved in case one point becomes 
dislodged or fails mid-procedure, and further 
sedation or emergency drugs need to be given 
quickly.

 Sedation for Painful Procedures
There are many procedures in trauma care that 
require short periods of sedation, either in- or 
pre-hospital. These include application of trac-
tion splints or insertion of chest drains in patients 
with haemothoraces or pneumothoraces. The 
pain of traumatic dislocation and/or fracture of a 
joint can be significantly relieved by early reloca-
tion of the joint or reduction of the fracture. Many 
of the methods described below would be appro-
priate for these procedures or circumstances, 
with the exception of inhaled agents in patients 
with chest trauma.

The aims of sedation for fracture manipula-
tion or joint relocation are short lived analgesia 
and relaxation of muscles. Analgesia may be suf-
ficient for fracture manipulation, and occasion-
ally can be achieved with just a short acting 
opiate, entonox or methoxyflurane in isolation. 
Both gases have analgesic onset in around 6–8 
breaths and as an example, alfentanil will have 
onset within 60 s. On cessation of inspiration of 
the gas or after the last bolus of alfentanil, the 
duration of analgesia will only be a few minutes. 
Occasionally, some muscle relaxation may be 
needed to aid the procedure, especially in cases 
of prosthetic hip dislocation or prolonged time 
before attempted relocation. This muscle relax-
ation may be achieved with midazolam, which 
may also cause some amnesia of the events and 
anxiolysis [11]. Commonly a dose of 1–2 mg will 
suffice if another agent is being used (and is 
insufficient on its own—e.g. propofol), without 
leading to excessive sedation after successful 
relocation. Further longer acting analgesia should 
be considered once the procedure has been com-
pleted and the patient is more awake. The pitfall 
to avoid is the administration of long acting anal-
gesics before joint relocation, as once the painful 
stimulus has decreased then over-sedation purely 

from analgesics is a distinct possibility. In terms 
of agent choice, propofol in isolation is associ-
ated with a faster recovery time than midazolam 
in isolation due to its pharmacological profile 
(3 min with propofol vs 45 min with midazolam 
in one recent study) [12]. The use of propofol tar-
get controlled infusions (TCI) is ideal in these 
cases as the majority of propofol offset is from 
redistribution rather than metabolism, and TCI 
pumps will alter their infusion rates automati-
cally to maintain a fixed (and titratable) concen-
tration set by the sedationist. These pumps are 
commonly used in operating theatres and require 
training, so may not be practical in other settings 
by non-anaesthetic staff, though current evidence 
suggests a lower rate of complications, lower 
overall drug dose but the same depth and desired 
duration of sedation [13].

 Sedation for Amputation

Emergency amputation in the pre-hospital envi-
ronment is uncommon but may be required due 
to entrapment with deterioration necessitating 
rapid extrication to allow life threatening injuries 
to be treated immediately (Fig. 25.2). The tech-
niques and equipment required are discussed 
later in this chapter. In the awake, or semi- 
conscious patient, this will require a high degree 
of sedation and analgesia. In an ideal situation, 
general anaesthetic with a protected airway 
would be provided, to allow judicious analgesia 
and guarantee amnesia. However, in cases of 
entrapment access to the airway may be signifi-
cantly compromised and intravenous access 
difficult.

In these complex scenarios, the intraosseous 
route or intramuscular route may still be achiev-
able. All intravenous agents can be given in the 
same dose through the intraosseous route with 
similar onset times, but intramuscular dosing 
requires an increase dose to allow for reduced 
absorption and has a longer onset. In the cardio-
vascularly unstable patient, poor peripheral 
perfusion can significantly reduce the intramus-
cular absorption of drugs further, rendering the 
blood concentration subtherapeutic and with a 
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more prolonged onset time. For these reasons, 
IM sedation is an option of last resort. Every 
effort should be made to gain intravenous or 
intraosseous access, especially before initiating 
sedation. In combative patients, IM administra-
tion of sedation may allow the patient to be 
sedated enough to achieve IV or IO access 
before proceeding with any other necessary 
intervention [14, 15].

Emergency amputation is a life saving proce-
dure but this does not diminish the requirement 
for anaesthesia, analgesia and amnesia. Ideally 
the patient should have full monitoring attached 
and full access to the airway; this is due to the 
level of sedation required for an amputation 
being much deeper than the other procedures so 
far discussed.

Given the difficulties in this situation, ket-
amine seems the obvious choice. It provides 
excellent analgesia, a dissociative anaesthesia 
and has the greatest chance of maintaining 
 respiratory drive along with airway reflexes. 
There is also the benefit in the haemodynami-
cally compromised patient where other anaes-
thetic agents typically reduce cardiac output. 
Gaining experience with ketamine is essential 
before using it in these demanding situations. It 
can be difficult to assess adequate depth of seda-
tion with ketamine for novice users, as vocalisa-
tions from the patient are common [16] and can 
be misinterpreted as them being inadequately 
sedated and in pain.

Emergency limb amputation in the prehospital 
setting is demanding and will require one dedi-
cated practitioner to manage the sedation of the 
patient and a second to perform the amputation—
one person cannot do both safely.

 Indications for Pre-Hospital 
Amputation

 1. An immediate and real risk to the patient’s life 
due to a scene safety emergency e.g. fire, 
drowning.

 2. A deteriorating patient physically trapped by 
a limb when they will almost certainly die 
during the time taken to secure extrication.

 3. The patient is dead and their limbs are block-
ing access to potentially live casualties in the 
case of a multi-casualty major incident. 
Before moving bodies or amputating limbs, a 
picture should be taken of the body in place 
for the purposes of further forensic examina-
tion [1].

Figure 25.2 illustrates a scenario where the 
patient may be physically trapped by the lower 
limbs but will not survive to await mechanical 
extrication by the fire service.

Amputation may be considered for a com-
pletely mutilated non-survivable limb retain-
ing minimal attachment, which is delaying 
extrication and evacuation from the scene in a 
non- immediate life-threatening situation. 
However, where possible this should be 
avoided, as it is very difficult to assess the 
likelihood of limb salvage in this setting. 
There have been cases where amputation was 

Fig. 25.2 Amputation may be required for the deteriorat-
ing patient physically trapped by a limb when they will 
almost certainly die during the time taken to secure extri-
cation. Entrapment in the cab of an articulated lorry repre-
sents a situation where conventional rapid extrication may 
not be possible with a deteriorating patient
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considered but the patient rescued, and subse-
quently the patient recovered with a function-
ing limb.

 Equipment for Pre-Hospital 
Amputation

The following equipment is required for the sur-
gical pre-hospital guillotine amputation:

• Commercial tourniquet (for prophylactic 
haemorrhage control × 2)

• Scalpel size 23 (for cutting skin and muscle)
• Gigli saw handles and wire (for cutting bone—

more than one wire will be necessary in case 
of breakage)

• Spencer Wells Forceps (for passing and pro-
tecting wire)

• Paramedic shears (for cutting muscle)
• Artery forceps (for clamping of large vessels)
• Haemostatic gauze and emergency bandage 

(for pressure dressing of the stump)
• Sharps box (for safe disposal of sharps)

Consideration should be made to use alterna-
tive equipment to cut through the bone if the 
Gigli saw should fail e.g. using a hacksaw which 
is normally carried on fire service vehicles.

 Main Risks of the Procedure

• Emergency amputation carries risks of sharps 
injuries from the equipment or fractured bone, 
and the risk of communicable diseases from 
blood exposure.

• Due to the entrapment, practitioners may be 
working in a confined space or an area with 
environmental risks.

• If the tourniquet fails to be used effectively, 
there is a risk of catastrophic haemorrhage.

• There is a risk of psychological trauma to 
emergency service workers and bystanders 
who have witnessed the case. This should be 
considered before the event to minimize 
unnecessary exposure, and after the event for 
psychological support.

 Pre-Procedure Checks

Prior to proceeding with sedation and amputa-
tion, the pre-hospital practitioner should make 
the following checks:

 1. Is there any other option for extrication? A 
discussion should take place between the 
Emergency Medical and the Fire Service per-
sonnel to ensure that all other options have 
been exhausted. There should be a shared 
mental model of the plan with all key indi-
viduals on scene. All equipment should be 
prepared for the procedure in a kit dump.

 2. It is recommended that where possible, practi-
tioners call their ‘top cover’ senior or peers 
for medical advice in their organisation to 
quickly discuss the case. This may provide 
additional ideas for rescue in a high-pressured 
environment and will ensure that support is 
available to the team immediately after.

 3. A photograph of the scene and the entrapment 
should be taken to inform future debrief and 
investigation of the case.

 4. Roles should be allocated for the emergency 
services team so that there is no time-lag 
when the patient is freed. This includes staff 
to manually handle the patient from the 
wreckage, a designated person to provide 
immediate haemorrhage control and dressing 
of the stump, and another to lead on primary 
survey and resuscitation of the patient after 
extrication. There is a risk that following the 
amputation, the practitioner who has per-
formed the surgical procedure will have 
exceeded their bandwidth. Where there are 
multiple members of advanced critical care 
staff on scene, it is useful for one to concen-
trate only on the surgical procedure and 
another to only focus on the resuscitation 
when the patient is freed. An individual should 
be designated to look after sharps safety.

 5. A pit stop area should be identified and laid 
out close to the entrapment for the patient to 
be received into immediately after the extrica-
tion. This is for immediate haemorrhage con-
trol and ABC life-saving interventions before 
moving on to more comprehensive care.
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 6. Tranexamic acid should be given, and a proxi-
mal haemorrhage control tourniquet should 
be applied and fully tightened with the time of 
application recorded.

 7. The ambulance (and crew) which will be 
used to transport the patient to hospital should 
be identified and prepared. The vehicle 
should be orientated so that it can leave scene 
immediately without delay, the driver appro-
priately briefed, and internal heaters turned 
on to minimise heat loss from the patient and 
optimise conditions during transfer. If possi-
ble, a pre- alert phone call made to the receiv-
ing hospital informing them of the patient’s 
status and current plan for amputation may be 
beneficial if there is a short transfer time to 
hospital.

 Immediately Before the Procedure

The reaction of the patient to the pain of the 
tourniquet will indicate the level of sedation 
required to safely facilitate the procedure. In 
some cases, the patient will be moribund and 
no sedation will be required. In others, a care-
fully titrated sedative will be necessary. This 
should be titrated according to current blood 
pressure, conscious level, and the patient’s 
level of pain.

Adequate Personal Protective Equipment 
(PPE) must be used, including eye protection.

The limb should be quickly inspected to iden-
tify the site of amputation and to ensure that the 
tourniquet has been applied with sufficient space 
to maintain compression on the stump after the 
limb has been removed. If the distance between 
amputation and tourniquet is too small, the tour-
niquet may fall off. If there is an obvious fracture 
site in the limb at the appropriate level, this 
should be chosen for the incision to facilitate a 
very quick amputation.

Immediately before starting the procedure, all 
members of staff on scene should be made aware 
so they can be focused on the procedure and their 
imminent tasks.

 The Surgical Procedure

Once adequate analgesia/dissociative anaesthesia 
has been established and the tourniquet verified, 
the limb should be amputated as distally as pos-
sible to retain as much tissue and functional limb 
as possible. It is likely that the stump will need to 
be revised subsequently and the remaining limb 
length will be further shortened, so starting with 
as much tissue as possible is beneficial.

A scalpel is used to divide the skin circumfer-
entially, cut through the subcutaneous tissues and 
open the fascia of the underlying muscle groups, 
and can continue to cut through the muscles. If 
this is difficult due to sharp safety, paramedic or 
“trauma” shears may be used to cut through mus-
cle tissue. At this point, no attempt should be 
made to identify and clamp individual vessels, as 
this may prolong the time taken to complete the 
procedure. Limited access to the patient will 
impair identification of vessels, combined with 
the retraction of the vessels being cut. Prior cor-
rect placement and application of the tourniquet 
is the mainstay of haemostasis in this procedure.

After the soft tissues have been circumferen-
tially incised, the Gigli wire is passed under the 
bone of the limb by picking up one end of the 
wire with the Spencer Wells forceps and passing 
it to the other side (Fig. 25.3). The handles should 

Fig. 25.3 Demonstration of guillotine amputation on a 
cadaveric lower limb (note Spencer Wells forceps ready to 
avoid injury from the Gigli wire after bone separation)
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be applied at both ends of the wire and a back- 
and- forth action used to cut through the bone. An 
assistant should hold the Spencer Wells forceps 
over the gap to avoid the wire coming up into the 
practitioners face when the bone has been sepa-
rated. Posterior soft tissue and skin may then 
need to be incised with scalpel or paramedic 
shears to complete the amputation if they are still 
attached.

 Immediate Actions Post Procedure

The patient should be immediately extricated and 
moved to the pit-stop area for haemorrhage con-
trol and life-saving ABC management.

Haemorrhage control should include checking 
the stump for any bleeding. If there is active 
bleeding, the tourniquet should be tightened until 
bleeding stops. If this remains ineffective a sec-
ond tourniquet can be applied more proximal to 
the first and fully tightened. Any obvious vessels 
at this point can now be clamped using artery for-
ceps. A pressure bandage (+/− haemostatic 
gauze) should be applied with compression to the 
stump. Given the degree of anaesthesia needed 
(and for humanitarian reasons), performance of a 
rapid sequence intubation may be considered for 
airway protection. This should be discussed 
before starting the procedure and prepared for in 
advance, whilst weighing up the risks of further 
deterioration in a hypovolaemic patient.

Ongoing assessment and resuscitation of the 
patient should proceed, with evacuation to a 
Major Trauma Centre and definitive care as soon 
as possible. There is a real risk of slowing down 
at this point; momentum should be maintained to 
avoid unnecessarily long scene times.

If a prophylactic tourniquet has been applied 
to other limbs during entrapment (as the distal 
limb could not be inspected for haemorrhage in 
the trapped state) these should be reassessed and 
considered for removal if upon direct inspection 
there is no active bleeding.

The fire crew should be asked to continue to 
attempt to extricate the trapped body part where 
feasible and it should be transported to hospital 
as the skin may be used for surgical reconstruc-

tion later. However, this may not be safe or 
achievable.

Intravenous prophylactic antibiotics should be 
administered on route to hospital.

 Delayed Actions After Procedure

The procedural crew should ensure that an appro-
priate hot debrief of the case is undertaken with 
the rest of the emergency services team. It is 
likely that many staff will never have seen this 
procedure before, and the experience may be 
psychologically challenging. Staff may have 
questions about the indications for the procedure 
and how this fit into the patients life-saving 
management.

The team who conducted the amputation 
should ensure that they contact the seniors in 
their own organisation to inform them that the 
procedure has taken place and to obtain support. 
Comprehensive documentation of the clinical 
decision-making for amputation and the patient 
management should be made on the patient report 
form and the organisational database. The patient 
should be followed up for outcome, and the case 
should be routinely discussed in a mortality and 
morbidity meeting. Any learning points from rare 
cases such as these should be fed back into the 
organisational governance process. A full check 
list for pre-hospital amputation can be found in 
Fig. 25.4.

 Novel Techniques for Surgical 
Amputation

Human cadaveric studies have identified that fire 
service equipment may be effectively used for 
amputation in cases of complex limb entrapment 
[17]. If the Gigli wire used for bone cutting snaps 
and is no longer available for use, then a suitable 
alternative is the simple handheld hacksaw which 
is normally provided on a fire service vehicle.

Studies have assessed the reciprocating saw 
and the Holmatro dedicated cutter (‘jaws of life’) 
and found them to be rapid and effective at cut-
ting through a limb direct to skin. The reciprocat-
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ing saw carries significant risks of aerosolation of 
blood with splatter and infection control risks, as 
well as concerns around use in a confined space 
with limited visibility where other viable body 
parts may be injured by the uncontrolled saw 
blade. The dedicated cutter can be used under 
water but is difficult to insert circumferentially in 
a confined space and there is a time lag waiting 
for the “dead-mans handle” to open again after 
the first cut. Novel devices should only be used 
where the standard surgical methods are not 
 possible due to a scene safety emergency or fail-
ure of standard equipment.

 Training for the Procedure

All pre-hospital practitioners who may be 
expected to perform pre-hospital amputation 
should be adequately trained and operate within 
the governance and standard operating proce-

dures for their organisation. Training should 
focus on the human factors elements of a poten-
tial entrapment as well as the surgical practical 
skills. This may include a combination of cadav-
eric skills practice, as well as scenario training. 
When training is being undertaken, staff should 
consider that they are likely to be working with 
limited access and poor visibility. An ‘amputa-
tion checklist’ may be useful as these procedures 
are rare.

 Overview of Drugs Commonly Used 
in Procedural Sedation

 Midazolam
Midazolam is a water-soluble imidazobenzodiaz-
epine and is available as a clear solution in a vari-
ety of concentrations. It can be administered 
intravenously, intramuscularly or orally. The bio-
availability of the latter routes are 80–100% and 

Pre-
procedure

Starting
procedure

Surgical
procedure

After
extrication

After
handover

• Indication agreed? call supervisor
• Photo scene
• Allocated roles and set up kit dump/pit stop

• Apply tourniquet
• Administer sedation (if necessary)
• Sharps management

• Scalpel for skin, Shears for muscle, Gigli or hacksaw for bone
• EXTRICATE

• Haemorrhage control–tourniquet or artery forceps, bandage stump
• Consider RSI
• IV Antibiotics
• Transfer to MTC with pre-alert

• Hot debrief
• Call Supervisor
• Documentation
• M&M

Fig. 25.4 Suggested 
checklist for amputation
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15–27% respectively [18]. This means that the 
doses given will vary by route in fit and well 
patients, and their effects may have a high vari-
ability in patients who are critically unwell.

Midazolam has a variety of effects centred 
around activation of GABA receptors: hypnosis, 
sedation, anxiolysis, amnesia and anticonvulsant 
activity. If administered intravenously the onset 
of effects is within 60  s. The extent of these 
effects is dose dependant, with interpatient vari-
ability. Sedation is achieved with 0.07–0.1  mg/
kg, titrated to effect, and the end point should be 
drowsiness but following commands. In most 
patients, respiratory drive and cardiovascular sta-
bility is maintained, however apnoea will occur 
in 10–77% if higher doses are administered [19, 
20]. Emergency reversal is possible using fluma-
zenil though this should not be routine practice as 
flumazenil decreases seizure threshold and may 
precipitate malignant arrhythmias such as ven-
tricular tachycardia. Flumazenil should not be 
used in cases of mixed overdose, and especially 
not in cases of patients who have developed long 
term benzodiazepine tolerance [21].

 Ketamine
Ketamine is a phencyclidine derivative and is 
available as a colourless solution is a variety of 
concentrations (10/50/100  mg/ml), so care is 
needed to check the dose and concentration prior 
to administration [22].

Ketamine provides analgesia and dissociative 
anaesthesia by non-competitive antagonism of 
the NDMA receptor. It can be administered intra-
venously, intranasally, intramuscularly or orally. 
The oral bioavailability is 20%. The analgesic 
effects of ketamine begin at approximately 
0.1  mg/kg, with sedative effects starting at 
0.5 mg/kg. Anaesthesia is obtained with intrave-
nous doses of 1–2 mg/kg and the onset is within 
30 s. Intramuscular dose for anaesthesia is 10 mg/
kg, which can limit the usefulness of this mode of 
delivery due to the volume required. Maintenance 
of anaesthesia can be delivered with an infusion 
of 0.05 mg/kg/min.

Ketamine is cardiovascularly stable, causing a 
tachycardia, increase in cardiac output and blood 
pressure by an increase in sympathetic tone via 

endogenous catecholamine release. Whilst this is 
advantageous in most circumstances, in patients 
who have mounted a sustained catecholamine 
response (e.g. prolonged sepsis), induction of 
anaesthesia with ketamine may cause hypoten-
sion if the patient’s endogenous adrenaline 
reserves have been depleted. This is because ket-
amine is intrinsically a myocardial depressant, 
however the stimulant effects of catecholamine 
release offset this [23]. Caution is needed in 
patients with a history of ischaemic heart disease 
who may not tolerate tachycardia. There is noted 
increase in respiratory rate with preservation of 
airway reflexes. Cerebral blood flow is increased 
along with cerebral metabolism. This does not 
preclude the use of ketamine as an induction 
agent in intracranial trauma as the improved car-
diovascular profile reduces the chances of hypo-
tension and subsequent secondary brain injury. 
Historically, ketamine was thought to increase 
intracranial pressure (ICP) and be contraindi-
cated in head injury. However this was largely 
based on poor quality, small observational stud-
ies which made no effort to control other con-
founding variables which contributed to 
increasing ICP, (chiefly CO2) in patients with pre- 
existing impairment of CSF drainage [24, 25]. 
More recent studies and reviews have shown ket-
amine does not increase ICP, and may be neuro-
protective in terms of preserving or increasing 
cerebral perfusion pressure and decreasing neu-
ronal cell death [23, 26–28].

 Propofol
Propofol is a phenol derivative and the most com-
monly used anaesthetic induction agent in the 
United Kingdom, given in over 90% of anaes-
thetic inductions in hospital [29]. It is a white oil- 
in- water emulsion, either in a 1% or 2% 
concentration. It has no analgesic properties and 
is solely a hypnotic agent through its potentiation 
of the GABA receptor in the cerebral cortex. 
Propofol is only used intravenously and has no 
effect orally due to very high first pass metabo-
lism. Induction doses of 1.5–2.5 mg/kg result in 
anaesthesia within one arm-brain circulation, 
commonly 30 s. Infusion rates of 4–12 mg/kg/h 
maintain anaesthesia or 2–6mg/ml blood concen-
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tration is aimed for using a Target Controlled 
Infusion (TCI) device. There is a wide variety of 
effective sedative doses in propofol, but some 
effects can be seen with 0.5 mg/kg doses, espe-
cially in older patients or those who have taken 
other depressant drugs.

The cardiovascular effects of propofol can be 
significant in elective patients, and exacerbated 
even further in an already compromised patient. 
Vascular resistance falls without a compensatory 
rise in heart rate. This causes a reduction in cardiac 
output. There is obtundation of the laryngeal 
reflexes which assists in providing optimal intu-
bating conditions, although apnoea is very com-
mon. Metabolism is primarily in the liver and 
results in a rapid wake up after bolus or cessation 
of infusion. Propofol is of limited use for induction 
of anaesthesia in trauma due to its unfavourable 
pharmacodynamic profile in hypovolaemic 
patients. It is of some use for maintenance of 
anaesthesia or procedural sedation when it is given 
in lower doses over a longer period of time. 
Multiple methods have been described ranging 
from intermittent boluses [12], use in a target con-
trolled infusion device [13] or in combination with 
other drugs such as ketamine (“ketofol”) [30–32], 
but dose reductions are needed in comparison to 
“normal” induction of anaesthesia. Propofol must 
be given with an analgesic agent when used for 
procedural sedation due to the previously men-
tioned lack of intrinsic analgesic effect.

 Methoxyflurane
Methoxyflurane is a volatile anaesthetic agent 
which was previously withdrawn from clinical 
use over safety concerns, as in concentrations 
required to maintain surgical anaesthesia it was 
found to cause renal failure [33]. It is unusual 
amongst inhaled anaesthetic agents in that it pro-
vides analgesia in addition to hypnosis, and for 
this reason it has been re-marketed as an inhala-
tional analgesic under the brand name Penthrox 
[34]. It has been used extensively in Australia and 
is now being introduced to the UK as a competi-
tor to nitrous oxide. It has several logistical 
advantages over nitrous oxide in that it is not a 
compressed gas, does not require pressure regu-
lators and cannot give a hypoxic mixture, unlike 

Entonox which will separate out into its constitu-
ent gasses below −6  °C.  It is licenced for the 
relief of moderate to severe pain in trauma. Each 
inhaler contains 3 ml of agent, with a maximum 
allowable dose of 6 ml per 24 h. period. Patients 
are advised to intermittently inhale through the 
device and analgesia should begin within 6–10 
breaths. With continuous use, the inhalers pro-
vide analgesia for 20–30 min and with intermit-
tent use this can be significantly extended. 
Caution should be used in those with cardiovas-
cular or respiratory compromise and its use in 
head injuries or chest injuries is contraindicated. 
Use of methoxyflurane in an enclosed space has 
the potential to produce effects on clinicians or 
other staff in proximity: therefore it should not be 
used in patients who are being transported or will 
be transported by helicopter in case it incapaci-
tates the pilot. There is some data supporting 
safety for ground ambulance staff [35].

 Morphine
Morphine is an opioid and a phenanthrene deriv-
ative. It is available in a variety of concentrations 
of clear, colourless liquids, or in oral formats in a 
variety of doses. The effects occur by agonist 
activity of the mu- and kappa- opioid receptors. 
Intravenous dose is 0.05–0.1  mg/kg but peak 
effect may not occur for 20 min due to hepatic 
transformation to the more active morphine- 6- 
glucuronide metabolite [18]. Morphine, like most 
opioids, causes respiratory depression with a 
decreased ventilatory response to hypoxia and 
hypercarbia. It may also cause release of hista-
mine, leading to bronchoconstriction and a 
decrease in systemic vascular resistance. The 
gastrointestinal effects are most commonly nau-
sea and decreased gastric motility.

Morphine is most commonly used in intermit-
tent bolus for analgesia, but may also be used as 
an infusion along with a hypnotic agent for seda-
tion. Rates of infusion are 0.05–0.1  mg/kg/h. 
depending on the level of sedation and analgesia 
required [36]. The effects of morphine can be 
completely reversed with naloxone, with the 
exception of intrathecal or epidural administra-
tion, in which circumstance the analgesic and 
sedative effects remain.
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 Fentanyl
Fentanyl is a potent synthetic opioid and deriva-
tive of phenylpiperidine, it is a highly selective 
mu-receptor agonist. It is available as a clear, 
colourless liquid in 50 mcg/ml concentration that 
can be administered intravenously, intramuscu-
larly, intranasal, intrathecally or epidurally. By 
the intravenous route, analgesic doses are ini-
tially in the range of 1–3 mcg/kg, but doses of up 
to 100 mcg/kg can be used to induce anaesthesia 
for cardiothoracic cases, with peak effect for both 
indications in 2–5  min. Smaller doses have a 
duration of action of between 30 and 60 min but 
higher doses may be effective of 4–6 h. Fentanyl 
may be used for analgesia in moderate to severe 
pain or as a co-induction agent in anaesthesia. It 
obtunds the sympathetic response to laryngos-
copy and intubation, reducing the hypertensive 
response and associated tachycardia. Fentanyl is 
a potent depressor of respiratory drive by reduc-
ing the response to hypoxia and hypercapnia.

 Alfentanil
Alfentanil is a synthetic opioid derived from ani-
linopiperidine. It is available in two concentra-
tions, 0.5  mg/ml and 5  mg/ml, both used only 
intravenously. Like fentanyl, it is a highly selec-
tive mu-receptor agonist with the same analgesia, 
cardiovascular and respiratory effects. 
Intravenous boluses are 10–50 mcg/kg with peak 
effect in 90  s. The duration of action is shorter 
than fentanyl at 5–10 min.

The fast onset and significant sympathetic 
obtundation make it a useful co-induction agent 
when hypertension is to be avoided, such as in 
intracranial haemorrhage. Alfentanil has a rela-
tively short context sensitive half-life which 
makes it suitable for continuous infusion for 
sedation during transfer or on intensive care. 
Infusion rates are 0.5–1 mcg/kg/min.

 Entonox
Entonox™ is a 50/50 mixture of oxygen and 
nitrous oxide delivered as a vapour in pressurised 
cylinders. It is most commonly used via a patient 
demand valve which regulates pressure from the 
cylinder and allows spontaneous respiration. 
Entonox produces analgesia and central nervous 

system depression in a dose dependent fashion. 
Slight depression of the respiratory drive and a 
small decrease in myocardial contractility is 
noted. Nausea is also a common side effect in 
approximately 15% of patients [20].

The delivery of Entonox is patient controlled 
which confers some degree of safety. It can pro-
vide reasonable analgesia for the relocation of 
joints or the reduction of fractures. Caution 
should be observed in head, abdominal and chest 
injuries as the diffusion of nitrous oxide expands 
any gas filled spaces, thus increased intracranial 
pressure, abdominal pressure respectively, with a 
risk of causing expansion of a pneumothorax due 
to the low solubility of nitrous oxide in the blood. 
For this reason, Entonox should not be used in 
cases where there is chest trauma where there is a 
risk of any form of pneumothorax. In normal 
operating temperatures the concentration of oxy-
gen delivered remains around 50%, however, if 
the cylinders are kept below −6 °C, then separa-
tion of the nitrous oxide and the oxygen can 
occur. This leads to an initially higher inspired 
concentration of N2O and possibly a hypoxic 
mixture. Nitrous oxide in itself can be used to 
augment anaesthesia and has been used as an 
analgesic or anaesthetic since 1800, though 
repeated or prolonged use of nitrous has been 
found to interfere with folate metabolism and can 
cause bone marrow suppression and megaloblas-
tic anaemia [37].

 Conclusion

Sedation is a critical skill to acquire for both pre- 
and in-hospital emergency staff. There are multi-
ple, equally valid ways of performing sedation 
with a variety of drugs, and a one-size-fits-all 
approach is not appropriate. Each situation has to 
take into account patient, logistical and organisa-
tional factors, but which ever method is used 
should have patient safety at its core. This should 
be underpinned by organisational commitment to 
peer review and standardisation of training and 
implementation as much as is practicable. 
Performing sedation in the pre-hospital environ-
ment can be demanding, as too can performing an 
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amputation. One practitioner doing both of these 
things well is not an achievable target, as the cog-
nitive bandwidth required for both interventions 
is substantial. While these procedures are thank-
fully rare, training and regular simulation will 
mitigate some of the anxiety surrounding per-
forming these procedures when necessary.

Questions
 1. Which of the following would be an appropri-

ate indication for amputation?
 (a) patient is trapped by leg in rising flood 

water with loss of consciousness
 (b) patient is trapped in vehicle by the steer-

ing wheel on their torso
 (c) patient is trapped by arm in machinery 

with no obvious method of extrication
 (d) patient is trapped by arm in machinery 

with distal catastrophic haemorrhage
 (e) patient has been released but there is a 

1 cm wide section of bridging tissue con-
necting the mangled pulseless limb

 2. Which of the following is essential before per-
forming an emergency lower limb amputation 
on a peri- arrest patient?

 (a) intravenous access
 (b) application of a tourniquet
 (c) administration of analgesia
 (d) loss of central pulses
 (e) failure of extrication within 15  min of 

arrival
 3. Following amputation and extrication of the 

patient, which of the following actions must 
be performed before leaving scene?

 (a) photo the scene
 (b) administer IV antibiotics
 (c) anaesthetize and intubate the patient
 (d) check the stump for bleeding and provide 

haemorrhage control
 (e) extricate the amputated part
 4. Which sedative drug would be most appropri-

ate for emergency amputation (assuming all 
were available)?

 (a) Midazolam IV
 (b) Propofol IV
 (c) Ketamine IV
 (d) Ketamine IM
 (e) Entonox INH

 5. Ketamine should be administered at which of 
the following starting doses?

 (a) 0.5 mg/kg IV for analgesia
 (b) 1.0 mg/kg IV for analgesia
 (c) 0.5 mg/kg IV for sedation
 (d) 1 mg/kg IV for sedation
 (e) 1 mg/kg IM for sedation

Answers
 1 a
 2 b
 3 d
 4 c
 5 c
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Point of Care Ultrasound (POCUS)
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 Introduction

Point of care ultrasound (POCUS) has increased 
in popularity and allows real-time imaging of 
body systems to aid diagnosis, facilitate triage 
and guide interventions. The use of pre-hospital 
POCUS must be balanced against the challenges 
of the environment and time to definitive care for 
time-critical patients. Considerations include 
distance to transfer, scene time, operator experi-
ence, training and local governance. POCUS is a 
well established investigation in hospital based 
critical care to assess for fluid status, cardiac per-
formance and presence of time-critical pathol-
ogy such as pneumothorax or cardiac tamponade 
[1–3].

This chapter describes the basics of ultrasound 
physics, settings on commonly used hand-
held devices, a system based approach to POCUS, 
the role of POCUS in cardiac arrest and limita-
tion/governance considerations. Competency in 
POCUS is attained through courses, hands on 
experience,  peer review and certification by 
approved trainers. 
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• The physics of ultrasound: Waveforms, 
mechanics, resolution, artefacts & 
Doppler

• A system based approach to pre- hospital 
point of care ultrasound
 – Airway: Difficult airway assessment
 – Breathing: Chest trauma
 – Circulation: Differentiating shock 

states
 – Disability: Intracranial pressure 

monitoring
 – Exposure: Musculoskeletal injury

• The role for ultrasound in cardiac arrest
• Limitations of pre-hospital ultrasound
•  Ultrasound governance
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 Physics

 Ultrasound

Ultrasound is a high-frequency sound wave out-
side the range of human hearing (>20 KHz) with 
medical ultrasound being in the frequency range 
of 1–13 MHz. The higher the frequency of ultra-
sound the better the resolution of the image, but 
the shallower the depth of penetration. Superficial 
vessels and nerves are imaged with 6–13  MHz 
probes whereas imaging of the heart and abdomi-
nal viscera is with 1–5 MHz probes.

Ultrasound is created by the passage of an 
alternating current across piezoelectric crystals, 
causing them to vibrate in the ultrasound fre-
quency range and generate sound waves. These 
piezoelectric crystals have a unique property 
where they can ‘receive’ reflected sound waves 
causing them to vibrate and generate an electrical 
output; this is the principle of ultrasound detec-
tion and subsequent image generation. Evolving 
technology, using semiconductors to generate 
and receive the ultrasound waves rather than 
piezoelectric crystals, offers the possibility for 
smaller, cheaper and more versatile units.

 Waveform

Ultrasound waves have a sinusoidal pattern and 
consist of both positive and negative oscilla-
tions around an axis (Fig.  26.1). The wave-
length is the distance between two sound waves 
with the intensity of the sound wave propor-
tional to the amplitude (volume). The frequency 
is defined as the numbers of waves per second 
(Hertz), and in the audible sound range is iden-
tified as the pitch.

Sound waves travel through air and body tis-
sues at different velocities (Table  26.1). This 
change in velocity creates a reflection of the 
ultrasound wave at tissue interfaces and there-
fore, visualisation of the tissues by the ultrasound 
transducer. Noting the significant difference in 
speed between air and human tissues generally 
explains why there is such a strong reflection at 

any boundary with air that is difficult to image 
through. The gel used between the probe and the 
patient eliminates air at the probe/skin interface 
to avoid this problem.

The speed of sound (c) is a product of the 
wavelength (λ) and frequency (f), c = λf. As the 
sound wave velocity changes on transition across 
different tissues, the wavelength must then also 
change to accommodate this, as the frequency is 
constant.

Key Points

• Medical ultrasound is in the frequency range 
of 1–13 MHz

• The higher the frequency of ultrasound, the 
better the resolution

• The lower the frequency of ultrasound, the 
deeper the penetration

• Sound waves travel through air and body tis-
sues at different velocities

• Sound wave reflection occurs at tissue inter-
faces, and is the principle behind image 
acquisition

Table 26.1 Speed of sound through air & human tissues 
[4]

Soft tissue (m/s) Speed of sound (m/s)
Air 330
Fat 1450
Liver 1550
Blood 1570
Muscle 1585
Bone 4080

Wavelength

Amplitude

Time

A
m
pl
itu

de

Fig. 26.1 Sound Waveform
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 Mechanics

For image acquisition, the ultrasound waves 
transmitted through the body must be reflected 
and then detected at the transducer. The intensity 
of reflected waves detected, and the time delay 
for detection will influence the echogenicity and 
depth of the image formed respectively. However, 
as sound waves travel through the body, they 
weaken in intensity through a variety of mecha-
nisms affecting image quality (Fig. 26.2):

• Refraction: Sound waves vectors are altered 
as they pass through soft tissue interfaces. 
This may result in waves that are reflected by 
deeper structures being unable to return to the 
transducer for detection

• Transmission: Sound waves continue through 
the soft tissue without reflection and therefore 
are not detected by the transducer

• Scatter: Sound waves are reflected in multi-
ple vectors, with only those in plane with the 
transducer being detected

• Attenuation: Sound wave amplitude attenu-
ates as the waves move away from their point 
of origin and through soft tissue

The echogenicity (brightness) of a structure is 
directly proportional to the number of ultrasound 
waves that are reflected as the sound waves 
 transition through the tissue interface. Fluid-filled 
structures are anechoic (black), soft tissues are 
grey and dense tissues are echogenic (bright 
white) with dropout artefact behind them (absence 
of transmitted ultrasound). Anisotropic structures 
are structures which have a variable image quality 
depending on the angle the ultrasound waves 
interact with it, such as nerves, tendons and mus-
cle fibres where probe orientation is paramount 
for image quality (Figs. 26.2 and 26.3).

Air-filled structures scatter the sound waves at 
the soft tissue interface giving an echogenic line 
with artefact behind this, in the gas-filled struc-
ture. For example, the aerated lung has a bright 
white pleural interface with A-line artefacts tran-
sitioning across the lung field with the same spac-
ing as the distance from the probe to the pleural 
interface. They demonstrate the presence of air 
below the pleural interface and are therefore 
present in healthy aerated lung (Fig. 26.4). 

Reflection

Incident

Media 1

Media 2

Refraction
C1>C2

Refraction
C2>C1

Attenuation

Fig. 26.2 Sound Wave Mechanics (from Shin and Jeong) 
[5]

Fig. 26.3 Soft Tissue Interfaces of the shoulder (courtesy 
Dr. J Squires)
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 Resolution

Resolution is defined as the ability to distinguish 
echoes in terms of space, time or strength, and is 
therefore essential in image quality:

• Contrast Resolution: Differentiation between 
tissues with differing characteristics (e.g. 
nerves appear different to surrounding mus-
cles as they reflect ultrasound differently)

• Temporal Resolution: Changes in anatomy 
that occur over time can be used to demon-
strate or quantify pathology (e.g. presence of 
lung sliding, or degree of contractility in 
echocardiography)

• Spatial Resolution: Structures that are close 
together can be delineated and displayed sepa-
rately, in both axial and lateral planes 
(Fig. 26.5)

 – Axial resolution (depth of scan) is improved 
by higher frequency sound waves. This can 
be achieved by shorter wavelengths/pulse, 
manipulating gain settings (though higher 
gain decreases resolution) and decreasing 
the field of view (a smaller field improves 
resolution).

 – Lateral resolution is improved by narrowing 
the focal zone so neighbouring objects can be 
interrogated separately and moving the zone 
of interest into the central axis of the beam

Key Points Echogenicity and depth of images 
are determined by sound wave reflection  inten-
sity and delay

• Refraction, attenuation and scatter of sound 
waves are responsible for ultrasound image 
degradation

• Resolution is the ability to distinguish between 
echoes of sound, in terms of space, time or 
strength

Ribs Lung sliding sign

A lines

Acoustic shadows

Artifacts

Chest wall

Fig. 26.4 Pleural Interface (from Ma and Mateer [6])

Axial
resolution

Lateral resolution

Fig. 26.5 Spatial Resolution
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 Artefacts

Artefacts can be both helpful (e.g. pleural inter-
face disruption, gallstone identification) or 
unhelpful, by obscuring details and mimicking 
pathologies (Fig.  26.3). Acoustic shadowing 
occurs when very dense objects cast acoustic 
shadows as the ultrasound waves are absorbed or 
reflected (e.g. bones or gallstones). This causes a 
void or dark area behind the dense structure and 
means that deeper tissues cannot be visualised. 
Acoustic enhancement occurs when ultrasound 
passes through a structure which conducts ultra-
sound without reflecting it, principally fluid-
filled structures such as a full bladder or cyst. As 
a result, structures behind the fluid-filled struc-
ture appear to be brighter as time gain compen-
sation (see below) overcompensates and makes 
these posterior structures appear more 
echogenic.

Edge shadowing occurs when velocity differ-
entials of sound waves across rounded struc-
tures cause the edges to lose resolution/appear 
blurred. Reverberation is caused by ultrasound 
pulses bouncing off parallel reflecting surfaces 
which are almost perpendicular to the direction 
of the beam before returning to the probe. Some 
of the pulse becomes caught between the two 
surfaces and has a delayed return to the probe 
after being reflected multiple times. This results 
in a series of “ghost” images deep to the original 
image and depends on how much of the pulse is 
dissipated, the size of the surfaces and how far 
apart they are. An example of this is a comet tail 
artifact, when multiple calcific or crystalline 
structures are imaged (such as bile duct stones 
or renal calculi) and appear to emit a tail further 
away from the probe.

Mirror images occur where there is a highly 
reflective structure directly in the path of the 
beam (e.g. diaphragm), which reflects the beam 
back. Rather than the beam going directly to the 
probe, it encounters another reflective structure 
on its return and is turned back towards the first 
reflective surface in a “Z” shaped manoeuvre, 
which subsequently returns the pulse to the 

probe. These surfaces reflect sound so perfectly 
that on screen two images can form a perfect mir-
ror image.

 Doppler

As sound waves are reflected from moving 
objects, the speed of the moving structure influ-
ences the frequency of the reflected sound waves, 
called the Doppler effect. This explains the com-
monly heard change in pitch of a vehicle or a 
siren as it passes by the observer. The Doppler 
effect can be utilised to measure the velocity of a 
moving target (blood), and the vector of its move-
ment can be shown in colour with reference to the 
position of the probe (Fig. 26.6).

Using Doppler to measure the velocity of flow 
relies on the vector of the ultrasound wave to be 
in alignment with blood flow, any discrepancy 
will introduce error into the Doppler equation 
and subsequent velocity calculation. Also, there 
are a variety of Doppler modes with varying limi-
tations, and in the pre-hospital environment may 
have impaired reliability.

Key Points

• Artefacts such as acoustic shadowing, edge 
shadowing and mirror images can be helpful, 
or impede image interpretation

• The Doppler effect occurs when sound waves 
are reflected from moving objects, influencing 
the frequency of the reflected sound waves

• The Doppler effect can be utilised to measure 
the velocity of a moving target, and the vector 
of its movement

 Hardware

 Probes

There are three main types of ultrasound probes 
used for medical ultrasound (Fig. 26.7):

26 Point of Care Ultrasound (POCUS)
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• Linear Array  =  Rectangular footprint with 
high-frequency ultrasound (5–10 MHz) ideal 
for high resolution but with poor penetration. 
Used for imaging the pleural surface, identify-
ing veins for cannulation or nerves for regional 
anaesthesia

• Curvilinear  =  Curved footprint with lower 
frequency ultrasound (2–5  MHz) ideal for 
deep penetration in abdominal imaging

• Phased Array = Small footprint with lower fre-
quency ultrasound (2–5 MHz) ideal for imaging 
between rib spaces in echocardiography

Probe orientation is critical, and there is a 
marker on the ultrasound screen that will corre-
late to a mark on the ultrasound probe. Most 
ultrasound machines also have programmed pre-
sets (cardiac, chest, vascular, nerve, abdominal) 
that can be used to optimise contrast, frequency 
and focal zone.

 Image Optimisation

Once the correct machine pre-sets have been 
selected, image quality can be further opti-
mised by considering depth, focus and gain of 
the machine. The depth of the image should be 

just beyond the area of interest to optimise 
both image quality and size. The focal zone 
can be adjusted on some machines so that the 
area of highest resolution can be targeted to 
the area of interest. Most small machines, 
however, cannot be adjusted and the depth 
controls, therefore, control the focal zone. 
This is usually two-thirds of the depth selected 
for the scan.

Time gain constant adjustments can be made 
to attempt to counter the reduction in reflections 
from objects further away from the probe by 
increasing the gain of signals reflected. Overall 
gain can be controlled on most machines and 
works by increasing the amplitude of the detected 
returning ultrasound. Adjusting the gain will 
increase the brightness of the image, which can 
help to ameliorate issues with attenuation, but 
this will also increase the strength of detected 
‘noise’.

 Modes

There are three main modes available in medical 
ultrasound; 2-Dimensional (2D), Motion-mode 
(M-mode) and Doppler. With 2D, this is the 
visual imaging of structures below the probe. 

Towards

Turbulent
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Turbulent
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Laminar
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Fig. 26.6 The Doppler 
effect (Image 
reproduced with 
permission from http://
pie.med.utoronto.ca/tee)

J. Turner and J. Squires

http://pie.med.utoronto.ca/tee
http://pie.med.utoronto.ca/tee


507

Doppler, as described above, will allow the veloc-
ity and vector of a moving structure to be mea-
sured. M-mode is a time-motion display along a 
chosen ultrasound line and provides a single- 
dimensional display of movement along that cho-
sen line (Fig. 26.8).

2D is the commonest mode used for image 
acquisition, Doppler mode is useful for measuring 
flow when calculating cardiac output or differen-
tiation between non-pulsatile/pulsatile structures, 
and M-mode is useful for identifying a normal 
pleural interface/excluding a pneumothorax.

 Probe Handling

There are several co-ordinated techniques for 
handling an ultrasound probe that must be mas-
tered to optimise image quality and reliability. 
The first principle is to avoid holding a probe 
with an unsupported hand; always try to rest the 
hypothenar eminence of the hand against the 
patients’ body to stabilise the image. Following 
this, several probe handling techniques can be 
utilised to optimise image acquisition (Fig. 26.9);

a b c

Fig. 26.7 Ultrasound Probes—A: Curved array probe, B: Linear array probe, C: Phased array probe
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• Pressure—Applying/Releasing pressure
• Alignment—Translating the probe in the hori-

zontal plane
• Rotation—Rotating the probe in the horizon-

tal plane
• Tilting—Tilting the probe in the vertical 

plane.

It is useful to make one alteration at a time and 
see the effect on the image quality rather than 
simultaneously combining manoeuvres.

Key Points

• There are three main types of probes, all with 
different ultrasound frequency ranges and 
imaging profiles: phased array, linear array 
and curvilinear

• Image optimisation is a complex task, requir-
ing consideration of pre-sets, depth, focus and 
gain

• There are different modes of operation, each 
with specific functions: M-mode, 2D-mode 
and Doppler

• Probe handling techniques are complex, and 
require practice to optimise image quality: 
pressure, alignment, rotation and tilt

 Video Resources

There are an abundance of good learning 
resources which will demonstrate pathological 
findings on ultrasound. The Society of Point of 
Care Ultrasound website  (https://spocus.org/
resources- programs/foamed/) is useful for visu-
alising the pathological signs that are explained 
in the following sections and for further reading, 
and the reader is advised to make use of them 
alongside this text:

2D Ultrasound M-Mode Ultrasound

Fig. 26.8 2D and M-Modes of pleural interface

J. Turner and J. Squires
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 Systems

 Airway

Front of neck access for “can’t intubate, can’t 
oxygenate” scenarios is an essential skill for 
 clinicians managing airways in trauma. 
Ultrasonographic identification of the cricothy-
roid membrane is becoming an expectation of 
care in the assessment of patients with potentially 
difficult airways for in-hospital practice 
(Fig. 26.10).

 Breathing

 Pneumothorax
Chest ultrasound has a sensitivity that exceeds 
that of X-ray and approaches that of computer-

ised tomography (CT) in ruling out a pneumotho-
rax via demonstration of an intact pleural 
interface with the following features [8]:

• Presence of pleural sliding
• Presence of B-lines
• Seashore M-mode (Fig. 26.11)

M-mode records the movement of points on 
the scan line over time. Points which are not 
moving (like the relatively fixed tissues of the 
chest wall) will be recorded as a horizontal line 
(like waves crashing on the seashore). This can 
be compared with a pleural interface that 
expands and contracts with respiration and thus 
shows a motion effect. The “sand” of the lungs 
is clearly different from the “waves” of the 
pleura and subcutaneous tissue above. If there 
is reduced/no motion where the lung should be 

Fig. 26.9 Probe Handling Techniques
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(due to a pneumothorax), then the horizontal 
lines of the “waves” are seen throughout the 
entire image. The presence of a lung point 
(transition point from a normal to an abnormal 
pleural interface) is pathognomonic of pneumo-
thorax and can reliably rule in its presence if 
seen.

Chest ultrasound has a sensitivity and specific-
ity that exceeds X-Ray and approaches that of CT 
in diagnosing a haemothorax through visualisation 
of pleural fluid [9]. Ultrasound can be used to guide 
the placement of intercostal drains or as a tool to 
identify the focus of bleeding for surgical interven-
tion in the shocked trauma patient (see FAST).

Fig. 26.10 Front of neck ultrasound (from Osman and Sum [7])

Fig. 26.11 M-Mode in normal lung vs pneumothorax (from Seif et al., https://doi.org/10.1155/2012/503254)

J. Turner and J. Squires
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 Intra-Alveolar Fluid
Chest ultrasound can identify consolidatory 
changes in lung tissue which can be a result of 
fluid, infection or blood/contusions. Ultrasound 
can differentiate between pulmonary contusions 
and pneumothorax as the cause for hypoxia, 
guide initial management and stabilisation of 
patients prior to full-body CT.

Key Points

• Ultrasound can be used to identify the crico-
thyroid membrane in patients with difficult 
airway anatomy, to facilitate surgical 
cricothyroidotomy

• Chest ultrasound has a sensitivity that exceeds 
that of X-ray and approaches that of comput-
erised tomography (CT) in ruling out a 
pneumothorax

• Chest ultrasound has a sensitivity and speci-
ficity that exceeds X-Ray and approaches that 
of CT in diagnosing a haemothorax

• Chest ultrasound can identify consolidatory 
changes in lung tissue which can be a result of 
fluid, infection or blood/contusion

 Circulation

 Cardiac

Focused echocardiography can be used to assess 
the heart for filling, contractility, dilatation, 
hypertrophy and presence of cardiac tamponade. 
How to undertake this skill is beyond the scope of 
this book. However, the The Society of Point of 
Care Ultrasound website (https://spocus.org/
resources-programs/foamed/) highlight the use-
fulness of such scans in the assessment of a 
shocked patient. The information gathered from a 
focused echocardiogram can be used to assess 
and guide treatment of both the shocked trauma 
patient and those in cardiac arrest.

 Abdominal

Focused assessment with sonography in trauma 
(FAST) is a well-established skill in the ED and 

has excellent specificity for ruling in a haemo-
peritoneum [10, 11]. Extended FAST (e-FAST) 
includes these four views as well as the lung/
pleura (see earlier for chest ultrasound):

• Hepatorenal space (Morrison’s pouch)
• Splenorenal space
• Retro-vesicular space (Pouch of Douglas in 

women)
• Pericardial space

In modern day trauma care, spiral CT and prox-
imity of scanners to the emergency department 
make whole body CT (WBCT) a favourable imag-
ing modality. Notwithstanding, the REACT-2 trial 
failed to demonstrate a statistically significant 
mortality benefit with WBCT compared to con-
ventional imaging and selective CT in blunt trauma 
[12]. FAST scanning however, may have a role in 
those patients in extremis for whom an ultrasound 
scan can guide resuscitation and operative inter-
vention prior to a delayed CT.

Abdominal ultrasound can also demonstrate 
occult retroperitoneal haemorrhage from a rup-
tured abdominal aneurysm with varying specific-
ity and sensitivity [13].

 Vascular Access

Ultrasound can help place intravenous cannulae 
or central vascular access  in patients with diffi-
cult vascular access. Retrograde endovascular 
balloon occlusion of the aorta (REBOA) is an 
emerging concept in pre-hopsital emergency 
medicine (PHEM), requiring ultrasound-guided 
femoral arterial guide wire placement.

 Disability

Raised intracranial pressure (ICP) is challenging to 
exclude on clinical examination alone, and the insti-
gation of neuroprotective measures reduce morbid-
ity and mortality. Early studies have shown that 
ultrasound may be a sensitive tool for ruling out 
raised ICP via the assessment of the optic nerve 
sheath diameter at the optic disc [14] (Fig. 26.12).
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 Exposure

Ultrasound can be used to identify cortical steps 
in fractured bones and help to guide the pre- 
hospital management of injuries (Fig. 26.13) in 
resource-limited environments. Ultrasound- 
guided nerve blocks for the pre-hospital manage-

ment of distal injuries and limb entrapments are a 
developing concept, whereas ultrasound-guided 
nerve blocks are well established in hospital 
practice.

 Cardiac Arrest

A focused echocardiogram can be used in cardiac 
arrest to identify aetiology, guide treatment and 
facilitate decision-making. Ultrasound can be 
used to identify the following pathologies; 
Pseudo-pulseless electrical activity  (PEA), 
Hypovolaemia, Contractility, Massive PE and 
Cardiac Tamponade.

Pseudo PEA (occasionally referred to as a 
“low-flow” state as opposed to a “no-flow” 
state) is a severe shock state, distinct from true 
electromechanical dissociation. If cardiac activ-
ity is seen on ultrasonography (e.g. in severe 
hypovolaemia or cardiac tamponade) then treat-
ment is directed at the aetiology of the shock 
rather than CPR and standard ALS algorithms. 
True PEA is where there is electromechanical 
dissociation, no evidence of cardiac pulsation 
on echocardiography, and treatment is guided 
by ALS algorithms.

The role of pre-hospital ultrasound remains 
contentious [16–19] with the uptake variable 
across HEMS providers. However, the value of 
ultrasound in the demonstration of irreversible 
pathology and the benefit of this when making 
decisions to cease resuscitation should also be 
taken into consideration.

Key Points

• Focused echocardiography can be used to 
assess the heart for filling, contractility, dilata-
tion, hypertrophy and presence of cardiac 
tamponade

• Focused assessment with sonography in 
trauma (FAST) has excellent specificity for 
ruling in a haemoperitoneum

• Ultrasound may be a sensitive tool for ruling 
out raised ICP via the assessment of the optic 
nerve sheath diameter

Fig. 26.12 Optic Nerve Sheath Diameter measurement. 
The optic nerve sheath is a linear hypoechoic structure 
posterior to the globe. Measurement A identifies the loca-
tion for measurement of sheath diameter (3 mm behind 
the retina). Measurement B is the measurement of the 
optic nerve sheath diameter (3.1 mm). Image courtesy of 
Dr. J Squires

Fig. 26.13 Cortical step indicating bony fracture (from 
Crombach et al [15])

J. Turner and J. Squires
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• Ultrasound can be used to identify cortical 
steps in fractured bones and help to guide the 
pre-hospital management of said injuries

• A focused echocardiogram can be used in car-
diac arrest to identify aetiology, guide treat-
ment and facilitate decision-making

 Limitations & Governance

The in-hospital use of POCUS is well estab-
lished, and several courses are available through 
the Royal College of Emergency Medicine and 
affiliated organisations (RCEM and ICS) that 
allow clinicians to train in the use of POCUS, 
maintain currency and continued professional 
development. In the pre-hospital environment, 
there needs to be a consideration of 
whether  the  additional information gained by 
ultrasound will change patient management with-
out delaying scene times. 

Many UK HEMS staffing models include pre- 
hospital physicians who may be trained in 
POCUS from their base hospital speciality. The 
Air Ambulance Association (AAA) guidance on 
POCUS advises that all services undertaking pre- 
hospital POCUS should have appropriate train-
ing, governance and standards of imaging as 
would be expected in hospital practice [20]. 
POCUS is not currently part of the IBTPHEM 
sub-speciality curriculum, and training should be 
aligned to neighbouring institutions and adapted 
to PHEM.  An RCEM approved level 1 course 
would be a good starting point.

There are numerous practical limitations with 
performing pre-hospital ultrasound that must be 
considered so that they can be anticipated and 
mitigated; sunlight, vibration and movement 
 during land or air transport can impact on image 
quality. POCUS must not delay scene times for 
time-critical patients. Patients are not prepared as 
they would be in an outpatient setting so full 
stomachs and empty bladders impacting on 
image quality. Screen size may impact on image 
quality and interpretation.

Usual hospital-based practice, supported by 
the AAA guidance on POCUS, also suggest that 
the following clinical governance issues must be 

considered when introducing ultrasound to pre- 
hospital care teams:

 1. An ultrasound lead with appropriate experi-
ence and training should be appointed

 2. All physicians undertaking pre-hospital 
POCUS should have the required training to 
do so with a logbook supporting continued 
professional development and currency

 3. Regular training and updates should be pro-
vided by the service to all clinicians involved 
in pre-hospital POCUS

 4. Documentation of POCUS use in the diagno-
sis and management of patients must be kept, 
and images stored digitally in a central data-
base for audit, review/examination and 
training

Key Points

• The in-hospital use of POCUS is well estab-
lished, and several courses are available to 
facilitate training and maintain currency

• The Air Ambulance Association (AAA) 
advises all services should have appropriate 
training, governance and standards as would 
be expected in hospital practice

• There are numerous practical limitations with 
performing pre-hospital ultrasound, nor 
should it delay scene times for time-critical 
patients

 Conclusion

POCUS is a useful skill that has several uses in 
care of the trauma patient. In the pre-hospital envi-
ronment it may give information which would oth-
erwise not be available without CT scanning, and 
in-hospital in select groups it may lead to the 
avoidance of ionising radiation or logistically dif-
ficult transfers to CT scanners. While there is an 
acknowledged degree of inter- operator variability 
in the interpretation of scans [21–23], by picking 
gross sonographic end points rather than relying 
on fine details, this should be largely mitigated 
against. Ultrasonography should be subject to 
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established governance and training requirements 
whether used in- or pre- hospital, and its use will 
likely increase in the next few years as scanners 
become cheaper, smaller and more durable.

Questions
 1. What is the frequency range of medical 

ultrasound?
 (a) >20 Hz
 (b) >20 KHz
 (c) 1–5 MHz
 (d) 6–13 MHz
 (e) 1–13 MHz

 2. Sound waves can weaken in intensity as they 
travel through the body by a variety of differ-
ent mechanisms. Which of the following 
mechanism definitions is correct?
 (a) Refraction: Sound waves vectors are 

altered as they pass through soft tissue 
interfaces. This may result in waves that 
are reflected by deeper structures being 
unable to return to the transducer for 
detection

 (b) Transmission: Sound wave amplitude atten-
uates as the waves move away from their 
point of origin and through soft tissue

 (c) Scatter: Sound waves continue through the 
soft tissue without reflection and therefore 
are not detected by the transducer

 (d) Attenuation: Sound waves are reflected in 
multiple vectors, with only those in plane 
with the transducer being detected

 3. Resolution is the ability to distinguish between 
two echos/objects in terms of space, time or 
strength. Which of the following resolution 
definitions is correct?
 (a) Contrast Resolution: Changes in anatomy 

that occur over time can be used to dem-
onstrate or quantify pathology

 (b) Temporal Resolution: Differentiation 
between tissues with differing echo 
characteristics

 (c) Spatial Resolution: Structures that are 
close together can be delineated and dis-
played separately, in both an axial and lat-
eral plane

 4. Chest ultrasound can rule out a pneumothorax 
via demonstration of an intact pleural inter-
face with the following features:
 (a) Presence of pleural sliding
 (b) Absence of B-lines
 (c) Presence of D-lines
 (d) Presence of C-lines
 (e) Barcode/Stratosphere M-mode

 5. the AAA guidance on POCUS suggest that the 
following clinical governance issues must be 
considered when introducing ultrasound to 
pre-hospital care teams:
 (a) An ultrasound lead with appropriate expe-

rience and training should be considered
 (b) All physicians undertaking pre- hospital 

POCUS should have the required training 
to do so with a logbook supporting con-
tinued professional development and 
currency

 (c) Regular training and updates should be 
provided by the clinicians parent hospital

 (d) Documentation of POCUS use in the diag-
nosis and management of patients must be 
kept, written examination summaries 
stored digitally in a central database

Answers
 1. e
 2. a
 3. c
 4. a
 5. b
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Diagnostic Radiology in Trauma

Haripriya Ramotar and Constantinos Tingerides

 Introduction

On 8 November 1896, German physicist Wilhelm 
Roentgen produced an image of his wife’s hand 
using electromagnetic radiation in a wavelength 
range he called X-rays [1]. Within weeks this new 
technology was used to image skeletal trauma; the 
following year, it was used near the battlefield dur-
ing the Greco-Turkish War [2]. Since then, several 
breakthroughs in imaging technology have yielded 

new modalities. Fluoroscopy, Catheter angiogra-
phy, Computed Tomography (CT), Ultrasonogra-
phy, Magnetic Resonance Imaging (MRI) and 
Nuclear Medicine techniques all have a role in the 
investigation and treatment of trauma patients.

Trauma can affect a single area or it can be mul-
tifocal. It also ranges in severity from trivial to life-
threatening. Imaging techniques are associated 
with a cost, can take up valuable time and even 
have the capacity to harm the patient, for example, 
through ionising radiation or the use of potentially 
nephrotoxic intravenous contrast agents. The fun-
damental principle of trauma imaging is to obtain 
accurate and sufficient information in a timely 
fashion with minimum risk to the patient. To 
achieve this, front line services work closely with 
radiology departments to produce and continu-
ously review patient pathways, guidelines and pro-
tocols. All trauma team members must have a 
sufficient understanding of contemporary imaging 
strategies as suboptimal utilisation may lead to sub-
optimal results. This chapter primarily deals with 
imaging strategies in major trauma, i.e. patients 
suspected to have injuries that can result in death or 
severe disability, defined as an ISS score of >15.

 Trauma Imaging Modalities

The Royal College of Radiologists has published 
guidelines for radiology in major trauma [3]. 
This document outlines the role of different 
modalities in this field. Digital radiography and 
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• Introduction and importance of trauma 
imaging

• Trauma imaging modalities: Digital 
radiography, ultrasonography, computed 
tomography, magnetic resonance imag-
ing, fluoroscopy, catheter angiography

• Injury patterns in major trauma based on 
anatomical regions

• Special considerations: Children, preg-
nancy, elderly

• Adverse events associated with admin-
istration of intravenous contrast
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ultrasonography can be performed at the bedside, 
while CT and MRI examinations require trans-
ferring the patient. Catheter angiography is often 
used in major trauma in an interventional radiol-
ogy or hybrid suite, principally with a view to 
performing embolisation.

 Digital Radiography

Digital radiography must be available in the 
emergency room. It is a workhorse in the initial 
assessment of many forms of trauma. It is invalu-
able in assessing chest trauma as it is a fast way 
of detecting pneumothorax and haemothorax. 
Such complications of chest trauma may require 
urgent intervention. Digital radiography has also 
traditionally been used in the assessment of the 
c-spine and the pelvis and is widely used in sus-
pected limb fractures after excluding life- 
threatening injuries.

From combined meta-analyses, chest radiog-
raphy has a pooled high specificity of 0.99  in 
detecting pneumothoraces (1.00 for tension 
pneumothoraces only). Still, it lacks sensitivity 
compared to other modalities, which may be due 
to many factors such as the pneumothorax size, 
location of air, projection used, and interpreter 
level of skill. Haemothoraces are detected with 
high specificity (1.00) and variable sensitivity 
(0.20–0.63) [4].

The use of cervical spine radiographs is 
decreasing as they are technically challenging to 
perform and have poor sensitivity compared to 
CT [5]. Similarly, many units have abandoned 
the routine use of pelvic radiographs, opting for a 
lower threshold of assessment with CT. In other 
units, pelvic radiographs remain a useful screen-
ing tool to rapidly determine the need for imme-
diate interventions [6]. The effective dose for an 
AP pelvic x-ray is 0.7 mSv and 2.9–3.9 mSv for 
a pelvic CT, but fundamentally the use of plain 
film is in transition for trauma in most well- 
resourced areas. Hospitals have protocols in 
place guiding how the information gained from 
each modality (plain film vs straight to CT) 
guides patient management in their centre [7]. 
Digital radiography is not helpful in assessing 

abdominal trauma because of its low sensitivity 
and specificity in this area.

 Ultrasonography

Ultrasound examinations can be performed at the 
bedside by appropriately trained operators. They 
have a role in the assessment of blunt or penetrat-
ing injury to the thorax and abdomen. Particular 
protocols termed Focused Assessment with 
Sonography for Trauma (FAST) or ‘extended-to- 
thorax’ extended—FAST (eFAST) have been 
developed. These can be used in the pre-hospital 
environment or immediately on arrival to hospital 
for suspected haemoperitoneum, haemopericar-
dium, haemopneumothorax and inferior vena 
cava/aortic assessment [8]. A 3–5  MHz sector 
probe or curved linear array probe for the abdo-
men is often used. If eFAST is used, a sector 
scanner probe to visualise between the ribs can 
be helpful—see the POCUS chapter for a further 
discussion on scanning techniques.

FAST for haemoperitoneum has a median sen-
sitivity of 0.64 and specificity of 1.0 with a lower 
sensitivity of 0.63 for any solid organ injury. Not 
all solid organ injury is associated with haemo-
peritoneum in the acute setting. Therefore, a neg-
ative FAST scan does not rule out significant 
intraabdominal or pelvic traumatic pathology [4]. 
Consequently, the use of FAST in major trauma 
as a sole imaging technique may result in a sub-
stantial underestimation of the presence and 
severity of solid organ injury.

eFAST for detecting pneumothoraces has a 
variable sensitivity of 0.40 and specificity of 1.00 
for detecting tension pneumothoraces, and 
pooled sensitivity of 0.84 and specificity of 0.98 
for pneumothoraces. Overall this diagnostic yield 
is higher than that for plain chest radiography [4]. 
Technically, a higher frequency (and possibly a 
sector scanner) probe is the most useful [8].

 Computed Tomography

CT scans can be performed quickly and offer 
higher sensitivity and specificity than bedside 
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tests for a variety of skeletal and soft tissue inju-
ries. They are instrumental in detecting haemor-
rhage and guiding management to achieve 
haemostasis as fast as possible. They also have 
disadvantages. Transfer of the patient to the scan-
ning room is needed, which may be hazardous in 
haemodynamically unstable patients. CT scan-
ning uses ionising radiation, and most protocols 
require the administration of an intravenous con-
trast agent that may be nephrotoxic or cause an 
allergic reaction. Therefore the use of CT scan-
ning must be justified for each patient.

In general, CT scans are indicated when:

• There is haemodynamic instability (the scan is 
performed after or during resuscitation).

• There is an obvious severe injury on clinical 
assessment.

• Bedside imaging has suggested significant 
injuries such as pneumothorax on chest radio-
graphs or intra-abdominal fluid on FAST 
assessment.

• The mechanism of injury suggests that there 
may be severe occult injuries. Such mecha-
nisms include high-speed vehicle collision 
and fall from height.

After a decision to perform a CT scan is 
taken, the team must decide which areas need 
to be scanned. Generally speaking, there are 
two strategies for performing a CT scan in 
major trauma. One approach is to use CT to 
scan the areas where an injury is clinically sus-
pected, guided by bedside tests including digi-
tal radiography. The second is to scan the entire 
body (termed whole- body CT—WBCT). The 
advantage of the first strategy is that reducing 
the scan volume reduces the radiation to the 
patient. The disadvantage is that clinically 
excluding injury in one area when there is a sig-
nificant or distracting injury elsewhere is often 
difficult; inaccurate assessment may lead to 
delayed diagnosis and extra trips to the scanner. 
WBCT provides a comprehensive evaluation of 
life-threatening traumatic injuries, reduces trips 
to the CT scanner, and mitigates the necessity 
for other imaging modalities such as radiogra-
phy and ultrasound.

Several studies have shown benefits to WBCT, 
claiming increased probability of survival and 
decreased time in the emergency department. 
However, these studies have been retrospective 
and are plagued with selection bias. The 
REACT-2 Trial is the first randomised controlled 
trial to compare these two strategies [9]. The 
authors concluded that WBCT does not reduce 
in-hospital mortality compared with the standard 
radiological workup. Future research may help 
identify subgroups of patients that benefit from 
WBCT.

Using intravenous contrast agents in trauma 
CT allows the reporting radiologist to detect 
bleeding and improves the assessment of solid 
organ and other injuries. The timing of image 
acquisition in relation to the administration of 
contrast determines the phase of the scan. For 
example, in an arterial phase abdominal scan, 
images are acquired around 20  s after injecting 
intravenous contrast. This allows accurate assess-
ment of the arteries and improves the sensitivity 
of detecting arterial abnormalities. If images are 
acquired again a few seconds later, the contrast 
will be more concentrated in the parenchyma of 
the solid organs and venous structures (portal- 
venous phase). In a split bolus scan, two variably 
sized contrast boluses are given at different times 
to enhance the abdominal arterial and venous 
systems simultaneously. Again, there are several 
possible combinations of phases, and the radiolo-
gist must tailor each scan according to the clini-
cal information.

In 2005 Nguyen et al. first published the use of 
a biphasic contrast protocol in a combined study 
between centres in Baltimore, US and Geneva, 
Switzerland [10]. This ‘top-to-toe’ approach 
starts with an unenhanced CT of the head +/− the 
neck to assess for haemorrhage. Then contrast is 
administered in two different volume boluses at 
different rates (the exact volumes of which can 
vary slightly from centre to centre) and a single 
acquisition from either the base of skull or lung 
apices to the ischial tuberosities. A 5 min delayed 
acquisition was then performed through the 
region of a suspected injury to further assess for 
bleeding. This protocol is commonly referred to 
as the Bastion Protocol in the UK as military 
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radiologists adopted it in Camp Bastion in 
Afghanistan.

In many centres, a dedicated CT scanner is 
situated next to (and in some cases within) the 
emergency department to make the transfer of 
patients less hazardous. Bedside imaging exami-
nations should not delay transfer to CT for imag-
ing. One possible exception is the chest 
radiograph in an unstable patient, as chest drain 
insertion may help in the efforts to render the 
patient haemodynamically stable for transfer to 
CT. However, as described in the breathing and 
chest injury chapter, tension pneumothorax is 
rare in spontaneously breathing patients and 
should primarily be a clinical diagnosis in venti-
lated patients.

 Magnetic Resonance Imaging

There are instances where magnetic resonance 
imaging (MRI) is indicated in the context of neu-
rological trauma, and it must be available at all 
times in a major trauma centre. MRI can be con-
sidered if there is strong clinical suspicion of spi-
nal injury, even if no abnormality is seen on 
radiographs. There may be some subtle, indirect 
markers that raise the suspicion of a ligamentous 
neck injury on a trauma CT (e.g. anterior verte-
bral soft tissue swelling), but pure ligamentous 
injuries are best detected with MRI.  Sequences 
that highlight tissue oedema, such as inversion 
recovery, are particularly useful. Compressive 
soft tissue lesions such as extradural haematomas 
of the spinal canal may cause spinal cord injury. 
Penetrating neurological trauma with non- 
magnetic materials (such as wood) can be 
assessed with MRI, where additional information 
on associated contusions, haematomas and/or 
intraventricular blood may provide further prog-
nostic information [11].

 Fluoroscopy

There are instances where fluoroscopic proce-
dures may be indicated to aid care in severely 
injured patients. Fluoroscopy is a technique 

where real-time screening x-rays are used to 
monitor the movement of radio-opaque struc-
tures such as bones. Contrast can also be used to 
monitor the flow of liquids and check the integ-
rity of fluid containing structures, such as the uri-
nary system. One such use is when there is 
suspected urethral injury in an uncatheterised 
patient. The presence of blood at the urethral 
meatus, particularly in males, should raise the 
suspicion of a renal collecting system, bladder or 
urethral injury. A retrograde urethrogram can be 
done to assess the integrity of the urethra [12]. 
This should be done in a dedicated suite or the-
atre with the ability to obtain real-time fluoro-
scopic images.

If there is a suspicion of a bladder injury in a 
catheterised patient, retrograde cystography can 
be performed. This involves instilling contrast 
until the bladder is full and obtaining images with 
fluoroscopy. A retrograde cystogram can also be 
performed during the initial CT assessment by 
performing another CT after the bladder is filled.

 Catheter Angiography

Interventional Radiologists perform catheter 
angiography, often to achieve haemostasis 
through embolisation or the use of stent grafts. 
This technique is the basis of many interventional 
radiology procedures, which are discussed in the 
interventional radiology chapter.

 Injury Patterns in Major Trauma

 Head and Neurological Trauma 
Imaging

Image findings in significant cranial trauma 
include fractures of the skull, parenchymal con-
tusion, intracranial bleeding and sequelae of 
raised intracranial pressure. Such injuries are 
often associated with maxillofacial fractures. 
Data are acquired with a single pass of the patient 
through the CT gantry. The data are used to cre-
ate several sets of images designed to optimise 
the detection of different types of injuries. The 
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sets of images vary in the orientation, windowing 
(degree of post-acquisition adjustments made to 
highlight certain tissue types, e.g. bone or lung) 
and slice thickness.

Calvarial fractures can range from overt dis-
placed deformities (Fig.  27.1) to subtle non- 

displaced fractures requiring review of 
multiplanar reformats for identification 
(Fig. 27.2). Base of skull fractures may already 
be evident clinically with the classic Battle’s sign 
or Panda eyes. However, radiologically they can 
be very complicated as they require an assess-
ment of several important base-of-skull features 
and vascular structures (Fig. 27.3). Bone injuries 
can be identified on an unenhanced study with 
specific bone reconstructions.

Brain injury in the setting of trauma can occur 
with or without calvarial or base of skull fractures. 
Injury patterns include contusional injuries, extra-
dural/subdural/subarachnoid haemorrhage and 
hypoxic brain injury (Figs. 27.4, 27.5 and 27.6). 
All of these injuries can be potentially identified 
in an unenhanced study. Intravenous contrast is 
very rarely needed, with the only benefit found in 
the enhancement of small intra-axial contusional 
injury that is not high density at the time of scan-
ning. The addition of intravenous contrast is 
thought to introduce added perfusional stress to 
neural tissue because of disturbance of the blood-
brain barrier [13]. Intracranial bleeding can cause 
raised intracranial pressure (Fig. 27.7). Disruption 
in the equilibrium between blood, brain tissue and 
CSF fluid in a fixed space can result in brain her-
niation with catastrophic consequences.

Fig. 27.1 Axial CT with bone reformatting to reveal 
extensive calvarial fractures of the parieto-occipital region

Fig. 27.2 Comparison of axial CT of the head with bone reformats and 3D reconstructions demonstrating a subtle left 
parietal bone fracture that is better visualised on 3D reconstructions
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Blunt cervical vascular injury (BCVI) is a 
term used for injuries to the carotid and vertebral 
arteries secondary to non-penetrating trauma. 
Although BCVI is rare, it can lead to devastating 
outcomes, including stroke and death. Current 

Fig. 27.3 Base of skull fractures with diastasis of the 
right lambdoid suture (red arrow). There are further frac-
tures through the sphenoid sinuses (green arrow) and the 
left mastoid air cells (yellow arrow)

Fig. 27.4 A large right sided cresentic high density sub-
dural haematoma is visualised. Low density areas within 
it represent flow artefact from ongoing brisk bleeding

Fig. 27.5 High density outlining the sulci of the left pari-
etal lobe represents subarachnoid haemorrhage. A concur-
rent left periorbital haematoma is the point of impact of 
injury

Fig. 27.6 Axial CT image demonstrating global hypoxic 
injury with a reversal of gray-white matter density (red 
arrow). As a result the posterior falx cerebri and tentorium 
cerebelli are relatively dense, creating the ‘pseudosub-
arachnoid’ sign (green arrow)
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treatment strategies for BCVI range from anti-
platelet and anticoagulation therapy to endovas-
cular stents and mechanical thrombectomy. 
When there is clinical suspicion of BCVI, a CT 
angiogram of the neck can be used to diagnose 
the injury in the first instance. In some cases 
however, BCVI is asymptomatic, or it occurs in 
patients with other neurological trauma. Such 
injuries can present with delayed onset of neuro-
logic injury that may have been avoided if BCVI 
was recognised and treated. Screening for BCVI 
in high-risk patients may improve outcomes, and 
therefore screening criteria have been developed 
and are in use in trauma centres [14, 15].

Injuries of the spine require careful clinical 
and radiological assessment. In the setting of 
isolated cervical spine injury, the National 
Emergency X-Radiography Utilization Study 
(NEXUS) provides a set of validated criteria for 
patients <65  years old to determine which 
patients require imaging. If the patient is alert 
and stable, there is no focal neurology, no altered 
level of consciousness, no intoxication, no mid-
line spinal tenderness or distracting injuries, 

then there is a sensitivity of 99.6% for ruling out 
cervical spine injury [16]. Over the age of 65, 
these criteria are less reliable, and a clinical deci-
sion regarding imaging is needed. The Canadian 
C-Spine Rule (CCR) also provides an algorithm 
for use to decide which patients require at least 
radiography of the cervical spine. CT with sagit-
tal and coronal reconstructions is the primary 
imaging tool in Major Trauma Centres 
(Fig. 27.8). Otherwise, if this facility is not avail-
able, plain film radiographs from the occiput to 
T1 with lateral, AP, and odontoid views 
(Fig. 27.9) should be done if the patient fits the 
criteria for imaging [17].

In the context of the Severely Injured Patient, 
the spine is assessed as a part of WBCT with 
axial, sagittal and coronal bone reconstructions 
of the whole spine. CT imaging can identify 
bony injuries, which may need concomitant 
treatment consideration, but it does not assess 
the cord itself unless there is catastrophic dis-
ruption. If there is clinical or radiological suspi-
cion of spinal cord injury, an urgent MRI is 
recommended once the patient is stable and the 

Fig. 27.7 Two axial plane CT scans demonstrating full-
ness of the foramen magnum (left) and a normal foramen 
magnum with visible CSF (right). The former is a result of 

descent of the cerebellar tonsils due to raised intracranial 
pressure
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imaging resources are available. MRI can be 
used to identify prognostic features such as spi-
nal cord swelling, oedema or contusion. As pre-
viously mentioned, MRI is also better at 
detecting purely ligamentous injuries which 
may require treatment.

 Chest Trauma Imaging

Injuries can occur anywhere from the extra- 
thoracic tissues to the heart. The most concerning 
injuries are those that cause significant injury of 
the aorta or directly to the heart. Lung injury in 
the form of pulmonary contusions or lacerations 
may also be the source of significant morbidity 
and mortality. The chest portion of trauma CT is 
usually performed in the arterial or split-bolus 
phase with contrast opacifying the systemic (i.e. 
non-pulmonary) arteries to outline traumatic 
abnormalities and points of haemorrhage.

Injuries that involve the pleural space include 
pneumothoraces (particularly in penetrating inju-
ries) and haemothoraces (Fig. 27.10). Air can be 
introduced in the pleural space secondary to alve-
olar rupture from sudden increased intrathoracic 
pressure (blunt trauma) or from the external envi-
ronment (penetrating injury (Fig.  27.11). 
Particularly worrying is a tension pneumothorax 
(Fig. 27.12) with penetrating injury when a valve 
system in the chest wall is created that allows air 
to be continually drawn in but not released. The 
result is a rise in intrathoracic pressure above that 

Fig. 27.9 These images are not from the same injury. On 
the left a sagittal cervical spine view shows a small avul-
sion fracture of the anterior C2 body. On the left an open- 

mouth peg view demonstrates asymmetry between the C1 
right lateral mass and the C2 body (red arrow) and widen-
ing at the atlantodental interval (green arrow)

Fig. 27.8 A selected image from a sagittal view of the 
spine with bone reformats demonstrating a Chance frac-
ture. A horizontal fracture through a vertebral body (red 
arrow) extends into the spinous process (green arrow)
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of the atmosphere that can compromise venous 
return to the heart and cardiac function, and cause 
contralateral lung collapse worsening the 
patient’s cardiorespiratory status. A tension pneu-
mothorax is a clinical diagnosis at the initial 
assessment stage and should be treated before 
any imaging is carried out. Imaging a pneumo-
thorax with plain radiography can prove difficult 
as air accumulates medially and anteriorly in the 
supine position, and apically in the erect position. 
As most trauma x-rays are performed with the 
patient lying supine on a bed, anterior pneumo-
thoraces can be quite large before showing the 
typical loss of vascular markings or a “lung edge” 
at the periphery. Pneumothoraces demonstrated 
on CT but not on plain film are called ‘occult’ 
pneumothoraces. These are particularly impor-

tant if a patient is to be ventilated—a small pneu-
mothorax can increase in size under ventilation 
and become clinically significant. The term 
 haemothorax refers to blood in the pleural space 
and can be caused by bleeding from several 
sources such as mediastinal vascular structures, 
the lungs or intercostal vessels. Emergency chest 
drain insertion may be necessary to improve 
ventilation.

Pulmonary contusion is a common injury in 
blunt chest trauma. It is caused by injury to the 
alveoli with associated alveolar haemorrhage. As 
such, the usual appearances are of patches of ill- 
defined airspace consolidation at the location of 
impact, with sometimes an opposing contra-coup 
contusion. It is reasonably short-lived, with reso-

Fig. 27.10 Axial plane CT image of a high density left 
sided haemothorax (red arrow)

Fig. 27.11 On the left bilateral pneumothoraces (red 
arrow) with a linear left-sided pulmonary laceration 
(green arrow) from a penetrating chest injury are visible. 

On the right there is a posterior left pulmonary laceration 
with cavitation and a concurrent haematocoele. (red 
arrow)

Fig. 27.12 A large right-sided tension pneumothorax 
displaces the mediastinum to the left. There is also a small 
volume left-sided pneumothorax present
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lution beginning within 24–48 h after the injury. 
However, extensive pulmonary contusions (or 
moderate-sized ones in patients with pre-existing 
lung disease) can cause a significant respiratory 
compromise in this period [18].

Pulmonary lacerations from penetrating or 
blunt injuries (shearing or rib fractures) present 
as oval or rounded cavities along the tract of the 
laceration rather than as a linear defect like those 
seen in solid visceral lacerations. This is due to 
the elastic recoil of the lung tissues that cause the 
lung parenchyma to move away from the lacera-
tion. They can be filled with air, blood or both 
[18].

Injury to the heart and thoracic aorta can be 
direct due to penetrating injury that breaches the 
myocardium or aortic wall at the point the pene-
trating object enters, or indirect in the case of 
deceleration injury. Common locations of aortic 
injury are the proximal descending aorta, aortic 
arch, aortic root, distal descending aorta and the 
aortic hiatus where there are aortic attachments. 
Periaortic haematoma is often present and can be 
an indirect sign of vascular injury (Fig.  27.13). 
Further changes such as intramural haematoma, 
pseudoaneurysm, an intimal flap and thrombus 
are best visualised on CT [18]. Imaging of aortic 
injury is also discussed in the interventional radi-
ology chapter.

Bronchial and tracheal lacerations are rare. 
Patients with these injuries often die before arriv-
ing at a hospital due to respiratory arrest, pneu-

mothorax, haemorrhage or associated injuries 
related to high energy trauma. Deceleration 
injury can compress the upper airway between 
the thoracic spine and the sternum, shear the air-
way at fixed points or cause rupture when the 
intrathoracic pressure is raised against a closed 
glottis [19]. Complete transection of the bronchi 
results in a ‘dropped lung’ appearance. 
Bronchoscopy to confirm the diagnosis is often 
recommended if a tracheobronchial injury is 
demonstrated or suggested on CT. Complications 
include pneumonia, empyema, bronchiectasis 
and airway obstructions to name a few, and there-
fore treatment in a specialist unit is needed.

Chest wall injuries range from simple broken 
ribs to flail segments, scapular fractures and sig-
nificant chest wall soft tissue injuries. In a flail 
segment, the fractured portion moves paradoxi-
cally on respiration and poses a problem with 
ventilation. Flail segment is a clinical diagnosis, 
but it should be raised in a CT report when there 
are three or more consecutive ribs with fractures 
in two or more places [20].

 Abdominal and Pelvic Trauma 
Imaging

Deceleration, external compression and crush 
injuries make up the majority of blunt injury 
forces causing vascular and solid visceral injury. 
Points of fixation such as vascular pedicles and 

Fig. 27.13 Sagittal and axial contrast enhanced CT images showing a proximal descending thoracic aortic incomplete 
transection (left) with a resultant mediastinal haematoma (right)
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mesenteric attachments are placed under consid-
erable shear forces and can tear in deceleration 
injury, causing bleeding (Fig. 27.14). Hollow vis-
ceral structures and the diaphragm may rupture 
when external compression forces create a sud-
den rise in intraabdominal pressure. Crushing 
forces compress the solid organs between the 
abdominal wall and spine. This may cause tears, 
and consequently bleeding may occur from dam-
aged arterial or venous structures. Performing a 
delayed phase study of the abdomen and pelvis 
can assess pooling of any extravasated contrast if 
a blush was identified on the survey of the initial 
study by the radiologist with the patient on the 
CT table. Sometimes even if there is no point of 
bleeding demonstrated, high-density free fluid in 
the abdomen and pelvis can serve as indirect evi-
dence of bleeding and indicate the need for early 
operative intervention. Low energy penetrating 
traumas cause lacerations along the path of object 
entry (Fig. 27.15). High-energy penetrating trau-
mas such as gunshot wounds cause regional soft 
tissue injury and cavitation along the tract [21].

The spleen, liver, kidneys and small bowel are 
the solid organs that are most commonly injured 
[22], with linear lacerations being the most com-
mon injury (Fig. 27.16). At the scene or on arrival 
to the emergency department, a FAST scan can 
assess for the presence of free fluid that may sug-
gest a more severe injury if the patient is haemo-
dynamically unstable and may require emergency 
surgical intervention. CT scanning is the gold 

Fig. 27.14 On the left an axial contrast enhanced CT 
image shows discontinuity of the superior mesenteric 
artery (red arrow). Concurrent lack of enhancement of 
right-sided small bowel (green arrow) compared with 

enhancing left-sided bowel represents resultant small 
bowel hypoperfusion and possibly ischaemia. On the right 
image, a dense mesenteric haematoma (red arrow) indi-
cates significant mesenteric injury

Fig. 27.15 Axial CT with bone reformats through the 
abdomen demonstrates a very high density triangular 
object in the vertebral body (red arrow), which represents 
the broken off tip of a knife blade responsible for a pene-
trating abdominal injury wedged in the bone. A skin 
defect at the entry site in the anterior left abdominal wall 
is visible (green arrow)

Fig. 27.16 Multiple low density linear lacerations of the 
liver extend to the hilum. Surrounding fluid likely repre-
sents haematoma
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standard, and those patients who are more 
severely injured have the most to gain from 
WBCT per a recent multi-centre, retrospective 
analysis [23]. While FAST is a useful technique 
if positive in haemodynamically unstable patients 
who need emergency treatment and cannot be 
taken for a CT scan, a negative FAST does not 
rule out significant intra-abdominal bleeding 
[24]. Paradoxically, the false-negative rate 
increases with more severely injured blunt trauma 
patients (i.e. those with an ISS of >25) [25]. The 
anatomical locations assessed are the hepatorenal 
fossa, left subphrenic space, both paracolic gut-
ters and the pouch of Douglas. Free fluid in the 
pelvis of young women of reproductive age can 
be equivocal in significance and be related to 
their menstrual cycle. However, free fluid in men 
is more strongly indicative of solid visceral 
injury. Ultimately if the mechanism of injury is 
significant enough and the patient is objectively 
symptomatic with external signs of injury, trans-
fer to CT should not be delayed. Diagnostic peri-
toneal lavage is not commonly performed and 
does not feature in the NICE guidelines for 
assessing bleeding in abdominal trauma.

Injuries to the mid-upper abdomen (e.g. from 
a steering wheel or handlebars) can result in pan-
creatic and/or duodenal injury with a 70–95% 
specificity of CT in detecting these injuries [26]. 
In the first 12  h post injury, the pancreas may 
appear normal with a small volume of 
 peripancreatic fluid, fluid around the splenic vein 
and thickening of the fascia. If there is delayed 
onset of abdominal pain, a repeat study can be 
done in 24–48  h [19]. Lacerations can extend 
through the neck and body to variable degrees, 
but ultimately injury to the main pancreatic duct 
is associated with high morbidity and mortality 
[27]. Isolated duodenal injuries are rare. Isolated 
subserosal haematomas can present gastric out-
flow obstruction.

Injury to the stomach, bowel and mesentery 
are uncommon but delaying the diagnosis of this 
injury for even 8–12 h can lead to the develop-
ment of peritonitis and sepsis, increasing morbid-
ity and mortality [28]. Indicators of hollow 
viscous injury are pneumoperitoneum, pneumor-
etroperitoneum, focal discontinuity in the bowel 

wall, transection, or more indirectly, bowel wall 
thickening or poor enhancement [19]. Diffuse 
foci of mesenteric haemorrhage or extravasation 
of intravenous contrast from small mesenteric 
vessels can also be seen and is often an indication 
for urgent laparotomy.

The kidneys and ureters are vulnerable to 
injury in road traffic accidents, with frank haema-
turia being a reliable indicator of such an injury. 
In a study by Erlich and Kitrey, 84–95% of renal 
trauma was managed conservatively [29]. 
Vascular injury or injury to the intra- or extra- 
renal collecting systems require surgical assess-
ment. If perirenal free fluid is visualised on the 
CT, renal collecting system injury with a urinoma 
should be suspected (Fig.  27.17). A delayed 
phase CT would be needed to opacify the renal 
collecting system to identify the point of injury. 
This can be done at the initial trauma CT or later 
once the patient is stable. The vascular pedicle of 
the kidney can be avulsed in a deceleration injury. 
A differential lack of enhancement of the kidney 
may indicate such an injury [19]. Renal cortical 
lacerations are visualised as linear areas of low 
attenuation that may extend anywhere from the 
capsule to the renal pelvis with associated hae-
matoma, subcapsular haematoma or renal paren-
chymal contusion according to the American 
Association for the Surgery of Trauma (AAST) 
renal injury scale [30]. A delayed phase study 

Fig. 27.17 This contrast-enhanced delayed-phase axial 
CT of the abdomen shows a blush of contrast around the 
left renal pelvis (red arrow) indicating rupture of the left 
renal collecting system
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may highlight pooling of extravasated contrast to 
confirm a point of bleeding if there is a suspicion 
of it on the arterial or split bolus phase.

Urinary bladder injury or rupture is often due 
to a combination of a full bladder and compres-
sive forces to the pelvis that may result in a pelvic 
fracture. Frank haematuria in the presence of a 
pelvic fracture warrants a cystogram, again either 
at the time of the injury if the patient has a func-
tioning urinary catheter in situ, or at a later time 
once the patient has been catheterised. 
Cystograms involve injecting contrast agent via a 
catheter to distend the bladder. Then imaging is 
performed by CT or by fluoroscopy. Bladder 
 ruptures can be intraperitoneal (Fig.  27.18) or, 
more commonly, extraperitoneal (80–90%) [31]. 
In the former, contrast that escapes the bladder 
can be seen outlining intraabdominal structures 
such as the bowel and collecting along peritoneal 
reflections. In the latter contrast outlines extra-
peritoneal structures and spaces.

The pelvis is a bony ring with very rigid fibrous 
joints. A fracture of this ring at a single point can-
not be presumed to be isolated, and careful evalu-
ation of the trauma CT is needed to look for other 
injuries. Compression forces may be in the AP 
plane, laterally, vertically shearing or a combina-
tion. Haemorrhage and pelvic visceral injury are 
common serious sequelae of pelvic fractures 
(Fig. 27.19). The elderly, frail patients or those at 

risk of bleeding (e.g. anticoagulation or hypoco-
agulable conditions) may bleed significantly due 
to minor lateral compression injury. A pelvic 
binder is often applied if there is a suspected pel-
vic fracture in the context of hypotension. This 
binder can temporarily reduce unstable fractures 
and halt venous bleeding. If no pelvic fracture is 
demonstrated on WBCT, a radiograph is required 
after removal of binder.

 Special Considerations

 Children

Generally, the use of adult trauma imaging proto-
cols is seen as inappropriate in the paediatric 
trauma population. Developing tissues are more 
radiosensitive with a cumulative radiation risk 
over a lifetime. Children have a longer projected 
lifetime in which the effects of these cumulative 
doses can manifest. It is predicted that cancers 
later in life will occur in 1 in 1000 patients who 
have a CT as a child [32]. Specific lower dose 
paediatric protocols and assessment by paediatric 
surgeons can help avoid unnecessary radiation 
exposure.

 Pregnancy

The physiological and anatomical changes of 
pregnancy add to the complexity of trauma man-
agement. Moreover, in addition to the life of the 

Fig. 27.18 Coronal CT of the pelvis after injection of 
contrast agent into the urinary bladder via a urethral cath-
eter. A large defect in the superior aspect of the bladder 
(red arrow) represents an intraperitoneal rupture of the 
bladder with contrast outlining the bowel and mesentery

Fig. 27.19 Axial CT through the lower pelvis with bone 
reformats shows a fracture of the left interior pubic ramus 
(red arrow) with a surrounding high density haematoma
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pregnant patient, the life and wellbeing of the 
fetus is at risk. Fetal loss rates approach 40–50% 
in life-threatening trauma [33]. The priority in 
caring for the pregnant trauma patient is to stabi-
lise the mother, as maternal demise will almost 
always lead to foetal demise. As already dis-
cussed, some of the best imaging techniques in 
trauma involve ionising radiation. It is thought 
that fetal radiation doses of less than 50 mGy are 
not associated with increased fetal anomalies or 
fetal loss throughout pregnancy. The radiation 
dose of WBCT is well below this threshold, and 
therefore it should not be withheld if clinically 
indicated [34]. WBCT is associated with higher 
radiation than strategies that do not involve 
CT.  The approximate whole-body CT effective 
dose can be around 30 mSV, which is more than 
that of any combination of plain film equivalents. 
However, in the case of trauma in pregnancy, 
plain films do not play a large diagnostic role. 
Information yield, especially with respect to 
potential bleeding and visceral injury, is higher 
with WBCT. As the dose is below that implicated 
in fetal abnormalities, WBCT is the investigation 
of choice [35]. Every effort should be made to 
use as low a radiation dose as achievable. This 
can be done by adjusting technical parameters on 
the CT protocol and by avoiding overlapping 
imaged areas that include the uterus and fetus.

There are several pregnancy-specific injuries 
such as placental abruption, uterine rupture, pre-
mature rupture of the membranes and spontane-
ous abortion. Identification of such injuries may 
require imaging by more than one modality [34]. 
The contribution of the obstetrics team is invalu-
able in the management of the Seriously Injured 
pregnant patient, and early involvement is highly 
recommended.

 Elderly

Declining physiological reserve and pre-existing 
conditions have been shown to influence patient 
outcomes after trauma adversely. The overall 
effect of even low energy trauma on an ageing 
patient (>65 years old) or a frail person can be 
devastating. In a study by Kirshenbom et al., cor-

onary artery disease, renal failure, dementia and 
warfarin use were associated with a higher mor-
tality rate during the patient’s hospital admission 
after trauma [36]. A lower threshold for perform-
ing WBCT may be justified in this population.

 Adverse Events Associated 
with Administration of Intravenous 
Contrast

The use of intravenous contrast agents is gener-
ally considered safe but not without risk. Adverse 
events vary from minor physiological reactions to 
life-threatening events. The risk can be reduced 
through screening and patient selection strategies. 
Teams should screen for predisposing factors that 
may contraindicate the use of contrast agents or 
increase the risk of reactions. In some cases, pre-
medication or pre-hydration are also used to 
reduce risk: steroids are used to prevent allergic 
reactions, and pre-hydration is used to reduce the 
risk of contrast-induced nephropathy. The team 
must be able to promptly recognise and treat reac-
tions when they do occur to reduce harm.

Adverse reactions can be classified as allergic- 
like or physiologic. Allergic-like reactions 
involve the release of histamine and other bio-
logic mediators. They can range from limited 
urticaria to life-threatening laryngeal oedema, 
bronchospasm and cardiac arrest. Physiological 
reactions are associated with the molecular toxic-
ity of each agent as well as physical and chemical 
characteristics such as osmolality and viscosity. 
Physiologic reactions range from a warm feeling 
to cardiovascular collapse. Distinguishing 
allergic- like reactions from physiologic reactions 
is vital as they require different treatments. 
Moreover, physiologic reactions do not require 
pre-medication with steroids in the future.

Contrast-induced nephrotoxicity (CIN) is a 
term used to describe a sudden deterioration in 
renal function following the administration of 
intravenous contrast agents. The validity of this 
condition has been questioned in the literature. 
This is because confounding medical conditions 
may also explain any observed reduction in renal 
function. The link between contrast agent admin-
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istration and nephrotoxicity has not yet been 
fully clarified. Nevertheless, several local, 
national and international bodies have guidelines 
that outline steps to reduce the risk.

The risk of CIN is considered low in patients 
with stable renal function. A risk/benefit analysis 
should be performed in patients known or sus-
pected of having reduced renal function. Indicated 
examinations should be tailored to allow the clin-
ical questions to be answered with the lowest 
possible dose of contrast medium. When the 
patient’s condition allows, pre-hydration should 
be performed as it is thought to reduce the risk of 
CIN. In the Severely Injured Patient with a high 
pre-test probability of haemorrhage, contrast- 
enhanced studies are performed regardless of 
renal function status [37].

Key Points
• All trauma team members must have a suffi-

cient understanding of contemporary imaging 
strategies as suboptimal utilisation may lead 
to suboptimal results.

• Particular protocols termed Focused 
Assessment with Sonography for Trauma 
(FAST) or ‘extended-to-thorax’ extended—
FAST (eFAST) have been developed and can 
be used in the pre-hospital environment or 
immediately on arrival to hospital for sus-
pected haemoperitoneum, haemopericardium, 
haemopneumothorax and inferior vena cava/
aortic assessment.

• Generally speaking, there are two strategies 
for performing a CT scan in major trauma. 
One strategy is to use CT to scan the areas 
where an injury is clinically suspected guided 
by bedside tests, including digital radiogra-
phy. The second is to scan the entire body 
(termed whole-body CT—WBCT).

• The timing of image acquisition in relation to 
the administration of contrast determines the 
phase of the scan.

• There are instances where magnetic resonance 
imaging (MRI) is indicated in the context of 
neurological trauma, and it must be available 
at all times in a major trauma centre.

• The presence of blood at the urethral meatus, 
particularly in males, should raise the suspi-

cion of a renal collecting system, bladder or 
urethral injury. A retrograde urethrogram 
can be done to assess the integrity of the 
urethra.

• Blunt cervical vascular injury (BCVI) is a 
term used for injuries to the carotid and verte-
bral arteries secondary to non-penetrating 
trauma. Although BCVI is rare, it can lead to 
devastating outcomes, including stroke and 
death. Current treatment strategies for BCVI 
range from antiplatelet and anticoagulation 
therapy to endovascular stents and mechanical 
thrombectomy.

• If there is clinical or radiological suspicion of 
spinal cord injury, an urgent MRI is recom-
mended once the patient is stable and the 
imaging resources are available. MR can be 
used to identify prognostic features such as 
spinal cord swelling, oedema or contusion.

• Flail segment is a clinical diagnosis, but it 
should be raised in a CT report when there are 
three or more consecutive ribs with fractures 
in two or more places.

• While FAST is a useful technique if positive 
in haemodynamically unstable patients who 
need emergency treatment and cannot be 
taken for a CT scan, a negative FAST does not 
rule out significant intra-abdominal bleeding.

• It is predicted that cancers later in life will 
occur in 1 in 1000 patients who have a CT 
as a child. Specific lower dose paediatric 
protocols and assessment by paediatric sur-
geons can help avoid unnecessary radiation 
exposure.

• There are several pregnancy-specific injuries 
such as placental abruption, uterine rupture, 
premature rupture of the membranes and 
spontaneous abortion. Identification of such 
injuries may require imaging by more than 
one modality.

• The risk of CIN is considered low in patients 
with stable renal function. A risk/benefit anal-
ysis should be performed in patients known or 
suspected of having reduced renal function. 
Indicated examinations should be tailored to 
allow the clinical questions to be answered 
with the lowest possible dose of contrast 
medium.
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 Conclusion

Advances in technology have given imaging a 
pivotal role in managing the Severely Injured 
Patient following Major Trauma. The effective 
use of imaging techniques requires a high level of 
expertise and teamwork, and early collaboration 
with radiologists and radiographers who can rec-
ommend the most useful imaging strategy. 
Imaging is associated with risk which stems from 
the need to move a haemodynamically unstable 
patient, the use of ionising radiation and the use 
of intravenous contrast agents. Risk can be 
reduced by performing risk/benefit analysis on 
every case and tailoring techniques to each 
patient.

Questions
 1. What is the most appropriate first line imaging 

investigation for suspected brain injury?
 (a) Intracranial catheter angiography
 (b) Contrast enhanced CT head and cervical 

spine
 (c) MRI head
 (d) Unenhanced CT head and cervical spine
 (e) skull radiograph
 2. What is the most appropriate investigation for 

a suspected urethral injury
 (a) Urethral ultrasound
 (b) Pelvic CT
 (c) Pelvic MRI
 (d) Retrograde urethrogram
 (e) Cystoscopy
 3. Which of the following statements about 

Focused Assessment with Sonography for 
Trauma (FAST) is false

 (a) FAST scan can exclude an aortic injury
 (b) It can be used to detect haemoperitoneum
 (c) It has replaced diagnostic peritoneal 

lavage in many centres
 (d) It can be used to detect haemopericardium
 (e) It can be performed by an appropriately 

trained emergency physician
 4. Which of the following areas is NOT included 

in the FAST scan protocol
 (a) Perisplenic space
 (b) Hepatorenal recess
 (c) Perihepatic space

 (d) Pericardium
 (e) Peripancreatic space

 5. Which of the following statements about blad-
der injury is false:

 (a) Bladder injuries are associated with pel-
vic fractures

 (b) Bladder ruptures are most commonly 
intraperitoneal

 (c) Fluoroscopic studies can have a role in 
the assessment of bladder injury

 (d) A bladder injury is often due to a combi-
nation of a full bladder and compressive 
forces to the pelvis

 (e) A retrograde CT cystogram is performed 
after injecting contrast directly into the 
bladder via a urinary catheter

Answer Key
 1. d
 2. d
 3. a
 4. e
 5. b
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 Introduction

Since its origin in 1964 with the first peripheral 
angioplasty procedure and subsequently the first 
endovascular embolisation for gastrointestinal 
haemorrhage in 1971 [1], interventional radiol-
ogy has grown and evolved into a speciality that 
now performs a wide range of procedures diag-
nosing and treating a spectrum of pathologies. 
The integration of the interventional radiologist 
into the trauma team has been propagated by 
growing expertise honed in embolisation tech-
niques in the non-acute setting combined with 

the technological advances in endovascular 
devices and imaging equipment. The almost 
ubiquitous availability of multi-slice whole body 
computed tomography now allows a rapid assess-
ment and a targeted, minimally invasive interven-
tion strategy to be employed where historically 
open surgery may have been performed [2].

Initially, endovascular management of trauma 
was reserved for patients who were haemody-
namically stable falling into a non-operative 
management category. More recently, new 
devices and procedures are being utilised in the 
unstable patient and in initial resuscitation [3]. 
Endovascular techniques can be used as the pri-
mary therapy for haemostasis or following dam-
age control trauma surgery when there is ongoing 
haemorrhage. It is generally accepted that avoid-
ing open surgery where possible is beneficial, 
potentially reducing blood loss, procedure time 
and the requirement for a general anaesthetic [4].

The primary aim of the Interventional 
Radiologist in the management of traumatic inju-
ries is to gain endovascular control of hemor-
rhage through either endovascular occlusion or 
re-lining of a damaged vessel with as little tissue 
damage as possible. This chapter reviews the 
indications, equipment and different techniques 
that are frequently used.
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 Equipment and Devices

 Basics

Access to the arterial system is usually through 
the common femoral artery. Although radial 
access is a safe alternative route, it is not yet 
widely used in trauma [5]. For the majority of 
embolisation procedures a 4Fr or 5Fr vascular 
access sheath can be used keeping the arteriot-
omy size to a minimum. If a large vessel stent 
graft is to be deployed then sheath diameters of 
up to 24Fr are needed. The artery can be punc-
tured using ultrasound guidance or palpation and 
anatomical landmarks, although in shocked 
patients the femoral pulse may be difficult to 
palpate.

Subsequently the target vessel (usually identi-
fied on computed tomography in advance) is 
accessed using a combination of angiographic 
catheters and wires (Fig. 28.1) with a variety of 
properties based on their intrinsic design [6]. A 
microcatheter through the parent catheter and 

vascular access sheath (tri-axial system) permits 
cannulation of bleeding small branch vessels and 
“superselective” embolisation. Real time fluoros-
copy is used when guiding to a specific location 
in the body, whilst digital subtraction angiogra-
phy, often with high flow rates of contrast, is 
essential to detect an abnormal or bleeding 
vessel.

 Embolic Agents

There are a variety of embolic agents available 
which have different characteristics useful for 
specific scenarios. These can be classified by 
mechanism of action and by whether they pro-
duce a temporary or permanent effect. All work 
to cause vessel occlusion or decrease blood flow 
[7]. One of the priorities of any interventional 
radiologist performing embolisation procedures 
is to reduce blood flow in or occlude only the 
intended target vessel and minimise embolisation 
of healthy tissue (commonly known as non-target 
embolisation). It is therefore essential to under-
stand and be familiar with the different embolic 
agents available and how they behave in vivo.

Coils are one of the most common types of 
devices used in trauma embolization (Fig. 28.2). 
These exert a mechanical embolic effect by phys-
ically blocking the vessel in addition to providing 
a thrombogenic surface and causing vascular 
endothelial damage and release of clotting fac-
tors. Coils are made of stainless steel or platinum 
and can have a fibre coating that increases throm-
bogenicity [8]. Coils are available in sizes vary-
ing from 1 mm up to several centimetres. They 
can be used in the smallest diameter arterial 
branches up to major trunk vessels, with the latter 
often requiring several coils to achieve full 
embolisation. Standard coils are designed for 
delivery through 4Fr angiographic catheters. 
Microcoils are designed to be delivered through 
microcatheters which can be advanced through 
small, tortuous vessels permitting embolisation 
of peripheral target vessels. Some coils include a 
retrievable mechanism and so can be repositioned 
if initially deployed in an unsuitable position. 
Coils are easily visible on angiography and, with 

Fig. 28.1 Diagnostic angiographic catheters. The differ-
ent shapes are used to access vessels throughout the body

C. Miller and C. Tingerides



537

experience, can be accurately placed minimising 
the risk of non-target embolisation.

Vascular plugs are similar to coils in that they 
rely on a mechanical effect and induced thrombo-
sis to cause vessel occlusion. They can be reposi-
tioned for accurate placement and are quick to 
deploy. Their main disadvantage over coils is that 
they are difficult to advance through tortuous 
anatomy. Also depending on size they require a 
larger size delivery catheter and so are more 
suited to larger, proximal vessels [9].

As already discussed, both coils and vascular 
plugs rely on the ability of the body to form 
thrombus in addition to their mechanical occlu-
sion properties. In severe trauma that results in 
deranged clotting, the time to vessel occlusion 
following embolisation may be prolonged and 
ideally correction of underlying coagulopathy is 
undertaken prior to and alongside the interven-
tional procedure [8].

Liquid embolic agents used in trauma include 
glue (Cyanoacrylate—Histoacryl, B Braun, 
Italy) and Onyx—an ethylene-vinyl alcohol 
copolymer (Onyx, Micro Therapeutics Inc., Ca, 
USA). A main advantage is that these agents do 
not require the patient to a have a normal coagu-
lation to achieve a successful embolisation. 
Liquid embolics have complex in vivo properties 
and can have undesirable effects if used inappro-
priately by inexperienced operators [10]. Onyx 
co- polymerizes on contact with blood creating a 

lava substance controlled by gradual injection, 
this solidifies into a cast of the vessel over sev-
eral minutes resulting in a permanent mechani-
cal occlusion [11]. Cyanoacrylate is mixed with 
lipiodol before being injected to allow it to 
become radio-opaque and delay polymerization. 
The ratio of dilution influences viscosity. It 
solidifies quicker than Onyx and in addition to 
its mechanical effect causes an inflammatory 
response on the vessel wall. It can be more dif-
ficult to control as locules are carried distally by 
flow in the vessel [11].

Particulate embolic agents including poly-
vinyl acryl particles (PVA) and polymer 
spheres are less commonly used in trauma. 
Particles embolise distally occluding the distal 
vascular and capillary bed of the target vessel/
organ resulting in a permanent occlusion and 
so could be used where distal haemorrhage 
control has not been successfully gained with 
another agent [12].

Another common agent used in trauma is 
Gelfoam (Pfizer, New York). This is purified por-
cine skin gelatin which is engineered into a 
porous sponge [13]. The sponge induces the clot-
ting cascade thought to be due to platelet damage 
on contact with the intricate sponge lattice and 
also acts as a mechanical support to thrombus 
formation resulting in vessel occlusion [14]. One 
of the theoretical advantages of Gelfoam in 
trauma over other embolic agents is that it pro-

ba

Fig. 28.2 Embolization coils made from platinum with (a) and without (b) nylon fibres, the fibres promote 
thrombosis
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duces only a temporary effect as over time the 
agent is completely absorbed and target vessel is 
often recanalized [15]. Whilst this may seem 
counter-intuitive, the purpose of embolisation in 
trauma is to resolve haemorrhage whilst limiting 
end-organ ischaemia which can be achieved with 
temporary occlusion. Gelfoam is usually pre-
pared as either a pledglet with the intention of 
creating a plug in a vessel or it can be cut into 
small pieces and mixed with contrast and saline 
to form a slurry which is injected resulting in 
embolisation distal to the catheter tip [16].

 Stent-Grafts

Often injury occurs to larger vessels that cannot 
be sacrificed with embolisation. In such cases, 
endovascular repair of the vessel can be under-
taken with a stent graft as an alternate to open 
surgical techniques (Fig.  28.3). Primarily 
designed for aneurysmal and peripheral vascular 
disease, stent-grafts were pioneered in the 1980s 
[17, 18]. In the last three decades their use has 
increased dramatically as endovascular repair has 
been associated with the healthcare ideal of lower 
perioperative mortality and reducing the length 
of stay in hospital following the procedure; the 
long term outcomes of endovascular treatments 
compared to surgical repair are however still 
contentious.

A range of stent-grafts are commercially 
available, the fundamental design being a metal- 
compound stent scaffold with a material cover 
such as polyester or polytetrafluoroethylene 
(PTFE). The grafts are either self-expanding 
relying on an intrinsic outward radial force to fix 
them to the vessel wall or are mounted on a bal-
loon which is inflated in the artery until the stent 
is opposed to the wall. When deployed the stent- 
graft relines the vessel wall sealing the defect/
injured segment and achieving haemostasis while 
maintaining vessel patency [10].

 Closure Devices

On completion of the procedure, haemostasis 
must be achieved at the percutaneous arteriotomy 
access site. Very rarely the arterial sheath is left in 
situ to be used for arterial blood pressure moni-
toring or for access if a second endovascular pro-
cedure is considered very likely. If left in situ the 
sheath should be sutured and attached to a pres-
surised saline flush to prevent thrombus forma-
tion in the lumen.

Haemostasis is traditionally achieved by man-
ual digital compression of the arteriotomy site 
and is often considered the gold standard. 
However, this can be time consuming, especially 
in the context of trauma where coagulopathy may 
be deranged. It also requires a period of flat bed 
rest recovery which might not be practical in 
patients with multiple injuries. Vascular closure 
devices were first introduced in the 1990s with 
the aim of achieving haemostasis rapidly and 
allowing earlier mobilization [19]. A range of 
closure devices are now available with different 
mechanisms of action. This includes those where 
the artery is approximated by deployment of a 
permanent suture or metal clip (Proglide, 
Starclose SE; Abbott Vascular), or where an 
absorbable sealant/plug is deployed over the arte-
riotomy site (Angio-Seal, St Jude Medical; 
Mynx-Grip, Cordis Cardinal Health).

Haemostasis can now be achieved in even the 
largest percutaneous arteriotomies and success 
rates of closure devices are high. The operator 
needs to be aware of and be able to manage 

Fig. 28.3 Thoracic aortic stent graft. This model has 
metallic Nitinol (Nickel-Titanium alloy) stents supporting 
an ePTFE (expanded polytetrafluoroethylene) polymer 
graft
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complications that can arise. These include hae-
matoma, pseudoaneurysm formation, acute ipsi-
lateral leg ischaemia and failure to achieve 
haemostasis [20].

 Targets for Endovascular Therapy

 REBOA

Resuscitative endovascular balloon occlusion of 
the aorta (REBOA) is a minimally invasive tech-
nique utilised in patients in extremis from 
uncontrollable torso or lower limb haemor-
rhage. Traditionally resuscitative thoracotomy 
and aortic cross clamping is used to occlude the 
aorta and rapidly gain control in these cases. 
Whilst first described in two patients in the 
Korean war [21] the concept of balloon occlu-
sion has only become more enthusiastically 
adopted in the twenty-first century largely 
driven by the wars in Iraq and Afghanistan 
where endovascular techniques were imple-
mented in combat [22].

The principle of aortic balloon occlusion is 
similar to that of cross clamping—blood flow 
distal to the inflated balloon is halted or signifi-
cantly reduced preventing further hemorrhage 
whilst proximally, coronary and carotid flow 
improve with a raised mean arterial pressure 
[23]. The technique for inserting the balloon is 
familiar to an experienced endovascular inter-
ventionist. First access is gained via the common 
femoral artery and a vascular sheath inserted. 
Through this the balloon is inserted to the desired 
level in the aorta—either zone 1 (between the 
left subclavian artery and the coeliac axis) for 
suspected abdominal visceral haemorrhage or 
zone 3 (below the renal arteries and above the 
aortic bifurcation) when the bleeding is sus-
pected from the pelvis with pelvic fractures. 
Zone 2 is the visceral segment where balloon 
inflation should be avoided to prevent damage to 
the major abdominal branches [24]. External 
landmarks are used to estimate how far the bal-
loon should be inserted without image guidance. 
The balloon is then inflated. Arterial pressure 
measurements can be taken from both the bal-

loon catheter tip and arterial sheath, which 
should improve and diminish respectively.

Rapid progression of management following 
balloon insertion is of paramount importance. 
The time of inflation should be recorded and the 
length of time the aorta is occluded kept to a min-
imum so normal circulation can be restored 
promptly preventing ischaemic injury distal to 
the occlusion. This necessitates a rapid multi- 
disciplinary decision on further definitive man-
agement which will either be an emergency 
laparotomy or endovascular embolisation to con-
trol the haemorrhage. Following deflation and 
removal of the balloon the common femoral arte-
riotomy will have to be closed in the groin using 
a closure device or surgery. Lower extremity per-
fusion should be assessed and any loss of periph-
eral pulses (or other evidence of ischaemia) 
should trigger immediate investigation.

 Head and Neck Vascular Injury

Traumatic injuries to the extra-cranial carotid and 
vertebral arteries are uncommon occurring in 
approximately 1% of patients who have sustained 
blunt trauma [25]. The consequences can be cata-
strophic as a result of secondary strokes with 
high morbidity and mortality [26]. Blunt injury to 
the extracranial internal carotid artery can result 
in spectrum of injuries including vessel dissec-
tion with or without significant luminal narrow-
ing to more serious vessel occlusion. 
Pseudoaneurysm formation and vessel transec-
tion can also occur. Vessel transection requires 
immediate surgical intervention; it is associated 
with extremely high mortality [27]. Asymptomatic 
patients with traumatic carotid dissection are 
often successfully managed conservatively with 
antiplatelet therapy and close observation [28]. 
Indications for endovascular treatment have 
included failure of medical therapy, impending 
stroke, and pseudoaneurysm formation for which 
carotid artery stenting can be performed [29].

Open surgical techniques are considered the 
gold standard for penetrating internal carotid 
injury as they have been associated with improved 
chances of survival and decreased neurological 
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deficits. Whilst stent-grafting has been under-
taken in penetrating injuries, relative contraindi-
cations include concomitant aerodigestive injury, 
uncontrolled haemorrhage and infected wounds. 
Although fewer patients have been treated with 
endovascular techniques, reported mortality rates 
between groups treated using endovascular and 
open surgical techniques are similar [27].

Injury to the external carotid artery can be 
managed differently as the multiple branches are 
extremely well collateralized and so, unlike the 
internal carotid artery, branches can be embolised 
and sacrificed. Traumatic injuries can manifest 
as pseudoaneurysms, extravasation, arteriove-
nous fistulae and vessel occlusion [30]. 
Embolisation is most often performed with coils, 
ideally as close to the bleeding point as possible 
although proximal embolisation of the main 
external carotid artery can be undertaken. 
Particulate embolisation should be avoided to 
decrease the risk of non-target embolisation 
intracranially via external to internal carotid col-
laterals. Complications are low; pain can occur 
up to 2 weeks following embolisation as throm-
bosis occurs. Partial tongue necrosis has been 
reported although this was only following bilat-
eral embolisation [31].

 Aortic Injury

Traumatic injury to the aorta is often fatal—
approximately 20% of road traffic accident deaths 
in the United Kingdom are due to aortic rupture 
and up to 90% of patients die at the scene [32].

The mechanism for aortic injury is most often 
attributed to rapid deceleration. The most com-
mon location of aortic injury is at the isthmus 
where the ligamentum arteriosum inserts and the 
fixed arch joins the relatively mobile descending 
thoracic aorta. The differential deceleration at 
this point between the two regions of the aorta 
results in significant strain and shearing [33]. 
Other sites of injury from blunt trauma include 
the ascending aorta and descending thoracic/
abdominal aorta [34].

At a pathological level, injury to the aorta 
occurs on a spectrum. It varies in severity from 

small intimal haemorrhages or intimal tears, to 
tears extending to the media, and complete cir-
cumferential aortic laceration involving all layers 
of the wall, pseudoaneurysm formation and peri-
aortic haemorrhage [33, 35].

Historically patients with traumatic aortic 
injury have been managed with primary surgical 
repair. However, operative mortality can be up to 
30% and the risks of spinal cord injury and para-
plegia are also high as the aorta is cross clamped 
and distal perfusion interrupted [34]. This has 
called for consideration of delaying surgery with 
some evidence indicating that this may even be 
beneficial on mortality, particularly in those who 
are haemodynamically stable or in those who 
have profound concomitant injuries that may take 
precedence [36].

Since the turn of the millennium thoracic 
endovascular aortic repair (TEVAR) has been a 
step change in the management of traumatic aor-
tic injuries (Fig. 28.4). Open surgery is a consid-
erable undertaking performed via a thoracotomy, 
single lung ventilation, aortic cross clamping and 
replacing the injured aortic segment with a syn-
thetic graft [37]. Endovascular traumatic aortic 
repair has evolved alongside the stent graft tech-
nology developed for aortic aneurysmal disease 
with the goal of relining and repairing the aorta 
by a minimally invasive approach. Although no 
randomised controlled trials have been under-
taken comparing open surgical repair to endovas-
cular repair, cohort studies and systematic 
reviews indicate that endovascular repair is asso-
ciated with a better survival and few post- 
operative complications; multinational guidelines 
now recommend endovascular repair as the first 
line option [38, 39].

The development of endovascular aortic repair 
has occurred alongside the increasing availability 
and rapidity of cross sectional imaging in trauma. 
Aside from the important role that trauma CT has 
in diagnosing aortic injury, it is essential for plan-
ning an endovascular aortic repair. Meticulous 
assessment of the vasculature using multiplanar 
reformatted computed tomography data is of par-
amount importance in this field. Anatomical suit-
ability is evaluated. The parameters assessed 
include patency and size of iliac vessels to permit 
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insertion of the delivery device, and a satisfactory 
length of normal aorta to form a seal where the 
stent-graft opposes the aortic wall at the proximal 
and distal margin of a defect. The optimum type 
of device, stent-graft diameter, length and num-
ber of pieces will then be selected to best match 
the patient’s anatomy and provide the most dura-
ble endovascular repair. Occasionally a combined 
endovasular and surgical procedure can mitigate 
difficult anatomy. The most common of these is 
performed in cases where the left subclavian 
artery has to be occluded in order to provide a 
seal zone for the stent-graft; a left carotid to left 
subclavian bypass may then be required to main-
tain adequate flow into the distal left subclavian 
[40].

As with most trauma endovascular procedures 
TEVAR is usually performed via the common 
femoral artery (CFA). The procedure can be per-
formed under local anaesthetic although a  general 
anaesthetic may be required if the patient is need-
ing intensive levels of haemodynamic support or 
is unable to co-operate. Both common femoral 
arteries are accessed, either through a surgical 
arteriotomy or percutaneously, with one access 
site used for device delivery and the other for a 

catheter to perform angiography. The graft is 
positioned and deployed under constant fluoros-
copy and digital subtraction imaging is used to 
confirm the final position. Despite TEVAR being 
a minimally invasive procedure, it is important 
for the entire trauma team to remember that it is a 
major undertaking. Complications carrying sig-
nificant morbidity can occur relating directly to 
the procedure including cerebrovascular acci-
dent, spinal ischaemia, peripheral ischaemia, 
vessel damage and major bleeding. The patient 
should therefore be managed in an intensive care 
environment. The severity of the condition of the 
patient cohort undergoing stent-grafting is high-
lighted by an all cause 30 day mortality of 8–9% 
[41, 42].

Penetrating injury to the aorta is much less 
commonly encountered, the majority occurring 
due to stab or gunshot wounds. Whilst endovascu-
lar repair of a penetrating injury can be performed 
(Fig.  28.5) this is much less frequently encoun-
tered than in blunt thoracic injury and limited to 
case reports in the literature [43, 44]. This is in part 
as most patients will have multiple associated vas-
cular and visceral injuries for which expedient 
open surgery is usually required [45].

Fig. 28.4 DSA images during (left) and after (right) 
TEVAR deployment for a traumatic injury. The stent-graft 
(black arrowhead) is advanced along a support wire (white 

arrowhead) and deployed. An irregularity in the aortic 
wall (black arrow) is covered and sealed
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 Visceral

 Spleen
The spleen is the most commonly injured abdom-
inal organ in blunt abdominal trauma. It is a 
highly vascular organ that when injured can 
result in major intra-abdominal haemorrhage. 
Whilst a person can survive without a spleen, 
using nomenclature such as a non-vital organ can 
be misleading as the spleen has an important role 
in immune function. Surgical splenectomy in the 
setting of trauma can result in severe post- 
operative bacterial sepsis and this is now reserved 
for only the most haemodynamically unstable 
patients who require an immediate trauma lapa-
rotomy [46].

Splenic embolisation is now the preferred 
splenic preservation management option in 
trauma and should be considered for any patient 
with splenic injury who is haemodynamically 
stable, particularly those with active bleeding 
detected on CT.  In lower grade splenic injuries 
without evidence of active bleeding on CT 
(AAST grade I-III) initial conservative and sup-
portive management is reasonable but close 
observation is required and if there is any deterio-
ration intervention should be considered [47].

Two approaches are generally performed in 
splenic embolisation. If there is a large laceration 

or areas of multifocal injury to the spleen, proxi-
mal embolisation is performed. The main splenic 
artery is occluded with coils or a plug just distal 
to the pancreatica magna artery (Fig. 28.6). This 
has the effect of decreasing the arterial pressure 
to the spleen and so inducing haemostasis whilst 
maintaining perfusion of the spleen via collateral 
arterial pathways, preventing infarction and pre-
serving immune function [46]. If there is an iso-
lated injury identified, appearing as a focal area 
of contrast extravasation on digital subtraction 
angiography, distal embolisation is usually per-
formed. The most distal arterial branch that is 
bleeding within the spleen is sub- selectively 
catheterised using a microcatheter and occluded 
with either a small coil or possibly Gelfoam. 
Occasionally liquid embolic agents are used for 
this indication. If a pseudoaneurysm is detected 
the portion of the artery proximal and distal to the 
defect must be embolised to prevent backfilling 
of the pseudoaneurysm [48].

Performing distal embolisation has a higher 
rate of minor splenic infarcts but lowers the risk 
of rebleeding compared with proximal embolisa-
tion; if there is concern for rebleeding a repeat 
CT would be an appropriate investigation to help 
detect any remote sites of injury not apparent on 
the initial imaging. Major complications which 
should be considered if the patient deteriorates 

Fig. 28.5 Sagittal CT reconstruction (left) of a patient 
with an aortic injury as a result of a stabbing. There is 
aortic wall irregularity posteriorly (white arrowhead) and 
a small pseudoaneurysm anteriorly (black arrow) with 
surrounding haematoma. DSA sagittal oblique image 

(middle) during stent graft (black arrow) positioning simi-
larly demonstrates the injuries. A follow up 3D CT recon-
structed image (right) demonstrates the stent graft in situ, 
sealing the aortic defect
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include large volume infarction and infection 
requiring splenectomy. Such complications are 
uncommon [49].

 Liver
The liver is also frequently injured in both blunt 
and penetrating abdominal injury. The spectrum 
of liver trauma is wide and severe injuries caus-
ing massive haemorrhage are associated with a 
high morbidity and mortality. Similar to the prac-
tice in splenic trauma, the shift in the last two 
decades has been towards non-operative manage-
ment with emergency surgery reserved for hae-
modynamically unstable patients not responding 
to emergency fluid resuscitation and those with 
multiple concomitant injuries [50].

The most common indication for hepatic 
embolisation is identification of a contrast blush 
from an arterial source on CT that indicates active 
bleeding at the time of the scan. As with any 
imaging finding it is important to take into 
account the patient’s clinical status to avoid inter-
ventional procedures which may be unnecessary. 
Other situations where embolisation is performed 
include the presence of a pseudoaneurysm and 
when further haemorrhage control is required 

following emergency laparotomy [51]. Patients 
with liver injury on imaging but without a con-
trast blush/active bleeding and who are haemody-
namically stable are now routinely managed 
conservatively. For those with more severe grade 
injuries, follow up imaging can be considered to 
assess for delayed pseudoaneurysm formation or 
the presence of secondary complications.

The hepatic artery cannot be safely occluded 
in the same way that proximal splenic artery 
embolisation is performed as this would result in 
a very high risk of liver necrosis and fulminant 
hepatic failure. Although the liver has a dual arte-
rial and portal venous blood supply, arterial 
embolisation combined with a traumatic insult 
rendering tissue ischaemic can have a profound 
effect. Sub-selective catheterisation of the bleed-
ing arterial segmental or segmental branch vessel 
is therefore necessary using a microcatheter and 
distal embolisation is performed. Embolic agents 
commonly used include coils and gelfoam but the 
use of various other agents has been reported 
[52].

In addition to hepatic necrosis and liver failure 
which should be monitored for judiciously other 
complications that can arise following traumatic 

Fig. 28.6 Traumatic splenic injury with a traumatic 
splenic artery aneurysm (white arrowhead), splenic lacer-
ation (dashed line indicating area of non-perfusing splenic 
parenchyma) and innumerable irregular peripheral hyper-

dense bleeding foci (black arrows). Coil embolization of 
the main splenic artery performed with successful occlu-
sion (black arrowhead)
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liver embolisation include gallbladder ischaemia, 
abscess formation and bile leak/biloma although 
in part these could arise as a result of the trauma 
itself [53].

 Renal
Renal injury is present in approximately 1–5% of 
all trauma. The majority are due to blunt trauma 
[54]. Lying in the retroperitoneum the kidneys 
are fixed by the renal pedicle and ureter and so 
are particularly susceptible to acceleration and 
deceleration forces that can result in major vascu-
lar and parenchyma injury [55]. In addition to 
renal haemorrhage, damage to the renal collect-
ing system must also be assessed.

One of the main goals of any treatment involv-
ing the kidneys is nephron preservation in order 
to prevent any permanent decline in renal 
 function. The majority of renal injuries are now 
managed conservatively with evidence indicating 
that this strategy leads to the best outcomes with 
low rates of secondary nephrectomy in even the 
most severe (AAST grade IV and V) injuries. 
Damage to the main renal artery including arte-
rial thrombosis is also predominantly managed 
conservatively with intervention usually only 

performed if there is a single functioning kidney 
or bilateral injury [56].

The role of embolisation is similar to the other 
abdominal viscera and is usually the first line 
management plan in a haemodynamically stable 
patient with CT findings of active bleeding, pseu-
doaneurysms or arteriovenous fistulae [57]. With 
nephron preservation is at the forefront of the 
radiologist’s mind, the smallest possible volume 
of renal parenchyma is embolised targeting the 
most distal vessel that is bleeding using a micro-
catheter. In severe (grade V) injuries the kidney 
may already be lost due to renal artery avulsion 
or complete parenchymal shattering in which 
case the main renal artery or residual stump is 
embolised rapidly [58]. Attempts at repairing the 
renal artery and restoring flow are unlikely to be 
successful as the renal tissue will almost certainly 
be irretrievably damaged by this point (Fig. 28.7).

Injury to the ureter is rare and seen more fre-
quently in penetrating trauma, particularly gun-
shot wounds [59]. Ureteric injury may be 
identified at the time of damage control surgery 
but is often a delayed diagnosis and should be 
considered in patients with flank pain, haematu-
ria, urinary obstruction and elevated creatinine. 

Fig. 28.7 Aortic angiogram demonstrating an avulsed 
left renal artery with a short residual stump (black arrow-
head). This is not actively bleeding at the time of the 

angiogram but has the potential to spontaneously and 
catastrophically haemorrhage so was coil embolized 
(black arrow)
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In a minor injury or delayed diagnoses urinary 
diversion with percutaneous nephrostomy and 
placement of a ureteric stent may alone be suffi-
cient to allow healing. If identified at the time of 
damage control laparotomy ureteric repair should 
be performed [60].

 Pelvic

Pelvic fractures occur in 10–20% of high energy 
blunt traumas. If there is associated bleeding and 
haemodynamically instability, the mortality rate 
is high. The retroperitoneal space can hold up to 
5 litres of blood and in pelvic ring disruption the 
ability of this space to tamponade is reduced. 
Bleeding in pelvic trauma is most often from the 
presacral venous plexus but there can also be 
haemorrhage directly from fractured cancellous 
bone and as a result of iliac arterial injury [61].

If there are clinical features of bleeding but 
without evidence of arterial bleeding on CT the 
patient is unlikely to benefit from angiography 
and embolisation. As it is more likely that the 
haemorrhage originates from a venous source, 
surgery including pelvic packing and/or pelvic 

fixation is more appropriate. If there is CT evi-
dence of arterial pelvic bleeding then embolisa-
tion should be considered. Embolisation can be 
the primary management of both haemodynami-
cally stable and unstable patients with adjunctive 
stabilising measures including pelvic binder 
application and/or resuscitative endovascular bal-
loon occlusion of the aorta [62].

Arterial haemorrhage in the pelvis is usually 
from branches of the internal iliac artery. The 
CT performed prior to embolisation is used to 
help navigate quickly to the bleeding vessel 
during the procedure alongside digital subtrac-
tion angiography from the main internal iliac 
artery and major divisions (Fig.  28.8). If only 
one distal vessel is demonstrated to be bleeding 
this can be selectively catheterised and 
embolised usually with coils. Often in pelvic 
trauma multiple peripheral branches are injured. 
In this scenario a more proximal non-selective 
embolisation can be performed with a tempo-
rary agent such as Gelfoam [63]. Internal iliac 
arterial branches are extensively collateralised 
and end organ ischaemia and necrotic damage 
is much less likely to occur compared with 
solid abdominal viscera.

Fig. 28.8 Internal iliac angiogram with active contrast extravasation/haemorrhage (black arrow) from a posterior divi-
sion branch of the internal iliac artery (black arrowhead). This was selectively cannulated and embolized with a coil 
(white arrowhead)

28 Interventional Radiology in Trauma



546

 Aftercare

Following an endovascular procedure for trauma 
the ongoing patient care will be largely depen-
dent on the presence of other significant injuries 
such as intracranial haemorrhage or major mus-
culoskeletal injury. In the first 24–48 h following 
the procedure the patient should continue to have 
regular monitoring of their haemodynamic status 
as any deterioration could indicate re-bleeding. If 
this is suspected clinically a repeat CT is usually 
performed with non-contrast, arterial and delayed 
phases to assess for any active bleeding on imag-
ing and highlight any other potential causes of 
patient deterioration. Complications relating to 
embolisation will be largely dependent on the ter-
ritory embolised but end organ ischaemia and 
infection/abscess formation should always be 
considered in a patient with pain and/or fever 
[64]. Post-embolisation syndrome is a constella-
tion of non-specific signs and symptoms includ-
ing low grade fever, malaise, non-specific pain 
and nausea as a result of the body’s physiological 
response to embolisation and tissue ischaemia. 
This is usually seen following tumour embolisa-
tion procedures but has been reported in trauma 
intervention [65].

The access site in the groin should be moni-
tored following the procedure to assess for the 
presence of a pseudoaneurysm or persistent 
bleeding from the arteriotomy. If identified, pseu-
doaneurysms can be managed conservatively 
with manual compression or by percutaneous 
thrombin injection under ultrasound guidance. 
Surgical repair is rarely required. Follow up 
imaging is not routinely mandated if the patient is 
stable except in patients who have undergone 
aortic stent-grafting who are generally followed 
up yearly with cross sectional imaging depending 
on local protocols.

Key Points
• Endovascular techniques can be used as the 

primary therapy for haemostasis or following 
damage control trauma surgery when there is 
ongoing haemorrhage

• Subsequently the target vessel (usually identi-
fied on computed tomography in advance) is 

accessed using a combination of angiographic 
catheters and wires with a variety of proper-
ties based on their intrinsic design [6]

• One of the priorities of any interventional 
radiologist performing embolisation proce-
dures is to reduce blood flow in or occlude 
only the intended target vessel and minimise 
embolisation of healthy tissue (commonly 
known as non-target embolisation).

• The principle of aortic balloon occlusion is simi-
lar to that of cross clamping—blood flow distal 
to the inflated balloon is halted or significantly 
reduced preventing further hemorrhage whilst 
proximally, coronary and carotid flow improve 
with a raised mean arterial pressure [23]

• Since the turn of the millennium thoracic 
endovascular aortic repair (TEVAR) has been 
a step change in the management of traumatic 
aortic injuries.

• Splenic embolisation is now the preferred 
splenic preservation management option in 
trauma and should be considered for any 
patient with splenic injury who is haemody-
namically stable, particularly those with active 
bleeding detected on CT

• If there is CT evidence of arterial pelvic bleed-
ing then embolisation should be considered.

• Post-embolisation syndrome is a constellation 
of non-specific signs and symptoms including 
low grade fever, malaise, non-specific pain 
and nausea as a result of the body’s physiolog-
ical response to embolisation and tissue 
ischaemia.

 Conclusion

Interventional radiology provides minimally 
invasive treatments for haemorrhage in haemody-
namically stable and unstable patients. 
Embolisation and stent-graft insertion can be uti-
lised to avoid open surgery. Moreover, the tech-
niques can also be used in cases where open 
surgery has failed. Effective integration of inter-
ventional radiology with the trauma team requires 
regular multidisciplinary interaction through 
morbidity & mortality meetings, guideline devel-
opment and training exercises.
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Questions
 1. Which of the following equipment is NOT 

routinely used in the endovascular manage-
ment of trauma:

 (a) Coils
 (b) Liquid embolics
 (c) Stent-grafts
 (d) Re-entry devices
 2. Access for REBOA is normally via the:
 (a) Common Femoral Artery
 (b) Brachial Artery
 (c) Radial Artery
 (d) Common Femoral Vein
 3. The commonest site of blunt traumatic aortic 

injury is:
 (a) Aortic root
 (b) Aortic Isthmus
 (c) At the level of the diaphragm
 (d) Above the aortic bifurcation at the level 

of T4
 4. Proximal arterial embolization is most often 

utilised in the management of traumatic inju-
ries in which organ.

 (a) Liver
 (b) Spleen
 (c) Pancreas
 (d) Kidney
 5. Which of the following is NOT associated 

with post embolisation syndrome:
 (a) Malaise
 (b) Low grade fever
 (c) Non-specific pain
 (d) Reduced consciousness

Answers
 1. d
 2. a
 3. b
 4. b
 5. d
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Abbreviations

ABRA  Abdominal reapproximation anchor 
system

ACS  Abdominal compartment syndrome
CNS  Central nervous system
CoA  Course of action
CT  Computerised tomography scan
DAI  Diffuse axonal injury
DCL  Damage control laparotomy
DCR  Damage control resuscitation
ED  Emergency Department
eFAST  Extended Focussed Assessment 

Sonography in Trauma
ETCO2 End tidal CO2

EVTM  Endovascular resuscitation and 
trauma management

GI  Gastrointestinal
GMC General medical council
ICD  Intercostal chest drain
IIA  Internal iliac artery
IR  Interventional radiology
KDP  Key decision point
MAP  Mean arterial pressure
MTC  Major trauma centre
NPWT Negative pressure wound therapy
OCEBM  Oxford Centre of Evidence Based 

Medicine

OT   Operating theatre
P  Pulse
SBP  Systolic blood pressure
SNOM Selective non-operative management
TAC  Temporary abdominal closure
TARN Trauma audit research network
TCA  Traumatic cardiac arrest
TTL  Trauma team leader

 Introduction

Major Trauma Centres (MTCs) in England, 
excluding the Royal London Hospital, perform 
emergency trauma laparotomies on average less 
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Overview: Damage control laparotomy is a 
substantial undertaking in critically unwell 
trauma patients, and the thought processes 
and planning behind this procedure has not 
previously been explicitly explained. This 
chapter looks at the systemic and logistical 
setup for performing damage control lapa-
rotomy, patient selection and the key deci-
sion points before and during the surgical 
procedure with reference to current litera-
ture. Human factors and liaison with the 
anaesthetist in resuscitating the patient is 
also explained, and how this factors into pre- 
and intra-operative management. Common 
pitfalls are explored, and strategies to avoid 
them are offered.
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than once per week [1]. Therefore it is likely that 
the average surgeon providing this MTC capabil-
ity performs fewer than five such laparotomies 
per year. Damage control laparotomies (DCLs) 
for trauma are a subset of these emergency 
trauma laparotomies and therefore even less fre-
quently performed. For such trauma systems, in 
order to make similar iterative improvements for 
those patients undergoing DCL in busier centres, 
it is likely cognitive rehearsal, collective team 
training and sharing debrief learning points are of 
significant importance.

DCR with DCL for trauma may be delivered 
in a variety of hospital facilities. DCL for trauma 
performed in Trauma Units is an even rarer pro-
cedure than in MTCs. Primarily it is employed in 

patients whose risk of transfer to an MTC is 
deemed greater than the risk of delivering a rarely 
practised intervention. The required infrastruc-
ture and system capability to optimally perform 
DCL is shown in Table 29.1.

DCL is often technically straightforward to 
perform, and complex reconstruction is rarely 
required. It is also most often performed on 
patients with high-quality tissues and baseline 
physiology. These patients are more likely to have 
enough physiological reserve to survive from the 
point of injury to the operating theatre; they are in 
the younger cohort more likely to get injured, and 
therefore, as a population, have a lower burden of 
comorbidity. It is the time- critical nature of DCL 
in the context of coordinated damage control 

Table 29.1 Minimum infrastructure and system requirement to optimally perform DCL for trauma. DCL can be deliv-
ered less optimally but still effectively without all these components

Kit • Verified functional electromedical devices.
• Drugs and gases to provide optimal anaesthesia, perioperative and postoperative 
intensive care.
• Surgical instruments familiar to surgeon and scrub staff that allow cavity/junctional 
access and visceral/vascular surgery.
• Blood components and ancillary products and kit to allow a rapid massive blood 
transfusion to be delivered.
• Cell salvage for autologous blood transfusion (red cells or whole blood).
• Patient warming devices.
• Effective topical haemostatic products.

Hospital personnel 
(individuals can multi-role 
if they have the 
competencies)

• ED: resuscitation team including surgical, anaesthetic and ED key decision makers.
• OT: resuscitative surgical team and anaesthetic team.
• ICU: intensive care team, surgical team.
• Other supporting personnel (at all the above tiers): Haematology team, laboratory 
staff, radiological staff, portering staff.

Infrastructure • Capability to perform an eFAST scan.
• A clean overall environment with a sterile field for DCL.
• Ability to warm environment (probably to at least 20 °C), ability to cool environment 
if >37 °C.

Processes • Trauma relevant collective and individual training.
• Weekly clinical governance meetings to review major trauma cases and look for 
iterative improvements.
• Code red activation system (this is a communication tool and cognitive aid 
individually generated by MTCs for exsanguinating trauma patients. It triggers (1) 
priming and assuring of equipment to a ready state (2) ED resus standby of all senior 
relevant personnel (3) standby of personnel for patient transfer, blood products, theatre 
and interventional radiology).
• Massive transfusion protocol to allow efficient, safe and coordinated communication 
between the clinical team and blood bank.
• Rapid perioperative and intraoperative checklists to account for the difficult human 
factors.

Additional capability for 
broader DCR capability 
(optimally on site rather 
than transfer to)

• Multi-speciality clinical and allied health personnel, kit and supporting infrastructure 
available.
• Radiology (plain films and CT) and interventional radiology capability.
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resuscitation (DCR) that leads to complexity. The 
decision-making process involves a balance of 
accepting risk (through incomplete information or 
incomplete treatment) to prioritise manoeuvres 
that will, on the balance of probability, have a 
more beneficial effect on patient physiology and 
therefore more likely save a life.

 Definitions

A trauma laparotomy is a laparotomy with a 
sequence of manoeuvres to gain access, identify 
and treat non-skeletal abdominal and pelvic inju-
ries. This may be done with definitive or damage 
control intent.

A damage control laparotomy for a trauma 
patient is a trauma laparotomy where, by neces-
sity to reduce risk to life, mitigation of deranged 
physiology is prioritised over definitive anatomi-
cal reconstruction. Abdominal wall closure is 
with temporary intent.

The key features that characterise, although 
are not necessarily unique to, mitigation of 
deranged physiology include:

• The time-critical nature of interventions and 
processes.

• The arrest of haemorrhage through physiolog-
ical methods in addition to surgical control, 
i.e. haemostatic resuscitation (appropriately 
balanced blood product infusion, mitigation of 
significant hypocalcaemia and targeting 
normothermia).

• Prioritising perfusion to tissues in this order: 
(1) myocardial, pulmonary and CNS, (2) other 
vital visceral tissue (chiefly hepatic, renal, 
pancreas and foregut/small bowel), (3) other 
visceral tissue (4) limbs and the remainder of 
the body.

• Reducing the risk of secondary septic and/or 
an inflammatory hit by ensuring GI content 
remains intraluminal for its course within the 
body, and by providing appropriate drainage 
of biliary, urinary and pancreatic fluids.

A definitive laparotomy for a trauma patient 
is a trauma laparotomy with repair or resection of 

injured tissues, anatomical reconstruction of tis-
sue where appropriate and closure of the abdomi-
nal wall fascia with permanent intent.

 Interpretation of Literature 
Regarding DCL for Trauma

In appraising the methodology and contextualis-
ing the results of literature concerning DCL for 
trauma, there are several areas of heterogeneity 
between study and control groups in non- 
randomised trials (for example, “prospective” 
registry data studies) that may not be explicitly 
expressed. These will affect the internal and 
external validity of the study, potentially to such 
an extent as to make the conclusions invalid:

 1. The denominator of major trauma patients is 
almost always unknown. In other words: there 
may be a cohort of patients with a similar 
injury profile that do not survive to hospital 
due to pre-hospital factors such as longer 
timelines, stress from external or environmen-
tal factors, or level of intervention delivered. 
Those that do reach hospital may have already 
“self-selected” for survival through a favour-
able premorbid physiological reserve or more 
survivable injury burden.

 2. Shortened pre-hospital timelines can signifi-
cantly affect in-hospital outcome measure-
ments either positively or negatively by:

 (a) allowing a patient to present with an 
unsurvivable injury and subsequently die 
regardless of intervention, or

 (b) having a more favourable outcome due to 
earlier in-hospital intervention from the 
point of injury.

 3. The variability in energy transfer to various 
body tissues and associated overall body 
response to this injury is measured by proxy 
using chiefly descriptors of injury profile, 
physiological measures and haematological 
tests. For matching patients between groups, 
this is reasonable but cannot be precise.

 4. There is likely to be significant intra-group 
differences in the conduct of DCL. Any two 
patients that may be logged as having received 
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the same intervention and similar overall 
injury burden may have remarkably different 
treatment, biochemical and physiological 
course profiles. For example, consider the fic-
titious two patients who have received a DCL 
for trauma in Table 29.2. Patient 1 had a DCL 
from the point of entry of the patient into the 
trauma network. Patient 2, in the same trauma 
network, had a damage control strategy as a 
final OT manoeuvre in the face of deteriorat-
ing physiology. Both would meet a registry 
study inclusion criteria of DCL within an hour 
of ED arrival and could potentially be propen-
sity matched to similar non-DCL patients. 
Patient 1 is more likely to demonstrate an out-
come in favour of performing for DCL than 
Patient 2, despite conceivably having a more 
lethal injury. This example of real-world vari-
ability in the delivery of DCL for trauma dem-
onstrates how (a) a result may be weakened in 
studies with a DCL group and (b) how exter-
nal validity of DCL study results may be 
compromised.

 Selection of Patients for DCL

As a proportion of Major Trauma calls to ED, 
DCL is a very infrequent intervention. In the 
UK, the need to perform DCL is probably of the 
order of 1–2% of all TARN (Trauma Audit & 
Research Network) registered adult abdominal 
trauma patients [1, 2]. Many blunt abdominal 
trauma patients can be managed with selective 
non-operative management. Managing low 
energy transfer penetrating abdominal trauma 
(for example, knife injury) non-operatively in 
selected cases, is successfully done in many cen-
tres. Those patients that require a laparotomy for 
trauma can often have definitive surgery without 
the morbidity cost of DCL. Their overall physiol-
ogy is such that they have a low risk from defini-
tive surgery and are more likely to compensate 
for this failure in the event it were to occur.

Minimal access techniques have well- 
established roles in trauma management (for 
example, laparoscopic hemidiaphragm penetrat-
ing injury identification). In the UK, the ratio of 
laparoscopy: laparotomy for initial management 

Table 29.2 Example of differences between two patients characterised as undergoing damage control laparotomy for 
penetrating abdominal trauma with similar ISS

Patient or DCR 
characteristic Patient 1 Patient 2
Age/sex 21-year-old male 21-year-old male
Mechanism of injury Stabbed with a knife to right 

upper quadrant
Stabbed with a knife to right upper quadrant, chest 
and thigh

Prehospital 1 unit packed red cells Right side ICD, pressure dressing leg
Prehospital time 10 min 90 min
Parameters in ED SBP 90, P110, pH 7.14, eFAST 

+ve for abdomen
SBP 90, P110, pH 7.29, eFAST +ve for abdomen

Mental model shared by 
the team

Damage control resuscitation Need to identify injuries sequentially and plan 
definitive repair carefully

Decision OT CT then OT
Surgical manoeuvres and 
events in OT

Focused team brief, prep and 
drape, induction of anaesthesia, 
haemostatic resuscitation, 
four-quadrant packing, liver 
repacked, 5 min pringle, 
temporary abdominal closure

Full team brief, induction followed by laparotomy 
and small bowel repair, thigh wound exposed with 
proximal/ distal arterial control + haemostasis 
achieved. After 3 h in OT pH noted to be 7.1, patient 
temperature 35.8, bowel appears underperfused. 
Temporary abdominal closure performed.

Injury ISS = 16, large liver laceration of 
segments II and IV

ISS = 17, laceration right lung, small bowel 
laceration, mesenteric laceration, laceration branch 
of profunda artery

Characterised for data 
and grouping purposes 
as:

Damage control laparotomy for 
penetrating abdominal injury

Damage control laparotomy for penetrating 
abdominal injury
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of the injured abdomen is 1:6, with about one in 
three laparoscopic approaches converting to open 
[1]. There is wide variation in its use, with some 
centres liberally siting an infraumbilical port for 
peritoneal cavity inspection in those abdominal 
trauma patients deemed stable enough. There are 
also clear benefits for patient selection for open 
surgery in non-trauma situations (for example, 
laparoscopy to assess whether a tumour is resect-
able). Extrapolating these applications to a gen-
eral recommendation for use either in selection 
or management of very sick trauma patients 
where DCL is being considered is problematic. 
Crucially, laparoscopic access is not a route to 
rapid four-quadrant packing. This may lead to 
additional hypotensive and bleeding time imme-
diately after induction, with additional trauma 
team cognitive bandwidth required for assess-
ment and decision to convert to full open access. 
Even with a team that has rehearsed a minimal 
access approach in such situations, such disad-
vantages are unlikely to ever justify its use in sick 
trauma patients.

An attempt to recognise Futility should be 
made to prevent unnecessary intervention. This 
also meets an ethical duty to avoid unnecessary 
opportunity costs associated with wastage of 
blood product stock, trauma team time, OT use 
and wider hospital and societal resource. Defining 
a precise physiological inflection point at which 
patient care becomes futile is currently unachiev-
able, and forming a national consensus is unlikely 
to be a workable solution [3]. In the context of the 
patient lacking capacity (which is very probable 
in a situation where DCL versus futility is being 
considered) an approach that is consistent with 
GMC guidance [4] is as follows:

Futility may be recognised at any stage of the 
patient care pathway and can be identified as a 
patient so severely injured, with such a physio-
logical or biochemical profile that leads the 
trauma team, on consensus, to believe beyond  
reasonable doubt that further intervention will 
not either

 (a) allow the patient to survive transfer to the 
next stage of care or

 (b) sustain a quality of life that the patient would 
wish for due to an ensuing devastating 
disability.

The situational context and resources avail-
able, which are comparatively very favourable in 
a UK MTC, must obviously be considered. The 
trauma team in the context of a futility decision 
must include senior decision makers (chiefly 
consultants) who have sufficient experience in 
managing the sickest trauma patients; however, 
all immediate trauma team staff should be given 
the opportunity to share their view. To mitigate 
the emotional impact on the trauma team and to 
ensure a logical, transparent and justifiable deci-
sion, a shared structured ethical decision-making 
tool is useful, especially for more nuanced deci-
sions. The Defence Medical Services have expe-
rience of using the four-quadrant approach (4QA) 
in severely injured trauma patients and have 
made efforts to iteratively improve its use through 
qualitative study and training [5]. The 4QA is a 
framework to aid discussion and does so by ask-
ing the team to consider four domains sequen-
tially: (1) medical implications, (2) patient 
preferences, (3) quality of life, (4) contextual fac-
tors. The aim is to achieve as comprehensive a 
picture as possible in the circumstances to gener-
ate a conclusion and appropriate action. 
Incomplete clinical information (for example, 
length of time of low or no cardiac output or 
unavailability of head cross-sectional imaging) 
should either default to the most favourable sce-
nario from the known information or be described 
in terms of a range of probability in predicting 
outcome. Uncertainty of outcome despite clinical 
information available, for example an inability to 
determine if a severe blunt head injury is surviv-
able, is grounds for reasonable doubt. The 4QA 
can be led by the Trauma Team Leader (TTL) 
within the space of a few minutes to account for 
the need for expedited decision-making. 
Practicing such ethical decision-making tools in 
simulation settings may facilitate their use in live 
circumstances.

It is probably helpful to focus on three key 
decision points (KDPs) regarding trauma lapa-
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rotomy and DCL. This enables a definitive point 
of logical team communication, shared mental 
modelling, avoids unnecessary bandwidth expen-
diture and avoids prevarication in a perpetual 
decision cycle. Ideally, the process of using 
KDPs in this way should be consistent with the 
other Major Trauma team responses—a team 
process that is only used for the sickest patients 
will be unfamiliar and more likely confusing. The 
first such KDP (KDP1) is optimally made on 
completion of the primary survey, approximately 
5 to 15+ min from the patients’ arrival in ED 
depending on interventions required. A more 
 prolonged interval can be expected, for example, 
if (a) massive transfusion correction of hypovo-
laemic shock following isolated controlled cata-
strophic limb haemorrhage is required, (b) a 
traumatic cardiac arrest protocol is initiated. At 
KDP1, the trauma team must articulate the next 
step for the patient: investigation with a view to 
intervention or primary intervention (e.g. straight 
to theatre for immediate trauma laparotomy). 
This first timing balances the need for identifica-
tion and treatment of immediate life-threatening 
injuries, sufficient verified information and initi-
ation of time-critical surgical haemorrhage con-
trol with reperfusion. The second KDP (KDP2), 

regardless of the pathway, is at the intraoperative 
hold phase of the trauma laparotomy, irrespective 
of how brief the hold is. At this point, the trauma 
team may wish to alter the operative strategy 
between definitive surgery and DCL or vice 
versa, depending on the immediate intraoperative 
findings. The third KDP (KDP3) is before clo-
sure of the trauma laparotomy where the surgeon 
confirms with the trauma team whether to pursue 
the original intent of either DCL or definitive sur-
gery or whether an altered strategy is justified.

The decision process for use at the KDPs, in 
patients with an abdominal injury (blunt or pen-
etrating) contributing to their injury burden is 
schematised in Fig. 29.1. The trauma team first 
considers the data relating to the patient at the 
point in time of the KDP. These data are from a 
wide variety of sources, including:

• prehospital, pre-transfer and premorbid 
information

• Clinical findings (including additional 
history)

• Interventions and response
• Trends of vital signs ± invasive monitoring
• Blood gas analysis
• Thromboelastometry results

Data with caveats

List of relevant diagnoses +/- sense of likelihood

DCL Strategy

Definitve Surgery Strategy

KDP 1

KDP 2

KDP 3

Abdominal closure with temporary intent

Trauma Laparotomy in order to either:
1. Prioritise immediate hemorrhage control +/- reprofusion of visceral segment
    or lower limbs
or,
2. Primarily treat penetrating abdominal trauma

CT Traumogram (+/- echocardiogram) in order to:
1. Provide more diagnostic detail, in order to weight endovascular vs trauma
    laparotomy vs SNOM to haemorrhage control/ arterial injury
2. Rule out hypovolemic shock mimic causes that may require higher
    prioritisation/ alternate strategy
3. Allow early anatomical characterisation of overall burden of injury to allow
    more efficient treatment pathway for patient’s other injuries (some of which
    may be potentially life threatening or severely disabling without prompt
    treatment)

Complete definitive surgery and abdominal closure with permanent intent

Risk Assessment of diagnoses
• For each KDP compare actions: what is the
  risk (cost) vs risk reduction (benefit)?
• What is the opportunity cost of delaying
  confirmation of a diagnosis weighted by
  its’ likelihood

Decision articulation and action

Fig. 29.1 DCL decision making process for a major trauma patient, with specific reference to either blunt or penetrat-
ing abdominal trauma at KDP 1 (end of primary survey),2 (intraoperative hold) and 3 (prior to closure)
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• Imaging (eFAST, plain film, CT, 
echocardiography)

• Intraoperative findings.

These individual clinical datum are all cave-
ated; for example (a) pre-hospital information 
and diagnoses carry uncertainty in accuracy by 
virtue of the environment [6], and (b) a haemo-
globin drop as a marker for significant haemor-
rhage usually has a much higher specificity than 
sensitivity [7]. From this data, a written or mental 
list of relevant differential diagnoses is made. 
This list should be articulated by the TTL, high-
lighting the most life-threatening issues, to ensure 
a shared mental model of the (1) confirmed and 
unconfirmed injuries and (2) active medical and 
physiological problems. It may be possible to 
articulate a sense of likelihood for any one of the 
unconfirmed diagnoses. At KDP1 the diagnoses 
are likely to be broad. For example, “life- 
threatening intra-abdominal bleeding” or “head 
injury with GCS 3/15 unchanged from paramedic 
assessment at scene”, at KDP3 some are more 
likely to be detailed “packed 5cm liver laceration 
at segments 3 and 4 liver with apparent 
haemostasis”.

The next step is to make a risk analysis by 
comparing the core actions available. As Fig. 29.1 
shows, these actions are a binary choice at each 
KDP. To make this risk analysis:

• Weight the risks of and risk reductions to diag-
noses posed by one action compared to the 
other. Consideration of a risk reduction is 
probably more understandable than a benefit 
(although it amounts to the same thing) as it 
frames the entire process around risk. For 
example, at KDP2, DCL compared to defini-
tive surgery may be stated to carry the risk of 
morbidity in (1) potentially unnecessary ICU 
time, (2) potential bowel discontinuity, (3) 
complications from laparostomy, (4) throm-
bosed shunt if thought to be needed) but 
reduces the risk of (1) sequelae of haemor-
rhagic shock by minimising the operative time 
and potential heat loss, (2) failure of tissue 
reconstruction with associated sequelae, (3) 
haemorrhage by allowing prolonged packing. 

The weighting process requires reference to 
the confirmed and unconfirmed diagnoses. For 
example, at KDP2, a patient with isolated 
blunt trauma to the abdomen with massive 
internal bleeding on laparotomy and a MAP of 
60 despite continuing massive transfusion will 
favour a strategy that reduces the risk of 
surgery.

• Weight the opportunity cost of one action 
compared to the other in delaying confirma-
tion of a diagnosis and associated treatment. 
For example, at KDP2 for definitive surgery 
compared to DCL, there may be an opportu-
nity cost to delay to head CT that may identify 
a subdural haematoma requiring surgical 
decompression. This weighting process 
involves some sense of the probability of diag-
nosis. For example, at KDP2 for a patient with 
a head injury and abdominal trauma the 
opportunity cost of definitive surgery com-
pared to DCL would be deemed higher for a 
patient with a pre-anaesthetised GCS of 8 and 
a unilateral newly dilated pupil to 6 mm com-
pared to a patient with a pre-anaesthetised 
GCS of 8 and equal 2 mm pupils.

The decision process is then most straightfor-
wardly framed as a question: which action best 
mitigates the risks presented by the list of diagno-
ses at an acceptable opportunity cost? This deci-
sion process does not imply:

 (a) There is a mathematical calculation to make 
an unassailable correct decision

 (b) The team has the luxury of a debated deci-
sion covering all the risks, benefits and 
second- order effects; often pattern recogni-
tion and heuristics will be used, especially by 
experienced teams and clinicians.

 (c) A diagnosis must be made with a confidence 
level of the balance of probabilities (>50%) 
before intervention or action can occur.

 (d) All diagnoses are equally weighted; self- 
evidently more life-threatening diagnoses 
carry a higher priority.

The decision process is time-critical, where 
each minute spent considering a decision or 

29 Decision-Making in Damage Control Surgery



560

gathering more clinical information to increase 
diagnostic certainty may represent an additional 
minute of life-threatening bleeding or tissue 
hypoperfusion. It is not practical or desirable for 
the team to discuss in exhaustive detail the risks, 
risk reduction and opportunity cost of each pos-
sible action. Instead, the core options should be 
articulated and a decision made with a reason-
able rationale. It is easy to see the attraction of a 
simple algorithm for deciding on DCL based on 
objective, measurable, patient parameters [8–
12]. However, use of this more comprehensive 
risk analysis process at each KDP probably bet-
ter allows expert clinicians to factor all relevant 
data, local constraints and patient baseline phys-
iological reserve into the decision-making pro-
cess. This system, or similar, is the one most 
clinicians use whether they recognise it as such 
or not. It is worth noting that a more detailed dis-
cussion of risk, risk reduction and the opportu-
nity cost of one action compared to another may 
be useful in a collective training context or post 
hoc analysis.

In risk assessing at each KDP, the trauma 
team will need to consider the local infra-
structure and organisational constraints. A 
trauma team in an MTC with an ED resuscita-
tion room equipped with an 80-slice multide-
tector CT and laparotomy capability will have 
a different KDP risk analysis compared to a 
non-UK based, small hospital team with a total 
of 40 units of blood product, limited ICU hold-
ing ability, no higher- level care transfer 
options, and no access to CT scanning or endo-
vascular options. The former team may justify 
the risk of delay to laparotomy to acquire a 
whole-body CT. The latter may justify the risk 
of definitive surgery as a lesser risk than to 
managing a temporary abdominal closure with 
sub-optimal resources. Some trauma systems 
do not have designated resuscitative or visceral 
trauma surgeons—to an extent the CT trauma 
scan is used to determine which speciality or 
specialities of surgeon to refer to depending on 

the injury pattern. At a superficial analysis, this 
system, in contrast to a system with resuscita-
tive surgeons, appears less fluent, less timely 
and less likely to allow the concentration of 
surgical trauma experience. This may lead to 
inconsistencies in the weighting of risk in deci-
sion-making, including a definitive vs DCL 
approach and make rapid adaptability to an 
intraoperative injury finding more difficult. 
There is an absence of evidence as to whether 
outcomes are affected by these different 
approaches. The real world also often requires 
clinicians to balance conflicting priorities of 
treatment and resource use between patients 
with various clinical need. It is worth noting 
that this additional dimension of thinking is 
often forgotten or not recorded for post hoc 
analysis. A patient requiring lifesaving surgery 
is of the highest priority; however, without 
available theatre capacity to surge, immediate 
DCL is not an option and decision-making will 
thus be influenced.

Pitfall 1: Trauma Patients with 
Pathology that Mimics Hypovolaemic 
Shock
Examples of this phenomenon include car-
diac contusion, cardiac valve injury, car-
diac tamponade, significant head injury or 
spinal injury. These injuries may not be 
immediately apparent to the trauma team 
and are probably not rare in the most 
severely injured patients. Ensuring KDP1 
is made in a considered manner, with at 
least some index of suspicion of “shock 
mimic” pathology, may reduce the risk of a 
non- therapeutic laparotomy and/ or a 
higher priority injury treatment being 
delayed as it remains unidentified until 
post-op imaging or secondary survey (for 
example, a decompressive craniotomy or 
spinal intervention).
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 Preparation for Trauma Laparotomy

Once a decision to perform a trauma laparotomy 
(DCL or definitive intent) has been made, regard-
less of whether this is immediately following pri-
mary survey or following CT imaging, the 
surgeon in collaboration with the trauma team 
must check several factors. It is therefore sensible 
to consider these factors before a critical decision 
point to avoid unnecessary delay. For patients 
undergoing a trauma laparotomy, treatment is 
usually time-critical. Consequently, any time 
expenditure prior to knife-to-skin must be justifi-
able against the opportunity cost of ongoing 
bleeding and hypoperfusion. Hirshberg [13] con-
siders the efficiency of a trauma team to be 
reflected in how the time between arrival on the 
operating table and skin incision is minimised, 
calling this time the “black hole”. The factors to 
check are:

 1. The ongoing resuscitative and anaesthetic 
imperatives are being addressed and sup-
ported. These are addressed elsewhere in this 
book and other published sources [14]. The 
trauma anaesthetist and team require space 
(mentally, physically and temporally) to con-
duct haemostatic resuscitation and airway 
management.

 2. Whether any more immediate chest injury 
management is required. An untreated pneu-
mothorax with underlying lung injury may ten-
sion intraoperatively. The trauma team must 
decide whether they are willing to tolerate the 
risk of an intraoperative tension pneumothorax. 
A small pneumothorax [15] is unlikely to ten-
sion even with positive pressure ventilation 
[16, 17]. If risk toleration is chosen, the team 
will have to be prepared to recognise that a 
ventilatory pressure problem or hypotension 
has a higher than average likelihood of being 
related to a tension pneumothorax. Treating 
this during a trauma laparotomy is straightfor-
ward. However, such treatment costs team 
bandwidth and time expenditure; this may 

Pitfall 3: Lack of Consideration of 
Other Surgical Experience
It is probably not a false narrative to state 
there is a risk of a non-specialist trauma 
surgeon  (experience dependent) tending 
towards a definitive, non-time-critical 
approach even if a DCL decision is made. 
Conversely, a trauma surgeon may not per-
ceive the advantage of specialist help until 
a late stage, potentially causing a delay in a 
time- critical environment. Clinicians 
should aim to become self-aware of any 
biases in the approach through self-reflec-
tion and try to offset such tendencies, with-
out overcorrecting.

Pitfall 2: A “Forced Bailout.”
This scenario is where a significant dete-
rioration in patient physiology (e.g. coag-
ulopathy, hypothermia and acidosis) leads 
to a late intraoperative conversion from a 
definitive to DCL strategy. This deteriora-
tion can manifest to the surgeon by subtle 
indicators such as bowel or abdominal 
wall oedema, cold tissues, abdominal 
wall diffuse bleeding, or to the anaesthe-
tist by the conventional parameters. Such 
a late change in strategy results in the 
patient potentially receiving a more sig-
nificant surgical hit than would otherwise 
have been necessary if DCL had been 
chosen from the outset. Such cases should 
be later discussed in a clinical governance 
forum. It is important to note that this will 
be on retrospective analysis; decisions are 
made on probabilities rather than certain-
ties, and the focus of discussion should be 
on ensuring KDP2 is made in as consid-
ered a manner as possible in the 
circumstances.
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occur at a very inopportune intraoperative 
moment. A chest injury treated with finger tho-
racostomies alone may be along a tract of 5 cm 
or more of soft tissue; effectively making a 
very high-pressure valve mechanism with a 
degree of lung collapse. There is level 4 evi-
dence (OCEBM) from the prehospital sphere 
that these rarely tension with positive pressure 
ventilation [18, 19]; if in doubt, they can be 
rapidly re-digitalised. The team must therefore 
decide whether they will tolerate such an intra-
operative risk. Tube thoracostomies have sev-
eral advantages, including more reliably 
optimising lung expansion, partially quantify-
ing the volume of thoracic blood loss and iden-
tifying an ongoing air leakage. With some 
chest drainage systems, autologous blood 
donation by cell salvage may also be an option. 
However, these must be offset against the time 
taken to insert and secure the tube, which can 
be considerable in inexperienced hands. With 
concurrent thoracic bleeding there may be an 
indication to perform an open thoracotomy. 
Without prevarication, the trauma team will 
need to decide which cavity to access first; the 
choice should reflect the cavity access that can 
most rapidly control life-threatening bleeding, 
given the particular injury profile. Whether or 
not the choice was “correct”, the alternate cav-
ity can be subsequently accessed.

 3. Contingency planning and cognitive 
rehearsal must include the most likely intra-
operative course and findings, but also the 
worst survivable intraoperative course and 
findings. The worst survivable injuries at 
trauma laparotomy will vary depending on the 
team and resources. These planning consider-
ations should still be made despite the mecha-
nism of injury being incompletely described, 
not fully witnessed or understood. Such plan-
ning will allow the team to concurrently pre-
pare and “stand by” to react to intraoperative 
difficulties. Examples of the utility of this 
include:

 (a) A patient who has been stabbed in the 
RUQ who had a clamshell resuscitative 
thoracotomy in ED (and no intrathoracic 
injury seen) before immediate transfer to 

theatre for a trauma laparotomy is proba-
bly going to need management of a liver 
laceration. The surgeon should cogni-
tively rehearse how this will be managed, 
so they are prepared to share their mental 
model with the team at the snap brief (see 
later).

 (b) For many teams, in patients with an 
appropriate injury mechanism, a zone 1 
retroperitoneal haematoma or freely 
bleeding retrohepatic caval injury will 
represent the most difficult to manage 
and potentially survivable challenges. 
Any detailed planning for such a sce-
nario is optimally considered in collec-
tive training, associated debriefs and 
other educational or reflective contexts. 
These could be “actions on” specific 
intraoperative findings for a depart-
ment to follow. For the team in action, 
if a previously discussed core plan is 
succinctly stated at an opportune 
moment, they are likely to benefit from 
reduced stress, preserve bandwidth and 
have more opportunity for situational 
awareness.

Pitfall 4: Failure to Consider the 
Worst- Case Scenario
It is easy to be “dead set” on a diagnosis 
pre- laparotomy. This may be driven by 
assuming certainty from imaging. For 
example, a motorcyclist versus lorry sus-
taining a blunt head and abdominal injuries 
has a Bastion protocol trauma CT, initially 
rapidly reported as diffuse axonal injury 
(DAI), splenic injury, and right renal lower 
pole injury with right retroperitoneal hae-
matoma. The patient has a trauma laparot-
omy and splenectomy. With ongoing 
massive transfusion and the patient still in 
shock, the large right zone 2 retroperitoneal 
haematoma is explored at the level of the 
right renal hilum with a view to nephrec-
tomy. Perfuse, destabilising, venous bleed-
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 4. The core plan for other injury and comorbid-
ity management that has relevance to the 
operating theatre episode. The details of this 
planning and whether speciality advice is 
sought before trauma laparotomy will depend 
on the infrastructure and systems of the hospi-
tal facility. Delay to a trauma laparotomy with 
the intent to control significant intra- abdominal 
bleeding cannot be justified to plan for or 
investigate another injury (non- abdomen, non-
chest, airway secure). It may be that the trauma 
team needs to agree on an adjustment to the 
plan of manging other injuries with the spe-

ciality surgeon, as the patients’ overall burden 
of injury favours tolerating the risk or sequelae 
of non-treatment. For example, soft tissue 
wounding may have an initial plan of plastic 
surgical repair, which is adjusted to wound 
washout and dressing given a fraught intraop-
erative course during DCL.

 5. Use of cognitive aids to prepare for trauma 
laparotomy. As discussed in human factor 
considerations below, thought processes and 
efficiency might be suboptimal in a stressful 
time-critical environment. The intraoperative 
trauma team may not be fresh or performing 
at their best. A cognitive aid used in a 
challenge- response manner by the theatre 
team preparing for a trauma laparotomy prob-
ably helps to ensure more efficient set up by 
coordinating concurrent activity amongst 
members. The details of this will be depen-
dent on the local infrastructure and systems; it 
may be part of an all-encompassing “code 
red” SOP. An example of such a theatre prep-
aration cognitive aid that the theatre team can 
use is given in Fig. 29.2; not dissimilar to cog-
nitive aids [14] used in complex trauma for 
airway management.

Table + Table Ancillaries
1. OSI table (Xray compatable) if ex-fix or
    introperative angiogram could be required
2. Omni-Tract ® bar or attachment
3. Patient warming mattress

Airway/ Anesthesia
1. Prepare for RSI
2. Double lumen tube may be required later
3. McgrathTM Video Laryngoscope ready
4. Ambu® aScopeTM ready
5. Wet pack: 50ml 2% propfol, 100mg
    Rocuronium, 10mg meteraminol in 20ml

Environment
1. Warm upto theatre to Max T
2. Turn off laminar flow

Location/ Logistcs
1. Determine theatre to be utlised: ready team
    and state PPE requirement
2. Communicate theatre locaton to Trauma
    Team in ED, on call radiographer if image
    intensifier required and blood bank for MH
    protocol
3. Inform ICU bed manager
4. Ready SNAP brief and Sit-rep cognitve aids

Devices
1. Electromed functional
2. Bair Hugger TM

3. Ultrasound
4. Pneumatic tourniquets x2
5. V.A.C.® Therapy system for
    temporary abdominal closure

Infusions
1. 4 transfusion pumps
2. Rapid Infuser primed with warm saline
3. Cell Salvage – allocate operator
4. Double transducers for arterial and central lines prepared
5. 1g TXA infusion

Surgical Kit
1. Laparotomy tray
2. Vessel sloops
3. Sutures (2/0 braided absorbable)
4. Omini-Tract ®

5. 20 abdominal packs 35cm x 35cm (or equivalent)
6. Urinary catheter set ready
7. Warm sterile fluid for wash out
8. Orthopaedic kit as required

Know where kept in theatre
1. No 4 Ethicon suture
2. Plastic vascular grafts
3. Intra operative doppler

Unopened in theatre
1. Topical haemostat eg Vetiset ®

2. Ligaclips® (S9, M11)
3. ABTheraTM or opsite® large sheets
4. Sutures (variety)
5. Thoracotomy tray
6. X-Large Alexis® wound retractor

CODE RED SURGERY
THEATRE SET UP

Fig. 29.2 Cognitive aid for theatre preparation in DCL

ing occurs, and the kidney is intact. The 
team has now to diagnose and react to an 
infrarenal segment of injured IVC in an 
unprepared, very time-critical fashion. To 
avoid such a pitfall, the trauma team should 
share a mental model that new intraopera-
tive findings should be assessed on their 
own merits in the context of the patient’s 
physiology.
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 6. Efficient and appropriately safe patient pack-
aging and transfer from the ED to the operat-
ing table. Local infrastructure and systems 
will determine the nature of the transfer; some 
hospital facilities have trauma operating 
rooms within their ED.
• The process of packaging and transfer to 

the operating theatre (OT) is probably opti-
mally led by the TTL with appropriate 
deferral to anaesthetic expertise. Handover 
of leadership during the transition between 
ED and OT, especially if immediately after 
the primary survey, carries the risk of 
bandwidth overload to the anaesthetic lead. 
They may potentially end up simultane-
ously leading the trauma team, coordinat-
ing mechanics of transfer, coordinating a 
massive transfusion and troubleshooting 
anaesthetic and ventilator problems en- 
route. The TTL may feel their expertise 
arbitrarily ends at the exit to the ED, and 
non-ED team members may feel threat-
ened by a perceived encroachment onto 
their territory. These expertise and 
encroachment boundaries are understand-
able but artificial. The TTL may feel their 
duty lies with other patients in the hospital 
or ED requiring their clinical leadership or 
input. The trauma patient being transferred 
for DCL could be the sickest survivable 
patient in the hospital and justify the addi-
tional leadership resource.

• As described above, any intervention or 
investigation must be justified against the 
potential cost of ongoing bleeding and 
hypoperfusion. Improving patient packag-
ing and transfer can probably be gained by
 – a shared mental model where all team 

members are focused on only essential 
activity to facilitate the transfer of the 
patient to theatre for haemorrhage con-
trol and reperfusion.

 – effective debriefing of patient cases 
where all providers being prepared to 
justify “pre-incision” processes

 – cognitive aids such as checklists
 – collective training

• Redundancy and ability for staff to multi- 
role is useful. For example, if Portering 
staff are not immediately available to trans-
fer a packaged, time-critical patient, 
trauma team members should be able to 
take on this role.

 Human Factors in Trauma 
Laparotomy

Achieving efficient use of human and equipment 
resources requires a well functioning trauma 
team and supporting infrastructure. Clinical 
human factors consider the interface between the 
healthcare providers and that system they deliver 
within. These factors can be positively affected 
“[to enhance] clinical performance through (1) 
an understanding of the effects of teamwork, 
tasks, equipment, workspace, culture and organ-
isation on human behaviour and abilities and (2) 
an application of that knowledge in clinical set-
tings [20].” Trauma laparotomy requires team 
problem solving and treatment delivery in a time- 

Pitfall 5: Task Fixation and Loss of 
Time Perception
It is possible to enter into a vicious cycle of 
justifying an extra intervention or investi-
gation by the perceived window of oppor-
tunity created by an ongoing procedure. 
For example, a provider has “one more go” 
at sheath insertion into a hostile groin for 
REBOA while the central line is being 
sutured in. This then has “given time” to set 
up for a femur plain film radiograph, this 
then “allows” set up for “one go at a radial 
arterial line”. While none of these steps 
may seem unreasonable to the individual 
practitioners, the collective effect may be 
an additional 30–60  min of bleeding and 
hypoperfusion before arrival in theatre.
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critical context using multiple system resources. 
It is therefore a process where the patient out-
come is likely to be significantly affected by clin-
ical human factors.

There are several frameworks that assist in a 
consideration of clinical human factors. All have 
limitations including overlap in their categoris-
ing; however, they offer a systematic approach to 
system design, implementing and debriefing. The 
Non-operative-Technical Skills for surgeons 
(NOTSS) framework [21] is designed for the pri-
mary operating surgeon’s perspective; it can be 
adapted for the wider team conducting a trauma 
laparotomy. NOTSS categorises clinical human 
factors into situational awareness, decision- 

making, communication and teamwork, and 
leadership.

Top Tip: Optimising Bandwidth
In stressful or unfamiliar situations, an individu-
al’s bandwidth will narrow. Recall of all neces-
sary perioperative preparation and the required 
actions may be incomplete. Checklists or aide 
memoirs (electronic, laminated or paper) by the 
theatre team preparing theatre before patient 
arrival, prior to commencement of operating, 
intraoperatively and before exit from the operat-
ing theatre will:

 1. save team member bandwidth for more cogni-
tive and decision orientated tasks that do not 
have such a checklist solution.

 2. provide assurance that all salient points have 
been covered thus probably improving safety.

These checklists should be employed in simu-
lation and scenario-based training, so their exis-
tence, location and content are well known to the 
clinical team.

 Situational Awareness

With individual task fixation, tunnel vision from 
loss of bandwidth, distractions and theatre team 
members moving in and out of the immediate 
patient support envelope it is very likely that not 
all the team in the OT will have a shared under-
standing of the patient condition and plan. This 
can be partly mitigated using a briefing tool: the 
team must choose between a full WHO surgical 
safety checklist or a truncated version, for exam-
ple, a snap brief [22] per Fig.  29.3. The snap 
brief is designed for patients with a presumed 
exsanguinating injury. It takes approximately 
30–40  s to complete, generates sufficient team 
understanding, and avoids spending time and 
bandwidth on extraneous considerations in this 
select group of Major Trauma patients. The urge 
for the team (and especially surgeon) to “just to 
get going” without briefing must be resisted. It is 
lower risk to let the patient continue with an 
ongoing life- or limb-threatening insult while 

Surgeon confirms

• Correct patient
• Clinical and imaging findings
• Surgical intervention so far and plan

CODE RED SURGERY
SNAP BRIEF

Anesthetist states

• Temperature
• Systolic BP
• Blood product given so far
• Clotting (eg TEG)

Team confirms

• Antibiotics given
• TXA given
• Blood available
• Surgical kit ready

EXAMPLE
“This is X, NHS number 12345678, they were a pedestrian hit by a
30mph car 3 hours ago, have a splenic rupture with an open book pelvic
fracture. Bilateral tube thoracostomies and a zone 1 RBEOA are in situ.
We are going to perform a damage control laparotomy, deflate the
balloon and pelvic ex fix.”

“Temperature is 35.0, the SBP is 100, blood product given so far is 3
units Oneg and 2 FFP. No clotting results so far.”

“We confirm antibiotics and TXA have been/ will be given and 4 group
specific red cells are in theatre ready. Is everyone ready?” {allow
answer] 

“Ok, go.” or “ok, wait.”

Fig. 29.3 Snap brief prior to commencing a trauma lapa-
rotomy for exsanguinating injury
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baseline information and a plan is shared across 
the team than to carry the risk in assuming all 
members of the team have a shared appreciation 
of the resource available, patient physiology or 
cavity/ body region priority.

Traumatic Cardiac Arrest Adjustment In 
the event of traumatic cardiac arrest (TCA) in 
the OT before the snap brief then the local TCA 
protocol should be followed, for example, intu-
bation, bilateral finger thoracostomy, ongoing 
volume filling and confirmation there is a rea-
sonable prospect of non-futility. The team may 
then decide to proceed to an open thoracotomy 
to address the management imperatives in non- 
futile situations of (1) exclusion or release of 
pericardial tamponade, (2) descending thoracic 
aorta (DTA) occlusion and (3) haemostatic cor-
rection of presumed hypovolaemic shock. If 
sufficient cardiac output is not restored that will 
provide reasonable cerebral perfusion, then a 
shared understanding should be established by 
the team leader, prior to a futility discussion as 
described previously. If cardiac output is 

restored the team should then proceed to a snap 
brief.

Anticipating Future States The surgeon should 
share with the scrub team the potential next step 
(manoeuvre and equipment) to stop the bleeding 
if the first course of action is unsuccessful. This 
usually has a calming effect on the surgical team 
and potentially stops their bandwidth being con-
sumed in sourcing unrequired kit or thinking 
about their role in manoeuvres that will not be 
required. If a team member is unfamiliar with 
trauma laparotomy (and more so DCL), then the 
surgeon or anaesthetist should briefly explain the 
process and rationale. This is a procedure that 
looks vastly different from elective surgery and 
may be met with trepidation by staff unfamiliar 
with the idea. By explaining the physiological 
sequelae and broad plan of the first 48  h post- 
injury, a shared post-operative mental model will 
be generated; this may lessen the risk of 
 inconsistencies or missed opportunities in the 
patient’s management.

Observe and evaluate the situation

Select a course of action (CoA)Communicate with the team the CoA

Implement the CoA

a Continue compression

b Repack +/- topical haemostat

c Haemostatic stitch

d ..… •     Use of heuristics
•     Use of protocol
•     Choice of a first likely effective CoA
      considered rather than carefully
      weighted selection from multiple
      CoA

X

X

Fig. 29.4 Rapid decision making process in trauma laparotomy

T. J. Stansfield



567

 Decision-Making

Intraoperative decision-making by members of 
the trauma team during a trauma laparotomy can 
be characterised as either

 (a) rapid thinking with a protocol-driven selec-
tion of courses of action, or

 (b) more nuanced, slow, deliberate thought, 
weighing up the risk and benefit such as at a 
KDP.

Team decision-making does require individu-
als to maintain a sufficient breadth of perspective 
(mitigating bias in favour of their own niche or 
role) and attentive listening to understand the 
imperatives articulated by other members.

Rapid decision-making [23, 24] can be con-
ceptualised as a circular process, as shown in 
Fig.  29.4. Used efficiently it can iteratively 
achieve an effective course of action. It carries 
greater risks of:

• Confirmation bias—this is an unconscious 
selective processing of information that is 
then used as confirmation of the held belief

• Incorrect assumptions—that then lead to a 
sub-optimal decision, regardless of whether 
the decision process itself was sound.

• Initial selection of a less optimal course of 
action (CoA)—there has not been sufficient 
time to fully realise the relative merits of all 
reasonable courses of action.

• Flailing—this is repeating a surgical manoeu-
vre or action, expecting a different outcome 
despite carrying out the same manoeuvre or 
action without improving the circumstances. 
It expends time and potentially blood loss 
without advantage.

The rationale for carrying such risks as these 
and not opting for slower decision-making is that 
rapid decision-making probably will arrive, in 
many circumstances, at a workable solution in a 
much shorter time. The emphasis on speed in 
trauma laparotomy is justified by the time-critical 
need for:

• lifesaving haemorrhage control or resuscita-
tive aortic occlusion

• rapid reperfusion of visceral organs to reduce 
the risk of multiorgan failure and associated 
mortality and morbidity

• sequential surgical management of (1) non- 
abdominal life-threatening injuries such as in 
the head or chest and (2) limb-threatening 
injuries.

Some of the rapid decision-making risk can be 
mitigated, with a low cost to speed, by proto-
colled information sharing such as the snap brief, 
and ensuring team members have an opportunity 
to raise critical concerns openly.

Flailing can be avoided by materially altering 
the environment in terms of

• better lighting
• better retraction
• better exposure
• improved angle of suture
• optimised technical assistance from an experi-

enced colleague

or by altering the technique, such as

• use of pledgets to reinforce arterial repairs
• repacking in a more compressive alignment 

for haemorrhage control.

Slow decision-making [23, 24] is a process 
requiring slower thinking; the provider weighs 
the risk and benefit of several CoAs logically, 
before selecting the most favourable course. 
Using it iteratively is likely to be too inefficient, 
especially in a time-critical situation. The 
description of decision-making at KDPs, earlier 
in this chapter, is an example of slow decision- 
making in action. Interestingly, it also has a role 
when rapid thinking and decision-making fails 
to select a CoA. A brief mental pause followed 
by a switch to slow decision-making often gives 
a new perspective and allows weighting of the 
risk for each CoA logically. Usually, at least one 
CoA is to call a colleague for assistance in 
decision-making.
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Decision-Making Under Stress Working in 
time-critical, high stakes, potentially unfamiliar 
environments where some team members have 
not worked together previously is stressful. 
Stress can be significantly exacerbated when 
something is not going according to plan, mixed 
with emotions of anger, guilt or embarrassment 
or there are underlying individual compromising 
factors involved such as tiredness, hunger, thirst, 
personal difficulties or personal triggers. It is 
useful to recognise the symptoms of stress (e.g. 
impatience, unease, apprehension) which in turn 
risks illogical thinking and action or freezing 
(the “fight or flight” response). Protocol familia-
risation, personal mental resilience training and 
collective training offset the difficulty in deci-
sion-making under stress. Providing a system 
where individuals are reasonably well-rested, 
fed, respected, led and pastorally cared for is 
likely to reduce stress and promote improved 
decision-making. If the provider feels at risk of 
illogical or frozen thought, imagining a “heli-
copter perspective” of the situation may help. 
This forces a deliberate switch from fast to the 
slow decision-making or a reset of their slow 
decision-making process. Slowing down one’s 
thinking under stress is a sign of mature and 
highly competent decision-making.

 Communication and Teamwork

Hirshberg’s three-tier surgeon support enve-
lope concept [13] for DCL describes a surgeon 
centric view of staff and equipment supporting 

the operating effort: within the operative field, 
otherwise within the theatre and outside the 
theatre. The anaesthetic lead can also concep-
tualise a support network in this fashion, the 
cephalad patient space replacing the operating 
field. This mental picture helps frame impor-
tant elements in coordinating team activities, 
especially useful when providers undertake 
activities requiring task fixation or rapid deci-
sion-making. It may be useful to consider sev-
eral principles to aid efficient coordination and 
team function:

• All requests for resources have an opportunity 
cost. For example, an equipment request by 
the surgeon intraoperatively comes with (1) a 
cost to time in waiting for the kit to be acquired 
if non-useful concurrent surgical activity is 
performed, (2) a cost to human resource in 
that the specified staff member will be unavail-
able for other activity and (3) occasionally has 
a significant distraction effect for the whole 
team. Be aware that multiple requests for 
human and equipment resource in time- critical 
trauma situations will have to be prioritised 
either by the support envelope or the requester. 
It is useful to develop the skill of calculating 
the cost of a resource request to the overall 
effort against the benefit it may accrue in order 
to decide whether to proceed. This is not to 
imply the threshold for an equipment request 
should be set very high—a marginal gain may 
make the difference between flailing and not 
flailing.

• Efficient coordination of team activity can be 
significantly dependent on team members 
maintaining situational awareness where pos-
sible, and regaining situational awareness 
after a period of task fixation. This will facili-
tate the team at all tiers to anticipate the future 
state and to plan accordingly. For example, the 
surgeon or support envelope should anticipate 
the need for surgical equipment to avoid wait-
ing at the point of requirement.

• Each tier and team element will have a poten-
tially useful perspective not seen by other 
members. No team member must feel hin-
dered in their ability to raise concerns or con-

Pitfall 6: Desire Versus Reality
Be careful not to fall into the trap of start-
ing where you would like to be rather than 
where you are. This may lead to techniques 
and manoeuvres that are suited for non-
time-critical surgery—for example, 
methodically ensuring haemostasis at the 
point of laparotomy incision when there is 
underlying intraperitoneal life-threatening 
haemorrhage [25].
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tribute to decision-making. Collective training 
in formal escalatory language to raise con-
cerns, including “STOP” is probably useful to 
help overcome individual hesitancy induced 
by a seniority gradient.

• Team coordination is facilitated by a shared 
mental model and an understanding by all 
team members of the roles and shared respon-
sibilities of others in the team. For example, if 
the surgeon shares the goal of correction of 
patient physiology, they are more likely to 
work in concert with the anaesthetist. This 
may be to act to temporise haemorrhage or 
relieve packing pressure on the cava to ensure 
an adequate end-diastolic volume, rather than 
insist on prioritising more complex or techni-
cal surgical manoeuvres regardless of the 
resuscitation imperatives.

Situational awareness, decision-making and 
coordination of team activity all require giving 

and receiving information in a timely manner 
amongst team members. This exchange of 
information reduces the risk of counterproduc-
tive or irrelevant activity, and is especially 
important when something is not going to plan. 
It is generally a constant process during a 
trauma laparotomy, usually on an informal 
basis between members within the same tier. A 
formalised tool is useful to improve exchange 
of core information amongst all members. An 
example of a formalised tool is the sit rep (situ-
ation report) [22], shown in Fig. 29.5. Formal 
communication avoids the potential pitfall of 
asking “how is the patient doing?” or “how are 
you doing?”. This seems like an open question 
that will lead to an open discussion. However, 
there may be a tendency to understate the 
patient’s condition or, in stressful circum-
stances, to reply in few words without mean-
ingful detail. The sit rep is designed for use in 
the operating theatre during a trauma laparot-
omy at an interval of approximately every 
20 min depending on circumstances. A constant 
stream of dialogue occupies bandwidth, dis-
tracts from other activity and is likely to be 
unnecessary; a balance between doing and 
communicating is required.

CODE RED SURGERY
SIT REP

At suitable times (approximately every 20
minutes) or 2 units of bloods carry out a
situational report (update) between whole team:

Systolic BP

Temperature

Acidosis

Coagulopathy

Kit/ Blood

S

T

A

C

K

T Time since op started

•    TEG
•    Clot formation in operative field

•    Blood product quantity and type
     used
•    Limitations on blood stock 

Fig. 29.5 Sit rep, a formalised communication tool for 
the exchange of information within the operating theatre 
during trauma laparotomy

Pitfall 7: Closed-Loop Communication
Avoid always assuming that an explicit 
request is necessarily followed by an effec-
tive action. In relatively low-stress circum-
stances with an experienced team, where 
individual capabilities are well known, this 
is likely to be a safe and efficient assump-
tion. Where experience or capability is 
unknown, it is likely more efficient to 
check understanding, ensure or delegate 
careful explanation of the task and use 
closed-loop communication—“please let 
me know when it is done.”
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 Leadership

As discussed in preparation for trauma laparot-
omy, the resuscitation leadership is probably 
most effectively continued by the TTL from ED 
to the operating table and then handed over to the 
anaesthetist at a suitable pause, usually within 
5–10  min of arrival. This arrangement is more 
pertinent for the more severely injured and is 
very likely to be more effective if this process is 
practiced in collective team training. The surgical 
lead is likely to be entirely task fixated during 
specific periods of operative activity and tempo-
rally lose situational awareness.

The civility saves lives group researches and 
campaigns on civility in health care [26]. Part of 
their work includes sharing narrative accounts of 
the negative impact caused by incivility on 
patient care; much potentially pertinent to trauma 
teams. There is level 1b evidence (OCEBM) that 
incivility in the OT has a significantly negative 
effect on individual performance [27]. Effective 
leadership can reduce the risk of incivility in a 
team by setting an example of courteous and pro-
fessional behaviour; it is not unusual for the team 
to copy the leaders’ tone and manner. The core 
tenant to team building, even for new or transient 
teams is trust [28]. Rudeness or unfairness in 
approach to a team member can thus have a 
broader impact than the individual; the team is 
likely to be more guarded and dysfunctional, and 
team performance will suffer.

In general terms, a clinical leader should set 
an example of high clinical standards and sup-
port team members to allow them to give opti-
mal performance. Such support varies depending 
on the experience and need of the team member. 
Usually, encouragement and praise are appropri-
ate for performed tasks, and constructive criti-
cism is generally best delivered at post-event 
debrief in a structured fashion. A friendly 
demeanour by those in leadership positions is 
usually the most efficient (but not only) way of 
mitigating a seniority or perceived power gradi-
ent. Such a gradient may avoid uncomfortable 
challenges from junior members; however, 
uncomfortable challenges can sometimes be life-
saving. In turn, good followership by team mem-
bers involves appropriate support to the leader, 

working towards a common goal and self-control 
to avoid ego-driven distractions. It is helpful for 
the surgeon and anaesthetist to maintain an out-
ward calm as this often permeates into the wider 
team and may help to improve bandwidth and 
space to think.

 Summary

Decision-making during a DCL is characterised by 
its time-critical nature and based on often incom-
plete information. It requires a mixed approach of 
rapid decision-making and slower thought pro-
cesses weighing the risk and opportunity cost of 
the available courses of action. The initial phase of 
DCL generally use the former approach and are 
more protocol-driven. Decision- making later in the 
course of DCL, following initial haemorrhage con-
trol, generally uses the latter approach.

Questions
 1. Damage control laparotomy should only take 

place after CT scanning so that all diagnostic 
information is available

 (a) True
 (b) False
 2. Once a damage control laparotomy is started, 

there is no option to convert to a definitive 
procedure

 (a) True
 (b) False
 3. SNAP briefs improve situational awareness 

for both surgeons and anaersthetic staff
 (a) True
 (b) False
 4. Laparoscopic approaches should be consid-

ered in haemodynamically unstable patients
 (a) True
 (b) False
 5. Pre-theatre rehearsal and the use of cognitive 

aids can free up bandwidth for intra-operative 
decision making

 (a) True
 (b) False

Answers
 1. b
 2. b
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 3. a
 4. b
 5. a
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 Introduction

Chapter 29 considered the decision making pro-
cess surrounding choice of damage control strat-
egies or definitive surgery, and the pre- and 
intra-operative key decision points. This chapter 
explores the key manoeuvres of a damage control 
laparotomy (DCL) and offers exemplars of man-
agement strategies for selected specific injuries. 
It includes some detailed analysis that may be 
obvious to experienced faculty; such analysis is 
for those with less practical experience. It aims to 
provide balanced and nuanced guidance for prac-
titioners involved in the delivery of damage con-
trol laparotomy.

DCL is probably best approached as a common 
stem of initial sequential actions or universal 
actions. The zero point survey described in Chap. 
1 shares similarities to this framework. Attempting 
to concurrently perform more than one of these 
actions (given the synchronous cognitive and 
human resources involved in resuscitation) risks a 
critical miscommunication or chaotic coordination 
that impedes the team despite best intentions.

These universal actions, in order, are now 
discussed.

 Universal Actions for Initiating DCL

 Optimise Operating Theatre (OT) 
Setup

This is dependent on the hospital facility and 
systems; Fig. 29.2 in the previous chapter, offers 
an example from within a UK Major Trauma 
Centre. To minimise confusion and priority con-
fliction with patient transfer and ongoing resus-
citation, as much OT setup as achievable is 
completed prior to the patient arrival in the 
OT. Practiced team coordination usually allows 
more efficient and concurrent OT setup, patient 
transfer onto the operating table and patient 
positioning. If OT setup causes a delay to the 
patient resuscitation efforts on a regular basis, 
including commencing trauma laparotomy, then 

the hospital system and team response should be 
analysed with a view to reducing such delays. 
For example, introducing a code red system of 
notification or other early communication from 
the receiving trauma team to the OT coordinator 
no later than the patients arrival in the ED resus 
bay will allow setup to commence earlier (and 
continue concurrently to patient ED resuscita-
tion and transfer).

 Position Patient

Key Points
The universal initial positioning for DCL is 
supine and cruciform.

This initial position is a reasonable compro-
mise between surgical and anaesthetic impera-
tives. Supine positioning is surgically justified 
for purposes of familiarity of approach, equal 
four-quadrant access, extensibility into the tho-
rax and vascular access across all torso junc-
tions. Cruciform configuration is where both 
arms are supported off the main table in a 
abducted position of approximately 90 degrees. 
This allows venous access and invasive moni-
toring usually unconstrained by the surgeons 
body. If a functional humeral intraosseous 
access is in situ, and requires preservation, then 
the ipsilateral upper limb should be internally 
rotated prior to abduction to reduce the risk of 
dislodgement.

 Modifications
Variations in positioning may benefit access to 
the surgeon and/ or anaesthetist. Physiological 
implications and alteration in risk profile, both 
favourable and unfavourable, should also be con-
sidered. Positioning may effect:

• Pulmonary function. For example, an elevated 
upper body may relatively improve functional 
residual capacity and lung compliance, and 
reduce atelectasis risk.

• Cardiovascular function. For example, 
through venous distribution allowing an auto-
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transfusion or risking venous pooling and a 
reduction in venous return to the right atrium.

• Intracranial pressure. For example, reverse 
Trendelenburg position may reduce intracra-
nial pressure, whereas Trendelenburg position 
may increase intracranial pressure.

• Intraocular pressure. For example, signifi-
cantly increases in the prone position.

• Pressure on soft tissue. For example, risking 
pressure damage to soft tissues.

• Altering vertebral fracture configuration. For 
example, risking a de novo or exacerbation of 
a spinal cord injury.

Specific circumstances may justify subse-
quent modifications to the initial cruciform 
supine positioning:

• Some wounding patterns may necessitate 
peroneal exposure, for example, blast 
wounds to the pelvis, or pelvic outlet impal-
ing. In this case, the Lloyd Davies position is 
appropriate, with or without Trendelenburg 
position.

• Reverse Trendelenburg position (head up) 
may be appropriate to manage a concurrent 
head injury. The initial priority is given to the 
surgeon managing life-threatening haemor-
rhage. For example, in some circumstances 
access to a retroperitoneal haematoma (RPH) 
may be marginally more difficult if the vis-
ceral contents are gravitating caudally.

• Arching or “breaking” the operating table at 
the level of the iliac crests may provide 
improved access to the central section of the 
retroperitoneum. This adjustment needs to be 
balanced against the risk of exacerbating a 
known or unknown lumbar spine injury.

• Wounds and injuries that the trauma team 
deem too high a risk to (1) manage conserva-
tively and (2) leave until a later return to the-
atre, may require, at risk following the 
imperative DCL manoeuvres, patient reposi-
tioning. For example, lateral decubitus posi-
tioning for a potentially life threatening 
oesophageal laceration or for a contaminated 
wound on the buttock.

 Snap Brief

For those patients with potentially exsanguinat-
ing haemorrhage, a snap brief is appropriate 
and an example is outlined in Fig. 30.1. If there 
is less urgency, then a full WHO surgical safety 
checklist should be completed. By this stage of 
the pathway there has very likely been a merger 
of the resuscitation team with some or all of the 
OT team. Use of OT scrub caps personalised 
with the name and role of the individual are 
likely to be the most efficient and reliable 
method of sustaining knowledge of who is 
doing what. Verbal introductions of name and 

Surgeon confirms

• Correct patient
• Clinical and imaging findings
• Surgical intervention so far and plan

CODE RED SURGERY
SNAP BRIEF

Anesthetist states

• Temperature
• Systolic BP
• Blood product given so far
• Clotting (eg TEG)

Team confirms

• Antibiotics given
• TXA given
• Blood available
• Surgical kit ready

EXAMPLE
“This is X, NHS number 12345678, they were a pedestrian hit by a
30mph car 3 hours ago, have a splenic rupture with an open book pelvic
fracture. Bilateral tube thoracostomies and a zone 1 RBEOA are in situ.
We are going to perform a damage control laparotomy, deflate the
balloon and pelvic ex fix.”

“Temperature is 35.0, the SBP is 100, blood product given so far is 3
units Oneg and 2 FFP. No clotting results so far.”

“We confirm antibiotics and TXA have been/ will be given and 4 group
specific red cells are in theatre ready. Is everyone ready?” {allow
answer] 

“Ok, go.” or “ok, wait.”

Fig. 30.1 Example of a snap brief for an exsanguinating 
trauma patient
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role are probably much less reliable; for exam-
ple, 15 people newly forming a team stating 
who they are is probably unretained and dis-
tracting information to most team members.

Key Points
The pre-op brief is the opportunity to ensure the 
team has sufficient readiness to proceed.

To reduce the risk of miscommunication, the 
surgeon, anaesthetist and scrub staff lead should 
individually confirm their readiness to proceed.

 Operative Field Preparation

If the surgeon prefers a decision guided by proto-
col (to conserve their bandwidth for higher prior-
ity decisions) then the default surgical field for 
DCL should be contained within the space from 
the mid thighs to the chin with the side torso 
drapes along the posterior axillary lines and 
drapes covering the arms and shoulders. This 
allows abdomen, chest access and vascular access 
across all torso junctions.

Thinking beyond this default approach, 
increasing the size of the operative field has 
potential benefits and potential costs:

Potential benefits:

 1. Greater access for surgical exposures
 2. Risk reduction in needing to redrape (a 

redrape costs mental bandwidth and may be a 
threat to the sterile field)

Potential costs:

 1. Fewer options for anaesthetic lines (although 
sheaths and cannula can be covered with a 
clear sterile dressing and appear in the opera-
tive field)

 2. Fewer options for anaesthetic team monitor-
ing (including auscultation and palpation)

 3. Impaired conservation of core body tempera-
ture (the ambient theatre temperature will 
very rarely be close to body temperature, par-
ticularly at global latitudes greater than 45 
degrees)

 4. Marginally increased delay to knife-to-skin—
for example, approximately 2  min for full 
limb preparation at a time-critical point.

 Modifications
Weighting the implications of these effects, it is 
reasonable to:

• Exclude the chest above the xiphisternum 
from the operative field if there is a low prob-
ability of requiring extra abdominal surgical 
access. An example of use may be a patient 
stabbed to the lower abdomen who, through 
virtue of imaging and physiology, is thought 
very unlikely to need a resuscitative 
thoracotomy.

• Exclude the chest (and therefore neck) along a 
line through the Angle of Louis a patient’s 
handsbreadth below the axillae. This field 
allows bilateral finger thoracostomy and 
resuscitative thoracostomy. An example of use 
may be a exsanguinating multiply injured 
patient from blunt trauma who may need dual 
cavity access with no indication for a surgical 
airway.

• Not include limbs in the initial surgical field, 
beyond the extant junctional zones of prepara-
tion. Rather re-prepare limbs as required post 
laparotomy.

• Not to include the pelvic binder in the surgical 
field whether it is in situ for empirical (pelvic 
fracture not yet excluded) or treatment pur-
poses. Please refer to the text later in this 
chapter if there is a REBOA in situ.

 RSI

If the patient has not already been anaesthetised 
and intubated, then RSI is the next action. In a 
patient with suspected life-threatening non- 
compressible abdominal haemorrhage, the team 
should share a mental model of anticipated car-
diovascular collapse on induction. An appropri-
ate blood product rapid infusion system should 
be connected and ready to immediately bolus for 
this eventuality. It is lower risk for a patient to 
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persist with an uncontrolled life threatening 
haemorrhage than to induce without setting up, 
priming and attaching such a system. In such a 
patient and the rare occurrence of blood bank 
products not being immediately available, it is 
preferable to use theatre stocks of universal 
recipient blood product than to wait.

Key Points
The team must have the ability to compensate for 
a predictable cardiovascular collapse in an unsta-
ble patient. Appropriate vascular access, blood 
product and rapid transfusion capability, all in a 
ready to use state, is essential.

During RSI the anaesthetic team must not be 
distracted by extraneous noise or activity. The 
surgical team can facilitate establishing a secure 
airway by staying calm, still and quiet. The surgi-
cal team should be aware that immediately fol-
lowing RSI the anaesthetic imperatives are still 
present. In a proportion of patients, their manage-
ment is more anaesthetically challenging than 
surgically demanding. The ongoing task of the 
anaesthetic team is to provide sufficient anaes-
thesia to ensure the patient is not aware and anal-
gesed, whilst ensuring the same drugs do not 
worsen cardiovascular collapse. Simultaneously 
they will be managing a mass transfusion, miti-
gating the effects of ongoing bleeding, mitigating 
the effects of surgical therapeutic manoeuvres 
and consequences of their own anaesthetic inter-
ventions. For example, the anaesthetic dosing 
demands following haemorrhage control and vol-
ume filling are likely to increase.

 Surgical Access

On confirmation from the anaesthetist (“ok, go”) 
the surgeon makes the laparotomy incision, (“ok, 
starting”).

Key Points
The standard incision for a patient undergoing 
trauma laparotomy (including DCL) is from the 
xiphisternum to pubic symphysis.

Compared to other incisions this most appro-
priately balances the:

• Degree of familiarity to the team
• Degree of visibility of cavity content and ret-

roperitoneal anatomy
• Degree of access for therapeutic manoeuvres
• Time taken for access
• Extent of surgical tissue injury generated
• Integrity of abdominal wall reconstruction
• Surgical wound complication profile
• Post-operative respiratory compromise

For a time-critical, potentially life-threatening 
injury, the optimal technique [1] for most sur-
geons is a large scalpel (for example size 22) 
incision through skin and fat in one bold move-
ment. This is followed by a second single move-
ment incision through the remaining fat onto the 
fascia. Next, a limited incision of the fascia is 
made immediately supraumbilically extending 
down to the preperitoneal tissue. Rapid blunt fin-
ger entry through the preperitoneal space into the 
peritoneum is performed (this is easier when taut 
from massive haemoperitoneum) or, alterna-
tively, a careful sharp incision is made into the 
peritoneum. Finally heavy scissor division of the 
midline fascia and peritoneum is made in a ceph-
alad and caudal fashion. Such entry usually takes 
about 15 s or less. Use of diathermy to cauterise 
wound edge bleeding during entry into the abdo-
men is unlikely to be required in a shocked 
patient with peripheral vasoconstriction. Such 
cautery may comfort the surgeon and some of the 
team due to familiarity; however, it cannot be jus-
tified either in terms of overall blood loss, addi-
tional time taken or benefit to patient 
physiology.

Key Points
Division of the falciform ligament is part of the 
initial access manoeuvre to gain access to the 
right upper quadrant in order to allow optimal 
life-saving empirical packing.

The exception to falciform ligament mobilisa-
tion is if it is recognised to contain a substantial 
haematoma tracking to the retrohepatic veins. 
Such a finding may be containing a potential cat-
astrophic venous bleed. In this case, either:
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 1. Mobilise only the ligament section where the 
haematoma will not be released and accept 
the associated compromise to access and 
packing, or

 2. Pack either side of the falciform haematoma 
for the anterior liver packing.

If the surgeon feels obliged to enter the falci-
form haematoma to give sufficient exposure to an 
active life-threatening liver bleed then they 
should be prepared to establish total vascular 
exclusion of the liver following mobilisation. In 
other words, intentionally converting an unman-
ageable life threatening circumstance into a mar-
ginally more manageable life threatening 
circumstance.

If a sizeable pelvic haematoma extends from 
the pelvic retroperitoneum to the anterior pre-
peritoneal fat then, provided access is not criti-
cally compromised, avoiding entry into the 
haematoma during initial incision reduces the 
risk of releasing the tamponade to freely bleeding 
pelvic vessels during access and the initial stages 
of laparotomy.

 Surgical Wound Edge Retraction 
Considerations
The surgical wound edge retraction plan is 
included in the OT set up action; this may be 
written into OT set protocol rather than formally 
discussed by the team. Options generally include 
a combination of:

• Hand held retraction (e.g. a Morris or Deaver 
retractor)

• Circumferential wound edge retraction, (e.g. 
an X-Large or XX-Large Alexis® wound 
retractor)

• Dual blade self-retaining retractor (e.g. 
Finochietto or Balfour retractor).

• A multiple bladed retractor on a fixed support 
to the operating table (e.g. Omni-tract®),

In DCL it is probably most usual to initially 
use hand retraction due to speed. Siting an 
Alexis® retractor immediately following the 
surgical access manoeuvres may justify the 
20–30  s of any ongoing blood loss from 

improved cavity visualisation, particularly in 
challenging theatre environments. Hand held 
retraction will need to be used in conjunction 
with this for optimal visualisation and access to 
the subdiaphragmatic and pelvic spaces. An in-
situ Alexis® retractor has the added utility that 
it can be rapidly converted to a temporary 
abdominal closure by unfolding, twisting and 
clamping the twisted segment. A large Ioban™ 
dressing can then be placed over the laparos-
tomy for an additional seal to the anterior 
abdominal wall. The chief utility of the Alexis® 
retractor used in this fashion is rapid packaging 
of a patient for onward transfer to a higher level 
surgical facility. If there is an intent to use hand 
held retraction followed by an Omni-tract® then 
an Alexis® retractor is of considerably less use 
and harder to justify.

 Pitfall: Inadequate Exposure
Deciding to make a smaller exploratory incision 
before committing to a full-length midline inci-
sion is a loss of a marginal gain for the surgeon 
and carries risk. Examples of where such a deci-
sion carries more risk than the surgeon may per-
ceive are:

• Trauma laparotomy post-CT, the surgeon 
should avoid anchoring bias on “known” 
injury diagnoses prior to laparotomy. A pre-
liminary CT report is precisely that—prelimi-
nary. A more targeted (smaller) incision to 
manage renal bleeding may not address con-
current yet unrecognised splenic bleeding.

• Unnecessary haematoma clot disruption may 
be caused by the surgical team using more 
force of manipulation or traction to overcome 
less optimal access.

• Lacerations to the lesser gastric curvature, 
intraperitoneal lower rectum and ureter may 
not have associated obvious haematoma or 
contamination, and a false-negative laparot-
omy may be declared via a smaller access 
incision. These untreated injuries will then 
subsequently evolve, with potential unneces-
sary morbidity to the patient. Full access and 
optimal visualisation will reduce such a risk of 
missed injury.
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 Hostile Abdomen Considerations
For a trauma laparotomy (including DCL), a hos-
tile abdomen is:

 1. Any pre-injury patient condition that materi-
ally interferes with access and packing

 2. Defined by the surgeon; influenced by their 
experience and capability.

For example, a patient undergoing trauma lapa-
rotomy who has dense intraperitoneal adhesions 
related to previous multiple laparotomies, chronic 
enterocutaneous fistulas from inflammatory bowel 
disease or complex abdominal wall hernias. In the 
case of profuse adhesions, intraperitoneal bleeding 
may be more likely to be favourably contained in a 
compartment segmented by adhesions.

Adhesions and scar tissue along the line of a 
previous midline laparotomy should be 
approached via virgin tissue at either end of the 
scar for safety and rapidity. This requires the pre-
vious scar to be less than a full-length incision. If 
the surgeon suspects a more complex abdominal 
entry or subsequent fraught dissection through 
scar tissue then they will need to weigh up the 
risk for pursuing midline access, packing and 
surgical management against the risk of alterna-
tive strategies:

• Non-midline approach, for example, bilateral 
subcostal or paramedian

• An extraperitoneal approach to the aortoiliac 
or cavoiliac segments.

• Endovascular resuscitation and trauma man-
agement (EVTM), either in entirety or as a 
hybrid approach. For example, initial zone 1 
partial REBOA or endovascular hepatic 
branch embolisation.

• Trial of non-operative management allowing a 
control enterocutaneous fistula to develop; 
this is not an option where non-compressible 
haemorrhage control is needed

• Ureteric or biliary covered stent either as tem-
porising control measures or to allow safer 
intraperitoneal exposure.

Such decisions will be dependent on factors 
including the nature of the injury burden, the sur-

geon’s experience and the capabilities of the hos-
pital system. For example, in the context of an 
MTC there are often logistical constraints (par-
ticularly out of hours) for EVTM.  In such cir-
cumstances, in a time-critical situation, it is 
preferable to move immediately to the operating 
theatre and create an inadvertent GI, ureteric or 
solid organ injury than risk patient exsanguina-
tion in an isolated location if immediate EVTM 
intervention is not available.

 First Cavity Actions and Decisions

 Communicate Assessment 
of Findings and Begin Decisions

The surgeon must communicate their immediate 
laparotomy findings with the trauma team leader 
by using agreed terminology that allows a shared 
mental model amongst all team members. This 
rapid assessment may subsequently be shown to 
have drawn the wrong conclusions. However, it 
should allow an immediate team reaction in the 
time-critical circumstance of a large haemoperi-
toneum and avoid reflex empirical packing if it is 
not needed. The following is an example of ter-
minology to use with corresponding actions to 
take:

 1. “big blood in abdomen”: the immediate 
assessment by the surgeon is that there is a 
large volume of blood in the peritoneal 
space. This implies that the view of the con-
tents of the peritoneal cavity is significantly 
obstructed by blood, whether or not this vol-
ume is effected by mixing with GI content ± 
other fluid. This may be dependent on cir-
cumstances, such as the time since the point 
of injury. There is likely to be ongoing haem-
orrhage, and potentially the patient will 
exsanguinate from this. The surgical team is 
going to proceed to the empirical packing 
sequence with the aim to temporarily stop or 
reduce ongoing intra-abdominal bleeding 
where the source of blood loss is unknown or 
is potentially coming from more than one 
quadrant.
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 2. “small blood in abdomen”: the immediate 
assessment by the surgeon is that there is a 
small volume of blood in the peritoneal space. 
This implies the view of the contents of the 
peritoneal cavity is not significantly obstructed 
by blood and there is unlikely to be significant 
ongoing haemorrhage. There may be intra-
peritoneal GI content or other fluid. The surgi-
cal team is not going to proceed to empirical 
packing sequence initially, instead if a source 
of continuing bleeding is found, it may be 
temporised through selective packing or 
application of direct digital pressure.

 3. “no blood in abdomen”: the immediate assess-
ment by the surgeon is that there is no or a 
trivial amount of blood in the peritoneal space. 
This implies the injury and physiological hit 
has not been contributed to by free intraperi-
toneal haemorrhage. Empirical packing is not 
initially required but may be used if circum-
stances change.

 Top Tip: Two Pairs of Eyes
When assessing the abdomen, the surgeon and 
surgical assistant should look and assess together; 
this is regardless of the surgical experience or 
seniority gradient. The two-surgeon look is espe-
cially pertinent in running the full length of the 
bowel and in cavity regions prone to missed 
injury.

 Empirical Intraperitoneal Packing 
Sequence Not Required

In the event of little (“small”) or no blood in the 
abdomen, the surgeon should lead the trauma 
team in judging whether there is insufficient 
intraperitoneal blood to explain the patient’s 
physiology that led to the trauma laparotomy 
decision.

Key Points
The team should briefly pause, in other words 
conduct an intraoperative hold, and agree to 
deliberately look for and make an alternative 
working diagnosis.

 Alternative Causes of Deranged 
Physiology
 1. Blood loss in a contained haematoma within 

the retroperitoneum, pelvis or lesser sac. The 
surgical team should carefully look at these 
regions to exclude significant findings.

 2. Blood loss from an external source. The sur-
geon and trauma team should reconsider 
whether external blood loss:
• during the pre-OT pathway has been ade-

quately replaced
• is ongoing on the table from a missed pen-

etrating wound (e.g. back or axilla)
• is occurring from a transfusion which has 

not reached the intravascular compart-
ment, e.g. line misplacement or 
disconnection

 3. Blood loss into the pleural space. This should 
be revisited even if clinical findings and chest 
imaging so far are normal.

 4. Hypovolaemic shock mimic from tension 
pneumothorax. The anaesthetist should rule 
this out. The surgeon may need to assist the 
anaesthetist in the assessment of the chest, 
depending on the draping arrangement. 
Rapid cardiovascular deterioration and sud-
den, progressive hypoxia should alert the 
anaesthetist to this diagnosis. The probability 
increases if a pneumothorax has previously 
been identified and there are hard respiratory 
signs such as surgical emphysema, high air-
way pressures and differential chest expan-
sion [2, 3].

 5. Hypovolaemic shock mimic from sepsis. To 
make this diagnosis as the chief explanation 
of the patient’s deranged physiology during 
DCL, requires that:
• significant haemorrhage is otherwise rea-

sonably excluded
• the wound carries sufficient overall envi-

ronmental contamination, or there has 
been sufficient contamination from a per-
forated GI viscus

• there has been a sufficient time interval 
between the point of wounding and cavity 
lavage or wound debridement.
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For example, a patient undergoing trauma 
laparotomy in a shocked state 20  h after 
being stabbed through the abdomen, lacerat-
ing the small bowel may have sepsis without 
significant bleeding.

 6. Hypovolaemic shock mimic from cardiac 
tamponade: The team should revisit whether 
life-threatening cardiac tamponade has been 
reasonably excluded with eFAST or other 
imaging. Note, survivable blunt trauma car-
diac tamponade is a rare phenomenon despite 
isolated case reports [4].

 7. Hypovolaemic status exacerbated by signifi-
cant anaesthetic drug-related vasodilation, 
for example propofol rather than ketamine 
use, excess inhalational anaesthetic concen-
tration or anaphylactic reaction.

 8. Hypovolaemic shock mimic from blunt car-
diac contusion ± cardiac valve rupture. These 
will be challenging to exclude on the operat-
ing table. Usually, the diagnosis is made fol-
lowing an index of suspicion from injury 
pattern, troponin and ECG with selected 
patients having an echocardiogram (trans-
thoracic ± transoesophageal).

 9. Hypovolaemic shock mimic from a cause 
that will need cross-sectional imaging to 
either define or exclude, for example a mas-
sive head injury without gross external injury 
or spinal cord injury above T6.

 10. Hypovolaemic shock mimic from a non- 
trauma related medical cause, for example a 
myocardial infarction before trauma, an 
overdose of a hypotension inducing drug 
before trauma or underlying medical 
comorbidity.

 11. Hypovolaemic shock mimic from hypocal-
caemia (either transfusion related [5] or 
primary medical [6]). High citrate preser-
vative concentrations in FFP and PRBCs 
will cause a fall in ionised calcium by che-
lating it in a dose-related fashion. In addi-
tion to contributing to coagulopathy 
(calcium is a clotting cofactor), hypocal-
caemia may cause primary hypotension if it 

has not been replaced as part of the major 
haemorrhage protocol.

 Next Steps
After consideration of blood loss at points 1 and 
2, if an alternative working diagnosis has not 
been reached at this stage, then the trauma team 
should have a very low threshold for insertion of 
bilateral tube thoracostomies (if not already done 
so) to rule out life-threatening bleeding into the 
pleural space or tension pneumothorax. A signifi-
cant blood volume may remain undeclared in the 
pleural space, but ongoing life-threatening haem-
orrhage will declare itself. If cardiac tamponade 
with haemodynamic compromise becomes a 
likely possibility, then a clamshell thoracotomy is 
usually the optimal access for management. This 
is particularly true if the tamponade is accompa-
nied by significant pulmonary bleeding. A subxi-
phoid pericardial window may be a reasonable 
initial alterative to full thoracotomy if:

• Cardiac tamponade
 – seems an unlikely possibility and,
 – cannot be rapidly ruled out with available 

imaging and,
• There is no evidence of significant intrapleural 

blood

 Communicate and Decide
The team is now in a position to perform a sit rep 
[7] per Fig.  30.2 and conduct KDP2; in other 
words, whether to continue to pursue a DCL 
strategy or change to a definitive surgery para-
digm. Up to this point, DCL and a definitive strat-
egy have shared a common process.

 Empirical Intraperitoneal Packing 
Sequence Required

Hirshberg [1, 8] is unequivocal that en masse 
small bowel evisceration (to lie on the right 
abdominal wall) is mandated in trauma laparot-
omy immediately following access to create a 
proper working space. The surgeon will probably 
find this, on balance, helpful. However:
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• such evisceration may result in a marginal loss 
in ease of packing the liver

• requires repositioning to allow right paracolic 
gutter packing

• the surgeon should aim to eviscerate within 
three or four scoops; if a short mesentery or 
other issue prevents this, then the surgeon 
must avoid sustained flailing with the small 
bowel at this time-critical stage.

The surgical team should then scoop free 
blood or floating clot into a bowl to (sometimes 
marginally) improve visualisation in order to 
facilitate more accurate packing. Fixed clot on 
solid organs or the retroperitoneum should not be 
deliberately disrupted at this stage, and the team 
should avoid spending more than about 10–15 s 
scooping lest they start chasing ongoing bleed-
ing. It is worth noting that packing will often mop 
up residual blood to allow careful inspection of 
quadrants at the time of pack removal.

The conditions are now set to begin the pro-
cess of packing. Packing generally takes about 

1 min. Many varieties of sterile textile material 
could technically be used for packing. The packs 
referred to in this text are 30  cm  ×  30  cm or 
45 cm × 45 cm laminated gauze pieces with x-ray 
detectable strips. Packing should start with the 
quadrant most likely responsible for the chief 
source of bleeding. This may have been identified 
by preoperative imaging, by penetrating trauma 
trajectory, by the mechanism of injury or another 
form of pattern recognition. Trying to visually 
identify the bleeding point intraperitoneally 
diminishes the purpose of empirical packing and 
is very likely to cost greater blood loss. Therefore, 
if an agreement has not been made before the 
skin incision, the surgeons should start packing 
in the right upper quadrant. A two-surgeon tech-
nique is the most effective and efficient. The sur-
geon on the left retracts the left abdominal wall 
with a handheld retractor while the surgeon on 
the right packs the left upper quadrant (spleen/
pancreatic tail/splenic flexure/left paracolic gut-
ter) and left lower quadrant (left paracolic gutter/
iliac fossa/pelvis). The surgeon on the right 
retracts the right abdominal wall while the sur-
geon the left packs the right upper quadrant 
(liver/gallbladder/right paracolic gutter) and right 
lower quadrant (right paracolic gutter/iliac fossa/
pelvis if not done). The packing surgeon must 
endeavour to ask for a pack from the scrub staff 
in a calm and controlled voice. The supracolic 
spaces are more easily accessible and conceptu-
alised by inferior retraction of the transverse 
colon with the omentum in the anatomical posi-
tion. To pack the liver a hand is placed over the 
dome of the liver, gentle traction is applied 
obliquely towards the midline and packs are 
pushed above (anterior superior surface) and 
below (posterior inferior surface) the liver with 
the aim of restoring its’ “shape”. The spleen is 
packed similarly, with one hand used to gently 
pull the spleen medially and packs pushed behind 
(posterior to) and in front of (anterior to) the 
spleen.

Packing is probably most effective if applied 
to fully occlude the inflow and outflow of injured 
vessel segments. It may be at least partially effec-
tive if it generates a force greater than the luminal 
peak pressure of a lacerated vessel segment (pro-

CODE RED SURGERY
SIT REP

At suitable times (approximately every 20
minutes) or 2 units of bloods carry out a
situational report (update) between whole team:

Systolic BP

Temperature

Acidosis

Coagulopathy

Kit/ Blood

S

T

A

C

K

T Time since op started

•    TEG
•    Clot formation in operative field

•    Blood product quantity and type
     used
•    Limitations on blood stock 

Fig. 30.2 Example structure of a sit rep for exchange of 
pertinent clinical information during a DCL
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vided it is not doing so directly via a porous 
gauze surface). This concept informs where 
packing is useful and where it is less useful, and 
therefore where additional temporising measures 
may be required.

• Lower pressure vessels with healthy elastic 
walls are more amenable to occlusion from 
packing. For example, the portal pressure is 
usually only 5  mmHg above caval pressure 
(i.e. the external force required to occlude 
hepatic vein tributaries usually be between 5 
and 25  mmHg), whereas packing is very 
unlikely to generate enough pressure to con-
trol medium to large artery bleeding.

• The force to compress from packing is gener-
ated from the exertion of the packs between 
the peritoneal cavity wall and the tissues 
underlying the bleeding point. The surgical 
team should reinforce the compression by 
pushing the external abdominal wall and 
packs together manually. Compression of 
solid organ bleeding is generally best achieved 
by compression on both sides of the organ 
where possible; for example, a sandwich 
packing technique for a liver injury. This is to 
ensure the tissues underlying the bleeding 
point do not simply distort in such a way to 
allow the vessel to remain patent. 
Retroperitoneal bleeding is probably less 
amenable to direct packing as the tissues may 
distort and cannot be “sandwiched”.

• If the packing seems in retrospect loose and 
there is rapid blood strike through add another 
pack between the peritoneal cavity wall and 
the bleeding point.

Key Points
After packing, the surgical team should perform 
an intraoperative hold, allowing (1) the anaes-
thetic team to continue resuscitation and (2) a 
whole team assessment as to whether a further 
immediate surgical manoeuvre is required.

 Further Surgical Manoeuvres: Caval
If a sudden precipitous loss in end-tidal CO2 
(ETCO2) or blood pressure occurred during pack-

ing, then the surgeon should remove packs that 
may be compressing the cava. Caval compres-
sion, including from total vascular exclusion of 
the liver, should only be performed deliberately if 
there is no reasonable alternative to assess or 
repair:

 1. a caval injury
 2. a caval tributary injury that cannot be other-

wise isolated due to its proximity to the cava 
or due to its inaccessibility.

 Further Surgical Manoeuvres: Aortic
An assessment should be made as to whether 
total or partial supracoeliac or infrarenal aortic 
occlusion is needed to augment the resuscitative 
efforts. The technique of aortic occlusion will 
depend on circumstance. If a REBOA catheter is 
in situ, then it is probably more favourable to use 
this rather than to manually compress or expose 
an aortic segment for clamping. Any temptation 
to attempt clamping without identification of ves-
sel anatomy, for example blind clamping into a 
pool of blood, must be resisted at all costs. 
Extraluminal supracoeliac control for use in DCL 
is via the lesser omentum, and a clamp should 
only be applied once the crus has been suffi-
ciently dissected from the aorta. This is usually 
done bluntly with the thumb and index finger. 
Most surgeons probably take at least 2–3 min to 
achieve a suprarenal clamp in such circum-
stances. In order to make space for this dissection 
some of the supracolic packing, particularly over 
the left liver region, may need to be removed, 
depending on the packing configuration. Manual 
compression carries less risk of arterial injury 
than clamping. However, manual aortic compres-
sion significantly hampers access to the remain-
der of the laparotomy and occupies a surgical 
hand. All aortic occlusion must be clearly com-
municated with the anaesthetist, including the 
approximate degree and location of the occlu-
sion. For example “50% supracoealiac aortic 
occlusion is on, let me know when I can release”, 
or “full infrarenal aortic occlusion is on, I’m 
planning to move to isolated left common iliac 
occlusion in 5 min, let’s have a sit rep and agree-
ment before I do that.”
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There are two rationales for aortic occlusion:

 1. As a resuscitative manoeuvre. If despite 
empirical packing and ongoing resuscitative 
efforts there is a persistent low flow cardiac 
output, then there is a risk of stroke, exacerba-
tion of any concurrent head injury, cardiac 
arrest or exacerbation of cardiac injury. The 
aim of aortic occlusion in these circumstances 
is to increase afterload to improve coronary 
and carotid perfusion. In essence, the balance 
of risk between the sequelae of distal hypo-
perfusion from aortic occlusion versus the 
risks from a low flow cardiac output should be 
weighed up. Different patients (and teams) 
will tolerate different durations of low cardiac 
output prior to this decision. The patient will 
have carried a significant burden of injury for 
some time and will probably be less tolerant 
of low pressure than in non-traumatic circum-
stances. As a very rough guide (without an 
empirical evidence base) if the patients’ MAP 
is <45 for >30 s or <55 for >2 min or <65 for 
>5  min despite ongoing massive transfusion 
and ongoing correction of hypocalcaemia 
(and a mechanical cause such as cardiac tam-
ponade or tension pneumothorax has been 
excluded), then aorta occlusion at either level 
is in most circumstances a reasonable step. If 
the physiological response from an infra- 
aortic occlusion is inadequate, this can be 
switched to supracoeliac occlusion.

 2. As haemorrhage control. Occlusion for haem-
orrhage control aims to temporise exsangui-
nating haemorrhage not controlled by 
empirical packing. The balance of risk 
between the sequelae of distal hypoperfu-
sion from aortic occlusion versus greater 
ongoing blood loss should be considered. If 
there is rapid pack soakage in the pelvis, 
then a freely bleeding iliac artery transec-
tion can be assumed until proven otherwise 
and infrarenal aortic occlusion performed. It 
is worth noting that some iliac artery tran-
sections rapidly form spontaneous occlusive 
clot. If there is exsanguinating haemorrhage 
from a zone 1 RPH despite packing, the sur-
geons should presume a bleeding aortic 

injury or bleeding from the root of one or 
more visceral branches, and proximal con-
trol at the supracoeliac aortic segment 
should be established. Patients with such 
injuries are unlikely to survive. It should be 
noted that some experts [8] consider supra-
coeliac occlusion to be a resuscitative 
manoeuvre only, whereas they consider the 
use of infrarenal occlusion to be either as a 
resuscitative or haemorrhage control 
manoeuvre. Occluding the aorta distal to a 
significant bleeding point will probably 
exacerbate such bleeding from an increased 
back pressure; this risk should not be toler-
ated if the level of the bleeding point(s) are 
unknown. Therefore, given the surgical team 
may be confronted with blood welling up 
from an unknown source, supracoeliac aor-
tic occlusion is likely to be the initial default 
for exsanguinating haemorrhage despite 
packing.

 Further Risk Mitigation in Aortic 
Clamping
• If there is a known injured segment of the 

aorta, this may be apparent from aortic wall 
contusion visable externally, or a CT trauma 
scan, then direct occlusion of this segment 
risks:

 (1) perpetuating an intimal dissection causing 
visceral or limb ischaemia,

 (2) further injuring the aortic wall, which 
may cause a full laceration or subsequent 
pseudoaneurysm formation.

• If a zone 1 RPH is extending above the dia-
phragm, then proximal control will need to be 
achieved from within the chest cavity. To do 
otherwise risks an uncontrolled aortic bleed 
which usually has a fatal outcome.

• When aortic occlusion is performed, the time 
interval for occlusion should be monitored 
(“clock on, please”). Every additional minute 
of total supracoeliac aortic occlusion is likely 
to increase the risk of mortality and multior-
gan failure. The inflection point for survivabil-
ity will be variable and probably affected by 
the injury burden and premorbid state of the 
patient. For general guidance, the team should 

T. J. Stansfield



585

share a mental model of no more than 30 min 
of total supracoeliac aortic occlusion; futility 
is very likely to have been reached after 
45 min. It is unknown to what degree intermit-
tent or partial occlusion of the supracoeliac 
aorta increases these timelines. Infrarenal aor-
tic occlusion is physiologically far better tol-
erated. As a general guideline, the team should 
share a mental model of no more than 90 min 
of total infrarenal aortic occlusion. Although 
twice this time will probably be tolerated, a 
more significant reperfusion hit will be 
incurred, and lower limb fasciotomies are 
probably more likely to be needed.

 Further Pack Assessment and Action
An assessment should then be made of the packs 
to identify whether there is a quadrant or specific 
structure (particularly the liver) that requires 
repacking or additional packs.

If the liver packs appear sodden, then assess 
whether additional packs may sufficiently tempo-
rise the bleeding, or whether repacking the liver 
(part or whole) very deliberately would be more 
effective. For a repack, examine the liver to get a 
sense of the direction of force required to best 
restore its shape and therefore provide the best 
orientation for haemostasis. Look to see if there 
is a large enough stellate fracture or cavity that 
may allow packing from within, with a topical 
haemostatic agent ± small gauze.

The action sequence is:

 1. Ready the topical haemostatic agent, a small 
unfolded gauze and at least 6–7 packs care-
fully folded in half.

 2. Remove the existing packs.
 3. Pack from within if there is a large enough 

cavity.
 4. Divide the right or left triangular ligaments 

only if required to compress a specific injury 
more effectively. Often, levaing the triangular 
ligaments intact provides more stability for 
the liver tissue and packs.

 5. Place 2–3 packs below the right lobe includ-
ing into Rutherford Morrison’s pouch.

 6. Place 2–3 packs between the liver and the dia-
phragm over the anterior superior surface.

 7. Place one pack around the tail of left lobe.
 8. Place further packs as space allows, being 

aware that unintended caval compression may 
be counterproductive.

 Communicate and Decide
The team is now in a position to perform a sit rep 
(Fig.  30.2) and conduct KDP2; in other words, 
whether to continue to pursue a DCL strategy or 
change to a definitive surgery paradigm. Up to 
this point, DCL and a definitive strategy have 
shared a common process. Given empirical pack-
ing was chosen, the team should default to DCL 
unless an agreement and rationale is reached to 
the contrary. The team should consider whether 
other injuries have greater imperatives for man-
agement. For example, a decompressive craniot-
omy or whether a chest injury has evolved to take 
higher priority.

 Optimise for DCL

The team can consider and request additional 
resources not yet acquired:

• Surgical instruments. For example, specific 
vascular instruments or a vascular tray

• Anaesthetic or surgical assistance can be 
requested. This deserves emphasis—experi-
enced help can be one of the best ways to opti-
mise challenging circumstances.

• Other kit or additional blood products.

Further DCL action during the intraoperative 
hold phase requires assessment and the selection 
of the next priority. This depends on the patient’s 
injury, whether aortic occlusion is in situ, whether 
the small bowel is accessible/eviscerated, the 
resource available (for example limitations of 
blood stock in remote settings) and the patient’s 
current physiological state. A suggested priority 
order is:

 1. Improve access. An Omni-tract® retractor or 
equivalent is probably the most effective way 
to achieve optimal access via a full-length 
laparotomy incision.
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 2. Accessible mesenteric bleeding. Definitively 
control accessible significant small bowel 
mesenteric bleeding. The temporising 
manoeuvre is to pinch the arcade between 
thumb and index finger on either side of the 
injured vessel. A figure of 8 knot with 4/0 
monofilament or 4/0 braided, repeated if 
required, orientated to be perpendicular to the 
axis of the artery is generally most effective. 
Part of the rationale for dealing with this often 
small bleeding is that it is almost always quick 
to effectively sort. A rapid intuitive or experi-
enced estimate may be made to further justify 
such action:

The rate of ongoing blood loss from all 
injuries multiplied by the time to definitively 
stop the mesenteric bleeding plus the sum of 
subsequent intraoperative blood loss probably 
equates to less blood loss than that incurred 
from tackling any other ongoing haemorrhage 
first.

Fixing these mesenteric bleeding points 
may also improve visualisation of other cavity 
injuries by reducing bleeding that is impracti-
cable to pack. If these rationale are not thought 
to be extant, then this manoeuvre will hold a 
lesser priority.

 3. Accessible GI content leakage. Rapidly tem-
porise ongoing accessible bowel content leak-
age to improve visualisation of the peritoneal 
cavity. A constant stream of small bowel con-
tent is likely to slow down subsequent 
manoeuvres. Techniques for this include a 
wedge or segmental resection of a lacerated 
small bowel with a linear cutting stapler (e.g. 
TLC75 Ethicon), using endotracheal tube ties 
to circumferentially occlude a bowel segment 
or a suture repair cut to 2  cm when tied to 
allow subsequent identification.

 Agree When to Remove Packs
Key Points
The surgical team must liaise with the anaesthetic 
team expressing an intent for selective pack 
removal to improve access and visualisation.

If there is no significant ongoing bleeding, 
there is no supracoealiac aortic occlusion and 

ongoing physiological improvement such as 
rewarming is still required, then it is reasonable 
to continue to hold. In some cases, this may be 
for up to 30 min. A patient with a core tempera-
ture of 37 °C with adequate functional platelets 
and a sufficient concentration of red blood cells 
may spontaneously stop bleeding from multiple 
sources, rather than unnecessarily chasing every 
bleeding point with a suture. If a supracoeliac 
clamp is in situ with no significant ongoing 
bleeding, then the team will need to weigh the 
risk of the ongoing distal ischaemic hit and 
sequelae against the advantages of time spent fur-
ther resuscitating. It is unlikely that more than a 
few minutes of hold can be justified in this case. 
If there is significant ongoing bleeding despite 
packing and clamping, then further holding to 
correct physiology is probably a futile act; this a 
very rare circumstance and the packs should be 
removed to target the bleed directly. Initiation of 
pack removal effectively marks the end of the 
intraoperative hold phase.

 Targeted Cavity Actions

 Pack Removal

Packs should usually be removed, starting with 
those not thought to be covering bleeding points, 
then working from the most accessible bleeding 
regions to the least accessible bleeding areas. 
This allows more space to deal with the harder to 
access zones. As active bleeding is encountered it 
should usually be definitively addressed, repack-
ing is only likely to be successful if done in a 
more optimal configuration, or if augmented with 
a topical haemostatic agent (for example, 
Quikclot, Veriset, Fibular, Floseal, Tachosil). If 
there is significant ongoing bleeding from a 
quadrant and adequate access space has already 
been created, then it is reasonable to deal with 
this before unpacking more accessible bleeding 
points that are otherwise temporarily controlled. 
If a pack is thought to be providing appropriate 
haemorrhage control, then clearly removal is not 
mandated, unless the risk from rebleeding prior 
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to second look is thought to outweight the risk of 
causing further blood loss at this probable physi-
ologically fragile stage. Retained pack(s) are 
removed at the DCL second look. For example, a 
liver laceration may be dealt with in this fashion.

If aortic occlusion is in situ, then pack removal 
is done with an intent to provide proximal control 
more locally to individual viscera or to move the 
clamp more distally down the aorto-iliac 
segments.

 Removing Aortic Occlusion

For reasons explained above, this is always a very 
high priority manoeuvre, especially if supracoe-
liac occlusion is in situ. There is a danger that, 
because the proximal arterial pressure and other 
cardiac output proxy measurements look favour-
able, the team assumes the situation has become 
less time-critical. The steps for removal of supra-
coeliac aortic occlusion are:

 1. Consider pre-emptive left visceral rotation. If 
the occlusion is in situ to control haemorrhage 
from a zone 1 retroperitoneal haematoma, 
then an aortic injury to the visceral segment 
should be considered. Of note:

 (a) a haemorrhaging visceral aortic segment 
is unlikely to be a survivable injury to 
reach hospital or, indeed, to be survivable 
at attempted surgical repair.

 (b) Removing supracoeliac occlusion is a 
time critical manoeuvre.

 (c) Repairing a visceral aortic segment injury 
requires a left visceral rotation for safe 
access (rather than an anterior approach 
or right visceral rotation).

Therefore, if a visceral aortic injury is 
definitively known a rapid left visceral rota-
tion augmented with appropriate distal arte-
rial control is justified. If visceral aortic injury 
is not definitively known then a trial infra- 
renal aortic occlusion is reasonable in liaison 
with the anaesthetic team (see below). 
Supracoeliac control should be rapidly 
regained if significant ongoing bleeding is the 

result. Left visceral rotation with an anterior 
supracoeliac clamp in situ is possible, 
although self- evidently easier and much likely 
to inadvertently damage oesophageal, gastric 
and hepatic tissues if such aortic control is via 
a zone 1 REBOA. The aorta should be repaired 
as described further in this chapter.

 2. Localise control as required. Gain more local-
ised proximal control to any significant aortic 
branch arterial bleed. Visceral mobilisation, if 
not already achieved, and/ or arterial exposure 
will be required to do this. This control may 
be done in the first instance as an en masse 
vein and artery bundle. Control of minor ves-
sel injuries at this stage is not required—such 
bleeding should be tolerated to expedite 
removal of aortic occlusion. Examples of 
more proximal control include:

 (a) Pringle manoeuvre for liver haemorrhage 
despite packing described above,

 (b) Splenic or renal hilar control for ongoing 
respective solid organ haemorrhage,

 (c) Superior mesenteric artery (SMA) con-
trol for a mesenteric root injury or

 (d) Ipsilateral common iliac artery (CIA).
 3. Plan and conduct aortic release.

Key Points
Aortic release is conducted in continuous 
communication with the anaesthetist.

The aim is to be sufficiently sequential in 
patient reperfusion to prevent precipitous cardio-
vascular collapse. As a very rough guide if supra-
coeliac aortic occlusion has been less than 10 min 
and the team have been able to resuscitate the 
patient to a mean arterial pressure 
(MAP) > 80 mmHg then a sequential release of 
occlusion is probably reasonable, targeting full 
release within the space of 2–3 min. The purpose 
of this sequential release is to provide some 
degree of afterload to the heart as the immediate 
phase of the reperfusion hit occurs, appropriate 
volume filling and, if appropriate, vasopressors. 
Re-occlusion of the aorta can be applied if the 
MAP drops too low, for example <60  mmHg. 
Reclamping an artery may cause an intimal 
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injury, dissection or worse, and so the surgeon 
should probably exchange for digital aortic con-
trol if more than one reclamping is required. An 
example of sequential reperfusion is:

• Release the clamp or digital pressure to 50% 
of the aortic luminal diameter (clearly this is 
very approximate)

• Re-assess the MAP
• Reapply more or total occlusion as required.

If this strategy does not work, then a more 
sequential reperfusion should be planned:

• Move the supracoeliac control to an infrarenal 
position (for example zone 1 to zone 3 
REBOA), and reperfuse the visceral segment.

• If any of the visceral segment branches have 
already been controlled and are ready for 
reperfusion (in other words, significant bleed-
ing is unlikely to recur), these can be sequen-
tially reperfused as the MAP dictates.

• The common iliac segments can then be 
sequentially reperfused, one at a time, as the 
MAP dictates. The additional advantage of 
sequential leg release is that a confirmatory 
BP drop and ETCO2 raise reassures that 
reperfusion is occurring (see below).

Infrarenal aortic occlusion release should be 
managed following similar principles to supra-
coeliac aortic occlusion release:

 1. Localise control as required. This may be 
done through a right visceral rotation. Further 
discussion of this follows later in this 
chapter.

 2. Plan and conduct aortic release. Infrarenal 
aortic control generally has much less an 
effect on the MAP than supracoeliac control 
and therefore sequential reperfusion is gener-
ally achieved more rapidly where required.

 Futility
If the patient is unable to tolerate the removal of 
a complete supracoeliac occlusion after 45 min 
of constant occlusion time then this is a very 
clear marker of futility.

 Expected Sequelae
If there is no significant ETCO2 or blood pressure 
change on removing aortic occlusion or selective 
reperfusion, occlusive luminal arterial thrombus 
should be excluded. In the first instance, this can 
be done by checking distal pulses, the intraopera-
tive doppler signal and colour of end organs. In 
patients with normal doppler signals and leg 
examination, it may be that the patient has been 
very well resuscitated. If there is reasonable 
doubt that an arterial thrombus exists, then the 
team will need in due course need to decide 
between

• Revascularisation starting with thrombec-
tomy, or

• In extremis or gross tissue destruction: organ 
or limb sacrifice.

 Supracolic Compartment 
and Infracolic Compartment 
Inspection

Following pack removal, the surgeon should aim 
to perform a full and careful inspection of the 
abdominal cavity to identify injuries that need 
action on this index laparotomy.

 Reducing Missed Injuries
During inspection, in order to reduce the risk of 
missed injury:

• Clearly establish the tract or trajectory of the 
penetrating injury, for example between exit 
and entry wounds of a gunshot wound; noting 
that the patient was probably not in the stan-
dard anatomical position when wounding 
occurred.

• For penetrating injuries if an odd number of 
holes are found in any hollow lumen structure 
then conduct a second inspection: it is more 
common to have an even number of holes, and 
therefore this raises the possibility of a missed 
injury.

• Visceral rotation may be the safest way to 
examine a penetrating hole through the retro-
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peritoneum. For example, to reduce the risk of 
missing a ureteric injury.

• Perform rectoscopy for penetrating pelvic 
injuries or significant pelvic fractures to reduce 
the risk of missing an extraperitoneal rectal 
injury. This does not need to be routinely per-
formed if this injury has been excluded by
 – appropriate cross sectional imaging or
 – In penetrating trauma, through clearly 

identifying that the penetrating tract base 
lies superficial to the rectum during intra-
operative exploration.

• For a penetrating injury or bowel wall haema-
toma near the origin of the jejunum, mobilise 
the ligament of Treitz to reduce the risk of 
missing a proximal jejunal/distal duodenal 
injury.

In general, the minimum mobilisation should 
be performed that allows the surgeon to rule out 
(within a 95% confidence limit, or beyond a rea-
sonable doubt) an underlying injury. Before 
entering into any retroperitoneal haematoma a 
surgical plan should be communicated to the 
team, including how proximal and distal control 
will be achieved. A full careful sequential inspec-
tion of the abdominal cavity may not be possible 
at the index DCL. This may either be due to pre-
served packing or more rarely by a judgement on 
the balance of risk. In other words, if the risk of 
missed injury is felt to be outweighed by the risk 
of continuing with a laparotomy when the physi-
ological derangement may be better managed in 
intensive care. Any region not fully inspected on 
the index DCL must be documented in the opera-
tive note so that a full inspection is made at the 
DCL second look. Before temporary abdominal 
closure, adequate drainage must be sited to the 
peritoneal cavity to account for any risk carried 
in this regard.

Key Points
A full re-inspection of the intraperitoneal content 
at the DCL second look is strongly advisable. In 
the time critical, challenging circumstances of 
DCL it is possible for the surgical team to miss an 
injury or defer a possible injury until the second 
look.

 Supracolic Compartment
Principles of examination include:

 1. It is mandated to explore the lesser sac. All 
trauma laparotomies require inspection of 
the anterior surface of the pancreas and 
posterior surface of the stomach by entry 
into the lesser sac via an incision through 
the gastrocolic ligament. Information may 
also be gained on the proximal extent of a 
zone 1 RPH. If the patient has had previous 
resectional surgery of this region (for 
example, a Whipple’s procedure), then the 
surgeon should perform enough exposure 
to rule out significant injury of the recon-
structed GI.

 2. If there is an anterior stomach wall penetrat-
ing injury then a posterior stomach wall full 
thickness laceration should be presumed until 
comprehensively ruled out through direct 
inspection.

 3. Careful palpation of the abdominal oesopha-
gus to identify lacerations or other defects is 
required

 4. Careful inspection of the viewable parts of 
each hemidiaphragm is needed. Those intra-
peritoneal parts not adequately visualised 
should be palpated. The surgeon should 
identify:

 (a) Bulging of a hemidiaphragm into the 
peritoneal cavity that may be suggestive 
of air or fluid in the pleural space

 (b) Lacerations of the diaphragm
 5. The surgeon should identify zone 1 and zone 

2 RPHs. Zone 2 RPHs are likely to be more 
apparent in the infracolic compartment.

 Infracolic Compartment
Principles of examination include:

 1. The small bowel should be “run” from the DJ 
flexure to IC junction with both surgeons 
looking for injury. Blood or contamination 
should be progressively wiped from the bowel 
to allow proper visualisation as the bowel is 
run. The bowel should be flipped side to side 
during running so that the entire serosal sur-
face is inspected. The mesentery at the mesen-
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teric border interface should be simultaneously 
examined for lacerations and haematoma. 
Any haematomas found should be explored to 
look for underlying bowel injury.

 2. The surgeon should identify zone 3 RPHs 
with inspection and palpation within the true 
and false pelvis. Zone 1 and 2 RPHs may also 
be identified from infracolic compartment 
examination.

 3. Recognition of bowel wall colour, warmth 
and texture. If the whole small bowel is dusky, 
cool and oedematous, this:

 (a) Is probably indicative of a general perfu-
sion problem. In the absence of another 
cause, these features may improve with 
successful ongoing resuscitation.

 (b) May be caused by an injury to the root of 
the mesentery: double-check this area.

 (c) May, to a degree, be the result of total 
vascular exclusion of the liver, or portal 
vein occlusion (including Pringle 
manoeuvre)

 Actions on Identifying Injury
Injuries identified during examination of the 
supracolic and infracolic compartments will need 
to be addressed. In the particular context of DCL, 
some of the actions to be taken for specific inju-
ries are described in the final section of this chap-
ter. Following appropriate management of these 
injuries the final phase of trauma laparotomy is 
performed: closing the abdomen with temporary 
or permanent intent.

 Closure of the Abdomen 
with Temporary Intent

 Decision on Closure

KDP 3 for the Major Trauma patient is made 
immediately before closure of the laparotomy. 
Regardless of a previous strategy for DCL, a 
definitive (permanent intent) closure of the 
abdominal ward should be performed if all the 
follow criteria are met:

 1. No pack is left in-situ

 2. There is no definitive luminal, other repair or 
surgical stoma formation expected to be 
required within the next 5 days. There maybe 
an intent to reverse a stoma formation in 
3–6 months, however, this is may or may not 
require a laparotomy incision.

 3. There is no plan to re-inspect an injured region 
or bowel segment thought yet to declare via-
bility; in other words may reasonably thought 
to require further debridement.

 4. Both the risk of and sequelae from an abdomi-
nal compartment syndrome (ACS), including 
the risk of intraabdominal hypertension (IAH) 
or ACS being suboptimally managed medi-
cally and/or surgically, is judged to be lower 
than the risk of complications from a tempo-
rary abdominal closure.

It is not common for such a late stage strategy 
change in DCL. However, there should be a ratio-
nale for temporary abdominal closure rather than 
using it as a default action.

 Method of Temporary Abdominal 
Closure

 Fascial Closure
Partial (superior and inferior portions of a mid-
line laparotomy) or complete fascial closure with 
temporary intent is reasonable if a second look 
DCL is planned, and if all the following criteria 
are met:

 1. The patient’s respiratory and cardiovascular 
systems tolerate fascial closure

 2. The risk of ACS is tolerable. This is partially 
dependent on the likelihood of the hospital 
system recognising and acting on IAH and 
ACS—initially medically then surgically

 3. Rapid transfer to ICU is not imperative; it 
takes additional time to perform

 4. The fascia can be closed without undue 
tension

Fascial closure will probably lower the risk of 
fascial retraction and not incur the risk of 
 laparostomy complications. However, if these 

T. J. Stansfield



591

criteria are not met, then a laparostomy will be 
needed.

 Laparostomy
A laparostomy is best managed with a dressing 
system that allows:

• A non-adherent material to lie along the length 
of the paracolic gutters, underneath the 
abdominal wall superiorly and inferiorly and 
covers the bowel.

• Drainage via perforations in the non-adherent 
material into an absorbent system, for exam-
ple sponge or gauze, that can then be drained 
into a portable reservoir, with or without a 
vacuum system.

• An adherent surface dressing to ensure a cir-
cumferential seal around the laparostomy.

Such a system will conceivably achieve the 
goals of visceral protection, removal and quanti-
fication of intra-abdominal exudate (including 
reducing the risk of macerated skin wound edges) 
and prevention of fascial retraction with a view to 
facilitating delayed primary closure.

There are many ways to cover and manage a 
laparostomy wound. For DCL a rapid technique 
is probably optimal, below are some of the more 
commonly used methods:

• For rapid transfer purposes, as previously 
described, an in situ X-Large or XX-Large 
Alexis® wound retractor can rapidly be con-
verted to a temporary abdominal closure 
device. The additional advantage of this is that 
it allows examination of the bowel wall colour 
through the plastic sheeting.

• An “opsite sandwich” is probably the most 
commonly used non-proprietary laparostomy 
dressing option. Use of Opsite™ in this dress-
ing is not mandated. One method of construc-
tion is as follows: lay a large 3M™ Ioban™ 
flat with the sticky side up, place two 
30 cm × 30 cm gauze packs (with x-ray detect-
able strips), overlapping, unfolded and flat on 
the Ioban™, place a further large Ioban™ 
sticky side down covering the Ioban/gauze. 
Next, perforate one side of this construct, cut a 

hole approximately 5 cm × 10 cm in the oppo-
site side, and lay the perforated side into the 
laparostomy with the construct edges tucked 
under the abdominal wall and into the para-
colic gutters. Then lay a further one or two 
30 cm × 30 cm gauze packs (with x-ray detect-
able strips) into the abdominal wall wound on 
top of the construct, ensuring the wound edge 
is very dry and any body hair is shaved within 
5 cm of the wound edge. Finally, stick down a 
large Ioban™ to the external abdominal wall, 
covering the gauze in the laparostomy wound. 
Further strips of Ioban™ may be needed to 
ensure a seal. A negative pressure wound ther-
apy system can be used to improve the longev-
ity of the vacuum seal, improve the exudate 
management and reduce the risk of the small 
bowel prolapsing from underneath the dress-
ing. Similarly, there is more than one way of 
doing this. An option that is probably more 
robust than others is as follows: ensure a 
V.A.C.® pump is charged, switched on and 
ready to create a vacuum. Make a 3 cm × 3 cm 
hole in the centre of the Ioban covering the 
laparostomy wound gauze, attach a V.A.C.® 
suction port over this hole and confirm the seal 
by temporarily attaching the wall suction onto 
the port tube. Finally, exchange the wall suc-
tion for the V.A.C.® suction tubing, then con-
nect to the collection canister and pump and 
switch the V.A.C.® pump on to generate a 100 
to 150 mmHg suction pressure.

• An ABThera™ system is a propriety laparos-
tomy dressing that can be rapidly cut to size 
and probably has a more bespoke positioning 
in the paracolic gutters than the above options. 
It is perhaps more effective than the averagely 
constructed opsite sandwich. It is used in con-
junction with a V.A.C.® pump similarly to the 
opsite sandwich.

 Planning a Second Look
In the substantial majority of patients with lapa-
rosotomy and/or temporary fascial closure, a sec-
ond look should be planned for no later than 48 h 
with an intent to close. This short interval to a 
comprehensive second look has several technical 
implications to the index surgery:
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• Augmentation of the temporary abdominal 
closure with a system to mitigate fascial 
retraction (for example, the abdominal reap-
proximation anchor system (ABRA) or mesh) 
is not required

• Prevention of dense adhesions between the 
viscera and abdominal wall is much less of a 
relevant consideration at the temporary 
abdominal closure.

• The risk and consequences of an appropriate 
negative pressure dressing system used in con-
junction with a laparostomy in the presence of 
stapled or sutured bowel is effectively miti-
gated. In these circumstances the risk of 
bowel-laparostomy fistulae caused by a nega-
tive pressure system should not prevent use of 
such a dressing.

 Actions on Specific Injuries

The purpose of this final section is to provide an 
initial framework for core decision-making and 
the surgical manoeuvres required to enable such 
decision-making. It is by no means comprehen-
sive for all injuries; this would require a book in 
itself. Instead, some specific injuries have been 
selected as exemplars for a “balance of risk” 
approach to decision-making in DCL.  Initial 
decisions on particular injuries, therefore, often 
lend themselves more to a “slow” decision- 
making process described in the human factors 
section of this chapter.

For more complicated injuries, specialist sur-
gical input will probably be required. However, 
the resuscitative surgeon and anaesthetist should 
continue to lead the strategic (rather than techni-
cally precise) decision process to ensure it is 
appropriately weighted. Strategic decisions must 
account for the patient’s injury burden, physio-
logical state and the context of DCL/DCR.

 Retroperitoneal Haematoma

 Anatomy
The retroperitoneal space is situated posterior to 
the lining of the peritoneal cavity and envelops 

visceral and vascular structures including parts of 
the following systems:

• GI: distal oesophagus, 2nd/3rd/4th part of the 
duodenum (D2/D3/D4), pancreas, posterior 
segments of the colon (ascending, descending, 
flexures) and part of the rectum

• Vascular: chiefly aortocaval and associated 
branches/tributaries.

• Genitourinary: kidneys, ureters and part of the 
bladder.

• Musculoskeletal: chiefly—psoas major, qua-
dratus lumborum, iliacus, diaphragm, verte-
bral bodies and pelvis.

• Endocrine: adrenal glands and pancreas 
(except the distal tail).

• Nervous.

The tamponade effect (full or partial) created 
by the retroperitoneum can reduce the risk of 
exsanguination.

 Principles of Management
Retroperitoneal haematomas (RPHs) are neatly 
traditionally simplified in most general surgical 
trauma courses, with acknowledgements to 
Kudsk and Shledon [9], into Zone 1 (midline), 
Zone 2 (lateral), Zone 3 (pelvis). The standard 
advice is to explore all RPHs in zone 1 or those 
caused by penetrating injury and to selectively 
explore blunt injury aetiology zone 2 or 3 hae-
matomas. This straightforward algorithm is 
probably sufficient in most circumstances. 
However, in in selected circumstances there are 
exceptions. To identify these exceptions, in the 
particular circumstance of DCL, weight the bal-
ance of risk between generating unnecessary 
severe bleeding in an already sick patient against 
not missing a critical injury. This also allows the 
trauma team to account for the particular 
resource constraints of their system. On this 
analysis, those RPHs that mandate exploration 
during DCL are those that:

• may spontaneously lose their tamponade 
causing either exsanguination or significant 
morbidity from sequelae of haemorrhage in 
the context of the overall trauma burden
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• may have an underlying occlusive vascular 
injury that will likely cause a life-threatening 
burden from tissue infarction or loss of func-
tion if not revascularised. An example may be 
arterial occlusion to a vital organ or lower 
limb (attempting to sacrifice an entire lower 
limb carries significant mortality risk, as well 
as the obvious morbidity implications).

• have a kidney, ureter or bladder (KUB) injury 
with a balance of risk that favours exploration 
over the risk of additional haemorrhage and 
associated physiological hit. This needs to 
account for the availability and expertise of 
endovascular intervention either as part of a 
hybrid or sequential approach.

• have a GI wall injury that includes either a 
transluminal defect or on the balance of prob-
ability will convert to such a defect.

To identify such features includes risk strati-
fication based on available radiological (for 
example AAST grade), clinical and history 
findings. Risk of bleeding should be mitigated 
by appropriate proximal and distal vascular 
control. Although this appears overly complex, 
it gives a logical basis for identifying the excep-
tions to the standard RPH zonal algorithm. 
Table 30.1 outlines these exceptions, articulates 
the rationale and comments on the surgical 
management.

 Visceral Rotation for Access
A medial visceral rotation should be the default 
option for accessing the retroperitoneum in 
DCL.  Right medial visceral rotation (Cattell 
Braasch) provides rapid access to (in order of 
exposure) the posterior D2 and head of the pan-
creas, retropancreatic portal vein, infrahepatic 
vena cava, the right kidney and hilum, right iliac 
vessels, (the suprarenal aorta can both be accessed 
and controlled however this requires more time 
and dissection), infrarenal aorta, left iliac vessels, 
D3 and left kidney and hilum. Left medial vis-
ceral rotation (Mattox manoeuvre) is unique in 
providing rapid access to the supracoeliac and 
visceral aortic segments (the right renal artery 
origin requires more dissection). It includes 
access to the infrarenal aorta segment, aortic 

bifurcation, left iliac artery segments and left kid-
ney and ureter. However, a right medial visceral 
rotation is more favourable to access these 
structures.

 Pitfall: Left Medial Visceral Rotation 
Sub Optimal Technique
Left medial visceral rotation should be straight-
forward, especially if a haematoma has provided 
some of the dissection. However, there are some 
points of dissection to be wary of:

• There is often a consistent tributary at the 
level of the kidney, to the ascending lumbar 
vein that should be divided in continuity 
between ties or clips before being avulsed or 
accidentally divided.

• The final approach to aorta requires division 
of dense adherent connective tissue; signifi-
cant delay can be encountered if the surgeon is 
not familiar with the need to divide this tissue 
boldy, once the depth of the aortic adventia is 
identified.

• Leaving the left kidney in situ significantly 
reduces access to the front of the aorta behind 
the left renal vein. Mobilisation or division of 
the left renal vein may be required.

• If the left kidney is included in the rotation, 
make sure the kidney and hilum are fully 
mobilised off the posterior abdominal muscu-
lature before accessing the aorta; otherwise, 
the renal hilum is under threat from an iatro-
genic injury during division of periaortic 
tissues.

 Kidneys, Ureter, Bladder (KUB)

From the perspective of DCL, the team should 
select a strategy that balances the risk of addi-
tional bleeding, physiological hit and resuscita-
tion imperatives against the following risks:

• Primary risk: to preserve at least some long 
term renal function to avoid lifelong renal 
replacement therapy. It may be reasonable to 
broadly weight this in the same terms as pre-
serving or sacrificing a limb. This accepts that 
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such an analogy is always going to be prob-
lematic and dependent not least on patient 
characteristics, which limb, limb length and 
so on. Long term renal replacement therapy 
carries risks of reduced life expectancy and 
morbidity. The anatomical injury required to 
confer this risk is to either a solitary kidney/
drainage system or bilateral kidneys/drainage 
systems.

• Secondary risks: to carry an appropriate 
level of risk for (1) complications such as 
 extravasation, urinoma, abscess (it should 
be noted that concurrent GI or pancreatic 
injuries are likely to carry a higher risk of 
sepsis from an undebrided injured perineph-
ric region), post- traumatic hypertension 
from renal artery injury, delayed haemor-
rhage and (2) problems with delayed recon-
struction that immediate reconstruction may 
not carry.

Such a balance would result in a nephrec-
tomy for a significantly bleeding renal injury 
where topical haemostat, wrapping/packing the 
kidney, and selective angioembolisation was 
deemed to confer too high a risk. Those patients 
that have had an adequate contrast scan with a 
sufficiently delayed phase (5–10 min post con-
trast injection) to visualise the ureters will have 
had sufficient imaging to reasonably determine 
how to balance this risk appropriately. Those 
without such imaging will carry an index of sus-
picion of KUB injury (ranging from evident, to 
possible but unlikely) with any of the following 
features:

• Isolated gross haematuria
• Microscopic haematuria (this may be 

unknown) with a systolic episode <90 mmHg 
(probable circumstance for DCL)

• An injury in immediate proximity to the 
course of the KUB structures, for example, a 
penetrating injury overlying the kidney or ure-
ter, or a pelvic fracture involving the posterior 
elements, or a Zone 2 or 3 RPH

• Suboptimal imaging that has provided an 
index of suspicion of KUB injury

The surgeon should decide whether any exist-
ing RPH meets their criteria for exploration. 
Exploring such RPH may provide definitive 
identification of an underlying KUB injury. If 
this is the case, the team (led by the surgeon) 
should decide whether the primary and second-
ary risks described above are best:

 1. to be tolerated due to extremis and impera-
tives for resuscitative efforts that can only be 
delivered in an intensive care setting.

 2. to be mitigated by postoperative CT imaging 
and appropriate endourological or interven-
tional radiological management (such as cys-
toscopy and double J stent or nephrostomy)

 3. to be mitigated by intraoperative investigation 
such as a one-shot IV pyelogram with the 
intent for:

 (a) injury management including on table 
endourological ureteric stenting or open 
ureteric stenting ± with externalisation ± 
immediate debridement and delayed 
reconstruction, or

 (b) injury management including immediate 
exploration, debridement and 
reconstruction

Selection of the appropriate course of action 
will depend on the patient and the hospital sys-
tem and resources. Note that these strategies 
should be accompanied by a mitigation strategy 
for ongoing bleeding that has not sufficiently 
declared by the criteria for RPH exploration. This 
can either be in the form of an on-table angio-
gram or post-operative CT; with the intent for 
selective angioembolisation.

 Posterior Abdominal Wall 
Musculature

The balance of risk decision for posterior abdom-
inal wall musculature wounds is between the risk 
conferred by devitalised tissue and/or a contami-
nated wound and the risk of ongoing bleeding, 
and the risk of generating haemorrhage from 
wound exploration including an associated RPH.

T. J. Stansfield
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• Devitalised tissue and wound contamination: 
High energy transfer wounds (for example 
from a high velocity round from a long barrel 
weapon) or deep wound contaminated with 
foreign material (particularly dirt or faeces) 
are likely to carry a risk of fatal sepsis, gas 
gangrene or tetanus too high to tolerate, 
regardless of mitigation with antibiotic or 
immunoglobulin. In low energy transfer 
wounds, on the balance of probabilities, with-
out an obvious source of contamination, the 
risk is likely to be low and tolerable. Patient 
factors, including immunosuppression, and 
the resource of the hospital system will con-
tribute to this risk assessment. In debride-
ment, there will be a degree of residual 
devitalised tissue and contamination that will 
be of tolerable risk to leave, mitigated by the 
DCL second look in due course. Metal frag-
mentation (not including radioactive material 
that is beyond the scope of this chapter) 
imbedded in the soft tissue, not viewable 
from within the wound, carries a very low 
risk. This should be left in situ unless a spe-
cific high risk is known; for example, in a war 
zone, the bomb builder’s tactic of defecating 
on an improvised explosive device after it is 
laid, thus faecally contaminating the blast 
fragments.

• For bleeding generated from the primary 
wound (or post debridement) that appears 
venous, the surgeon should try to gain haemo-
stasis with a topical haemostat and direct pres-
sure or packing. At the same time, the 
anaesthetist should ensure that coagulation 
physiology is being optimally managed. If this 
is not successful, then small Langenbeck 
retractors should be used to retract the lacera-
tion edges, with suction, to allow visualisation 
for application of ligaclips. With psoas inju-
ries, dissection and debridement does carry 
the risk of triggering significant bleeding from 
an ascending lumbar vein or tributary; hence 
the aphorism “don’t poke a skunk”—particu-
larly for wounds with low risk of contamina-
tion and devitalised tissue where such bleeding 
can be stopped by non-surgical means. The 
decision making process for bleeding thought 

to be arterial is by a balance of risk assessment 
between:

 1. An open surgical approach similar to the 
venous bleeding management described 
above, and

 2. Endovascular embolisation.
• The open surgical approach is immediate. 

However, if the blood loss until effective 
endovascular embolisation can be achieved 
is deemed tolerable (which is more likely to 
be minimal in a hybrid operating suite) then 
this is probably the most favourable course 
of action and may confer less blood loss. A 
methodology that is usually not effective is 
to gain comprehensive haemostasis only to 
trigger significant bleeding again through 
further debridement. Ongoing bleeding 
should usually be controlled to the extent 
that allows the surgeon to see what they are 
debriding before gaining more comprehen-
sive haemostasis.

The surgical team should be cognisant, for 
patients with penetrating trauma, that there may 
be hidden ongoing blood loss from an entry/exit 
wound on the patient’s posterior with the tract 
connected to the posterior abdominal wall 
laceration.

 Summary

The intra-operative management of polytrauma 
patients can be complex and naunced; in DCL the 
complexities rarely lie with the technical surgical 
aspects. Surgical management may impact and 
be impacted by the patient’s physiology and 
treatment by the anaesthetist, so clear communi-
cation is essential in order to optimise patient 
outcomes.

Questions
 1. Which of the following patient circumstances 

is most likely to require an alternative access 
approach than a midline abdominal incision 
for DCL?

 (a) An injury pattern that requires thoracot-
omy and laparotomy
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 (b) Multiple previous laparotomies for 
enterocutaneous fistula

 (c) Zone 1 REBOA in situ
 (d) Young and Burgess Grade 3 APC pelvic 

fracture
 (e) Hypovolaemic trauma shock
 2. The SNAP brief:
 (a) Is a confirmatory brief performed after 

the WHO surgical safety checklist
 (b) Always replaces the WHO surgical safety 

checklist in the context of DCL
 (c) Is a truncated version of the WHO surgi-

cal safety checklist for time critical 
situations

 (d) Mandates each team member introduces 
themselves by name and role

 (e) Is best performed immediately prior to 
skin incision

 3. In DCL where there is little or no intraperito-
neal blood on initial findings, a subxiphoid 
pericardial window may be indicated to:

 (a) Rule out cardiac tamponade
 (b) Control left ventricular bleeding
 (c) Control intrapleural bleeding
 (d) Facilitate total hepatic vascular exclusion
 (e) Improve supracoeliac aortic control
 4. In DCL releasing total supracoeliac aortic 

occlusion:
 (a) Is likely to cause the ETCO2 value to fall
 (b) Requires complete sub diaphragmatic 

haemorrhage control prior to release
 (c) Should be performed without anaesthetic 

team awareness
 (d) May require sequential reperfusion
 (e) Between 45 and 60 minutes is likely to be 

survivable
 5. In DCL use of a laparostomy:
 (a) Has significant risk of enterocuntaeous 

fistulae regardless of whether closed with 
48 hrs

 (b) Must never be used in conjunction with a 
negative pressure dressing

 (c) May not be tolerated due to increased 
intra-abdominal hypertension

 (d) May not be used in conjunction with liver 
packing

 (e) May mitigate the risk of abdominal com-
partment syndrome

Answers
 1. b
 2. c
 3. a
 4. d
 5. e
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Trauma in the Intensive Care  
Unit (ICU)

James Sira and Peter Lax

 What Is the ICU?

The Intensive Care Unit (ICU) is a separate and 
self-contained area of a hospital, by definition 
dedicated to the monitoring and managing 

patients with the most serious pathologies. These 
patient cohorts consist of planned ‘elective’ cases 
(such as after major surgery) and emergency 
‘acute’ admissions. The latter are cases such as 
serious road traffic accidents when the required 
management exceeds the ability of a standard 
ward. Increased medical and nursing staff ratios 
(often one nurse for two patients, or 1:1), greater 
availability of specialised allied health profes-
sionals including physiotherapists and dieticians 
and advanced monitoring and therapeutic options 
all contribute to the provision of this care. In the 
United Kingdom, the majority of Intensive Care 
doctors (Intensivists) will have a background in 
Anaesthesia; however, the workforce is evolving 
to include more doctors with a background in 
medical specialities such as Respiratory or Renal 
medicine, and most recently, those who are solely 
dedicated to intensive care medicine.

 Who Is Admitted to the ICU?

Intensive care encompasses all areas that provide 
Level 2 (high dependency) and/or Level 3 (inten-
sive care) care as defined by the Intensive Care 
Society document Levels of Critical Care for 
Adult Patients (2009). While there is some guid-
ance on what constitutes various levels of care, 
the potential for deterioration, age, comorbidities 
and frailty, staffing levels and skill mix, and med-
ical support must be factored into patient place-
ment decisions. Therefore ultimately, it is clinical 
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• Definition and purpose of the Intensive 
Care Unit, with examples of care levels

• When and why trauma patients may be 
cared for in the ICU

• Introduction to the concepts of damage- 
controlled resuscitation and surgery

• How to approach the resuscitation of a 
trauma patient, including the importance 
of correcting the ‘lethal triad’ of hypo-
thermia, acidosis and coagulopathy

• The importance of attention to adequate 
nutrition and avoidance of complications 
such as venous thromboembolism.

• Considerations when coordinating the 
care of patients with multiple injuries, 
including those in whom the decision has 
been made to transition to end of life care.
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judgement that determines the most appropriate 
location for ongoing care. Some examples of 
Levels of Care concerning trauma patients are 
provided below:

 Level 0 Patients

• Require hospitalisation, can be cared for in a 
regular ward. Observations required less fre-
quently than four hourly, e.g. isolated limb 
fracture.

 Level 1 Patients

• Patients in need of additional monitoring that 
can be provided on some regular wards or in a 
High Observations Bed (HOBs) environment. 
Observations required at least four hourly, e.g. 
continuous oxygen therapy, chest drain in situ, 
epidural analgesia or patient-controlled anal-
gesia in use, or those patients with limited 
physiological reserve or advanced age.

 Level 2 Patients

• Patients receiving or likely to require single 
organ support, which may include non- 
invasive ventilation or >50% oxygen via face 
mask.

• Close observation because of the potential for 
acute deterioration to the point of needing 
advanced respiratory support, e.g. pulmonary 
contusions and other chest injuries

• Use of an arterial line for monitoring and/or 
sampling of arterial blood, e.g. conservatively 
managed solid organ injuries with a risk of 
haemorrhage.

• Single intravenous vasoactive drugs to support 
blood pressure, cardiac output or organ 
perfusion

• Central nervous system depression, e.g. con-
servatively managed head injuries.

• Multiple large and complex dressings—limb 
and head, vacuum dressings

 Level 3 Patients

• Advanced respiratory support or multiple 
organ support

• Invasive mechanical ventilator support alone
• Two or more organ support, e.g. advanced car-

diovascular and neurological support.

 Trauma Patients in the ICU

Those trauma patients with the most severe inju-
ries are admitted to the ICU following multidisci-
plinary discussions between Trauma teams 
(Surgeons, Nurses) and Intensive care teams. 
There is clearly a subjective element to some of 
these decisions; however, the increasing experi-
ence of high volume trauma centres does improve 
the assessment and prediction of complications 
that are unique to this acute cohort, and as a cor-
ollary, appropriate placement.

The severity of traumatic injuries can also be 
assessed using the Injury Severity Score (ISS) 
[1]. This scoring system has been found to cor-
relate with mortality, morbidity and hospitalisa-
tion time after trauma. Advancements in 
treatments and care, coupled with the limitation 
of applying a population score to individual 
patients remain, and its primary utility may be in 
benchmarking, data collection and research. It is 
worth noting that a major trauma (or polytrauma) 
is defined as an ISS of greater than 15. A variety 
of other trauma scoring systems based on ana-
tomical injuries and/or physiological parameters 
exist [2, 3], which, when combined with an 
assessment of the patient’s reserve, can provide a 
starting point for the assessment of outcome.

Trauma patients may present to ICU anywhere 
along the continuum of their admission (includ-
ing before, after or between multiple operations), 
and the approach to trauma patients in ICU must 
reflect this. The damage control approach to both 
resuscitation and surgery may result in patients 
admitted to the ICU.  They are deliberately 
‘incompletely’ resuscitated or have not had a 
definitive surgery to address their injuries. One 
definition of damage control surgery (DCS) is the 
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“planned temporary sacrifice of normal anatomy 
to preserve vital physiology” [4]. This is based on 
the idea that severely injured patients will be 
unable to tolerate more extensive definitive pro-
cedures, and therefore the minimum necessary 
for stabilisation and haemorrhage control is per-
formed. An example of this is a patient with pen-
etrating abdominal trauma that has had packing 
of their liver and resection of their small bowel 
with the ends stapled off and left in discontinuity, 
the purpose primarily to stop further bleeding or 
contamination. This patient may have been 
brought to ICU for further stabilisation before 
definitive surgery to re-join the bowel and repair 
any other injuries that are not immediately life- 
threatening (e.g. closed fractures). With this in 
mind, the approach to resuscitation and manage-
ment of the trauma ICU is primarily concerned 
with the restoration of physiological normality as 
best as possible to prepare patients for further 
surgery and/or recovery. In the acute period, this 
most pertinently consists of correction of hypo-
thermia, acidosis and coagulopathy, often called 
the lethal triad because of the impact on non- 
surgical haemostasis and organ dysfunction [5].

Key Points
 1. The ICU manages patients with the most 

severe pathologies
 2. The ‘Level of Care’ relates to how much sup-

port they require and helps with staffing, 
logistics and data collection

 3. Trauma scores such as the ISS can help delin-
eate severely ill patients but are more useful 
for audit and research than to an individual

 4. The damage control approach aims to restore 
homeostasis so that definitive surgery and 
recovery are likely to be more successful

 Initial Assessment & Management

The initial assessment of the trauma patient must 
always consider two related but independent fac-
ets; the physical and physiological consequences 
of the trauma and the potential of a medical pre-
cipitant of or related to the trauma. Some exam-

ples include patients who have suffered 
myocardial infarctions or arrhythmias resulting 
in road traffic accidents, or patients who have 
attempted trauma-related deliberate self-harm 
but have also taken a prescription drug overdose. 
Each of these may require specific treatments 
independent of the consequences of the trauma. 
In addition to an appropriate history, examination 
and investigations, maintaining a high level of 
suspicion is essential to ensure treatable patholo-
gies are not missed. A thorough assessment will 
also allow a more complete picture of comorbidi-
ties and physiological reserve.

The initial admission period is also the time to 
consider a thorough review of all aspects of care 
that the patient has received. This includes a 
review of the initial CT reports and any possible 
addendums, documentation of all injuries includ-
ing those found when a complete secondary sur-
vey is performed, a review of blood tests including 
viscoelastic measures of coagulation (TEG, 
ROTEM) and, of course, administration of fluids, 
drugs and blood products. Discussions with sur-
geons and reviewing surgical operation notes to 
see what has been done in theatre, the current 
state of the patient’s anatomy, and plans for fur-
ther care (including restorative operative man-
agement) are also essential.

 Resuscitation

Patients may arrive in the ICU from either the 
emergency department or theatre cold, acidotic, 
coagulopathic (the so-called lethal triad) and 
incompletely resuscitated, sometimes in a delib-
erate attempt to avoid disruption of newly formed 
clots. This can be an inevitable consequence of 
large volumes of blood product transfusions, pro-
longed body cavity surgery, ongoing or new 
blood loss or organ dysfunction. Despite or 
because of this, it can be argued that there are few 
better places for sick patients to be managed than 
the ICU.

The initial assessment should consider overall 
stability and the extent of any unresolved or 
worsening shock. It is helpful to consider shock 
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as a cumulative phenomenon in which the depth 
and duration determine the total “dose” in an 
integrative phenomenon [6]. It is, therefore, 
imperative that it is treated rapidly and appropri-
ately to avoid irreversible organ dysfunction. 
Resuscitation requires the arrest of bleeding and 
restoration of haemodynamic stability by ade-
quately replacing the circulating volume and re- 
establishing macro- and micro-circulatory flow 
to restore end-organ homeostasis, repaying any 
“oxygen debt”.

Physical haemostasis should be achieved 
before admission to ICU either through intraop-
erative surgical control of bleeding such as by 
vessel ligation and cautery, or via interventional 
radiological means as is seen with some pelvic 
injuries. The focus may then begin on achieving 
physiological haemostasis by aggressively treat-
ing the lethal triad mentioned above and subse-
quent resuscitation.

In simplistic terms, macrocirculation refers to 
the vessels that transport blood to and from the 
organs; in contrast, microcirculation refers to ter-
minal arterioles, metarterioles, capillaries and 
venules. Supranormal and goal-directed thera-
pies presume that attaining macro-circulatory tar-
gets such as cardiac output and oxygen delivery 
will directly lead to perfusion at the level of the 
microcirculation. However, beyond a minimal 
level of cardiac output and arterial pressure, there 
may be considerable disassociation between the 
micro and macrocirculation which may be wors-
ened by shock. Therefore, normal or low-normal 
rather than supranormal resuscitative targets may 
be a more appropriate paradigm to adopt. It is 
worth mentioning that in some cases, such as 
those who have sustained traumatic brain injury 
(TBI), the maintenance of an appropriate cerebral 
perfusion pressure remains a priority in prevent-
ing secondary injuries. The institution of aggres-
sive blood pressure management may be 
necessary.

In the early phase of traumatic shock, volume 
loading remains the mainstay of circulatory sup-
port. In this context, it must be recognised that 
while vasopressors may improve macrovascular 
parameters (particularly arterial blood pressure), 
they may conversely worsen microvascular per-

fusion and mask volume depletion. This was 
demonstrated in a 2008 paper demonstrating that 
inappropriate vasopressor use in trauma almost 
doubled mortality in the first 24  h following 
injury who were inadequately resuscitated [7]. 
This paper is notable for the aggressive crystal-
loid resuscitation in both groups (over 16  L in 
24  h) in preference to early blood transfusion. 
Still, it shows a mortality benefit, even with this 
approach.

A more appropriate tactic may be to consider 
fluid administration (primarily blood and blood 
products) to restore circulating blood volume, in 
combination with analgesia and sedation to dilate 
constricted blood vessels and improve microvas-
cular perfusion.

Resuscitation targets should be individualised 
as much as possible depending on age, comor-
bidities (such as cardiac disease and hyperten-
sion) and competing physiological interests (for 
example co-existing CNS injuries). We must not 
be overly reliant on arterial blood pressure as a 
surrogate of blood flow (cardiac output) and 
organ perfusion. Non-invasive measures of car-
diac output based on pulse contour analysis and 
thoracic bioimpedance have been used to guide 
fluid, vasopressor and less frequently inotropic 
therapy in the shocked patient, but concerns 
about their accuracy remain. The proliferation of 
critical care echocardiography provides a more 
modern, non-invasive solution to assess cardiac 
output and parameters such as stroke volume that 
may be used to guide resuscitation, calculated 
using techniques such as velocity-time integrals 
(VTIs) [8].

Surrogates of end-organ perfusion that may be 
helpful include changes in conscious levels, 
respiratory rate, heart rate, mean arterial blood 
pressure and urine output. Each parameter has 
limitations and cannot be interpreted in isolation, 
but trend values are likely to be useful. In the 
absence of specific goals, a starting point of a 
mean arterial pressure of 65–70 mmHg in a pre-
viously normotensive patient is reasonable, and a 
target heart rate value under 100 bpm. There may 
be an argument for targeting a higher MAP in 
those with known hypertension who demonstrate 
signs or symptoms consistent with organ hypo-
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perfusion. Although performed in the septic 
rather than traumatic patient cohort, the 
SEPSISPAM trial suggested that a MAP of 
80–85  mmHg in patients with chronic arterial 
hypertension may confer some renoprotective 
effects compared with a lower MAP target. 
However, this was not associated with a mortality 
benefit [9].

The normalisation of pH, lactate and base def-
icit are all suggestive of restored micro- 
circulatory perfusion. Until definitive haemostasis 
has been achieved, blood and blood products 
should provide most if not all of the volume for 
correction of fluid deficit. Should subsequent 
fluid management be required, consideration 
should be given to selecting balanced crystalloids 
such as Hartmann’s solution over 0.9% Saline in 
the vast majority of situations, with TBIs the 
obvious exception. This is because there is 
increasing evidence that balanced crystalloids 
may be less harmful, particularly with respect to 
renal dysfunction and or failure [10]. There is 
absolutely no role for the gelatin or starch-based 
colloids in modern practice; they confer no 
advantages and are almost certainly harmful in 
some capacity [11]. Haemoglobin, electrolytes, 
static and dynamic clotting profiles may also be 
targeted for correction in the resuscitation phase. 
However, as with arterial blood pressure targets, 
the aim is not to restore complete normality. 
Transfusion targets should aim for a haemoglo-
bin concentration between 80 and 100  g/L in 
those patients at risk of bleeding to provide a hae-
matological buffer and to support haemostasis.

Over-aggressive fluid administration can 
result in hypothermia, clot disruption and haem-
orrhage exacerbation in the initial period. It is 
also associated with the development of subse-
quent organ dysfunction and oedema, contribut-
ing to renal failure, cardiac failure and Acute 
Respiratory Distress Syndrome (ARDS). By giv-
ing excess fluids in the first throes of resuscita-
tion, the patient is put at risk of developing 
potentially life-threatening complications that 
may have been avoided by more judicious man-
agement. Overly aggressive fluid administration 
also has adverse immunomodulatory effects and 
adversely affects capillary permeability. This in 

itself leads to an increased capillary leak (in part 
via breakdown of the endothelial glycocalyx) and 
consequently can perpetuate hypotension. This 
hypotension can be mistakenly treated with fur-
ther fluids which exacerbate the problem, and the 
patient may enter into a downward spiral.

 Hypotension on ICU

In the hypotensive trauma patient, haemorrhage 
must always be excluded as the primary cause, 
especially in the initial management period. 
Investigation of occult or missed injuries that 
may now be the source of bleeding will necessi-
tate further imaging in most instances unless 
there is strong evidence of the source or the 
patient is physiologically unstable. In this case, 
immediate resuscitation and operative manage-
ment may be the more appropriate courses of 
action. It can be challenging to differentiate 
between surgical/anatomical/mechanical haem-
orrhage and bleeding associated with a physio-
logical coagulopathy, especially in the context of 
conservatively managed injuries. Early involve-
ment of the trauma team may help with future 
decisions for developing complications and care.

Once haemorrhage and under resuscitation 
have been excluded as causes for hypotension, 
the next most likely explanation is the manifesta-
tion of the inflammatory response to trauma. A 
great deal has been written regarding the SIRS 
(Systemic Inflammatory Response Syndrome) in 
the context of sepsis. The body’s immune system 
releases multiple cytokines and chemokines in 
order to combat infection, but occasionally the 
response can be maladaptive and cause further 
tissue damage if it is exaggerated. An analogy 
might be a guard dog—very effective at scaring 
off intruders, but it may harm its owner if it 
becomes too aggressive. The SIRS response is 
caused by Pathogen Associated Molecular 
Proteins (PAMPs), causing expression of various 
pro-inflammatory molecules such as interleukins 
1, 6, 8 and 12, as well as Tumour Necrosis Factor 
Alpha (TNFɑ). Trauma can induce expression of 
the same factors by releasing Damage Associated 
Molecular Proteins [12] (DAMPS) into the circu-
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lation, such as free haeme molecules and frag-
ments of hyaluronic acid [13]. The same clinical 
manifestations occur, namely hypotension, fever 
and organ dysfunction. Both conditions’ manage-
ment strategy is the same—source control of 
infection or ongoing tissue damage, provision of 
adequate oxygen delivery to tissues, and cardio-
vascular support to allow healing to occur. It 
must be remembered that the SIRS response is a 
bimodal phenomenon; the initial hyperinflamma-
tory immunologic milieu is later replaced by a 
relative phase of immunosuppression and risk of 
secondary infection. In Trunkey’s traditional tri-
modal distribution of traumatic deaths, the late 
deaths from trauma are usually secondary to 
infection or multi-organ failure [14]. At a cellular 
level, the maintenance of the endothelial glycoc-
alyx [15] is key to ensuring that end-organ dam-
age is minimised due to the inflammatory 
response. Several acute strategies can be 
employed in the initial mass transfusion and 
resuscitation phase, such as using blood and FFP 
in a 1:1 ratio as a resuscitation fluid [16] and use 
of high dose opiates such as fentanyl [17] to min-
imise endogenous vasoconstriction. These meth-
ods have been associated with good outcomes in 
severely injured patients. A recently published 
randomised clinical trial has challenged this par-
adigm. Infusions of low dose arginine vasopres-
sin during resuscitation of haemorrhagic shock in 
trauma patients was found to reduce the need for 
blood transfusions by 1.4  L in the first 48  h. 
While it is currently a single paper that goes 
against the extant evidence base, if this study 
stands up to further scrutiny and the effects con-
firmed in larger-scale trials, our approach to the 
bleeding trauma patient may need to change [18].

 Blood Products in ICU

Resuscitation with blood products is the expected 
standard for trauma patients who have bled. 
However, blood products present additional 
inherent problems such as Transfusion Associated 
Circulatory Overload [19] (TACO) and 
Transfusion Related Acute Lung Injury (TRALI). 
If the patient is over transfused, TACO can occur 

and lead to pulmonary oedema via excess left 
ventricular preload. This is separate from the 
immunological effects of transfusion of blood 
products leading to an acute lung injury. It must 
be noted that although circulatory overload can 
(and occasionally does) occur with crystalloids, 
TRALI is a phenomenon specific to blood prod-
uct transfusion. Certain FFP donor characteris-
tics are associated with a higher rate of TRALI 
(e.g. female donors with a history of pregnancy), 
and some studies have looked at only using FFP 
from lower risk sources [20]. A more pragmatic 
strategy would be to have a specific endpoint in 
mind for transfusion (e.g. a normal thromboelas-
togram such as a TEG or ROTEM) once surgical 
haemostasis has been achieved. A recent 
Cochrane review [21] looked at this approach. 
While a direct mortality reduction was not seen, 
there was a reduction in the amount of both FFP 
and platelets given in the groups where therapy 
was guided by thromboelastography. However, 
these patients were primarily elective cardiac and 
liver surgery patients, so the results may not be 
applicable to the trauma population.

Looking at other evidence, one study [22] sug-
gested that decreasing the mass transfusion ratio 
away from 1:1 FFP: PRBC to somewhere around 
0.3:1 would ensure adequate coagulation while 
decreasing the risk of respiratory complications. 
This is an area for much more research, and there 
are clearly several confounding factors; however, 
one excellent review [6] highlighted that the 
Intensivist should aim for adequate rather than 
normal function. The pursuit of normal values 
may lead to iatrogenic injury and complications 
and provide no benefit in the long term. In the 
context of correcting traumatic coagulopathy, an 
INR of 1.5 may not be entirely normal, but in the 
absence of ongoing bleeding it is adequate.

 Renal Injury

One recent review [23] has estimated acute renal 
injury to occur in between 20% and 50% of all 
intensive care admissions. Trauma patients 
unwell enough to require critical care have mul-
tiple risk factor for the development of renal fail-
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ure, including direct physical renal or renal tract 
trauma, rhabdomyolysis from muscle injury, per-
sistent hypotension, poor fluid management 
including fluid overload, and as a result of medi-
cations administered during the critical care 
admission.

Renal failure may also be precipitated by 
abdominal compartment syndrome [24]. In this 
condition, excessive pressure within the abdomi-
nal cavity can cause compression of both the kid-
neys themselves as well as a restriction of their 
afferent and efferent blood supply, causing them 
to fail. This pressure can also affect the blood 
supply to other organs such as the gut and the 
liver. Abdominal compartment syndrome can 
also cause difficulty in ventilation due to upward 
pressure on the diaphragm, and a rise in intracra-
nial pressure due to compression of the vena cava 
leading to impaired cerebral venous drainage. 
Abdominal compartment syndrome is common 
after blunt trauma to the abdomen due to haemor-
rhage, or secondary to oedema of the abdominal 
organs or the abdominal wall itself. Intra- 
abdominal organ and abdominal wall oedema can 
also result from excessive fluid (particularly crys-
talloid) administration. Treatment consists of 
monitoring (usually via an adapted urinary cath-
eter) and, in some extreme cases, a laparostomy 
to open the abdominal cavity for days or weeks 
and leave space for the viscera to expand without 
suffering the effects of pressure. When a damage 
control laparotomy has been performed, it is not 
uncommon to leave the abdominal cavity open 
with a membrane over the wound for at least 48 h 
to reduce the risk of abdominal compartment 
syndrome developing.

There will be instances where the cause of any 
renal injury will be unclear. In addition to stan-
dard review and investigations such as a renal 
tract ultrasound, review of medication charts to 
exclude nephrotoxic medications and exclusion 
of infections, it is recommended to monitor 
serum creatine kinase (CK) levels. If CK levels 
are raised, this should prompt a search for an 
occult muscular compartment syndrome, for 
example, in the gluteal or other less visible 
regions. The treatment in these instances will be 
urgent surgical fasciotomy of the affected areas.

Key Points
 1. Consideration must always be given to a pre-

cipitating medical pathology in any traumati-
cally injured patient.

 2. Resuscitation should largely consider replace-
ment of circulating volume with blood prod-
ucts before medications such as vasopressors 
as started.

 3. Competing pathologies such as haemorrhage 
and head injury require individualised targets 
for blood pressure management.

 4. Acute kidney injury is multifactorial in trauma 
patients but is common and should be consid-
ered in all admissions.

 Secondary & Tertiary Survey

It is prudent to complete a secondary and tertiary 
survey that in the most seriously unwell patients. 
This may understandably be delayed while life- 
threatening injuries are managed. Often this will 
be devolved to the ICU team and may need to be 
completed within the constraints of a patient’s 
level of consciousness. The tertiary survey is that 
process by which all injuries are identified and 
catalogued [25]. Only when this process is com-
plete can a comprehensive treatment plan be for-
mulated. Secondary and tertiary surveys involve 
a top-to-toe examination to reassess known inju-
ries, confirm suspected injuries, and identify 
occult injuries by serial re-examination and fur-
ther diagnostic study. Of particular relevance are 
injuries that may have long term implications if 
not dealt with acutely, though they may not be 
life-threatening.

Consider the example of a fractured wrist in 
an intubated patient. This injury may lead to a 
long-term restriction in function or chronic pain 
if it is not managed correctly, though it will not 
kill the patient. The initial trauma CT (if per-
formed) is an excellent place to start; by the time 
a secondary or tertiary survey is performed, it 
will likely have been peer-reviewed and a formal 
“cold” report issued. Any region of the body sus-
pected of being injured should be appropriately 
imaged if it has not already, and in some instances, 
re-imaged.

31 Trauma in the Intensive Care Unit (ICU)



608

 Continued Care

 Nutrition

Patients who undergo severe trauma can quickly 
end up in a profoundly catabolic state with pro-
found negative consequences for healing and 
recovery. Calorific need can be challenging to 
assess and meet and require expert guidance from 
critical care dieticians. The optimum way to feed 
a patient is by the early institution of enteral 
nutrition [26], in other words, using the patient’s 
own digestive tract. If a patient is unable to main-
tain oral intake, for example, because of reduced 
consciousness, then a nasogastric (NG) tube can 
be passed and the patient can be fed via a pump 
until they wake up and are safe to swallow. The 
NG tube can be kept in situ as long as needed. 
The position should be checked by aspiration and 
pH assessment to avoid complications, the most 
significant of which is when feed is inadvertently 
infused into the lungs.

Both the nutritional state of the patient [27] at 
the time of their injury and the amount of supple-
mentation [28] have been shown to impact mor-
bidity and mortality in ICU, highlighting the 
importance of adequate nutritional support. This 
is especially true if the gastrointestinal (GI) tract 
has been injured and normal feeding cannot 
occur, or there is a prolonged ileus. The use of 
early total parenteral nutrition (TPN—infusing 
nutrients directly into a large central vein and 
bypassing the gut altogether) has been the subject 
of much investigation. Although the idea of sup-
porting nutrition this way seems attractive, in 
practice the evidence is highly contradictory. In 
some studies, early initiation of TPN has been 
shown to prolong ICU stay [29], have no effect in 
decreasing time on ICU [30] and be prohibitively 
costly [31] to recommend as a standard therapy.

In contrast, other studies have shown a reduc-
tion in ventilator days [30], decreased infection 
rates and fewer days on antibiotics [32]. What 
has been agreed in the recent literature is that 
TPN is safe. Advances in the formulation of TPN 
have somewhat allayed historical concerns about 
sepsis and high rates of liver dysfunction. What is 
not clear is the optimal timing of the introduction 

of TPN, particularly in the context of major 
trauma. If the GI tract will not be usable for a 
prolonged period, there is little to be gained from 
delaying the establishment of sufficient nutrition; 
an energy deficit of 1200 k/cal/day has been iden-
tified as an independent risk factor for dearth on 
ICU [33]. If standard enteral feeding is poten-
tially viable, then a period of attempting to estab-
lish feeding via this route is appropriate. If it 
becomes evident after 72 h that enteral feeding is 
not meeting the patient’s calorie requirements, 
then giving TPN in addition to whatever is being 
absorbed to ‘top-up’ the patient’s calorie intake is 
a sound practice. Continuing with small amounts 
of NG feed is vital in maintaining gut integrity 
and decreasing the risk of refeeding syndrome 
[34], which can be a disastrous complication of 
intensive care admission. Specific guidelines 
exist [35] to identify patients at risk of refeeding 
syndrome and its management.

From a practical perspective, maintaining 
continuous feeding in patients planned for multi-
ple surgeries can be challenging because of the 
inherent dogma that all patients for theatre 
require at least 6 h of fasting. Suppose a patient is 
already intubated (and therefore has a secure air-
way), and the procedure does not involve the GI 
tract or manipulation of the airway. In that case, 
there is no reason to adhere to traditional periop-
erative fasting practices. The key to preventing 
this lies in both education of medical and nursing 
staff, effective scheduling and coordination 
between specialities timing of operations to 
ensure multiple procedures are performed at one 
sitting where possible (see below).

 Venous Thromboembolism (VTE) 
Prophylaxis

Multiple studies have identified the severely 
injured trauma patient as being at high risk for 
VTE [36]. Specific factors that increase the risk 
of VTE in trauma patients include spinal cord 
injury, head trauma, lower extremity fractures, 
pelvic fractures and high injury severity scores. 
Multiple blood transfusions and a delay in phar-
macological VTE prophylaxis (especially beyond 
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72 h) have also been demonstrated to be signifi-
cant risk factors [37].

The strategies for preventing VTE reduce but 
do not eliminate the risk entirely. Pharmacological 
prophylaxis consists of low molecular weight 
heparin (LMWH) as the first choice agent assum-
ing renal function is adequate. Non- 
pharmacologic methods consist principally of 
intermittent compression devices (often in con-
junction with compression stockings) and should 
be instituted in the absence of contraindications 
(e.g., external fixation, lower extremity fractures, 
peripheral vascular disease). A Cochrane review 
found that combined (mechanical and 
 pharmacological) prophylaxis reduced DVT risk 
relative to pharmacologic prophylaxis alone [38]. 
Therefore, this should be advocated as the stan-
dard of care in all ICU patients.

Early institution of pharmacological prophy-
laxis is desirable for avoiding the complications 
of VTE (DVTs & PEs). However, this must be 
balanced against the risk of bleeding, which will 
be more pertinent in trauma patients with sus-
pected ongoing bleeding or severe coagulopathy. 
Data to precisely estimate the risk of bleeding in 
trauma patients are limited. However, particular 
mention should be made of patients with trau-
matic injuries involving the brain (TBI) or spine 
(TSCI), bleeding from solid organ injuries being 
managed conservatively, liver injuries that have 
been packed, and pelvic fractures. In patients 
with TBI or TSCI, consensus opinion recom-
mends the initiation of LMWH within 72  h of 
injury if CT imaging and clinical assessments 
suggest stable pathology. Observational studies 
have also suggested that LMWH may not increase 
the rate of bleeding or failure of non-operative 
management in patients with solid organ injury. 
Therefore, initiation within 48  h may be 
appropriate.

The risk of VTE rises sharply if treatment is 
delayed beyond 72–96 h [39]. If pharmacologic 
prophylaxis is contraindicated for a period 
beyond this time frame, placement of a prophy-
lactic inferior vena cava (IVC) filter may be 
appropriate [40]. The filter serves as a mechani-
cal obstruction to thrombus travelling toward the 
pulmonary vasculature and may decrease the 

incidence of pulmonary emboli. However, IVC 
filters are ineffective at blocking thrombus origi-
nating from the upper extremities, chest or neck. 
Additionally, several complications have been 
described, including thrombus accumulation 
potentially leading to IVC thrombosis, filter 
migration and vena cava perforation. A clear con-
sensus governing the use of prophylactic filters in 
trauma patients has yet to be reached. It must be 
stressed that there is a lack of data to support a 
mortality benefit for prophylactic IVC filter 
placement, and the American College of Chest 
Physicians (ACCP) guidelines [41] do not advo-
cate using prophylactic IVC filters in trauma 
patients routinely. For the time being, prophylac-
tic IVC filter placement should only be consid-
ered for the very-high-risk trauma patient with 
ongoing contraindications to anticoagulation.

 Coordinating Further Care

In conjunction with the relevant specialists, the 
Intensivist must decide on an agenda for further 
surgeries and treatments to coordinate the best 
possible care for the patient. In a method analo-
gous to the damage control approach, the inter-
vals between surgeries should allow recovery of 
physiological normality as much as can be 
expected to reduce the risk of potential complica-
tions and improve healing. However, the sched-
ule should also minimise the interval between 
surgeries if the injuries to be treated may inhibit 
recovery or rehabilitation progression. Essential 
questions to ask are as follows:

• What is the importance of surgical manage-
ment to waking, weaning, rehabilitation or 
nursing care? e.g. spinal column fixation and 
limitations on patient positioning in ICU.

• Which injuries are most important?
• Does the surgery need to be performed in the 

acute phase of illness? E.g. maxillofacial frac-
tures that do not influence airway 
management.

• Does the patient have the physiological 
reserve to tolerate the procedure? Will a delay 
improve this? E.g. correction of clotting 
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abnormalities, the institution of RRT, optimis-
ing nutrition.

• Can more than one operation be performed at 
one theatre trip? e.g. fixation of a femoral 
fracture and surgical tracheostomy.

• What is the expected operative course of an 
injury? E.g. return for skin grafting or wound 
closure.

• Does the patient need to remain sedated and 
intubated before the surgery is complete? E.g. 
management of agitation and/or extreme pain.

• Can the patient be woken up after the 
surgery?

Further care of the trauma patient also includes 
acknowledging the psychological impact critical 
illness has on patients. Studies suggest that up to 
50% of patients or more experience symptoms 
consistent with post-traumatic stress disorder 
(PTSD), anxiety or depression following critical 
care, and expert intervention should be consid-
ered [42]. The UK National Institute for Health 
and Care Excellence guideline on rehabilitation 
from critical illness recommends early identifica-
tion and support as part of a recovery plan. Most 
interventions to reduce psychological morbidity 
have been implemented in the months following 
discharge from critical care and hospital. They 
include follow-up clinics, rehabilitation services, 
patient diaries and nurse-led psychological 
recovery sessions [43].

 End of Life Care

Trauma patients may be admitted to the ICU even 
when the multidisciplinary team’s consensus is 
that the injuries are likely to be unsurvivable. 
This group includes younger patients with TBI or 
patients with extensive injuries in the context of 
life-limiting comorbidities. The purpose of these 
complex decisions can be considered to have two 
related but distinct reasons. The first is an 
acknowledgement that early prognostication 
based on, in many cases, a combination of clini-
cal assessment of injury patterns, clinical experi-
ence and imaging reports of brain CTs is very 
difficult. Therefore, a further assessment period 

(which may not include aggressive treatments) 
allows greater prognostic accuracy, which, given 
the gravity of the decisions to be made, seems 
eminently sensible. The eventual outcome for 
such patients is often death or survival with a 
severe disability. However, there is a greater 
appreciation that some of our traditional deci-
sions became “self-fulfilling prophecies”. This 
ethos forms the basis for the consensus statement 
from the FICM & ICS regarding devastating 
brain injury (DBI) [44], which is unfortunately 
applicable to many trauma patients. The second 
reason may be to allow withdrawal of life- 
sustaining treatments when the family are in 
attendance, or if the clinician judges the ICU 
environment to be a more suitable location to 
provide end-of-life care.

Once the decision has been made that continu-
ation of further life-sustaining therapies is not in 
the patient’s best interests, if appropriate, com-
munication with the Specialist Nurses in Organ 
Donation (SNODs) can begin. In the UK, SNODs 
can check the organ donation register to see if the 
patient has registered to be an organ donor. They 
can also discuss with the patient’s relatives to 
decide if organ donation would be consistent 
with the patient’s wishes if they were not on the 
register. Unfortunately, death following trauma 
(particularly TBI) remains a significant source of 
organs for donation, primarily because trauma 
currently disproportionately affects young and 
otherwise fit people.

Key Points
 1. Nutritional support is a fundamental compo-

nent of recovery from severe trauma injuries, 
and the involvement of a dietician should 
begin as soon as possible.

 2. VTE is a common complication in traumati-
cally injured patients, and adequate mechani-
cal and chemical thromboprophylaxis must be 
started when safe. Consideration of an IVC 
filter should occur if there are contraindica-
tions to chemical thromboprophylaxis.

 3. Coordinating care is essential to the patient’s 
recovery and rehabilitation, and procedures or 
operations should be staged and planned as a 
priority.
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 4. End of life care is a keystone component of 
intensive care, and this includes the consider-
ation of organ donation in those patients and 
families who have consented to this.

 Conclusion

The complexity of modern trauma care is mir-
rored in the requirement for more specialised 
intensive care. High volume centres with 
increased experience contribute to better patient 
outcomes. However, there are still improvements 
to be made, including advancing treatments, sup-
port therapies, and understanding of the trauma 
patient’s pathophysiology. The Intensivist needs 
to combine attention to detail with particular ref-
erence to resuscitative endpoints, fluid and blood 
administration, occult pathologies with an over-
arching view of the entire patient journey and 
coordinate multidisciplinary specialities, includ-
ing the transition to rehabilitation.

Questions
 1. Damage control surgery (DCS) can be 

described as the following:
 (a) The planned temporary sacrifice of nor-

mal anatomy to preserve vital 
physiology

 (b) Comprehensive surgery to correct all 
injuries

 (c) Should only occur if admitted overnight
 (d) A surgical technique exclusively for tho-

racic injuries
 2. A Devastating Brain injury describes:
 (a) A patient admitted only for organ 

donation
 (b) A patient who only has intracranial 

pathology
 (c) A patient who is dead as assessed using 

neurological criteria (Brain Stem Tests)
 (d) A brain injury that is likely to be fatal but 

requires more time for prognostication to 
occur more accurately

 3. Venous thromboembolism prophylaxis:
 (a) Low molecular weight heparin (LMWH) 

should be started immediately on arrival 
in ICU.

 (b) Must balance the risks of bleeding versus 
the risks of thrombosis in each individual 
case

 (c) Should routinely include IVC filters
 (d) Can always wait over 96 hours before 

being started

 4. In the hypotensive trauma patient:
 (a) Acute haemorrhage should always be 

considered
 (b) Large volumes of crystalloid fluids should 

be administered
 (c) Those with a traumatic brain injury can 

be managed at lower blood pressures
 (d) There is no need for further imaging if 

performed recently
 5. The Intensive Care Unit
 (a) Has a higher ratio of nursing staff to 

patients
 (b) Aims to provide therapies whilst patients 

remain on their usual ward
 (c) Cannot provide therapies beyond more 

accurate monitoring
 (d) Is not for patients over the age of 80 years 

old

Answers
 1. a
 2. d
 3. b
 4. a
 5. a
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 Introduction

Traumatic spinal cord injury (SCI) is associated 
with significant mortality and morbidity, it also 
has a profound effect on the quality of life, men-
tal health, and socio-economic circumstances. 
Furthermore, it has a major impact on patient’s 
families too.

In recent decades, significant progress has 
been made in the management of spinal injuries. 
Improved legislation, public education, infra-
structure, and better vehicle designs have reduced 
the incidence of SCI. There is now a better under-
standing of the nuances and significance in anat-
omy, pathophysiology, and biomechanics of the 
spine and their implications in the management 
of intrinsic cord injury. Similarly, tremendous 
progress has been made in prehospital care, 
transport, management in the Emergency 
Department (ED), and Intensive Care Unit (ICU) 
along with improvement in definitive medical 
and surgical care. There is, however, much that 
remains elusive and the focus of research. 
Research is hindered by the implicit challenge of 
tissue sampling of cerebrospinal fluid for bio-
chemical factors and signalling markers. 
Litigation from ensuing disability, with both civil 
causes and iatrogenic, and an adversarial process 
for financial support in victims make enrolment 
in clinical trials difficult.

Prehospital spinal immobilisation has (rightly 
or wrongly) become a universal standard of care 
for suspected structural spinal injury. Patients are 
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 1. Understand the epidemiology of spinal 
cord injury and patient presentation.

 2. Understand the difference between neu-
rogenic shock and spinal shock

 3. Understand why different cord injury 
patterns manifest with different clinical 
signs based on the topography of the 
spinal cord

 4. Understand what constitutes a stable vs 
unstable spinal injury

 5. Understand the evidence around indica-
tions and proposed benefits of cervical 
spine immobilisation, and the evidence 
of harm/complications arising from their 
use

 6. Understand the indications for imaging 
in cervical spine injury, and common 
decision making tools that are 
implemented.

 7. Understand specific cervical spine inju-
ries and their operative management.
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supported with a rigid cervical collar with blocks 
and straps on a backboard or scoop; practice 
advocated by the Advanced Trauma Life Support 
(ATLS) guidelines. This is based on the aspiration 
that spinal immobilisation minimises further spi-
nal movement, thus mitigating secondary spinal 
cord injury. This is done despite the low incidence 
of spinal fracture or cord injury, and without level 
1 evidence to support such a practice; it may prin-
cipally be driven by fear of missing a potentially 
devastating injury and the litigation associated 
with it. Little consideration is routinely given to 
the potential harms of cervical collars when 
applied in this setting. The practice follows on the 
general principles learnt and influential to trauma 
management from the Second World War and 
development of splints such as the Thomas femo-
ral splint that demonstrated tremendous benefit of 
immobilisation and stabilisation of injuries.

This chapter evaluates the epidemiology of 
spinal injuries along with classification, assess-
ment, and management of spinal trauma.

 Epidemiology

The global incidence of traumatic spinal injury is 
around 10.5 per 100,000, with traumatic SCI 
reported from 0.8–24.6 cases per 100,000 [1]. By 
way of example, 1.7 in Brazil, 19.5 in Ireland, 5.3 in 
Canada, 3–4 in the United States, and 1.3 in the UK 
(per 100,000) [2, 3]. The wide variation in the inci-
dence of SCI may be related to several factors such 
as traffic regulations, socio- economic conditions, 
geographical distribution, and level of education 
besides the robustness of data being captured [4]. 
Perversely, the incidence of traumatic SCI is gradu-
ally decreasing in developed countries, which may 
be related to legislation, improved vehicle design, 
prevention programmes, improved road safety, and 
education. However, the overall worldwide inci-
dence of SCI is gradually increasing, with the injury 
burden primarily carried by low and middle-income 
countries, factors related to industrialisation and 
increasing population.

There are approximately 1200 new cases of 
SCI each year in the UK, and it is estimated that 
40,000 people in the UK live with SCI [2, 5]. In 
the United States, 12,000 cases of SCI occur annu-

ally, and it is estimated that 1.3 million people in 
the US are affected by paralysis secondary to SCI 
[6, 7]. In the UK, half of SCI is attributable to road 
traffic accidents, the remainder mainly from falls 
and less than a tenth occurring in sports [8]. In 
children, the most common causes are either sports 
injury or water-related recreational activities. SCI 
is present in one in twenty severe traumatic brain 
injuries. (TBI), whereas up to a quarter of the 
patients with spinal injury will have at least mild 
TBI [9]. Traumatic SCI is four times more com-
mon in males, and the mean age at injury is 
33 years [2]. This carries a tremendous economic 
burden and incapacitates the affected population 
group who often have yet to amount savings and 
are thrown into vulnerability.

The incidence of any form of cervical spine 
injury in blunt trauma is around one in thirty (2–4%) 
but rises tenfold (34.4%) in obtunded polytrauma 
patients [10]. Half (56%) of patients with a cervical 
cord injury have an associated fracture; this is in 
comparison to all (100%) patients with thoracic 
cord injury and 85% of patients with injury to the 
neural tissues in the lumbar spine [2]. In penetrating 
trauma, the incidence of cervical fracture and SCI is 
even lower; 1.43% and 0.38% respectively.

Of the fractures causing SCI, half (50%) are 
located in the cervical spine, a third (37%) in the 
thoracic spine, and a tenth (11%) in the lumbar 
spine. In the cervical spine, most commonly the 
C6/7 (50%) level is affected, and a third (33%) 
involve C2 [8].

One in ten patients have multi-level spinal 
involvement; assessment and imaging of the whole 
spine is of critical importance if a fracture is found. 
Prospectively collected data from Trauma Audit 
and Research Network (TARN) from 1988 to 
2009 looking at the data from 250,584 patients 
showed that patients with a GCS of 8 or less, with 
a fall greater than 2 m, a sports injury or RTA were 
most at risk of spinal fracture or dislocation. 
Further to this, predictors of spinal cord injury 
were patients with their GCS in any way affected 
(<15), with a fall greater than 2 m, a sports injury, 
associated chest injury, and gunshot wounds, with 
both fractures and cord injuries more common in 
males under 45 years of age [11].

Life expectancy after SCI depends on many 
factors such as age, co-morbidities, severity, 
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availability of healthcare resources, and is 
reported from 1.5 years to 52.6 years [2]. The 
variation from country to country in the inci-
dence of traumatic SCI is telling and underpins 
the wide, country-specific variation in mortality 
rate from SCI.

The lifetime cost of care of a patient with 
SCI is reported to be between £1.2 and 3.6 mil-
lion (1.6–4.8 million USD), although this figure 
rises annually. The United States spends around 
$9.7 billion annually on the treatment of SCI [7, 
12]. Cost estimates increase with younger age at 
the time of injury, and with ever advancing 
treatment and prosthetic options which are 
opening doors to the rehabilitation and indepen-
dence available.

 Classification

A number of classification systems have been 
proposed to explain the type and completeness of 
injury, spinal stability, and various fracture pat-
terns in the spine to ease communication between 
treating clinicians, standardise treatment as well 
as providing consistency for research. An ideal 
classification system should be easily reproduc-
ible and have low inter- and intra-observer vari-
ability to be widely accepted [13].

Spinal cord injury can be defined as either pri-
mary or secondary. Primary SCI occurs at the 
time of actual event and may be due to compres-
sion, traction, shearing, or haemorrhage. During 
primary injury, there may be damage to small 
intramedullary vessels, which can affect blood 
flow to the grey as well as the white matter. 
Within minutes of primary injury, secondary 
injury starts. Several factors have been  implicated 
in secondary traumatic SCI; it may be due to con-
tinued compression (mechanical or oedematous), 
hypoxia, or hypotension secondary to neurogenic 
or hypovolaemic shock. On a cellular level, free 
radical-mediated lipid peroxidation and mem-
brane damage, intracellular accumulation of cal-
cium, and disruption of cellular metabolism have 
been implicated. On a molecular level, reactive 
oxygen species, activated complement cascade, 
cytokines, nitric oxide, glutamate, and cyto-
chrome-c have been implicated.

A neurological deficit may occur early (within 
hours), or late (days or weeks), post primary injury. 
A primary spinal cord injury cannot be reversed 
but is preventable [7]. Legislation, public educa-
tion and improved vehicle designs have been cited 
as methods for decreasing the incidence of pri-
mary SCI.  Minimising or preventing secondary 
SCI is an area of active research, and several strat-
egies have been tried. These include induction of 
relative hypothermia, CSF drainage, drugs such as 
methylprednisolone, naloxone, barbiturates, free 
radical scavengers, and calcium channel blockers. 
However, these have all met with limited (if any) 
success that has meant there are no universal rec-
ommendations in their use [14].

Another way to classify SCI is complete versus 
incomplete injuries. In complete spinal injury, 
there is no motor or sensory function present below 
the level of the injury, including and notably of the 
sacral roots. This is due to the structural layout of 
the spinal cord, with sacral fibres typically in the 
most vascularised territories lying peripherally, and 
rostral tracts lying centrally at higher levels 
(Figs. 32.1 and 32.2). Incomplete injury manifests 
clinically as sacral sparing, whereby some sacral 
fibres receive limited blood flow. Complete loss of 
sacral reflexes, notably the bulbocavernosus, is a 
poor prognosticator and significant clinical finding. 
Loss of the sacral roots depicts a cord with the most 
profound vascular insult.

Level of injury is generally accepted as the 
most caudal level with motor function on the 
Medical Research Council (MRC) scale at least 
grade 3, with intact pain and temperature sensa-
tion. An incomplete spinal injury is defined as an 
injury where there is partial preservation of neu-
rological function more than one level below the 
level of SCI.  There are several recognised pat-
terns of incomplete SCI (Fig. 32.3).

Central Cord Syndrome
 – Most common incomplete SCI syndrome
 – Usually seen in elderly patients who sustain a 

hyperextension injury to the cervical spine. The 
cord is injured between the buckled ligamentum 
flavum posteriorly and osteophytes anteriorly

 – The central area of the cord has a tenuous 
blood supply, and the upper limb fibres are 
located more centrally than lower limb fibres
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Fig. 32.1 Layout of the motor and sensory tracts in the spinal cord (Courtesy of Mikael Häggström via Wikimedia)

CORD STNDROMES
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Fig. 32.2 Territorial injuries of the spinal cord. The ori-
entation of the figures on the left explain why sacral spar-
ing occurs in incomplete injury, as sacral tracts are the 

most lateral. The loss of perineal/peri-anal sensation and 
the bulbocavernosus reflex indicates that there is damage 
extending to the periphery of the cord

Syndrome Mechanism Clinical Prognosis

Posterior cord
Hyperflexion or

posterior spinal artery
infarction

Loss of proprioception and fine touch
Preserved motor function and pain sensation.

Variable

Central cord
Hyperextension

(forced)
Sensory and motor deficit
Upper > Lower extremities

Average

Anterior cord
Vascular insult

(anterior spinal artery)
Flexion

Complete loss of motor, pain and temperature below the injury.
Retained proprioception and vibration sensation

Poor

Brown-Sequard Penetrating trauma
Ipsilateral loss of motor, vibration and proprioception
Contralateral loss of pain and temperature sensation

Good functional
prognosis

Fig. 32.3 Clinical manifestations of varying cord syndromes
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 – The patient presents with weakness which is 
more pronounced in upper limbs with varying 
degree of sensory disturbance

 – There is usually improvement seen in the ini-
tial phase which is followed by plateauing of 
symptoms followed by a decline

 – Indications for surgery include cord compres-
sion, neurological deterioration, or persistent 
motor deficit. The timing of decompressive 
surgery is controversial and without consen-
sus, as theoretically surgery may worsen the 
vascular insult and exacerbate the insult it 
endeavours to improve. Depending on the 
nature of the compression and curvature of the 
cervical spine, it can be approached through 
either anterior, posterior, or a combination of 
the approaches. Imaging often demonstrates 
the co-existence of predisposing cervical 
canal stenosis.

Brown Sequard Syndrome
 – Usually as a result of penetrating trauma caus-

ing lateral hemisection of the spinal cord
 – Patient presents with ipsilateral weakness and 

loss of posterior column functions along with 
loss of pain and temperature on the contralat-
eral side

Posterior Cord Syndrome
 – Rare syndrome which can be caused by 

trauma, external compression, demyelination 
of the spinal cord or posterior spinal artery 
occlusion/damage. Usually presents with 
pain and paraesthesia in upper limbs and 
trunk, with dorsal column signs such as sen-
sory ataxia (decreased coordination, com-
monly causing poor balance and falls) and 
decreased sensation of vibration and fine 
touch

Anterior Cord Syndrome
 – May occur as a result of trauma or vascular 

event
 – Presents with weakness and associated sen-

sory loss below the level of the lesion with 
loss of pain and temperature sensation, but 
posterior column functions of vibration and 
proprioception are intact

Classification and Principles of Stability
Historically, Holdsworth in 1963 proposed a two- 
column theory for spinal stability. In this model, 
the anterior column is formed by the anterior lon-
gitudinal ligament, vertebral body, posterior lon-
gitudinal ligament, disc, and annulus. The 
posterior column is formed by the facet joints, 
lamina, spinous processes, ligamentum flavum, 
interspinous, and supraspinous ligaments [15].

A lasting definition of stability was coined in 
a sentinel paper by White and Punjabi in 1975. 
They defined instability as “the loss of the ability 
of the spine, under physiologic loads, to maintain 
relationships between vertebrae in such a way 
that there is neither initial damage nor subsequent 
irritation to the spinal cord or nerve roots and, in 
addition, there is no development of incapacitat-
ing deformity or pain due to the structural 
changes”. This definition remains the mainstay of 
non-operative management of spinal injuries and 
underpins the importance of weight bearing 
imaging and significance of progressive develop-
ment of neurology [16].

Controversy existed regarding the two-column 
theory due to its inability to adequately catego-
rise injury stability. This paved the way for Denis 
in 1983 to propose a three-column theory for spi-
nal stability (Fig. 32.4). This model differs in that 
the anterior column is now formed by the anterior 
longitudinal ligament, anterior half of the verte-
bral body, disc, and annulus. The middle column 
is formed by the posterior half of the vertebral 
body, disc, annulus, and posterior longitudinal 
ligament, and the posterior column is formed by 
the facets, lamina, spinous process, ligamentum 
flavum interspinous and supraspinous ligaments. 
Denis defined unstable fractures as those in 
which two or more spinal columns were dis-
rupted in an attempt to explain the inherent sta-
bility seen in body fractures that could be 
demonstrated to be stable and managed non- 
operatively [17].

Neither the two- nor three-column classifica-
tions are sufficiently useful to describe injury or 
guide treatment, and these have become mostly 
historical.

In 1994 Magerl et al. devised the AO classifi-
cation for thoracolumbar fractures, dividing them 
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into three categories based on mechanism of 
injury—compression, distraction and rotation 
[18]. Subsequently, the Thoracolumbar Injury 
Classification and Severity (TLICS) was pro-
posed in 2005 [19], and the Subaxial Cervical 
spine Injury Classification System (SLICS) was 
proposed in 2007 [20]. These scores provide a 
numerical figure to guide prediction of stability 
of an injury and guide management.

In 2013, the AO Spine Knowledge Forum on 
Spinal Cord Injury and Trauma proposed the AO 
Spine Thoracolumbar Spine Injury Classification 
System, which combined Magerl’s classification 
with the TLICS system. This looked at not only 
the mechanism of injury but also the neurological 
status of the patient along with patient-specific 
modifiers [21].

The classification splits injuries into type A 
‘compression’, type B ‘distraction’, and type C 
‘translational’. Type A includes spinous process 
and wedge compression fractures which are often 
stable. A fracture cleft connecting the superior to 
inferior endplates of two main fragments is high-
lighted as significant and has a higher risk of col-
lapse than a fragmented burst body fracture. Type 
B injuries include disruption of the posterior ten-
sion band formed by the posterior ligamentous 
complex (supraspinous ligament, interspinous 
ligament, facet capsules, ligamentum flavum). 
Included in this group are Chance fractures, 
which in distinction to flexion-compression 
(type-A) fractures are flexion-distraction. 
Classically they are formed by the fulcrum 
moment lying anterior to the vertebral body 

(classically caused by bending the torso around a 
seatbelt), and the fracture fails through tension 
alone without collapse or compression of the ver-
tebral body. The significance of this injury is the 
predictability of uncurtailed progression of 
kyphotic deformity that is not evident with a 
burst fracture. The pattern of collapse of the ver-
tebral body is the heralding feature of a less sig-
nificant injury. Type C injuries are complex, 
almost always unstable and often associated with 
substantial neurology.

In 2016, the AO Spine Subaxial Cervical 
Spine Injury Classification scheme was published 
[22]. Similarly, type A ‘compression’, type B 
‘tension band injuries’, and type C ‘translational’ 
often have a similar pattern of stability and man-
agement to lumbar injures. Two further groups, 
specific to cervical stability are added, type BL 
‘bilateral’ and type F ‘facet injuries’ which are by 
virtue of the mechanical principles of tensegrity 
likely to lead to neurology through instability and 
progression of the deformity (available from 
https://aospine.aofoundation.org/clinical- library- 
and- tools/ao- spine- classification- systems).

Several SCI assessment scales have also been 
proposed. The most commonly used scale is the 
ASIA SCI Scale (Fig. 32.5), which is based on 
the Frankel Scale. Similarly, muscle strength is 
assessed by the previously mentioned MRC 
scale.

 Management of Spinal  
Trauma

The aim of management of patients with SCI in 
the acute phase is to prevent secondary injury to 
the spinal cord by avoiding hypoxia, hypoten-
sion, hyperthermia, and hyper- and hypoglyce-
mia. In many ways [23], the treatment goals are 
the same as managing patients with traumatic 
brain injuries.

Management of the patient with spinal inju-
ries can be divided into three phases—prehospi-
tal care and transport, assessment in the 
Emergency Department, and definitive care. The 
implications of the MABCD approach described 
earlier in this book have on spinal cord injury are 
briefly described below.

1/3

2/3

Anterior column
Middle column
Posterior column

Fig. 32.4 Traditional model of the three-column model 
of injury (From Su et al.)
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 Massive Haemorrhage

In patients with a spinal cord injury, hypotension 
may worsen a secondary injury. If this is due to a 
massive haemorrhage, this must be addressed as 
the priority. Similarly, in patients with ongoing 
bleeding who require surgery, the optimum target 
blood pressure for cord perfusion may be higher 
than that desired to minimise further bleeding 
and avoid cyclic hyper-resuscitation. In these 
patients, haemostasis should be rapidly obtained 
as the priority, and cord perfusion pressure 
increased as soon as this has been achieved.

 Airway

When managing patients with a spinal cord 
injury, the clinician should aim to avoid hypoxia 
and hypercarbia to minimise secondary injury. 

Patients who have a spinal cord injury may need 
intubating as a result of this pathology (e.g. high 
cord lesion with respiratory insufficiency), or due 
to co-existing injuries. Patients with cervical cord 
injuries should be monitored carefully in the first 
few days of their clinical course, as respiration 
may deteriorate due to ascending cord oedema. 
Specific issues around cervical spine injuries and 
airway management are further explored in  
Chap. 7, Fundamentals of Airway Management, 
but there is a brief overview below [2].

In cadaveric models with C5/6 ligamentous 
injury, chin lift and jaw thrust has been shown to 
increase the disc height by more than 5 mm [24]. 
Similarly, cricoid pressure to facilitate intubation 
has been shown to cause a posterior subluxation 
of more than 5 mm. Manual in-line stabilisation 
rather than the application of a rigid collar is rec-
ommended for airway intervention in patients 
with a suspected cervical spine injury, as it pro-

Fig. 32.5 The ASIA SCI scale used to document level of spinal cord injury on initial assessment (© 2021 American 
Spinal Injury Association. Reprinted with permission)
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vides better visualisation of the larynx. In other 
studies, manual in-line stabilisation with cricoid 
pressure has not been shown to cause significant 
spinal movement during intubation [25, 26].

If the patient requires anterior cervical spine 
surgery, then a reinforced endotracheal tube 
should be used to prevent kinking of the tube dur-
ing anterior cervical surgery. Unlike standard ET 
tubes, reinforced tubes cannot be cut to remove 
dead space or aid nursing care on ICU due to the 
reinforcing wire. Therefore, patients may have 
their ET tube changed after their operation before 
going to ICU if they are to remain intubated post-
operatively. Some reinforced tubes may not have 
a Murphy’s eye and could potentially cause 
issues with ventilation. This may be especially 
problematic if the patient has a reinforced ET 
tube in and is in the prone position for posterior 
spine surgery.

One in five patients with cervical cord injury 
may require a tracheostomy due to prolonged 
mechanical ventilation, poor respiratory drive, and 
chest infection, as tracheostomy has been shown 
to reduce dead space ventilation, lower the rate of 
pneumonia, and aid mechanical weaning. The tim-
ing of tracheostomy also depends on other inju-
ries, level of cervical cord injury, and whether or 
not there has been a trial of weaning from the ven-
tilator that has failed. Due to the loss of barore-
flexes, these patients are also at increased risk of 
hypotension during positive pressure ventilation.

 Breathing

The effect of spinal cord injury on breathing 
depends upon the level of the injury. Cord lesions 
above C3 lead to apnoeic respiratory arrest. 
Injuries to C3-5 will lead to paralysis of the dia-
phragm. In lesions between C5–C8, there is com-
plete intercostal nerve paralysis, leading to 
paradoxical respiration. In lesions between T1-7, 
there is impaired chest wall movement and a poor 
cough. SCI has been shown to reduce forced vital 
capacity, increase airway secretions, and lead to 
atelectasis. Hence, such patients need humidified 
oxygen, frequent change of position, and aggres-
sive chest physiotherapy. Ventilation and perfu-

sion should be assessed by pulse oximetry, 
arterial blood gas, and end-tidal capnography 
where required [27]. The effect of hypercapnia 
on SCI is not well studied, and at present normo-
capnia or mild hypocapnia is recommended.

 Circulation

Neurogenic shock is the cardiovascular manifes-
tation of spinal shock. It is common in cord injury 
of T5 and above, as cardiac sympathetic fibres 
emerge from the cord at this level (T1–T5). There 
is a decrease in systemic vascular resistance and 
pooling of blood in the periphery, effectively 
increasing the arterial capacitance and decreasing 
arterial pressure. This pressure drop also leads to 
a reduced venous return to the heart, relative 
hypovolemia, and resultant hypotension. Patients 
with hypotension secondary to neurogenic shock 
may need vasopressors as opposed to volume 
replacement. However, inappropriate use of 
vasopressors in hypovolaemic shock has been 
shown to increase mortality, so the correct treat-
ment for the presenting pathology is essential 
Due to unopposed parasympathetic activity, there 
is also profound bradycardia which decreases 
cardiac output and systemic blood pressure fur-
ther. A fuller explanation of neurogenic shock is 
found in the Circulation Chap. 10.

Hypotension seen in a trauma patient with SCI 
may be due to hypovolemia, neurogenic shock or 
both, and it is essential to differentiate the two 
pathophysiologies. Patients should be catheterised 
to monitor intake and output and guide fluid man-
agement. Patients with SCI are also prone to pos-
tural hypotension due to pooling of blood, reduced 
blood volume, and altered baroreceptor reflexes. 
Arterial and central lines should be in place to 
guide fluid and vasopressor management acutely.

There is level III evidence to show that MAP 
of 85–90 for the first 7  days is associated with 
improved neurological outcome. However, this 
should be balanced with risks related to pro-
longed vasopressor treatment, and evidence that 
inappropriate vasopressor administration to 
under-resuscitated or hypovolaemic patients may 
increase mortality as previously mentioned.
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In the prehospital phase, glucose-containing 
fluids should be avoided as glucose is rapidly 
metabolised and produces free water which can 
worsen oedema. In addition, hyperglycemia can 
promote anaerobic glycolysis leading to increased 
lactate formation and acidosis [25].

 Disability

Spinal shock is defined as a temporary interrup-
tion in the physiological functioning of the cord 
caudal to the level of an injury. It is thought to be 
due to loss of excitatory inputs from the higher 
centres leading to flaccid paralysis. Due to the 
loss of inhibitory signals from the higher centres 
this can progress to spasticity, and patients with 
higher lesions may progress to develop auto-
nomic dysreflexia. Absence of bulbo-cavernous 
reflex indicates the presence of spinal shock or a 
complete cord injury rather than an incomplete 
cord injury. The significance of early assessment 
and documentation of this reflex is vital for this 
reason, as it is often subsequently lost, it can 
become pivotal in the later surgical decision mak-
ing and prognostication. The reflex is present if 
there is a contraction of the anal sphincter in 
response to catheter tug or squeezing of the glans 
penis. The level of injury cannot be clinically 
ascertained once spinal shock is established, 
underpinning the importance of early sacral 
assessment for completeness of cord injury and 
neurological function at the time of injury.

The assessment of disability includes record-
ing Glasgow Coma Score, motor and sensory 
examination, saddle sensation, reflexes, and anal 
tone. Note should be made of the presence or 
absence of priapism and a diaphragmatic (“see- 
saw”) breathing pattern. An obtunded or uncoop-
erative patient should be presumed to have a 
spinal injury until one has been excluded.

 Transport

Backboards should only be used for extrication 
due to concerns over pressure injuries, and a 
scoop stretcher or a vacuum mattress should be 

used for transport. Patients with neurological 
symptoms or signs suggestive of traumatic spinal 
cord injury should be handled gently, aiming to 
maintain neutral spinal alignment, and trans-
ported to the nearest Major Trauma Centre 
(MTC). This is irrespective of transfer time 
unless the patient needs immediate lifesaving 
intervention, in which case the ambulance should 
be diverted to the nearest Trauma Unit. A patient 
with a suspected spinal column injury without 
suspected spinal cord injury should be taken to 
the nearest TU if there are no other injuries that 
require treatment at an MTC.

 Role of Collars in Spinal Cord 
Trauma

From the mid-1960s, cervical spine immobilisa-
tion- using a rigid cervical collar and hard back-
board was advocated to prevent secondary spinal 
cord injury during transportation and early man-
agement in ED. Since that time, multiple makes 
and variations in style of cervical collars have 
entered the market (Fig.  32.6). Geisler et  al. in 
1966 stated that failure to recognise and protect 
an unstable cervical spine could lead to cata-
strophic injury [28]. NICE guidelines (specifi-
cally NG41, published February 2016) 
recommend full spinal immobilisation in any 
patient with suspected spinal injury. In the pre-
hospital setting, the American Association of 
Neurological Surgeons/Congress of Neurological 
Surgeons (AANS/CNS) recommends spinal 
immobilisation in all trauma patients with sus-
pected cervical spine or spinal cord injury. The 
committee on Trauma of the American College of 
Surgeons also recommends that the cervical 
spine should be immobilised in all trauma 
patients with multiple blunt injuries. In a tele-
phone survey of 25 general ICUs dealing with 
Major Trauma in the UK, six units stated that 
they routinely wait for the patient to regain con-
sciousness before removing cervical collars [29].

From the 1970s to 1980s, there was a signifi-
cant decline in the number of patients presenting 
with complete spinal cord injury, and it was dur-
ing this time that there was an increased empha-
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sis on spinal immobilisation. As a result, several 
authors have attributed this reduction in patients 
with complete paralysis to spinal immobilisation. 
However, correlation is not the same as causa-
tion, and there is a lack of high-quality studies 
that have shown clear benefit of cervical spine 
immobilisation on neurological outcome or mor-
tality. Changes in vehicle design or other safety 
features could equally be the cause of this 
decrease in case incidence. Conversely, there are 
a number of studies which have shown that rigid 
cervical collar may be associated with harm. 
However, because of fear of missing a potentially 
life-changing injury as well as fear of litigation, 
more than 5 million people are immobilised each 
year in the United States. Compensation for 
missed cervical spine injury can be as high as $3 
million. Some authors, on the other hand, feel 
that prehospital cervical immobilisation may be 
an overprotective and defensive medical practice, 
and may even lead to delay in definitive treat-
ment. Sundstrom et  al. described spinal immo-

bilisation as a device which creates uncertainty 
among clinicians and freezes them, thereby limit-
ing adequate clinical examination and leading to 
overdependence on radiological assessment [9].

Multiple studies have shown that cervical col-
lars may interfere with the assessment and defini-
tive management of life-threatening injuries such 
as airway compromise. Collars may also be asso-
ciated with a delay in transfer for definitive 
 treatment, pain and discomfort, increase in ICP, 
respiratory complications including increased 
risk of aspiration, pressure ulcers, increased risk 
of thrombosis, difficulty in performing mouth 
care and physiotherapy, and gaining central 
venous access. Cervical collars can also lead to 
additional radiological assessments in Emergency 
Departments, increased sedation requirements in 
ICU, increased time on a ventilator, increased 
length of ICU stay, and an overall increase in 
healthcare costs. It is thought that manual in-line 
stabilisation or traction may be equivalent to col-
lar immobilisation, or even better in certain cir-

Aspen Collar Miami-J Collar Philadelphia Collar

Soft Collar Adjustable hard Collar

Fig. 32.6 Various types of cervical collars
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cumstances such as raised ICP or a compromised 
airway.

In a systematic review and meta-analysis of 
prospective studies, cervical collar application was 
associated with a mean ICP increase of 4.4 mmHg 
as a result of a decrease in venous return from the 
brain [30]. The ‘closed box’ analogy of intracra-
nial pressure (ICP), the Monroe-Kellie doctrine, 
stating that a change in blood, brain, or CSF vol-
ume results in reciprocal changes in one or both of 
the other two, should be borne in mind. There 
should also be consideration of the slow produc-
tion of CSF (0.35 ml/min) which is dwarfed by the 
dynamic blood delivery and outflow (700 ml/min). 
Failure of venous efferent flow to precisely match 
arterial afferent flow will yield immediate and dra-
matic changes in intracranial blood volume and 
pressure more than CSF volume manipulation. 
Interpreting ICP in isolation without interrogating 
its core drivers may be misleading. Multiple clini-
cal conditions and the cerebral effects of altitude 
may also relate to imbalances in this dynamic, 
rather than ICP per se.

The incidence of cervical collar-related pres-
sure ulcers can range from 6.8% to 38% [31]. 
Pressure ulcers are not only a significant cause of 
morbidity and mortality; they have also been 
shown to increase healthcare costs. Studies have 
shown that the approximate cost of treatment of 
stage 1 and stage 4 pressure ulcers is £1064 and 
£24,214 respectively. Schuurman et  al. showed 
that pressure ulcer related healthcare costs consti-
tuted 1.21–1.41% of the total health care cost in 
the Netherlands [32]. Risk factors for the develop-
ment of cervical collar related pressure ulcers 
include the length of time spent by the patient in a 
collar, duration of prehospital transport, decreased 
level of consciousness, agitation, duration of hos-
pital stay, ICU admission, ICP monitoring, 
mechanical ventilation, immobility, the require-
ment for MRI, shock, higher injury severity score, 
co- morbidities, and poor nutritional status. 
Cervical collars cause constant pressure on the 
skin, leading to decreased tissue perfusion, isch-
emia, necrosis, and cell death. Lien et al. reported 
that injury to the tissue begins as early as 30 min 
after the application of a cervical collar [33]. 
Patients who stay in rigid extrication collars until 
they reach ICU have a 23.9% incidence of collar-

related pressure ulceration [34], and the risk of 
pressure ulcers increases by 66% for each day 
patient remains in a cervical collar [35]. To prevent 
ulceration, strategies include early cervical spine 
clearance, early replacement of rigid extrication 
collars with long term cervical collars, regular skin 
inspection, and meticulous skincare, training of 
nursing staff for regular skin assessment and care, 
and frequent change of collar pads [36].

In 1998, Hauswald et al. conducted a 5-year 
retrospective chart review at two university hos-
pitals (334 patients in New Mexico and 120 
patients in Malaysia), comparable in terms of 
training of clinicians and resources. To account 
for bias in treatment processes and injury pat-
terns, analysis was limited to patients with cervi-
cal injuries. Their conclusion is out-of-hospital 
immobilisation has little or no effect on neuro-
logic outcome in patients with blunt spinal inju-
ries [23]. A Cochrane review in 2001 of 4453 
potentially relevant articles found no definite evi-
dence that spinal immobilisation in patients with 
a spinal injury is associated with significant 
improvement in neurological outcome or mortal-
ity. The authors concluded that harm from the use 
of a cervical spine collar is possible [37].

Oto et  al. conducted a literature review and 
identified 41 cases of early neurological deterio-
ration post blunt spinal injury. The authors noted 
that a precipitating event was only present in 
only 12 of the cases, of which seven were thought 
to be iatrogenic such as collar removal and place-
ment of a halo. Of the 41 patients who had dete-
rioration, five had full spinal immobilisation 
whereas 17 had no or incomplete immobilisation 
in place when decline occurred. The authors 
could not find a single instance of sudden, pro-
voked catastrophic neurological deterioration, 
and hence concluded that early neurological 
deterioration post spinal injury is a gradual pro-
cess over minutes to hours rather than an instan-
taneous catastrophic event. However, the lack of 
reports of sudden neurological deterioration 
because of lack of immobilisation or poor han-
dling could be due to the fear of litigation [38]. 
Lin et  al. conducted a retrospective review of 
5139 patients with traumatic injury to the cervi-
cal spine. The authors showed that there was no 
significant difference in outcome with or without 
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immobilisation, and concluded that cervical 
spine immobilisation is an overprotective prac-
tice [39].

In 2010, Haut et al. conducted a retrospective 
review of patients with penetrating trauma regis-
tered at US American National Trauma Data 
bank and found that the mortality rate among the 
immobilised patients was higher, 14.7% as com-
pared to 7.2% in non-immobilised group. 
Concerning penetrating trauma, the authors con-
clude that prehospital spine immobilisation is 
associated with higher mortality and should not 
be routinely used in every patient. Spinal immo-
bilisation in patients with penetrating injury is 
associated with increased time spent at the scene 
with potential delay in definitive treatment, inter-
ference with airway management, masking of 
important signs and symptoms, and increased 
mortality rates without any substantial benefit 
[40]. Vanderlan et al. reviewed 199 patients with 
penetrating trauma and showed cervical spine 
immobilisation was associated with an increased 
risk of death (odds ratio 2.77) [41]. There is level 
III evidence to show that spinal immobilisation in 
patients with penetrating trauma is associated 
with increased mortality. This experience is 
echoed in military data, which shows that pene-
trating ballistic trauma to the neck is unlikely to 
result in an unstable cervical spine in survivors; 
unstable injuries from penetrating mechanisms 
are catastrophic and rapidly fatal. In a hazardous 
environment (e.g. shooting incidents or terrorist 
bombings), the risk/benefit ratio of mandatory 
spinal immobilisation is unfavourable and may 
place medical teams at prolonged risk. In addi-
tion, cervical collars may hide potential life- 
threatening conditions.

At the time of injury, delays due to diagnostic 
dilemmas identifying patients who would benefit 
from spinal immobilisation is a risk. In some 
studies, there is low diagnostic accuracy among 
medics (31% in one series by Flabouris) in iden-
tifying patients with a spinal injury who need spi-
nal immobilisation [42]. Additionally, there is, 
despite adequate training, evidence of unsatisfac-
tory placement of a collar correctly on manne-
quins by emergency service personnel; only 11% 
of collars were placed correctly in one study of 

trained staff by Kreinest et  al. [43]. Tello et  al. 
showed in their retrospective review that nearly 
half of the patients (101/219) who were not 
immobilised by pre-hospital clinicians went on to 
be immobilised in the ED. Subsequently, none of 
these immobilised were found to have a spinal 
injury, but incurred delay, increased cost, and 
excess radiation exposure [44].

To avoid delay in treatment for potentially life-
threatening conditions, some authors recommend 
time-critical patients are transported using the lat-
eral trauma position (LTP) or HAINES manoeuvre 
(High-Arm-IN-Endangered—Spine—Fig. 32.7) 
[46]. These have the benefit of providing a degree 
of spinal support and positional drainage of the 
airway whilst avoiding the time and morbidity 
associated with collar application.

It is difficult to predict with certainty the num-
ber of spinal cord injuries which have been pre-
vented by spinal immobilisation. This is because 
of the lack of randomised studies looking at the 
efficacy of spinal immobilisation in preventing 
spinal movement in trauma patients. This is 
understandable, given the ethical and legal issues 
surrounding such a study design where an 
accepted standard of practice would not be used. 
Studies looking at the effects of collars in healthy 
volunteers have shown contradictory results. 
These include findings that collars do not effec-
tively reduce movements in unstable spines, rigid 
collars can increase movement in the upper cer-
vical region, and soft collars are as effective as 
hard collars in restricting cervical spine move-
ments [9].

Similarly, the effect of spinal immobilisation 
in reducing spinal movement is also not without 
controversy. Hood et al. in a review identified ten 
studies which showed that spinal immobilisation 

Fig. 32.7 Demonstration of the HAINES position with 
both legs flexed (from Hyldmo et al.) [45]
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was effective in decreasing movement, whereas 
four studies showed that spinal immobilisation 
had no effect in reducing spinal movement as 
compared to no immobilisation [47]. Holla et al. 
showed that rigid collars did not lead to decreased 
spinal movement in healthy volunteers who were 
already strapped to a rigid stretcher with head 
blocks [48].

Cervical immobilisation remains a controver-
sial area; some authors opine that spinal cord 
injuries occur during prehospital or early hospital 
care and may be due to lack of spinal immobilisa-
tion or poor handling. However, contrary studies 
have cast doubts on this suggestion; even with 
spinal immobilisation neurological deterioration 
can occur in up to 5% of patients with spinal 
injury [9]. The force required to fracture the spine 
is in excess of and dwarfs the subsequent forces 
generated during movement in prehospital or 
early hospital care.

Gradually, there is a move towards selective 
immobilisation of trauma patients, especially 
those awake and orientated. Blackham et al. in a 
review concluded that spinal immobilisation is 
not needed in an alert, conscious patient even if 
the clinical decision rule is positive unless there 
is a deterioration in the conscious level. The 
authors concluded that an awake patient will 
assume a position of comfort and muscle spasm 
may be more effective than a collar to maintain 
stable spinal position [49]. In a study done in 
Alabama by Gonzalez et al., the authors showed 
that with judicious use of selective immobilisa-
tion, 34% of the cervical spines were cleared at 
the scene with no missed injuries. It is thought 
that selective immobilisation can lead to 
improved outcome, reduced radiation exposure, 
and reduce healthcare costs [50].

Similarly, several studies have shown that 
self-extrication with or without a collar results in 
significantly less cervical spine movement than 
any other method. NICE guidelines suggest ask-
ing alert, orientated patients to self-extricate from 
motor vehicle collisions if there is no significant 
distracting injury, abnormal neurology, spinal 
pain, or high-risk factor (such as age >65 years or 
a dangerous mechanism), and lay supine once 
they have self-extricated. In the UK, previous 

recommendations for immobilising patients 
included the “standing takedown” method. Using 
this method, patients who reported neck pain and 
had self-extricated from cars were strapped on a 
spinal board as they stood, and then pre-hospital 
staff would lay them flat. Following consensus 
guidelines published by the Royal College of 
Surgeons of Edinburgh Faculty of Prehospital 
Care, this practice has thankfully been aban-
doned in UK practice. The risks of mishandling 
patients and causing further injuries, or causing 
back or other injuries to ambulance service staff 
are not acceptable, especially when there is no 
evidence of patient benefit.

Predominant UK hospital intensive care prac-
tice has adopted a pragmatic approach. After a 
high-quality CT of the cervical spine has demon-
strated no apparent unstable injury, in most units 
the collar is taken off while the patient is sedated. 
It is then replaced when sedation is weaned to 
wake the patient up, and the patient is assessed 
clinically when awake.

Advocates in favour of immobilisation with 
cervical collars make reasoned arguments. Reid 
et al. in 1987 showed that the rate of neurological 
deficit in patients with missed spinal injury was 
10.5%, whereas the rate of secondary neurological 
injury was only 1.4%. The majority of late identi-
fied neurological deficit is from missed injuries, 
but the smaller cohort of secondary deterioration is 
potentially preventable which raises the question, 
but leaves unanswered, the role and impact of 
immobilisation [51]. Tuscano et  al. studied 123 
patients with significant blunt trauma to the spine. 
They noted that 32 patients had significant neuro-
logical deterioration between the time of injury 
and time of admission to the trauma unit. The 
authors concluded that significant neurological 
deterioration in spinal trauma patients could, ide-
alistically and theoretically, be prevented [52]. 
Davis et al. looked at 32,117 trauma patients, of 
which 740 had a cervical injury. Thirty-four inju-
ries were missed, of which ten patients developed 
permanent neurological deficit [53]. There is no 
level I or II evidence to recommend blanket cer-
vical immobilisation after trauma. Many clini-
cians have become ensconced with the reassurance 
that cervical collar use is an effective, time-tested 
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practice, supported by years of cumulative trauma 
experience with sound anatomical and biome-
chanical considerations, despite the lack of evi-
dence to this effect.

 Imaging

The incidence of cervical spine injury in blunt 
trauma is approximately 2–4%. Despite this, 
radiographic evaluation of the cervical spine is 
very frequently carried out in ED because of 
apprehension over missed injuries, potential del-
eterious consequences, or fear of litigation. This 
leads to increased radiation exposure and excess 
healthcare cost and can potentially delay defini-
tive treatment of other urgent conditions.

The National Emergency X-Radiography 
Utilisation Study (NEXUS) advocated that in a 
trauma patient who is alert and stable, with a nor-
mal level of consciousness, no distracting inju-
ries, no midline posterior cervical tenderness, 
and no focal neurology, imaging of the cervical 
spine is not indicated. The NEXUS protocol was 
found to have a sensitivity of 99.6%, a specificity 
of 12.9%, and a negative predictive value of 
99.7% and has been shown to reduce the imaging 
rate by 30.9%.

The Canadian C-Spine Rule (CCSR) is an 
alternative to the NEXUS criteria and shown 
below in Fig. 32.8.

The sensitivity of the CCSR approaches 
100%, with a specificity of 42.5% and negative 
predictive value of 99.98–100%. CCSR has been 

The cansdian C-Spine Rule

Please check off all choices within applicable boxes:

1. Any one High-Risk Factore Which Mandates Immobilization?
No

No

Yes

Yes

Age ≥ 65 years
OR
Dangerous mechanism*
OR
Numbness or tingling in extremities

O No

O No O C-Spine
Immobilization

O Yes

O Yes

O Able

O Unble

O No C-Spine
Immobilization ***

2. Any One Low-Risk Factor Which Allows Safe Assessment of
Range of Motion?

Simple rearend MVC**
OR
Ambulatory at any time at scene
OR
No neck pain at scene when asked
OR           (answer “yes” if no pain)
No pain during midline c-spine palpation
                 (answer “yes” if no pain)

O O

O O

OO

O O

No Yes
O O

O O

OO

OO

3. Patient Voluntarily Able to Actively Rotate Neck 45°
Left and Right When Requested, Regardless of Pain?

* Dangerous Mechanism

- fall from elevation ≥ 3feet/5 stairs

- axial load to head, e.g.diving

- MVC high speed (≥100km/hr), rollover, ejection

- motorized recreational vehicles e.g. post, car

** Simple Rearend MVC Excludes:

- pushed into oncoming traffic

- hit by bus/large truck

- rollover

- hit by high speed vehicle (≥100 km/hr)

Fig. 32.8 Decision-making tree of the Canadian C-Spine Rule (from Vaillancourt et al. [54])
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shown to reduce imaging rates by an average of 
44% (compared to 36% for NEXUS) without 
missing a clinically significant cervical spine 
injury.

CCSR looks at the mechanism of injury and 
assesses the range of movement, whereas 
NEXUS does not. On the other hand, the NEXUS 
study incorporates distracting injuries which 
CCSR does not. Stiell et  al. [55] compared 
NEXUS and CCSR studies and showed that 16 
cervical spine injuries were missed using the 
NEXUS protocol, whereas only one was missed 
using CCSR.  NICE guidelines have combined 
both CCSR and NEXUS and added posterior 
midline spinal tenderness to CCSR. Thus, in an 
awake, orientated patient who is not under the 
influence of alcohol or drugs with no distracting 
injury, midline posterior cervical tenderness, or 
focal neurological deficit and who has a full 
range of movement of the cervical spine, the cer-
vical spine can be cleared clinically. However, 
some authors feel that even in the presence of 
alcohol or drugs or distracting injury, the sensi-
tivity of the cervical spine examination is not 
diminished, and as such these patients should be 
treated as other patients.

Clearing the cervical spine in obtunded 
patients remains challenging as these patients 
cannot be clinically assessed. Cervical spine 
injury is also more common in obtunded patients 
as compared to those who are alert and 
orientated.

Historically, flexion-extension x-rays were 
used to assess instability in some patients. 
However, studies have shown that 30–95% of 
flexion-extension radiographs may be inadequate 
because of a reduced range of movement as a 
result of pain or muscle spasm, or because of sub-
optimal imaging technique. One way to counter-
act this is to keep the patient immobilised in 
collar and repeat the imaging in 1–2 weeks. 
Reitman et al. [56] showed that in up to 16% of 
normal healthy individuals, spondylolisthesis 
could be >3.5 mm, which is the cut off for insta-
bility. Similarly, cadaveric studies have shown 
that even after extensive ligamentous damage, 
flexion-extension radiographs may not show sig-
nificant instability. Goodnight et al. [57] looked 

at 379 patients with normal CTs, of which eight 
patients had abnormal flexion-extension x-rays. 
In these eight patients, a ligamentous injury was 
ruled out by normal MRI. Similarly, Mccracken 
et  al. [58] reviewed 1000 patients with normal 
CT, of which 25 had abnormal flexion-extension 
radiographs—no patients required any additional 
intervention. Studies have shown that even pas-
sive flexion-extension views are often inadequate. 
Padayachee et  al. [59] looked at the data from 
276 patients with normal CTs of the cervical 
spine, of which 6 had abnormal passive flexion-
extension radiographs. In all six patients, a liga-
mentous injury was ruled out by MRI.

CT cervical spine is now considered imaging 
of choice in any patient in whom the cervical 
spine cannot be cleared clinically. This is because 
up to 25% of plain radiographs of the cervical 
spine are inadequate. Even when adequate, CT 
may detect additional injures in 8–14% of these 
patients. CT is excellent for looking at bony 
structures but not as good for soft tissues. 
However, in a meta-analysis by Raza et al. look-
ing at cervical spine clearance in obtunded 
patients with blunt trauma, based on a normal 
multi-detector CT scan the sensitivity, positive 
predictive value and negative predictive value 
were 93.7%, 93.7%, and 99.7% respectively. As a 
result, some authors feel that high-quality multi-
detector CT is sensitive enough to detect surro-
gate markers of ligamentous injury such as 
pre-vertebral swelling, splaying of spinous pro-
cesses, and distracted facet joints, with the 
caveat that the scan must be interpreted by an 
experienced musculoskeletal or neuroradiolo-
gist. The authors also argue that in adult patients 
with trauma, unstable ligamentous injury without 
fracture is extremely rare. Hogan et al. stated that 
negative predictive value of CT for ligamentous 
injury is 98.9%, and negative predictive value for 
unstable injury is 100%.

A normal CT cervical spine with persistent 
neck pain can be a clinical challenge as immo-
bilisation with a collar is not a benign treatment 
without consequence. A pragmatic strategy is 
immobilisation with subsequent re-examination 
at 1–2 weeks, and if necessary, MRI with a fluid 
sensitive sequence. This can be helpful in deci-
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sion making and identification of a discoligamen-
tous injury that can herald instability. A problem 
with MRI is the high sensitivity with a high false- 
positive rate of high signal reporting and findings 
that may be subclinical or not of significance in 
clinical practice.

MRI can detect haematoma, oedema, cord 
compression, and provide important prognostic 
information. However, routine use of MRI in spi-
nal trauma patients is controversial as it can be 
highly sensitive for ligamentous injury and over-
estimate instability by 25–40%, according to a 
study by Taghva et al. [7]. Performing MRI in a 
trauma patient also has resource, cost, and logis-
tical implications. Como et  al. looked at 115 
patients with normal CT, and in 6 patients MRI 
revealed a ligamentous injury but did not lead to 
a change of management in any of the patients 
[60]. Similarly, Hogan et  al. looked at 366 
patients with normal CT, and in four patients 
MRI showed clinically insignificant ligamentous 
injury which again did not lead to management 
change [61]. However, Stassen et  al. recom-
mended that MRI should be performed if a 
patient remains obtunded at day three of admis-
sion, as MRI could be positive for ligamentous 
injury in patients with normal CT cervical spine 
[62]. Similarly, James et al. reviewed 11 studies 
and showed that in 4.8% of patients, CT failed to 
pick up an acute  ligamentous injury and 0.7% of 
the patients with negative CT underwent surgical 
intervention based on MR findings. From an ICU 
perspective, a negative MRI in a patient who can-
not be woken up is reassuring and allows removal 
of a cervical collar and mitigation of some of the 
consequences of their application.

 Systemic Complications of Spinal 
Cord Injury

 Autonomic Dysreflexia

Autonomic dysreflexia is usually seen in 
patients with spinal injury above T6 and occurs 
as a result of acute sympathetic activity in 
response to stimulus below the level of the 
injury. 75–85% of patients with spinal injury 

level above T6 will demonstrate some form of 
autonomic dysreflexia. Blocked urinary cathe-
ters, constipation, per rectal examination, or 
even hot or cold stimuli can precipitate auto-
nomic dysreflexia. It is characterised by severe 
headache, flushing, sweating, blurred vision, 
hypertension, bradycardia, arrhythmia, and can 
even lead to seizure and stroke. The afferent 
impulses from the bladder, bowel, or other stim-
uli are transmitted via hypogastric, pudendal, 
and pelvic nerves to the spinal cord, which is 
free from the influence of higher inhibitory con-
trols leading to acute sympathetic surge [27]. 
Management of autonomic dysreflexia involves 
the removal of the precipitating stimulus. 
Clonidine or beta-blockers (either alone or in 
combination with calcium channel blockers) 
have been used to terminate such episodes.

 Thromboembolism

Fatal PE can occur in 3% of patients with SCI, 
whereas the rate of DVT and non-fatal PE are 
90% and 10% respectively in patients with SCI as 
described in a paper by Bonner et al. [2]. After 
the first three months, the risk of thromboembo-
lism decreases and thromboprophylaxis is usu-
ally not needed. In our practice, all patients with 
spinal trauma are given mechanical thrombopro-
phylaxis initially. Once a decision has been made 
that surgery is not indicated, prophylactic low 
molecular weight heparin (LMWH) is started as 
well, usually after 24–48 h of the initial injury. In 
patients who have undergone spinal surgery, 
LMWH is held for 24–48 h as there is a balance 
of risk between developing spinal canal haema-
toma and the protective benefit of countering 
DVT development.

 Genitourinary System

Injury to the cord, conus or cauda equina may 
lead to bladder/bowel incontinence. Patients with 
SCI may have a neurogenic bladder resulting in 
reduced bladder capacity, incomplete emptying, 
and urinary retention leading to recurrent urinary 
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tract infections. There may also be detrusor 
sphincter dyssynergia leading to vesicoureteric 
reflux, renal impairment, and stones.

 Others

Patients with SCI may initially need a nasogastric 
tube for paralytic ileus or use of an abdominal 
binder. Similarly, bowel care or a longer-term 
bowel program may be required for constipation. 
Temperature regulation may also be impaired in 
patients with SCI due to lack of inputs from 
higher centres and reduced sweating.

Longer-term complications in patients with 
SCI include chronic pain, spasticity, osteoporosis, 
pressure ulcer, renal stones, urosepsis, and 
impaired immune function. Mental health issues 
are also important to consider in patients with SCI.

 Role of Surgery in Patients with SCI

The main indications to operate on spinal trauma 
are to prevent, reduce, or improve neurological 
deficit, restore spinal alignment, and to stabilise 
an unstable spine. Surgery is also indicated in 
penetrating injury to the spine to explore injuries 
where there is a deficit. However, the exact  timing 
of surgery in patients with spinal trauma is some-
what controversial. Several factors such as age, 
co-morbidities, associated injuries, availability of 
an appropriately trained and senior surgeon/
anaesthetist/theatre, and other resources have to 
be taken into consideration.

Several studies have shown that early surgery 
may be associated with improved neurological 
outcome, decreased length of stay in ICU and 
hospital, fewer days on a ventilator, lower com-
plication rates and lower healthcare costs. Early 
surgery facilitates early mobilisation and inher-
ently reduces the complications associated with 
prolonged bed rest such as pressure ulcers, pul-
monary complications, and thrombosis. Early 
surgery also allows early transfer to a rehabilita-
tion unit. Some authors also feel that the severity 
of initial spinal injury may also play a significant 
role in determining the timing of surgery; patients 

with incomplete injury tend to be operated on 
more urgently than those with complete injury.

Kerwin et  al. analysed data of 1.3 million 
cases from the National Trauma Data Bank and 
found that 497 patients had surgery within 72 h, 
whereas 374 patients had surgery after 72 h. The 
authors showed that early surgery was associated 
with reduced length in the ICU and lower com-
plication rates and healthcare costs [63]. 
Papadopoulos et  al. prospectively looked at 66 
patients who arrived within 9 h of SCI and com-
pared it to 25 control patients outside of the study, 
demonstrating that 50% of the patients who had 
early surgery had improvement in neurology as 
compared to 24% of the control patients [64]. La 
Rosa et al. studied 1687 patients and showed that 
patients with complete as well as incomplete spi-
nal injury who had surgery within 24 h had a bet-
ter neurological recovery [65]. In a systematic 
review, Dimar et  al. showed that early surgery 
was associated with shorter ICU and hospital 
stay, fewer days on a ventilator, fewer pulmonary 
complications, and lower health care costs. The 
authors also concluded that there is some evi-
dence that early surgery is not associated with 
increased complication rate [66]. Furlan et al. in 
a systematic review showed that early surgery is 
associated with improved patient outcomes, 
reduced length of stay, lower complications rate, 
and healthcare cost. The authors recommended 
surgery within 8–24 h [67]. Verlaan et al. reviewed 
132 studies comprising of 5748 patients and con-
cluded that early surgery has acceptable risks and 
is associated with better functional outcome [68].

Surgical Timing in Acute Spinal Cord Injury 
Study (STASCIS) was a multicentre, interna-
tional prospective cohort study of 313 patients 
which showed a beneficial effect on neurological 
outcome at six months in patients who underwent 
surgery within 24  h [69]. Cengiz et  al. in their 
quasi- randomised study of 12 patients who had 
surgery within 8 h and 15 patients who had sur-
gery after 3 days showed that early surgery was 
associated with shorter ICU and hospital stay, 
lower complication rate, and improved neurolog-
ical recovery [70]. However, both these studies 
excluded polytrauma patients and had small 
patient numbers to formalise guidelines.
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The timing of surgery in central cord syn-
drome also remains controversial. In a literature 
review, Lenehan et al. showed that early surgery 
in patients with central cord syndrome is associ-
ated with improved motor recovery. The authors 
suggested that it is reasonable and safe to con-
sider early surgical decompression in patients 
with a profound neurologic deficit (ASIA grade 
C) and persistent spinal cord compression. The 
authors also suggested that in patients with a less 
severe deficit (ASIA grade D), it may be reason-
able to wait and watch with a plan for surgery at 
a later date depending on the neurological recov-
ery of the patient [71].

For incomplete traumatic spinal cord injury with 
continued compression, surgery should be under-
taken once haemodynamic stability is achieved irre-
spective of the time of the day or night. Werndle 
et al. in a UK survey conducted in 2012 showed that 
30–61% of the surgeons would prefer to perform 
surgery within 12 h of the injury [72].

However, early surgery may lead to further 
neurological deterioration as the cord is already 
inflamed and oedematous. This is very difficult to 
study due to variance of injury patterns, depth, and 
no adequate predictive models with which to com-
pare. There is also the consideration of a “second 
hit” on a medically compromised patient [7, 63]. 
Mckinley et  al. analysed data from 779 patients 
based on those who were managed conservatively, 
those who had surgery within 3 days, and those 
who had delayed surgery. The authors showed that 
patients who were managed conservatively were 
more likely to show improvement in motor score, 
though these patients were more likely to present 
with an incomplete injury. However, his study also 
showed that early surgery is associated with 
shorter ICU and hospital stay. Similarly, he also 
showed that patients who had late surgery had 
higher medical complication rates [73].

Fehling et al. in a systematic review showed 
that in patients with cervical SCI, early surgery 
was associated with improved neurological 
recovery, whereas in other SCI evidence support-
ing early surgery was inconsistent. In a clinical 
practice guideline Fehling et  al. recommended 
that early surgery should be considered in patients 
with traumatic SCI irrespective of the initial neu-
rological status.

Blood loss during spinal surgery in a trauma 
patient can be challenging because of already 
compromised cord perfusion and physiological 
alterations. Many studies have looked at ways to 
minimise blood loss during surgery for 
SCI. Wong et al. in a randomised study looking 
at tranexamic acid vs placebo in patients under-
going posterior thoracic or lumbar fusion, 
showed that the patients who received 
tranexamic acid had significantly less blood loss 
compared to those who received placebo. 
However, there was no significant difference in 
the amount of blood products transfused 
between the two groups [74].

Conducting a well-designed randomised con-
trol trial to look at the optimum time within 
which surgery should be performed is extremely 
difficult because of legal and ethical concerns. 
Randomisation, consent and resources to operate 
within a fixed time frame would also be hin-
drances to conducting such a study [7].

 Role of Steroids in SCI

Methylprednisolone (MPS) has been shown to 
act by stabilising cell membranes by inhibiting 
lipid peroxidation and neurofilament breakdown, 
thus protecting the blood: spinal cord barrier. 
Theoretically, because of its anti-inflammatory 
properties, MPS reduces the amount of vasoac-
tive products being generated from arachidonic 
acid metabolism, thereby decreasing cord 
oedema and improving cord perfusion and 
impulse generation [6, 7, 14].

The first National Acute Spinal Cord Injury 
Study (NASCIS I) was a multicentre, double- 
blinded randomised control study involving 330 
patients. Patients were randomised to receive 
MPS 100  mg IV bolus/day followed by 25  mg 
every 6 h for 10 days or MPS 1000 mg IV bolus/
day followed by 250 mg every 6 h for 10 days. 
The study lacked a placebo group because of the 
prevailing belief at the time was that MPS treat-
ment is likely to be beneficial for patients with 
SCI, and it would be unethical to withhold such a 
treatment. The study showed no significant dif-
ference in neurological outcome at six weeks, six 
months, and twelve months between the two 
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groups. In contrast, there was a statistically sig-
nificant increase in the incidence of wound infec-
tion in the patient group who received high doses 
of MPS. There was also a trend towards increased 
sepsis, pulmonary embolism, and death with 
14 days in the high dose MPS group, though it 
was not statistically significant. A principle and 
weakness of the study design is the principle that 
not giving MPS was, at the time, considered to be 
unethical, and two arms of differing dosages 
were developed [75].

The second National Acute Spinal Cord Injury 
Study (NASCIS II) sought to correct the limita-
tions of NASCIS I. A multicentre, double-blinded 
placebo-controlled randomised study involving 
487 patients looking at the safety and efficacy of 
MPS and naloxone in SCI as compared to pla-
cebo. MPS dose used was 30 mg/kg IV bolus fol-
lowed by 5.4 mg/kg/h IV bolus for the next 23 h. 
The dose of naloxone used was 5.4  mg/kg IV 
bolus, followed by 4 mg/kg/h for the next 23 h. 
No difference in motor or sensory function was 
noted when the three arms were compared. 
However, an arbitrary 8-h window from injury to 
the administration of the drug was chosen for 
post-hoc analysis. This subgroup of only twelve 
patients showed that patients who received MPS 
within 8 h of injury showed an improvement in 
their motor and sensory functions compared to 
the placebo group. However, the improvements 
in this composite outcome did not translate to any 
functional improvements and the use of steroids 
has been associated with increased complications 
per the NASCIS I trial. Naloxone given within 8 
h had no significant effect on motor function. 
After this trial and amidst some criticism, MPS 
within 8 h became a standard of care in some cen-
tres. Criticisms of the study were with methodol-
ogy including statistical method and outcome 
measures used, lack of demographic data, lack of 
widespread reproducibility of the data and post- 
hoc analysis. Similarly, the study by Berhnard 
et al. was criticised for the use of raw motor score 
rather than functional outcome measure. Notably, 
the rate of complications rose as the dose of MPS 
escalated to show a threefold rise in pulmonary 
embolus, two-fold rise in wound infections; and a 
fivefold increase in gastrointestinal haemorrhage 
[76, 77].

The third National Acute Spinal Cord Injury 
Study (NASCIS III) sought to evaluate the effect 
of a 24- versus 48-h MPS administration proto-
col with a comparison to another antioxidant, 
tirilazad. A multicentre, double-blinded ran-
domised control study, NASCIS III involved 499 
patients, comparing safety and efficacy of MPS 
(5.4  mg/kg/h IV bolus for next 24 h) vs MPS 
(5.4  mg/kg/h IV bolus for 48 h) vs tirilazad 
(2.5  mg/kg IV bolus followed by 2.5  mg/kg 
bolus every 6 h for next 48 h). All patients in this 
study received 30 mg/kg IV bolus of MPS. There 
was no difference in primary endpoints in the 
three study arms. However, a post-hoc analysis 
showed that patients who received MPS within 
3–8 h of SCI for 48-h duration had a small but 
statistically significant improvement in motor 
function, but not in clinical function, as com-
pared to other arms. However, patients who 
received 48 h of MPS had more severe sepsis and 
pneumonia [78, 79].

In a consensus conference of AANS/CNS, it 
was stated that treatment with MPS for either 24 
or 48 h in the treatment of patients with acute 
spinal cord injury should be undertaken with the 
knowledge that evidence suggesting harmful 
side effects is more consistent than any actual 
clinic benefit [80]. Contentiously, follow-on 
international studies have not been able to 
reproduce the NASCIS conclusions. This may 
be due to flawed statistical analysis in NASCIS-II 
and NASCIS- III.  Multiple t-tests were used 
with analysis of variance and covariance, which 
predicates an assumption that the data set fol-
lows a Gaussian distribution. There were 66 
subgroup comparisons in NASCIS-II and more 
than 100 in NASCIS-III introducing a high like-
lihood of type I error, where non-parametric 
tests could have yielded cleaner results to 
interpret.

This contention explains the continued uptake 
of the contentious practice in the United States 
but is not indicative of best practice recommen-
dations or guidelines in the UK. At the time of 
writing, there are no UK centres that routinely 
administer MPS for spinal cord injuries. It is 
however kept as an adjunct to surgical manage-
ment in highly select cases where cord oedema 
may be mitigated by MPS administration.
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 Specific Spinal Injuries

 Atlanto Occipital Dislocation

 – Rare and usually fatal injury. Cause of death is 
usually apnoeic respiratory arrest. The major-
ity who survive have a severe neurological 
deficit

 – Commoner in children due to laxity of liga-
ments, a larger size of the head compared to 
the body and smaller/flatter condyles

 – Powers ratio is >1 (ratio of the basion (the 
median (midline) point of the anterior margin 
of the foramen magnum) to the arch of atlas 
distance, and opisthion to anterior arch of 
atlas distance)

 – Treated with occipito-cervical fusion

 Occipital Condyle Fracture

 – The patient usually presents with pain, though 
occasionally lower cranial nerve deficit may 
be present.

 – May be associated with fracture involving 
other cervical vertebrae

 – Usually stable and treated in a collar. Halo 
immobilisation or occipito-cervical fusion 
may be needed in selected cases of instability 
or atlanto-occipital ligamentous injury

 Atlantoaxial Subluxation

 – Commonly seen in rheumatoid arthritis, trauma, 
or with ENT infection (Grisel syndrome).

 – Neurological deficit is rare
 – Head in “Cock robin” position
 – ENT associated subluxation is usually treated 

with antibiotics, traction followed by Halo
 – Subluxations which cannot be reduced or 

which reoccur following halo immobilisation 
require C1-2 fusion

 Atlas Fracture

 – Jefferson fracture involving the arch of C1 
fracture is usually due to axial loading

 – Patients are usually neurologically intact
 – May be associated with a C2 fracture
 – Treatment depends upon the integrity of the 

transverse ligament. If the ligament is intact, 
then it can be treated in a collar or a halo. 
Patients with disruption of transverse ligament 
require C1–C2 fusion

 – Rule of Spence—when the sum of the over-
hang of C1 lateral mass is >7 mm then trans-
verse ligament should be assumed to be 
disrupted

 Axis Fracture

 – Peg fracture is usually due to flexion injury 
and is of 3 types as per Aderson and D’Alonzo 
classification. They are rarely associated with 
neurological deficit. In type 1, the fracture line 
goes through the tip of the peg, in type 2 the 
fracture line goes through the base of the peg 
whereas in type 3 the fracture involves the 
body of the C2. Type 1 and 3 peg fractures can 
be treated in a collar or a halo. Patient with 
type two peg fracture may need anterior or 
posterior fusion surgery.

 – Hangman’s fracture—It is described as trau-
matic spondylolisthesis of C2 and is usually 
due to hyperextension and axial loading. Most 
patients are neurologically intact. Classified 
into three types as per Effendi classification. 
Usually treated with halo immobilisation 
though surgery may be needed if there is more 
than 5  mm of subluxation or more than 10 
degrees of angulation

 Subaxial Cervical Spine Fracture

 – Unilateral or bilateral facet dislocations are 
treated with traction, followed by anterior ± 
posterior surgery.

 – Management is as per SLICS system. 
Conservative treatment is recommended if 
score is ≤3 whereas operative treatment is rec-
ommended when score is ≥5. Patient with 
SLICS score of 4 can be managed either oper-
atively or non-operatively (Figs.  32.9 and 
32.10)
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 Thoracolumbar Fracture

 – Management is as per TLICS system. 
Conservative treatment is recommended if 
score is ≤3 whereas operative treatment is rec-
ommended when score is ≥5. Patient with 
SLICS score of 4 can be managed either oper-
atively or non-operatively (Fig. 32.10)

 Conclusion

In the last few decades, significant advance-
ment has been made in the management of 
spinal trauma patients with a better under-
standing of pathophysiology and spinal bio-
mechanics along with improvement in prehos-
pital care, management in ED, and ICU care. 
There has also been an improvement in the 
designs of implants used in surgery. However, 
further research is needed to minimise or 
prevent secondary injury to the spinal cord. 
Similarly, further research is required in order 
to clarify the use of collars in patients with 
spinal trauma. More studies are also needed 
to investigate the role and timing of surgery in 
spinal trauma patients.

A challenge of modern healthcare is to 
balance the focused and dedicated expertise 
of individual clinicians with the overall 
wellbeing and best practice in managing 
trauma. Selective use of immobilisation col-
lars in the prehospital management trauma 
may lead to case examples of injury that is 
attributed to their failure to be immobilised. 
However, this must be borne with the argu-
ments of this chapter considering the mor-
bidity of immobilisation, the challenge it 
poses to early responders, and the extent to 
which the instability is adequately addressed 
by the application of blocks and tape or a 
rigid collar. Rather than using rigid cervical 
collars, identification of patients at risk of 
cord injury or instability could be by virtue 
of a marker, visual indicator or application 
of a soft collar.

Questions
 1. Neurogenic shock is the cardiovascular mani-

festation of spinal cord injury
 (a) True
 (b) False
 2. The Canadian C-spine rule for immobilisation 

can only be used in adult patients under the 
age of 65

 (a) True
 (b) False

Intact

Intact

Burst

Discoligamentous complex
0

Indeterminate 1
Disrupted 2

Neurological status
0

Root injury 1
Complete cord injury 2
Incomplete cord injury 3
Continuous cord compression with
neurological deficit 

+1

Morphology Score
No abnormality 0
Compression 1

2
Distraction 3
Rotation/Translation 4

Fig. 32.9 Cervical SLICS scoring system

Intact

Intact

Burst

Discoligamentous complex
0

Indeterminate 2
Disrupted 3

Neurological status
0

Root injury 2
Complete cord injury 2
Incomplete cord injury 3
Cauda equina compression 3

Morphology Score
No abnormality 0
Compression 1

2

Distraction 4
Rotation/Translation 3

Fig. 32.10 Thoracolumbar TLICS scoring system
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 3. Patients who present with central cord syn-
drome will have a motor loss below the level 
of the lesion?

 (a) True
 (b) False
 4. Loss of the bulbocavernosus reflex early in 

spinal cord injury is suggestive of severe cord 
injury

 (a) True
 (b) False
 5. Cervical spinal collars are a low risk, benign 

intervention that should be liberally applied to 
all trauma patients

 (a) True
 (b) False

Answers
 1. a
 2. a
 3. b
 4. a
 5. b
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Limb Trauma

Alexander M. Wood

 Introduction

The involvement of limb injuries in Major Trauma 
patients varies depending upon the region and 
injury mechanisms. In the United Kingdom out-
side of London, the majority of patients classified 
as having sustained Major Trauma have significant 
limb injuries. Therefore the understanding of these 

injuries is critical for anyone involved in trauma. 
The management of simple fractures is well 
described, and in minor injury patients it is possi-
ble to focus solely on a single fracture. However, in 
Major Trauma patients there are other consider-
ations which will alter the required approach for 
the management of these injuries.

In Major Trauma patients, the resuscitation of 
the whole patient needs to be considered rather 
than just the limb involved, and this is covered in 
depth in other chapters. A stepwise approach pri-
oritising the early management of the patient’s 
injuries is also required, and again these consid-
erations are covered in other chapters.

When assessing a high-energy limb injury, it 
is essential to realise that in these patients the 
injury is a soft tissue injury with an associated 
fracture and to tailor the approach in this regard. 
Therefore, per the BOA/BAPRAS guidelines, it 
is essential to have a multidisciplinary approach 
to the management of these injuries. This includes 
joint surgical planning from the start, including 
how these injuries will be managed definitively 
further down the treatment algorithm. This will 
prevent the figurative “burning of bridges” for the 
reconstruction of the injuries once the patient has 
recovered from the initial trauma insult.

High-energy limb injuries involve the whole 
anatomy of the limb, and key areas of anatomy to 
aid the decision processes are highlighted in this 
chapter. Any Major Trauma surgeon needs to 
know their anatomy in detail as they will be 
required to approach injuries through different 

A. M. Wood (*) 
Orthopaedic Department, John Radcliffe Hospital, 
Oxford, UK
e-mail: sandy.wood@ouh.nhs.uk

33

 1. Understanding the management priori-
ties in high energy fractures.

 2. Understanding issues caused by mecha-
nism of injury

 3. Understanding the anatomy and assess-
ment of a patient with a limb fracture

 4. Understanding the importance of 
Compartment Syndrome

 5. Understanding the management of 
upper limb fractures

 6. Understanding the management of 
lower limb fractures

 7. Understanding the management of 
Open Fractures

 8. Understanding the assessment of a 
Mangled limb and considerations on 
salvage versus amputation.
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surgical planes dependent upon the injury they 
are presented with. They also need to have an in- 
depth knowledge of the Neurological anatomy so 
that they can identify if neurological structures 
have been damaged. Whilst a full anatomical text 
is out with the purpose of this book, key anatomi-
cal knowledge is highlighted within this chapter.

In high energy trauma, all the anatomical 
structures in a limb may be disrupted from super-
ficial to deep. This includes the skin, facial and 
adipose tissue, overlying muscular structures and 
the nervous and vascular structures within the 
zone of injury. These need to be assessed 
promptly and accurately, to ensure the rapid 
appropriate treatment and limb salvage.

Ascertaining if a fracture is open and if there 
is any vascular compromise to the patient is 
essential. Limb hypoperfusion limbs and resul-
tant ischaemia can have many causes; locally 
from damage to the structures around the injury, 
proximal to the injury, or a systemic cause due to 
the overwhelming hypotension and condition of 
the patient. Systemic causes can compromise the 
overall outcome of the patient and limb, therefore 
these injuries need a rapid assessment. This is 
most frequently noted in compartment syndrome 
or knee dislocations, where it is well documented 
that delays to intervention and restoration of per-
fusion in these injuries can have catastrophic 
effects. These areas are covered within this 
chapter.

When assessing limbs in Major Trauma, it is 
also necessary to understand where the energy 
has passed through the limb and the amount of 
energy that has dissipated within the tissues. 
Whilst a fracture may look similar in different 
energy transfers, the soft tissue injury and perios-
teal stripping around an injury will be signifi-
cantly greater in high energy trauma, and the 
management of these injuries will consequently 
change. Suppose a limb is axially loaded in a 
trauma situation and there is a midshaft femoral 
fracture. In that case, clinicians need to consider 
where the trauma has come from and assess the 
structures above and below the injury detected. In 
axial loading, there is a high proportion of calca-
neal and tibial plateau fractures below a femoral 
fracture, with intracapsular neck of femur frac-

tures, acetabular fractures and spinal fractures 
above the injury. This demonstrates the path that 
the energy has taken as it dissipates around the 
body. The common associated injuries are dis-
cussed within this chapter and the considerations 
required for surgical management.

In high-energy trauma, there is sometimes the 
requirement to assess a limb regarding the poten-
tial for limb salvage or the necessity to perform 
an amputation. In the UK, this decision should be 
conducted as a joint approach between 
Orthopaedics and Plastic surgery as a minimum, 
with Vascular surgeons and the anaesthetic team. 
There is conflicting data about which limbs are 
salvageable, and whilst these tools are discussed, 
the pre-morbid condition of the patient frequently 
dictates the management of the limb and its abil-
ity to be salvaged. This includes not only their 
past medical injury, but also their current clinical 
condition regarding the associated polytrauma 
injuries, and the surgical resources available for 
the patient. What is appropriate in a Major 
Trauma Centre within the UK, will not be appli-
cable in other centres who do not have all the 
reconstructive solutions available. Likewise, a 
patient who has been non-ambulatory pre-injury 
may not have the same reconstructive require-
ments as a high functioning individual. These 
considerations are discussed in detail later. There 
are also cultural reasons that patients may wish to 
retain their limb, so it is important to understand 
these considerations within individual areas of 
practice. In some cultures, patients may prefer to 
retain a painful, deformed limb rather than have 
the stigma of a well-functioning amputation. 
Therefore, in patients who are not able to make a 
decision at the time of initial injury, it is often 
beneficial for the patient to defer the decision to 
amputate until a later surgical episode if clini-
cally safe.

 Understanding the Mechanism 
of Injury

Most major limb injuries in the UK come from 
fall from heights, motor traffic accidents and 
industrial accidents, yet these descriptors alone 
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do not help with the understanding of the mecha-
nism of the injury. There is a significant differ-
ence to the energy transfer of a person in a 
modern vehicle who has deflecting collision, to a 
patient who comes off a motorbike at speed and 
then has his leg crushed under a passing bus. 
Whilst the associated bony injury may look the 
same on radiographs, the soft tissue injuries and 
energy transfers are significantly different 
between the two injuries.

Therefore, when understanding the mecha-
nism of injury it is crucial to ascertain what has 
happened. In patients who have sustained a direct 
blow to a limb, the energy transfer is likely to be 
more concentrated; therefore the damage to the 
soft tissues and bony injury is likely to be a 
smaller area. However, the degree of periosteal, 
muscle and skin stripping may be higher due to 
the energy transfer that has been concentrated in 
a relatively small area. In contrast, a patient who 
has sustained a twisting injury may have rela-
tively low focal soft tissue injury as the energy 
has spread over a significant area, but the energy 
transfer may affect more than one site as it spirals 
up a limb. For example, in a Maisonneuve frac-
ture there is an external rotation force through the 
ankle with transmission of the energy through the 
interosseous membrane, resulting in a proximal 
fibular fracture. In these cases the stability of the 
fracture needs to be assessed, as whilst the osse-
ous component and the soft tissue over the 
 fracture may look insignificant, there may be 
instability due to disruption up the leg along the 
interosseous membrane. Bone is very poor at 
resisting rotational injuries, so twisting injuries 
may look severe in terms of the length of bone 
that is disrupted, but the associated soft tissue 
injury may be relatively small.

In contrast, if a limb is crushed, there may be 
a relatively small area where the bone is frac-
tured. Still, due to ischaemia and energy from the 
crushing injury, there can be significant areas of 
soft tissue damage which will require debride-
ment and assessment for compartment syndrome 
which is covered later.

Following on from the Afghanistan conflict, 
there are multiple papers and books which look at 
the damage that is caused to limbs from blast 

injuries. Bone is relatively resistant to blast inju-
ries, so initial radiographs may not portray the 
extent of the injury. Understanding that it is a 
blast injury and that the fragmentation and energy 
from the injury have propagated through the 
muscles, skin, and fascial planes will aid in 
understanding the required surgical approach. In 
these injuries, the most significant factor is con-
tamination and necrotic tissue which is often far 
more dispersed than the osseous injury. Therefore, 
a staged surgical approach to debride the injured 
and necrotic soft tissue is required. Even with a 
thorough debridement, it is necessary to perform 
a further, staged debridement procedure before 
progressing to definitive fixation in these patients. 
Microscopic damage to the tissues is not fully 
apparent to the naked eye on the initial debride-
ment. As such, a limb which initially looks sal-
vageable due to a relatively simple osseous injury 
and minimal gross contamination may declare 
itself unsalvageable at a second surgical visit 
72  h later once the full disruption and energy 
transfer to the limb becomes apparent.

While in the UK the incidence of gunshot 
wounds is fortunately very low, and most sur-
geons out-with a few major cities are unlikely to 
be exposed to many gunshot wounds during their 
surgical career, this is not the case in other coun-
tries. Therefore, an understanding of how gun-
shot injuries can differ is necessary. When the 
gunshot goes through the skin and muscle there is 
little tissue damage out with the track of the bul-
let. Whilst some studies show cavitation effects, 
these tissues tolerate this well as they are able to 
stretch. However, neurological structures do not 
have the same ability to stretch and recover, in 
part because they are tethered. While these struc-
tures may look normal on inspection, they can be 
damaged at the axonal level, which highlights the 
requirement for an accurate pre-operative assess-
ment. Osseous structures are very strong, and so 
when a bullet hits them there is a significant 
energy transfer. This will be dependent upon the 
size and speed of the shell; therefore, higher 
velocity rounds will cause increased fragmenta-
tion and periosteal stripping.

When managing gunshot wounds in the limbs, 
the priorities are control of haemorrhage, fol-
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lowed by addressing the potential for infection 
and ultimately, reconstruction of the limb.

At the first surgical sitting vascular injuries 
need to be addressed. Depending on the location 
of the injury, this may be by tying off and ligating 
vessels if required, or placing additional shunts 
or vascular repairs. This is followed by debriding 
the wounds, excision of any necrotic tissue and 
copious irrigation of the wound, and finally stabi-
lising any fracture patterns. Where their fracture 
is deemed to be a relatively simple injury in a 
systemically well patient, it may be appropriate 
to internally fix the fracture definitively. However, 
a significant number of these fractures will 
require external fixation initially, followed by a 
subsequent debridement and definitive fixation 
and reconstruction either internally or externally 
at a later date. Patients who have significant bone 
loss will require further interventions, and this is 
discussed later.

 Assessing a Patient with a Limb 
Fracture

The mainstay of assessing a patient with a limb 
fracture is clinical assessment. For example, 
direct blows to the leg from motor vehicles are 
associated with other axial injuries. Therefore, 
when assessing a patient with a limb injury it is 
vital to assess the other areas of potential  damage. 
These include head injury, chest or abdominal 
trauma, and any other significant musculoskeletal 
traumas. It is important to perform a detailed 
examination as soon as possible to exclude other 
potential associated injuries.

This assessment can occasionally be per-
formed at the same time as other members of the 
trauma team are resuscitating the patient. Within 
the UK, it is practice for Major Trauma patients 
to be assessed with a CT performed within 
30 min of arrival in the emergency department. 
These CTs are performed from head to mid- 
femur in most centres due to the inability of the 
CT to easily scan the whole patient in one go. 
Therefore, an early assessment of the limbs must 
be performed to facilitate the acquisition of tar-
geted 3D imaging at the same time as a trauma 

CT scan is performed to aid surgical planning. In 
certain circumstances, CT of an area is not pos-
sible, and therefore in these cases plain radio-
graphs should be obtained—if possible before 
going to theatre.

Limb fractures are painful, and where there is 
a minimal risk of compartment syndrome, then 
the assessing practitioner should consider 
regional blocks as soon as possible. For neck of 
femur patients and proximal femoral patients, the 
administration of a fascia iliaca block should be 
considered (Fig.  33.1). In high energy trauma 
patients with forearm or tibial fractures, in par-
ticular, there has been historical concern that 
regional blocks may mask the early signs of com-
partment syndrome. This has not been proven, 
and there is also data that nerve blocks may facil-
itate earlier detection of compartment syndrome 
by alerting the surgical teams to new, break-
through pain which acted as a prompt to investi-
gate further. A though discussion of regional 
anaesthesia should form part of the team brief 
and a strategy agreed with surgical and anaes-
thetic teams before starting the case. A reason-
able approach for treating pain in patients who 
are at risk of compartment syndrome would be to 
minimise the volume and concentration of local 
anaesthetics used (0.1–0.25% bupivacaine, 
levobupivocaine or ropivocaine) as lower con-
centrations are less likely to mask ischaemic 
pain. Patients should be followed up by both 
orthopaedic and pain team staff to look for early 
signs and symptoms of compartment syndrome, 
and if suspected, compartment pressures should 
be measured urgently.

At initial assessment, splints and dressings 
should be applied after photos have been taken of 
any wounds that may need surgical management. 
Traction splintage should also be considered for 
pain relief and initial treatment of the fracture. 
Dislocated joints should be reduced (as well as 
significantly displaced fractures) to prevent neu-
rovascular injury and pressure damage to soft tis-
sue areas. Prior to reduction and immediately 
post-reduction a neurological assessment should 
be performed.

In the assessment of neurovascular injuries, it 
is vital to understand the neurovascular supply of 
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an area and document it. Whilst there is a signifi-
cant degree of overlap in the assessment of nerve 
injuries, Table 33.1 gives a suggested algorithm 
for the evaluation of neurological injuries.

 Assessment of Vascular Injuries

To assess vascular injuries in the limb it is impor-
tant to palpate for the pulses throughout the limb. 
Where there is an obvious vascular injury, the 
first priority should be to stem the bleeding. This 
can be done with either manual compression, 
either at the site of, or proximal to the injury, or 
by the use of compressive dressings. Where it is 
not possible to control the bleeding with manual 
pressure, then tourniquet use should be consid-
ered to allow resuscitation of the patient until an 
urgent repair can be performed. When there is an 
obvious vascular injury, urgent surgical interven-
tion is required. The presence of bilateral pulses 
which are the same is reassuring, however further 
investigations are still required where there is a 
suspicion of any vascular injury.

Where there is a requirement to identify the 
precise level of the vascular disruption, then an 

arteriogram or duplex ultrasound can provide 
additional information. In emergency patients, 
vascular investigations should not delay explora-
tion of the limb as it is necessary to restore perfu-
sion within 6 h of the time of injury.

In patients who have a suspicion of vascular 
injury but still have normal pulses, further inves-
tigation is required. Pulses can be normal in up to 
15% of patients with a vascular injury, and vascu-
lar damage can be present in up to 25% of patients 
whom there is a suspicion of injury without obvi-
ous vascular signs. The best investigation when 
there is time is CT arteriography as this has a 
high level of sensitivity and specificity in the 
examination of arterial injuries in limb trauma 
patients.

 Assessment of Compartment 
Syndrome

Compartment syndrome has several different 
pathophysiological explanations. However, what 
is not in dispute is that it is relatively common in 
all tibial fractures and incidence increases with 
the energy level of the fracture. Compartment 

Fig. 33.1 Fascia Iliaca block and anaesthesia distribution (Courtesy of NYSORA.com)
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syndrome is not as common in other fractures, 
but in high energy trauma it can affect any osseo- 
facial compartment. Therefore, a high index of 
suspicion must be maintained in the assessment 
of all Major Trauma limb injuries. Major Trauma 
patients may also develop abdominal compart-
ment syndrome, and this is discussed in the 
Damage Control Surgery and Trauma ICU 
chapters.

Regardless of the explanation for the cause of 
the compartment syndrome, the principle patho-
physiology is cellular anoxia due to local isch-
emia. This ultimately causes cell death and a 
positive feedback cycle, causing continuous 
exacerbation of compartment syndrome until the 

pressure is released. Compartment pressures that 
are within 30 mm Hg of the diastolic blood pres-
sure cause this ischaemia via capillary and venous 
congestion and impairment of oxygen delivery 
despite normal pulses. Consequently, in trauma 
patients who may have a variation in their dia-
stolic pressure, it is important to continually reas-
sess for the presence of compartment syndrome. 
There must also be an awareness that in patients 
with multiple injuries and hypotension there is a 
higher risk of developing compartment 
syndrome.

As noted above the most common injury for 
compartment syndrome is in the lower leg. This 
has four compartments (Fig. 33.2) which consist 

Table 33.1 Neurological assessment of the upper and lower limb

Nerve Sensory function Motor function
Suprascapular N/A Action: External rotation of shoulder with the elbow 

at 90 degrees flexion
Muscle belly palpated on examination: infraspinatus

Axillary ‘Regimental badge’ area Action: Abduction of the arm in 15–90 degree range
Muscle belly palpated on examination: deltoid

Musculocutaneous Lateral aspect of the forearm Action: elbow flexion in supine arm
Muscle belly palpated on examination: bicep

Median Tip of the index finger Action: Thumb abduction (thumb to point vertically 
over base)
Muscle belly palpated on examination: Abductor 
pollicis brevis

AIN n/a Action: OK sign
Tendon palpated on examination: FPL (palmar 
aspect of proximal phalanx)

Ulnar Area tested: tip of the little finger Action: Abduction of the little finger
Muscle belly palpated on examination: Abductor 
digiti minimi

Radial Area tested: anatomical snuffbox Action: thumb up (thumb extension)
Tendon visible and palpable on examination: 
Extensor pollicis longus

Femoral Area tested: anteromedial thigh Action: Extension of flexed knee
Muscle belly palpated on examination: quadriceps 
femoris

Obturator Area tested: middle of the medial 
surface of the thigh

Action: Adduction of the leg at hip joint
Muscle belly palpated on examination: adductor 
compartment

Tibial Area tested: sole of the foot Action: Ankle plantarflexion
Muscle belly palpated on examination: 
gastrocnemius

Deep Peroneal Area tested: dorsal aspect of first 
webspace

Action: ankle dorsiflexion
Muscle belly palpated on examination: tibialis 
anterior

Superficial 
peroneal

Area tested: dorsum of the foot except 
for first webspace

Action: foot eversion
Tendons seen and felt on examination: peroneus 
longus and brevis
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of the anterior, lateral, deep posterior, and super-
ficial posterior.

The deep compartment is the most common 
site for compartment syndrome in the leg. 
However, due to the accessibility of the anterior 
compartment, monitors are typically placed 
here for pressure monitoring. The structures 
within the four compartments of the leg are 
listed here:

Compartment Muscles

Neuro- 
vascular 
structures

Anterior 
compartment

Tibialis anterior
Extensor Hallucis 
longus
Extensor 
Digitorum longus
Peroneus Tertius

Deep peroneal 
nerve
Anterior Tibial 
vessels

Lateral 
compartment

Peroneus longus
Peroneus brevis

Superficial 
peroneal nerve

Superficial 
posterior 
compartment

Gastrocnemius
Soleus
Plantaris

Sural nerve

Deep posterior 
compartment

Tibialis posterior
Flexor Hallucis 
longus
Flexor Digitorum 
longus
Popliteus

Tibial nerve
Posterior 
Tibial vessels

Late sequelae of compartment syndrome 
include foot drop, claw foot, and deep peroneal 
nerve dysfunction.

Another area that is relatively common for 
compartment syndrome in Major Trauma patients 
is the forearm. This again has four compartments 
plus the carpal tunnel (Fig. 33.3). The most com-
mon caused for forearm compartment syndrome 
is paediatric supracondylar fractures and high 
energy distal radial fractures.

Whilst in general it is rare for acute compart-
ment syndrome to develop in the thigh, it is more 
common in Major Trauma. The thigh has three 
large compartments—the anterior, posterior, and 
medial (Fig. 33.4) with the anterior compartment 
containing the knee extensors, the posterior com-
partment the flexors and the medial compartment 
containing the hip adductors.

Key Learning Point
The main signs and symptoms for compartment 
syndrome are:

 1. Pain that is out of proportion to the injury and 
pain that is increasing.

 2. A burning neurological pain.

Anterior

Lateral Medial

Posterior

Fibula

Flexor digitorum longus m.
Intermuscular septum
Great saphenous v. and saphenous nerve
Posterior tibial a. and v.
Soleus m.
Gastrocnemius m. (lateral head)
Gastrocnemius m. (medial head)
Sural nerve
Small saphenous v.

Tibia
Tibialis anterior m.

Anterior tibal a. and v.
Extensor hallucis longus m.

Extensor digitorum longus m.
Tibialis posterior m.

Superficial peroneal nerve
Peroneus brevis m

Peroneus longus m.

Fig. 33.2 Compartments of the lower leg (Courtesy of NYSORA.com)
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 3. In patients who have presented late, there may 
also be paresthesia. This is a late sign and sug-
gests that irreversible damage has already 
been caused.

 4. Increased pain when the muscles within a 
compartment are passively stretched.

 5. A firm tense compartment (Not particularly 
specific or sensitive)

The best of these clinical signs of compart-
ment syndrome is pain out of proportion to injury 
and analgesia received. This can rapidly increase, 
and therefore multiple ongoing evaluations are 
required to ensure that compartment syndrome is 
picked up early. However, these clinical signs and 
symptoms have a positive predictive value of 
between 11% and 19%. The specificity and nega-

Radial nerve
Radial artery

Median nerve
Median artery

Cubital (ulnar) nerve
Cubital (ulnar) artery

Volar compartment Mobile wad

Dorsal compartment

Fig. 33.3 Compartments of the forearm (Courtesy of NYSORA.com)

Anterior

Lateral Medial

Posterior

Rectus femoris m.

Vastus medialis m.

Vastus intermedius m.

Vastus lateralis m.

Femur

Sartorius m.

Femoral artery, vein, and nerve

Adductor longus m.

Gracilis m.

Sciatic nerve

Biceps femoralis m.

Semitendinous m.

Semimembranosus m.

Fig. 33.4 Compartments of the thigh (Courtesy of NYSORA.com)
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tive predictive value in lower leg injuries are 
approximately 98%. This means that “classical” 
symptoms are more likely to be present in patients 
without compartment syndrome than those with 
it. Patients with injuries serious enough to put 
them at risk of compartment syndrome are highly 
unlikely to be pain free, so even a 98% negative 
predictive value is of little use. Compartment 
pressure measurement is the only objective and 
accurate test to diagnose and monitor compart-
ment syndrome, and any severe pain should 
prompt the measurement of pressures unless it is 
a patently obvious clinical diagnosis that requires 
urgent treatment. Whilst not a sensitive test, or 
specific, the presence of a tense compartment 
should also prompt investigation. In patients that 
are unable to communicate or have neurological 
injuries, continual compartment monitoring 
should be considered in the acute phase of injury 
and post-surgery. This includes patients who are 
sedated and ventilated in ICU.

If compartment syndrome is missed, late signs 
include decreased sensation, muscle weakness, 
paralysis, diminished pulses and clawing of the 
digits distally with contractures around joints.

To measure compartment syndrome, either a 
bespoke compartment pressure monitor like the 
Stryker compartment monitor can be used 
(Fig. 33.5), or the introduction of a catheter with 
multiple slits can be performed. By introducing 
the catheter into the compartment and then 
attaching it to a monitor via a pressure transducer 
in a similar way to measuring the arterial pres-
sure with an arterial line, compartment pressure 
can be transduced. This method is also useful in 
moribund patients who cannot complain of pain.

It is essential to maintain a high index of suspi-
cion and continue to reassess for compartment 
syndrome. If compartment syndrome is suspected, 
then anything which is increasing the external 
pressure on a compartment should be removed. 
This includes reducing a dressing, splint or cast 
down to the skin for the full length of the limb. 
The limb should not be elevated or lowered, but 
should instead be kept level with the heart, which 
aids arterial blood flow and venous return. It is 
important to treat the pain; however, care should 
be employed as to not mask the pain completely 
which may lead to false reassurance that the com-
partment syndrome has spontaneously settled. To 
reduce the hypoxia in the compartment, as a tem-
porary measure the patient should be put on high 
flow oxygen, and hypotension should be addressed 
with blood products if appropriate to increase the 
diastolic pressure and improve the oxygen-carry-
ing capacity of the blood.

The definitive treatment of compartment syn-
drome is Fasciotomy to decompress all the 
involved compartments fully. This should be 
treated as a surgical emergency, as delays in per-
forming fasciotomy increase morbidity, includ-
ing the need for amputation. In patients who have 
had a delayed presentation to hospital and the 
muscle within the compartment is believed to be 
dead, Fasciotomy should be avoided as it can 
increase the risk of infection and mortality. In 
these patients, debridement of the dead tissue 
should be planned as an elective procedure, par-
ticularly if there are systemic metabolic issues 
due to the dead muscles such as rhabdomyolysis 
and renal failure. In some cases, amputation may 
be the only option.

Fig. 33.5 Stryker compartment pressure monitor (Courtesy of NYSORA.com)
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All the compartments in the upper or lower 
part of the limb must be decompressed along the 
full length. For tibial compartment syndrome, 
this requires a dual incisional approach. One inci-
sion is performed halfway between the fibula and 
the crest of the tibia for the whole length of the 

lower leg with the anterior and lateral compart-
ments released through this incision. A second 
incision is then made 2 cm medial to the posterior 
border of the tibia along the length of the lower 
leg to allow the release of the deep and superficial 
posterior compartments (Fig. 33.6).
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Fig. 33.6 Two-incision fasciotomy technique (from Crist et al.)
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 Management of Upper Limb 
Injuries

 Upper Limb-Limb Salvage

Limb salvage in the upper limb is attempted in 
most patients, even when the limb is regarded as 
mangled. The exception to this rule is in patients 
who need to have the limb amputated to preserve 
their life. This is as a result of various studies 
which have demonstrated that patients who have 
limb salvage have a higher satisfaction rate than 
those who have a primary amputation, despite 
significant improvements in upper limb prosthet-
ics. Even in limbs that only have a few degrees of 
function and no active movement of digits, 
patients still report a degree of satisfaction. 
However, not all limbs are salvageable, and in 
patients where this is not possible, consideration 
must be made to keep the length of the residual 
limb as long as possible following amputation.

In patients who have a severely mangled limb, 
it is important to perform damage control sur-
gery. This will include the external fixation of the 
fractures to allow temporary shunting of vascular 
structures. Where possible, nerves should be 
identified and flagged for later reconstruction. 
Initial debridement should include the removal of 
contaminants and devitalised tissue and decom-
pression of the compartments, including the car-
pal tunnel. Subsequent surgical episodes should 
allow internal fixation of fractures and recon-
struction of the vascular structures, repair and 
decompression of the peripheral nerves plus soft 
tissue coverage.

In upper limb patients, reimplantation of the 
hand and digits can be performed between 6 and 
12 h for warm ischaemia and 12–25 h for cold 
ischaemia. This is due to the reduced amount of 
muscle in the hand and fingers which means that 
they do not suffer the same amount of damage by 
delayed revascularisation as forearm injuries.

In the upper limb, definitive fixation is gener-
ally done with internal fixation, however in cases 
of significant bone loss and other high energy 
fractures, Ilizarov fixation can be performed. 
However, the humerus can be shortened by up to 
4 cm without a significant loss of function.

 Finger Fractures

Distal phalanx fractures are often associated 
with a nail bed injury or open fracture. Most of 
these can be managed by repair of the nail bed 
and splinting alone, however fractures that are 
slightly more proximal are rotationally unstable 
and should be fixed with two or more Kirchner 
wires to prevent non-union. There is increasing 
use of screws to fix these fractures, although the 
outcomes are similar to fixation with Kirchner 
wires.

In the middle and proximal phalanx, there is 
an increased complication rate due to the pres-
ence of tendons over these bones which can cause 
adhesions. Where possible these fractures should 
be managed with K-wires and early mobilization, 
however in fractures that are more unstable plate 
and screw fixation may be preferable to allow 
early mobilisation.

The most common place for metacarpal frac-
tures is at the neck with the fifth metacarpal being 
the most commonly injured. Most of these frac-
tures can be managed non-operatively with a 
splint. Where reduction is required these can 
often be done closed, however where the fracture 
is unstable, the use of K-wire fixation is advised.

The more proximal the fracture in a metacar-
pal, the more force is placed over the dorsal 
aspect of the metacarpal. This can lead to the dis-
placement of fractures along the metacarpal 
shaft. In these patients, it is often appropriate to 
place a mini-fragment plate to counteract these 
forces. A fracture near to the carpal-metacarpal 
joint is often associated with a dislocation. These 
dislocations are unstable and cannot typically be 
managed by splinting alone, so K-wire fixation 
should be considered to maintain the fracture dis-
location in a reduced position.

 Carpal Fractures

There are complex forces that transmit through 
the carpal bones and practitioners managing frac-
tures in this area should also take into account the 
complex ligamentous structures that give stabil-
ity in this area.
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The most commonly injured carpal bone is the 
scaphoid, and this has unique challenges in its 
management due in part to its vascular supply. A 
branch of the radial artery inserts in the distal por-
tion of the scaphoid, potentially causing avascular 
necrosis of the proximal fragment and delayed 
healing if disrupted. This injury pattern is in part 
due to the complex forces that are transmitted 
over the scaphoid bone. As a result, many sur-
geons will internally fix these fractures, although 
they can also be managed conservatively in a cast 
for a prolonged period. In higher energy injuries, 
fractures of the scaphoid can be associated with 
carpal ligament injuries, including perilunate dis-
locations. In these fractures, it is vital to repair the 
ligaments as well as fixing the scaphoid fracture.

Whilst other carpal bones can be injured, due 
to the complexities in their management, early 
referral to specialist hand surgeons should be 
considered.

 Radius and Ulnar Fractures

Radius and Ulnar shaft fractures need to be ana-
tomically reduced because they are intimately 
linked by the interosseous membrane and a com-
bination of ligaments If not reduced correctly, 
this means that any deformity will severely 
restrict forearm rotation.

Distal radial fractures have a bimodal distribu-
tion, with high energy fractures being recognised 
as a cause of distal radial fractures in young 
patients. Most high energy distal radial fractures 
can be managed with internal fixation, however 
where there is minimal bone stock available, a 
combination of bridging external fixation and 
K-wires can be considered. In lower functioning 
individuals, bridging the wrist with a metaphy-
seal plate until union of the fragments may be 
considered, as well as primary fusion in fractures 
that are deemed un-reconstructable.

 Distal Humeral Fractures

High energy distal humeral fractures in adults 
can lead to non-union due to the forces that are 

transmitted across the elbow. These are generally 
managed with dual plate fixation to afford rota-
tional stability. In lower-functioning adults, it 
may be preferable to manage the fracture with 
arthroplasty rather than attempting to hold osteo-
porotic fragments with plates and screws.

 Humeral Shaft Fractures

Most humeral shaft fractures can be managed 
conservatively, however in the multiply injured 
patient fixation may be considered to help with 
rehabilitation. Internal fixation of humeral shaft 
fractures should also be considered in transverse 
fractures due to the prolonged healing time. 
These fractures can be fixed using plates or 
Intramedullary nails. However, the intramedul-
lary nail disrupts the rotator cuff, and this should 
be considered before using this as the preferred 
option.

 Management of Lower Limb 
Fractures

It is essential that good reduction and fixation is 
achieved in lower limb fractures, as inadequate 
reduction or fixation may delay rehabilitation and 
increase morbidity. The principle of treatment 
should be a stable construct that allows early 
mobilization and weight-bearing where possible, 
with minimal surgical insult. The treatment aims 
should be to restore alignment, length, rotation 
and function. Whilst this is not exhaustive of all 
the fractures that can be sustained in the lower 
limb, the major fracture patterns seen in Major 
Trauma are discussed. Open fractures are consid-
ered later on in the chapter. All lower limb frac-
tures have a high risk of thromboembolism, so 
chemical or mechanical thromboprophylaxis 
should be instigated following local guidelines.

 Neck of Femur Fractures

To understand the management of neck of femur 
fractures it is essential to understand the blood 
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supply to the femoral head (Fig.  33.7). In the 
elderly, there is high mortality in Neck of Femur 
fractures, and there are comprehensive guidelines 
on their management which is beyond the scope 
of this chapter. Initial treatment in the emergency 
department should contain analgesia and ideally 
a fascia iliaca block or equivalent.

In inter-capsular fractures, the blood supply is 
disrupted if the fracture is displaced. Therefore, 
in the elderly patient, replacement of the femoral 
head with a cemented prosthesis is the standard 
treatment protocol. If the patient is higher func-
tioning and would be a candidate for a total hip 
replacement, then this should be considered as a 
treatment option in these patients. In frailer 
patients, a cemented hemiarthroplasty should be 
the primary treatment option as it is a faster pro-
cedure with a lower risk of dislocation. If the 
fracture is completely undisplaced, internal fixa-
tion using cannulated screws into the head is a 
viable option for the patient and should be con-
sidered. In some patients, arthroplasty will 
remain the preferred treatment option due to the 
ability to mobilise earlier.

In younger patients who sustain an inter- 
capsular neck of femur fracture, a CT scan is indi-
cated to assess the degree of displacement and 
posterior comminution of the neck of the femur. If 
the fracture is undisplaced, then it should be held 
reduced using either a combination of cannulated 

screws or a sliding hip screw and cannulated 
screw. If there is any displacement to the neck of 
femur, this should be reduced using the anterior 
approach to the hip to minimize the risk to the 
vascular supply to the head, and an open reduc-
tion should be performed before the head is stabi-
lized using internal fixation.

For intertrochanteric fractures, the preferred 
option is to perform a sliding hip screw. This will 
allow the fracture to compress and has excellent 
results. In a younger patient, the compression 
may not be seen as an attractive option and there-
fore fixing the fracture with an intramedullary 
nail may be the preferred option. In patients 
where the fracture is a reverse oblique fracture, 
meaning that there is no lateral wall for a sliding 
hip screw to compress the fracture against, the 
preferred treatment option is an intramedullary 
nail. Likewise in subtrochanteric fractures, an 
intramedullary nail is the preferred treatment 
option (Fig. 33.8).

 Femoral Shaft Fractures

In the adult population, femoral shaft fractures 
are typically managed with intramedullary fixa-
tion due to the high rate of success in fracture 
union using this method. In paediatric popula-
tions, there are various considerations which are 

Retinacular vessels

Asending branch medial
circumflex femoralt

Medial & Lateral Circumflex
Femoral Artery

Profunda Femoris

Fig. 33.7 Vascular 
supply to the femoral 
head, courtesy of Andre 
Keenan
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beyond the scope of this chapter. In a closed fem-
oral fracture, the patient should be placed in trac-
tion whilst waiting for surgery as this will give 
them improved comfort, decrease the effective 
space for blood loss and reduce the risk of fat- 
embolism. Consideration should be made for 
utilising a regional block for comfort in these 
patients, although this should be weighed against 
the risk of compartment syndrome.

Femoral shaft fractures have a high mortality 
even in the young patient, and these should be 
prioritised for fixation within 24 h of arriving in 
the emergency department. There can be signifi-
cant blood loss from a femoral fracture; there-
fore, even in a young adult it is essential to ensure 
that these patients have been adequately resusci-
tated. Certain patients will develop fat emboli 
syndrome which can be fatal, so it is crucial both 

pre and post-operatively to have regular observa-
tions performed on these patients to detect any 
deterioration.

Where the fracture is open, internal fixation 
may be considered at the time of debridement as 
the bone ends are being delivered through a surgi-
cal wound. However, most surgeons will then keep 
the patient partially weight-bearing for a period 
using this approach. In contrast, in patients man-
aged with intramedullary nailing, there is a ten-
dency to allow full weight-bearing much earlier.

 Inter-Articular Distal Femoral 
Fracture

These patients should be assessed for neuro- 
vascular injuries due to the proximity of the neu-

a b

Fig. 33.8 (a) Subtrochanteric fracture of the left femur with intramedullary nail fixation, showing poor healing with a 
broken nail. (b) Good union was shown 3 months after the second operation (From Kao et al)
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rovascular bundle posteriorly. Along with femoral 
shaft fractures, these are significant injuries. 
Therefore they should be fixed as soon as possi-
ble (within 24 h) once the patient has been resus-
citated. Initial treatment should include the 
consideration of a nerve block and skin or skele-
tal traction. This is for pain relief as well as 
reducing the potential space for blood loss. 3D 
imaging should be obtained to understand the 
inter-articular component of the fracture and to 
establish if there is an associated Hoffa fracture 
(intra-articular supracondylar distal femoral 
 fracture, characterised by a fracture in the coro-
nal plane).

The surgical management of these fractures is 
the reduction of the joint surface with absolute 
stability. This may be achieved by the percutane-
ous placements of screws across the joint line or 
may require plating to achieve the fixation of the 
joint surface. Once this has been achieved, the 
reduction of the joint surface block onto the shaft 
of the femur must be established. This can be 
done either by a combination of plates or by an 
inter-medullary nail. The nail can be placed either 
antegrade from the proximal end of the femur, or 
retrograde from the distal end of the femur 
through the knee joint.

 Knee Joint Dislocations

Knee dislocations refer to disruption of the liga-
mentous structures around the knee, as opposed 
to patellar dislocations. Knee dislocations can 
occur with or without associated fractures. These 
are catastrophic injuries which have a high level 
of neurovascular injuries. The dislocation should 
be reduced as soon as possible to relieve pressure 
on the neurovascular structures, and placed into a 
splint. As soon as this has been done a reassess-
ment should be made. Where there is an obvious 
disruption to the vasculature, the patient should 
be taken to theatre with a combination of vascu-
lar, plastic and orthopaedic surgeons, ideally 
within 30 min.

If there are equivocal signs of vascular disrup-
tion, then a CT angiogram or standard angiogram 
should be performed if this can be achieved 

quickly. This should not delay surgery if required, 
as disruption beyond 6 h has a high incidence of 
amputation.

Where there is vascular injury, a shunt should 
be placed immediately with an external fixator 
applied to reduce the knee, with fasciotomies 
performed as described previously. Once this has 
been established, a formal vascular repair should 
be performed at this operation if the patient is 
not having a damage control procedure. Pre-
operative planning is required to ensure that the 
fasciotomy wounds and external fixator do not 
compromise the ability of the vascular surgeons 
to perform an arterial repair. If there are any neu-
rological symptoms pre-operatively, then the 
nerves should be inspected in the zone of injury 
and the common peroneal nerve should be 
explored to where it crosses the fibular distally. 
Definitive stabilization of the knee and closure 
of the fasciotomies should be planned for a sub-
sequent date around 72 h.

 Tibial Plateau Fractures

Tibial plateau fractures should be placed in an 
above-knee cast in the emergency room for com-
fort. Surgeons are often very concerned around 
the use of regional blocks in these patients due to 
the high incidence of compartment syndrome. 
Some tibial plateau fractures are similar in injury 
mechanism to knee dislocations; therefore, a high 
suspicion of neurovascular injury must be main-
tained. In patients where this is detected, they 
should be treated with the same urgency as knee 
dislocations.

Where the patient is too unwell, or the soft tis-
sue injury is extensive, a bridging external fixator 
across the knee should be placed as a temporary 
measure using the principles discussed under the 
external fixator heading.

Definitive fixation of tibial plateau fractures 
depends upon the severity of the fracture. In frac-
tures which involve both condyles, circular fixa-
tion should be considered. This method has a 
lower infection rate than dual plating, which has 
a deep infection rate of up to 20%. Where only 
one condyle is involved, then most fractures will 
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be treated with internal fixation, or in some 
instances a combination of screws and a nail. As 
with distal femoral fractures, the principle is to 
get absolute stability of the joint surface and then 
connect the joint to the shaft of the tibia, using 
either a frame, plate or nail.

 Tibial Shaft Fractures

These fractures should be stabilised in the emer-
gency department using a splint. Again, there is 
concern regarding the high incidence of compart-
ment syndrome. The gold standard for mid-shaft 
tibial fractures in the UK is to manage these inju-
ries with an inter-medullary nail. In proximal 
third and distal third fractures, it is recognised 
that it is harder to control these fractures with a 
nail. Therefore, some centres will manage these 
with plates, or use pollar screws to control the 
nail in the proximal or distal fragments. It is the 
author’s preference to use circular frames in 
proximal third fractures and distal third fractures 
and in multi-fragmented tibial shaft fractures. 
This is due to the decrease in the incidence of 
anterior knee pain, decreased compartment syn-
drome and the ability to accurately reduce these 
proximal and distal fragments without the need 
for soft tissue stripping. Other benefits include 
improved infection rates compared to those seen 
with plates or the combination of plates and nails, 
and the ability to weight bear on a circular frame 
immediately.

Regardless of how the tibial fractures are 
reduced, it is essential that the alignment and 
rotation are corrected and that early mobilisation 
is achieved.

 Distal Tibial Fractures and Pilon 
Fractures

These fractures have a high incidence of soft tis-
sue complications, and it is essential to document 
the neurovascular status and have a high suspi-
cion for compartment syndrome as these are high 
energy injuries with axial loading. Along with 
tibial plateau fractures, these are associated with 

other injuries including calcaneal fractures, fem-
oral shaft fractures, occult femoral neck fractures 
and pelvic and spinal injuries, so a thorough 
assessment of the patient must be performed.

Pilon fractures are distal tibial fractures that 
involve the ankle joint and are named after the 
French word for pestle. The name is a description 
of the high energy axial compression force of the 
tibia as it acts as a pestle, driving vertically into 
the talus in these fractures. The initial manage-
ment is splintage in the emergency department to 
allow swelling to occur and for comfort. Again, 
there is concern in these fractures regarding the 
high incidence of compartment syndrome.

Pilon fractures will swell quickly, so if defin-
itive fixation cannot be achieved expeditiously, 
reduction with a temporary external fixator 
should be performed. This allows the soft tissue 
to settle, with definitive fixation subsequently 
performed around 10 days post-injury depend-
ing on the resolution of swelling. 3D images 
should be obtained in the external fixator to aid 
definitive fixation. As with other interarticular 
fractures, the main principle of management is 
to reduce the fracture surface with absolute sta-
bility and then reattach the joint surface to the 
shaft of the tibia.

Definitive fixation depends on the fracture 
pattern, and there is a significant rate of deep 
infection with internal fixation where there is a 
full articular fracture. Therefore, the author man-
ages these predominantly with a circular ring fix-
ator to mitigate this issue and avoid internal 
metalwork becoming infected. In partial articular 
fractures, the best management is with internal 
fixation. In certain patients with significant soft 
tissue injury and who are low functioning, ankle 
fusion may be an option. This can be achieved 
using an intramedullary nail placed into the talus 
antegrade, or a retrograde nail from the calcaneus 
through the talus and into the tibia.

 Foot and Ankle Fractures

These are frequently missed in Major Trauma, as 
they are often associated with other more signifi-
cant injuries, and trauma CT scans may not be 

A. M. Wood



657

distal enough to pick them up incidentally in 
intubated patients. However, a detailed second 
and tertiary referral must be made on the foot and 
ankle, and in moribund patients, any delayed 
swelling in this area must prompt imaging. In 
particular, the patient should be investigated for 
calcaneal or talar fractures and Lisfranc injuries. 
The management of ankle fractures generally fol-
lows the standard principles of ankle fractures, 
and foot fractures often require fixation to be 
delayed 7–10 days until swelling has returned to 
normal. There is an increasing trend to manage 
calcaneal fractures non-operatively due to the 
soft tissue complications, and further discussion 
on these complex fractures is beyond the scope of 
this book.

 Management of Open Fractures

In the UK the method of management of open 
fractures is currently described in guidelines 
from the British Orthopaedic Association (BOA) 
and British Association of Plastic, Reconstructive 
and Aesthetic Surgeons (BAPRAS) in the British 
Orthopaedic Association Standards for Trauma 
(BOAST) Open Fracture Guideline, and national 
guidelines from the National Institute for Health 
and Clinical Excellence (NICE). This highlights 
that the treatment of open fractures requires early 
antibiotic prophylaxis, tetanus toxoid administra-
tion, consultant-led orthoplastic input and early 
debridement with soft tissue coverage and bone 
stabilisation within 72 h.

Open fractures are classified using the Gustilo 
Classification, which classifies and quantifies the 
degree of soft tissue injury and to guide 
treatment.

• Type 1 fractures have a wound ≤1 cm, with 
minimal contamination or muscle damage.

• Type II have a wound 1–10 cm and moderate 
soft tissue injury.

• Type IIIA have a wound usually >10 cm, high 
energy, with extensive soft-tissue damage.

• Type IIIB have extensive periosteal stripping, 
a wound requiring soft tissue coverage (rota-
tional or free flap).

• Type IIIC having a vascular injury requiring 
vascular repair, regardless of the degree of soft 
tissue injury.

When an open fracture attends the emergency 
department, the patient must be assessed in its 
entirety and managed per standard resuscitative 
protocols. The limb must be evaluated for neuro-
vascular compromise, and any acute haemorrhage 
should be controlled with direct pressure plus a 
tourniquet if required. The wound should be pho-
tographed and gross contamination removed, then 
dressed and protected with a temporary splint. 
Antibiotics and tetanus prophylaxis must be initi-
ated early, and antibiotics should be continued 
until definitive wound closure is achieved. As a 
minimum, x-rays taken at 90 degrees to each 
other should be obtained and include the joint 
above and below the fracture. As noted elsewhere, 
3D imaging should also be obtained where avail-
able to aid surgical planning.

The timing of surgical intervention should be 
within 24 h by a consultant in orthopaedics and a 
consultant in plastics who have experience in 
managing open fractures. The only deviation 
from this should be if there is significant contam-
ination, impending compartment syndrome, vas-
cular compromise, or in a multi-injured patient 
the requirement to proceed to surgery earlier for 
other conditions.

The surgical management of open fractures 
requires pre-operative planning and should be 
performed by a combined orthoplastic team. 
These injuries require a systematic approach to 
the wound, with debridement performed on 
necrotic and contaminated tissue from superficial 
to deep and protection of neurovascular struc-
tures. The bone ends should be delivered through 
the wound and debrided. Once debridement is 
complete, the wound should be irrigated with a 
minimum of 9 litres of Normal Saline to ensure 
that any contamination is flushed out of the 
wound. Pulse lavage and other pressured delivery 
systems should be avoided to prevent contami-
nants from being pushed into clean tissue. Dead 
bone should be removed (except for metaphyseal 
fragments which incorporate the inter-articular 
surfaces), as overall the risk of retention may be 
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outweighed by the benefit. Where soft tissue cov-
erage can be achieved, it is reasonable to inter-
nally fix the patient either with screws and plates 
or inter-medullary nailing. Where is it is not pos-
sible to get soft tissue cover at the index opera-
tion, the patient should be stabilised using an 
external fixator and the wound dressed with 
either a negative pressure dressing or similar. 
There should be a planned second look and defin-
itive closure within 72 h. When definitive closure 
has been achieved, internal fixation may be per-
formed. In some cases, a definitive external fixa-
tion device like an Ilizarov frame may be applied 
at this sitting or later on (Fig. 33.9).

 The Management of Bone Loss

There are several options available for the man-
agement of bone loss following open fractures 
and debridement. This is particularly relevant in 

Tibial fractures where there is a high level of 
infection and non-union following open tibial 
fractures.

Options available are to acutely shorten the 
bone and perform a corticotomy proximally, 
using circular frames or other monolateral exter-
nal fixators. This can then be used to lengthen the 
bone through the corticotomy, using osteogenesis 
to fill in the gap over a period of weeks to months. 
Alternatively, it is possible to leave a gap and per-
form a corticotomy proximally and move a frag-
ment of bone down to dock into the distal 
fragment. Again, this can be done using circular 
frames, balanced wire transport or monolateral 
fixators. This should only be done by surgeons 
specialising in this area. Similar principles can 
now be employed with telescoping intramedul-
lary nails.

For centres that do not have the ability to per-
form bone transport, then it is possible to bone 
graft defects. Due to the high incidence of infec-

Fig. 33.9 X-ray and photograph of Ilizarov frame in use for a distal tibial fracture (Courtesy of Viapastrengo under 
Creative Commons Attribution-Share Alike 3.0 license)

A. M. Wood



659

tion in open fractures, one of the methods that has 
the best results is the Masquelet technique. In this 
technique, the bone defect is filled with cement 
around the intramedullary nail or plate that is fix-
ing the fracture in position. After around 6 weeks 
the cement is removed, leaving a membrane that 
was around the bone cement. This membrane is 
then packed with bone graft with the intention 
that this will then remodel and fill the gap.

In certain patients, it is not practical to use 
bone lengthening and it is reasonable to manage 
the injury by reducing the length of the limb and 
getting bone apposition. The limb length discrep-
ancy can then be managed using heel raises.

 Decisions on Amputation or Limb 
Salvage

Whilst it is possible to salvage or reimplant most 
limbs to one degree or another, it is not always in 
the patient’s best interest to salvage something 
that does not function or is painful. Likewise, 
there are general rules for what can be reim-
planted. In general, thumbs and multiple digit 
amputations should be considered for reimplan-
tation. Similarly, injuries to the forearm and more 
distally should be considered for reimplantation. 
For injuries proximal to the elbow, results are 
generally poor unless a very sharp implement has 
caused an amputation with minimal to no crush-
ing of the tissues. Children do better with reim-
plantation, and the earlier a limb can be 
reimplanted, the higher the chance of success. If 
a limb has been warm and amputated for over 
12 h, or if there is significant crushing to the limb 
or multiple areas of partial amputation then it is 
not suitable for reimplantation. The pre-morbid 
and current health of the patient should also be 
considered.

If it is not possible to salvage or reimplant a 
limb, then amputation should be performed as 
early as possible as this decreases the mortality, 
reduces pain and disability and decreases the 
length of stay in hospital. It is also important to 
note that around a quarter of patients who have 
limb salvage where amputation was being con-
sidered undergo amputation within 2 years of ini-

tial surgery, even when the initial limb salvage 
was deemed to be a success. This is due to a vari-
ety of factors. Also, patients who have limb sal-
vage will spend longer in hospital than patients 
who have amputations, require more operative 
procedures and have more disability than those 
who undergo amputation. However, over the long 
term, limb salvage and reconstruction is still seen 
as beneficial in young patients.

The maxim of “life before limb” is important, 
and there are some patients who are severely 
injured where early amputation is essential to 
save their life due to the metabolic effects of a 
severely mangled limb. In these patients, even 
though the limb is technically salvageable, there 
may be a decision driven by their status at the 
time which means that there is no choice but to 
amputate.

Other factors to consider are the level of the 
injury, the amount of soft tissue injury and con-
tamination and the resultant likelihood of infec-
tion and function of a salvaged limb. If the 
damage is so significant that any salvage option is 
likely to have a painful, non-functioning or insen-
sate limb, then a well-fitting modern prosthetic 
on a good amputation may represent a better 
functional outcome for the patient.

In assessing the viability of a limb, an accurate 
assessment of the pulses, tissue perfusion, and 
sensation is essential. The patient should then go 
to theatre with a minimum of a consultant ortho-
paedic surgeon and plastic surgeon present. In 
many cases, a vascular surgeon will also be 
required to help with the decision making 
process.

When assessing the limb for salvage, many 
different scores can be used. The most common 
trauma score for mangled limbs is the mangled 
extremity severity score (MESS). In this score, 
primary amputation is recommended if the cumu-
lative score is over seven.

Skeletal/soft-tissue injury Points
  Low energy (stab; simple fracture; pistol 
gunshot wound)

1

  Medium energy (open or multiple fractures, 
dislocation)

2

  High energy (high-speed vehicular accident 
or rifle gunshot wound)

3
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  Very high energy (high-speed trauma + gross 
contamination)

4

Limb ischemia
  Pulse reduced or absent but perfusion normal 1a

  Pulseless; paresthesias, diminished capillary 
refill

2

  Cool, paralyzed, insensate, numb 3a

Shock
  Systolic BP always >90 mm Hg 0
  Hypotensive transiently 1
  Persistent hypotension 2
Age (years)
  <30 0
  30–50 1
  >50 2

aScore doubled for ischemia > 6 h

However, all of the systems around do not take 
into account all the patient variables, and there-
fore the decision for amputation versus limb sal-
vage should be taken by at least two senior 
clinicians considering all the potential factors.

 Performing a Below Knee 
Amputation

Whilst there are several different types of ampu-
tation available to a trauma surgeon. The most 
common amputation performed is a below-knee 
amputation. It is critical to know the anatomy at 
the level of the desired amputation to understand 
how to perform a below-knee amputation.

The first stage is to pre-operatively plan where 
the amputation is going to be performed and if 
there is enough soft tissue to cover the amputa-
tion at the end of the procedure. This needs to be 
done where possible if time allows with the 
engagement of the local prosthetic service and a 
plastic surgeon.

A standard below-knee knee amputation is 
performed with 10  cm of tibia below the tibial 
tubercle of the knee. To perform a below-knee 
amputation, it is necessary to mark out the ante-
rior and posterior flaps, with the posterior flap 
being 1.5 times longer than the anterior flap. 
Once the skin flaps are defined, the anterior fascia 
is divided and the superior and deep peroneal 
nerves are identified. To decrease problems with 
the nerve, these are then divided with a new scal-

pel under gentle traction. The muscle of the ante-
rior compartment is then divided.

The periosteum over the tibia is then elevated 
into a small flap. Once completed, identify the 
fibula and cut it a couple of centimetres proximal 
to the planned tibial cut. Once done, cut the tibia 
with a saw and saline wash to avoid heat 
necrosis.

Next, dissect through the posterior structures 
dividing the muscle and identify the tibial nerve. 
This should be injected with local anaesthetic, 
and a nerve catheter may be placed under direct 
vision to help with immediate post-operative 
pain. The nerve is divided with a new scalpel 
under gentle traction then the posterior tibial 
artery and veins are ligated and divided.

Once this is completed, the tibia is bevelled 
and drill holes are placed to allow a myodesis of 
the gastrocnemius. The final step is to close the 
skin with a drain in situ, and then lots of soft 
gauze is placed around the residual stump with 
either wool and crepe or a backslab placed to pro-
tect the stump.

 Osseous Integration

Whilst prosthetic limbs have improved over the 
last two decades, trauma patients do not always 
have a residual limb which is well suited to the 
traditional method of attaching the limb with a 
custom-designed socket. This can lead to irrita-
tion of the residual stump and periods when the 
patient is unable to use a prosthesis.

To combat this, new techniques have been 
developed which enable the prosthesis to be 
directly attached to the skeleton. This technique 
is called osseointegration, which is where there is 
a direct connection between the residual skeleton 
and the metal implant.

This technique is currently limited to a few 
centres within the UK with very tight control 
over which patients fit the criteria for these inter-
ventions. It is likely that as the techniques 
improve and outcomes continue to improve that 
osseointegration will become more frequently 
used for patients sustaining amputation as a result 
of trauma.
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 Summary

Limb injuries in Major Trauma are best thought 
of as a soft tissue injury with an associated frac-
ture. The management of fractures can be tem-
porary if required or definitive dependent upon 
the condition of the patient. It is crucial to have a 
multidisciplinary approach and peri-operative 
plan in the management of fractures in a Major 
Trauma patient. A high suspicion of other inju-
ries is required, and knowledge of the neurovas-
cular anatomy is essential to improve patient 
outcomes.

Questions and Answers
Question 1. When assessing the sensory func-

tion of the lower limb. Which of the following 
nerves supplies the dorsal aspect of the 1st 
webspace:

 A. A Deep Peroneal
 B. Superficial Peroneal
 C. Tibial Nerve
 D. Femoral Nerve
 E. Obturator Nerve

Answer: A.  The deep peroneal supplies the 
dorsal aspect of the 1st Webspace. The superficial 
peroneal supplies the dorsum of the foot apart 
from the 1st webspace. The Tibial nerve supplies 
the sole of the foot, with the obturator nerve sup-
plying the middle of the medial surface of the 
thigh and the femoral nerve supplying the antero-
medial thigh.

Question 2. The Anterior Compartment of the 
Leg contains the following structure:

 A. Deep Peroneal Nerve
 B. Superficial Peroneal Nerve
 C. Peroneus Longus
 D. Tibial Nerve
 E. Flexor hallucis Longus

Answer: A.  The Deep Peroneal Nerve. The 
Superficial Peroneal nerve is in the lateral com-
partment along with peroneus longus. The tibial 
nerve and flexor hallucis longus is in the poste-
rior compartment.

Question 3. When using the Gustilo Classification, 
a wound that is 5 cm long sustained after a fracture 
with moderate soft tissue injury is graded as:

 A. Type 1
 B. Type 2
 C. Type 3A
 D. Type 3B
 E. Type 3 C

Answer: B Type 2.

Question 4

• Type 1 fractures have a wound ≤1 cm, with 
minimal contamination or muscle damage.

• Type II have a wound 1–10 cm and moderate 
soft tissue injury.

• Type IIIA have a wound usually >10 cm, high 
energy, with extensive soft-tissue damage.

• Type IIIB have extensive periosteal stripping, 
a wound requiring soft tissue coverage (rota-
tional or free flap).

• Type IIIC having a vascular injury requiring 
vascular repair, regardless of the degree of soft 
tissue injury.

When Inserting Local into a fascio- iliaca 
block. The local anaesthetic should be placed 
superficial to:

 A. Internal Oblique Muscle
 B. Rectus Abdominis
 C. Iliacus Muscle
 D. Sartorius Muscle
 E. Quadriceps Femoris Muscle

Answer C.  The local is placed anterior to 
Iliacus Muscle and deep to internal oblique and 
sartorius muscle.

Question 5. When using a MESS score, a high 
energy gunshot wound with a cool paralysed 
insensate numb foot, and in a 60 year old patient 
with a persistent hypotension for 8 hours scores 
the following:

 A. 9
 B. 10
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 C. 11
 D. 12
 E. 13

Answer: E
A gunshot wound scores 3, a cool paralysed 

foot that is insensate and numb for greater than 6 
hours scores 6 and persistent hypotension 2 and 
age over 50 scores 2. Total 13.
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Pelvic Trauma

Kathryn Lowery and Nikolaos K. Kanakaris

 Introduction

Pelvic fractures are reported to occur rarely; 
approximately in 3–8% of all trauma patients 
[1–4], accounting for just 1–3% of all skeletal 
injuries [3, 5, 6].

Pelvic trauma is usually the result of high 
energy blunt forces following motor vehicle acci-
dents, crush injuries, or falls from height. 
However, the most rapidly growing subgroup of 
pelvic fracture patients over the last decade is the 
elderly population, presenting with pelvic frac-
tures following low energy trauma and simple 
falls [7, 8].

Pelvic fractures are often associated with 
haemodynamic instability, which can be life- 

threatening in 1–4% of all pelvic fractures, 
including the low energy ones [9, 10]. High 
energy pelvic fractures are generally associ-
ated with severe injuries to other body regions 
and organ systems. The presence of a pelvic 
fracture should be used as an indicator of 
severe polytrauma until proven otherwise fol-
lowing appropriate diagnostic investigations 
[11, 12].

In patients who present with a pelvic fracture 
and haemodynamic instability, registry studies 
from multiple countries report mortality rates 
from 8% to 32% [13, 14]. In these cases, the 
sources of bleeding are most commonly multiple, 
and less than 10% have been attributed solely to 
the pelvic girdle [11, 15].

Furthermore, a fractured pelvis may also 
result in high morbidity and significant lifelong 
disability. This can either be associated with 
complications of fracture healing (malunions/
nonunions of the bony pelvis), coexisting uro-
genital trauma, or chronic pain due to injuries 
to the lumbosacral plexus and major nerves [14, 
16, 17].

An essential prerequisite to the effective man-
agement of pelvic fractures is the understanding 
of the anatomy and mechanical features of the 
pelvic ring.
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• Anatomy of the pelvic girdle—bony, 
ligamentous and vascular

• Pelvic fracture classification
• Initial resuscitation of the patient with a 

suspected pelvic fracture
• Resuscitation and Management of 

haemorrhage control in pelvic fractures
• Emergency skeletal stabilisation in pel-

vic fractures
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 Anatomy

 Skeletal Components

The pelvic girdle essentially connects the axial 
skeleton to the lower limbs. The functions of the 
pelvis are to transmit the forces from the axial 
skeleton to the lower limbs, protect the pelvic 
viscera and the large neurovascular bundles of 
the lower extremities, while it is also a major red 
marrow reservoir and produces the majority of 
the 2 million red blood cells per second that the 
body’s bone marrow creates.

The bony pelvis has no inherent stability and 
is formed by the junction of the two innominate 
bones (right and left) and the sacrum. These form 
a bony ring which is joined anteriorly at the sym-
physis pubis, and posteriorly at the two sacroiliac 
joints. The innominate bones are composed of 
three parts: the ilium, the ischium and the pubis, 
which are interconnected via a Y area of hyaline 
cartilage at the level of the acetabulum. After the 
end of puberty, they become fused [9] (Fig. 34.1).

Approximately 60–70% of the stresses during 
standing/sitting/walking are transferred via the 
posterior pelvic ring to the sacroiliac joints, then 
towards the pelvic brim via the thick sciatic but-
tresses, and finally to the hips at each side 
(Fig.  34.2). The iliac crests and the pubic rami 
receive fewer stresses and are mostly relevant to 
the attachment of the large muscle groups of the 

torso/abdomen and the lower extremities. These 
muscle groups also contribute to the stability of 
the pelvic ring. Furthermore, the rami connected 
at the symphysis pubis act like struts and resist 
internal rotation-compression forces during 
single- leg stance and walking.

The bony pelvis is divided into the false or 
greater pelvis, and the true or lesser pelvis. The 
false pelvis is a superior and broader compart-
ment, found between the two iliac blades. This 
part provides support to the abdominal viscera of 
the ileum and sigmoid colon. The true pelvis is 

a b

Fig. 34.1 (a, b) Graphic demonstration of the bony pelvis with its basic elements

Fig. 34.2 Forces transmitted from axial skeleton to the 
lower limbs
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located more inferiorly and provides support to 
the pelvic viscera. The border between the two 
compartments is called linea terminalis or the 
pelvic brim. This is defined posteriorly from the 
sacral promontory, anteriorly from the pubic 
symphysis and laterally from the arcuate line on 
the inner surface of the two iliums and the pectin-
eal lines of the superior rami.

The exit or outlet of the true pelvis is covered 
by the pelvic floor muscles (anal sphincter com-
plex and the levator ani muscles), supporting the 
abdominal and pelvic organs. Between the two 
genders, there are different anatomical character-
istics with the female pelvis being wider and 
broader, with a shallower true pelvis and less 
prominent ischial spines than the male pelvis, 
which has a longer sacrum, deeper true pelvis 
and a narrow sub-pubic arch.

 Ligaments and Joints

The ligaments around the pelvis support and sta-
bilise the bony pelvis and its joints. These are 
broadly divided into four groups (Fig. 34.3).

The symphysis pubis is a secondary cartilagi-
nous joint. The surfaces are covered by hyaline 
cartilage and separated by a cartilaginous disc. 
The ligaments surrounding this joint consist of 
the anterior pubic ligament, the posterior pubic 
ligament, the superior pubic ligament, the arcuate 
pubic ligament, and the interpubic fibrocartilagi-
nous lamina [18]. The “normal” joint space of the 
symphysis pubis is between 5 and 10 mm.

The sacrococcygeal joint is also a secondary 
cartilaginous joint, with both an anterior and a 
posterior ligament. The anterior sacrococcygeal 
ligament is an extension of the anterior longitudi-
nal ligament. The posterior sacrococcygeal 
 ligament is an extension of the posterior longitu-
dinal ligament [19].

The iliolumbar ligaments represent an addi-
tional strong stabilizing component of the spino-
pelvic elements. They extend bilaterally from the 
side of the transverse process of the L5 vertebra 
to the inner lip of the posterior upper iliac crest. 
These ligaments are responsible for the pathog-
nomonic finding of a mechanically vertically 
unstable pelvic fracture (i.e. avulsion of the L5 
transverse process).

Iliolumbar Ligament

Anterior Sacroiliac
Ligament

Anterior and Lateral
Sacrococcygeal Ligaments
Sacrospinous
Ligament

Sacrospinous
Ligament

Sacrotuberous
Ligament

Sacrotuberous
Ligament

Posterior Sacroiliac
Ligament

Interspinous
Ligaments

Fig. 34.3 Ligaments of 
the pelvis, anterior and 
posterior views
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The sacroiliac joints are composed of two 
parts, the ligamentous part and the articular part. 
The ligamentous part is located posteriorly, and 
the articular portion is anterior. The articular part 
is not truly a synovial joint with the articular car-
tilage located on the sacral side while the iliac 
side has fibrous cartilage [20]. The “normal” 
joint space of the sacroiliac joints is around 
2–4 mm.

The main ligaments in this region which are of 
primary importance to the stability of the pelvic 
ring consist of:

 (a) Anterior sacroiliac ligaments—Not well 
defined, representing more of a thickening of 
the anterior capsule of the sacroiliac joints.

 (b) Posterior sacroiliac ligaments—These are 
divided into short and long components. The 
short posterior sacroiliac ligaments attach 
from the first and second transverse tubercles 
on the posterior ridge of the sacrum to the 
tuberosity of the ilium. The long posterior 
sacroiliac ligaments attach from the third 
transverse tubercle on the posterior lateral 
portion of the sacrum to the superior poste-
rior spine of the ilium.

 (c) Sacrospinous ligaments—These attach from 
the lateral portion of the sacrum to the ischial 
spines. These ligaments divide the greater 
and lesser sciatic foramina [20].

 (d) Sacrotuberous ligaments—These attach 
from the posterolateral sacrum and the poste-
rior iliac spines to the ischial tuberosities 
[20].

 Vascular Anatomy

The pelvis is a highly vascular body region which 
correlates to the high rates of bleeding observed 
following a pelvic ring injury. The sources of 
bleeding could be large displaced areas of cancel-
lous bone (mainly the iliac bones or the sacrum), 
the rich presacral venous plexus or large vessels 
and their branches.

More specifically, the main arterial tree at 
the level of the pelvis bilaterally includes the 
common iliac artery, which is divided into the 

external and internal iliac arteries at the level 
of the L4 vertebra. The external iliac artery 
passes anteriorly along the pelvic brim on the 
medial side of the psoas muscle and emerges as 
the common femoral artery distal to the ingui-
nal ligament [21]. The internal iliac artery is 
divided into an anterior and posterior division 
at the upper border of the greater sciatic notch 
[21]. The anterior division gives rise to the 
inferior gluteal artery, the internal pudendal 
artery, the obturator artery, the inferior vesical 
artery and the middle rectal artery [20]. The 
posterior division gives rise to the superior glu-
teal artery, the iliolumbar artery and the lateral 
sacral artery [20].

The common femoral vein (at each side) 
drains into the external iliac vein at the level of 
the inguinal ligament, and together with the inter-
nal iliac vein form the common iliac vein which 
eventually drains into the inferior vena cava at the 
level of the L5 vertebra.

Between them, an extensive plexus of vessels 
and anastomoses are formed, which are the pri-
mary source of haemorrhage in pelvic fractures 
either due to their proximity to sharp fracture 
fragments or due to stretching/avulsion at the 
time of the accident [20]. As previously reported 
in arteriography clinical studies, the most com-
monly injured vessels are the branches of the 
internal iliac arteries, the pudendal and obturator 
arteries anteriorly and the superior gluteal artery 
and lateral sacral artery posteriorly [22].

The Corona Mortis (or “Crown of Death”) is 
one of these anastomotic vessels, most com-
monly between the obturator and the external 
iliac arterial and/or venous systems. This passes 
near the superior pubic rami and can easily be 
injured at the time of the accident or during com-
mon surgical procedures such as inguinal hernia 
repair or the reconstruction of the pelvis and the 
acetabulum [20, 23, 24] (Fig. 34.4).

 Classification of Pelvic Fractures

The Tile classification and the Young and Burgess 
Classification are both commonly used to clas-
sify Pelvic Ring Injuries. The Tile classification 

K. Lowery and N. K. Kanakaris



669

was first described in 1980 by Tile and Pennal 
[25]; this classification was based on the force 
vector involved in the injury. Tile further modi-
fied this classification based on the stability of the 
pelvic ring [26] describing three main types: 
Type A (stable), Type B (rotationally unstable, 
vertically stable) and Type C (vertically and rota-
tionally unstable). This classification represents 
the basis of the widely accepted system of the 
OTA/AO group [27].

The Young and Burgess classification was 
introduced in 1986 [28] and is based on the vec-
tor of forces/mechanism of injury. It is the most 
commonly used system by clinicians [28, 29]. 
In the Young and Burgess classification there 

are four groups: Lateral Compression (LC), 
Antero- Posterior Compression (APC), Vertical 
Shear (VS), and Composite Mechanism of 
Injury (CMI). These are shown in Table  34.1 
and Fig. 34.5.

 Management of Pelvic Injuries

As pelvic fractures can be associated with haem-
orrhage, urogenital trauma and severe injuries in 
other body regions, they should be treated in hos-
pitals with 24/7 availability of specialists. The 
ability to provide prompt resuscitation, advanced 
diagnostic protocols and multidisciplinary expert 

Inferior Epigastric vessels Rectus Abdominis muscle

Corona mortis

External lliac artery

TVT-Secur needle

Obturator artery & vein Internal lliac artery

Symphysis
Abdominal muscular

Corona mortis
ligated

Ramus superior

Obturator mucle

Peritoneum

Fig. 34.4 Vascular 
anatomy in the pelvis 
with the corona mortis 
highlighted 
schematically and 
in vitro
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care for these patients is essential to minimise 
their morbidity and resulting disability [30].

More specifically for pelvic fractures, the 
answer to two basic questions dictates the man-
agement strategy: Is the patient stable OR unsta-
ble haemodynamically? Is the pelvic fracture 
stable OR unstable mechanically?

 Initial Interventions

For patients who are haemodynamically unstable 
at presentation and have pelvic fractures, death 
within the first 24 h is commonly due to blood 
loss [22]. Principles of care in these patients 

should focus on damage control resuscitation, 
fracture stabilisation and prevention of secondary 
complications.

A patient that has a suspected pelvic injury 
(especially in the presence of hemodynamic 
instability) should receive a non-invasive cir-
cumferential stabilisation of the pelvic ring 
(pelvic binder) as early as possible, ideally in 
the prehospital environment [31, 32]. 
Furthermore, the lower extremities should be 
bound together unless associated injuries to the 
lower extremities or deformities of the legs do 
not allow this (example would be a hip disloca-
tion not allowing mobilisation of the affected 
limb towards the midline) [33]. Pelvic binders 

Table 34.1 Young and Burgess classification system of pelvic fractures

Types Subtypes Anterior pelvic ring lesion Posterior pelvic ring lesion

Mechanical 
stability of the 
pelvic ring

Lateral 
compression 
(LC)—“Closed 
book”
Internal rotation 
vector

LC1 Oblique/buckled rami 
fracture/s

Compressed sacral wing fracture Rotationally 
sometimes 
unstable
Vertically stable

LC2 Oblique/buckled rami 
fracture/s

Iliac wing fracture (with 
disruption of the sacroiliac 
joint—crescent fracture, or 
without sacroiliac joint 
involvement)

Rotationally 
unstable
Vertically 
unstable

LC3 Oblique/buckled rami 
fracture/s

Compressed sacral wing fracture 
at one side and sacroiliac joint 
fracture/dislocation at the other 
side

Rotationally 
unstable
Vertically 
unstable

Antero-posterior 
compression 
(APC)—“Open 
book”
External rotation 
vector

APC1 Symphysis pubis disruption—
widening <2.5 cm

Minimally stressed anterior 
sacroiliac ligaments but mostly 
intact sacroiliac joints

Rotationally 
partially unstable
Vertically stable

APC2 Symphysis pubis disruption—
widening >2.5 cm

Disruption of anterior sacroiliac 
ligaments, partial involvement of 
sacrotuberous/sacrospinous 
ligaments and intact posterior 
sacroiliac ligaments

Rotationally 
partially unstable 
vertically stable

APC3 Symphysis pubis  
disruption—widening >2.5 cm

Complete disruption of sacroiliac 
joint/s with rupture of all 
ligaments

Rotationally 
unstable
Vertically 
unstable

Vertical shear 
(VS)
Vertical vector

VS Vertically oriented pubic rami 
fractures

Sacral wing fractures with or 
without sacroiliac joint 
disruptions

Rotationally 
unstable
Vertically 
unstable

Composite 
mechanism of 
injury (CMI)

CMI Combination of features of 
fractures/dislocations of the 
anterior and posterior pelvic 
ring implying a combination 
different vectors of forces

Rotationally unstable
Vertically unstable
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are easy to apply. They should be centred at the 
level of the greater trochanters to apply their 
effect across the whole pelvic ring symmetri-
cally. A common error in applying pelvic bind-
ers is that they are placed too high, typically 
over the level of the iliac crests. In this position 

the binder is useless. When correctly positioned, 
the pelvic binder should cover the genitals as 
they cross the greater trochanters (Fig.  34.6). 
One way of recalling this is that correct posi-
tioning should look like the patient is wearing a 
miniskirt as opposed to a belt!

Anteroposterior compression Lateral compression
Vertical shear

APC-I LC-I

APC-II LC-II

APC-III LC-III

Fig. 34.5 Young and Burgess Classification
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Pelvic binders act first by restricting the intra-
pelvic volume, but most importantly by providing 
adequate stability to the fractured pelvis allowing 
the formation of the initial clot of the bleeding 
bony surfaces, venous plexus and arterial lesions. 
The pelvic binder should not be removed, unless 
the patient is both haemodynamically stable, and 
following imaging, a pelvic fracture is either not 
identified or is defined as mechanically stable. 
Contemporary resuscitative strategies of blunt 
trauma should be applied in all cases of haemody-
namically unstable pelvic fractures.

In all patients, an examination of the pelvis 
should be part of a comprehensive secondary sur-
vey of the musculoskeletal examination. This 
includes attention to the position of the lower 
extremities, the presence of external rotation or 
shortening of the injured side. In all pelvic frac-
tures, a thorough examination of the perineum 
should occur after the restoration of 
 haemodynamic stability and the removal of the 
binder. Stress examination (“springing”) of the 
pelvis is NOT recommended as this may dislodge 
any clot that has been formed and cause further 
catastrophic bleeding. Furthermore, the sensitiv-
ity of “springing” in detecting unstable pelvic 
injuries is only 59%—marginally better than flip-
ping a coin [34–38]. Published guidelines on the 
Management of Patients with Pelvic fractures 
and The Management of patients with Urological 
Trauma associated with pelvic fractures by the 
British Orthopaedic Association can help to 
guide management in these patients [30].

Attention should be given to the skin condi-
tion around the thighs, the sacrum and the 

perineum to assess for any sign of an open injury, 
closed degloving trauma suggestive of a Morel- 
Lavallee lesion or bruising (Fig.  34.7). 
Examination of the rectum, prostate, scrotum, 
labia and vagina should also be performed to 
exclude the presence of an open pelvic fracture 
with associated perineal/urogenital trauma. Any 
blood at the urethral meatus should be noted, and 

Fig. 34.6 (L-R): Pelvic binder positioned very high, slightly high and in the correct position

Fig. 34.7 Heavy soft tissue contusion and closed deglov-
ing injury to the left (Morell Lavallee—area marked with 
dotted red line) with underlying lateral compression type 
2 pelvic fracture
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an index of suspicion for urethral or bladder inju-
ries should be maintained [20, 21].

A gentle attempt to pass a transurethral Foley 
catheter should take place during the secondary 
survey (unless the patient is in extremis and taken 
to emergency theatres). If following the insertion 
of the Foley catheter, bloodstained urine is noted, 
then a transcatheter cystogram should follow, as 
well as urgent referral to a urologist. If the attempt 
to pass the catheter fails or clear blood is drained 
via the catheter, then an urgent retrograde urethro-
gram should follow and potentially a suprapubic 
catheter will be required, again with a urological 
referral. Digital rectal examination (DRE) was 
traditionally advocated at the early stages of 
assessment in trauma, as well as a bimanual vagi-
nal examination to assess for disruption of the 
gastrointestinal or urogenital systems respec-
tively. A “high-riding” or non-palpable prostate in 
men this was classically taught as being a contra-
indication to catheterisation, however this is not 
based on any published data and there is a high 
rate of false-positive examinations on healthy 
individuals (up to 25%) especially in the obese 
[39]. Furthermore, DRE has a poor sensitivity and 
specificity when compared to other clinical signs 
for suspicion of index injuries [40] and a high 
false negative rate in patients who have GI, spinal 
or urethral injury confirmed either radiologically 
or at the time of operation [41]. There is no indi-
cation for the routine use of DRE in the manage-
ment of trauma patients at the emergency room as 
it adds little (if anything) to their management, is 
time consuming and an unpleasant procedure 
which can be safely avoided.

It should be performed in selected cases 
(together with a bimanual vaginal examination 
(PV)) to assess the presence of blood during the 
examination which may indicate rectal or vaginal 
wall trauma which imply an open pelvic fracture 
(represents a clinical scenario with increased risk 
for septic complications). The DRE/PV are usu-
ally done in theatres prior to the definitive fixa-
tion of a confirmed pelvic fracture. In the presence 
of vaginal bleeding, a speculum assisted gynae-
cological examination should be employed, 
whilst in the suspicion of a rectal injury an proc-
tosigmoeidoscopy [30].

If a vaginal, urethral or bowel injury has been 
identified either on imaging or on DRE/PV 
examination, then internal fixation usually is 
avoided at the anterior pelvic ring to minimise the 
risk of surgical site infections. Other means of 
fixation can be employed including the infix or 
the use of external fixation for the definitive man-
agement of a pelvic fracture.

Radiological evaluation in a trauma setting 
involves the use of a CT scan with intravenous 
contrast to establish potential sources of bleeding 
for the vast majority of trauma patients. The use 
of a plain AP pelvic x-ray (together with an AP 
chest), is useful in the extreme scenario of hae-
modynamically unstable/in extremis patients, as 
these patients may get transferred immediately to 
the operation theatres bypassing the CT scanner.

In the clinical scenario of a patient with no 
apparent pelvic fracture on the trauma CT scan, 
a plain AP pelvic radiograph should be taken 
once the binder has been removed, especially in 
the unconscious patient scenario, as occasionally 
an open book (APC) pelvic injury can be fully 
reduced and masked by a correctly applied 
binder [42].

 Resuscitation

The haemodynamically unstable patient should 
be managed following the modern principles of 
damage control resuscitation, which aims to the 
reverse of the triad of death (hypothermia, coagu-
lopathy, acidosis).

This approach includes:

 (a) an initial permissive hypotension phase for 
the first hour post injury. This refers to 
restricted volume infusion aiming for blood 
pressure lower than usual (systolic blood 
pressure target of 80–90 mmHg—excepting 
patients with severe brain injury or the 
elderly) [43];

 (b) the early use of tranexamic acid [44] and 
blood products (haemostatic resuscitation) 
[45], rather than crystalloid fluids or col-
loids. The currently recommended ratio of 
blood products in the exsanguinating patient 
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scenario is 1:1:1 of RBCs/FFP/PLT within 
the first 6 h if ongoing haemorrhage;

 (c) a damage control surgery strategy aiming to 
control sources of bleeding, decompress cav-
ities, decontaminate open injuries and restore 
physiology, rather than achieve anatomical 
integrity at the initial stage;

 (d) attention to hypothermia with rewarming 
techniques [46, 47].

Most UK Level 1 trauma centres have a Code 
Red Trauma Call protocol in place. These are 
triggered by a senior member of staff, as soon as 
a patient with severe traumatic haemorrhage is 
identified (even before the arrival to the hospital 
as part of a pre-alert of a relevant clinical sce-
nario). They refer to additional to the standard 
trauma call measures, which include the immedi-
ate administration of tranexamic acid (1 g bolus 
and 1 g infusion over the next 8 h) [44], the acti-
vation of a massive transfusion protocol (1:1:1 
ratio of group O blood products ± cryoprecipi-
tate) [45], mobilisation of the on-call senior 
members of the interventional radiology, vascu-
lar surgery and orthopaedic trauma, as well as of 
the operating theatres to prepare for potential 
emergency Code Red surgery (Fig. 34.8).

 Haemorrhage Control

Pelvic haemorrhage is attributed to three princi-
ple sources (venous, bony, arterial) following a 
pelvic fracture [11, 34, 48, 49]. Further sources 
of bleeding should also be considered including 
bleeding from the pelvic viscera. The finding of 
haematuria is considered as an indication of asso-
ciated trauma of the bladder/urethra or less com-
monly of the kidneys. Advanced radiologic 
imaging and clinical examination at the early 
stages of patient management assists their diag-
nosis and control.

• Venous: the low-pressure pelvic venous plexus 
(presacral, paravesical, larger pelvic veins, 
venous iliac branches) is the most common 

source of bleeding. The venous plexus is 
reported to account for 80% of blood loss in 
the presence of unstable pelvic fractures. 
Cadaveric studies suggest that the posterior 
vessels around the sacrum and the sacroiliac 
joints are predominantly responsible.

• Bony: displaced fractures of the pelvic ring 
expose broad areas of cancellous bone that 
also can lead to low pressure but significant 
blood loss.

• Arterial: haemodynamic instability from arte-
rial injuries can be due to vessel dissection or 
disruption, or secondarily due to pseudoaneu-
rysms or arteriovenous fistula formation. 
Arterial bleeding occurs in between 10% and 
15% of unstable pelvic fractures and the most 
commonly injured vessels are branches of the 
internal iliac arteries. Other vessels which are 
less commonly injured are the external iliacs 
or the aorta and their anastomotic branches 
[50]. These injuries are considered as high- 
pressure haemorrhage and thus the most diffi-
cult to control [3, 51].

When considering strategies for managing 
pelvic haemorrhage, much depends on the effec-
tiveness of the coagulation system of the patient 
[46]. Extreme instability of the pelvic ring, con-
tinuous excessive bleeding, specific comorbidi-
ties or use of anticoagulant medication and 
contribute to the development of acute traumatic 
coagulopathy and the “triad of death”. Early 
administration of tranexamic acid, haemostatic 
hypotensive resuscitation, prompt application of 
circumferential pelvic compression via a binder 
and gentle patient handling may minimise or 
mitigate some of the effects of the coagulopathy 
[3, 52].

Trauma patients are initially evaluated by con-
trast medium-enhanced multi-detector computed 
tomography (MDCT), which allows the early 
detection of injuries across multiple body regions 
and can identify any active haemorrhage. This 
enables prompt decision making, therapeutic 
interventions and ultimately, control of the source 
of ongoing haemorrhage [3, 46, 52].
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CODE RED SURGERY
DAMAGE CONTROL SURGERY

Actions to take when a POLYTRAUMA patient is determined to
be transferred urgently to theatre-Checklist

P

O

L

Y “l”

T

R

A

U

M

A

S

PREPARTION/
PAUSES

OSI TABLE

LOCATION

INFUSION

TEMPERATURE

RADIOGRAPHY

AIRWAY

UNIT

MAJOR
HAEMMORHAGE

PROTOCOL

ANAESTHESIA

SURGICAL
EQUIPMENT

• Inform theatre team (Surgeons, Anaesthetist, Serub
   team, ODP, Radiographer)
• Inform relevant staff of potential injuries and procedures
   that may occur.
• SURGICAL PAUSES led by anaeshetic team every 30min

• Transfer OSI table to theatre.

• Determine theatre capacity.
• Notify theatre to be utilised.
• Communicate destination theatre to A&E and MTSN case
   manger.

• 4 transfusion pumps
• Rapid infused primed with warm saline.
• Cell Salvage-allocate operator.
• Double transducers for arterial and central lines prepared.
• T&4 infusion.

• Warm up Theatre (max-T).
• Forced Air warming or Bair Hugger.
• Waming mattress.
• Warmed fluid ready.

• Verify if image intensifier is required.
• If so contact radiographers (bleep xxx).
• Log on at PACS monitor and upload relevant imaging.

• Prepare for RSI.
• DLT (double lumen tube).
• McGrath, Ambuscope ready.

• Inform ICU bed manager for postop care.
• Urinary catheter set ready.
• Ultrasound for central lines.

• Ensure Blood Bank is aware of MH.
• Ensure MH packs are ordered.
• 1:1:1 transfusion.
• Check Cogulation-TEG.
• Tourniquets x2

• Anaesthetist to lead “SURGICAL PAUSES” every 30min.
• Ketamine / Opiod / Rocuronium.
• TXA infusion.
• 50ml 2% Propofol.
• 100mg Rocuronium.
• 10mg Metaramind in 20ml.
• Tourniquets x2.
• TXA infusion.

• Team Brief – Team Debrief  at the end
• Communicate with relevant surgical specialities
   Instrument requirements.
• Set up trolleys so kit is readlly accessible if required.
• Ligaclips and Hemostatic agents readily available.
• Abdominal packs and warmed up Lt of N/S (x12 plus)

Fig. 34.8 Example of the Code Red algorithm for the trauma theatres at the Leeds Teaching Hospital Trust
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 Pelvic Packing

Pelvic pre-peritoneal packing is typically per-
formed in damage control surgery for a patient 
who has haemodynamic instability from an 
unstable pelvic fracture that is not responsive to 
resuscitative measures and in extremis. 
Contemporary pelvic packing refers to the inser-
tion of large abdominal gauzes into the pre- 
peritoneal space of the true pelvis [53].

Pre-peritoneal packing is an emergency pro-
cedure. It should be performed after the pelvic 
ring has been somehow stabilised in order to 
allow containment of the packs and facilitate the 
tamponade effect. A pelvic binder or circumfer-
ential pelvic sheet can achieve this, or else a 
quick application of an anterior external fixator/
C-Clamp should be performed before damage 
control laparotomy and packing (Fig. 34.9).

Getting access to the retropubic space of 
Retzius via a Pfannestiel or vertical midline 
 incision (with limited sub-umbilical extension of 
the standard midline laparotomy) is the first step 
(Fig.  34.9). The insertion of lap sponges starts 
after the quick evacuation of the large clots that 
are encountered following the entry to the space 
of Retzius. Usually, the most injured side is 
packed first with at least three large abdominal 
gauzes, which are inserted one by one in a mean-
dering fashion as posteriorly as possible. They 
need to be inserted to the true or lesser pelvis and 
be advanced as posteriorly possible around the 
pelvic rim. After one side is fully packed, the pro-
cedure is repeated for the contralateral side (in 
total usually six lap sponges are enough). This 
technique places the sponges toward the posterior 
venous plexus and the internal iliac vessels. The 
tamponade effect simultaneously and non- 
selectively addresses all sources of bleeding and 
is a pure damage control procedure, i.e. fast, indi-
cated for unstable patients and requires a second-
ary procedure in 24–48 h to remove the sponges.

The sponges should be counted at insertion 
and retrieved carefully at 24–48  h to minimise 
infection risk. Blood is a perfect culture medium, 
so once bleeding has been controlled and physi-
ology normalised as far as possible, the 
risk:benefit ratio moves away from keeping 

sponges and packs in to minimise bleeding 
towards favouring their removal to prevent 
abdomino-pelvic infection. At the time of 
retrieval, the surgeon should be cautious as devel-
oped clots may become dislodged and then 
repacking with new, clean packs or direct control 
of the bleeding vessels may become necessary.

Historically, a higher incidence of deep infec-
tion (35%) was considered as a problem follow-
ing pelvic packing. This secondary complication 
may hinder or alter the subsequent definitive fixa-
tion strategy, although recent reports challenge 
this [14, 54]. When applied for the correct indica-
tions, i.e. in the clinical scenario of an exsangui-
nating patient from pelvic bleeding, these 
secondary implications are consciously de- 
prioritised in the initial stages with the intent of 
saving the patient’s life during the initial 
resuscitation.

 Angiography and Embolisation

For the vast majority of trauma patients with a 
pelvic fracture, a contrast medium enhanced 
MDCT is performed within the first 30 min of the 
arrival of the patient [30]. This scan allows the 
trauma team to identify and diagnose the sources 
of bleeding rapidly.

When ongoing arterial haemorrhage is present 
and evident in the trauma scan (arterial blush or 
contrast extravasation at the arterial phase of the 
MDCT), angioembolisation is employed to allow 
direct control of the bleeding vessel [22, 51]. 
Additional indications for this type of procedure 
in the presence of a pelvic fracture are all pseu-
doaneurysms that declare themselves, though this 
is usually at a later stage. This classically presents 
as an unexplained slow drop of patients haemo-
globin and derangement of haemodynamic 
parameters. Contraindications to targeted emboli-
sation in the initial phase are the presence of gross 
haemodynamic instability prior to scan with 
potential multiple bleeding sites, evidence of 
massive intraperitoneal bleeding, allergy to iodin-
ated contrast media, or previously altered/unfa-
vourable vascular anatomy (aorto-femoral bypass, 
stenosis, occlusion, aneurysm repair) [22].
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After the MDCT and the establishment of an 
access route (usually transfemoral), a diagnostic 
angiography follows. When a bleeding artery is 
identified, a selective (4-6F), or super-selective 
(2.3–2.9 °F) microcatheter is inserted Fig. 34.10. 
The first-line option in the clinical setting of the 

bleeding pelvis is that of selective embolisation; 
targeting the specific bleeding vessel is associ-
ated with fewer complications. Non-selective 
embolisation is preserved as a salvage procedure 
in patients who are unresponsive to previous 
measures and “in extremis”, or when the patient 

a

b c

d

e

Fig. 34.9 (a) Clinical case of packing with anterior pel-
vic external fixator midline sub-umbilical incision. (b) 
Cadaveric specimen with exposure of the true and false 
pelvis and the presacral vasculature. (c) Same specimen 
with graphic representation of the position of lap sponges, 
covering the presacral area and the area below pelvic rim 

of the true pelvis. (d) Graphic demonstration of the effect 
of packing of a non-stabilised injured pelvic ring. Failure 
of containment of the lap sponges. (e) Graphic demonstra-
tion of the effect of packing of a stabilised injured pelvic 
ring with a C-Clamp. Packing is contained
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remains unstable without evidence of contrast 
extravasation or vessel injury. Historically, non- 
selective embolisations were used more and were 
strongly associated with severe complications 
(peripheral ischemic episodes, foot, leg, gluteal, 
bladder, avascular femoral head necrosis and 
impotence to name a few) [51]. The embolisation 
is achieved with the injection of materials (coils, 
amplatzer, PVA particles, glue, onyx, gelfoam, 
thrombin) that can produce a permanent (for 
selective embolisation or pseudoaneurysms) or 
temporary effect with endogenous vessel recana-
lization occurring in 4–8 weeks.

The procedure can be repeated if needed, and 
it is relatively safe. Selective embolisation may 
also follow an initial pelvic packing procedure in 
a patient that remains unstable post damage con-
trol surgery and has a positive scan for arterial 
extravasation on repeated contrast CT. The main 
disadvantage of angioembolisation is that it 
addresses the arterial sources of bleeding selec-

tively (as opposed to including venous and bony 
bleeding sites) and is relatively time-consuming. 
The average procedure times are over 90  min, 
even in centres that have rapid access to interven-
tional radiologists, staff and equipment so is not 
appropriate for patients requiring a damage con-
trol procedure immediately [51, 55]. All Major 
Trauma centres should have 24/7 available 
resources, trained personnel and access to this 
type of interventions either to an embolisation 
suite or more recently to hybrid theatres.

It is essential to appreciate that all methods of 
haemorrhage control can be used in conjunction; 
they are different and not competitive but rather 
complementary to each other. Major trauma cen-
tres and units should have institutional protocols 
in place (Fig. 34.11) for the management of these 
severely injured and compromised patients. Their 
application should be tailored to the specifics of 
each clinical scenario and may vary between dif-
ferent hospitals depending on logistics, available 
resources and local expertise.

 Fracture Stabilisation

 Non-Invasive Stabilisation (Pelvic 
Binders and Sheet Wrapping)

Circumferential compression of the pelvic ring 
has been introduced to all contemporary manage-
ment protocols over the last 10 years. Either in 
the form of commercially available binders (e.g. 
Pelvic Binders such as the SAM pelvic sling or 
T-POD device), or by wrapping a sheet around 
the pelvis. These devices should be used as a part 
of the primary survey as early as possible. In the 
UK the application of a pelvic binder is usually 
performed in the prehospital setting following 
high energy trauma, or with patients who have a 
mechanism of injury leading to a suspicion of 
pelvic fracture.

The pelvic binder is applied to reduce the pel-
vic volume, but most importantly, to provide 
mechanical stability to the pelvis and encourage 
tamponade and formation of the primary clot [22, 
29]. Of note, the pelvic ring is not a closed com-
partment. After the first litre of haemorrhage, 

Fig. 34.10 Clinical example of contrast extravasation of 
the right internal pudendal artery (red arrow) at the arterial 
phase of the MDCT, and subsequent angiography and 
super selective embolisation with coils (yellow arrow)
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blood subsequently drains upward to the retro-
peritoneal space. In the event of rupture of the 
pelvic floor or the perineum (not unusual in high 
energy open book or vertical shear fractures), 
blood can drain externally (Fig. 34.12). The vol-
ume of blood that can be contained in the pelvic 
ring is given by the formula 4/3πr3. Unless bleed-
ing stops by the formation of blood clots, pelvic 
fractures can lead to the loss of large volumes of 
blood in excess of the circulating blood volume 
of the patient [56, 57].

The binder should be placed at the level of the 
greater trochanters (Fig. 34.13). At that level, the 
pressure is applied circumferentially across all 
the true pelvis and the pelvic girdle; this refers to 
a virtual ring containing the hip joints, the sym-
physis pubis, the sciatic buttress and the upper 
sacrum.

Modern binders allow access to the abdomen 
and are more lightweight. Their presence allows 
full access to the pelvis and the abdomen for dam-
age control surgery procedures such as laparot-
omy, extraperitoneal packing, external pelvic 
fixation, c-clamp and placement of iliosacral 
screws without removal of the binder (Fig. 34.13). 
However, binders still restrict access for examina-

tion of the perineum, access for vascular proce-
dures such as the insertion of the REBOA catheter 
and a complete secondary survey [21, 29].

The duration of use of a binder in the presence 
of a pelvic fracture is relevant to

Perhospital phase

or

at ED Arrival

Resuscitation Bay
at the ED

Diagnostic Suite

Operation Room

ICU Surgical Procedures (Pelevic packing / osteosynthesis) and / or Intensive Care Unit
Fourth decision
point 90-180min

Third decision
point 30-60min

Second decision
point 15-30min

first decision point

AngioEmbolisation

Contrast blush No Contrast blush

ResponderTransient Responder

Emergency Damage
Control Surgery

Multislice trauma CT scan with contrast medium

In extremis - Non Responder

ATLS primary survey, Massive Transfusion protocol,
blood products 1:1:1 ratio, ABG,

CXR - Fast scan

TRANSFER TO MTC – Prealert Trauma Team – CODE RED TRAUMA CALL
As Soon As Possible

PELVIC BINDER + iv Access + TRANEXAMIC ACID
initiate Haemostatic Permissive Hypotensive Resuscitation & Warm up the patient

Trauma patient with Suspected Pelvic Fracture & Haemodynamic Instability

Fig. 34.11 Current algorithm of management of a hemodynamically unstable trauma patient with a suspected pelvic 
fracture of the Leeds MTC

Fig. 34.12 Graphic demonstration of the non- 
containment of the pelvic volume and the overflow 
upwards to the retroperitoneal space and downwards after 
rupture of the pelvic floor
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 1. The hemodynamic stability of the patient and 
their response to resuscitation

 2. The mechanical stability of any identified pel-
vic fracture, its type and degree of 
displacement

 3. The available resources, skillset and expertise 
of managing unstable pelvic fractures.

In the vast majority of cases post the initial 
diagnostics and resuscitation, the binders are 
removed within the first 24 h. If prolonged use is 
required, then it is recommended that they are 
loosened up from time to time to prevent compli-
cations in the form of pressure sores and skin 
necrosis. Any patients who have pelvic injuries 
outside of a Major Trauma Centre who continue to 
require the application of a pelvic binder after the 
primary survey should be urgently discussed with 
a specialist pelvic surgeon, ideally in the regional 
Major Trauma Centre. While competing manage-
ment priorities may mean that immediate pelvic 
fixation or stabilisation is not possible (or indeed 
necessary), these patients can have significant 
morbidity and mortality from delayed surgery and 
missed or mismanaged injuries [58–61].

 Emergency Skeletal Stabilisation

 Anterior Emergency Fixation
External fixation devices are minimally invasive 
systems that are usually applied under fluoro-
scopic guidance, allow indirect reduction and 
adequate stability of rotationally unstable pelvic 
fracture types and can be applied rapidly. These 

are mostly utilised as standalone, temporary 
means of stabilisation at the initial damage con-
trol procedure, and occasionally as definitive 
management tools, mostly in association with 
additional fixation of the posterior pelvic ring.

They consist of a system of interlinked half 
pins, clamps and rods. Their anchorage and sta-
bility is related to the size and number of half 
pins inserted, the size and configuration of the 
frame of rods constructed, patient bone quality 
and the distance of the frame from the area of 
instability [62]. External fixators restore a degree 
of stability to the anterior pelvic ring but are inad-
equate when the posterior ring is completely dis-
rupted (Tile C types of pelvic fractures). Some 
anterior external fixator systems may provide a 
degree of stability to the posterior pelvis [63]; 
however, these have not been widely adopted, 
mostly due to the availability of more reliable 
methods of definitive pelvic fixation.

There are two principal types of pelvic ante-
rior external fixators—the iliac crest fixator and 
the supra-acetabular fixator.

The iliac crest external fixators are the most 
commonly applied in the trauma setting for dam-
age control resuscitation. They use the iliac crests 
for insertion of two half pins in each crest which 
are usually 5  mm diameter and can be placed 
with or without fluoroscopy (Fig.  34.14). The 
supra-acetabular external fixator requires fluoros-
copy for identification of supra-acetabular bony 
corridors via the anterior inferior iliac spines 
(Fig. 34.15). This type of anterior pelvic fixation 
does offer biomechanical advantages and is con-
sidered more stable [64].

Fig. 34.13 Demonstrates use of binder at the level of the 
greater trochanters, allowing access to iliac crests for 
external fixation, the symphysis pubis for packing, the 

external iliac fossa for the application of c-clamp/iliosa-
cral screws and also clear access to the abdomen for fur-
ther damage control procedures
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The two types of rod constructs that are prin-
cipally employed are either an alpha triangular 
frame or a rectangular type (Fig. 34.14). Anterior 
external fixators do stabilise the anterior pelvis 
but do not control or reduce sufficiently the pos-
terior elements [62, 64].

 Posterior Emergency Fixation

The pelvic C Clamp represents the primary inva-
sive method of emergency reduction and tempo-
rary stabilisation of the posterior pelvic ring. It is 
relatively fast to apply and can be used with or 
without fluoroscopic guidance. This device can 

compress the pelvic ring posteriorly and maintain 
reduction until definitive fixation is feasible 
(Fig. 34.16).

Emergency posterior fixation is predomi-
nantly indicated in fractures with rotational and 
vertical instability (type C per Tile, or else VS or 
APC-3 and some LC3 injuries per Young & 
Burgess) [62]. It is contraindicated in the pres-
ence of iliac wing fractures (crescent fractures) 
or comminuted fractures of either innominate 
bones [65].

The entry points of a C Clamp are very close 
to those of the “gold standard” method of fixation 
of the posterior pelvic ring (i.e. percutaneously 
inserted iliosacral cannulated screws). Therefore, 

a c

b d

Fig. 34.14 Clinical examples with application of ante-
rior external fixators at the iliac crests. (a) Alpha/triangu-
lar type of anterior external fixator of the iliac crest. (b) 
Rectangular type of anterior external fixator of the iliac 

crest. (c) Fluoroscopy control of the position of the half 
pins to the left iliac crest (outlet view). (d) Fluoroscopy 
control of the position of the half pins to the left iliac crest 
(outlet view)
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prolonged use of this device may delay definitive 
management or increase the risk of surgical site 
infections. For this reason, C-Clamps are rarely 
used nowadays, as binders and traction have 
replaced their role as the principal temporary sta-
bilisation method until definitive fixation can 
happen. There are also other complications asso-
ciated with its use which have influenced the 
move towards increased pelvic splint use (over- 
compression of the posterior elements, sacral 
root secondary injuries and injuries of the supe-
rior gluteal artery during application).

Another invasive method for temporary fixa-
tion of the posterior ring is the so-called “anti- 
shock iliosacral screw” [66]. This method aims 
for a partial reduction and temporary stabilisation 
of the posterior pelvis and requires fluoroscopic 
guidance, but is limited by the availability of 
trained pelvic surgeons and the presence or not of 
comminution of the innominate bones.

 Definitive Skeletal Stabilisation

A comprehensive description of the methods 
of definitive skeletal stabilisation of the pelvic 
ring, their indications and contraindications 
are beyond the scope of this chapter. These 
methods are principally internal fixation strat-
egies with plates and screws, which can be 
applied via a variety of minimally invasive 
techniques or open surgical approaches 
(Fig. 34.17).

The main contemporary principles of the 
definitive surgical treatment of fractures of the 
pelvic ring include:

 1. prompt transfer to medical facility with avail-
able surgical expertise

 2. thorough assessment and management of 
associated soft tissue and visceral injuries

 3. adequate reduction of the pelvic ring

a

b

c d

e

Fig. 34.15 Clinical example with application of anterior 
external fixator of the supraacetabular type. (a) Outlet 
obturator oblique fluoroscopy view of the left sciatic pilar 
corridor—teardrop for the half pin of the supra-acetabular 
external fixator. (b) Iliac oblique fluoroscopy view of the 
left side verifying the entry point at the level of the ante-
rior inferior iliac spine and the trajectory of the half pin 
above the greater sciatic notch. (c) Photo of a patient post 
anterior pelvis supra-acetabular external fixation (alpha 

frame), damage control laparotomy, pelvic packing and 
iliosacral screw fixation. (d) Inlet obturator oblique fluo-
roscopy view of the right side—verification of the starting 
point at the level of the anterior inferior iliac spine. (e) 
Iliac oblique fluoroscopy view of the right side verifying 
the entry point at the level of the anterior inferior iliac 
spine and the trajectory of the half pin above the greater 
sciatic notch
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 4. mechanical stabilisation primarily of the pos-
terior and secondarily of the anterior pelvis 
adequate to allow early mobilization of the 
patient

 5. prevention of secondary complications (i.e. 
venous thromboembolism, pressure sores, 
surgical site infections) [14, 16, 67].

Key Points
• The ligaments around the pelvis support and 

stabilise the bony pelvis and its joints. These 
are broadly divided into four groups

• The sources of bleeding could be large dis-
placed areas of cancellous bone (mainly the 
iliac bones or the sacrum), the rich presacral 

a

b

c

d

e

Fig. 34.16 Example of application of the C-Clamp to 
control an unstable pelvic fracture. (a) The C-Clamp kit. 
(b) Clinical photograph of a patient following the applica-
tion of a C-Clamp. (c) Graphic representation of the land-
marks for insertion of the compression bolts of the 
C-Clamp. (d) Clinical photograph with demonstration of 

the entry point for the insertion of the compression bolt of 
the C-Clamp to the right ilium. It refers to the junction 
between a vertical line from the anterior superior iliac 
spine and another line in axis to the femoral shaft. (e) 
Anteroposterior x-ray of the pelvis following the applica-
tion of a C-Clamp
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venous plexus or large vessels and their 
branches.

• More specifically for pelvic fractures, the 
answer to two basic questions dictates the 
management strategy: is the patient stable OR 
unstable haemodynamically? Is the pelvic 
fracture stable OR unstable mechanically?

• A patient that has a suspected pelvic injury 
(especially in the presence of hemodynamic 
instability) should receive a non-invasive cir-
cumferential stabilisation of the pelvic ring 
(pelvic binder) as early as possible, ideally in 
the prehospital environment.

• The haemodynamically unstable patient 
should be managed following the modern 
principles of damage control resuscitation, 
which aims to the reverse of the triad of death 
(hypothermia, coagulopathy, acidosis).

• Pelvic haemorrhage is attributed to three prin-
ciple sources (venous, bony, arterial) follow-
ing a pelvic fracture.

• It is essential to appreciate that all methods of 
haemorrhage control can be used in conjunc-
tion; they are different and not competitive but 
rather complementary to each other.

 Summary

Pelvic fractures are a significant injury both in 
terms of immediate mortality and later stage 
morbidity. They intrinsically can be responsible 
for many deaths from exsanguination due to the 
previously described vascular network, but the 
presence of pelvic fractures is a marker of a high- 
energy mechanism of injury in the young or a 

Fig. 34.17 A number of examples with different methods of definitive fixation of the pelvic ring
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degree of frailty in the elderly which should 
encourage a thorough investigation for other 
potentially occult injuries. While multiple meth-
ods of temporary and definitive fixation exist, the 
underlying principle of them all is to control 
bleeding and achieve a degree of stability in the 
acute phase. Pelvic surgeons are not present in 
every hospital, but regional trauma networks 
should have referral mechanisms in place in order 
to deal with complex pelvic injuries, or injuries 
which require surgical fixation. The acute man-
agement of pelvic fractures in non-specialist hos-
pitals can be achieved with pelvic binders, and 
early discussion with an appropriately qualified 
trauma team and pelvic surgeon.

Questions
 1. At which level should a pelvic binder be 

applied?
 (a) Umbilicus
 (b) Centred in the Greater trochanters
 (c) Centred on the ASIS
 (d) Below the Greater Trochanter
 2. The lethal triad consists of;
 (a) Acidosis, hypothermia and coagulopathy
 (b) Acisosis, hyperthermia and coagulopathy
 (c) Hypothermia, hypotension and acidosis
 (d) Coagulopathy, hypotension and 

hypothermia
 3. Following a failed attempt to pass a urethral 

catheter in a patient with pelvic fractures, the 
next step is?

 (a) Repeat attempt with the same catheter
 (b) Urgent retrograde urethrogram with urol-

ogy input
 (c) Repeat attempt with a larger diameter 

catheter
 (d) Insertion of a suprapubic catheter
 4. A Morel-Lavallee lesion is described as:
 (a) A perineal haematoma
 (b) Avulsion of ASIS
 (c) Avulsion of AIIS
 (d) A Closed degloving soft tissue injury
 5. An elderly patient who fell down a flight of 

stairs underwent a trauma CT scan demon-
strating a Lateral Compression Type 2 pelvic 
injury with an arterial blush demonstrate(d) 
Following the return to the Emergency depart-

ment the patient became hypotensive, tachy-
cardic and drowsy. What is the next step:

 (a) Contact the operating theatre for skeletal 
stabilisation and pelvic packing

 (b) Contact the Interventional radiologist for 
embolization

 (c) Resuscitation with blood products, 
Tranexamic acid and ensure pelvic binder 
is correctly positioned

 (d) Resuscitation with crystalloid and contact 
vascular surgery

Answers
 1. b
 2. a
 3. b
 4. d
 5. c
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Trauma in Pregnancy

Rashmi Menon and Thomas Irving

 Introduction

Trauma in pregnancy is a leading non-obstetric 
cause of maternal mortality. The mechanism of 
trauma is most commonly blunt and caused by 
motor vehicle accidents (MVA), assaults (often 
intimate partner violence) and falls [1]. Even 
relatively minor maternal trauma can result in 
significant fetal injury. Trauma in the pregnant 

woman presents unique challenges and requires 
early involvement of the multidisciplinary team 
to achieve the best possible outcomes for the 
mother and the fetus.

 Epidemiology

Trauma is a leading cause of mortality in the 
younger population accounting for approxi-
mately 10% of all deaths annually [2]. In the 
United States, 6–8% of pregnancies are compli-
cated by some degree of trauma [3]. In the 
United Kingdom, estimates suggest that 1  in 
100 women of childbearing age having major 
trauma will be pregnant [4]. Trauma is reported 
as the single most common cause of maternal 
death with 20% of maternal deaths directly 
related to injury [5]. No single other diagnosis 
(e.g. Pulmonary Embolus, Sepsis, Haemorrhage) 
accounted for as many deaths, with a maternal 
mortality rate due to trauma in some series in 
the range of 1.5/100000 live births [6]. 
Accidental injury occurs in line with the base-
line population, however there a disproportion-
ate incidence (8%–17%) of domestic violence 
in the pregnant population and a 7% increased 
risk of suicide [3].

The United Kingdom has seen a progressive 
decline in mortality and morbidity from trauma 
since the establishment of the regional trauma 
networks in 2012 (2010  in London). Trauma 
patients who reached hospital alive in 2017 had 
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a 19% increase in odds of survival compared 
with patients in 2008 [7]. This improvement is 
believed to be due to coordinated care by expe-
rienced personnel in major trauma centres and 
clinical advances such as the routine use of 
tranexamic acid (TXA) and the concept of 
damage control resuscitation (DCR). It is not 
known at present if the increased survival odds 
apply to pregnant trauma patients. The rate of 
fetal loss in trauma is variously described as 
between 3.4% and 56% with the majority of 
fatalities being secondary to placental abrup-
tion. An Injury Severity Score of more than 9 
and a fetus of less than 24 weeks gestation are 
shown to be independent risk factors for fetal 
loss [8].

 Injury in Pregnancy

Trauma in pregnancy may be blunt or penetrat-
ing. The majority of all traumatic injury is blunt. 
In pregnant women, there is a higher incidence of 
penetrating trauma as compared to non-pregnant 
women (5–10% vs 2%) [3, 4]. Penetrating trauma 
is associated with higher fetal and maternal mor-
tality rates as compared to blunt trauma [9].

 Motor Vehicle Accidents (MVA)

MVAs remain the most frequent cause of trauma 
in pregnancy, accounting for about half of all 
maternal trauma [4]. Incorrect placement of or 
failure to wear seat belts in the later stages of 
pregnancy can lead to significant injury follow-
ing even minor accidents.

 Falls

Falls are common in the late second and third tri-
mester of pregnancy. The combination of an 
altered centre of gravity due to an enlarging 
uterus, increased joint laxity due to raised pro-
gesterone levels and altered proprioception pre-
dispose pregnant women to falls [3]. The majority 
do not cause significant injury.

 Assaults

According to the Office for National Statistics, 
8% of women experience domestic violence at 
some point in their lives [10]. Domestic violence 
may first present in pregnancy or if pre-existent, 
may escalate during pregnancy [3]. Violence is 
usually perpetrated by the partner or a family 
member. The body areas most commonly tar-
geted in pregnant women are the abdomen, 
breasts and genitalia [11]. Trauma may be blunt 
or penetrating. Repeated attendances and incon-
sistent history of the mechanism of injury should 
raise suspicion of domestic abuse and trigger 
local safeguarding protocols.

 Burns

Burn injury is fortunately rare in pregnancy. All 
pregnant burn patients must be treated in a ter-
tiary burns centre with adequate access to obstet-
ric services. The pregnant abdomen represents 
an increased proportion of total body surface 
area, and this should be taken into account while 
calculating the percentage of burns. Airway 
burns will compound the difficulty associated 
with the obstetric airway, and a relatively lower 
threshold for early intubation of the patient by 
rapid sequence induction (RSI) before further 
deterioration occurs is recommended. The major 
fluid shifts occurring with extensive burns will 
negatively affect uteroplacental perfusion if the 
patient is not adequately resuscitated. Burns 
affecting over 40% body surface area in preg-
nancy are associated with a poor maternal and 
fetal prognosis [3].

 Anatomical and Physiological 
Changes of Pregnancy

During pregnancy, there are hormonal influences 
on the mother’s body to create an ideal environ-
ment for fetal growth and to prepare for child-
birth. These changes become more noticeable as 
pregnancy advances and abate a few weeks after 
delivery of the fetus. The anatomical and physi-
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ological changes in pregnancy are well described. 
They may have a significant impact on the pre-
sentation of trauma in pregnant patients 
(Table  35.1) and necessitate specific modifica-
tions of the initial management of the pregnant 
trauma patient [12].

 Approach to a Pregnant Trauma 
Patient

 Legal Position of the Fetus
Under current UK law, the fetus has no intrinsic 
rights until it is born. Recent high profile cases 
have highlighted this [13], so it must be rein-
forced that all clinical decisions are made with 
the needs of the mother in mind rather than the 
needs of the fetus.

 Recognising Pregnancy
The possibility of pregnancy must be considered 
in all women of childbearing age presenting with 
trauma. In most cases, the patient will be able to 
communicate, and the possibility of pregnancy 
can be discussed directly with the patient. 
Examination during the primary survey may also 
reveal pregnancy if the uterus has reached the 
intra-abdominal level. Neither history nor exami-
nation can safely exclude pregnancy, and urinary 
pregnancy testing or an ultrasound examination 
of the abdomen must be performed if doubt 
exists. In time-critical major trauma, pregnancy 
may first be identified on a trauma CT.

The anatomical and physiological changes 
that are associated with pregnancy must be taken 
into account when managing the pregnant trauma 
patient [12]. Knowing the gestational age of the 
fetus is essential as it will affect subsequent man-
agement of the patient as well as the fetus.

Initial management must focus on maternal 
resuscitation and stabilisation. As in any trauma 
patient, a MABCDE (Major haemorrhage, 
Airway, Breathing, Circulation, Disability and 
Exposure) approach should be followed. Fetal 
assessment should only be performed once life- 
threatening maternal injuries have been addressed 
[14]. Prompt and effective maternal resuscitation 
will aid in ensuring favourable fetal outcomes.

 Massive Haemorrhage

Maternal blood volume is increased at term by up 
to 50%, there is a physiological dilutional anae-
mia of pregnancy and cardiac output is increased 
by 28 weeks to 40% greater than pre-pregnancy 
levels. This hypervolaemic, haemodiluted state is 
intended to protect the mother during haemor-
rhage associated with childbirth. As a conse-
quence, up to 40% of maternal circulating volume 
may be lost before the clinical signs of shock 
become manifest.

By term the uterus and placenta receive 
800 ml/min of blood (a significant portion of the 
cardiac output). Placental abruption or direct 
utero-placental injuries can result in cata-
strophic haemorrhage either externally (per 
vaginum) or concealed within the abdomen. 
Early involvement of an obstetrician is therefore 
recommended.

 Airway and Cervical Spine

Assess and ensure a patent maternal airway while 
maintaining immobilisation of the cervical spine. 
It is well known that obstetric airway manage-
ment is challenging due to increased upper air-
way oedema and vascularity, increased adiposity, 
patients being positioned with a lateral tilt and a 
higher risk of gastric aspiration [12]. In the 
obstetric trauma patient, this difficulty may be 
increased further by cervical spine immobilisa-
tion, the urgent nature of the intervention and the 
presence of airway trauma or burns [15].

If airway problems are anticipated, early intu-
bation is recommended for airway protection 
and to assure good maternal oxygen delivery. An 
RSI by an experienced operator, following the 
obstetric airway management guidelines of the 
Difficult Airway Society (DAS) is recommended 
(Fig. 35.1) [16].

The patient should be positioned 30° head up 
to improve the functional residual capacity 
(FRC), reduce the risk of aspiration of gastric 
contents and cause downward movement of the 
breasts, making laryngoscope insertion easier. 
The cervical collar should be removed, and man-
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Table 35.1 Anatomical and physiological changes in pregnancy and its implications in trauma

System Changes in pregnancy Implications in trauma
Airway • Increased airway mucosal vascularity 

and oedema
• Weight gain

• Increased incidence of difficult intubation; early RSI 
by an experienced operator recommended in case of 
airway compromise
• Avoid nasal interventions
• Use of videolaryngoscopes and bougies as first line

Respiratory 
system

• FRC decreased by 30% due to 
cephalad displacement of the diaphragm
• PaCO2 decreased
• Oxygen consumption increased by 
60%
• Minute ventilation increased by 50% 
[tidal volume 45% and respiratory rate 
5%] due to respiratory stimulant effects 
of progesterone
• Diaphragm raised 4 cm due to gravid 
uterus

• Increased oxygen requirements and decreased stores 
can rapidly cause hypoxemia during apnoea (such as 
with RSI) or airway obstruction. Hence, oxygen 
supplementation is essential.
• 30° head-up tilt will increase FRC and oxygen 
stores.
• The raised diaphragm pushes abdominal organs 
upwards and can cause abnormal injury patterns.
• Thoracostomy tubes, if indicated, should be placed 
1–2 spaces higher than normal

Circulatory 
system

• Decreased systemic vascular 
resistance
• Decreased preload
• Increased heart rate
• Increased stroke volume
• Increased cardiac output
• Increased circulating blood volume
• Aortocaval compression by the gravid 
uterus becomes significant after 
20 weeks gestation
• Uterine autoregulation is lost, so 
uterine perfusion depends on maternal 
blood pressure

• Due to increased blood volumes, signs of 
hypovolaemia appear late, and a high index of 
suspicion must be maintained at all times
• Uterine displacement (manual displacement of uterus 
preferred over left lateral tilt as it better maintains 
spinal alignment) in all patients over 20 weeks 
gestation
• Dilated uterine and pelvic vasculature can cause 
catastrophic bleeding in pelvic fractures.
• Maternal hypotension (such as with permissive 
hypotension) can affect uteroplacental perfusion

Haematological 
system

• Increased clotting factors
• Increased fibrinogen levels
• Decreased haemoglobin (physiological 
anaemia of pregnancy)
• Decreased anticoagulant factors
• Decreased fibrinolytic activity
• Decreased platelet count

• Be aware of altered normal values in pregnancy
• Hypercoagulable state; VTE prophylaxis to be 
considered for all pregnant trauma patients

Gastrointestinal 
system

• Reduced gastric emptying and 
‘full-stomach’ state
• Reduced motility throughout the GI 
tract due to the effects of progesterone
• Anatomical displacement of pylorus 
by the gravid uterus
• Decreased LOS tone
• Increased intraabdominal pressure

• Increased risk of aspiration of gastric contents with 
loss of airway reflexes; early RSI if airway reflexes are 
compromised

Musculoskeletal 
system

• Increased joint laxity towards term
• Altered centre of gravity with 
enlarging uterus, causing exaggerated 
lumbar lordosis

• High incidence of falls towards the latter stages of 
pregnancy

Renal system • Increased renal blood flow
• Increased GFR
• Increased urinary protein excretion
• Increased hydronephrosis and 
hydroureter
• Reduced creatinine values

• Altered ‘normal’ values
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ual in-line stabilisation (MILS) used instead to 
immobilise the cervical spine, in order to facili-
tate laryngoscopy. Apnoeic oxygenation tech-
niques such as nasal high-flow may be used to 
maximise oxygen stores and delay desaturation 
during RSI.  Use of video laryngoscopes as the 
first line, with a bougie and a smaller diameter 
endotracheal tube may increase first-pass intuba-
tion success rates. In cases of difficult intubation, 
the DAS guidelines should be followed, namely 
releasing cricoid pressure, gentle bag and mask 
ventilation, and prioritisation of oxygenation 
[15]. A second-generation supraglottic airway 
device (SAD) may be used for rescue, and front 

of neck access (FONA) will be required in a 
‘Can’t Intubate, Can’t Oxygenate’ (CICO) 
 scenario. Neck adiposity may make FONA chal-
lenging; an open approach with longitudinal neck 
incision and finger dissection down to the trachea 
is recommended [15].

 Breathing

High maternal oxygen requirements, coupled 
with low oxygen stores, cause rapid desaturation 
with respiratory compromise. High flow supple-
mental oxygen should be administered as for any 

Master algorithm – obstetric general anaesthesia and failed tracheal intubation

Algorithm 1

Safe obstetric

general anaesrhesia

Algorithm 2

Obstetric failed

tracheal intubation

Algorithm 3

Can’t intubate,

can’t oxygenate

Pre-induction planning and preparation

Team discussion

Rapid sequence induction

Consider facemask ventilation (Pmax 20 cmH2O)

Laryngoscopy

(maximum 2 intubation attempts; 3rd intubation

attempt only by experienced colleague)

Success

Success

Fail

Fail

Verify successful tracheal intubation

and proceed

Plan extubation

Declare failed intubation

Call for help

Maintain oxygenation

Supraglottic airway device (maximum 2

attempts) or facemask

Declare CICO

Give 100% oxygen

Exclude laryngospasm- ensure

neuromuscular blockade

Front-of-neck access

No Yes

Wake§ Proceed with surgery§

Is it essential / safe

to proceed with surgery

immediately?*

*See Table 1, §See Table 2

© Obstetric Anaesthetists’ Association / Difficult Airway Society (2015)

Fig. 35.1 Reproduced from Mushambi et al. [16] with 
permission from Obstetric Anaesthetists’ Association/

Difficult Airway Society
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trauma patient in the first instance. Once stable, 
the oxygen should be titrated down to achieve 
maternal saturations of over 94% as this will 
ensure the maintenance of the uteroplacental oxy-
gen gradient and adequate fetal oxygen delivery 
[17, 18]. If mechanically ventilated a target PaCO2 
of 4–4.5 kpa should be aimed for, as is normal in 
pregnancy. Further falls in PaCO2 will shift the 
oxygen dissociation curve to the left and reduce 
fetal oxygen delivery. The gravid uterus causes 
upward displacement of the diaphragm. Intercostal 
drain (ICD) insertion should thus be performed 
two spaces above the usual fifth intercostal space 
within the safe triangle, to avoid damage to 
abdominal viscera [3, 14]. If the mother is stable, 
imaging is recommended prior to ICD insertions 
to determine definite clinical need as well as to 
confirm the suitability of the insertion site. CT 
scans have more sensitivity than ultrasound in the 
diagnosis of haemopneumothorax if there is doubt 
surrounding the diagnosis [18].

 Circulation

As discussed above, the increased blood volume 
of pregnancy results in a significant degree of 
compensation in trauma, with hypovolaemia pre-
senting late and catastrophically [12]. A high 
index of suspicion for hypovolemia must be 
maintained in the injured pregnant patient. 
Uterine causes (such as rupture or placental 
abruption) must be actively considered as sources 
of bleeding, and in these cases serious pathology 
can often be concealed.

After 20  weeks’ gestation, aortocaval com-
pression is significant, and uterine displacement 
must be maintained; either manually or by a lat-
eral tilt of the trauma board. Large-bore intrave-
nous (IV) access must be obtained as for any 
trauma patient, and ideally, the access should be 
above the diaphragm so that drugs and fluids 
reach the central circulation without being 
impeded by compression of abdominal vessels 
due to the gravid uterus (Fig. 35.2).

Pelvic fractures are of concern as the pelvic 
vasculature is maximally dilated in late preg-
nancy and can cause catastrophic bleeding [12]. 

Pelvic binders must be used if the mechanism of 
injury is significant [14].

A full set of trauma blood tests should be per-
formed, being mindful of altered values in preg-
nancy. A Kleihauer-Betke blood test (KBT) 
should also be sent in all pregnant trauma 
patients. This test measures the amount of fetal 
haemoglobin in the maternal circulation and is a 
marker of the degree of fetomaternal haemor-
rhage and uteroplacental injury. In women who 
have a Rhesus negative blood group but are car-
rying a Rhesus positive baby, the KBT result also 
allows calculation of the correct dosing of anti-D 
immunoglobulin. Fetomaternal haemorrhage has 
been used as a surrogate marker of the severity of 
trauma and a KBT assists in fetal prognostica-
tion, independent of the Rhesus status [3, 18, 19].

Damage Control Resuscitation is an integral 
part of contemporary trauma care and advocates 
a restrictive fluid replacement strategy with per-
missive hypotension and controlled resuscitation 
to a palpable central pulse until definitive control 
of bleeding is achieved [14]. This approach raises 
concerns in pregnant patients as maternal hypo-
tension may cause decreased uteroplacental per-
fusion and compromise the fetus. However, the 
primary consideration is maternal stability, and 
fetal prognosis will depend on several other fac-
tors such as fetal gestation and uterine injury. 
These decisions should thus be made with multi-
disciplinary team input and be well documented.

The use of vasopressors to maintain blood 
pressure is not ideal in trauma or obstetrics 
patients as they may increase the risk of clot dis-
lodgement and cause further bleeding. Most 

Fig. 35.2 Supine Hypotensive Synddrome by Bonnie 
Gruenburg via Wikimedia Commons under Creative 
Commons attribution share-alike4.0 license
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commonly used vasopressors intrinsically reduce 
uteroplacental perfusion in healthy individuals, 
so the problem will be compounded in trauma 
patients. Hence, they must only be used if aggres-
sive volume resuscitation fails and for the short-
est time possible.

If the patient does not respond to volume 
resuscitation, plans must be made to transfer to 
theatre. Damage control surgery may be needed, 
potentially including delivery of the fetus if there 
is obstetric bleeding. Limited imaging such as 
plain X-rays or ultrasound can be performed in 
the trauma bay without delaying transfer to 
 theatre and may provide vital information to 
guide surgery. If stability is achieved with vol-
ume resuscitation, then a trauma CT is recom-
mended [14].

Tranexamic acid (1 gram IV) is considered 
safe in pregnancy and must be administered 
within the first 3 h to confer survival benefit [20].

 Disability

Assessment and management of disability is the 
same as in the non-pregnant patient.

Cervical collars may not fit properly due to 
increased neck adiposity. In such cases, manual 
in-line stabilisation should be used. The spine 
board or scoop stretcher (if used) can be tilted 
30° to the left using a wedge beneath to reduce 
aortocaval compression.

In the case of traumatic head injury, control of 
ICP may require maternal hyperventilation. 
Maternal alkalosis can shift the oxygen dissocia-
tion curve to the left and reduce fetal oxygen 
delivery [12]. Blood sugars must be measured, 
and care is taken to prevent hypoglycaemia as it 
can impair glucose transport to the fetus.

 Exposure

During exposure and examination of the 
patient, particular attention should be paid to 
excluding vaginal blood loss [3, 18] and main-
tain normothermia.

 Specific Obstetric Complications

 Preterm Labour

The most common obstetric complication of 
trauma is the onset of contractions. This results 
from several mechanisms: Placental abruption, 
prostaglandin release from damaged myometrial 
cells and premature rupture of membranes. 
Contractions may be accompanied by cervical 
dilatation and/or rupture of membranes. 
Contractions often stop spontaneously but may 
require treatment with tocolytics. Advice from 
obstetric team is crucial and patients with a via-
ble fetus should ideally be cared for in a centre 
with a neonatal unit. Depending on fetal gesta-
tion, the patient may need steroids (for fetal lung 
maturity) and magnesium sulphate (fetal neuro-
protection) for optimal fetal outcomes [18].

 Placental Abruption

Some degree of placental abruption occurs in 
up to 50% of cases of major trauma and may 
occur with little or no signs of external injury. 
Fetal mortality is high at 20–35%. The placenta 
is devoid of elastic tissue while the myome-
trium is very elastic predisposing to shearing. 
Blunt trauma will deform the elastic and flexi-
ble myometrium which is sheared from the rel-
atively inflexible placenta. It usually presents 
between 2 and 6  h after trauma, with clinical 
signs of abdominal pain, contractions, vaginal 
bleeding, uterine tenderness or a uterus larger 
than would be expected for gestational dates, 
features of maternal hypovolaemia and fetal 
distress. Abruption (occult or concealed—see 
Fig. 35.3) may lead to major maternal bleeding 
and consumption coagulopathy. Diagnosis is 
mainly by history and clinical examination. 
Diagnosis may be confirmed on ultrasound scan 
(USS) however management of suspected 
abruption should not be delayed for USS as it is 
not a sensitive tool for diagnosis [18]. It is par-
ticularly vital to monitor fetal status as this will 
guide obstetric led management.
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 Uterine Rupture

Rupture of the uterus is a rare complication of 
direct abdominal trauma in late pregnancy, occur-
ring in 1.6% of patients. Severity ranges from 
serosal haemorrhage to a complete avulsion of 
the uterus. 75% of cases involve the fundus. 
Presentation is with severe abdominal pain and 
tenderness, features of shock, palpable fetal parts 
and maternal collapse. There is almost universal 
fetal mortality and maternal mortality approaches 
10%. Urgent maternal resuscitation and surgical 
intervention is required (often hysterectomy in 
the traumatic setting) to control haemorrhage 
[21].

 Fetal-Maternal Haemorrhage

Transfer of fetal blood to the mother is common 
in trauma and is a predictor for the severity of 
trauma. A Kleihauer test (Acid elution test) esti-
mates the amount of fetal haemoglobin trans-
ferred to the mother. In high risk patients (Rhesus 
negative mother, Abdominal or Major Trauma 
and Kleihauer positive) Anti-D immunoglobulin 
should be administered. Dosing recommenda-
tions vary from unit to unit. Treatment with 
Anti-D is aimed at preventing Haemolytic 
Disease of the Newborn in future pregnancies. 
Whilst Anti-D Administration is important, it is 
not an immediate priority in acute resuscitation. 

As long as it is administered within 72 h of the 
sensitising event then it will be effective.

 Amniotic Fluid Embolism

Amniotic Fluid Embolism (AFE) is a rare event 
precipitated by entry of amniotic fluid into the 
maternal circulation. The pathophysiology 
remains unclear, however AFE is characterised by 
a sudden onset of dyspnea, cyanosis, cardiovascu-
lar collapse with subsequent organ dysfunction, 
coagulopathy and potentially death. Although 
classically described in labour and delivery, trauma 
may expose the maternal circulation to amniotic 
fluid and thus the risk of AFE [22]. Treatment 
remains supportive, often requiring multiple organ 
support in an intensive care setting.

 Maternal Cardiac Arrest

Cardiac arrest in the pregnant patient is managed 
in a similar way to the non-pregnant patient, with 
a few modifications. Manual uterine displace-
ment is recommended to avoid aortocaval com-
pression; this is preferred over a left lateral tilt 
which causes chest compressions to be less effec-
tive. Resuscitative hysterotomy is a significant 
addition to advanced life support algorithms for 
pregnant patients and is time-critical and logisti-
cally challenging.

External
Bleeding

Internal
BleedingPlacenta

separated from
the uterus

Fig. 35.3 Blausen.com 
staff (2014). “Medical 
gallery of Blausen 
Medical 2014”. 
WikiJournal of Medicine 
1 (2). DOI:https://doi.
org/10.15347/
wjm/2014.010. ISSN 
2002-4436. - Own work 
under Creative 
Commons BY 3.0 
license
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 Resuscitative Hysterotomy

Resuscitative hysterotomy is performed in the 
event of maternal cardiac arrest, ideally within 
4 min of confirmed arrest, with the baby delivered 
within 5 min of arrest to achieve the best outcomes 
[3, 18], though survival has been reported with 
arrest times up to 15 min [23]. The primary aim is 
to aid maternal resuscitation; emptying the uterus 
removes aortocaval compression, provides placen-
tal autotransfusion and improves respiratory 
dynamics. The procedure is straightforward and 
can be done with minimal equipment. Most emer-
gency departments store a basic caesarean tray, but 
the procedure can be performed with a basic surgi-
cal tray containing a knife, retractors and clamps. 
The obstetrician, who should be asked to attend 
the trauma call immediately once pregnancy is 
suspected, is the best person to perform this proce-
dure. If the fetus is of sufficient gestation, a hyster-
otomy offers it the best chance of survival, but this 
is a secondary objective. If there is return of spon-
taneous circulation (ROSC), the patient must then 
be taken to theatre to control bleeding and close 
the abdominal wound. If an obstetrician is not 
available, Emergency Department physicians and 
Pre- Hospital physicians are increasingly being 
taught to perform the procedure via a vertical lapa-
rotomy incision, rather than the traditional 
Pfannenstiel incision.

A retrospective review of 94 cases of resusci-
tative hysterotomy has shown a maternal survival 
rate of 54%, with 80% of these having good neu-
rological outcome for the mother. It is shown that 
time to delivery following arrest is key to out-
come and should be performed as soon as possi-
ble. Fetal survival was reported at around the 
60% level; the earlier the fetus is delivered fol-
lowing arrest, again the better the outcomes [23].

 Technique for Perimortem Section

 Decision to Operate

Often the most difficult step—With an obviously 
pregnant patient with an easily palpable uterus, a 
hysterotomy within 15 min of the arrest can still 

result in over 50% favourable fetal outcomes [23] 
and beyond that time, even though fetal survival 
decreases, it is still indicated as an intervention 
that may aid maternal resuscitation.

Adult cardiac arrest management must be 
continued during the procedure and a separate 
team must be tasked to resuscitate the baby once 
delivered. In the event of pre-hospital hysterot-
omy, additional crews should be requested as 
soon as the procedure is being considered in 
order to provide additional resources for neonatal 
resuscitation.

 Preparation

This is a resuscitative intervention and therefore 
there is no role in delaying to perform skin prepa-
ration or application of surgical drapes. Urethral 
catheterisation will introduce delay and should 
not be performed, care should be taken therefore 
to avoid surgical injury to the bladder.

 Surgical Technique

 1. Laparotomy—A midline incision from 
xiphisternum to pubic symphysis. Rapid but 
careful dissection through all layers of the 
abdominal wall and peritoneum

 2. Hysterotomy—Expose the uterus, a careful 
scalpel incision is made then extended in the 
midline using scissors to avoid injury to the 
baby.

 3. Delivery of Baby—Rupture the amnion (if 
intact). Deliver baby, clamping the umbilical 
cord in two places and dividing. Pass the baby 
out to the allocated team for resuscitation.

 4. Delivery of Placenta—Gentle traction of the 
cord and scoop the placenta out. Consider 
administration of Syntocinon (Oxytocin) if 
maternal circulation restored.

 5. Haemostasis—Will depend on prognosis of 
patient. Abdominal packing will allow for 
ongoing resuscitation with temporary haemo-
stasis. Following ROSC meticulous haemo-
stasis is required to prevent subsequent 
haemorrhage when cardiac output improves.
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 6. Closure—Following ROSC the patient 
should be transferred to an Operating Theatre 
for formal closure of the uterus and 
laparotomy.

 Imaging in the Pregnant Patient

 X-Rays

Radiological investigations, if indicated, should 
be undertaken promptly. The gold standard in 
trauma imaging is computerised tomography 
(CT), which should be performed straight after 
the primary survey in stable patients and aids in 
timely diagnosis and directed management of 
injuries [14]. Delayed imaging due to concerns 
relating to fetal radiation and IV contrast expo-
sure may result in a delay in treatment and cause 
harm to both mother and fetus (Fig. 35.4).

According to the guidelines of the Royal 
College of Radiologists [24], the dose of radia-
tion associated with standard diagnostic trauma 
imaging is not believed to increase the risk of 
miscarriage, teratogenesis, growth retardation or 
neurological abnormalities in the fetus. A trauma 
CT uses a radiation dose between 10 and 50 mGy, 
which may result in a slight increase in the inci-
dence of childhood cancers, but in absolute terms 
the risk remains low. Radiation effects are cumu-
lative and repeated scans should be avoided. A 
consultant radiologist’s opinion should be sought 
early to aid in planning the scans and radiation 
dosages. Intravenous iodine or gadolinium-based 
contrast agents are considered safe in pregnancy.

 Ultrasound

Extended Focused Assessment of Trauma (eFAST) 
and plain radiographs may be used in unstable 
patients for rapid identification of intraabdominal 
or intrathoracic injuries that are amenable to 
immediate intervention. These investigations are, 
however, inferior to a CT scan in diagnosis. 
Diagnostic peritoneal lavage has now been 
replaced by CT and eFAST due to risks of visceral 
injury and leading to unnecessary surgery [3, 14].

 Obstetric Assessment

After initial assessment and stabilisation of the 
mother, a full obstetric assessment must be per-
formed to assess the fetus and to identify any 
maternal obstetric complications that were not 
obvious during the primary survey [3, 18]. Fetal 
survival can be determined rapidly by auscultat-
ing the fetal heart rate (FHR, normally between 
110 and 160  bpm), and further information on 
fetal well-being and uterine activity can be 
obtained by continuous cardiotocographic (CTG) 
monitoring (Fig.  35.5). Non-reassuring fetal 
heart rate patterns on CTG may be the first indi-
cator of uterine pathologies such as placental 
abruption or uterine rupture. The ideal period of 

Fig. 35.4 By Mikael Häggström via wikimedia, used with 
permission (see https://commons.wikimedia.org/wiki/User
:Mikael_H%C3%A4ggstr%C3%B6m#Attribution)
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CTG monitoring is unclear. A practical approach 
suggested by the American College of Obstetrics 
and Gynecology (ACOG) [3] is to monitor CTG 
for 4 h initially, and if there are any non- reassuring 
signs present in this time, to continue monitoring 
for a further 24 h. The non-reassuring signs are 
uterine contractions more than one every 10 min, 
significant abdominal pains, uterine tenderness, 
rupture of membranes, vaginal bleeding or an 
abnormal antenatal FHR pattern.

An ultrasound scan of the abdomen will pro-
vide more accurate information on fetal wellbe-
ing and help in the estimation of gestational age, 
which has an important bearing on management. 
It may also help in the diagnosis of uteroplacental 
pathology and localisation of the placenta.

 Patient Management After Trauma

The decision to continue a pregnancy or deliver 
urgently after trauma depends on multiple fac-
tors. The degree of fetal maturity, presence of 
uterine injury, the nature of the maternal trau-
matic injury and the effect of continuing preg-
nancy on the mother’s prognosis should all be 
taken into account while making this decision.

Maternal traumatic injuries should be man-
aged as for the non-pregnant patient. If the con-
tinuation of pregnancy prevents optimal treatment 
of the mother, then difficult decisions such as ter-
mination of pregnancy may have to be discussed. 
These decisions should be made on a case by 
case basis and after MDT discussion. If continu-

ation of pregnancy does not interfere with mater-
nal treatment, then the pregnancy should be 
continued for as long as possible to give the fetus 
the best possible outcome.

Obstetric complications, if present, should be 
treated appropriately (see section on “specific 
obstetric complications”). The patient may need 
joint obstetric and trauma surgery. If there are no 
obstetric complications, the patient may be dis-
charged after 24 h with advice to return for urgent 
assessment if worrying signs or symptoms 
develop [3]. Obstetric follow up should be as for 
any other patient. The eventual mode of delivery 
will depend on patient choice, obstetric consider-
ations and the residual effect of any trauma, such 
as a pelvic fracture. If the patient has a significant 
period of decreased mobility due to the trauma, 
such as a plaster cast on a broken ankle, VTE pro-
phylaxis must be considered as pregnancy and 
trauma are both pro-thrombotic states [14].

Those who suffer pregnancy loss or pre-term 
delivery as a result of trauma or to facilitate 
maternal treatment should be offered psychologi-
cal support and counselling.

 Special Considerations

 Pelvic Fractures

Pelvic fractures may have an increased incidence 
in the pregnanct population due to hormonal and 
biomechanical changes (Fig.  35.6). Pelvic frac-
tures in pregnancy are associated with high 
maternal and fetal mortality [25, 26]. There is 
limited guidance on the management of these 
conditions. If the mechanism of trauma is sug-
gestive of pelvic injury, pelvic binders can be 
life-saving and must be applied as soon as possi-
ble [14]. The pelvic binder, when correctly 
applied, sits over the greater trochanters and can 
be applied effectively even in term pregnancy.

In stable pelvic fractures, a conservative 
approach may be followed. If pelvic fractures 
cause pelvic arterial bleeding, the treatment is by 
embolization of the pelvic vessels in the interven-
tional radiology suite. High radiation doses are 
needed for this procedure which may have detri-

Fig. 35.5 Via pexels.com under Creative Commons 0 
license (https://www.pexels.com/photo/business-com-
merce-computer-delivery- 263194/)
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mental effects on the fetus. There is also a risk 
that pelvic vessel embolization may reduce utero-
placental blood flow and cause fetal distress.

In the case of complex, unstable pelvic frac-
tures, an open reduction and internal fixation of 
the pelvis will be indicated. This surgery is usu-
ally performed via a lower abdominal approach 
and may be challenging to perform in the heavily 
pregnant patient. Prone positioning may be 
required for posterior pelvic fractures. 
Intraoperative imaging is essential, and radiation 
exposure can be significant. Modifications to the 
surgical technique and radiation doses may be 
needed if fetal preservation is planned [26].

In rare cases, if the fetal head is engaged in the 
pelvis, a pelvic fracture can also cause a fetal 
skull fracture.

The above scenarios cause difficult treatment 
dilemmas. The care of each patient should thus 
be individualised and the multidisciplinary team 
involved in decision making. In significant pelvic 
injury, the fetus may already be compromised 
and hence may need to be delivered simultane-
ously with pelvic surgery. If the continuation of 
the pregnancy is not conducive to maternal treat-
ment, pregnancy may have to be terminated pre-
maturely in maternal best interest.

If pregnancy is continued to term after a pelvic 
fracture, the eventual mode of delivery will 
depend on the type of fracture and its treatment, 
patient choice and obstetric considerations. 
Pelvic fractures do not automatically mandate a 
caesarean delivery.

 Penetrating Injury

Penetrating trauma is rare in pregnancy but has a 
high morbidity for the mother and a higher mor-
tality rate for the fetus as compared to blunt 
trauma [3, 18, 19]. Trauma may be in the form of 
knife or gunshot injuries. Injury patterns will 
vary depending upon the period of gestation. In 
late pregnancy, the gravid uterus and the fetus 
take the brunt of any anterior abdominal injury, 
protecting the maternal viscera. Approximately 
60–70% of penetrating injuries affect the uterus 
and fetus, while only 20% affect maternal viscera 
[18]. Abnormal injury patterns may also be seen 
as the abdominal viscera are pushed upwards and 
backwards. In the case of gunshot injuries, there 
is transmission of kinetic energy to the viscera, 
causing a higher amount of damage. Fetal mor-
tality in gunshot injuries of the abdomen can be 
as high as 75%.

The management of penetrating trauma to the 
abdomen is similar to the non-pregnant patient. 
Pregnancy should not deter exploratory laparot-
omy if needed. The pregnancy may be preserved 
if there is no damage to the uterus and the fetus is 
not distressed. If the fetus has reached an appro-
priate gestational age, then delivery may be con-
sidered at the time of laparotomy. A dead or 
injured fetus does not necessarily need caesarean 
section as vaginal delivery may be more 
appropriate.

 Obstetric vs Traumatic Blood Loss

It is crucial to distinguish obstetric haemorrhage 
(placental abruption, uterine atony) from trau-
matic haemorrhage. In traumatic haemorrhage, a 
1:1:1 transfusion strategy is recommended [14], 
while in obstetric haemorrhage, the management 
should be based on the aetiology of haemorrhage. 
In uterine atony, coagulation may stay normal 
despite large volume blood losses due to the 
hypercoagulable state of pregnancy. In the case 
of placental abruption, consumption of clotting 
factors can occur even with minimal bleeding. 
Fibrinogen concentrations are most important in 
pregnancy as they fall early, and low normal val-
ues may indicate the onset of coagulopathy. 

Fig. 35.6 © Nevit Dilmen via wikimedia under Creative 
Commons Attribution-Share Alike 3.0 Unported license

R. Menon and T. Irving



703

Recent review articles and guidelines [27, 28] 
suggest treating obstetric bleeding different from 
trauma. Early use of point of care coagulation 
tests and involvement of haematologists will aid 
appropriate management. Use of coagulation fac-
tors is recommended after four units of red blood 
cell transfusion, and after that in a 1:1 ratio of red 
cells and fresh frozen plasma. Early fibrinogen 
replacement, when values fall below 3  g/L is 
vital, and this is achieved by using fibrinogen 
concentrate or cryoprecipitate.

 Summary

Trauma in the pregnant individual presents 
unique challenges requiring modifications in 
standard trauma management principles and 
early multidisciplinary input for best possible 
maternal and fetal outcomes.

Questions
 1. Which of the following is the commonest 

cause of trauma during pregnancy?
 (a) Domestic violence
 (b) Falls
 (c) Burns
 (d) Motor vehicle accidents
 (e) Self-harm attempts

 2. Which of the following are not true regarding 
the airway management of a pregnant trauma 
patient?

 (a)  There is increased vascularity and muco-
sal oedema making airway management 
challenging

 (b) Supraglottic airway devices should be 
used as first-line as endotracheal intuba-
tion can be difficult

 (c) Adequate pre-oxygenation is essential to 
prevent desaturation during rapid 
sequence intubation (RSI)

 (d) The cervical collar should be removed and 
manual inline stabilisation applied during 
an RSI

 (e) The patient should be positioned flat on 
the table

 3. Which of these is not an obstetric complica-
tion of traumatic injury?

 (a) Amniotic fluid embolism
 (b) Preterm labour

 (c) Fetal macrosomia
 (d) Feto-maternal haemorrhage
 (e) Placental abruption

 4. Which of the following are not steps in resus-
citative hysterotomy?

 (a) Catheterisation to empty the bladder to 
prevent bladder injury

 (b) Lower abdominal transverse incision
 (c) Hysterotomy
 (d) Delivery of baby
 (e) Delivery of placenta

 5. Management of the pregnant patient after 
major traumatic injury involves all the below 
except

 (a) Immediate management of the traumatic 
injury

 (b) Trauma CT to determine nature of injuries
 (c) Delivery of the baby to facilitate maternal 

care
 (d) Thromboprophylaxis as trauma and preg-

nancy are both prothrombotic conditions
 (e) Continued obstetric follow-up until 

delivery

Answers
 1. d
 2. b, e
 3. c
 4. a, b
 5. c
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Paediatric Trauma

Edward Rothera, Clare Thompson, 
and Rebecca Powell

 Overview and Epidemiology

Paediatric trauma can be an emotive and challeng-
ing aspect of major injury management even for 
the experienced clinician. The potential of parental 
presence during the resuscitation and the prospect 
of less familiar anatomy and physiological param-
eters can compound an already stressful situation. 
This being said, a well-trained and practised 
trauma care provider can safely and proficiently 
manage these scenarios by applying the same prin-
ciples that they would use in an adult. The underly-
ing approach remains the same—<M>assive 
haemorrhage control, Airway (with cervical spine 
protection), Breathing, Circulation, Disability and 
Exposure. Where differences exist in the paediat-
ric population physiologically, anatomically, and 
due to the mechanism of injury, the intricacies of 
management are appropriately modified while 
maintaining the structured approach.

In the UK, traumatic injury is second only to 
childhood neoplasms as the leading cause of death 
amongst children aged 1 to 15 [1]. Half of all emer-
gency department paediatric attendances are 
injury-related and place a significant burden on the 
health system. Major trauma in childhood is most 
common in infancy (age under 1 year) with a pre-
ponderance within the first 3 months of life, result-
ing from non-accidental injury (Fig.  36.1). 
Pedestrian road traffic collisions remain the most 
significant cause of trauma in children over one; 
39% of all injuries are pedestrians, rising to 47% of 
all trauma cases in the UK when pedestrians, 
cyclists and motor vehicle passengers are consid-
ered together. Asphyxiation and drowning, while 
not common, carry the highest fatality rate [2]. 
Knowledge of the mechanisms of trauma and asso-
ciated patterns of injury in childhood are pertinent 
to direct not only a team’s initial management of 
the injuries, but also the subsequent examinations, 
investigations and family discussions.

The epidemiology of presentation and mode 
of arrival of paediatric major trauma patients can 
be considered in three distinct groups; 60% are 
brought in by ambulance, 15% by air ambulance 
and 25% by parents or other means without any 
pre-hospital care. Despite the establishment of 
paediatric Major Trauma Centres (MTC), only 
37% of paediatric major trauma patients present 
to a paediatric MTC initially, with the majority 
(63%) presenting at non-specialist trauma units 
or adult MTCs [2]. The majority of paediatric 
major trauma patients (73%) present with iso-
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lated head injuries, 21% with isolated thoracic 
injuries, 14% with isolated intra-abdominal inju-
ries and only 9% of paediatric trauma patients 
have polytrauma. Consequently, the commonest 
presentation of a paediatric major trauma patient 
would be an isolated head injury which attends a 
non-specialist hospital (though 50% of paediatric 
major trauma cases are subsequently transferred 
to a paediatric MTC). Despite this, in the UK 
paediatric trauma patients have lower risks of 
death than their adult counterparts (5 times lower 
when considering pedestrian vs car, 1.5 times 
lower in bicycle vs car and 4.5 times lower when 
occupants of a car involved in a collision) [2].

Much of the anxiety regarding managing chil-
dren’s trauma can be related to uncertainty sur-
rounding appropriate drug dosing and equipment 
size. While in adults, drug dosing remains rea-
sonably constant and equipment is based mostly 
on gender and size, in children there is a broad 
spectrum based on age and (estimated) weight. 
Although in experienced hands this information 

may be commonplace, for the majority, the use of 
charts and apps to guide one’s practice is a much 
safer approach. The advanced life support group 
(ALSG) teaches a weight formula based on three 
distinct age groups (Table 36.1).

While this can provide an accurate weight 
estimation, particularly when there is preparation 
time before a patient’s arrival, it is more compli-
cated than the formulae still employed by the 
resuscitation Council of the UK (RCUK). The 
RCUK formula provides a safe and quick weight 
estimation for children over 1 year in an emer-
gency (Table 36.2).
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Table 36.1 Weight estimation formulae in different age 
groups [3]

Works best 
for Formulae
0–12 months Weight (in kg) = (0.5 × age in 

months) + 4
1–5 years Weight (in kg) = (2 × age in years) + 8
6–12 years Weight (in kg) = (3 × age in years) + 7
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Weight-based calculations clearly apply to 
fluid and blood product resuscitation as well. As 
with many of the paediatric algorithms, due to a 
paucity of data, they are downward extrapola-
tions from adult algorithms where there is a far 
greater body of evidence and research.

In a bleeding patient, aggressive crystalloid 
administration can exacerbate coagulopathy [4] 
and so in children, sensible aliquots of 10 ml/kg 
followed by constant reassessment is key. It is 
worth noting that, in trauma patients, it is com-
mon practice to resuscitate with blood products 
in the first instance and the use of crystalloid is 
reserved for situations where blood products are 
not immediately available. Once major haemor-
rhage has been recognised, or circulatory shock 
has not been controlled with 20 ml/kg of crystal-
loid, a major transfusion protocol (MTP) should 
be initiated. This constitutes blood products 
administered initially in a 1:1:1 ratio of packed 
red blood cells (PRBC), pathogen inactivated 
fresh frozen plasma (FFP)and platelets. Patients 
born after 1996, which will now include all pae-
diatric cases, should be treated with plasma prod-
ucts sourced from variant Creutzfeldt–Jakob 
disease (vCJD) free countries. These products 
have been exposed to both prion and viral patho-
gen reduction steps. In the UK, the available 
products are Methylene Blue photosensitised 
FFP (Theraplex®) and solvent-detergent FFP 
(Octaplas® LG) [5]. These products should be 
considered equivalent to standard FFP dosing. It 
should be noted that the ratio of 1:1:1 is of dose 
and not product bags (PRBC 10  ml/kg, FFP 
10  ml/kg, Platelets 10–15  ml/kg) [6] Further 
treatment should be guided by point of care coag-
ulation studies (such as ROTEM ™ or TEG™) or 
formal lab-based coagulation assays.

Product replacement should be closely fol-
lowed by the administration of antifibrinolytics. 
The CRASH-2 study [7] has mandated the use of 
tranexamic acid (TXA) in the adult bleeding 
trauma patient, and that has been assimilated into 
paediatric practice as a weight-based dose of 

15 mg/kg (up to 1 g) as a bolus followed by an 
infusion of 2 mg/kg/h (up to 125 mg/h) [8, 9]. A 
useful aide memoire for the bolus dose of TXA in 
children is that it is the same as the intravenous 
paracetamol/acetaminophen dose once over 
1 month of age. The use of cryoprecipitate, cal-
cium, potassium control and temperature manage-
ment should not be overlooked. The above should 
coincide with the involvement of surgical and 
interventional radiological advice on the control of 
haemorrhage. As adult practice moves more 
towards using blood and blood products, paediat-
ric trauma may follow, notwithstanding the previ-
ous observation that the commonest paediatric 
major trauma presentation is an isolated head 
injury which may not require blood transfusion.

The remainder of this chapter is dedicated to 
looking more closely at some of the unique chal-
lenges posed by the paediatric trauma patient.

 Physiological and Anatomical 
Considerations

 Airway

The priority in managing a trauma patient (once 
catastrophic haemorrhage has been addressed) is 
assessing, supporting and securing the airway—
this is as true in children as adults. There exist, 
however, subtle physiological and anatomical 
differences that mandate a slightly different 
approach to airway management in children. 
From the neonatal period through infancy into 
childhood, the shape and structure of the airway 
develops, slowly approaching its adult form 
towards the beginning of adolescence. A rela-
tively larger occiput and cranial vault with a 
smaller midface and jaw in infancy create a natu-
ral flexion of the neck when laid supine on a flat 
surface. This, combined with a large tongue, can 
quickly lead to obstruction in the incapacitated 
child. Support placed behind the shoulders while 
maintaining cervical-spine alignment allows the 
face to be maintained parallel to the surface the 
child lies on and make airway manoeuvres far 
more effective. As age and size increase the posi-
tion for optimum airway management becomes 

Table 36.2 Alternative weight estimation formulae

Works for Formulae
1 year + Weight (in kg) = (age (in years) + 4) × 2
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similar to that of an adult, although in all cases 
the sequence of airway manoeuvres remain con-
stant; jaw thrust, removal of debris under direct 
vision, airway adjuncts, tracheal intubation, and 
finally the “can’t intubate can’t oxygenate” 
(CICO) scenario. Traditionally the paediatric lar-
ynx has been considered conical compared to its 
adult cylindrical counterpart. In vivo CT and 
MRI studies in recent years have dispelled some 
of these myths [10, 11]. The narrowest portion in 
the majority of paediatric patients is the level of 
the glottis or subglottis and not the cricoid carti-
lage. The airway has also been shown to be ellip-
tical rather than circular [12]. With this new 
information combined with the development of 
paediatric specific cuffed endotracheal tubes, 
there is now a suitable and sensible option to 
place cuffed endotracheal tubes in children down 
to 3  kg (where experience allows) providing 
superior airway protection and ventilation pro-
files. This is in contrast to previous practice 
which suggested that non-cuffed tubes should be 
used to prevent long term tracheal sequalae in 
children. The high-volume/low-pressure 
microthin polyurethane cuff allows placement in 
the subglottis while reducing the risk of endo-
bronchial intubation in the shorter paediatric tra-
chea. Cuff pressure monitoring using a maximum 
pressure of 20 cmH2O should be employed.

Evidence suggests that non-syndromic, ana-
tomically normal children do not have difficult 
airways. Difficult paediatric airways are reason-
ably predictable with midface and mandibular 
hypoplasia syndromes creating the mainstay of 
anticipated difficult airways [13]. Oral, maxillo-
facial and neck trauma can, however, make a pre-
viously normal airway into a more complex one. 
Supraglottic airways are an effective tool for cli-
nicians less confident in tracheal intubation or as 
airway rescue in difficult airway management. 
Sizes are available to suit the vast majority of 
patients, with the smallest laryngeal mask airway 
(size 1) appropriate for children up to 5 kg and 
the iGel™ (size 1) suitable for children over 2 kg.

Although not providing a traditional ‘secured 
airway’ they can offer an effective means of ven-
tilating and oxygenating a difficult airway, espe-
cially in the presence of intubating inexperience. 

Failing to maintain oxygenation with these 
options and in the face of CICO scenario, the 
final common pathway is front of neck access. 
Airway anatomy, internal and external, is also a 
factor in the choice of approach in this situation. 
A short neck and indistinguishable surface anat-
omy make any technique fraught with difficulty. 
Experience within paediatrics is limited, and 
where adult guidelines have moved away from 
needle cricothyroidotomy it remains a primary 
option in children under eight [14]. 18-gauge 
cannula in infants to 14-gauge in larger children 
are used. The neck is extended, using a shoulder 
roll where appropriate and the larynx stabilised 
with the non-dominant hand. Access the crico-
thyroid membrane with the cannula aimed 
slightly caudad. Confirmation of entering the tra-
chea is through aspiration of air in to an attached 
saline primed syringe. Traditional ventilation 
techniques are unsuitable and cautious pressure 
limited jet ventilation [15] or a 4 Bar O2 source 
with a flowmeter must be employed. Although 
this will allow oxygenation, ventilation is signifi-
cantly impacted by the narrow diameter of the 
cannula and a long expiratory phase must be 
used, especially in the face of complete upper air-
way obstruction. This is a short term solution and 
must be converted to a definitive airway as soon 
as possible. In the older child where anatomy is 
clearer, a scalpel-bougie-endotracheal tube tech-
nique should be used in the first instance. Where 
a difficult airway is encountered or indeed pre-
dicted, an experienced (ideally paediatric) anaes-
thetist should be sought, and the presence of ENT 
surgical expertise is desirable. There remains, 
however, no clear consensus on which technique 
results in the highest chance of success. What is 
clear, however, is that given the inability to oxy-
genate by any other means, failure to commit to a 
‘surgical’ airway will result in death.

 Breathing

The infant chest has several anatomical and physi-
ological differences from its adult counterpart. 
Soft, cartilaginous, horizontal ribs combined with 
poorly developed intercostal muscles and a flat-
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tened diaphragm create a respiratory system that 
is rate-dependent rather than tidal volume depen-
dent. Not only is the system prone to rapid exhaus-
tion (the diaphragm in childhood lacks 
fatigue-resistant type 1 oxidative fibres), but the 
protective aspect of a fully formed and ossified rib 
cage is lost. This results in a more significant 
transfer of energy to the lung parenchyma and 
mediastinal contents with trauma to the thorax, 
which may not be highlighted due to a lack of rib 
fractures. The presence of rib fractures signifies a 
substantial impact has been received. An analogy 
may be to dropping an orange (a child’s thorax) or 
an egg (an adult’s thorax). The egg shell may 
crack, protect the internal contents and show 
externally visible signs of damage. The orange 
skin, however, will remain intact but energy 
would be transmitted to the inside of the fruit with 
few (if any) external signs of damage. This com-
pliant chest wall, combined with a functional 
residual capacity (FRC) that is reduced in both 
actual and relative size, creates a small respiratory 
reserve. This is compounded by the fact that the 
closing capacity (CC) (the volume of the lungs 
during expiration when the small airways begin to 
close) of a child’s lung up to 6 years old is greater 
than the FRC. The impact of a CC encroaching or 
exceeding the FRC (effectively the reserve tank of 
the lungs) means that areas distal to closure and 
within the FRC will have a worsening ventilation/
perfusion relationship which when exacerbated 
by decreased consciousness, apnoea and anaes-
thesia will all result in rapid desaturation. Where 
major thoracic trauma is present and intervention 
required, the anatomical landmarks for needle 
decompression (second intercostal space, midcla-
vicular line) and thoracostomy or intercostal drain 
placement (fifth intercostal space, mid axillary 
line) remain the same as in adults. Care must be 
taken in the choice of both size and depth of inser-
tion of the cannula and drain to prevent further 
parenchymal injury.

 Circulation

At birth, the heart is composed of immature myo-
cytes with an underdeveloped sarcoplasmic retic-

ulum that has a high proportion of fibrous 
compared to contractile tissue. Although this re- 
orientates over time, it leaves the infantile cardiac 
output (CO) more reliant upon heart rate than 
stroke volume. Although actual CO may be low 
in a child, when adjusted for weight, it is at its 
highest at birth (300 ml/kg/min) reducing to adult 
levels (100  ml/kg/min) by the age of 16. This 
leads to an oxygen consumption of 6 ml/kg/min 
in infancy compared to 3  ml/kg/min in adult-
hood, and explains why children tolerate hypoxia 
less than adults.

Children have a good physiological cardiac 
reserve and can maintain systolic arterial pres-
sures even in the face of 25–40% blood volume 
loss [16]. This complicates matters as children 
will compensate for significant blood loss for a 
large period and then rapidly and catastrophically 
decompensate. Fluid resuscitation should begin 
with cautious aliquots of 10 ml/kg warmed iso-
tonic crystalloid, swiftly moving to the adminis-
tration of blood products as discussed in the 
introduction. There is a move towards permissive 
hypotensive resuscitation in adult trauma prac-
tice, and it has been suggested for paediatric 
trauma resuscitation too, though the evidence for 
this is limited [16]. Given the difficulty in assess-
ing hypovolemic shock in children compared 
with adults, where systolic hypotension and 
tachycardia are often late signs and an indication 
of imminent cardiovascular collapse, extreme 
vigilance must be applied to the practice of per-
missive hypotensive resuscitation in children and 
if used, a lower threshold for fluid administration 
adopted in comparison to adults [17, 18]. Rather, 
a patient-specific end-organ perfusion directed 
practice should be employed utilising indicators 
such as lactic acidosis and urine output 
(Table 36.3).

 Disability

Children are particularly vulnerable to traumatic 
brain injury (TBI) as a result of their size, mecha-
nism of injury and composition of the cranial 
vault. Road traffic pedestrian collisions remain a 
leading cause of major trauma in children, and 
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75% of all major trauma admissions will have 
some form of TBI [19]. TBI is still the leading 
cause of death associated with trauma [2]. A frag-
ile neck, larger head- to-torso ratio and a more 
compliant skull mean the consequences of 
acceleration- deceleration injuries and transfer of 
force to the brain parenchyma are more signifi-
cant. There is also limited brain atrophy and a 
smaller subarachnoid space in children. 
Subsequently, they are less able to compensate 
for a rise in intracranial pressure (ICP) [20].

Following trauma, there is a trimodal pattern 
of death. Half of all deaths occur within minutes 
and are often due to the primary brain injury 
(PBI) received. The second group comprises 
20% of the deaths and occurs within hours as a 
result of circulatory and respiratory collapse or 
secondary brain injury (SBI). The final peak is 
in the days and weeks after injury as a result of 
TBI, infection and multi-organ failure [19]. It is 
in the second group and the prevention of SBI 
where the difference can be made. The mainstay 
of managing SBI is the prevention of hypoten-
sion and hypoxia [21] and providing time-criti-
cal neurosurgical intervention where indicated. 
‘Guidelines for the Acute Medical Management 
of Severe Traumatic Brain Injury in Infants, 
Children, and Adolescents’ [22] first published 
in 2003 and updated in 2012 and 2019 provides 
a systematic review of best practice for manag-
ing TBI in children. The recent updates include 
advice on a minimum cerebral perfusion pres-
sure of 40 mmHg in children aged 1–5 years and 
50 mmHg aged 6 years and over with a systolic 
blood pressure equal to or greater than the 75th 
centile for that age group. Hyperosmolar ther-
apy using hypertonic 3% saline in boluses over 
5 to 10 minutes (2–5  ml/kg) and subsequent 
infusion (0.1–1.0 ml/kg/hr) should be used for 
raised ICP. Hyperventilation should be used for 

refractory raised ICP only in the presence of 
advanced cerebral ischemia monitoring and fail-
ure of other therapies, as over vasoconstriction 
can decrease cerebral oxygen delivery. Moderate 
hypothermia, if employed for ICP control, 
should be continued for >24 h and <48 h, and 
corticosteroids no longer have a role in the man-
agement of TBI or raised ICP [23, 24]. The best 
induction agent and neuromuscular blocking 
agent (NMBA) for the initial management of 
TBI where intubation and ventilation are 
required remains a source of debate. The previ-
ously held beliefs that ketamine is inappropriate 
due to its deleterious effect on ICP have been 
questioned [25] and its use is now becoming 
commonplace. Short-acting potent opioids such 
as alfentanil or fentanyl offer a useful adjunct in 
obtunding the physiological response to laryn-
goscopy and preventing ICP surges in the car-
diovascularly stable patient. Thiopentone and 
midazolam remain viable alternatives given the 
necessary conditions are met (i.e. no significant 
blood loss or cardiovascular instability). 
Regarding NMBA’s, suxamethonium still has a 
role due to its rapid onset, quality of intubating 
conditions and potentially short half-life, despite 
its adverse effects of muscle fasciculations on 
ICP. With the widespread availability of sugam-
madex, rocuronium now seems to be the NMBA 
of choice. In any case, one must consider care-
fully the haemodynamic stability of the patient 
as well as the teams’ experience and expertise in 
the use of the selected drug combinations before 
a decision is made.

 Exposure

The changing size of children as they grow has 
a significant impact on their thermoregulation as 

Table 36.3 Normal physiological parameters in childhood

Age (years) Respiratory rate (breaths min−1) Pulse (beats min−1) Systolic BP (mmHg) Urine output (ml h−1)
<1 30–60 110–160 65–90 2
1–2 25–40 110–150 70–95 1.5
3–5 25–35 95–140 70–100 1
6–12 20–25 80–120 80–110 1
>12 15–20 60–100 90–120 0.5
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well as the estimation of burn extent. In infancy, 
children have a much greater surface area (SA) 
to mass ratio with a reduction in subcutaneous 
tissue placing them at much higher risk of heat 
loss through conduction, convection, evapora-
tion and radiation. For this reason, they must be 
cared for in a warmed environment with the 
addition of warmed fluids, forced air warmers 
and overhead heaters where appropriate. 
Exposure should be kept to a minimum, allow-
ing only for assessment and interventions. 
Failure to do so will adversely affect the effi-
cacy of resuscitative treatment, promote coagu-
lopathy and increase the risk of morbidity and 
mortality. Bearing these changes in body dimen-
sions in mind, assessment of the paediatric burn 
patient cannot follow the same rules as in an 
adult. The ‘rule of 9s’ is unsuitable for children 
less than 14. The safest method is to use a Lund-
Browder chart (Fig.  36.2) for reference which 

considers variation in SA of the head and limbs 
with age or app-based calculators such as the 
Mersey Burns app [26].

If no charts or apps are available, the palm of 
the child’s hand, including their fingers may be 
used as an estimation for 1% total body 
SA.  Fluid resuscitation should follow the 
Parkland formula with isotonic crystalloid, but 
with close attention to urine output which 
should be kept at ≥2 ml/kg/h. Maintenance and 
replacement fluids should be in addition to this. 
Although appropriately managing and resusci-
tating burns is essential, the impact of smoke 
inhalation cannot be overlooked. Most fire-
related deaths are attributable to smoke and its 
related toxins. Carbon monoxide (CO) and to a 
lesser, but not insignificant extent, cyanide con-
tribute to significant morbidity and mortality 
from enclosed space fires involving the combus-
tion of many common fabrics and plastics. 

Estimating percent Total Body Surface Area in Children Affected by Burns
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Fig. 36.2 Burns calculations charts in children (a) Rule of ‘nines’ (b) Lund-Browder chart
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Children are particularly vulnerable due to their 
high respiratory rate, reduced mass and juvenile 
metabolism. Treatment strategies follow the 
established structure MABCD, with a high frac-
tion of inspired oxygen the key treatment for 
CO poisoning, while antidotes, such as hydroxo-
cobalamin, are the therapy of choice for cyanide 
toxicity [27].

 Assessing the Traumatised Child

As with all emergencies, communication and 
preparation are fundamental to success. 
Assembly of a team with the most experienced 
available staff and task allocation before patient 
arrival should be the goal, although circum-
stances may dictate that this is not always possi-
ble. This allows for the preparation of key 
equipment, estimation of weight and calculation 
of subsequent drug doses based on the estab-
lished Advanced Life Support Group (ALSG) 
formulas outlined above [3].

 Assessing the Child in Trauma

Hospital attendance for any child is a daunting 
experience—even more so when they are in pain 
and have been through a traumatic injury. One 
should be mindful of this in their approach and 
try to minimise the team to only essential staff 
with support (at a distance) if needed from oth-
ers. The presence of their caregiver can be the key 
to keeping both the child and caregiver calm dur-
ing what is a stressful time. Peri-traumatic stress 
is a risk factor for the development of post- 
traumatic stress disorder (PTSD) and parental 
separation, even in the time following a traumatic 

event, is a powerful determinant of post- traumatic 
phenomena [28].

Distraction techniques may be helpful to allow 
access for measurement of physiological param-
eters and facilitate a more detailed examination 
of less severe injuries, and Play Specialists are 
being utilised to assist with this in some major 
trauma centres.

 Analgesia

The management of pain after paediatric trauma 
is treated well in high acuity patients, but in 
those with less visible or detrimental injuries, 
there is often a substantial delay in administra-
tion or inadequate analgesia given. It is difficult 
to identify specific barriers to this and likely 
multifactorial [29].

Pain scoring in children is very subjective, 
especially when anxiety and fear are confound-
ing factors affecting the ability to perform the 
child’s self-assessment of pain. An observational 
scoring system is recommended—one example is 
The Alder Hey Triage Pain Scoring chart [3] 
(Table 36.4). In the conscious child, in practice, 
visual analogue scales or facial representation 
scales are more useful (Fig. 36.3).

Once the child’s pain has been assessed, it is 
essential to address pain management. This 
begins with basic interventions and strategies 
such as splinting, realignment of normal anatomy 
and dressings. Anxiety can often contribute to 
perceptions of pain, and it is vital to have a care-
giver present for reassurance and to offer expla-
nations when able.

Using the WHO analgesic ladder [30] treat-
ment can be directed according to the level of 
pain experienced, beginning with simple analge-

Table 36.4 The Alder Hey Triage Pain Scoring Chart

Response Score 0 Score 1 Score 2
1 Cry or voice No complaint/cry

Normal conversation
Consolable
Not talking, negative

Inconsolable
Complaining of pain

2 Facial expression Normal Short grimace <50% of the time Long grimace >50% of the time
3 Posture Normal Touching/rubbing/sparing Defensive/tense
4 Movement Normal Reduced or restless Immobile or thrashing
5 Colour Normal Pale Very pale/ “green”
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sia and escalating as necessary. In the critically 
injured but haemodynamically stable patient, 
intranasal diamorphine (or Entonox in the com-
pliant older child) may allow time to get intrave-
nous access for other agents or complete a painful 
procedure [31].

Another option that may be considered is 
intramuscular S-Ketamine in the young child. 
S-Ketamine has a concentration of 25  mg/ml 
allowing smaller volumes to be used for those 
less than 18  kg. This may be utilised to allow 
joint manipulation, simple suturing or a more 
definite vascular access.

Intranasal diamorphine has a well estab-
lished role in the management of moderate to 
severe pain in trauma. The main benefit is the 
rapid route of administration and onset of 
action. The College of Emergency Medicine 
and Advanced Paediatric Life Support 
Guidelines recommend the use of intranasal 
diamorphine in the acute management of pain 

at 0.1  mg/kg in children [32]. Where diamor-
phine is unavailable, intranasal fentanyl at a 
dose of 1.5 mcg/kg is a suitable alternative.

In specific cases, such as femoral fractures 
requiring splinting, consideration should be 
given to a regional technique such as a femoral 
nerve block administered by an experienced 
practitioner.

 Scoring Systems

Scoring systems that help guide management 
decisions and predict mortality and morbidity 
play an essential role in the assessment and treat-
ment of major trauma. A scoring system specifi-
cally used in major paediatric trauma, the 
Paediatric trauma score [33], is modified to adjust 
for body weight and airway diameter and com-
bines subjective and objective data to aid quanti-
fying trauma severity.

 Pulses and Blood Pressure

Depending on the age and body habitus of the 
child, appropriate sites for palpation of pulses 
can vary considerably. Most babies will have lit-
tle to no neck with chubby arms and legs. The 
best place to palpate a pulse peripherally is the 
brachial artery in the antecubital fossa. To reflect 
a central pulse, the femoral artery in the groin is 
the best choice in a child.

Resting pulse rates in children are higher and 
normal physiological parameters show signifi-
cant variation with age. It is often difficult to 
recall exact values, especially when under stress 
and so the use of standardised paediatric advanced 
warning scores (PAWS) charts offers a visual 
safe and reliable repository of this information.

Blood pressure is an important marker but not 
the first indicator of deterioration in a child, as 
their cardiovascular reserve is often good. 
Respiratory reserve is poor, and so respiratory 
rate is a much more sensitive gauge of impending 
collapse. In a patient that has been intubated and 
ventilated, the onus is shifted towards cardiovas-
cular parameters for monitoring.

Children and young
people scoring system

Worst pain
ever
10

Pain going
out of control

9

Really hurts
8

Feels awful
7

Banging
6

Stinging
5

Aching
4

Little bit store
3

Tingling
2

Very little 
pain

1

No pain at all
0

Fig. 36.3 Faces scale and pain ladder (from Gandhi M, 
Thomson C, Lord D, Enoch S.  Management of Pain in 
Children with Burns. Ratnapalan S, editor. Int J Pediatr. 
2010 Sep 16;2010:825657)
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Blood Pressure is best monitored on a PAWS 
chart or guided using standardised Royal College 
of Paediatric and Child Health (RCPCH) blood 
pressure reference charts based on centile growth. 
Consider carefully signs of shock, such as end- 
organ perfusion, combined with clinical assess-
ment rather than hypotension alone [34]. Due to 
variance in height and weight affecting blood 
pressure, a standardised formula to estimate 
blood pressure is no longer endorsed and should 
not be applied in the critically ill child. There are 
various apps (discussed later in this chapter) 
which can be used for estimation of height and 
weight based on age, drug dosing and recall of 
centile-adjusted vital signs. These can be incred-
ibly useful in resuscitation and onward care, but 
all values should be agreed on by the team rather 
than using the outputs from multiple apps on one 
patient!

 Blood Products

Fluids in children should be used judiciously as 
per all trauma and given in 10  ml/kg/min ali-
quots. The blood product administration of 1:1:1 
ratio of packed red blood cells (PRBC), Fresh 
Frozen Plasma (FFP) and platelets is still appli-
cable and utilised within all departments. Isotonic 
crystalloids help with volume expansion but have 
no oxygen-carrying capacity.

Massive Transfusion can be initiated in the 
presence of major trauma and haemodynamic 
instability in keeping with hypovolaemia. Blood 
volume decreases with increasing age. At birth it 
may be as high as 90  ml/kg/min, reducing to 
80 ml/kg/min in infancy, 75 ml/kg/min in child-
hood and reaching adult levels of 65–70 ml/kg/
min in the early teens. Remember, when haemor-
rhage is evident, what appears to be a small vol-
ume visually may be comparatively significant to 
the child.

While transfusion is continuing, every effort 
should be made to identify and control ongoing 
bleeding. This may involve surgical control in 
theatre or interventional radiology, however a 
definitive plan to do so must imminently be put in 
place. Efforts to prevent hypothermia should be 

implemented, using warmed fluids, preventing 
unnecessary exposure and forced-air warming 
devices such as a Bair hugger™.

Activating or continuing a massive transfusion 
should not be based on blood results alone but 
ongoing assessment and need for blood product 
resuscitation. A definition or specific numerical 
trigger is difficult to identify in the acute situa-
tion. However, the British Committee for 
Standards in Haematology (BCSH) 2015 and 
NICE advise the following [5]:

• Massive blood loss may be defined as either 
80 ml/kg/min in 24 h, 40 ml/kg/min in 3 h or 
2–3 ml/kg/min

• In clinical practice, the usual triggers are hae-
modynamic changes compatible with hypovo-
laemia accompanying evidence or suspicion 
of serious haemorrhage

• A senior doctor (middle grade or above) 
authorises blood component use to ensure that 
scarce resources are used appropriately.

 Communication Is Critical 
with Transfusion

As with much of medicine and especially in the 
trauma situation, although chaotic, clear commu-
nication and labelling of samples is paramount. 
Where possible, pre-alert the Transfusion lab, 
provide available patient details and request a 
Major Haemorrhage Pack. Content will vary 
slightly between hospitals in numbers of each 
blood product provided, but are largely similar 
and contain documentation as well as guidance 
for administration. As soon as possible, a cor-
rectly labelled transfusion sample should be 
urgently transported to the lab (identify a mem-
ber of staff to do this).

 Red Blood Cells

Time permitting; the gold standard is to adminis-
ter fully cross-matched blood. Failing this, type- 
specific blood is the next choice. If the clinical 
situation demands the immediate administration 
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of blood and any delay with cross-matching 
would be detrimental to the patient, then readily 
available O negative blood must be considered.

Group O Rhesus negative red blood cells can 
be used, but the decision must be made by the 
most senior doctor present and only if a delay 
of up to 10 min would be a danger to life. Type- 
specific blood can be available relatively 
quickly by most blood banks with an aim of 
10–15  min to supply if needed (Table  36.5). 
Type Specific blood is ABO and rhesus compat-
ible; however, other autoantibody incompatibil-
ities may exist.

 Fresh Frozen Plasma (FFP)

FFP must be thawed and takes time to defrost 
(approximately 40 min), similar to the emergency 
crossmatch timeframe. Ongoing coagulation 
tests (ideally near-patient tests such as TEGTM or 
ROTEMTM due to their quick availability and 
accurate reflection of clot formation) usually 
guide further administration. If fibrinogen levels 
remain critically low (<1.5  g/l), cryoprecipitate 
therapy should be considered.

 Platelets

Communicate early with the blood transfusion 
laboratory to highlight the requirement for plate-
lets. Be aware of stock levels within the hospital. 
In some areas, platelet stock is held regionally 
and will need to be transported. Request 20 ml/
kg/min platelets after approximately 50% blood 

volume has been transfused (40  ml/kg/min if 
there is on-going blood loss). Platelets are also 
given in 10 ml/kg aliquots.

 Cryoprecipitate

Again, communication and early decision mak-
ing are paramount. Cryoprecipitate takes approx-
imately 40 min to thaw and should be administered 
aiming to maintain fibrinogen level > 1.5 g/l in 
aliquots of 10 ml/kg.

Be wary of waiting for blood results before 
initiating further treatment. In the face of an on- 
going need for blood component resuscitation, be 
guided by the clinical assessment.

 Temperature Control

Temperature control in the child is primarily 
affected by body surface area (BSA). Body sur-
face area decreases with age and weight. It is 
vital to keep the child warm and covered. In a 
small baby they have a comparatively large head, 
around 20% of their BSA, so consider using a 
hat, often stored in the resuscitaire.

 Head Injuries

As mentioned in the introduction, head injury is a 
major presenting complaint in the paediatric 
trauma population. Time-critical head injuries 
should be scanned within 30 min of presentation 
and discussed with the local neurosurgical centre 
as soon as possible.

The definition of severe traumatic brain injury 
(TBI) is a post-resuscitation Glasgow Coma 
Score (GCS) of 8 or less. All children with a GCS 
of less than 8 should be deemed to have a poten-
tially unprotected airway, and this is an indica-
tion for intubation and ventilation. Nasal 
intubation and the use of nasal adjuncts such as 
nasopharyngeal airways and nasogastric tubes 
are strictly contraindicated in the presence of 
head injury due to the associated risk of a base of 
skull fracture.

Table 36.5 A comparison of blood products and their 
estimated time of availability

Blood product Urgency Availability
Group O Rh negative 
blood

Immediate Immediate

Grouped but not 
crossmatched

Very 
Urgent

5–10 minutes

Type-specific blood- 
ABO and Rh compatible 
(not crossmatched)

Urgent 15 minutes 
from sample 
and prewarned

Emergency crossmatch Expedited Minimum 40 
minutes
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 Glasgow Coma Scale (GCS)

GCS is frequently misquoted in children due to 
their verbal communication being variable with 
age [35], and should only be used only for those 
over 2 years of age. There is a modified paediatric 
GCS [36] for those less than 2 years, however the 
AVPU score (graded on their best response to 
stimuli—alert, to voice, to pain, unresponsive) is 
an easy, repeatable and useful assessment in these 
children.

Head injury management is categorised into 
two stages. The primary head injury, which is the 
initial insult to brain tissue caused at the moment 
of impact. This may comprise of subarachnoid, 
subdural or extradural bleeding, intracranial or 
intraventricular haemorrhage, acute obstructive 
hydrocephalus, vascular injury or diffuse axonal 
injury and shearing. Secondary brain injury is 
further neurological injury caused by failure to 
maintain normal blood or oxygen delivery to at- 
risk brain tissue following injury, or metabolic 
disturbances such as hypoglycaemia.

Many public health strategies have been initi-
ated to decrease primary brain injury—bicycle 
helmets, seatbelts, airbags and road safety initia-
tives—but the aim in hospital is to prevent sec-
ondary brain injury. This is achieved by 
preventing hypoxia, hypotension, hypoglycaemia 
and precluding a rise in intracranial pressure as 
detailed in the head injury chapter.

 Injuries, Interventions and Imaging

 Immobilisation and C-Spine Control

In the prehospital setting, if the paediatric trauma 
patient is a passenger in a motor vehicle collision 
and in a correctly fitted car seat with tight straps, 
if the child is pink and breathing well, they can be 
immobilised in the car seat [37].

C-spine immobilisation in children is difficult 
and can cause much distress. Small babies have 
limited head control and very short necks so 
c-spine collars may cause an abnormal head posi-
tion, overextending the neck and obstructing the 
airway. If a c-spine collar has been fitted but is 

causing the child a significant degree of distress 
and agitation, wriggling and crying of discomfort 
may be more detrimental than beneficial and the 
collar should be removed.

Significant paediatric neck injuries are thank-
fully rare, though can be devestating if not picked 
up early. Whilst the routine use of cervical collars 
is being increasingly questioned given a substan-
tial complication rate and no trial evidence to 
support their use [38], cervical spinal injuries 
should be aggressively excluded and a low 
threshold for CT or MRI imaging maintained in 
at-risk patients.

In most circumstances, allowing the child to 
be immobilised using only blocks will suffice 
with verbal reminders to remain still. In most 
cases, if the child does have severe neck pain, 
they will lie surprisingly still to compensate. The 
spine should always be kept in alignment during 
transfers, rolls and airway manoeuvres. Aim for a 
neutral position and look for evidence of airway 
obstruction. Using jaw thrust rather than a head 
tilt/chin lift in a compromised cervical spine is 
mandatory. Use all the equipment available to 
help manage a compromised airway including 
airway adjuncts (avoiding a nasopharyngeal air-
way in suspected head injury) and a second per-
son if required.

The Royal College of Emergency Medicine 
(RCEM) has issued a position statement refer-
encing both Advanced Paediatric Life Support 
(APLS) and the National Institute for health and 
Care Excellence (NICE) guidance:

• In conscious children, use manual in-line sta-
bilisation (MILS) whenever possible

• In unconscious children, or when MILS can-
not be maintained, immobilisation should be 
with a properly fitting collar, blocks and tape

• If no properly fitting collar is available, then 
blocks or rolled blankets should be used to 
provide an immobilisation device [39].

The vast majority of traumas presenting to the 
emergency department will be on trauma scoops 
which can be opened at both ends and divided, 
reducing movement required in the unstable 
patient, to transfer to the trauma board. Ongoing 
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moving and handling of the actual or suspected 
Spinal Cord Injury (SCI) should be kept to a min-
imum, but when needed, log rolling continues to 
be the method of choice [40].

 Spinal Injuries

It is important to be alert to spinal cord injury in 
children as they are less able to articulate symp-
toms and pain. Clinical suspicion and observa-
tion are key tools in eliciting back pain in a child. 
Although the cervical spine is covered in the 
MABCD approach, it is crucial to be mindful of 
the spine as a whole entity. Consider spinal cord 
injury if the child complains of back or neck pain, 
is guarding those areas or if they complain of any 
sensation changes remembering they may 
describe these in a myriad of ways. Difficulty 
micturating or motor weakness should also be 
sought out in the clinical examination. An ele-
vated level of suspicion should remain in signifi-
cantly high-risk mechanism of injuries. These 
include road traffic accidents, fall from a height, 
multi-trauma accidents or loss of consciousness.

It is essential to carefully and systematically 
document a neurological examination in all 
trauma patients. This can be difficult to perform 
in young children, especially with distracting 
injuries and the heightened emotional state of the 
child. The neurological examination should be 
performed by an experienced team member, 
including perianal sensation; however, deep anal 
tone is not always possible or reliable in a child. 
When not performed, the reasoning should be 
documented. Sacral involvement can be chal-
lenging to ascertain immediately but does aid in 
prognostic factors, such as long-term bowel and 
bladder dysfunction.

Although imaging is important, it is not 
always conclusive and pathology can be diag-
nosed in children based on clinical examination 
when CT scans initially are reported as normal 
(spinal cord injury without radiological abnor-
mality—SCIWORA). A lower threshold for 
MRI in children compared to adults should be 
maintained. Spinal cord injury, depending on 
the spinal level, can be complex involving mul-

tidisciplinary teams, including intensive care, 
respiratory, orthopaedics, urology and neuro-
surgery acutely with prolonged rehabilitation 
needs.

 Truncal Injuries

Traditional teaching for major trauma focuses on 
six life-threatening injuries; airway obstruction 
or disruption, tension pneumothorax, open pneu-
mothorax, massive haemothorax, flail chest and 
cardiac tamponade. The same principles apply in 
children, and immediate treatment is similar.

Due to chest physiology and rib compliance to 
pressure as covered in paediatric chest physiol-
ogy section, there is a higher incidence of pulmo-
nary contusion in children. Flail segments are 
rare due to rib elasticity, but if present suggests 
high force injury and are tolerated poorly by the 
child. Pulmonary contusions may be evident on 
the initial chest x-ray seen as non-segmental 
opacification but are not always apparent. As 
oedema and haemorrhage take time to develop 
the clinical picture may well deteriorate as the 
pathology evolves.

Infants rely heavily on diaphragmatic breath-
ing which will be problematic in patients with 
high cervical cord injuries affecting the phrenic 
nerve. Vigilance, early intubation and ventilation 
may well be required to prevent secondary injury. 
If diaphragmatic rupture has occurred through 
blunt injury, or more commonly through pene-
trating trauma, this also can have a deleterious 
effect on breathing and likewise must be miti-
gated early by intubation and ventilation.

Blunt abdominal trauma is common in chil-
dren and can carry high morbidity—the anatomy 
of the ribs and flattened diaphragm means the rib 
cage offers less protection to the abdominal vis-
cera. The abdominal organs lie lower and more 
anteriorly and are thus exposed to greater insult. 
The urinary bladder is intra-abdominal rather 
than pelvic, meaning it too is at higher risk from 
damage having lost its bony shield. Compounding 
this is the comparative lack of muscle and subcu-
taneous tissue in a child’s abdominal wall, allow-
ing significant transmission of blunt force.
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Pelvic fracture is rare, again as the result of 
more cartilaginous bone allowing for greater flex 
in a crush injury. If a fracture is present, it too 
indicates a high force injury has occurred. Due to 
the pelvic rim being narrow, pelvic organs are 
offered less protection and are more susceptible 
to injury. Immediate treatment involves splinting 
the pelvis, minimal handling and instigating 
major haemorrhage protocols until definitive 
management is prepared.

 Access Options

Intravenous (IV) cannulation in the paediatric 
population is always challenging, but in a scared, 
peripherally shocked child this can be especially 
difficult. Fortunately, there are other viable 
alternatives.

Firstly, “the best person should attempt the 
task the first time” is a core principle that must be 
remembered in paediatric trauma. Vein viewers 
and other options are available to the stable 
patient, but the critically unwell child needing 
blood, fluids or analgesia may require intraosse-
ous (IO) access. The American College of 
Surgeons Committee on Trauma recommends IO 
access should be attempted after two failed IV 
attempts [41].

Intraosseous access is best obtained using a 
drill, EZ-IO® branded sizing is below [42] 
(Fig.  36.4) and should be used based on the 
appropriate age and weight. Insertion points can 
vary depending on the injury site—for example, 
there is no value in inserting IO access in the tibia 
if the patient has an ipsilateral femoral fracture.

When choosing an insertion site for intraosse-
ous access, the most common option is the proxi-
mal tibia. Aim for the flat anteromedial bony 
surface approximately 2  cm below the tibial 
tuberosity. This location is favoured to avoid the 
tibial growth plate. In very small children less 
than 2 years old there is an underdeveloped tibial 
tuberosity, so aiming approximately 3 cm below 
and 1 cm medial to the lower margin of the patella 
is recommended. The distal femur may also be 
chosen with landmarks being the anterolateral 

surface of the femur approximately 2–3 cm above 
the lateral condyle.

Due to concern of pelvic fractures or femoral 
fractures, prehospital trauma teams often use the 
humeral head as an alternative site. For this, place 
the patient’s hand on their stomach, if able, allow-
ing for internal rotation and adduction of the 
shoulder joint, exposing the most prominent 
aspect of the greater tubercle. In children less 
than 40 kg this will be difficult to palpate due to 
underdevelopment of the greater tubercle and is 
not a suitable option.

There is often a reticence from clinicians to 
resort to intraosseous access in children believing 
it is a painful and distressing procedure. Aside 
from the fact that it is frequently a lifesaving 
intervention, it is usually well-tolerated. This is 
particularly true in a shocked patient, and little 
more uncomfortable than multiple attempts at 
peripheral IV cannulation. Subcutaneous lido-
caine infiltration or intranasal diamorphine, fen-
tanyl or ketamine can be used before insertion but 
is usually unnecessary. In a conscious patient, it 
is often the infusion of fluids or drugs that is pain-

Fig. 36.4 EZ-IO needles of varying sizes. Pink is 15 mm 
long and for tibial insertion in children 3–39 kg, blue is 
25  mm long and for tibial insertion in all patients over 
39  kg, and yellow is 45  mm long and for patients over 
40 kg with excessive tissue, or for humeral insertion
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ful, and this may be mitigated by injection of 
0.5 mg/kg lidocaine IO, slowly, beforehand.

 The Use of Imaging in Paediatric 
Trauma

One key difference in paediatric trauma is the use 
of imaging. Whole-body computed tomography 
(CT) is readily used in trauma centres for adults 
however in children a more injury specific 
approach is used [43]. The aim is to reduce ionis-
ing radiation exposure and lifelong sequelae due 
to extended life expectancy and the higher radia-
tion sensitivity of organs. Although weight-based 
paediatric protocols are used for scanning, radio-
sensitive areas such as thyroid and breast tissue 
should be avoided or appropriate shields 
employed. The ALARA principle has been intro-
duced to safeguard exposure to ionising radia-
tion. ALARA stands for “As Low as Reasonably 
Achievable”. The aim is to minimise radiation 
exposure while maintaining safe assessment and 
detection of injury [44].

It is important in children to utilise the full 
range of imaging modalities available to answer 
the clinical question. Ultrasound is useful for 
interventional procedures such as central venous 
access peripheral cannulation and regional anaes-
thetic techniques in the hands of a skilled opera-
tor. However, FAST (Focused assessment with 
sonography for trauma) has no place in the paedi-
atric emergency department [45]. Current guide-
lines from the Royal College of Radiologist’s 
(RCR) do not advocate the use of ultrasound in 
the paediatric trauma setting to aid diagnostics- 
“in the acute trauma setting there is currently no 
role for ultrasound outside of assisting in inter-
ventional procedures”. The primary reason for 
this current view is that attempted FAST scan-
ning may delay transfer to CT without additional 
clinically useful information. This is justified by 
the RCR by citing FAST’s low Negative 
Predictive Value and poor sensitivity in paediatric 
trauma. However, in the adolescent may still hold 
some value [46]. Plain Radiographs are utilised 
readily in the paediatric patient, and in blunt 

trauma to the chest should be part of the primary 
survey.

NICE Guidelines recommend performing 
magnetic resonance imaging (MRI) for children 
under 16 years of age if there is a strong clinical 
suspicion of cervical cord or spinal column injury 
indicated by assessment or abnormal neurologi-
cal signs [37]. However, access to MRI, timing, 
haemodynamic stability, requirement for general 
anaesthesia and multi-trauma patients requiring 
CT for other injuries means MRI is not always 
the pragmatic choice.

CT can be used in a targeted modality to aid 
clinical decision making. As previously men-
tioned, the chest radiograph is the primary inves-
tigation for blunt chest trauma and is part of the 
primary survey in children of major trauma. 
However, if the mechanism of injury, clinical 
condition or finding on plain radiograph requires 
further evaluation, an isolated chest CT can be 
performed. Penetrating trauma such as stabbing, 
ballistic or impaling incidents are an indication 
for a contrast-enhanced CT due to risk of vascu-
lar injury.

Head injury, both isolated and as part of a 
multi-trauma is a common presentation to the 
Emergency Department. NICE has a defined 
guideline for imaging in these circumstances. 
The Royal College of Radiologists has specific 
guidance which states “CT is the primary investi-
gation for cranial imaging in the child who has 
suffered head trauma. It displays high sensitivity 
and specificity for identification of traumatic 
brain injury and is readily available in most cen-
tres. However, the dose of ionising radiation 
required for cranial CT has been demonstrated to 
be associated with an increased incidence of 
 cancer and it should not be used for all children 
with a head injury.” [47].

Abdominal CT is indicated in trauma but must 
be a senior decision based on clinical findings. 
Some clinical features may be compelling factors 
in the choice to perform an abdominal CT, which 
should be elicited on the primary survey (e.g. 
abdominal wall bruising or tenderness, handlebar 
injuries/lap belt injuries, abdominal distension 
and rectal or nasogastric blood).
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 Mobile Apps

There now exists an extensive collection of 
medical- based apps available to the clinician, 
online and to download, to assist in the manage-
ment of paediatric trauma and resuscitation. 
There are both free to use and purchasable con-
tent, although many of the good ones are free, 
such as:

The British National Formulary (BNF) which 
also includes the BNFc for all medication 
types and doses.

Toxbase—for Information and management of 
toxins following ingestions, contaminations 
and inhalations.

Paediatric Companion Online—Access for 
Paediatricians for references to child protec-
tion manual and links.

Mersey Burn App—Useful information and cal-
culations for burns patients.

PediREF App—References for normal physio-
logical parameters, weight-based drug doses 
and other useful information.

Other apps have limited free access and then a 
one-off fee for full access:

Neonatology—Calculation of tubes and drugs 
based on gestation and weight.

Paediatric Emergency—This links to all the 
resus council guidelines and allows input of 
an age with a subsequent estimation of weight 
and calculation of drug doses needed for dif-
ferent situations.

 Psychological and Safeguarding 
Considerations

 Parental Involvement

The attitude towards parental presence during 
resuscitation attempts has evolved over time [48] 
and historically, parents were kept at distance. 
However, research and feedback, particularly fol-
lowing unsuccessful resuscitations, have sug-
gested that psychologically it may be beneficial 

for the parents to watch resuscitative attempts 
[48, 49], with a dedicated member of the team to 
support them and explain the steps the clinical 
team are taking. This allows the parents/carers a 
greater understanding of the processes involved 
and also permits the real-time exchange of infor-
mation with the opportunity to prepare them if 
the situation is looking grave.

Where the trauma is unlikely to be life- 
threatening, and the child is conscious and dis-
tressed, having the caregiver (where able) next to 
the head or holding the child can significantly 
reduce the child’s anxiety. Trying to minimise the 
number of people in the room to only essential 
personnel also reduces fear. It is good practice to 
step down the trauma team as soon as the team 
leader can do so, allowing streamlining of staff 
and freeing up of the team for other clinical 
responsibilities.

If a procedure is required that may be painful 
or distressing, having a parent or carer present to 
comfort and reassure the child can be a useful 
adjunct to analgesia, as well as providing a valu-
able distraction from other activities occurring 
around them.

Parents and carers should be allowed near to 
or to hold their child, even in the case of sus-
pected non-accidental injury. This ought to be the 
default, unless directed otherwise by police or if 
their presence is making attempts at resuscitation 
problematic. Clinicians are not there to attribute 
blame; their responsibility is to treat the patient. 
The medical team provide facts to police and 
social care; providing detailed documentation of 
the examination and injury pattern. The further 
actions and ultimate decision making surround-
ing a non-accidental injury case involves a 
 multidisciplinary (medical/social care/police) 
approach with careful consideration of the evi-
dence ensuring the safety and best interests of the 
child are maintained at all times.

The impact of psychological trauma on par-
ents and carers can vary significantly depending 
on their resilience and previous exposure to 
traumas. For this reason, all families must have 
access to bespoke psychological support [50]. A 
significant proportion of the post-traumatic 
stress is thought to be associated with guilt fol-
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lowing the event, whether the caregiver is 
directly responsible or not.

 Psychological Input and the Mental 
Wellbeing of the Team

Paediatric trauma can have an amplified psycho-
logical and emotional impact on the team com-
pared to adult trauma. There is increasing 
evidence that teams involved in traumatic events 
and resuscitations benefit from a “hot” debrief 
(within the shift) to discuss how everyone is feel-
ing following the case and acknowledge thoughts 
and responses to the incident. This can then be 
followed, if necessary, a few weeks later by a 
“cold” debrief where ongoing concerns can be 
raised, lessons learnt and emotional support 
sought [51].

The natural reactions to being involved in 
traumatic events are important to recognise as 
they enable an understanding that grief, stress 
and anxiety can be within the normal spectrum of 
responses. Rather than dwelling and ruminating 
in solitude over decisions made, talking them 
through and developing mechanisms and strate-
gies to try and move forward is the healthier 
approach.

The evidence suggests that first responders 
and the subsequent teams involved in paediatric 
traumatic events are particularly vulnerable to 
post-traumatic stress disorder (PTSD) [52]. 
Recognition and proactive management of this is 
essential for preserving long term psychological 
health and reduction in burnout [51, 53].

 Safeguarding

With every case of paediatric trauma, safeguard-
ing must be considered. Extensive studies have 
shown that wearing a helmet reduces the risk of 
intracranial injury, morbidity and mortality in 
accidents involving cyclists [54], but not every 
parent/carer enforces this. Although there are rec-
ommendations, there is currently no law in the 
UK which mandates the provision of protective 
headgear in children. Conversely, where UK law 

exists surrounding the use of seatbelts and car 
seats, a child correctly restrained in an appropri-
ate seat is far less likely to have less significant 
injuries than an unrestrained child. As a result of 
the compulsory introduction of restraints in the 
1970s and their subsequent use mandated by law 
in 1989, there has been a 50% reduction in the 
number of paediatric passenger fatalities of road 
traffic collisions [55].

Failure to enforce the use of protective equip-
ment in a child cycling, in isolation, would not 
prompt a social services referral. Instead, a col-
lection of signs of neglect or several small inci-
dents (such as inappropriate clothing, a child who 
is not mature enough to be out alone or inade-
quate supervision etc.) suggest that a referral or, 
at the very least, discussion of the case with the 
local safeguarding team may be necessary. 
Referral and raising of safeguarding concerns 
can vary from area to area but if the child is in 
hospital then referrals normally include involve-
ment of the consultant general Paediatrician on 
call, the Duty and Advice team or Emergency 
Duty Team from social care and in some cases 
the police. Not all referrals involve immediate 
involvement of the police but severe cases do. 
There are initial decisions made about whether 
action needs to be taken immediately to safe-
guard other children in the household. All deci-
sions are made in collaboration with the different 
agencies so not one takes the whole burden of the 
decisions.

The role of the medical team is to present the 
facts of the case (injury documentation) backed 
up with statistics of injury patterns and to write a 
report stating so. There are normally strategy 
meetings following the initial assessment where 
the child’s GP and school nurse/health visitor are 
also invited along with the medical team, social 
care and police (if involved) to discuss the case 
and make plans for the future.

Highlighting the possibility of non-accidental 
injury or raising safeguarding concerns should be 
something that every member of the multidisci-
plinary team should feel able to do. By empower-
ing every team member, safeguarding is always 
considered, and ultimately children’s safety and 
interests are at the forefront of care. There have 
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been previously high profile cases such as Baby P 
and Victoria Climbie, which showed failings 
from services and led to changes. The Victoria 
Climbie case lead to the formation of the Every 
Child Matters initiative and then the Children’s 
Act 2004 which stated that every child should be 
entitled to “stay safe, be healthy, enjoy and 
achieve, make a positive contribution, achieve 
economic well-being” [56]. This states that all 
agencies should work together for the benefits of 
the child.

Although one should continually remain vigi-
lant, there are specific injury mechanisms where 
safeguarding concerns should be triggered [57].

• A fall from a first-floor window or above.
• A road traffic incident where the child was not 

appropriately restrained.
• An injury without a credible history or where 

the history is changing or inconsistent with the 
injuries.

• Any injury/bruise in an immobile child or 
injuries inconsistent with the child’s age or 
development.

 Sudden Unexpected Death 
in Childhood

Sudden unexpected death in childhood 
(SUDIC)—every child who dies unexpectedly 
(under the age of 18 years), which includes trau-
matic deaths, mandates a referral to the coroner 
and the local SUDIC team. Examinations and 
investigations are carried out to identify the cause 
of death and the situation surrounding it. There is 
often a multidisciplinary team meeting, including 
community members such as health visitors and 
school nurses to review the case.

 Conclusions

Paediatrics is a challenging aspect of trauma 
management. Unfamiliarity with anatomy and 
physiology can cause apprehension for the clini-
cians involved, although following the recog-
nised structured approach can provide confidence 
in dealing with these scenarios. Making use of 

reference sources, paediatric specific charts and 
utilising local expertise will ensure the safest care 
is delivered. While many of the practical inter-
ventions remain the same as in adults, it is worth-
while familiarising one’s self with the nuances 
posed by this population. Parental presence is 
both beneficial and encouraged during resuscita-
tion and subsequent management, although con-
sideration to safeguarding of a child’s health 
under your care is crucial and must not be 
overlooked.

Questions
 1. The most common mechanism of trauma in an 

infant (less than 1 year old) is:
 (a) Fall from a height < 2 m
 (b) Thermal injury
 (c) Road traffic collision
 (d) Non-accidental injury
 2. The most accurate formulae to estimate a 

7 year old child’s weight in kilograms is:
 (a) (0.5 × age in months) + 4
 (b) (2 × age in years) + 8
 (c) (3 × age in years) + 7
 (d) (Age in years + 4) × 2
 3. The narrowest portion of a child’s airway is:
 (a) The supraglottis
 (b) The glottis/subglottis
 (c) The cricoid cartilage
 (d) The carina
 4. The best position to palpate a central pulse in 

an infant (less than 1 year old) is:
 (a) Carotid Artery
 (b) Femoral Artery
 (c) Brachial Artery
 (d) Radial Artery
 5. The estimated circulating blood volume of a 

5 year old child is:
 (a) 90 ml/kg
 (b) 80 ml/kg
 (c) 75 ml/kg
 (d) 65 ml/kg

Answers
 1. d
 2. c
 3. b
 4. b
 5. c
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 Introduction

The elderly population has traditionally been defined 
as any patient over the age of 65 [1]. This has been 
further divided into the “young-old” (ages 65–74), 
the “middle-old” (ages 75–84), and the “old-old” 
(aged 85 and older) [2, 3]. These definitions are 
purely age-based and do not consider differences in 
functional or physiological capacity; some patients 
in their 50s with chronic disease may have less 
reserve than a fit and active person in their 70s.

While it is well noted that trauma is a disease 
that disproportionately affects younger people, it 
remains the seventh highest cause of death in the 
USA for people over the age of 65 [4]. The 2017 
Major Trauma in Older People report from TARN 

has shown that the age of the average Major 
Trauma patient has increased since 2005, primar-
ily driven by an increase in elderly trauma patients 
out of proportion to changes in the UK population 
demographics (Fig.  37.1) [5]. While part of this 
change may be due to increased reporting, it does 
not explain the whole picture, especially when this 
report excluded common injuries such as isolated 
neck of femur fractures and single fractures distal 
to the elbow or knee. As treatments improve for 
diseases that may have killed patients earlier in 
life, patients are now living longer and more 
actively. These later years bring with them the 
physiological changes associated with ageing (as 
discussed below), consequently leading to patients 
who are still active but generally frailer than their 
younger counterparts. The most common mecha-
nism of injury in UK elderly Major Trauma 
patients is a fall from less than two metres; the pro-
portion of patients who present with this mecha-
nism increases almost linearly with age (Fig. 37.2). 
This is likely reflective of behavioural changes 
(people become less active as they age) and 
increased frailty associated with ageing, requiring 
less physical insult to cause significant injury.

What is also apparent from these data is that 
the elderly population is underserved by major 
trauma services. They are less likely to be trans-
ported to a Major Trauma Centre, less likely to be 
seen by senior medical staff and more likely to 
have a delay to initial treatment or definitive sur-
gery if required. Part of these observations may 
be due to the change in risk: benefit analysis of 

P. Lax (*) 
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Brize Norton, Oxfordshire, UK

The Air Ambulance Service (TAAS),  
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Overview: This chapter deals with the 
effects of trauma in the elderly population 
with specific mention of the physiology of 
ageing, modifications to the primary sur-
vey, considerations when prescribing drugs 
and treatment of common complications 
such as delirium.
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injured patients since 
2005 by age (from 
TARN)
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anaesthesia and surgery as patients age, increased 
difficulty in assessing patients with multi-system 
co-morbidities and undertaking stabilisation, or 
older patients being seen as being a lower priority 
than younger ones; there are currently insuffi-
cient data to say whether these delays are justi-
fied. Elderly trauma patients are also a relatively 
under-investigated group in terms of international 
research priorities [6, 7].

This leads to a paradox wherein available data 
shows that the elderly who receive intensive early 
management of their injuries have better out-
comes [8]; however, they are less likely to receive 
that monitoring than their younger counterparts 
and may be more complex to diagnose [9]. This 
age-related selection bias may result in 
 therapeutic nihilism, as potentially salvageable 
patients are not actively managed, fuelling a per-
ception of futility in this cohort. This self- 
fulfilling expectation is not challenged as the 
research in this area is scarce. While some avail-
able data show a relative increase in mortality in 
the over 80’s, increased costs and length of stay, 
the absolute numbers do not indicate as poor an 
outcome as many practitioners expect [10, 11].

 The Physiology of Ageing

Age-related changes occur in all tissues, with 
function steadily decreasing throughout adult-
hood. These changes may be exacerbated or 
diminished by lifestyle factors such as diet and 
exercise. However, it is fair to say that most 
patients over the age of 65 will have less overall 
physiological reserve than those in their 20s. 
Some of the principal changes in each system 
that may be relevant in the context of Major 
Trauma are outlined in Table 37.1.

As patients age, applying “normal” physiolog-
ical parameters as a screening test to detect 
pathology becomes increasingly more problem-
atic. This is for several reasons:

Key Learning Points
• Patients who have a “normal” systolic blood 

pressure may be relatively hypotensive if they 
suffer from hypertension

• Patients may be taking medication that masks 
physiological signs or changes that would oth-
erwise be concerning (e.g. patients taking 
beta-blockers or some calcium channel block-

Table 37.1 Common physiological changes with ageing

Body system Physiological changes
Cardiovascular Decreased cardiac reserve [12], increased atherosclerosis

Decreased VO2Max leading to earlier decompensation
Higher incidence of hypertension means “normal” blood pressures may reflect hypoperfusion
Decreased maximal physiological response (e.g. decreased maximum heart rate) [13]
Coronary atherosclerosis limits blood flow—tachycardia causes unmet myocardial oxygen 
demand and type 2 MI.

Respiratory Stiffer ribcage with weaker muscles and impaired parenchymal function [14]
Impaired responses to hypercapnoea, hypoxia and exercise
Decreased gas transfer and functional residual capacity

Neurological Visual problems and slower reflexes—more prone to trauma?
Higher background incidence of cognitive impairment as age increases—history taking may be 
difficult
Higher rates of postoperative delirium, with increased 30-day mortality

Renal Decreased GFR
Impaired drug excretion/metabolism
Drug accumulation
More prone to renal dysfunction and complications/electrolyte disturbances

Musculoskeletal Decreased muscle mass, decreased muscle: fat ratio, altered volume of distribution for drugs
Higher incidence of osteoporosis and fragility fractures
Fractures as a marker of frailty and underlying reserve

GI Decreased liver function
Decreased metabolic rate and impaired thermogenesis

Immune Decreased immune response leading to higher rates of infection and impaired wound healing

37 Silver Trauma
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ers may not be able to mount a tachycardic 
response)

• The degree of injury to provoke a stress 
response may be comparatively lower than a 
younger individual

• Medications for chronic conditions may make 
a comparatively minor injury into a cata-
strophic one (e.g. a minor intracranial bleed 
may become severe if the patient is taking 
anticoagulants/anti-platelet agents)

Traditional targets used for hypotensive resus-
citation in younger patients (80–90 mmHg) may 
be insufficient in the elderly and need to be 
revised upwards (e.g. 100–110  mmHg). It is 
important to note that this is still relative hypo-
tension in this group, as their “normal” blood 
pressures are likely to be higher than younger 
patients.

The higher incidence of chronic conditions 
and use of medications in the elderly also causes 
further diagnostic problems for practitioners. 
Consider a patient admitted as the driver follow-
ing a road traffic collision with a sternal injury 
and mild confusion/hypotension. If they have 
signs of ST changes on their ECG with hypoten-
sion, this could either be a cause or consequence 
of the injury; did they have an MI, become 
unconscious and crash the car, or hit their chest 
on the steering wheel and develop a myocardial 
contusion? Is the hypotension due to heart failure 
following an MI, bleeding, or an exaggerated 
response to IV opiates given for analgesia before 
arriving in hospital? Is this an aortic dissection 
rather than an MI? Is it primary or secondary? 
The pre-test probability of medical events pre-
cipitating trauma in the elderly is much higher, 
and the degree of compensatory response they 
can mount is likely to be lower, with poorer toler-
ance of hypotension and hypoxia.

 Medication and Prescribing 
in the Elderly

It follows from the increased incidence of chronic 
conditions in the elderly that there will be an 
increased incidence of patients taking medica-

tions before suffering a traumatic injury. 
Approximately 20% of the UK population are 
60 years or older, but they account for 59% of all 
prescriptions and over 50% of all NHS drug 
expenditure [15]. In the USA, one study found 
that 87% of all people over the age of 60 took at 
least one prescription medication, with 36% of 
people taking at least five classes of medication 
[16]. This may be further compounded on dis-
charge from hospital; another study found that 
elderly patients discharged to nursing homes fol-
lowing hospitalisation were prescribed an aver-
age of 14 medications, with one-third of these 
prescriptions for drugs with side effects that 
could exacerbate underlying geriatric symptoms 
[17].

Analgesia is more fully discussed in the rele-
vant chapter, but specifically regarding the 
elderly, many of the analgesic drugs commonly 
prescribed in trauma may cause additional prob-
lems. Control of pain is an end in itself and may 
be necessary for physiological optimisation, such 
as allowing effective breathing in chest trauma. It 
is also important to note that inadequate analge-
sia will also increase the rate of delirium and 
potentially lead to prescriptions of other drugs to 
treat this [18, 19]. However, in the elderly, anal-
gesic drugs are a double-edged sword as medica-
tions such as opiates may also cause or contribute 
to delirium or acute confusional states, either as a 
direct effect or by inducing side effects such as 
urinary retention or constipation [20, 21]. While 
other medications such as non-steroidal anti-
inflammatories can alleviate pain, they remain at 
risk of causing other problems with prolonged 
use (such as acute kidney injury or gastric ulcer-
ation). The use of regional anaesthesia, either in 
“single-shot” nerve blocks at the time of opera-
tion or via continuous catheter infusion tech-
niques (e.g. peripheral nerve catheters or 
epidurals) is an attractive alternative to avoid 
these drugs. However, using these techniques 
depends on the availability of an appropriate 
nursing skill mix to be used safely outside of a 
HDU/ICU environment.

Prescribing in the elderly can be problematic. 
Age-related changes affect both pharmacokinetic 
(effects of the body on the drug) and pharmacody-
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namic (effects of the drug on the body) parame-
ters [22, 23]. Several criteria can be used to 
identify potentially inappropriate drugs in the 
elderly outside of trauma, for example, the Beers 
criteria [24] and the STOPP/START criteria [25]. 
Ensuring regular administration of some medica-
tions is essential, even when patients are nil-by- 
mouth (e.g. levodopa and decarboxylase inhibitors 
in Parkinson disease). Certain medications will be 
subject to an individual risk: benefit discussion 
about their continuation or cessation, a typical 
example being anti-platelet medications in 
patients with a recent history of coronary angio-
plasty who are at risk of both in-stent thrombosis 
and ongoing traumatic/surgical bleeding.

Many trauma services that deal with elderly 
patients have dedicated orthogeriatric physicians. 
These doctors can assess and manage some of the 
complex medical problems that may have been 
the cause or result of hospital admission and 
acute medications required for traumatic injuries. 
They are highly useful regarding medicines man-
agement in the perioperative period, as manage-
ment of longer-term medications (such as 
antihypertensives) in an acute illness can be chal-
lenging. This approach also allows a dedicated 
care of the elderly physician to optimise medica-
tions on discharge and may prevent potentially 
inappropriate medication use [26, 27]. This 
shared care model has been implemented in some 
centres internationally with improvements in 
both short and longer-term outcomes [28, 29].

Key Learning Point
As a general principle, the minimum number of 
additional drugs that are necessary should be pre-
scribed for the shortest duration possible.

 Changes in Assessment 
of the Elderly Trauma Patient

The fundamental principles of MABCD outlined 
throughout this textbook are the same. However, 
some subtleties need to be borne in mind when 
treating elderly patients. As mentioned, elderly 
patients are more likely to take medication that 
will affect vital signs such as pulse and blood 

pressure at baseline. The use of clinical and bio-
chemical markers as signs of organ hypoperfu-
sion such as level of consciousness, urine output 
and serum lactate levels should be considered 
earlier than perhaps they would be in a younger 
patient. There is also evidence that cardiac output 
monitoring in the elderly may help improve out-
come, but whether this is a marker of the effect of 
closer observation improving outcomes rather 
than an endorsement of specific goal- directed 
therapy is unclear [30–33].

 Mechanisms of Injury

As previously stated, falls from a standing height 
contribute to a significant burden of major trauma 
in this age group. Falls account for 60% of inju-
ries and half the traumatic deaths in the over 65 
[5, 34], and is likely indicative of the relative 
frailty of this group of patients. Hence, a high 
index of suspicion for significant injuries in any 
elderly trauma patient is appropriate. Motor vehi-
cle collisions account for 20–25% of injuries, 
with the patient as either driver, passenger or 
pedestrian, and approximately 1% of injuries 
resulting from assault or elder abuse.

Key Learning Point
Mechanisms that are particularly concerning in 
the elderly are falls from height or down stairs, 
motor vehicle collisions at over 30 mph or where 
the patient is a pedestrian or ejected vehicle occu-
pant, or any penetrating chest/abdominal injury.

 Specific Differences in the Primary 
Survey

 Airway and Cervical Spine
A combination of osteoporosis and frailty means 
that upper c-spine injuries (especially C1–C2 
fractures) are more common, even in the context 
of a relatively minor mechanism of injury. There 
should be a low threshold to CT the cervical 
spine as it has a higher sensitivity and specificity 
than plain films for detecting cervical spine inju-
ries. This is especially true in the context of 
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patients who may have degenerative changes that 
make plain film interpretation more complex, 
making CT the investigation of choice in this 
population. There is also data that cervical spine 
injuries are more common in the elderly, with the 
incidence doubling with each decade over the age 
of 60, justifying the additional radiation exposure 
[35, 36]. If the CT shows a fracture, then subse-
quent MRI imaging is necessary to assess for 
cord, disc and ligamentous injuries.

Elderly patients are also more likely to wear 
dentures which may complicate airway manage-
ment initially. If they are secure and well-fitting, 
it may be best to leave them in situ until the air-
way is secure to assist in forming a good seal for 
ventilation, but have a low threshold for remov-
ing them if damaged or loose. Dentures should be 
kept with the patient so they can eat following 
trauma; it is surprisingly common how 
 insufficient oral intake after trauma can be caused 
by misplacing them!

 Breathing
An initial saturation target of 94–98% is appropri-
ate unless there is pre-existing evidence of type 2 
respiratory failure that may mean a target of 
88–92% is better. Thoracic trauma is considered in 
the dedicated chapter, however it is worth pointing 
out that elderly patients may start from a more pre-
carious position and have the most to gain from 
adequate analgesia and early rib fixation. More 
than two unilateral rib fractures have been shown 
to increase the risk of respiratory failure, hypoxia 
and delirium, so consideration should be given to 
admission to a HDU environment where effective 
analgesia, close monitoring and chest physiother-
apy can be instituted in the first 48–72 hours. Other 
predictors of complications in this group are the 
presence of haemothorax or pneumothorax, age 
>85  years, or underlying pulmonary contusions/
pre-existing chest pathology.

 Circulation
Where possible, patient and collateral history 
should be taken, the possibility of a precipitant 
cardiac event causing trauma should be consid-
ered, and all elderly trauma patients should have 
a screening ECG taken. A systolic blood pressure 

of less than 110 mmHg increases mortality and 
should be regarded as significant hypotension, 
and a heart rate of 90 bpm or higher should be 
regarded as a significant tachycardia [13]. Elderly 
patients with a history of cardiovascular disease 
are also more likely to take medication which 
may alter their physiological response or increase 
their bleeding risk. Adequacy of resuscitation 
may be more guided by improvements in base 
deficit and lactate rather than restoration of a spe-
cific blood pressure [37]. Tranexamic acid should 
be used for the same indications in younger peo-
ple following the CRASH-2 and CRASH-3 
trials.

 Disability and Head Injury
Baseline neurological function and any history of 
pre-existing delirium or cognitive impairment 
should be documented, ideally with a scoring 
system such as the 4AT [38]. If there is an 
advanced care directive or medical power of 
attorney then this should also be noted with con-
tact details. If the patient is from a residential 
care home, then any accompanying carers should 
have relevant details of the patient’s medical his-
tory and medications if the patient cannot com-
municate these themselves. Any glasses or 
hearing aids should also be kept with the patient 
to ease communication.

As patients age, they undergo cerebral atrophy 
and the volume of the brain decreases. This can 
prove advantageous in some senses, as patients 
with head injuries may have more capacity in 
their skull vault to accommodate blood before 
suffering the effects of raised intracranial pres-
sure. Conversely, this may be a problem as it may 
lead to undertriage, as patients with significant 
head injury may have a higher than expected 
GCS. In the case of subdural haematomas, they 
may have a delayed presentation with neurologi-
cal symptoms weeks after their initial trauma. As 
with other injuries, a higher index of suspicion 
and low threshold for CT should be encouraged if 
any concerning features are present in the context 
of head injury, such as:

• Decreased GCS from baseline or new-onset 
headache
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• Antiplatelet or anticoagulant use
• Significant/concerning mechanism of injury
• Traumatic epistaxis
• Loss of consciousness at any point or amnesia 

of events

The CRASH score includes age as part of its 
calculations and may also aid in estimating the 
trajectory of illness and recovery in head-injured 
patients [39].

 Abdominal/Pelvic Injuries
Surgery in the elderly comes with more risk, so 
there may be a higher threshold for operative vs 
conservative management of solid organ injuries, 
but vascular injures will need definitive manage-
ment [8]. Interventional radiology is even more 
attractive an option in the elderly compared to the 
young trauma population as it avoids much of the 
morbidity and mortality associated with a major 
laparotomy. Any elderly patients with significant 
abdominopelvic injuries should have a whole- 
body CT to pick up other occult injuries.

 Burns and Extremity Trauma
Decreased dermal thickness and a lower colla-
gen/elastin content of the skin as patients age 
mean that wound healing is delayed. As the inci-
dence of type 2 diabetes and use of medications 
that may impair the immune response increases 
(e.g. steroids, DMARDs), the risk of infection 
also increases. Patients with open fractures or 
soft tissue injuries such as pre-tibial lacerations 
may need input from specialist teams such as tis-
sue viability or plastic surgery in addition to 
orthopaedics to best effect wound closure.

 Safeguarding and Elder Abuse

Patients who present with traumatic injuries may 
do so as a result of elder abuse, or abuse may 
become apparent during their hospital stay. Elder 
abuse is likely underreported as those most prone 
to it may be more deprived, dependent on others 
for care or have physical or cognitive disabilities 
[40]. In similar fashion to paediatric non- 
accidental injuries, the clues may come from an 

inconsistent history of events, a suggested mech-
anism of injury that may be physically impossi-
ble for the patient, radiographic appearances of 
multiple injuries occurring at different times, 
other discrepancies that cannot be adequately 
explained or signs of neglect [41, 42]. However, 
there are some dissimilarities with paediatric 
practice, as both the victim and perpetrator are 
more willing to disclose abuse when directly 
asked despite the potential legal consequences 
[43]. Another difference is that even when elder 
abuse is identified, most patients are discharged 
back into the care of their abusers as they have 
the capacity to make this decision, rather than a 
“best interests” decision that may be made on 
behalf of a child [44]. Abuse should be reported 
to the local safeguarding lead in hours (or the 
Social Services Emergency Duty Team or Police 
out of hours) as it is a statutory duty [45].

 Blood Management in Elderly 
Trauma

As highlighted in the circulation chapter, haemo-
globin is essential for oxygen transport around 
the body. There may be pre-existing pathology 
that causes anaemia in the elderly before any 
acute blood loss (e.g. anaemia of chronic disease 
from any cause, dietary iron or folate deficien-
cies, impaired haemopoietic function), so DO2 
may be reduced at baseline in some patients. The 
cardiac output is the other important factor in this 
equation, and due to age-related changes cardiac 
output and reserve may drop. This could be due 
to impairment of flow through stiffened and ath-
erosclerotic vessels, decreased myocardial con-
tractility/valvular disease and reduced ejection 
fraction. Consequently anaemia is not as well 
tolerated in the elderly as in younger patients.

The classical definition of anaemia by the 
WHO in 1968 was based on gender and preg-
nancy status, with different haemoglobin cutoffs 
from men (130  mg/dl), non-pregnant women 
(120  mg/dl) and pregnant women (110  mg/dl) 
[46]. While this does reflect the impact of the 
physiological changes of pregnancy, this defini-
tion of anaemia is outdated and was subsequently 
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revised in 2017. A haemoglobin concentration of 
<130 mg/dl in either sex is now considered diag-
nostic of anaemia based on international consen-
sus [47].

Anaemia has a high prevalence in the elderly, 
and it appears to increase with advancing age 
[48]. Approximately a third of elective patients 
for hip or knee replacement were anaemic preop-
eratively in one systematic review. The propor-
tion of patients for emergency hip and knee 
surgery that were anaemic was found to be as 
high as 87%, depending on the definition of anae-
mia used [49]. Of note, patients presenting for 
emergency surgery were more likely to be older, 
more likely to be anaemic and have a lower hae-
moglobin level than elective patients. While there 
may have been a degree of blood loss due to 
trauma, the significant discrepancies between 
these group suggest that this cannot be the only 
factor. On average, men have a higher body mass 
and consequently a larger circulating volume, so 
a 500 ml blood loss is a higher proportion of total 
circulatory loss in women compared to men. 
While there has been a trend towards accepting 
lower haemoglobin levels in younger patients 
before transfusion (especially in critical care 
where a trigger of 70  mg/dl is used [50]), the 
same transfusion triggers should not be used in 
the elderly. To compensate for anaemia, cardiac 
output will need to be increased, and hence myo-
cardial workload increased. If there is coronary 
arterial disease present, the delivery of blood to 
the myocardium may be impaired to begin with. 
The discrepancy between myocardial oxygen 
supply (due to anaemia and restriction of coro-
nary flow) and increased demand (the physiologi-
cal drive to increase cardiac output) may cause a 
type 2 myocardial infarction.

 What Is the Optimum Haemoglobin 
Concentration?

Guidance from the Association of Anaesthetists 
of Great Britain and Ireland on hip fracture 
patients supports a more liberal transfusion 
threshold, aiming to keep a haemoglobin concen-
tration of 90–100 mg/dl [51]. This would seem a 

sensible compromise in most elderly trauma 
patients, with the caveat that haemoglobin levels 
in acute trauma may not necessarily drop quickly 
and so the degree of blood loss may be underesti-
mated. This has to be offset against the increased 
risk of transfusion-associated circulatory over-
load (TACO) in elderly patients who may not tol-
erate large volume infusions.

A 2016 meta-analysis of elderly orthopaedic 
patients demonstrated that this higher transfusion 
target led to a decreased incidence of complica-
tions in the first 30  days post-operatively [52]. 
This target is concordant with other published 
literature showing the benefit of a more liberal 
strategy in the elderly [53, 54].

A paper that heavily weighted earlier reviews 
debating liberal or restrictive strategies was pub-
lished by Carson et al [55], however, the method-
ology was flawed. This trial favoured a restrictive 
approach, but patients were not randomised into 
their groups until the third postoperative day. 
Therefore, blood management advice is not 
directly applicable to a silver trauma patient at 
hospital presentation, nor any immediate periop-
erative journey. Furthermore, a liberal strategy 
(90–100 g/L) is supported by another 2016 sys-
tematic review and meta-analysis in patients with 
pre-existing cardiovascular disease to prevent 
MI, acute coronary syndrome, and cardiac arrest 
[56]. Further evidence also suggests that a liberal 
strategy is helpful in terms of early functional 
recovery and re-enablement [57]. Therefore, 
there should be a low threshold for blood transfu-
sion in the initial stages of trauma management 
and any perioperative care. A baseline transfu-
sion strategy aiming to keep haemoglobin con-
centration in the range of 90–100 mg/dL should 
be employed before subsequent patient tailoring 
by orthogeriatricians.

 Anti-Platelet Agents and Their 
Reversal

Medications such as aspirin, clopidogrel and 
ticagrelor are commonly used following a variety 
of stenting procedures and for secondary preven-
tion in peripheral and cerebrovascular disease. In 
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trauma, consideration needs to be given to the 
risk and benefit of continuing these medications, 
usually in conjunction with a consultant from the 
speciality that started them or haematology. 
There are essentially no blanket rules, but some 
principles should be borne in mind:

• Anti-platelet agents irreversibly bind to plate-
lets, so the only way to reverse their effect is to 
transfuse new platelets or wait for the bone 
marrow to produce more.

• Monotherapy with any agent does not need to 
be stopped for the sole purpose of spinal 
anaesthesia [51].

• Dual anti-platelet therapy (DAPT) is not an 
absolute contraindication to spinal anaesthesia 
if the patient is in a higher risk group for com-
plications following a general anaesthetic (e.g. 
active pneumonia or other reason for poor pre-
operative respiratory function). The increased 
relative complication rate will need to be 
 discussed with the patient preoperatively, but 
the absolute incidence of vertebral canal hae-
matoma remains low [58]. However, higher 
risk patients should be monitored for signs of 
vertebral canal haematoma in the postopera-
tive period (back pain, numbness, motor 
weakness, bladder/bowel incontinence) [51].

• Drug-eluting stents (DES) are more at risk for 
early in-stent thrombosis than bare-metal stents 
(BMS) if DAPT is stopped, so determining the 
kind of stent fitted and its insertion date is 
vitally important [59, 60]. The most significant 
risk is in the first 30 days, and after 6 months, 
the risks in both groups appear equivalent.

• DAPT can occasionally be rationalised to a 
single agent for the perioperative period, 
though this is more for elective surgery and 
needs to be done in conjunction with the rele-
vant speciality [61].

• If stopped, DAPT or monotherapy should be 
restarted as soon as possible after surgery 
when the bleeding risk is acceptable (this will 
largely vary on speciality and kind of surgery 
or injury), and local guidelines should be 
developed.

• If immediate anti-platelet agent reversal is 
required, two packs of platelets (8 pooled 

units) will be sufficient to return to adequate 
function. However, for patients with intracra-
nial bleeds, there may not be a benefit for 
platelet transfusion [62], and platelets may 
increase mortality [63].

The management of patients on anticoagu-
lants is discussed elsewhere in this textbook. 
However, in the elderly, consideration should be 
given to the reasons for anticoagulation, the abso-
lute bleeding risk, risks of reversing anticoagula-
tion and the need for some form of bridging 
therapy to cover the perioperative period.

 Delirium

Delirium is defined as an acute disorder of mental 
functioning over hours or days. This is rarely a 
linear trajectory as the course of illness can fluctu-
ate over this period, not uncommonly with 
patients becoming more agitated or confused at 
night. Delirium can be triggered by either a pri-
mary illness or the drugs used to treat it, and can 
be distressing for patients, carers and staff. In 
addition to this, delirium has been linked with 
increases in morbidity, mortality, increased length 
of stay, increased risk of falls and increased likeli-
hood of discharge to a care home rather than the 
patient’s home. Risk factors for delirium include 
patients with pre-existing cognitive impairment, 
severe illness, age over 65, and those presenting 
with hip fractures or other acute trauma.

The diagnosis of delirium is often subjective 
in the early stages, with family or carers describ-
ing the patient as “not acting like their usual self.” 
Several risk factors have been noted in delirious 
patients—sleep disturbance or insomnia, reduced 
mobility and under- or untreated pain. Symptoms 
may include agitation, withdrawal, lack of coop-
eration or changes in mood or the presence of 
audiovisual hallucinations. The presence of 
reversible organic pathologies such as hypoxia, 
hypoglycaemia, hypotension or any drug intoxi-
cation or withdrawal should be sought in the first 
instance. If no immediate life-threatening causes 
are found, a review of systems should be under-
taken to look for other treatable causes.
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 Respiratory

Hypoxia should be treated and saturations of 
94–98% targeted in most people. For those with 
chronic hypoxia, saturations of 88–92% may be 
more appropriate.

 CNS

Patients admitted with traumatic injuries should 
have been adequately imaged before coming to the 
ward. Occasionally this is not the case, or injuries 
may evolve over a longer period. In elderly patients 
with a history of head trauma, a low threshold for 
CT examination should be held in the context of 
new confusion or behavioural changes. Subdural 
haematomas may present as acute confusion or 
unusual neurological symptoms and have implica-
tions for acute and subacute management, i.e. anti-
coagulation management and discussion with 
neurosurgical colleagues regarding conservative 
management or optimisation for surgery.

 Anaesthetics/Analgesia

Non-anaesthetists often blame the effects of 
anaesthesia for postoperative problems. Some 
anaesthetic medications are rightly identified as 
deleriogenic (for example, midazolam, cyclizine, 
ketamine and atropine). However, awareness of 
the deleterious effects of these drugs amongst 
anaesthetists has improved, and their use 
decreased in the elderly population. A review of 
the anaesthetic chart to see if these medications 
have been given may confirm or refute this 
assumption. In addition, using depth of anaesthe-
sia monitoring or age-adjusted targets when 
using volatile anaesthesia will further decrease 
this risk, as will increased use of regional anaes-
thesia and procedural sedation with an agent such 
as propofol rather than a formal general anaes-
thetic [64]. Postoperative analgesia with 
paracetamol is helpful in treating delirium [65, 
66] and is additionally supported by evidence 
from community settings and cardiac surgery 
[67]. Pain itself causes delirium, so it must be 

controlled. Weak opioids are contentious in older 
people as they can both cause delirium and treat 
pain contributing to it. Vigilance is vital when 
starting older people on opioids. However, the 
risk of pain causing delirium is probably higher. 
In terms of more potent opioids, oxycodone is 
preferable to morphine. Compared to morphine, 
oxycodone is associated with less delirium and 
does not have active metabolites that accumulate 
in renal failure. Regional anaesthesia techniques 
(e.g. single- shot blocks) are excellent adjuncts to 
analgesia and are opioid-sparing. However, 
unless fed by a continuous infusion via a catheter, 
they will only last for approximately 12 hours, so 
they must not be seen as a panacea but as part of 
a multi-modal approach to analgesia.

Medication Pre-admission medication, plus 
medication that is omitted once admitted to hos-
pital, can contribute to delirium. If any of the fol-
lowing have been started (or abruptly ceased), 
they could be causative [68]:

• Antihistamines (e.g. cyclizine)
• Antimuscarinics (e.g. oxybutynin, atropine, 

hyoscine) can cause confusion, delirium, uri-
nary retention.

• Benzodiazepines (e.g. midazolam)
• Gabapentin
• H2 receptor antagonists (e.g. ranitidine)
• Opioids (particularly codeine, dihydroco-

deine, morphine, tramadol) can cause delirium 
but do remain a vital class of drug for treating 
pain.

• Theophylline

Long-standing medications may also contrib-
ute to the development of delirium. Attention 
should be paid to the total anticholinergic burden 
of all the patient’s medication. Withdrawal from 
non-prescription medications or other substances 
(i.e. drug/alcohol withdrawal) must be consid-
ered and treated.

Sedation If pharmacological restraint is neces-
sary, then it should be used at the lowest possible 
dose for the shortest time possible. NICE recom-
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mends haloperidol in the first instance and loraz-
epam if there is a contraindication to haloperidol 
(e.g. Parkinson’s disease, cardiovascular disease 
such as recent MI, arrhythmias, prolonged QTc, 
second- or third-degree block, hypokalaemia) 
[69]. Olanzapine might have a role, but expert 
help should be sought before using this medica-
tion. The expected treatment length is 24–48  h 
and should be reviewed daily.

 Infection/Host Defence

Infections (specifically urinary tract infections) 
are overdiagnosed and overtreated in hospitals 
[70]. Urinary dipstick testing and cultures are 
unreliable due to the high rate of asymptomatic 
bacteriuria. UTI can be a difficult diagnosis to 
make in elderly patients admitted with trauma, as 
other systemic markers of infection/inflamma-
tion (CRP and white cell count, for example) may 
be raised due to trauma [71–73]. If there is spe-
cific diagnostic information available that is 
highly suggestive of infection (e.g. visible pneu-
monia on a chest x-ray with compatible findings 
on examination or purulent/discharging wounds), 
then these should be treated. Empirical “trial by 
antibiotics” is not an appropriate treatment strat-
egy in these patients as it puts them at risk of 
developing side effects, selective resistance of 
organisms and other complications from antibiot-
ics that may not be indicated.

 Fluid Balance and the Renal System

Patients should have an assessment of their vol-
ume status, with a caution that an acute stress 
response such as trauma will promote retention 
of water and decreased urine output. Just because 
a patient has a low urine output does not mean 
they are underfilled! If patients do not have water 
within reach (if immobile), they will not be able 
to drink. Similarly, delirious or over-medicated 
patients may forget to drink, so dehydration 
could be either a cause or effect of delirium. Any 
consequent acute kidney injury may further 
worsen delirium, so it should be actively treated.

Trauma patients may have been dehydrated 
before admission if they have been immobile/
lying on the floor before being found, or may 
have been kept nil by mouth for a prolonged 
period without IV fluids (especially if the oper-
ating list order is repeatedly changed or patients 
are cancelled). Once pre- or post-op blood loss 
is factored in, there are many reasons that 
patients can become dehydrated. If patients are 
to be given IV hydration, a balanced crystalloid 
such as Hartmann’s solution, Ringer’s lactate or 
Plasmalyte should be given as the default, 
unless specific electrolytes are being actively 
replaced. Excessive chloride load is dangerous; 
hyperchloremia is independently associated 
with an overall twofold increase in morbidity, 
mortality and hospital stay [74]. Therefore, 
“normal” saline should be avoided unless treat-
ing hyponatraemia.

Urinary retention may also cause delirium and 
can be caused by pain, constipation or trauma. 
Urinary catheterisation is useful in trauma 
patients to help monitor fluid balance accurately. 
In patients who cannot mobilise to the toilet or 
use other continence aids, they also provide some 
dignity. In uncatheterised patients, bladder scans 
should be used to provide objective data to assess 
retention. Patients with retention may still pass 
small volumes of urine but have large post-void 
residual volumes best treated with catheterisa-
tion. Catheters should be used for the shortest 
period possible, and a plan for their removal 
thought through before insertion.

 Gastrointestinal

Constipation is a common side effect of opiate 
medication and cause of delirium. Patients who 
have decreased oral intake of food and water are 
at risk, and enquiries into bowel habit should be 
part of the ward round with laxatives given if 
there has been no bowel movements for 
24–48 hours. Delirious patients may also eat less, 
so high- calorie meals and supplementary build-
up drinks should be offered where possible with 
dietetic input. A nutritional scoring tool such as 
MUST should be used [75].
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Several tools are available to aid in the diagno-
sis of delirium, with the 4AT [76] probably being 
one of the best. It performs well for sensitivity and 
patient completion rate, does not require specific 
training and can be easily used in the Emergency 
Department [38, 77]. For these reasons, it is the 
test advocated by the National Hip Fracture 
Database in the UK. Once delirium has been diag-
nosed, the diagnosis should be communicated to 
the rest of the medical and nursing team in addi-
tion to carers and relatives. Familiar faces such as 
family and friends can help calm patients and may 
avoid the use of medications that may have side 
effects. National guidelines exist to help in the 
management of delirium, with the aims of 
decreasing the rates of falls, dehydration, pressure 
sores, malnourishment and isolation [69].

 Rehabilitation and Re-Enablement

Elderly patients who suffer a traumatic injury 
may be at risk of not regaining their previous 
state of independence. It may be that depending 
on their injury and any complications that they 
are not safe to be discharged back to their own 
home, even with a medical and social care pack-
age in place.

Re-enablement refers to the process of patients 
getting back to their activities of daily living 
(such as washing and dressing) with the assis-
tance and assessment of specialist rehabilitation 
clinicians, physiotherapists and occupational 
therapists. These assessments are usually between 
2–5  days following surgery depending on their 
clinical course. For this reason, attention to detail 
in minimising some of the avoidable complica-
tions described above is paramount in the early 
postoperative period. The longer patients take to 
start making progress, the more challenging and 
less successful it may ultimately be [51].

Rehabilitation refers to the resumption of 
everyday living as a whole, and returning to their 
place of residence after discharge from the hospi-
tal. There may be some non-clinical organisa-
tional factors that delay discharge, but clinical 
reasons for delay in getting home may include 
postoperative complications such as undertreated 

delirium or pneumonia. This focus on restoring 
function and capability must be central, even 
from the beginning of the patient’s hospital 
admission. Evidence-based interventions that 
have been shown to improve re-enablement and 
rehabilitation include [78]:

• Prompt surgery
• Mobilisation the day of or day after surgery
• Physiotherapy assessment the day after 

surgery
• Geriatrician review within 72 h of admission
• Nutritional risk assessment
• Falls assessment
• Bone health assessment

 Conclusion

Elderly patients may be more complicated to man-
age than their younger counterparts due to their 
limited reserve, generally poorer background 
health and specific challenges posed by physiolog-
ical changes in ageing and difficulties in diagnosis. 
They may also have the most to gain from early 
investigation and intervention, even when the 
mechanism of injury appears relatively innocuous. 
Of note, “normal” vital signs may not be normal 
for these group of patients, so a systolic blood 
pressure of <110 mmHg or a heart rate of >90 bpm 
should be concerning. There are specific courses 
available for those managing elderly trauma 
patients on a regular basis (such as the HECTOR 
course [13]). However, the fundamental focus 
should be on re-enablement from an early stage for 
all clinicians working with this patient group.

Questions
 1. Most elderly trauma patients present follow-

ing a fall from less than 2 meters.
 (a) True
 (b) False
 2. Elderly patients will benefit from a restrictive 

transfusion strategy and should not be given 
blood until their haemoglobin level drops to 
70 mg/dl.

 (a) True
 (b) False
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 3. Cyclizine is not recommended as an anti-
emetic in the elderly population

 (a) True
 (b) False
 4. If an elderly patient or their carer discloses 

that they are being abused, they cannot be 
discharged home.

 (a) True
 (b) False
 5. Patients taking anti-platelet agents cannot 

have spinal anaesthesia
 (a) True
 (b) False

Answers
 1. a
 2. b
 3. a
 4. b
 5. b
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Ballistics and Blast Injury

Jowan Penn-Barwell

 Introduction

The fundamental nature of ballistic and blast 
injuries is no different from other mechanisms of 
traumatic injury: the transfer of kinetic energy 
resulting in tissue damage. However, the charac-
ter of blast and ballistics is often distinct from 
other traumatic injury mechanisms. Blast inju-
ries are less frequently seen outside of military 
conflict; the kinetic energies involved (and there-
fore the potential for tissue damage) is often 
massive, and the resultant wounds are often 

heavily contaminated and have the potential to 
evolve over several days.

This chapter will provide an overview of the 
pathophysiology of blast and ballistic injury 
mechanisms, enabling clinicians to assess 
wounds and anticipate likely complications. 
While every wound—and every patient—is 
unique, the general principles and clinical priori-
ties for managing these injuries will be 
discussed.

 Wound Ballistics

The study of ballistic science that examines the 
interaction between a bullet and tissues is termed 
Wound Ballistics. Reduced to its fundamental 
form for clinical context, wound ballistics con-
cerns the work done by the transfer of kinetic 
energy (KE) from the projectile leading to crush-
ing, lacerating, stretching and shearing of body 
tissues. The KE transferred into tissues is simply 
the difference between the KE of the projectile as 
it strikes the body and that which remains should 
it exit the tissues. If the round does not exit the 
tissues, all of its KE will be transferred into the 
body.

The severity of a Gun Shot Wound (GSW) is 
not just dependent on the total amount of KE that 
is transferred into the tissues. The rate at which 
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energy is transferred to the tissues also dictates 
severity: the more quickly a bullet slows, the 
faster its KE is transferred into the tissues, and 
the more damage is caused.

There are two principal mechanisms by which 
bullets injure tissue: the formation of a temporary 
cavity and the creation of a permanent cavity or 
tract.

 Permanent Cavity

The permanent cavity is a simple concept; as the 
bullet crushes, cuts and shears the tissue in front 
of it, it creates a tract that is typically of a similar 
size to that of the contact area of the projectile. 
The permanent cavity is usually a continuation of 
the trajectory of the projectile. However, it must 
be remembered that this trajectory can be 
deflected by tissue planes, bone strike or other-
wise from the instability of the round itself as it 
traverses the tissues.

If the bullet fragments, each fragment will cre-
ate its own permanent cavity before leaving the 
body or coming to rest. Similarly, if the bullet 
strikes and fractures bone, these bone fragments 
can be accelerated through tissue, creating their 
own permanent cavity.

 Temporary Cavity

The temporary cavity is formed by the stretching 
of tissue radially away from the path of the bullet 
and occurs in its wake as it passes through tissue 
[1]. When a projectile strikes tissue it starts to 
decelerate rapidly. This deceleration involves the 
rapid transfer of KE from the round into the sur-
rounding tissues, causing those tissues to radially 
accelerate away from the path of the bullet. As 
the tissues accelerate away from the passage of 
the round, a temporary space or cavity at sub- 
atmospheric pressure is formed, creating a vac-
uum which potentially draws air and surface 
contaminants into the cavity via the entrance (or 
exit) wound. As the tissues are stretched those tis-
sues which stretch beyond their capacity to 
absorb such deformation will tear or fracture.

 Assessing the Severity of Ballistic 
Wounds

The purpose of wound assessment is to determine:

 – The functional effect of the wound on physi-
ology, i.e. the potential for bleeding, intestinal 
contamination and organ damage.

 – The quantity of tissue destruction, i.e. the 
amount of non-viable tissue and contamina-
tion with the potential for infection.

An assessment of the amount of energy trans-
ferred to a limb by a GSW is essential. High- 
energy wounds are associated with a greater risk 
of infection and therefore warrant a more aggres-
sive surgical approach. Conversely, avoiding 
excessive debridement and ‘laying-open’ of low- 
energy wounds avoids unnecessary morbidity. 
The amount of energy transferred to a limb can 
be estimated with a combination of clinical 
assessment and plain x-rays. The factors associ-
ated with higher energy transfer are [2]:

 – A large exit wound implying a large tempo-
rary cavity and tissue damage.

 – Bone strike: this will be associated with sud-
den slowing of the bullet and large energy 
transfer, as shown in Fig. 38.1.

 – Bullet fragmentation indicates a rapid trans-
fer of nearly all the KE of the bullet and the 
potential for complex wounds, as shown in 
Fig. 38.2.

An example of an injury associated with high- 
energy transfer is shown in Figs. 38.1 and 38.2 

Fig. 38.1 A lateral X-ray of a knee and proximal tibia 
with external fixator stabilising a multi-fragmentary 
diaphyseal fracture predictive of a high-energy transfer 
wound. Crown Copyright 2021
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below. The surgical management of these wounds 
is discussed in more detail later.

In addition to clinical examination and plain 
X-ray to assess wound severity, injuries to the 
head and torso will need CT imaging which can 
readily identify the likely physiological effect of 
a GSW.

 Blast Pathophysiology

Explosions are complicated processes that occur 
exceptionally rapidly with the release of energy 
and the generation of large volumes of gaseous 
products. Their precise nature depends on the 
type of explosive. Industrially manufactured mil-
itary or mining grade explosives will behave dif-
ferently to ‘home-made’ munitions, e.g. ‘fertiliser 
bombs’, which behave technically more like 
rapid combustions.

A vast range of different weapons are based 
on explosives to generate a destructive effect. 
Industrially manufactured military explosive 
weapons are typically called munitions and 
include indirect fire weapons, i.e. mortars and 
artillery—rockets, mines and grenades. 
Improvised ‘home-made’ or ‘cottage industry’ 
weapons include improvised explosive devices 
(IEDs) [3].

The process of an explosion can be divided 
into three main phases, which correspond to the 
different mechanisms of injuries that they can 
cause.

The first component is the shock wave. This is 
analogous to a sound wave in that it passes 
through substances rather than moves them. A 
shock wave, as shown in Fig. 38.3, is only pro-
duced as a result of a true explosion and is typi-
cally not a feature of ‘home-made’ explosives.

The shock wave travels much faster than the 
speed of sound and produces a virtually instanta-
neous rise in pressure for milliseconds. The energy 
of the shockwave rapidly dissipates as it propa-
gates away from the source explosion, propor-
tional to the radius to the power of three (r−3) [4].

Fig. 38.2 Clinical photograph taken 2-days post-injury 
and CT scout view showing a GSW to bilateral thighs. 
The wound was caused by a military 5.56  mm SS109 

round which fragmented despite not hitting bone. 
Fragments passed from the right thigh into the left with 
high energy transfer and tissue destruction

Fig. 38.3 An explosion with the shock wave visible and 
separating from the rest of the explosion as it travels faster
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As the shock wave moves through the casual-
ty’s body, energy is transferred into tissues, par-
ticularly at interfaces between gases and tissues. 
This is analogous to the ‘absorption’ of sound 
energy by the foam in ear-defenders. As the sound 
wave travels through the foam, it  encounters mul-
tiple air-plastic interfaces of the foam cells, and 
the energy of the wave is dissipated.

The organs particularly affected unsurpris-
ingly are those with gas-tissue interfaces, i.e. the 
lungs, ears and bowel. This is known as the 
Primary Blast Injury [5]. The pressure gener-
ated by the shockwave typically must be >35 KPa 
to produce ear injuries and >250 KPa to produce 
lung or bowel injuries [6].

Primary blast injury to the lung can result in 
disruption at the alveolar-capillary interface, 
resulting in lung parenchymal haemorrhage, 
pneumothorax and alveolar-venous fistulae as 
shown in Fig.  38.4 [7]. The incidence of blast 
lung in terrorist bombings varies enormously 
depending on proximity and enclosure but has 
been reported as high as 14% of casualties [8, 9]. 
Enclosed spaces prevent dissipation of the shock 
wave, which can ‘echo’ off walls and buildings 
leading to multiple episodes of energy transfer 
from a single blast.

Blast intestinal injury is rare in land-based 
explosions but very common in submerged vic-

tims because water is a superior medium for the 
transmission of the shockwave compared to air 
[10]. The blast wave causes intermural haemor-
rhage and even perforation, which may occur 
several days after injury [11].

Ear injuries typically range from tympanic 
membrane rupture to ossicle dislocation and can 
be seen in up to half of blast casualties [8]. It has 
been noted that the presence of ear injuries varies 
significantly depending on the position of the 
head relative to the blast and even though the 
threshold pressure for ear damage is theoretically 
an order of magnitude less than that for lung 
injury, the absence of ear injuries is a poor sur-
rogate for the absence of visceral injury [12].

The gas created by the explosion expands out-
ward at high velocity known as the blast wind. It 
is this blast wind that carries objects, e.g. frag-
ments and shrapnel. The effect of the blast wind 
has a much greater range than the shock wave.

The majority of injuries are due to secondary 
blast effects, i.e. the effect of pre-formed projec-
tiles (as shown in Fig.  38.5), fragmentation, 
debris (as shown in Fig.  38.6) and even tissue 
from other victims being accelerated by the blast 
wind into the victim’s tissue. These projectiles 
are accelerated radially away from the blast epi-
centre and follow an arced trajectory due to the 
effect of gravity. Injuries caused in this manner 
are classed as Secondary Blast Injuries.

Fragments and debris behave exactly as pro-
jectiles discussed earlier, with the caveat that they 
are often irregularly shaped and are subject to 

Fig. 38.4 X-ray image of a chest showing parenchymal 
haemorrhage and pleural drains for treatment of the 
pneumothorax

Fig. 38.5 Pre-formed fragmentations from industrially 
manufactured munitions, typically multiple small 
similarly- sized projectiles

J. Penn-Barwell



747

greater drag and therefore do not travel as far. 
Victims are often struck by multiple projectiles 
along with the tissue stripping effect of large 
numbers of small pieces of debris. Each fragment 
and piece of debris will create its own permanent 
cavity as it penetrates the victim and travels 
through them.

 Clinical Priorities

The clinical priorities in assessing patients 
injured through blast and ballistic mechanisms 
do not differ to those outlined elsewhere in this 
book. The priorities are:

• Haemorrhage Control. This may well 
require damage control resuscitative surgery.

• Infection Prevention. The surgical explora-
tion of wounds with incision and excision of 
necrotic tissue and contamination.

• Stabilisation. The temporary stabilisation of 
fractures e.g. with plaster casts, traction or 
external fixation, allows the resuscitation of 
tissue in the wound and reduces the risk of 
infection. It also provides pain relief.

• Fixation. The definitive fixation of fractures, 
especially around joints, permits rehabilita-
tion and restoration of function, but can only 
occur when the wound is healthy and free 
from contamination.

• Coverage and Closure. Definitive fixation 
can only occur when wounds can be covered 
or closed. In complex injuries with significant 
tissue loss, this may require more complex 
plastic surgical techniques in the form of local 
or free tissue ‘flaps’.

While many injuries will require surgical 
reconstruction, this can only occur after 
successful resuscitation, which itself can 
necessitate resuscitative surgery. Once life-
threatening haemorrhage has been arrested, 
surgical attention can turn to preventing infec-
tion and reconstruction following the steps 
outlined above.

Ballistic and blast injuries are heterogeneous, 
and few surgeons deal with them frequently. 
Discussed below are some potential difficulties 
and mistakes that can occur.

As previously stated, ballistic injuries evolve. 
A common mistake is for the surgeon to perform 
primary closure after wound excision. Even if the 
wound bed looks clean and healthy after initial 
excision, further tissue necrosis and swelling will 
occur, with deep infection the likely result. This 
is a lesson that has been learnt and re-learnt over 
the course of several generations of military sur-
geons [13].

Judging how aggressively to excise tissue is 
challenging, and not all ballistic wounds need 
surgical treatment. Ballistic injuries that can be 
managed without surgery are those with only 
minimal haemorrhage and without features of 
high-energy transfer. For example, a ‘through- 
and- through wound’ with no significant visible 
soft tissue damage, no bone strike and no round 
fragmentation suggests minimal energy trans-
fer and therefore little tissue damage [2]. These 
wounds, more typically seen from handgun 
injuries, may be managed non-operatively. 
Typically this would involve non-restrictive, 
absorbable dressings to permit wound drainage, 
oral  antibiotics for 48  h and consideration to 
splintage to prevent excessive movement of the 
injured limb. Wounds should be followed-up 
closely to watch for the development of infec-
tion [14].

Fig. 38.6 Examples of debris and fragments from IED 
explosions-typically irregular, larger fragments from cas-
ing or object used to disguise the IED
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 Conclusion

Traumatic injuries from ballistic or explosive 
weapons should be approached using the same 
fundamental principles and techniques described 
in this book. However, clinicians should realise 
that the unique characteristics of these injury 
mechanisms are the potential for enormous tissue 
damage and the evolution of wounds. A lack of 
familiarity with these injuries may result in fail-
ure to appreciate their true severity, which may 
take several days to manifest.

Questions
 1. The severity of the gunshot wound most 

closely relates to:
 (a) The calibre of the firearm
 (b) The speed of the bullet
 (c)  The rate of energy transfer into the 

tissues
 (d)  The distance between the firearm and 

the casualty
 (e) The length of the barrel of the firearm
 2. Which of the following is false about blast 

injuries:
 (a) Wounds can evolve over hours and days
 (b)  Intact tympanic membranes precludes a 

blast lung injury
 (c)  Gas containing organs are vulnerable to 

primary blast injury
 (d)  Secondary blast injury usually has a 

greater range than primary blast injury
 (e)  A shock wave travels faster than the 

speed of sound
 3. Which of the following is not predictive of a 

more severe ballistic wound?
 (a)  The casualty being able to identify the 

weapon
 (b) Bone strike
 (c) Bullet fragmention
 (d) Retention of bullets or fragments
 (e) A large wound cavity
 4. Which of the following statements are true?
 (a) Fracture fixation is a priority and must 

not be delayed if concurrent coverage or 
closure is not possible at the same surgi-
cal episode

 (b)  Early primary closure of ballistic 
wounds to the forearm is a priority

 (c)  All ballistic wounds require at least one 
surgical operation

 (d)  Ballistic fractures should never be fixed 
with plates and screws

 (e)  Delayed primary closure of ballistic 
wounds should occur around 48hrs after 
initial surgical treatment

Answers
 1. c
 2. b
 3. a
 4. e
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Immersion and Submersion

Paul Savage OBE

 Introduction

In recent years the International Liaison 
Committee on Resuscitation (ILCOR) and the 
World Congress on Drowning have re-defined 
drowning. Terms such as near drowning, dry 
drowning, secondary drowning etc. are now 
obsolete. The agreed definition of drowning is

The process of experiencing respiratory 
impairment following submersion in liquid.

It can be seen from this that the major issue is 
a respiratory one and thus all treatment should be 
aimed at the alleviation of hypoxia and its 
sequelae.

 Epidemiology

Key Points
Understand difference between Immersion and 
Submersion.

Understand the timeline associated with key 
physiological changes.

Understand the challenges at the point of 
rescue.

Drowning accounts for >500,000 deaths 
worldwide annually [1]. Mortality from drown-
ing in Europe shows two peaks:

• Children <5 years old
• Adult males 14–35 years old

Alcohol and drugs clearly play a significant 
role in incidents involving the latter. Unsupervised 
access to water is one of the biggest risk factors 
among children; unfenced swimming pools, 
ponds, rivers and ditches being the biggest killers 
worldwide.

There is an unfortunate association with child 
abuse in drownings amongst the under-fives and 
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This chapter clarifies the differences 
between Immersion and Submersion, and 
reviews the timeline of physiological 
events that occur when entering cold water; 
from Cold Shock, through Peripheral 
Cooling to Hypothermia. It analyses how 
these are related to the pathology created 
by cold water immersion and details poten-
tial causes and outcomes for the patient.
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clinicians in these cases should consider the pos-
sibility of intentional drowning or severe neglect. 
The NICE guidelines state that any child drown-
ing is a safeguarding issue and should be reported.

 Pathophysiology

The process of drowning is a less simple one than 
is imagined. Drowning can be the primary pathol-
ogy in straightforward submersion, but is often 
secondary to other physiological processes, and in 
this chapter we will focus on the additional com-
plications associated with cold water immersion.

A fundamental misunderstanding exists 
around drowning. It has been established that the 
whole process usually occurs in seconds to min-
utes—yet what is puzzling is that 67% of victims 
were deemed to be good swimmers and 55% of 
drownings occur within 3  m of safety [2]. To 
understand these figures, an understanding of the 
different physiology that is associated with cold 
water immersion compared to submersion is 
required.

 Immersion vs Submersion

Video—immersion in cold water—sudden death 
and prolonged survival [https://www.youtube.
com/watch?v=bwvFhmr5nis].

Immersion in this context is defined as the 
body entering cold water but with the airway 

remaining clear of the water, as would be 
achieved when wearing a correctly fitted life-
jacket. Submersion is defined as the airway 
being kept under the surface of the water, in 
which case the inability to breathe is obvious 
(Fig. 39.1).

 Submersion

If a casualty is not wearing a lifejacket, is a non- 
swimmer, or is held under the surface for a vari-
ety of reasons (for example trapped, full stomach, 
waterlogged clothes), an initial breath hold will 
eventually give way to swallowing and coughing. 
In a 1951 experiment on dogs, Fainer et  al. [3] 
demonstrated that after this point, around 70 sec-
onds of uncontrolled respiration occurred once 
submerged and led to mass aspiration.

In cases of salt water drowning the alveolar 
space will fill with water and prevent oxygen 
transport, whereas in cases of fresh water 
drowning, there is a tendency to cause oedema 
of the alveoli wall because the fresh water is 
hypotonic. This, combined with surfactant 
washout as fresh water crosses the lung mem-
brane and entering the bloodstream, leads to 
alveolar collapse. Either route will cause rapid 
hypoxemia leading to loss of consciousness and 
apnoea. The casualty proceeds to hypoxic car-
diac arrest with rhythm disturbance -usually 
tachycardia followed by bradycardia then PEA 
and finally asystole. At this point, classically the 
casualty will be found floating face down just on 
or below the surface.

A submersed, drowned casualty should be 
rapidly removed from the water by any means, 
assessed and given CPR in line with standard 
Advanced Life Support (ALS) protocols. In the 
UK, protocols that have been drawn up in agree-
ment with the Joint Royal Colleges Ambulance 
Liaison Committee (JRCALC) [4] state that CPR 
is not started if there is evidence of extreme 
trauma incompatible with life, decomposition or 
proven submersion time of more than 60 or 
90  min, dependent on water temperature as 
explained in the following text.

Fig. 39.1 Submersed body—the airway is under the sur-
face of the water
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 Prolonged Submersion and Survival

New evidence has clarified the reasons behind 
prolonged submersion survival. Patients drown-
ing in cold water can swallow litres of cold water 
(the stomach and mediastinum via oesophagus 
will be in contact with cooling effect). In addition 
rinsing the oropharynx and external cold water 
on the neck leads to rapid cooling of the brain. If 
the brain/body cools prior to cardiac arrest it is 
“protected” from the cell death cascade to an 
extent. At lower body temperatures, brain sur-
vival can therefore theoretically increase. Once 
active respiration ceases any further cooling will 
only occur due to conduction of heat from the 
warm body to the cold water.

Adults do not conduct heat well into the water 
due to the average amount of body fat, and there-
fore it appears never really pass a 20 min survival 
time that initial cooling during active respiration 
brings.

However, children and slim adults can con-
tinue to cool as they have greater surface area to 
mass ratios, at a rate of 2.5  °C every 10  min. 
Therefore they drop their core temperature an 
additional 5 °C in the first 20 min of brain sur-
vival time, resulting in potential core  temperatures 
as low as 25 °C by the end of the first 20 min. 
This confers another 20 min of brain survival at 
this point, which allows further cooling of 
5 °C. The process continues until about a maxi-
mum known survival time of 65 min.

It should be noted that coastal waters of the 
UK rarely fall below 5 °C, and therefore it is now 
strongly believed that survival times in excess of 
30 min of true submersion and drowning at sea 
are virtually impossible for a variety of factors 
[5]. Still lakes and lochs do have the potential to 
drop below 5 °C, and therefore survival times for 
children and slim adults may potentially reach as 
high as 60 min. In an attempt to protect rescuers 
from risking life to rescue a non-viable patient, a 
new algorithm was created to assist on scene man-
agement decisions (Fig.  39.2). This has formed 
part of the 2016 UK Resus Guidelines [6].

 The Conscious Drowned Patient

This describes the casualty that is just on the sur-
face of the water, but may have aspirated wave 
splash or had a period of brief submersion—the 
previous nomenclature for this has included 
“near drowning”. The aspiration of salt or fresh 
water may cause coughing, spluttering with asso-
ciated wheeze or crackles/crepitations on auscul-
tation with a stethoscope. The patient may 
complain of chest pain, vomiting and in serious 
cases have difficulty breathing with rapid shallow 
respirations and an associated rapid thready 
pulse. This can then lead to a reduction in con-
scious levels.

Pre-hospital management will need to focus 
on oxygenation and care of the unconscious air-
way. Any patient who has been at risk of aspira-
tion must clinically assessed, as the latent effects 

START

NO

YES

RESCUE
OPERATIONS

Start
clock

Information gather
Body size

Water temperature
Time last seen

90 minutes

60 minutes

30 minutes

Incident review

0 minutes

Dynamic risk assessment
Go/No go

NOGO NO
GO

NOGONO
GO

GO
GO

GO

Young or small?
Lcy cold water?

Analytical risk assessment
Is clinical advice available?

How dangerous are
conditions to firefighters?

RECOVERY
OPERATIONS

R
E

S
C

U
E

O
P

E
R

A
T

IO
N

S R
E

S
C

U
E

O
P

E
R

A
T

IO
N

S

RESCUE
OPERATIONS

Multi-agency meeting including:
• Clinical decision on survivability
 • Risk-based decision on actions to take

Person submerged?

Fig. 39.2 UK risk assessment for submersion

39 Immersion and Submersion



756

of this aspiration can cause serious later compli-
cations as described below.

 Complications of Drowning

Previous nomenclature for this collection of 
symptoms has included “secondary drowning” or 
“late onset near drowning”.

Water (especially salt water) irritates the lung 
tissue and causes a localised inflammatory 
response, causing inflammatory damage to lung 
membrane leading to pulmonary oedema. The 
victim may initially appear well but may rapidly 
deteriorate. This usually occurs in the first 12 h, 
but can take up to 72 h. Clinicians should look 
out for excessive coughing, chest pain, crackling 
or wheezy chest sounds. Initial white frothy spu-
tum can start to become blood speckled and then 
blood stained.

2–4  ml/kg of water in the lungs has the 
potential to impair gas exchange directly and 
remove surfactant. Water can block the small 
airways due to surface tension and cause bron-
chospasm in others. Pulmonary oedema is 
common from the irritant and osmotic effects 
of the water (disrupting the basement mem-
brane) and Adult Respiratory Distress 
Syndrome (ARDS) can often be precipitated. 
Casualties who aspirate will develop a large 
ventilation-perfusion mismatch with as much 
as 75% of pulmonary blood reported to flow 
through unventilated lungs (increased right to 
left shunt). This, coupled with impaired gas 
exchange in ventilated alveoli from pulmonary 
oedema and inhaled fluid, will result in a pro-
found hypoxia.

Much has been made of the differences 
between fresh and seawater in animal models but 
it seems to have no appreciable effect on outcome 
in humans [7, 8]. However, there exists a reported 
excess of disseminated intravascular coagulation 
(DIC) in cases of freshwater immersion. 
Contaminated water can cause either microbio-
logical or chemical injury to the lung paren-
chyma, and serious thought should be given to 
any specific complications from immersion in 
these media.

Non invasive ventilation (eg; BiPAP and 
CPAP) have been used to good effect in awake 
patients with worsening hypoxia following 
drowning, and mortality seems to follow that of 
other forms of non- cardiogenic pulmonary 
oedema [9, 10]. If evidence of ARDS is estab-
lished then the usual protocols and lung protec-
tive ventilation strategies should be followed.

 Immersion

 First 0–3 Minutes of Rapid 
Immersion: Cold Shock

Cold shock results from a sudden cooling of a 
large area of skin following sudden contact with 
cold water. It occurs in water below 25 °C, reach-
ing a maximum effect in water at 10 °C or less. It 
predominantly affects the respiratory and cardio-
vascular systems via a huge sympathetic nervous 
system response.

Respiratory system effects are an initial large 
gasp, which can lead to drowning. This is fol-
lowed by rapid respiration (up to an eightfold 
increase in respiratory rate). As it is uncontrolled 
it can also lead to drowning if there is any subse-
quent wave splash. There is also an inability to 
breath-hold voluntarily. If the victim is trapped in 
rising water, this may render a casualty unable to 
hold a breath to effect an escape [11]. Cold shock 
also leads to impaired ability to coordinate 
breathing with swim stroke, potentially causing 
even experienced swimmers to drown if not 
wearing a lifejacket.

The effects on the circulatory system are a 
generalised peripheral vasoconstriction, weaken-
ing skeletal muscle in limbs, an increase in 
venous return leading to pulmonary artery hyper-
tension and significant increase in heart rate and 
cerebral hypertension, impairing cerebral func-
tion and potentially precipitating CVA in suscep-
tible patients.

These cold shock effects account for 56% of 
open water deaths in the UK within the first 3 min 
of immersion. If cold shock leads to cardiac 
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arrest via a stroke or arrhythmia, the casualty 
may present as drowned and should be treated 
per the submersed protocol. However these 
patients usually have dry lungs with minimal 
aspiration if the route to arrest was arrhythmic. 
This is because there may have been no opportu-
nity for rapid, uncontrolled respiration whilst 
submerged if the patient entered cardiac arrest 
due to cold shock or its sequelae at the point they 
first hit the water. These patients also tend to 
present in VF rather than the classic Tachy- 
Brady- PEA of submersed drowned patients. The 
Cold Shock response can be reduced and even 
eradicated by acclimatisation or by warming the 
skin past 40 °C which is why going from a sauna 
to an ice-hole is not a fatal event!

 Next 3–30 Minutes of Immersion: 
Extremity Cooling

If a casualty survives the cold shock effects, their 
extremities (but not their core) cool rapidly. As 
extremities cool to 25–29 °C, muscle and superfi-
cial nerve function deteriorate resulting in 
 ineffective attempts at swimming. If no flotation 
aids are worn, the casualty will quickly be unable 
to support themselves in the water, leading to 
inhalation of water and drowning as previously 
described [12].

The small muscles of the hands are also 
affected quickly, so any simple lifesaving tasks 
are impossible (for example, using lifejacket 
buckles or firing signalling flares). If extremity 
cooling leads to drowning and subsequent car-
diac arrest, the casualty will present as drowned 
and should be treated as a submersed casualty. 
Note, at this stage core temperature is still above 
35 °C and the casualty is not yet hypothermic.

 30+ Minutes of Immersion: 
Hypothermia in Water

Hypothermia starts when the bodies’ core tem-
perature drops from the norm of 37 °C to below 
35 °C. This is very different to limb temperature, 
which will have cooled much quicker to well 
below 30  °C by that time through extremity 
cooling.

In the coldest of coastal UK and Republic of 
Ireland waters, due to protective body responses, 
core hypothermia still takes around 30  min to 
occur. As the core temperature reduces from 
35  °C, shivering increases in intensity until the 
body adopts an almost rigid foetal position. The 
level of consciousness drops steadily with a fall 
in temperature, resulting in confusion and an 
inability speak or give a history due to muscle 
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spasm. As the core temperature reaches 30 °C the 
casualty will become unconscious.

At this stage if they are not wearing a life-
jacket, the patients’ face will enter the water and 
they will drown. If they are in a lifejacket and 
continue to cool, as core temperature reaches 
28 °C the heart enters ventricular fibrillation (VF) 
and the casualty goes into cardiac arrest.

Figure 39.3 shows the realistic upper limit of 
survival time for people in the water wearing nor-
mal clothing and a lifejacket, from time of entry 
into the water. Water temperatures around the 
British Isles typically range from 4 to 19 °C. The 
graph indicates the maximum survival time of 
casualties in different water temperatures. This is 
used by the UK Coastguard as an aid in determin-
ing appropriate search durations. Whilst many 
factors can reduce this maximum survival time, it 
is worth noting that in optimal survival condi-
tions in water of 2 °C it can take up to 7 hours for 
a patient’s core to drop from 37 °C to 28 °C and 
VF arrest occur. In summer, in inshore waters off 
the south coast of the UK with the potential for an 
average water temperature of 19 °C, it can mean 
possible maximum survival times of 37 hours 
before 28 °C is reached and VF arrest occurs. To 
further complicate matters, there is no reliable 
pre-hospital temperature measurment as tym-
panic thermometers do not work in cold wet ears 
and give readings far lower than the actual core 
temperature. Conscious, lucid, shivering talking 
patients with immersion times less than 30 min 
are not hypothermic but are cold.

 Mammalian Dive Reflex

As described above, the cold shock response is 
driven by a huge sympathetic nervous system 
response triggered by large areas of bare skin in 
contact with cold water. There is also another 
autonomic driven response to cold water immer-
sion driven by the parasympathetic nervous sys-
tem, called the mammalian dive reflex.

This reflex is evoked by stimulation of the cold 
receptors of the face in isolation, innervated by 
Cranial nerves V, VII, X and XII [13], and may 
happen in people protected by PPE on their body 

but with an exposed face. This reflex drives a large 
parasympathetic response causing profound sinus 
bradycardia driven by excitation of cardiac vagal 
motor neurones, expiratory apnoea (“breath 
hold”) by reflex inhibition of central respiratory 
neurones, excitation of sympathetic vasoconstric-
tors and stimulation of vagal receptors in the phar-
ynx and larynx further enforcing these responses.

 Autonomic Conflict

Very rarely would a situation occur where either 
cold shock, or the mammalian dive reflex hap-
pened in pure isolation, and Tipton et  al. [14] 
have studied the effects of both reflexes being 
simultaneously or sequentially stimulated caus-
ing an “autonomic conflict” (Fig. 39.4). What has 
been elucidated is that when both the 
 parasympathetic and sympathetic nervous sys-
tems are triggered together, a significant arrhyth-
mia is caused at the break of breath hold. While 
this may be not too catastrophic in young fit indi-
viduals, if the casualty happened to have any pre-
disposing cardiac pathology, the arrhythmia 
produced could be fatal.

This evolving concept could explain the high 
death rates in the first 3 min of immersion, previ-
ously thought to be purely accountable to cold 
water shock. However, as arrhythmias are not 
detectable at post mortem it is hard to prove, but 
certainly accounts for a significant number of 
casualties having dry lungs and no signs of 
drowning as described previously.

 Rescue from Water

Simply being immersed in water for a prolonged 
length of time will cause cardiovascular instabil-
ity. External hydrostatic pressure causes redistri-
bution of the circulating volume towards the 
thorax and then intracellularly, and hormonal 
responses cause a forced diuresis (up to 2 L in the 
first 2  h) and subsequently a profound relative 
hypovolaemia.

Hydrostatic squeeze is the pressure the sea 
exerts on the casualty when they are vertical in 
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Fig. 39.4 Mechanism of autonomic conflict (from Shattock and Tipton [14])
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the water. This pressure maintains a blood pres-
sure within the core. If the casualty is removed 
vertically from the water and suspended for 
several minutes (e.g. by winching into a heli-
copter as seen in Fig. 39.5), there is a rapid loss 
of the supporting hydrostatic pressure and rein-
troduction of gravity. This creates significant 
effects in the body and the potential for hypo-
volaemic cardiac arrest can occur. Therefore, it 
is important to remove the prolonged immersed 
casualty (30 min plus) from the water horizon-
tally to minimise the potential for collapse. 
This controls the removal of hydrostatic 

squeeze and the re-introduction of gravity. 
There are a number of ways to achieve this. But 
remember—this is for immersed casualties. 
The submersed patient should be extricated 
rapidly in any fashion so CPR can commence.

 Mud Rescue

Casualties trapped in mud are subject to the 
same physiology as casualties immersed in 
water for a period of time (Fig. 39.6). Therefore 
once released from the mud they should, ide-
ally, be transported lying down where practi-
cal, especially if trapped to a depth above their 
knees. Concepts based on either crush injuries 
or suspension trauma and the use of tourni-
quets etc. are not relevant to the mud 
environment.

 Concomitant Injury or Medical 
Conditions

Remember that drowning is usually the result of an 
underlying event or condition that contributes to 
unintentional immersion or immersion with inca-
pacitation, such as trauma, intoxication, seizure, 
hypothermia, dysrhythmia, shallow-water black-
out, and for divers, a lost or improper breathing 
source. It is important to search for and treat any 
underlying triggering factors or complications.

 Infection

Prophylactic antibiotics are not recommended 
in all cases though in the case of contaminated 
water inhalation they do seem to be of some 
use. Clearly the possibility of an unusual organ-
ism being involved is high and early involve-
ment of microbiologists would be advisable. 
Other interventions such as steroids have not 
been evaluated specifically in drowning, but 
have roles defined in other related conditions. 

Fig. 39.5 Helicopter winch rescue may cause potential 
cardiovascular collapse if the patient is not lifted horizon-
tally after a prolonged immersion

Fig. 39.6 Mud rescue (Stephen Williams/Coastguard 
mud rescue exercise in Holes Bay/CC BY-SA 2.0)
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In summary it is vital to always have a high sen-
sitivity to risk around water and remember that 
all submersed casualties need rapid removal, 
assessment and treatment if appropriate, whilst 
immersed casualties may benefit from horizon-
tal extrication. All casualties who have aspi-
rated need to be seen in hospital. Rescuers 
should be aware of the effects of sudden immer-
sion in cold water for themselves or their casu-
alties and make allowances for peripheral 
cooling and hypothermia. There should always 
be the consideration of autonomic conflict as a 
cause of cardiac arrest.

 Conclusion

The physiological changes to the human body 
when placed in cold water are well proven and 
once understood can be used to map the patient’s 
journey against the time of immersion or submer-
sion, and the expected pathological outcomes 
that are associated with this.

Questions and Answers
 1. Which is the most lethal phase of Immersion
 (a) Hypothermia
 (b) Swim Failure
 (c) Cold Shock
 (d) Circum-Rescue Collapse

Answer c

 2. Mammalian Dive Reflex is a rare occurrence 
caused by stimulation of:

 (a) Parasympathetic Nervous System
 (b) Sympathetic Nervous System
 (c) Somatic Nervous System
 (d) Cerebellum

Answer a

 3. True or False – Submerged casualties need to 
be carefully removed from the due to the risks 

of the reduction in hydrostatic squeeze and 
the reintroduction of gravity

Answer False

 4. What might be the upper realistic survival 
time of an adult in light clothing in 6 degree C 
water

 (a) 2 hours
 (b) 4 hours
 (c) 8 hours
 (d) 10 hours

Answer d

 5. True or False  – Rescue Operations become 
body recoveries in all cases after 60 minutes

Answer False

Acknowledgement Produced with thanks to Prof. Mike 
Tipton and Dr. Patrick Morgan.
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Burns and Thermal Injuries

Brendan D. R. Sloan

 Hypothermia

Hypothermia is defined as a reduction in core 
temperature below 35  °C (see Table  40.1). It is 
associated with significant morbidity and mortal-
ity, both independently and in conjunction with 
trauma, where temperatures below 34  °C are 
associated with coagulopathy and increased 

bleeding. In health, the body maintains tempera-
ture homeostasis between 36.5  °C and 37.5  °C, 
with a degree of diurnal variation. The thermo-
neutral zone for resting humans is generally 
between 21 °C and 30 °C, whereby core tempera-
ture is maintained without the need to use energy 
above normal basal metabolic rate. At any tem-
perature below this, there needs to be some degree 
of additional thermogenesis or heat preservation 
to maintain a normal core temperature [1].

Hypothermia is a common complication of 
trauma and injury, occurring in up to 37% of 
patients presenting to trauma centres with critical 
injuries [2]. There are many predisposing factors 
relating to the environment, the patient, and the 
injuries sustained. Heat is lost through four main 
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40

Learning Objectives
• Understand and describe the early man-

agement of hypothermia and other cold 
injuries

• Understand and describe initial assess-
ment and management of the burnt 
patient

• Understand and describe the assessment 
and initial management of airway and 
inhalation burns

• Understand and describe the early man-
agement of chemical burns and 
electrocution

• Understand medium to long-term issues 
in the severely burnt patient

Table 40.1 Physiological changes in hypothermia [1]

Core 
temperature Physiological changes
35 °C Shivering begins
33 °C Progressive confusion
32 °C Shivering reduces
30 C Shivering ceases, bradycardia and 

reduced cardiac output, dysrhythmias 
(AF, premature atrial and ventricular 
beats)

28 °C Unconsciousness, increased risk of VF/
asystole, hypoventilation

25 °C Pulse undetectable, areflexia, fixed 
pupils

13.7 °C Lowest recorded core temperature with 
full neurological recovery

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83628-3_40&domain=pdf
https://doi.org/10.1007/978-3-030-83628-3_40#DOI
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routes; conduction, convection, evaporation and 
radiation. Hypothermia is most likely to develop 
when there is increased heat loss, a reduced abil-
ity to produce new heat, or a combination of both.

 Increased Heat Loss

Factors include reduced air temperature, mois-
ture, wind chill, increasing altitude, increased 
length of exposure, reduced body fat, type of 
clothing, vasodilatation (e.g. medication, spinal 
injury), major haemorrhage, use of cold fluids, 
significant burn injury, and young infants/neo-
nates (high surface area to weight ratio).

 Reduced Heat Production

Factors include increasing age, alcohol/drug use, 
reduced muscle mass, immobility, inadequate 
nutrition, spinal injury (impaired shivering), and 
concomitant medical disease.

 Physiology of Hypothermia

There are several physiological responses follow-
ing exposure to cold, regulated by the hypothala-
mus. Shivering and active movement both involve 
contraction of skeletal muscle, producing signifi-
cant amounts of heat as a byproduct. There is also 
an increase in cardiac output and basal metabolic 
rate secondary to catecholamine release, while 
vasoconstriction of the peripheries reduces heat 
loss. Other adaptive responses include seeking 
shelter and applying more clothing.

Once core temperature drops below 32  °C, 
these mechanisms cease to be effective. Shivering 
stops, along with a reduction in basal metabolic 
rate. There is progressive myocardial irritability, 
with bradycardia and a reduction in cardiac out-
put, along with an increased risk of arrhythmias 
(principally atrial fibrillation). Pathognomonic J 
waves appear on the ECG.  The respiratory rate 
falls in association with the reduced metabolic 
activity, and cerebral activity decreases, resulting 
in confusion and eventual unconsciousness at 

around 28 °C. Platelet function is impaired, result-
ing in coagulopathy, and the oxygen- haemoglobin 
dissociation curve shifts to the left, reducing oxy-
gen release. Central pooling of blood due to vaso-
constriction, along with a reduction in antidiuretic 
hormone secretion result in a diuresis. Ileus and 
pancreatitis are also common [3].

 Staging of Hypothermia

Hypothermia can be staged using several meth-
ods, but one of the most commonly used is the 
Swiss staging system for hypothermia 
(Table 40.2). Hypothermia is staged from I to IV, 
depending on core temperature. This requires 
accurate measurement of core temperature, 
which can be extremely challenging. There may 
be significant variation on the measured tempera-
ture depending on the site used, environmental 
conditions, and perfusion. The ‘gold standard 
method’ for an intubated patient is an oesopha-
geal temperature probe in the lower third of the 
oesophagus. Epitympanic temperature measure-
ment is accurate if there is good contact with the 
tympanic membrane. However, it may be 
obstructed with snow in the ear canal and is 
extremely unreliable in the presence of water. 
Cutaneous and oral thermometers are often inac-
curate in hypothermia due to peripheral vasocon-
striction. Rectal temperature requires good 
contact with mucosa but often lags behind core 
temperature during the rewarming process. If the 
measurement of core temperature is not feasible, 
treatment should be based on clinical scoring 
systems [1].

Table 40.2 Swiss clinical staging system for hypother-
mia [4]

Swiss 
hypothermia 
stage

Core 
temperature Clinical symptoms

I 32–35 °C Conscious, shivering
II 28–32 °C Reduced conscious 

level, not shivering
III 24–28 °C Unconscious, not 

shivering, vital signs 
present

IV <24 °C No vital signs present
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 Pre-Hospital Management

Patients with significant hypothermia require 
extremely careful handling to avoid precipitating 
life-threatening arrhythmias. They should be 
positioned horizontally to minimise the effect of 
hydrostatic pressure. Preventing further heat loss 
is also essential. Removal of wet clothing and 
replacement with blankets and a vapour barrier 
will minimise heat loss via evaporation and con-
vection. Reflective blankets help reduce radia-
tion. Use of heat packs may cause problems, 
either from burning skin which is intensely vaso-
constricted, or by inducing peripheral vasodilata-
tion which can result in the return of more cold 
blood to the core, and a worsening of core tem-
perature. In practice, rewarming casualties in the 
prehospital setting is extremely challenging, and 
the main aim should be a rapid but smooth trans-
fer to hospital while attempting to minimise fur-
ther heat loss [5].

 Investigations

Electrocardiography is useful, and there is a 
broad range of arrhythmias that may occur. J 
waves are pathognomonic but of no clinical sig-
nificance. There is also temperature-dependent 
prolongation of the PR, QRS and QT intervals. 
Bradycardia and atrial fibrillation are common 
in moderate hypothermia, but as core tempera-
ture decreases, increasing conduction times can 
lead to more malignant arrhythmias, particu-
larly VF.

A full series of blood tests is also essential. 
Electrolyte derangement is common due to both 
hypothermia and rhabdomyolysis with subse-
quent renal failure. Pancreatitis is a recognised 
complication, and amylase/lipase should be mea-
sured. Volume depletion due to diuresis may 
result in increased haematocrit. DIC and throm-
bocytopenia also commonly occur. Blood gas 
analysis can be challenging to interpret and 
should be performed both with and without tem-
perature correction. Normal values for pH and 
PaCO2 should be targeted on the uncorrected gas, 

but PaO2 monitored with temperature correction 
due to alterations in the oxygen-haemoglobin 
dissociation curve.

 Treatment

The principle treatment of hypothermia is 
rewarming. Patients with Stage I hypothermia 
can be managed with warm clothing, nutrition 
and encouragement of active movement if appro-
priate. Stage II–IV hypothermia requires active 
rewarming. Forced-air warming, warmed fluids 
and other non-invasive techniques can be used, 
but rewarming rates are variable (0.1–3.4 °C/h). 
External rewarming has been linked with periph-
eral vasodilatation and worsening core tempera-
ture (referred to as ‘afterdrop’) due to cold 
peripheral blood returning centrally. This can 
result in a drop in core temperature of up to 
5–6  °C, and continuous core temperature mea-
surement is recommended during the rewarming 
process.

Peritoneal lavage, thoracic lavage and haemo-
dialysis have all been used with variable effect. In 
Stage III or IV hypothermia ECMO has been 
used, with survival rates of up to 63% without 
neurological injury [3]. Warming rates of up to 
9  °C/hour have been achieved with ECMO.  In 
extremely severe cases, a degree of therapeutic 
hypothermia (32–34 °C) for neuroprotection may 
be of value rather than aiming for normothermia, 
although there is a lack of definitive evidence. 
The potential use of ECMO depends on availabil-
ity, and any contraindication to the anticoagula-
tion required. It should be noted that the cases of 
survival in extreme hypothermia have been in 
patients involved in cold water submersion or 
avalanche burial where cooling was rapid and 
there were no other significant injuries.

Other management is principally supportive. 
Airway support may be required, and any intuba-
tion should be done as gently as possible to avoid 
precipitating arrhythmias. Fluid resuscitation is 
often needed due to hypothermia-induced diure-
sis. Any fluids should be warmed, and solutions 
containing dextrose will help provide energy for 
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endogenous thermogenesis. If central lines are 
required, the femoral route is preferable to mini-
mise the risk of myocardial irritation with the 
guidewire during insertion. Atrial fibrillation usu-
ally resolves as core temperature increases, 
although magnesium may be of use. Bradycardia, 
ventricular ectopics and other atrial arrhythmias 
are physiological responses to hypothermia and 
require no specific treatment.

 Management of Cardiac Arrest

Severe hypothermia can lead to ventricular 
fibrillation or asystole. It may also be extremely 
difficult to detect vital signs in patients with 
severe hypothermia (<32 °C) with a potentially 
perfusing rhythm. In patients with severe hypo-
thermia and no vital signs or a cardiac arrest 
rhythm, and the absence of an overtly lethal 
injury (e.g. decapitation), cardiopulmonary 
resuscitation should be started. This should be 
continued in conjunction with rewarming. Chest 
wall and myocardial compliance will be 
reduced, making chest compressions more dif-
ficult. Use of an automated CPR device (such as 
a Lucas or Autopulse device) should be consid-
ered, especially as resuscitation may be pro-
longed. Defibrillation is often ineffective at core 
temperature below 30 °C. Current resuscitation 
guidelines recommend that if there is no 
response to three initial shocks, further defibril-
lation should be deferred until the core tempera-
ture is above 30  °C.  Due to reduced drug 
metabolism, medications (e.g. adrenaline) are 
usually only given once the core temperature is 
over 30  °C. Above 30  °C, drug administration 
frequency should be halved (e.g. adrenaline 
every four cycles of CPR) [6].

Potential indications to stop CPR include 
serum potassium of >12 mmol/L, core tempera-
ture  <  7  °C, incompressibility of the chest (i.e. 
the patient is physically frozen), pH <6.5, or per-
sistent asystole with a core tempera-
ture > 32 °C. During rewarming, other problems 
may become evident (e.g. severe coagulopathy 
with uncontrollable haemorrhage) which may 
make continued resuscitation efforts futile.

Key Points
Hypothermia is a common and serious complica-
tion of trauma, increasing morbidity and 
mortality.

Core temperature should be measured, but 
clinical staging is of use where this is not 
possible.

Rewarming can be extremely challenging, 
especially in severe hypothermia, and may 
require specialist centres.

 Cold Injury

A reduction in temperature can easily damage 
tissues. Cold injury can be divided into freezing 
and non-freezing injuries. The main difference 
between these is the presence of ice crystals 
within the tissues in freezing injury, resulting in 
physical tissue disruption and cell death. Risk 
factors include environmental conditions, dura-
tion of exposure, inadequate clothing, peripheral 
vascular disease, alcohol and substance use, and 
neuropathies.

 Non-freezing Injury: Trench Foot/
Frostnip

Non-freezing cold injury occurs when tissues 
are exposed to prolonged low temperatures, but 
without freezing of tissue fluid. Typically, the 
affected area has been cold and wet for pro-
longed periods, hence the name trench foot. The 
principal issue is sensory neuropathy, with 
severity related to the duration of exposure. 
After rewarming, the affected areas become 
extremely painful; much more so than in freez-
ing injuries, and this is commonly the reason for 
presentation. This pain can last for months, and 
result in chronic pain syndromes. There is also 
an increased sensitivity to cold, which may be 
profound. Treatment includes slow rewarming, 
analgesia (including neuropathic agents), and 
careful management of the neuropathic areas to 
prevent ulceration and further tissue damage. 
However, there are often long-term sequelae, 
and prevention is preferable.
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Frostnip refers to superficial non-freezing 
cold injury. It occurs on exposed skin (typically 
fingers, cheeks, ears and nose) due to extremely 
low ambient temperature. Ice crystals form on 
the skin, and there is significant peripheral 
 vasoconstriction resulting in pallor and numb-
ness. However, ice crystals do not form within 
tissues, and the condition is entirely reversible 
with shelter and warming. With continued expo-
sure, frostnip will progress to frostbite.

 Freezing Injury: Frostbite

Frostbite occurs when temperatures are so low 
that ice crystals form within body tissues. Injury 
occurs via several mechanisms. Before ice crys-
tal formation, there is intense vasoconstriction 
with resultant tissue ischaemia—the ‘pre-freeze 
phase’. Ice crystal formation then causes cell 
membrane damage resulting in electrolyte and 
protein shifts, ultimately causing cell death. This 
is referred to as the ‘freeze-thaw phase’. As the 
tissue thaws, there is a release of inflammatory 
mediators leading to microcirculatory damage 
and platelet aggregation—the ‘vascular stasis 
phase’. This can result in further tissue infarction, 
as well as thrombus formation and release of 
microemboli—the ‘late ischaemic phase’. 
Refreezing results in worsening of the initial cell 
damage [7].

Frostbite initially results in oedema and par-
aesthesia as nerve tissue becomes frozen, pre-
venting neural transmission. As it deepens blisters 
develop, which may become haemorrhagic if 
freezing occurs within deeper dermal tissue. 
Severity of damage is divided into four tiers, 
from superficial to full-thickness injury, compa-
rable with thermal burns severity grading 
(Table 40.3).

Management is ideally preventative, as once 
freezing occurs some degree of tissue injury is 
almost inevitable. Prevention includes adequate 
awareness of symptoms, along with appropriate 
clothing, nutrition and hydration. The corner-
stone of treatment is rapid rewarming, which is 
best achieved via water bath immersion at 
37–39  °C.  Once thawed, it is essential that the 

tissue does not refreeze as this can result in a sig-
nificant extension of the injury. Thawing may 
result in significant swelling, and fasciotomy 
may be required. Other therapeutic options 
include NSAIDS to reduce thromboxane and 
prostaglandin production, rehydration, tetanus 
vaccination, and analgesia. If available, there is 
evidence to suggest thrombolysis using intravas-
cular or intra-arterial tPA may help reduce ampu-
tation in patients with deep frostbite [8]. Iloprost 
has also been shown to reduce amputation rates. 
Ultimately, surgical debridement or amputation 
may be required for severe injuries.

Key Points
Direct cold injury can cause significant tissue 
damage, and prevention is key.

Non-freezing injury should be rewarmed 
slowly.

Freezing injury (frostbite) should be rewarmed 
rapidly, and often requires specialist 
management.

 Hyperthermia

Hyperthermia is defined as a core body tempera-
ture above 37.5  °C.  It can result from several 
causes, most commonly related to heatwaves 
(classical heatstroke), or excessive exercise in 
high ambient temperatures (exertional heat-
stroke). A variety of medications can also result 
in hyperthermia, both prescribed (MAOI, tricy-
clic antidepressants, SSRIs, sympathomimetics) 

Table 40.3 Classification of frostbite [5]

Depth Classification Clinical picture
Partial skin 1st degree Erythema, oedema, 

hyperaemia, no 
blisters

Full-thickness 
skin

2nd degree Erythema, significant 
oedema, blisters

Skin, 
subcutaneous 
tissue

3rd degree Blue/grey 
discolouration, 
haemorrhagic 
blisters, necrosis

Skin, 
subcutaneous 
tissue, muscle, 
bone

4th degree Mottling, cyanosis, 
progressing to dry 
mummification
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and illicit (amphetamines, MDMA, LSD, 
cocaine). Other diagnoses to consider include 
metabolic syndromes such as thyroid storm, pha-
eochromocytoma, and serotonin syndrome. 
Mortality of heatstroke is over 35% if combined 
with hypotension, and correlates with the dura-
tion and magnitude of hyperthermia [9].

Hyperthermia develops when the body’s pro-
duction of heat outweighs the ability to dissipate 
it. This is a normal response to exertion, and 
core temperature alone does not imply heat ill-
ness. Pathological manifestations include heat 
cramps, usually associated with dehydration 
and electrolyte disturbance, and heat syncope, 
which generally resolves with rest and rehydra-
tion. Heat exhaustion is a more serious condi-
tion, with weakness, fatigue, thirst and muscle 
aches. Heatstroke occurs at a core temperature 
over 40  °C and requires an element of neuro-
logical disturbance (e.g. encephalopathy, sei-
zures, or coma).

Significant hyperthermia triggers a profound 
inflammatory reaction similar to SIRS. This pro-
gresses into multiorgan dysfunction, with ARDS, 
circulatory failure, DIC, rhabdomyolysis, renal 
and liver dysfunction. Brain activity becomes pro-
gressively disturbed, with confusion, seizures and 
decreased consciousness above 40.5 °C. Excessive 
heat is also directly cytotoxic.

Rapid and effective cooling is the critical 
treatment, aiming to reduce core temperature to 
below 39 °C as quickly as reasonably possible. 
Effective methods include cold-water immersion, 
infusion of cold fluids, use of ice packs, and hae-
mofiltration. Management of resultant organ dys-
function is supportive. There are no effective 
pharmacological agents to accelerate cooling. 
Both traditional antipyretics (aspirin, 
paracetamol), and dantrolene (used for 
anaesthesia- related malignant hyperthermia) act 
on different pathways to those in heatstroke, and 
should not be used [10].

Key Points
Hyperthermia can be life-threatening, especially 
above 40 °C.

Rapid and effective cooling is essential, aim-
ing for a core temperature of <39 °C.

 Burn Injury

 Epidemiology

Annually, around 11 million people suffer a burn 
severe enough to require medical attention. 
Worldwide, burns are the fourth highest cause of 
death due to injury [11]. The majority of these 
happen in lower and middle-income countries, 
often relating to the use of open fires for heating 
and cooking. High-income countries have seen a 
reduction in incidence related to public health 
and prevention strategies, but in the UK there are 
over 250,000 burn injuries per  annum. Of this 
number, around 25,000 attend hospital, and 
around 5000 require inpatient management by 
specialist burn centres.

Within the UK, the majority of burns occur in 
the home. Common risk factors include extremes 
of age, alcohol or drug intoxication, smoking, 
and sensory disability. Over a third of burns in the 
UK are related to carelessness [12].

 Types of Burn

Burn injury and tissue damage can occur as a 
result of exposure to a variety of noxious sub-
stances. These can be divided into several catego-
ries, each with their own specific considerations.

 Thermal Burns
These occur as a result of exposure to extreme 
temperature, with the degree of tissue damage 
directly related to the temperature and duration 
of exposure. Exposure to cold is discussed above. 
Exposure to heat is usually divided into dry heat 
and scald burns. Dry heat includes both flame 
injury, and contact burns (e.g. radiators). With 
flame burn, there is a risk of inhalation injury 
related to smoke and fumes produced during 
combustion, which may be more severe than the 
cutaneous burn. Scald injuries occur from expo-
sure to hot liquids. These are commonly associ-
ated with either hot drinks or bathing. Scald 
injuries are particularly common in toddlers and 
the elderly. Scalds are often less severe due to the 
lower temperature than flame burns. The 
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 temperature and time required to develop a burn 
is illustrated in Table 40.4 below [13].

 Chemical Burns
Chemical burns are injuries to the skin or mucous 
membranes caused by caustic substances. 
Typically, strong acids or bases cause protein 
denaturation and cell death. Acid burns are typi-
cally painful, with tissue coagulation. Alkali 
burns can be more insidious, with tissue liquefac-
tion resulting in deeper tissue damage. The extent 
of damage is related to the type, amount, and 
concentration of the agent, as well as the duration 
of exposure. The burning process will continue 
until the agent is neutralised, and is generally 
longer than for thermal injury. Some agents also 
cause systemic toxicity, including renal failure, 
electrolyte abnormalities, and methaemoglobi-
naemia. The majority of injuries result from 
domestic, laboratory and industrial accidents, as 
well as deliberate assault. Common causative 
agents include.

Household
• Alkalis: drain cleaners, cement, paint remover
• Phenols: deodorants, sanitizers, disinfectants
• Sodium hypochlorite: disinfectants, bleach
• Sulphuric acid: toilet cleaner

Industrial
• Acids: sulphuric, hydrochloric, hydrofluoric, 

tannic, acetic (etching, electronics)
• Alkalis: ammonia, sodium hydroxide, cement, 

calcium hydroxide (washing powder, drain 
cleaner, paint remover)

Decontamination is essential to the manage-
ment of any chemical burn. Dry chemicals should 
be brushed off, and contaminated clothing 

removed. Constant irrigation with water should 
be started as soon as possible (except for burns 
from elemental sodium, potassium or lithium 
which may worsen injury), and continued until 
the tissue pH reaches 8. Diphoterine is a non- 
specific buffer that can also be used to neutralise 
most caustic agents [14]. Healthcare staff should 
take all possible precautions to avoid becoming 
contaminated during treatment, and any acciden-
tal exposure treated promptly with irrigation.

 Electrical Burns
Electrical burns result from heat generation as 
electrical energy passes through body tissues. 
The amount of heat generated is dependent on the 
electrical current, the duration, and the tissue 
resistance. Skin resistance is relatively high, but 
varies depending on thickness and moisture, with 
thin, moist skin the most conductive. High cur-
rent concentrations at the point of contact result 
in intense heat and charring of tissues. Once the 
skin is breached, an increased current can flow, 
preferentially via nerves, blood vessels and mus-
cles. This can result in deeper tissue damage and 
swelling, which may be remote from the point of 
entry. Electrical burns can be grouped according 
to voltage.

 Low Voltage Injury

This is classified as less than 1000 V and includes 
UK standard domestic (240  V) and industrial 
(415  V) supplies. These can cause significant 
local contact injury, but rarely deep tissue dam-
age. However, the path taken by the electrical 
current can cause significant morbidity. In the 
UK, household supply is 50 Hz alternating cur-
rent, which is particularly dangerous to the 
human body, even at low currents. At 15 milliam-
peres (mA), muscles spasm and become tetanic, 
which may prevent release of the source. If the 
current runs across the chest, it can result in dia-
phragmatic paralysis and apnoea. A current of 
60 mA in an adult or 30 mA in a child can induce 
ventricular fibrillation. Higher frequency current 
is safer, with medical diathermy operating at 
100,000 Hz.

Table 40.4 Time-surface temperature thresholds at 
which cutaneous burning occurs [13]

Temperature (°C) Time for cutaneous burning to occur
44 6 h
50 5 min
54 30 s
60 5 s
70 <1 s
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 High Voltage Injury

This includes anything above 1000 V, with high 
tension power lines operating at 11,000 or 
33,000 V, and substations even higher. At these 
levels, injury can occur via two methods. A high 
tension discharge or ‘flash-over’ ignites clothing 
and can result in deep dermal injury but without 
the formation of contact sites. High voltage cur-
rent transmission results in full-thickness contact 
burns, along with deep tissue damage along the 
course of transmission. Muscle damage can be 
extensive and may result in the development of 
compartment syndrome requiring urgent fasciot-
omy. The damaged muscle also releases myoglo-
bin, along with haemoglobin from red cell 
haemolysis. Both precipitate in renal tubules, and 
acute renal failure is a common complication.

 Lightning Strike

This is an extremely high voltage, high amperage 
direct current of ultra-short duration. A direct 
strike is usually fatal, but a secondary deflection 
(e.g. from a tree) can result in injury. The current 
flows over the surface of the victim, typically 
resulting in partial-thickness burns, but little deep 
tissue damage. There may be deep exit burns on 
the feet. However, respiratory and subsequent 
asystolic cardiac arrest is common as a result of 
stunning of the medullary respiratory centres. 
This is potentially reversible, but resuscitation 
may be prolonged as paralysis can last up to 
30 min [15].

Scene safety is of paramount importance, as 
high voltage electricity can arc several metres 
through soil, and several centimetres through air. 
Practitioners should confirm that the power 
source is inactive before attending to the casualty. 
A detailed history of the event and examination 
for contact points can give useful information as 
to the likely course of the current, and therefore 
tissues at risk. ECG changes are common, and 
patients should have three-lead monitoring for 
24 h post-electrocution, as cardiac damage may 
take time to become evident [16]. Serial tropo-
nins can help identify true myocardial damage.

 Pathophysiology

Burn injuries can be divided into different 
zones, reflecting the changes to the tissues 
involved. The standard description is Jackson’s 
Burn Wound Model, which breaks an injury 
down into 3 regions (see Fig.  40.1) [17]. The 
central area is the zone of coagulative necrosis. 
There is immediate coagulation of cellular pro-
teins, resulting in cell death and irreversible tis-
sue damage. Surrounding this is the zone of 
stasis. Microcirculatory blood flow in this 
region is impaired, with reduced oxygen deliv-
ery resulting in tissue which is at risk of isch-
aemia. Much of the initial resuscitation, 
including fluid management, is directed at main-
taining blood supply to this region and prevent-
ing extension of the injury. If inadequately 
treated, this will become necrotic due to the 
inflammatory reaction resulting from cellular 
injury. Beyond this is the zone of hyperaemia, 
with inflammatory mediators resulting in vaso-
dilatation. In small injuries this will be evident 
as a warm, erythematous area around a burn. 
However, in burn injuries of >25% TBSA suffi-
cient mediators are released that the zone of 
hyperaemia covers the rest of the body. Patients 
become generally vasodilated, which, if uncor-
rected, can result in significant hypoperfusion 
and extension of the burn injury.

Burns are classically classified by depth, as 
this describes the structures damaged by the 
injury [18]. Superficial partial-thickness inju-
ries involve damage to the epidermis, with 
homogenous erythema, blistering, and pain. 
Deep partial- thickness burns have a lighter 
appearance, blisters, and a lower level of pain 
due to the destruction of some nerve fibres. 
These injuries have the potential for spontane-
ous healing as the dermis is at least partially 
preserved. Full- thickness burns involve the 
destruction of epidermis and dermis, including 
hair follicles, nerve endings and glands. The 
tissue is often white and leathery in texture. 
The wound is not painful due to neural destruc-
tion. Deep full thickness injuries include injury 
to deeper structures, including muscle, tendon 
and bone.
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 Burn Area Assessment

It is important to calculate the total body surface 
area affected by a burn, as well as estimation as to 
the amount of partial and full-thickness injury. 
Erythema is not burn, and should not be included 
in the calculation. There are several methods 
used for surface areas calculations.

• Serial halving allows rapid assessment of 
extensive confluent burns. For example, a 
25% TBSA injury involves half of one half of 
the body.

• The Rule of Nines [19] divides the body into 11 
areas of 9%: head, front and back of the chest, 
front and back of the abdomen, both thighs, 
both lower legs and both arms. The perineum 
makes up the remaining 1%. In children, this is 
modified depending on age. In younger chil-
dren, the head is proportionally larger while the 
limbs are proportionally smaller.

• Palmer area can also be used, where the area 
covered by the patient’s palm and closed fin-

gers equates to ~1% of their TBSA.  This is 
useful in more patchy injuries, although it 
tends to overestimate injury size [20].

Ideally, the extent of injury should be recorded 
on a dedicated burn assessment chart. The Lund 
Browder chart (Fig.  40.2) [21] uses a similar 
technique to the Rule of Nines, but with modifi-
cations for different age groups. Increasingly, 
novel technology is being used, including the 
Mersey Burns App [22], where the areas affected 
are coloured onto a template, and a TBSA auto-
matically derived. It is vital to reassess the burn 
area on arrival at definitive care, as over- 
estimation is common [23].

 Referral Criteria for Specialist 
Review/Care

Within the UK, the British Burn Association has 
produced a list of burns requiring referral for 
review or discussion with a specialist burn ser-

Zone of coagulation

Epidermis

Dermis

Zone of stasis

Zone of hyperaemia

Adequate
resuscitation

Inadequate
resuscitation

Zone of
coagulation

Zone of stasis lostZone of stasis preserved

Fig. 40.1 Jackson’s burns zones. Resuscitation may diminish the amount of tissue damage by restoring flow to the 
zone of stasis, but inadequate resuscitation may increase overall tissue damage
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vice [24]. These centres can offer input across the 
full range of burns multi-disciplinary care, not 
just surgical services.

• All burns ≥2% TBSA in children or ≥3% 
TBSA in adults

• All full-thickness burns
• All circumferential burns
• Any burn not healed within 2 weeks
• Any burn with suspicion of non-accidental 

injury
• All burns to hands, feet, face, perineum or 

genitalia
• Any chemical, electrical or friction burn
• Any cold injury
• Any unwell/febrile child with a burn
• Any concerns regarding burn injuries and co- 

morbidities that may affect treatment or heal-
ing of the burn

Key Points
Burns are a common cause of injury and death 
worldwide.

Accurate assessment of the depth and size of 
injury helps determine treatment.

Patients with large or complex injuries should 
be referred to specialist burn centres.

 Immediate Management

 Initial Assessment

Scene safety is of paramount importance in 
the pre-hospital environment, and instructions 
from the fire and rescue services should be 
followed. Structures may be severely weak-
ened by fire or explosion, and appropriate PPE 
should be worn.

Estimating percent Total Body Surface Area in Children Affected by Burns

Head and
neack 9%

Trunk
Anterior 18%
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Arm 9%
(each)
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and perineum 1% Leg 18%

(each)
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Fig. 40.2 Lund Browder Chart for burn estimation (U.S. Department of Health and Human Services) (a) Wallace Rule 
of Nines burn estimation for adults (b) Lund and Browder chart for use in children
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An accurate history of the event is essential to 
help management. The nature of the burn, as well 
as the duration, allows estimation of the likely 
degree of injury. A history of entrapment or 
unconsciousness may suggest potential inhala-
tion injury. Explosion, or jumping from height to 
escape can result in multiple other injuries, and 
these should be actively sought out. Exposure to 
chemicals may require formal decontamination, 
as well as enhanced PPE for the managing team, 
as well as notifying the receiving hospital.

Immediate first aid involves stopping the burn-
ing process and cooling with water for injuries up 
to 10% TBSA.  This can effectively reduce the 
progression of the injury if undertaken within the 
first 3 h. In injuries over 10% TBSA, irrigation 
can result in profound hypothermia and is there-
fore discouraged. Burnt clothing, jewellery and 
piercings should be removed, and any burn cov-
ered in a non-adhesive sterile dressing. Clingfilm 
is an acceptable option.

 Airway and Breathing: Assessment 
and Management

Inhalation of hot vapours, gases and products of 
combustion can result in injury to any level of the 
respiratory tract. It can also result in poisoning 
due to toxic gases, most notably carbon monox-
ide and cyanide. Explosions and rapid combus-
tion, for example using petrol on a bonfire, often 
result in facial burns. A significant number of 
patients with facial burns also have an inhalation 
injury, but external blistering and superficial 
burns to the face do not themselves cause airway 
obstruction. Smoke inhalation is the most com-
mon cause of death within the first hour of a burn 
injury, and significant inhalation injury doubles 
burn mortality [25]. Of note, while 70% of inha-
lation injury patients present with facial burns, 
70% of patients with facial burns do not incur 
significant pulmonary injury [26].

 Airway Injuries Above the Larynx
These are generally related to inhalation of steam, 
or hot gases. Typically these are a result of an 
injury in an enclosed space, or entrapment. The 

major complication is related to tissue swelling 
and oedema, either following direct tissue injury 
or as a consequence of extensive volume fluid 
resuscitation for a large TBSA injury. Oedema 
reaches a peak 12–36 h post-injury. Management 
is principally supportive, with airway protection 
the priority.

Endotracheal intubation should be undertaken 
early, as delay may result in oedema making later 
attempts impossible. Laryngoscopy can be chal-
lenging, and a range of small, uncut tubes should 
be available. Swelling may cause compression or 
migration of ET tubes, so consideration should 
be given using a reinforced, uncut tube early. The 
laryngeal mucosa can be extremely fragile, so 
early use of a bougie can reduce the risk of air-
way obstruction. Suxamethonium is safe to use in 
the first 24 h post-injury. After this period, extra- 
junctional acetylcholine receptors develop with 
the risk of significant hyperkalaemia with subse-
quent suxamethonium administration. This risk 
can persist for up to a year following burn injury. 
Acutely, tissues may remain swollen for several 
days and head up positioning may be useful to 
reduce this. The upper airways are very efficient 
at heat conduction, so direct heat damage to the 
lower airways is rare.

Features that raise suspicion of an upper 
airway injury include

• Burns to the mouth, nose and pharynx
• Singed nasal hairs
• Carbonaceous sputum
• Change of voice
• Stridor
• Drooling
• Hoarse, brassy, productive cough
• Hypoxia and respiratory failure
• Extensive neck burns—these may cause exter-

nal compression

 Airway Injuries Below the Larynx
The inhalation of products of combustion pro-
duces these injuries. Fires produce multiple 
chemical compounds, including carbon monox-
ide and dioxide, ammonia, cyanide, hydrogen 
chloride, sulphur dioxide and complex organic 
compounds. Many of these are irritant and toxic 
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and can produce acids or alkalis when they dis-
solve in lung tissue fluid. This can result in chem-
ical burns to the lung parenchyma. Small soot 
particles damage airway mucosa, producing 
inflammatory mediators and reactive oxygen spe-
cies. This can result in plugging of small airways, 
with distal collapse, as well as significant ulcer-
ation and mucosal sloughing. Lung parenchymal 
damage can also occur, with loss of surfactant, 
interstitial oedema, and development of acute 
respiratory distress syndrome (ARDS). 
Explosions can also result in pneumothorax and 
pneumomediastinum, and chest x-ray +/− CT is 
mandatory [27].

Patients with significant lower airway injuries 
are likely to require intubation and mechanical 
ventilation to manage their respiratory failure. 
Definitive diagnosis is by bronchoscopy, noting 
the presence of contamination, ulceration or 
sloughing (Table 40.5). If contamination is seen, 
the area should be irrigated with saline. This 
removes potentially irritant and obstructive mate-
rial, as well as allowing assessment of the under-
lying mucosa. In severe injuries with extensive 
contamination, this may need to be repeated sev-
eral times. Ventilation should follow ARDSnet 
principles, with tidal volumes of 6  ml/kg ideal 
body weight, and limited peak pressures. 

Nebulised heparin is used to prevent cast forma-
tion, while nebulised N-acetylcysteine helps 
mobilise secretions [29, 30]. Salbutamol is also 
used.

 Carbon Monoxide Poisoning
Carbon monoxide (CO) is a colourless, odourless 
gas produced as a result of incomplete combus-
tion of organic material. It avidly binds to haemo-
globin, with an affinity 240 times that of oxygen. 
This results in reduced oxygen-carrying capacity 
and delivery of oxygen to tissues, with subse-
quent tissue hypoxia. CO also binds to the intra-
cellular cytochrome system, resulting in abnormal 
cell functioning. Patients with an altered mental 
state after a burn injury should be assumed to 
have CO toxicity until proven otherwise 
(Table 40.6). Normal pulse oximeters cannot dis-
tinguish between oxy- and carboxyhaemoglobin 
and are of little use. Dissolved oxygen is unaf-
fected, and PaO2 remains normal. Co-oximeters 
are required for a formal diagnosis.

Carboxyhaemaglobin dissociates slowly, with 
a half-life of 250 minutes in air, and 40 minutes 
in 100% oxygen. Treatment is principally sup-
portive, with 100% oxygen until carboxyhaemo-
globin levels return to normal. Hyperbaric 
oxygen can be used but is rarely practical due to 
the scarcity of centres and the challenge of man-
aging associated injuries. While scientifically 
attractive from first principles and some positive 
studies showing improvement of acute neurologi-

Table 40.5 Grading of inhalation injury by bronchos-
copy [28]

Grade 
of 
injury

Severity of 
injury Bronchoscopic features

Grade 0 No injury Absence of carbonaceous 
deposits, erythema, oedema, 
bronchorrhoea or obstruction

Grade 1 Mild 
injury

Minor or patchy areas of 
erythema, carbonaceous deposits 
in proximal of distal bronchi

Grade 2 Moderate 
injury

Moderate degree of 
carbonaceous deposits, 
erythema, oedema, 
bronchorrhoea or obstruction

Grade 3 Severe 
injury

Severe inflammation with 
friability, copious carbonaceous 
deposits, bronchorrhoea, 
bronchial obstruction

Grade 4 Massive 
injury

Evidence of mucosal sloughing, 
necrosis, endoluminal 
obliteration

Table 40.6 Symptoms associated with varying levels of 
carboxyhaemaglobin [31]

Carboxyhaemaglobin in 
blood, % Symptoms
0–10 None (may be normal for 

smokers)
20 Headache, shortness of 

breath on moderate exertion
30 Headache, irritability, 

fatigue, dizziness, impaired 
judgement

40–50 Severe headache, confusion, 
collapse

60–70 Unconsciousness, 
convulsions, death if 
exposure continues

>80 Rapidly fatal
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cal symptoms [32–34], a 2011 Cochrane review 
concluded that there is insufficient evidence to 
support the use of hyperbaric oxygen for treat-
ment of patients with carbon monoxide poison-
ing [35].

 Cyanide Poisoning
Hydrogen cyanide is produced by burning plas-
tics. Cyanide is rapidly absorbed, and binds to the 
cytochrome system, resulting in anaerobic 
metabolism. Symptoms of toxicity include loss 
of consciousness, cardiac instability, and convul-
sions. Blood cyanide levels are not readily avail-
able, so diagnosis is clinical. A persistently raised 
lactate despite adequate fluid resuscitation, along 
with a reduced arterial-venous oxygen gradient is 
suspicious for cyanide toxicity. Several antidote 
options exist for treatment, using one of three 
main methods.

Methemoglobin-Forming Agents
Cyanide has a higher affinity for ferric iron (Fe3+) 
in methaemoglobin than ferrous iron (Fe2+) in 
haemoglobin. Agents such as amyl nitrite, sodium 
nitrite and 4-dimethylaminophenol (4-DMAP) 
induce methaemoglobinaemia, chelating cya-
nide, and forming cyanomethaemoglobin. This is 
then excreted by the kidneys. These agents can 
have significant side effects including hypoten-
sion, cardiovascular instability and worsening 
hypoxia.

Sulphur Donors
The liver enzyme rhodanese converts cyanide 
into thiocyanate, which is much less toxic and is 
renally excreted. This reaction is accelerated by 
administration of sodium thiosulphate, which 
acts as a substrate. However, thiosulphate does 
not readily penetrate cells and mitochondria, and 
so its effectiveness is limited by delayed onset of 
action and short half-life.

Cobalt Compounds
Cyanide has a high affinity for cobalt, with rapid 
chelation. Dicobalt edetate is effective but is 
associated with severe hypertension, arrhythmias 
and anaphylaxis. It can also cause cobalt toxicity 

if administered with a false diagnosis of cyanide 
toxicity. Hydroxycobalamin combines with cya-
nide to form cyanocobalamin (Vitamin B12), 
which is renally excreted (Fig. 40.3). This is gen-
erally well tolerated, acts rapidly, and is the first 
choice in many centres, at a dose of 100 mg/kg. It 
can result in allergic reactions, headache, and 
skin discolouration.

 Circulation

Burns do not cause immediate hypotension, so if 
present, the patient should be assumed to be 
bleeding until proven otherwise. Hypovolaemia 
does develop over several hours, partly due to 
fluid loss through burnt tissue, and partly as a 
result of inflammatory vasodilatation. Mediators 
including histamine, prostaglandins and bradyki-
nin cause increased vascular permeability, with 
subsequent oedema formation. If the intravascu-
lar hypovolaemia is uncorrected, it can result in 
organ failure, particularly acute kidney injury.

Fig. 40.3 Purple urine discolouration from treatment 
with hydroxycobalamin
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Formal fluid resuscitation is required for all 
burns over 10% TBSA in children and 15% 
TBSA in adults. The most commonly used for-
mula is the Parkland Formula, which gives a fluid 
volume for the first 24 h.

• 2–4 ml Hartmann’s solution/kg/%TBSA burn
 – The first half is given in the first 8 h FROM 

THE TIME OF THE BURN
 – The second half is given in the remaining 

16 h

In children, this should be in addition to main-
tenance fluids, which should be 5% glucose in 
0.45% saline, with the volume calculated using 
the 4:2:1 rule.

The volume recommended for resuscitation is 
a guide. The most reliable measure of adequacy 
is urine output, which should be 0.5 ml/kg/h in 
adults, and 1 ml/kg/h in children. Accurate fluid 
balance is essential, and urinary catheterisation is 
required in injuries >10% TBSA.  Hypotension, 
acidaemia or oliguria should be treated with fluid 
boluses. Initially these can be crystalloid, but in 
the event of refractory hypotension and oliguria, 
boluses of 20% human albumin may be of use. 
Vasopressors, typically noradrenaline, can also 
be used, but there is a suggestion this may lead to 
deepening of burn wounds, particularly if there is 
ongoing hypovolaemia. In major burns (>40% 
TBSA) both albumin and noradrenaline are usu-
ally required, but as long as there is an adequate 
urine output, a mean arterial pressure of 60 mmHg 
is often satisfactory. After the first 24  h, fluid 
therapy should be guided by urine output and 
end-organ perfusion. Excessive fluid administra-
tion can result in worsening oedema, ARDS, and 
intra-abdominal hypertension, which signifi-
cantly increases mortality. Nasogastric feeding 
should be instigated early, and administration of 
extra crystalloid should be kept to a minimum.

Intravenous access and monitoring can be 
challenging in major injuries. Intraosseous 
devices are often used in prehospital care, but 
should be removed as soon as reasonably possi-
ble to minimise the risk of osteomyelitis. 
Intravenous lines should ideally be placed 
through unburnt skin, but this is not always pos-

sible. In large injuries, central venous access is 
often required. Groin creases are often relatively 
spared, although anatomy can be challenging. 
Ultrasound should be used for central access, and 
can be extremely helpful for peripheral access; 
however, visualisation through unexcised burn 
can be very poor. Venous cutdown may be neces-
sary, most commonly using the saphenous veins. 
Securing lines is also important. Most adhesive 
dressings do not stick well to burnt skin, and 
suturing may be required, even for peripheral 
access. Poor adhesion is also a challenge with 
ECG monitoring, and skin staples may be 
required to gain electrical contact. Non-invasive 
blood pressure monitoring is inaccurate if there is 
significant oedema, and invasive arterial monitor-
ing is often required. There is little evidence for 
the use of cardiac output monitoring in the man-
agement of major burns [36].

 Circumferential Burns

Circumferential burns have the potential to con-
strict the underlying tissue. This typically occurs 
12–48 h after the injury, due to shrinking of the 
burn eschar combined with generalised tissue 
oedema. Any circumferential injury must be care-
fully and regularly inspected for any sign of 
impaired distal perfusion. Circumferential chest 
burns can lead to respiratory failure, which may 
present as increasing ventilator pressures (these 
patients are highly likely to be intubated). 
Circumferential abdominal injuries can lead to 
intraabdominal compartment syndrome, renal and 
gut failure, and death. If there are signs of com-
pression, then an escharotomy should be per-
formed. This involves incision down onto healthy 
tissue, releasing the pressure within the tissues. 
These are emergency procedures and may be 
required in a non-specialist centre before transfer.

 Analgesia

Burns are painful, and adequate analgesia is 
essential, using a multimodal method. Pain 
occurs both form the somatic damage, and from 
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the re-innervation of damaged tissues. 
Paracetamol and NSAIDs are useful as baseline 
analgesia. Opioid drugs are often the mainstay of 
treatment, although somatic pain is not always 
responsive. Gabapentin and pregabalin are 
extremely useful, both with pain and itch, which 
is a common complication of burn healing. 
Dressing changes and physiotherapy often 
require a degree of procedural sedation or analge-
sia. Entonox and methoxyflurane (Penthrox) can 
both be used with good effect, although side 
effects limit the duration of use [37].

 Thermoregulation

Major burn injury results in significant altera-
tions to temperature regulation, compounded by 
a failure of normal temperature homeostasis. 
Burnt skin loses its insulating properties, which, 
when combined with excess fluid loss through 
the wound, results in rapid heat loss. Hypothermia 
is a common complication of major injuries, both 
in the pre-hospital environment and during hospi-
tal admission. This should be aggressively 
treated, as the development of hypothermia is 
associated with worse outcome. All efforts should 
be made to insulate patients, particularly during 
transfer, and active rewarming used if hypother-
mia does occur. Intravenous fluid should be 
warmed, particularly the large volumes given 
during initial resuscitation. It is essential to mea-
sure core temperature in patients with major burn 
injury, with appropriate methods including 
oesophageal or bladder thermometers. Invasive 
warming methods are sometimes used, with 
intravascular and oesophageal devices available.

The impaired ability to preserve heat is com-
pounded by the resetting of the hypothalamic 
temperature above normal levels. In severe burns, 
core temperature will reset to 38–38.5 °C and is 
associated with increased catecholamine and 
cytokine production. Attempts to lower this tem-
perature will result in excess heat loss and an 
increased metabolic rate. For this reason, patients 
should be cared for in thermally controlled envi-
ronments, with the ambient temperature kept 
around 28–30 °C.

 Nutrition

Major burn injury induces a profound catabolic 
state, with the body breaking down healthy mus-
cle in an attempt to provide amino acids for heal-
ing. If nutritional demands are not met, patients 
lose lean body mass, their wounds do not heal, 
and mortality is dramatically increased [38–40]. 
It is essential to establish enteral feeding early, 
both to meet the nutritional demands, and to pro-
tect the gut mucosa. Curling’s ulcers [41] are 
acute stress ulcers following major burn injury, 
and, if untreated, carry high mortality from asso-
ciated haemorrhage. Early enteral feeding, com-
bined with proton pump inhibitors, has massively 
reduced the incidence.

Patients with severe burns should have a naso-
gastric tube inserted and feed started as soon as 
possible. Ileus is common, and prokinetics may 
be required. Patients should be weighed on 
admission, and this should be repeated regularly. 
Patients are often nutritionally depleted before 
their injury, and supplementation of B-vitamins 
and trace elements are frequently required. It is 
essential to calculate the caloric requirements, 
which are higher than non-burn patients. Several 
formulae are used, with the Harris-Benedict 
equation being most commonly used for adults 
[42]. It is essential to get early dietician involve-
ment, as the consequences of inadequate nutri-
tion can be disastrous.

 Infection

Sepsis is the primary cause of death in patients 
with burns who survive over 48 h [43]. Burn 
wounds rapidly become colonised with micro- 
organisms. Common pathogens include 
Streptococcus, S. aureus, Pseudomonas, 
Enterobacter, Enterococcus, Acinetobacter and 
Stenotrophomonas. Streptococcus is of particular 
concern as it produces streptokinase, which 
results in skin graft failure. Swabs should be 
taken from all wounds on admission and repeated 
regularly. Diagnosis of infection (as opposed to 
colonisation) can be extremely challenging, as 
features such as tachycardia, neutrophilia, 
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pyrexia and raised inflammatory markers all 
occur as a response to major burn injury. 
Concerning features include worsening pyrexia 
or hypothermia, progressive tachycardia or 
tachypnoea, thrombocytopenia, and hyperglycae-
mia. Wounds should be regularly examined for 
overt evidence of infection, with fluid and tissue 
cultures sent if there is a clinical concern. 
Antibiotic therapy should be targeted towards 
positive culture results, as the development of 
antibiotic resistance is common.

 Hypermetabolism

Significant burn injuries induce a profound 
hypermetabolic state, which can last for months 
to years. The resting metabolic rate increase by 
160–200% and patients become persistently 
tachycardic, pyrexial, and catabolic. While early 
excision of burn wounds attenuates this response, 
it is essential to ensure adequate nutrition [44]. 
Propranolol is used to reduce resting heart rate, 
energy expenditure and muscle catabolism [45, 
46]. Oxandrolone, an anabolic steroid, is also 
shown to improve outcomes [47].

 Definitive Management

The principle treatment of full-thickness burns is 
excision and grafting. Partial-thickness injuries 
may heal spontaneously, but for extensive deep 
partial-thickness burns surgery is usually 
required. Modern methods involve early exci-
sion, aiming to completely remove the burn 
eschar within the first 5  days [48]. Removal of 
the burn reduces the inflammatory load, as well 
as removing a focus for infection. This has tradi-
tionally been done using surgical knife excision, 
but newer techniques include the use of 
bromelain- based enzymatic dressings to selec-
tively debride dead tissue [49]. Excision of exten-
sive burns results in significant blood loss and is 
often complicated by hypothermia. The wounds 
are generally covered with cadaveric skin, xeno-
graft or skin substitutes, with split skin autograft-

ing being used later to provide definitive 
coverage. In extensive injuries (>70% TBSA) 
this process can be prolonged over several weeks.

 Longterm Sequalae

Burn injury is a significant cause of morbidity, 
with the risk of permanent disability around ten 
times the risk of death. Hospital stay following a 
significant burn is usually around 1 day per 
%TBSA, although it may be much longer. 
Recovery from a major burn is often protracted 
and may require lifelong input from burns ser-
vices. Scar management can require multiple 
operations, particularly if sustained in childhood 
before growth is complete. Burn survivors may 
require ongoing input from occupational and 
physiotherapists, as well as psychological sup-
port. Prompt and effective management of the 
acutely burnt patient can help reduce this burden 
of disease.

Key Points
It is essential to assess for signs of inhalation 
injury, and, if required, the airway should be 
secured early.

Carbon monoxide and cyanide poisoning 
should be considered in patients with significant 
smoke inhalation.

Appropriate fluid resuscitation (e.g. using 
Parkland formula) should be started in burns over 
10% TBSA in children and 15% TBSA in adults.

Escarotomies may be required for circumfer-
ential burns, and are a surgical emergency.

Patients with significant burn injury should be 
transferred to specialist burn centres once initial 
stabilization is completed.

 Summary

Thermal injuries are an important cause of mor-
bidity and mortality worldwide. When they 
occur, prompt assessment and treatment are 
essential to give patients the best chance of a 
good outcome. A good understanding of the 
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pathophysiology of thermal injury helps guide 
the management of these complex patients. While 
many of them may require specialist care, appro-
priate pre-hospital and primary facility treatment 
can help reduce long term sequalae.

Questions
 1. The following are all features of severe hypo-

thermia except:
 (a) bradycardia
 (b) increased urine output
 (c) atrial fibrillation
 (d) tachypnoea
 (e) coagulopathy

 2. Concerning rewarming in hypothermia
 (a) Active warming methods are usually 

required for Stage 1 hypothermia
 (b) Central rewarming causes afterdrop
 (c) Forced air warming is highly effective
 (d) Fluid resuscitation is rarely required in 

severe hypothermia
 (e) ECMO can rewarm patients at up to 9°C 

per hour
 3. Concerning frostbite
 (a) affected areas should be slowly rewarmed
 (b) cell damage is caused by ice crystal for-

mation in the tissues
 (c) amputation of affected areas is inevitable
 (d) it is exquisitely painful as it occurs
 (e) affected areas become coagulopathic as 

they thaw
 4. The following burns all require referral to a 

specialist centre except
 (a) a burn to the perineum
 (b) circumferential burns
 (c) a burn that has not healed within 1 week
 (d) a chemical burn
 (e) an electrical burn

 5. Concerning inhalation injuries
 (a) ARDS is a rare complication
 (b) cyanide poisoning is treated with hyper-

baric oxygen
 (c) most patients with facial burns have a sig-

nificant lung injury
 (d) broncheo-alveolar lavage should be 

avoided
 (e) bronchoscopy provides definitive 

diagnosis

Answers
 1. d
 2. e
 3. b
 4. c
 5. e
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Environmental Trauma: CBRN 
Incidents

Sam Todd, Steven Bland, and Jonathan Ritson

 Introduction

The threat of chemical, biological, radiological 
and nuclear (CBRN) agents present challenges to 
clinical care both in the rare syndromes they 
cause patients to suffer in isolation or combined 

with injury, and in the limitations that the use of 
personal protective equipment (PPE) causes 
responders. The latter is due to the residual risk 
from a contaminated or contagious patient.

Historically, the threat from CBRN agents has 
been mainly within the military context. The 
release of the nerve agent sarin on the Tokyo under-
ground in 1995 [1], the 2001 Anthrax letters [2] 
and the use of CBRN substances as a method for 
assassination [3] mean civil responders should also 
be aware of these threats and the risk from them. 
Despite different military and civilian operational 
environments, the principles of CBRN casualty 
care are the same. In addition, the same principles 
and use of PPE can also be applied during non-
malicious events such as hazardous material 
(HAZMAT) incidents including chemical suicide 
[4], and outbreak response, e.g. Ebola (2014-5) and 
COVID-19 reflecting the all- hazards approach.

Learning Objective
The objectives of civilian and military CBRN 
casualty (patient) care can be described as:

 1. The management of any casualty, including 
trauma, in a CBRN environment.

 2. The management of a CBRN casualty from the 
point of exposure through to rehabilitation.

This chapter seeks to describe the general 
principles that can be applied by any medical 
response to a CBRN incident, namely:
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 1. To introduce the general principles of 
CBRN casualty care.

 2. Appreciate the ‘all hazards’ approach to 
CBRN casualties.

 3. Discuss the challenges of providing 
casualty care in a CBRN environment.

 4. Highlight specialist resources available 
to the general clinician.
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 1. Recognise a CBRN incident has occurred.
 2. Enable responders to protect themselves and 

others.
 3. Provide clinical care effectively.

 Types of Hazard

The main groups of hazards that will be discussed 
in this chapter are:

• Chemical
• Biological, including biological warfare 

agents, endemic and emerging diseases
• Radiological (i.e. any non-nuclear hazards 

causing ionising radiation)
• Nuclear
• Explosives and blast (where these overlap 

with CBRN)

The military all-hazards (CBRNE3T) 
approach describes CBRN and explosives within 
the broader context of environmental hazards 
including extremes of temperature, endemic dis-
ease and conventional trauma [5].

 General Considerations of CBRN 
Casualty Care

There are two principle considerations in the 
management of a casualty within a CBRN 
environment.

 1. The impact this has on what immediate care 
can be provided safely and effectively, and the 
subsequent limitations placed on medical 
responders.

 2. The management of casualties who are exhib-
iting signs and symptoms of CBRN exposure 
(toxidrome), this includes specific clinical 
care (including antidotes) and also hazard 
management to protect staff and other patients 
in downstream care.

 Casualty Management Within a CBRN 
Environment

 Principles of CBRN Casualty care [6]
The central tenets of CBRN casualty care are:

• Recognition of a CBRN casualty or incident
• Personal safety including cordons and per-

sonal protective equipment (PPE)
• First aid
• Triage
• Life-saving interventions
• Casualty hazard management including 

decontamination and isolation
• Advanced medical care
• Rehabilitation

 Recognition of CBRN Incidents
This can be challenging in isolation but even 
more so in the context of the injured patient 
where physiology is likely to be abnormal, and 
the exact history of events may not be immedi-
ately apparent.

Overt CBRN incidents (e.g. incidents involv-
ing vehicles carrying hazardous material) are 
more likely to be chemical incidents with early 
symptoms and signs. In contrast, covert incidents 
are more likely to be radiological (unless 
detected) and biological with delayed onset fea-
tures due to a longer latency or incubation period.

Scenario A: Chemical Suicide
You have been called as part of the statu-
tory emergency response to a person unre-
sponsive in a car. When approaching the 
vehicle, you notice a number of large plas-
tic containers in the front passenger seat, 
some of which have labels that show UN 
label 6 ‘Poison’ (below).

Using the all-hazards approach, you 
reflect that the patient shows signs of 
Intoxication and that the closed atmosphere 
in the car represents a hazard to you as the 
rescuer.

You call for assistance from specialist 
rescuers who are able to use positive- 
pressure respiratory equipment that pro-
tects them from the atmosphere within the 
car whilst removing the casualty for 
assessment.

Consider: In your area, who would the 
specialist rescuers be and how would you 
get ask them to attend an incident?
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On recognition, consider the six C’s:

• Confirm (hazard and type of incident)
• Clear (upwind and uphill)
• Cordon (set up hazards zones (see below) and 

clean/dirty line)
• Control (control of the scene, cordon entry 

and exit and hazard spread)
• Communicate (tell Command, responders and 

receiving hospitals)
• Contain (contain the hazard, risk assess for 

casualty hazard management)

The critical step is to always consider a CBRN 
incident in the list of differential diagnoses, even 
if subsequently discarded as more likely causes 
of illness and injury come to light.

Throughout the patient’s clinical course, rec-
ognition will rely on the close working between 
different agencies (law enforcement, healthcare, 
fire and rescue, military etc.) and various clinical 
specialities within the hospital and after 
discharge.

In the initial phases, the term ‘STEP 1-2-3 
plus’ has been coined to provide an aide- memoire 
for the recognition of CBRN events.

 1. If one patient incapacitated with no apparent 
cause, proceed as usual (see below)

 2. If two patients incapacitated with no apparent 
cause, approach with caution

 3. If three or more patients incapacitated use 
caution and adopt the following approach:

 (a) Evacuate people from the scene
 (b) Communicate and advise the patient what 

is happening
 (c) Disrobe
 (d) Decontaminate

When assessing a patient, the following 
signs or symptoms should cause clinicians to 
consider CBRN incidents within the differen-
tial diagnosis:

• Airway irritation or cough
• Difficulty in breathing
• Eye pain, altered vision or altered pupil size
• Headaches
• Seizures (especially in multiple patients)
• Non-thermal burns

Later in the clinical pathway, it may be that 
laboratory investigations highlight pathology or 
that a pattern of illness or injury is identified that 
raises concern for a CBRN incident.

 

Case Study 1: Novichok, Salisbury [7, 8]
In March 2018, two Russian nationals were 
admitted to hospital in Salisbury UK hav-
ing been found unconscious in a public 
area.

The initial presentation was of depressed 
conscious level and respiratory failure, 
which failed to respond to treatment for 
opiate overdose (naloxone).

As the clinical picture evolved, it 
became clear that poisoning with a novel 
nerve agent (Novichok, A-234). This was 
partly due to the clinical toxidrome, sup-
ported by laboratory investigations includ-
ing measuring serum anti-cholinesterase 
levels.

Learning point: Some toxidromes are 
difficult to identify without specialist tests, 
but a generic approach using the CRESS 
assessment tool allows prompt supportive 
treatment.
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For some incidents, the agent may be obvious 
due to the route of exposure, rapid onset and obvi-
ous toxidrome. Some agents, however, especially 
if ingested or absorbed through the skin, have a 
slower onset and the toxidrome may not be ini-
tially obvious or may be non-specific (e.g. ricin). 
In these cases, environmental (scene) detection, 
identification and monitoring (DIM) or clinical 
investigations such as laboratory investigations 
are vital both for clinical management and col-
lecting evidence for the criminal investigation.

 Safety Considerations
In general, the multiply injured trauma patient 
presents a low hazard to treating clinical staff. 
This is in contrast to the CBRN casualty, who 
may be either contaminated or contagious and 
therefore may represent a considerable danger to 
other patients and staff.

To manage this hazard, as well as the conven-
tional major incident zones (see Mass Casualty 
Incidents Chapter) used to control the scene, and 
marshal personnel including media and onlook-
ers, CBRN incidents are typically divided into 
three hazard zones (see Fig. 41.1):

• Hot zone
There is a direct hazard from the environment.

• Warm zone
There is a residual risk from personnel, equip-
ment and casualties (alive or dead). The warm 
zone is the area in which decontamination is 
carried out.

• Cold zone
This is considered ‘clean’, where decontami-
nation has been carried out and hazard is low. 
The cold zone is separated from the warm 
zone by a clean-dirty line (CDL), which 
requires careful management.

Decontamination of patients will be discussed 
later in ‘Casualty Hazard Management’.

 Management of CBRN Casualties

 First Aid
This will vary according to the patient’s context. 
In civilian practice it may be limited to providing 
reassurance or following instructions from an 
emergency call handler.

Treatment by specialist teams, emergency 
responders or in military practice may include 
administering an antidote and other medica-
tions intra-muscularly using devices such as 
autoinjectors (Fig. 41.2). This may be by non-
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medical personnel (e.g. military or law-
enforcement personnel) under emergency use 
medicines regulations or other regulatory 
frameworks.

Being aware of treatments given prior to med-
ical care is vital to allow individualised care.

 Primary Survey (Identification of Life- 
Threatening Conditions)
Conventional medical education describes a 
stepwise approach to the injured patient. This 
can be carried out sequentially (vertical resus-
citation) in resource-poor environments or by 
multiple practitioners simultaneously (hori-
zontal resuscitation) in resource-rich environ-
ments, led by a team leader who directs overall 
clinical care [9].

There is no need to deviate from standard clin-
ical practice for CBRN casualties; however, some 
additional points arise that are worth considering 
when using this adapted ‘MABCDE’ approach, 
highlighted in bold below.

M—Massive haemorrhage
A—Airway management

• a—Antidote administration

B—Breathing
C—Circulation (including fluids for sepsis 

management)
D—Disability, especially seizures

• d—Decontamination

E—Evacuation to warm or clean zone
In CBRN events, there are several toxidromes 

and conditions that are of significance due to 

lethality and/or the fact that they may be treat-
able. These are:

• Nerve agents (cholinergic syndrome)
• Blistering agents
• Pulmonary agents
• Chemical asphyxiants including cyanide and 

hydrogen sulphide
• Mental incapacitants such as opioids includ-

ing high potency narcotics (similarities to 
nerve agent toxidrome), and some psychotro-
pic agents

• Physical incapacitant including short-acting 
riot control agents (e.g. CS or pepper spray)

• Iatrogenic (antidote overdose or misuse)
• Heatstroke (especially if wearing PPE)
• Sepsis
• Botulinum (anticholinergic type toxidrome)
• Acute radiation syndrome—prodromal stage

These can all be identified by focusing on five 
key clinical signs; CRESS—Conscious level, 
Respiratory pattern, Eyes (pupils), Secretions 
and Skin as well as some other associated fea-
tures. The relevant findings and associated toxi-
dromes are included in Fig.  41.3, below. Key 
management points for significant agents are 
addressed later in the chapter.

 Life-Saving Interventions
In CBRN casualties there are four groups of signs 
and symptoms to be alert to and provide treat-
ment for. These are grouped as the ‘four Is’:

• Intoxication caused by chemical agents or 
toxins (chemical agents of biological origin)

• Infection caused by a live micro-organism
• Irradiation
• Injuries (as part of the all-hazards approach 

and combined casualties)

In terms of life-saving intervention, for CBRN 
casualties this includes antidote administration 
(discussed later), and supportive medical care. 
Supportive care includes the same approach that 
one may take with any medically unwell patient; 
opening the airway, reversing hypoxia and sup-
porting the circulation.

Fig. 41.2 Example of an Autoinjector which may be 
self-administered or given by rescuers in CBRN incidents 
(© CEphoto, Uwe Aranas)
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 Casualty Hazard Management
A generic approach to staff safety and clinical 
care will mitigate much of the risk to rescuers 
and other patients to allow first aid and immedi-
ate resuscitation to be carried out.

Standard contact precautions (apron, nitrile 
gloves, hand hygiene) with additional respiratory 
eye protection may be required, or alternately, spe-
cialised PPE. The removal of the patient’s clothing 
will reduce any potential hazard from the casualty 
by around 90% [10]. This will permit CBRN 
emergency medical treatment of patients triaged 
as severe and requiring life-saving interventions. 
PPE choice and method of casualty decontamina-
tion for HAZMAT incidents may be informed by 
transportation/carrier information or manifest. It is 
better to assume the worse and then step down in 
the level of PPE and decontamination require-
ments. In vehicles which are carrying hazardous 
material, a four-digit UN number must be dis-
played prominently [11]. There are multiple appli-
cations and databases that can give specific 
information on what the chemical is, hazards asso-
ciated with it and the necessary PPE and decon-
tamination requirements for operating around it.

Beyond this, and after life-saving interven-
tions have been carried out, a risk: benefit 
analysis should be performed between the 
benefits of ‘full’ decontamination versus the 
delay this may introduce before further medi-
cal care. Additional decontamination may be 
achieved using absorbing material and wet 
decontamination (rinse) methods. However, 
the technique used will depend on the agent’s 
characteristics (e.g. chemical, caustic, live 
biological) and physical properties (e.g. vola-
tility, particulate).

Decontamination can be considered to have 
three phases in the clinical setting:

Dry decontamination
Use absorbent material, such as paper towels, 

to carefully dab or brush off liquid or solid 
contaminant.

Wet decontamination
Use copious amounts of water at 35  °C to 

shower for up to 90 s. Pay particular attention to 
wounds to dilute any contamination.

Surgical debridementRemove devitalised tis-
sue from wounds to reduce the bacterial load and 
any residual hazard from CBRN agents.
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Fig. 41.3 Common clinical signs of toxidromes that may be encountered in CBRN
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 Advanced Medical Care
Advanced medical care is divided into:

• Supportive (non-specific and symptomatic- 
related); and

• Definitive (agent-specific and include anti-
dotes, specific antibiotics and anti-toxins).

This will be outlined for some specific threats 
(chemical vs biological vs radiological and 
nuclear) in a later part of the chapter.

 Rehabilitation
CBRN rehabilitation includes physical, mental 
and social elements. The physical rehabilitation 
of patients following CBRN exposure is very 
individual. It will relate to the type of exposure 
that they had and consequences of treatment (e.g. 
prolonged stay on critical care).

As an example, the long-term management of 
chemical burns and eye lesions after exposure to 
sulphur mustard will require a multi-disciplinary 
approach similar to that required for thermal 
burns.

Any CBRN exposure may also have a signifi-
cant psychological impact on the patient. There is 
limited evidence to support any particular strat-
egy, and so conventional care should be offered.

Given the low frequency of CBRN events, 
patients who have been affected are likely to be 
the subject of increased media and public atten-
tion, and this should be considered when plan-
ning care to minimise additional harm to the 
patient or their family.

Learning Objective
Assessing the Scene and the All-Hazards 
Approach

Many large international bodies recommend 
the all-hazards approach as a means to allow a 
generic response to a wide range of potential 
threats; the acronym CBRNE3T acts as an aide- 
memoire and is discussed earlier in the chapter.

It allows responders to rehearse how they may 
respond to any number of different threats, which 
is particularly helpful in rare but high conse-
quence events such as a CBRN incident. As a 

result, the differentiation between HAZMAT and 
CBRN is less relevant.

The use of the term ‘hot zone’ is also used in 
some tactical situations to describe an area where 
there remains an active hazard whether that is 
from CBRN, explosives or an armed perpetrator. 
An ‘exclusion zone’ is used to describe a hot 
zone where PPE will not mitigate the hazard 
present. Therefore, exclusion by distance is rec-
ommended (e.g. a cordon due to a bomb or radia-
tion hazard).

A common way that one may group CBRN 
threats in the all-hazards approach is by the 
observed effect on the human casualty, that is:

• Lethal
• Damaging
• Incapacitating
• Iatrogenic

The points highlighted earlier about ‘Step 
123 plus’ provide healthcare responders with 
some clues as to when a CBRN event may have 
occurred. Other sources of information are 
likely to come from specialist teams, for exam-
ple law enforcement or fire and rescue services. 
Steps should be taken to ensure that each emer-
gency service or military sub-units share infor-
mation to improve situational awareness. It is 
likely that CBRN events will only be recognised 
once many, seemingly disparate, pieces of infor-
mation are collected together and appreciated as 
a whole.

 Key Management Points

 Chemical Incidents

Below is information to supplement Fig.  41.3, 
particularly the pathophysiology and suggested 
treatment for each toxidrome. Medical treatment 
for associated trauma is in addition to this, and 
occasionally diagnosis of specific toxidromes can 
be difficult because the physiological response to 
trauma may mask or mimic other signs and vice 
versa.
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Nerve agents and other organophosphorus 
compounds (e.g. Sarin, VX, Novichok, 
pesticides)

Pathophysiology:
Overstimulation of the cholinergic parts of the 

nervous system due to excess acetylcholine 
caused by the inhibition of the enzyme acetyl-
cholinesterase [8] (see Fig. 41.4):

• Parasympathetic nervous system (pinpoint 
pupils, bradycardia, excessive secretions, 
bronchospasm)

• Neuromuscular junctions (depolarising mus-
cle paralysis)

• Central nervous system (confusion, coma, 
convulsions).

Key management including antidotes:
Oximes—reactivate the acetylcholinesterase 

enzyme inhibited by nerve agent binding.
Atropine—reverse excess cholinergic (musca-

rinic) drive
Benzodiazepines—neuroprotection and 

anti-convulsant.

 Chemical Asphyxiants: Including 
Hydrogen Cyanide and Hydrogen 
Sulphide (H2S)
Pathophysiology:

• Causes paralysis of aerobic respiration within 
the mitochondria [12].

• Leads to a sudden loss of consciousness, ini-
tial respiratory stimulation (due to lactic aci-
dosis) followed by respiratory arrest and 
cyanosis.

Key management including antidotes:

• Oxygen and respiratory support
• Cyanide antidotes include sodium nitrite/thio-

sulphate, cobalt-chelation therapy (including 
hydroxocobalamin).

• H2S management is sodium nitrite (and oxy-
gen) in isolation.

• Note: Nitrite (methaemoglobin-forming) anti-
dotes should be avoided in cases of trauma 
and carbon monoxide due to the potential loss 
of haemoglobin.

ACh released and crosses synapse

Normal impulse transmission

Key

Normal impulse transmission Normal impulse transmission

Normal impulse transmission

ACh released and crosses synapse

1. Acetyl cholinesterase breaks down
excess ACh and signal propagation
stops until next presynaptic ACh
vesicle release

2. Acetyl cholinesterase blocked from
breaking down Ach, Initial hyperstimulation
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paralysis as signal unable to be propagated.

3. Excess ACh causes systemic
parasympathetic stimulation
(bronchoconstriction, salivation,
bradycardia and vasodilation)
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Nerve agent
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Pre synaptic
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Fig. 41.4 Diagram of normal nerve conduction (top) and effect of nerve agent (bottom)
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 Mental Incapacitating Agents 
(Sedating): Opioids
Pathophysiology:

• Stimulate mu-opioid receptors causing eupho-
ria, sedation, coma and respiratory depression 
as well as pinpoint pupils.

• Some opioids also cause chest wall rigidity 
and myoclonus, leading to confusion with 
nerve agent poisoning.

Key management including antidotes:

• Respiratory support is vital in the case of 
severe opioid toxicity.

• Naloxone is a highly effective antidote, but in 
the case of some highly potent fentanyl- 
analogues, may be required in very high doses. 
Due to its relatively shorter half-life compared 
to some opioids, naloxone may also need to be 
given repeatedly, or as an infusion. Naloxone 
can be given by a variety of routes (intrana-
sally, IV, IM or IO).

 Mental Incapacitating Agents 
(Psychotropic): Anticholinergics 
Including BZ (and Atropine Overdose)
Pathophysiology: This group has anticholinergic 
effects and crosses the blood-brain barrier caus-
ing tachycardia, confusion, hallucinations and 
increasing the risk of heat illness [14]. The anti-
cholinergic effects can be remembered by the 
aide-memoire “Hot as a hare, blind as a bat, dry 
as a bone, red as a beet, mad as a hatter”.

Key management including antidotes: 
Supportive management, sedation and potentially 
physostigmine [15].

 Blistering Agents: Sulphur Mustard
Pathophysiology:

• Penetrating alkylating agent—causes damage 
to the skin, eyes, airway and, in severe cases, 
lungs. It is generally considered to have low 
lethality (<5%).

• The effects are usually slow with features 
appearing over hours—eye irritation (3–6 h), 
erythema (6–12 h), blistering including bullae 
formation (12–24 h).

• Systemic features may include bone marrow 
suppression and acute respiratory distress syn-
drome (ARDS).

Key management: Similar to thermal burns, 
including the deroofing of the blisters and 
removal of any necrotic tissue.

Eye management is initially supportive with 
cycloplegics for pain relief and topical chloram-
phenicol eye ointment; specialist ophthalmologi-
cal review is advised.

Case Study 2: Opiates, Moscow [13]
In October 2002, a theatre with 850 people 
inside was held hostage in Moscow, Russia 
by Chechen separatists. Russian security 
services used aerosolised opiates delivered 
through the building’s ventilation system in 
order to subdue the hostage takers. Casualty 
estimates vary, but the Russian federation 
lists the cause of death as ‘terrorism’. 
During the casualty evacuation phase, sev-
eral people deteriorated en route to hospi-
tal, possible due to a lack of basic airway 
manoeuvres as the toxicant took its effect.

Learning point: Basic life support and 
clinical care needs to be maintained 
throughout the patient pathway, from point 
of exposure to definitive care.

Scenario B: Sulphur Mustard Shells
On duty in the Emergency Department, a 
34-year-old Police officer presents with 
painful burns and blisters on both forearms.
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 Blistering Agents: E.g. Lewisite [16]
Mechanism of action:

An arsenic-based blistering agent with initial 
acid-like effects causing immediate pain and grey 
coloured chemical burns.

Also systemic arsenic toxicity and death, due 
to inhibition of glucose metabolism leading to 
haemolysis, renal failure, distributive hypovole-
mia and lung damage if inhaled.

Key management including antidotes:

• Supportive care, including correction of any 
hypovolaemia and antidote treatment based on 
the chelation of arsenic (e.g. dimercaprol, suc-
cimer, unithiol).

 Pulmonary Agents: Including Chlorine, 
Phosgene, Ammonia, Sulphur Dioxide
Mechanism of action:

• Varies between the agents and depends on 
their water solubility (ammonia  >  chlorine 
> phosgene).

• The more water-soluble agents have immedi-
ate effects (eye and upper airway irritation) 
due to their reaction with moisture. In con-
trast, phosgene has a more insidious onset 
which may be delayed up to 12–24 h [17]. The 
lung effects range from non-cardiogenic pul-
monary oedema through to ARDS.

Key management:

• Essential supportive therapy is the use of con-
tinuous positive airway pressure (CPAP) and 
potentially invasive ventilatory support with 
positive end-expiratory pressure (PEEP) and 
fluid resuscitation.

 Biological Incidents

Biological agent can cause issues either due to 
infection with the live agent (e.g. anthrax, plague- 
Yersinia pestis) whether that is bacteria virus or 
fungi, or due to toxins (chemical agents of bio-
logical origin, e.g. ricin, venom or botulinum 
toxin).

In the context of any trauma, an open wound is 
automatically considered biologically contami-
nated, and empirical antibiotic prophylaxis is 
given.

Most biological agents are found in the 
environment and cause disease having breached 
host defence in one manner or another. 
Alternatively, some biological agents can be 
weaponised or have a mass effect if deliber-
ately released.

They work as a Police diver, and earlier 
in the day had been involved in the retrieval 
of spent munitions (artillery shells) that 
had been illegally discarded in a reservoir.

Considering that the blisters appeared 
around 12  h after exposure to the muni-
tions, you suspect that these may have con-
tained sulphur mustard.

The blisters are deroofed and the skin 
injury managed in the usual manner with 
dressings and burns clinic follow-up.

Consider: Where you work, how would 
you raise your concerns about this patient’s 
exposure to chemical agent, and who would 
you take clinical advice from?

Case Study 3: Salmonella, Oregon USA [18]
In August 1984, a religious movement led 
by Bagwan Shree Rajneesh in Oregon, 
USA, used Salmonella enterica in a num-
ber of restaurants in order to incapacitate 
voters and manipulate the results of a local 
election.

Identifying the causative agent relied on 
samples from local hospitals, contact trac-
ing from public health officials and finally 
law enforcement action before being able 
to identify the deliberate nature of the 
release.

Learning point: Biological hazards 
take time to diagnose and recognising 
deliberate release relies on multiple agen-
cies working and sharing information.
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 The Syndromic Approach
Patients unwell due to biological agents rarely 
present to a clinician complaining of a specific 
agent. Instead, they present with a group of signs 
and symptoms (bio-syndromes) often preceded 
by a flu-like prodrome (fever, tiredness, muscle 
pain).

The type of syndrome often reflects the route 
of exposure even for the same causative agent 
(e.g. inhalational, intestinal and cutaneous 
anthrax).

Below are natural and deliberate release 
examples for each of the seven syndromes.

 Respiratory
Symptoms: dyspnoea, cough, chest pain, sputum 
and/or haemoptysis.

Natural examples: influenza, coronavirus, 
streptococcal pneumonia.

Deliberate release examples: inhalational 
anthrax, pneumonic plague.

 Cutaneous
Symptoms either a generalised rash which may be 
maculopapular, vesicular or petechial/purpuric, 
or localised lesion(s) including localised infec-
tion ± necrosis and abscesses.

Natural examples: maculopapular rash 
(measles, rubella), vesicular rash (chicken-
pox), petechial/purpuric rash (meningococcal 
disease).

Deliberate release examples: tularaemia, 
smallpox (vesicular/pustular rash), anthrax 
(cutaneous).

Non-infectious disease or other CBRN causes 
include caustic and blistering agents (chemical), 
bites or local radiation injury.

 Lymphadenopathy
Symptoms painful swellings, typically in conflu-
ences of lymph nodes such as the axillae or groins 
called buboes.

Natural examples: Rubella (occipital lymph-
adenopathy), HIV seroconversion illness (gener-
alised lymphadenopathy).

Deliberate release examples: Bubonic plague 
(although this is more typical of the natural 
presentation).

 Gastrointestinal
Symptoms

• Upper GI (nausea, vomiting, potentially early 
onset <6 h), e.g. toxins, viruses.

• Lower GI (abdominal pain, diarrhoea, delayed 
onset >6 h, fever), e.g. bacteria, viruses.

Natural examples: Salmonella, Shigella, noro-
virus, cholera.

Deliberate release examples: Any deliberate 
contamination of food or water chain with enteric 
pathogens.

Food deliberately contaminated with a toxin 
may cause early vomiting and upper abdominal 
cramps within hours. In some cases (e.g. campy-
lobacter), the abdominal pain may be severe 
enough to mimic a surgical emergency.

 Haemorrhagic
Symptoms: blood loss, thrombocytopenia, dis-
seminated intravascular coagulopathy (DIC). 
May also include bruising, petechia/purpura, 
microscopic and macroscopic bleeding, and 
hematomas.

Natural examples: Haemorrhagic viral 
diseases.

Deliberate release examples: Any biological 
agent causing DIC (e.g. plague).

Non-infectious disease causes include haemo-
poietic syndrome of snake (viper) envenomation 
and acute radiation syndrome (ARS-H).

 Neurological: Central
Symptoms inflammation of the brain itself 
(encephalitis), the meninges (meningitis) or from 
a mass-effect.

Natural examples: Herpes encephalitis, 
meningococcal meningitis.

Deliberate release examples: Equine encepha-
litides, anthrax (haemorrhagic ‘cardinal cap’ 
meningitis, usually a post-mortem pathogno-
monic finding).

 Neurological: Peripheral
Symptoms A peripheral neurological syndrome 
characterised by paralysis and autonomic 
dysfunction.
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Natural examples: Wound botulism due to 
Clostridium botulinum anaerobic infection, 
Guillain-Barre disease.

Deliberate release examples: Botulinum toxin 
(in the absence of live agent).

Non-infectious disease or other CBRN events 
include tickborne neurotoxin, elapid envenom-
ation (e.g. cobra, mamba) and pharmaceutical- 
based agents.

 Antimicrobial Chemotherapy

An empirical approach to antimicrobial chemo-
therapy is to use broad-spectrum agents against a 
particular syndrome initially, whilst waiting for 
laboratory investigations to identify narrow- 
spectrum agents to which the causative agent is 
sensitive. Some epidemiological data will be 
required to know what the common causative 
organisms are and their antimicrobial sensitivity to 
establish appropriate initial treatment guidelines. 
An example in the UK is the National Institute for 
Clinical Excellence (NICE) published guidelines 
for common infections on their website [19].

Diagnosis as part of source identification and 
subsequent narrowing of antibiotic selection 
includes diagnostic imaging, near-patient testing 
or laboratory facilities. Testing may include:

• Microscopy
• Cultures and sensitivity
• Molecular biology, e.g. polymerase chain 

reaction (PCR).
• Serology, e.g. antibody testing.

 Sepsis and Abnormal Host Response 
to Infection

Sepsis is defined by consensus, most recently in 
2016 [20] where sepsis is considered to be a 
“life-threatening organ dysfunction caused by a 
dysregulated host response to infection” and sep-
tic shock “a subset of sepsis in which profound 
circulatory, cellular and metabolic abnormalities 
are associated with a greater risk of mortality 
than sepsis alone”.

The principles of managing sepsis include the 
six key interventions:

• Fluids
• Oxygen therapy as required
• Antibiotics
• Source identification
• Biochemical analysis (serum Haemoglobin 

and lactate in particular)
• Fluid balance measurement

In practice, this moves the clinical definition 
towards a more severe spectrum of disease than 
has been considered in previous consensus state-
ments. This highlights the importance of 
Sequential Organ Failure Assessment (SOFA) 
and identifying any significant change potentially 
due to sepsis as time progresses and infection has 
an opportunity to take hold.

 Radiological and Nuclear Incidents

Radiological hazards are those that may present 
a risk to patients, responders and hospital staff 
due to ionising radiation, including contamina-
tion and irradiation. This may also compromise 
trauma management due to contamination, con-
current trauma especially following an explo-
sive radiological disposal device (‘dirty bomb’) 
and, in rare occasions, high dose radiation expo-
sure and risk of acute radiation syndrome 
(ARS).

 Ionising Radiation
Three types of radiation are described, all caused 
by unstable nuclei disintegrating. They are:

• Alpha particles—two protons and two neu-
trons (helium nucleus) and carry a double 
positive charge. They can only travel a few 
centimetres in air and can be shielded by paper 
or the dead layer of skin. However, alpha par-
ticles are 20 times more damaging compared 
to beta and gamma radiation and therefore, a 
significant hazard if injected. Examples of 
alpha emitters include polonium-210, ura-
nium- 238 and americium-241.
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• Beta particles—these are electrons emitted 
from the nucleus. They can travel further than 
alpha particles but are less ionising. Damage 
may include ‘beta burns’ to the skin. Examples 
of beta emitters include hydrogen-3 (tritium), 
carbon-14 and strontium-90.

• Gamma (and X) rays—These types of ionis-
ing radiation are a form of high-energy elec-
tromagnetic (EM) radiation. They have no 
mass and behave like other forms of EM radi-
ation including visible light. Gamma rays are 
generated from the atomic nucleus while 
x-rays are usually lower energy and generate 
from the electron shells. Gamma (and X) rays 
may travel for millions of miles, are more dif-
ficult to shield and will penetrate the human 
body easily.

• Neutron particles—neutrons are a form of 
ionising radiation but are only associated with 
nuclear fission (splitting of the atom).

The hazard to a patient (and potentially medi-
cal staff) from ionising radiation includes:

• Irradiation due to energy transfer to biological 
tissue from direct exposure to ionising 
radiation.

• Contamination due to the deposition of radio-
active material which will continue to irradi-
ate local tissue. Contamination may be 
external, internal or in a wound.

 Nuclear Incidents
A nuclear incident involves the process of split-
ting the atom (fission) usually either as a con-
trolled process (power production) or nuclear 
weapon/detonation on its own or for nuclear 
weapons is more commonly combined with a 
nuclear fusion reaction.

The result of a nuclear incident including an 
explosion is the potential for contamination, 
blast, thermal and irradiated casualties, and a 
combination of all of the above. The combined 
effect of this will result in higher morbidity and 
mortality than otherwise expected, including 
psychological casualties.

The presence of radioiodine, a fission product 
of the nuclear process, carries a specific risk of 

thyroid cancer due to concentration in the thyroid 
gland. This can be mitigated by very early admin-
istration of stable iodine.

 Overview of the Management 
of Radiological Casualties
The management of radiation casualties includes:

• Primary survey and resuscitation (including 
some decontamination)

• Damage control surgery
• Full external decontamination including the 

oral and nasal cavities
• Assessment and management of any internal 

contamination (decorporation)
• Assessment and management of any signifi-

cant irradiation and potential radiation 
illness.

• Restorative surgery, following the return of 
bone marrow function

 Decontamination
The first stage of decontamination is the removal 
of clothing while preventing internalisation 
through the mouth and nose.

Further decontamination will depend on the 
urgency for damage control surgery and the 
physical properties of the contaminant. At the 
same time, consideration should be given to the 
estimation of absorbed dose and the presence of 
internal contamination. This is summarised in 
Fig.  41.5 and is based on an adaption of the 
casualty algorithm from the Radiation 
Emergency Assistance Centre/Training Site 
(REACT/TS) [21].

The principles behind radiological decontami-
nation are almost identical to the chemical casu-
alty, except with less urgency. The advantage to 
the rescuer is that radioactive contamination is 
readily identified with a handheld detector such 
as a Geiger-Muller tube. Once further decontami-
nation is appropriate; prioritise wounds, then ori-
fices then intact skin.

Using a baby wipe initially followed by fluid 
for irrigation will achieve a good effect. Draping 
around the area and being careful to direct and 
collect fluid run-off is critical, as this will be con-
taminated. All fluid, sheets etc. used in decon-
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tamination should be saved and sent for analysis 
as this may help identify unknown agents and 
estimate dose.

 Exposure and Dosimetry
The medical response to a patient who has been 
irradiated depends very much on the amount of 
ionising radiation they have been exposed to and 
whether this exposure is external or internal. In 
industrial accidents, the patient and their line 
management will likely have an intimate knowl-
edge of the material involved and be able to assist 
with dose estimation etc.

In most healthcare settings, health physicists 
work in radiology or oncology departments. They 
will be an excellent source of advice when 
attempting to estimate the dose of radiation expe-
rienced by a patient. Also, any country with a 
civil or military nuclear programme will have 
access to radiation medicine specialists. The 

means of accessing this advice will vary between 
countries, in the UK, for example, this is via the 
Toxbase™ service (www.toxbase.org).

Information that will assist them in giving 
appropriate advice:

• History—is the source material known? How 
far away was the patient from the source and 
for how long were they exposed to it?

• Examination—time to vomiting can provide 
a rough guide to the amount of absorbed dose, 
or any anti-emetic given. As a rule of thumb—
vomiting in <1  hour suggests an absorbed 
dose of 4–6 Gray (Gy), in <2 h a dose around 
3 Gy and between 8 and 10 h an absorbed dose 
of <1 Gy [21].

• Investigations—serial full blood counts and 
absolute and relative changes/ratios of leuko-
cytes and platelets every 6 h. Further specialist 
tests are available and advice should be sought.

Radiation incident
with or without trauma

(combined injury)

Document any
prodromal symptoms
and/or use medCM

T1 triage /
Life or limb
threatening

injury?

No

Yes

Perform Emergency
Medical Treatment

No

If contaminated,
remove clothing as soon as
Possible but avoid the casualty
inhaling any contamination

Yes

Unstable
or requiring

Damage Control
Surgery?

Perform Damage Control
Resuscitation & Surgery

in a Controlled area
(including wound
decontamination)

Once stable, reassess radiation
management priorities in

accordance with this pathway

Yes No
Other areas
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3. Intact skin2. Body oritfices1. Wound

Identify decontamination priorities
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Provide face mask &
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for radionuclide ID 

Yes

NoExternally
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Assess and estimate
any internal dose

Health Physics advice
recommended

This branch of the pathway may used used
while continuing with ARS assessment below

No No

No

No

No

Yes Yes

Yes

Yes

Yes

Internally
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Identify or confirm
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Consider possible
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as appropriate
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treatment?
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Life / limb saving

treatment
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patyway
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Primary surgery
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Prioritise for early 
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Follow up and treat
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- Full (completed) blood count (FBC(CBC)) with leucocyte 
   differential
- Serum amylase
- C-reactive protein
- Other serum biomarkers, where available
- Continue screening for internal contamination including 
   urinalysis & faeces

Fig. 41.5 Radiological considerations in mass casualty 
incidents (Taken from NATO AMedP-7.1 Medical 
Management of CBRN Casualties (Ref. [6] for this chap-

ter), and adapted from REAC/TS (Ref. [21] from this 
chapter)
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 Acute Radiation Syndrome (ARS)
Acute radiation syndrome describes the illnesses 
experienced in the first few hours to weeks of 
exposure to radiation.

It typically follows the pattern of a prodrome, 
latent period and then manifest illness.

ARS can be sub-divided into:

• Haematopoietic syndrome (ARS-H) (>1  Gy) 
occurs due to bone marrow suppression caus-
ing infection, neutropenic sepsis and 
coagulopathy.
Clinical signs can be expected over the first 
few weeks, and the duration of the latent 
period is shortened by increased initial dose.

• Gastrointestinal syndrome (ARS-G) (>6–8 Gy) 
characterised by gut failure leading to fluid 
loss, hypovolaemia, malabsorption, transloca-
tion of bacteria and GI bleeding. An associ-
ated ARS-H compounds these effects and 
increases the risk of fatal infection and 
bleeding.

• Neurovascular syndrome (ARS-N) (>20  Gy) 
this has a particularly poor prognosis and is 
characterised by very early (within minutes) 
vomiting and nausea followed by a brief 
period of improvement before deterioration 
towards coma, hypotension and loss of 
homeostasis.

 Treatment of Acute Radiation 
Syndrome
• Supportive care, including anti-emetics 

(ondansetron or granisetron), fluid  replacement 
and continuing hydration until early enteral 
feeding is started.

• Blood therapy, including platelets early on 
and later packed red cells.

• Prophylactic antimicrobials including antibi-
otics, antivirals and antifungals.

• Stimulation therapy using cytokines to stimu-
late bone marrow recovery.

With effective treatment, the median lethal 
dose for 50% of an exposed population at 60 days 
(LD50/60) can be increased from 3.5–4  Gy to 
5–6 Gy. With intensive care and cytokine therapy, 
this can be further increased to 6–8 Gy.

In the case of combined trauma, the threshold 
for cytokine therapy may be lowered. This is dif-
ferent in mass casualty events, which are dis-
cussed in the algorithm at reference 21.

 Localised Radiation Injury
This is due to local damage, usually with the 
preservation of some bone marrow even with 
relatively high doses. With increasing doses, 
one may see local erythema, hyperpigmenta-
tion, dry leading to moist desquamation and 
ulceration.

The surgical consideration of the potential 
damage should take into account the absorbed 
dose, different tissue sensitivities and their dis-
tance from the source. E.g. external irradiation to 
the pelvis may have a significant effect on pelvic 
organs while the pelvic wall itself may be rela-
tively intact.

Treatment is focussed on ensuring adequate 
tissue oxygenation, and imaging to assess perfu-
sion may be of assistance in the long-term man-
agement of these injuries.

 Timing of Surgery
The principles of damage control resuscitation 
and surgery still apply in general. ARS and the 
presence of contamination may mean that defini-
tive surgery needs to be considered earlier than in 
the non-irradiated patient. This window of 
 opportunity for further surgery during the latent 
phase of illness occurs before immunosuppres-
sion and coagulopathy are present. The duration 
of this window depends on the size of the initial 
radiation dose.

During the manifest illness stage of ARS, sur-
gery may have to be deferred until recovery, 
when the chance of healing and recovery is 
optimal.

Learning Objective
Where to go next

When caring for a patient, clinical advice 
exists at three levels:

 1. Within the hospital
• Microbiology/Infectious Diseases
• Intensive Care Medicine
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 2. Local/Regional
• Radiation physics
• Haematology/Oncology
• Local/Regional Health Protection teams
• Toxicology

 3. National
• National Poisons Centres or Information 

Services
• Centres of Excellence for Radiation 

Medicine
• National Public Health/Centres for 

Communicable Disease Control

 Summary

It is unlikely that many clinicians will encounter 
a CBRN incident; however, the risk exists, and 
many of the standard treatment options from gen-
eral clinical practice apply.

In the context of trauma, clinical care priori-
ties follow familiar paradigms—control bleeding 
and support normal physiology with surgical and 
intensive care techniques. The additional consid-
eration is that injuries may be compounded by 
exposure to unfamiliar substances that require 
unfamiliar treatments, such as antidotes.

Early consideration and therefore, recognition 
allows patients to receive optimal care immedi-
ately in the emergency phase, but also later from 
a wider multi-disciplinary team in the definitive 
care and rehabilitation phases.

Questions
 1. On recognising a CBRN incident, the ‘6 Cs’ 

are:
 (a) Confirm, Cordon, Control, Clear, Commu-

nicate, Collapse
 (b) Confirm, Clear, Cordon, Control, Commu-

nicate, Contain
 (c) Control, Clear, Cordon, Communicate, 

Clean, Contain

 2. The following are all examples of biological 
syndromes

 (a) Neurological, Respiratory, Cutaneous
 (b) Respiratory, Gastrointestinal, Haemor-

rhage

 (c) Cutaneous, Radiation, Neurological

 3. You see a 40  year-old male who has been 
involved in an incident at a pharmaceutical 
production plant.

His MABCDE assessment demonstrates:
M: No signs of massive haemorrhage.
A: He is maintaining his own airway with 

no increased secretions.
B: No signs of chest wall injury with a 

respiratory rate of 34 and oxygen saturations 
of 88% on 15 L/min high flow oxygen.

C: His heart rate is 110 with a palpable 
radial pulse.

D: He is agitated with normal pupils.
E: He is cyanosed and has no signs of 

external injury.
The most likely cause for his signs and 

symptoms is:

 (a) A vesicant
 (b) A pulmonary agent
 (c) Methaemoglobinaemia
 (d) Atropine

 4. The following are all features of the ‘CRESS’ 
assessment

 (a) Consciousness, Radiation signs, Skin
 (b) Respirations, Eyes, Syndromes (biologi-

cal)
 (c) Consciousness, Skin, Eyes

 5. A 23  year-old fire fighter is brought to the 
Emergency department having responded to a 
fire at a garage ‘lock up’, wearing standard 
fire service breathing apparatus and PPE. She 
found 2 dead males on scene with no external 
signs of injury, who themselves were wearing 
basic PPE.  Whilst disrobing she came into 
contact with a liquid and has become increas-
ingly unwell. Her initial MABCDE assess-
ment shows:

M: No massive haemorrhage.
A: Requiring jaw thrust to maintain airway. 

No added sounds or secretions.
B: Respiratory rate of 8. Oxygen satura-

tions 92% on 15 L/min high flow oxygen.
C: Her heart rate is 50. Her blood pressure 

is 76/ 42.
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D: She is unconscious. Her pupils are size 
2 and responsive.

E: She is fully exposed and her skin is nor-
mal. She is noted to have sporadic jerking of 
her limbs.

The most likely cause of her signs and 
symptoms is:

 (a) A nerve agent
 (b) Smoke inhalation
 (c) Cyanide
 (d) A synthetic opioid

Answers
 1. b
 2. a
 3. c
 4. c
 5. d
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Decompression Illness and Diving 
Medicine

Alice Roberts and Chris Press

 Introduction

The Professional Association of Diving Instructors 
(PADI) is the world’s most popular diving teaching 
organisation and has provided approximately 27 
million people with certificates around the world 
[1], equating to approximately 500,000 certificates 
per year [2]. As the popularity and accessibility of 
recreational scuba diving continues to increase, it is 

becoming increasingly relevant to understand the 
fundamentals of dive medicine as the sport is still 
associated with significant health risks. Unlike pre-
vious years where the Divers Alert Network (DAN) 
has reported a decline in diving fatalities, in 2016, 
DAN was notified of 169 diving fatalities world-
wide. This was 33% higher than the previous year 
[3]. Furthermore, in 2018, the British Sub Aqua 
Club documented 215 diving accidents. The most 
common accident was injury followed by decom-
pression illness (DCI) [4]. This chapter covers the 
basic principles of diving physiology, the 
 pathophysiology and acute management of 
 life- threatening diving accidents, including decom-
pression illness and drowning. The recommenda-
tions for hyperbaric chamber use are discussed in 
detail in addition to hospital care and rehabilitation. 
Overall, this chapter aims to provide healthcare 
workers with the knowledge needed to be confident 
and useful when faced with a patient who has been 
involved in a diving accident.

 What Are the Different Types 
of Diving?

There are three main types of diving: “bounce” 
diving, breath-hold or “free diving” and satura-
tion diving. The various diving methods are 
designed for different purposes with the majority 
of recreational and occupational divers engaging 
in bounce or breath-hold diving. The expense and 
logistical challenges associated with saturation 
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diving mean that it is more often reserved for div-
ers working within the oil industry [5].

As it sounds, breath-hold diving involves div-
ing without breathing apparatus and dates back to 
when Neanderthals would use breath-hold diving 
to hunt for food. Nowadays, breath-hold diving 
continues to be used to gather seafood and has 
also emerged as a competitive sport [6].

“Bounce diving” is when a diver descends and 
then “bounces” back up to the surface in a single 
short episode. The invention of the self-contained 
underwater breathing apparatus (SCUBA) is 
responsible for the rise in recreational bounce div-
ing popularity. When diving using SCUBA, the 
diver breathes via a mouthpiece which is attached 
to a highly-pressurised gas cylinder by a hose [5]. 
Similar to a tap, a two-stage valve system controls 
the flow of breathing gases. The valve opens on 
inspiration, allowing gas to flow to the mouthpiece. 
Once the negative pressure associated with inspira-
tion ceases at end inspiration, gas flow is termi-
nated [6]. The diver inhales and exhales gases at 
ambient pressure which vary by only a few centi-
metres of water. The design varies according to its 
purpose with occupational divers having more 
complex apparatus known as surface-supply 
breathing apparatus (SSBA) which receives gas 
from the surface [5]. Rebreathers are systems 
which recirculate exhaled gas via a carbon dioxide 
absorption system. They are increasing in popular-
ity among recreational divers, and confer several 
advantages, but they are technically more compli-
cated and increase the risks of carbon dioxide or 
oxygen toxicity over open circuit SCUBA [7].

Saturation diving is when divers spend a more 
extended period underwater at great depths, often 
contained in a pressure chamber found on a diving 
support vessel (DSV) or an oil platform. Saturation 
divers often work in the oil or gas industry and as a 
team descend to great depths via a “diving bell” to 
work on the infrastructure necessary to maintain 
underwater oil or gas reserves. The team is gradu-
ally brought back to the surface over several days to 
minimise the risk of decompression illness [6].

 How Does a Diver’s Physiology 
Change Whilst Underwater?

Whilst underwater, a diver’s physiology adapts to 
a hyperbaric environment. In particular, respira-

tory and cardiovascular systems undergo signifi-
cant changes.

 Respiratory Adaptations Whilst 
Diving

Inspiration is dependent on overcoming two 
forces; firstly, the elastic forces that prevent the 
chest from expanding and secondly, the frictional 
resistance caused by air flowing through the 
respiratory tract. Whilst underwater, ventilation 
is more difficult as there is higher resistance to 
airflow, and the air within the respiratory tract 
becomes denser with increasing depth. As the 
respiratory rate rises, a greater amount of work is 
needed to overcome these forces as the airflow 
becomes increasingly turbulent and stimulates 
more friction throughout the lungs [6]. 
Additionally, at depth the molecules breathed in 
are denser, which further increases resistance to 
flow. The density of the air molecules is directly 
proportional to depth. Increased gas density 
causes more frictional resistance throughout the 
airway, for example at 30 m, resistance to airflow 
is double that at the surface. Hence, it was found 
that at 30 m, the maximum volume of air inspired 
and expired in a given period (known as the max-
imum breathing capacity) is half the volume 
breathed at the surface [8].

There is a risk of hypercapnia can as the rate 
of gas exchange is unable to meet the demands 
caused by the increased work of breathing. This 
is worsened by restrictive scuba diving equip-
ment that increases the amount of dead space in 
the lungs, where certain alveoli are perfused but 
not ventilated, allowing the blood to accumulate 
carbon dioxide [8].

 Cardiovascular Adaptations Whilst 
Diving

When immersed in water, the higher ambient 
pressure causes the peripheral circulation to be 
compressed, causing an increase in central blood 
volume around the heart, head and neck. The 
increase in blood volume is detected by barore-
ceptors located in the aortic arch and carotid 
sinus. To maintain homeostasis, the pituitary 
gland inhibits the release of anti-diuretic hor-
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mone (ADH) causing an “immersion diuresis”. 
This explains why many divers often experience 
the urge to urinate whilst underwater. If this 
response is excessive, divers can become dehy-
drated. To avoid this issue, some divers deliber-
ately restrict their fluid intake before diving, 
exacerbating dehydration [7].

Rarely, divers can experience “immersion 
induced pulmonary oedema”. The pathophysiol-
ogy of this process is not fully understood, but 
some cases are related to the heart’s inability to 
adapt to the increase in preload caused by immer-
sion and peripheral vasoconstriction in cold 
water. Additionally, peripheral vasoconstriction 
increases systemic vascular resistance which 
makes it harder for the heart to pump blood effi-
ciently. In most healthy divers, these challenges 
are normally overcome; however, for patients 
with pre-existing heart disease such as hyperten-
sion, coronary artery disease and valvular prob-
lems, the heart can become inefficient and 
pulmonary oedema can occur. This can cause 
symptoms of hypoxia and characteristically pink 
frothy sputum, which tend to resolve quickly 
once the diver is removed from the water and 
given oxygen [8].

The diving reflex is stimulated when a mam-
mal dives underwater. Specifically, the reflex is 
triggered when a mammal holds their breath, and 
the face is immersed in cold water. The trigemi-
nal parasympathetic nerve is activated, which 
causes bradycardia and peripheral vasoconstric-
tion. This redistributes blood towards the brain 
and heart and away from organs not essential for 
immediate survival, such as the skin and kidneys. 
Although the reflex is more profound in diving 
mammals such as seals and whales, reflex brady-
cardia has been demonstrated in breath-hold div-
ers with heart rates been shown to decrease up to 
50% upon immersion. The overall effect of the 
diving reflex is that the myocardial oxygen 
demand is reduced. This helps to optimise cardio-
vascular function in diving mammals swimming 
in hyperbaric conditions. However, research has 
not yet proven this effect in diving humans. 
Significantly, the parasympathetic response asso-
ciated with cold water immersion has triggered 
several deaths in elderly humans with pre- 
existing cardiac disease [8].

 Gas Mixtures and Diving

Whilst underwater, divers using breathing appa-
ratus can breathe a range of gas mixtures via a 
system of demand valves and pressure regulators. 
These gases are contained in highly pressurised 
cylinders and are delivered at ambient pressure. 
Alternative gas mixtures include enriched air 
(“nitrox”) which contains nitrogen and a higher 
oxygen concentration than air. Heliox contains 
helium and oxygen, and trimix contains oxygen, 
helium and nitrogen. Diving with pure oxygen is 
also possible for several hours. Many diving acci-
dents are associated with the absorption or elimi-
nation of inhaled inert gases [8].

For example, under hyperbaric conditions, 
pure oxygen is toxic; hence it is usually delivered 
in a mixture of gases. Oxygen toxicity is dose- 
dependent with long term use of pure oxygen 
whilst diving can cause pulmonary oxygen toxic-
ity. Exposure to an oxygen partial pressure 
greater than 1.6 atmospheres (equivalent to 
>70 m of sea water (MSW) breathing air or six 
MSW breathing 100% oxygen) can cause acute 
CNS toxicity. The signs and symptoms of this are 
non-specific and vary according to the region 
affected; however, loss of consciousness and 
tonic-clonic seizures are common. The mne-
monic VENTIDC (Fig.  42.1) can be useful to 
remember the clinical features of acute oxygen 
toxicity. The removal of oxygen will terminate 
seizures, but drowning is likely to occur in divers 
who lose consciousness and are not quickly res-
cued [5].

Nitrogen results in narcosis when breathed in 
under hyperbaric conditions. This results in feel-
ings of euphoria, intoxication and CNS dysfunc-
tion. The onset of nitrogen narcosis is gradual 
and can cause poor judgment, illogical and over- 
confident behaviour and impaired risk assess-
ment. The severity of narcosis increases with the 
partial pressure of nitrogen. For example, expo-
sure to 4 to 6 atmospheres can cause overconfi-
dence and mathematical errors, and exposure to 
more than 10 atmospheres can result in halluci-
nations, loss of consciousness and death. It is 
believed that the risks associated with nitrogen 
narcosis are underestimated, and an Australian 
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database showed that nitrogen narcosis contrib-
uted towards 9% of diving-related deaths [5].

Helium is used for deep diving as it does not 
result in narcosis. However, under 120 m divers 
are at risk of “high-pressure neurological syn-
drome” (HPNS) and develop features of neuro-
logical hyper-excitability such as tremor, 
myoclonic jerks and irritable behaviour. It is 
believed that the effects of high pressure on the 
neurotransmitters and synapses result in HPNS 
and that its effects are reversed when the diver 
reaches normal atmospheric pressure. The use 
of trimix can help minimise HPNS and maxi-
mise divers’ ability to explore extreme depths 
[5].

Additionally, contaminants such as carbon 
monoxide and low molecular weight volatile 
hydrocarbon contamination have been suggested 
as potential causes of underwater “incapacitation 
and post-dive malaise” [5].

Most importantly, decompression illness is 
caused primarily by the ineffective elimination of 
dissolved nitrogen. Therefore, it is essential to 
understand how nitrogen is absorbed and elimi-
nated to appreciate why things can go wrong [8].

 Nitrogen Absorption

Whilst underwater, a diver is exposed to a hyper-
baric environment. As the ambient pressure 
increases with depth, the partial pressure of 
inhaled gases also increases. This can be concep-
tualised by imagining each breath containing 
more gas molecules while occupying the same 
volume. For example, at 10  m, divers are sub-
jected to 2 atm of pressure compared to 1 atm at 
sea level. As a result, at 10 m, the partial pressure 
of nitrogen is 1.6 atm compared to 0.75 atm at sea 
level. Unlike at sea level, when the body is in a 
state of equilibrium, at depth, nitrogen diffuses 
across the alveolar membrane and into the blood 
from an area of high tension to low tension. 
According to Henry’s Law, “The amount of gas 
that will dissolve into a liquid is proportional to 
the partial pressure of the gas above the liquid”. 
As the ambient pressure increases, more gas mol-
ecules are available to dissolve into a liquid. 
Therefore, when the ambient pressure doubles at 
10 m deep, twice the volume of gas can dissolve 
into the blood. The deeper the dive, the more 
nitrogen molecules dissolve into the blood. 
*black book*

Once absorbed into the bloodstream, nitrogen- 
rich blood travels around the body and diffuses 
into unsaturated tissues down the pressure gradi-
ent. If a diver remained at a specific depth, this 
would continue until a state of equilibrium was 
reached, and all body tissues were equally satu-
rated with nitrogen. At this stage, no further dif-
fusion can occur, and the body is described to be 
in a state of saturation [8].

Fig. 42.1 Clinical features of oxygen toxicity (courtesy 
of Shearwater research/Barbara Shykoff)
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 Factors Influencing the Absorption 
of Nitrogen

Various bodily tissues absorb nitrogen (and other 
inert gases) at different rates. The rate of absorp-
tion depends on the tissue’s blood supply and the 
solubility of nitrogen in that particular tissue. 
This means that different tissues take various 
amounts of time to reach a stage of saturation, 
where the maximum amount of nitrogen has been 
absorbed.

Nitrogen is far more soluble in fat than water; 
therefore, tissues with high fat content can absorb 
greater volumes of nitrogen compared to tissues 
containing minimal fat. Subsequently, tissues 
such as fat and cartilage will take longer to reach 
saturation point as they can absorb high quanti-
ties of nitrogen.

As previously mentioned, the rate of absorp-
tion is also dependent on the tissue’s blood sup-
ply; hence highly vascular tissues such as the 
brain, heart and kidneys will receive nitrogen 
faster than poorly perfused tissues.

Overall, highly vascular tissues with a low fat 
content saturate quickly and are referred to as 
“fast tissues”. In contrast, “slow tissues” are 
poorly perfused, contain a high fat content and 
therefore take a long time to reach saturation. As 
most recreational dives tend to be characterised 
by their short “bottom time”, divers’ slow tissues 
will never reach saturation [8]. *black book*

In addition to fast and slow tissue types, exer-
cise and temperature also influence the rate of 
nitrogen absorption. Exercise is a risk factor for 
decompression illness as it increases cardiac out-
put and the rate of nitrogen diffusion from the 
blood and into the tissues. This explains why div-
ers are encouraged to minimise effort whilst 
underwater. Conversely, cold temperatures trig-
ger vasoconstriction, which reduces the rate of 
diffusion. However, if a diver becomes progres-
sively colder throughout the dive, their vascula-
ture shifts from vasodilation to vasoconstriction. 
This will limit the amount of nitrogen that can be 
eliminated during decompression and also 
increasing the risk of decompression illness [8].

It is important to note that although divers 
absorb more nitrogen during deep dives, the vari-

ous tissue saturation times remain constant at dif-
ferent depths. For example, if a tissue becomes 
saturated after 30 min at 1 atm, it will also satu-
rate after 30 min at 2 atm, despite the volume of 
inhaled nitrogen doubling [8].

 Nitrogen Elimination

As a diver ascends, the process occurs in reverse. 
When approaching the surface, the ambient 
pressure declines, causing the partial pressure of 
nitrogen to decrease. The drop in surrounding 
pressure encourages nitrogen to diffuse from 
nitrogen-rich tissues back into the bloodstream. 
Similarly to absorption, fast tissues eliminate 
nitrogen quicker than slow tissues. Nitrogen-
rich blood in the lung’s capillary network dif-
fuses down the pressure gradient and across the 
alveolar membrane to be exhaled. This process 
continues to occur whilst ascending until all tis-
sues are devoid of nitrogen. Dive computers can 
help plan a gradual ascent that allows sufficient 
time for the majority of absorbed nitrogen to be 
eliminated in this way. The ascent is deliber-
ately gradual to avoid supersaturation, a high-
risk state that can trigger DCI and is described 
in more detail below.

 Bubble Formation

During ascent, harmful bubbles can form as the 
body attempts to eliminate nitrogen. The forma-
tion of bubbles is believed to occur when certain 
tissues reach a state called “supersaturation”. As 
with nitrogen absorption, different tissues take 
varying amounts of time to eliminate gas, depend-
ing on whether they are a fast or slow tissue. 
During ascent, the partial pressure of nitrogen 
decreases as the ambient pressure drops and 
nitrogen is removed from the blood and tissues. 
However, the decline in ambient pressure occurs 
at a faster rate than the rate that certain tissues 
can eliminate nitrogen. Hence, at certain points 
during ascent, the partial pressure of the gas in 
tissues will exceed ambient pressure; this 
describes a state called “supersaturation” [8].
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Although supersaturation encourages nitrogen 
elimination by creating a steep diffusion gradi-
ent, it promotes the formation of bubbles. After 
every dive, a certain number of bubbles are inevi-
table; however, if an excessive quantity are cre-
ated (for example, during a rapid ascent), 
decompression illness can occur, which can be 
life-threatening (Fig.  42.2). To help prevent 
 bubble formation and DCI, dive computers rec-
ommend maximum depths, bottom time and 
ascent rate. Meticulously following the advice 
from a dive computer will not eliminate the risk 
of bubble formation, but will help reduce the 
likelihood of harmful symptoms. If DCI is sus-
pected, it is essential to note that Doppler ultra-
sound only detects bubbles present in the 
circulation and not in the tissues. Users must be 
aware that this tool may underestimate the extent 
of bubble formation after diving [8].

During recreational diving, certain types of 
tissue are more likely to form bubbles than oth-
ers. If ascending at a safe rate, very fast tissues 
such as the brain and heart are unlikely to be the 
source of any bubbles. This is because fast tissues 
rapidly absorb and eliminate nitrogen before 
bubbles have time to form. Similarly, very slow 

tissues such as tendons and lipid stores are 
unlikely to be associated with bubble formation 
as their poor blood supply limits the amount of 
nitrogen they can absorb and use to develop bub-
bles. However, slow tissues become increasingly 
affected as the length of dive increases and the 
tissue is given adequate time to become saturated 
with nitrogen. Above all, bubbles are most likely 
to form from medium-fast tissues such white 
matter in the spinal cord. This can occur during 
short dives, as these tissues absorb nitrogen rea-
sonably quickly. However, the ascent rate may 
not allow enough time for the gas to diffuse into 
the blood [8].

 Decompression Illness

 Definitions

Before launching into the subject, it is essential 
to define several terms commonly used when 
describing decompression illness. Firstly decom-
pression illness (DCI) is defined as a disorder 
caused by bubbles forming in blood or tissues, or 
being introduced into or in the blood. The 
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Fig. 42.2 Gas bubble formation and the likelihood of symptoms (from Rusoke-Dierich [7])
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umbrella term “decompression illness” is used 
when the mechanism of bubble formation is 
unknown or not relevant. If known and relevant, 
the mechanism of bubble formation can be used 
to describe the two types of DCI which are dis-
cussed separately in this chapter. Firstly, the con-
fusingly similar term “decompression sickness” 
(DCS) is used when excessive nitrogen in the 
veins has caused bubble formation. Secondly, 
cerebral arterial gas embolism (CAGE) occurs in 
divers who experience pulmonary barotrauma 
causing arterial bubble formation. Note that DCS 
and CAGE are used when the specific mecha-
nism of damage is known and relevant to the dis-
cussion [8].

 Decompression Sickness

DCS or “the bends” occurs when a diver ascends, 
nitrogen comes out of solution and forms bubbles 
in the venous system. The presentation, natural 
history and severity of decompression sickness is 
highly variable and depends on the location of 
gas bubble formation.

In the acute situation, bubbles cause direct 
damage by obstructing venous return, occluding 
arteries and/or causing endothelial damage. 
Secondly, in severe cases of DCS, the activation 
of the inflammatory response can cause delayed 
damage [7]. This is mediated by the activation of 
the platelets, complement, leucocytes and the 
clotting cascade. Those affected typically present 
with flu-like symptoms, such as fatigue and mal-
aise, up to 72 h after resurfacing.

The spinal cord is vulnerable to the acute and 
latent effects of DCS. As previously mentioned, 
the spinal cord’s white matter is a medium-fast 
tissue which is at higher risk of bubble formation 
during ascent. Additionally, a serious conse-
quence of inflammatory activation is “venous 
infarction” of the spinal cord when activation of 
the clotting cascade impairs venous drainage [8].

Usually, the lungs act as an effective filter for 
venous bubbles; however, if the lung capillary fil-
ter becomes overwhelmed, pulmonary DCS or 
“the chokes” can develop [9]. Pulmonary DCS is 

characterised by shortness of breath, cough and 
chest pain shortly after resurfacing from a dive. 
These symptoms suggest severe DCS and indi-
cate that bubbles are likely to be present else-
where. It is essential to treat these patients 
urgently to prevent further damage, for example 
in the spinal cord [8].

Due to the expansion of gases during ascent 
(in addition to the dissolved nitrogen in the 
blood), air-filled cavities of the body—ears and 
sinuses in particular—must be able to equalise 
the pressure with the environment and allow air 
to escape. In conditions such as ear infections or 
sinusitis, this may not be possible at all or be 
impeded, causing severe pain. These have been 
termed “squeezes”, and can occur in spaces that 
are usually air-filled, or have an abnormal collec-
tion of gas (e.g. teeth with caries or infection) 
[10]. Any acute condition which predisposes div-
ers to these effects means that they should not 
enter the water in the first instance. The expan-
sion of gases also means that Entonox should not 
be given to anyone who has been diving within 
the previous 24 h. Nitrous oxide can diffuse into 
bubbles of nitrogen or air-filled cavities and 
increase their size. This may cause either vascu-
lar compromise, or in the case of a patient with 
sinus pain following a dive, may paradoxically 
increase pain by increasing the pressure in the 
cavity.

 Cerebral Arterial Gas Embolism

CAGE is a type of DCI that occurs when nitrogen 
bubbles enter the arterial system and cause cere-
bral ischaemia. For completeness, it is important 
to note that arterial gas emboli can also affect the 
musculoskeletal system and the skin. If present in 
the joint capsule, tendons or ligaments, divers 
can complain of painful “achy joints,” typically 
affecting the shoulders, hips, elbows and knees. 
Bubbles that form in the skin commonly manifest 
as an erythematous and itchy rash. Less fre-
quently, the skin can look blue or violet with a 
mottled appearance, supposedly caused by bub-
bles in the skin’s blood vessels (Fig.  42.3). 
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Although these presentations are important as 
they indicate the presence of harmful circulating 
bubbles, their consequences are less severe than 
neurological DCI.

 Presentation of CAGE

In an upright diver, the location of the brain cou-
pled with its rich blood supply makes it particu-
larly vulnerable to the presence of arterial 
bubbles. Although certain tissues can withstand a 
limited quantity of bubbles, the capillaries in the 
brain and spinal cord are not included in this cat-
egory and bubbles can be life-threatening [6–8].

Divers with CAGE tend to present within min-
utes after surfacing from with signs and symp-
toms similar to a stroke. These signs include the 
immediate loss of consciousness, uncoordinated 
movements, visual and speech disturbance, cog-
nitive impairment, muscle weakness and sensory 
changes, which can be ipsilateral or bilateral [8].

A proportion of affected patients may sponta-
neously recover, as the arterial bubble(s) respon-
sible for causing symptoms pass through the 
cerebral circulation, and blood flow is restored. 
However, despite their apparent recovery, these 
patients remain at high risk for future events as 
other arterial bubbles are likely to be present. 
Additionally, the original bubble may have 
caused significant damage to previously con-
tacted arteries. Therefore, any patient who has a 
history suggesting neurological DCS should be 
given 100% oxygen and transferred to a hyper-
baric chamber, regardless of their current state. 
Patients should be placed in a supine position, to 
minimise the risk of bubbles ascending towards 
the brain [8].

The spinal cord has a poorer blood supply 
than the brain, and therefore gas bubbles are less 
likely to be eliminated via the circulation. Two 
main theories explain spinal cord damage in 
DCI—venous infarction following DCS and arte-
rial gas embolism. The “arterial embolism” 
hypothesis suggests that gas bubbles form in spi-
nal arteries and cause damage by obstructing 
blood flow and applying direct pressure on sur-
rounding nerves. This hypothesis provides a 
mechanism for spinal DCI in patients with a pat-
ent foramen ovale, approximately 25% of the 
population [12]. Patients affected with spinal 
DCI frequently present with a varying degree of 
sphincter dysfunction, limb weakness and sen-
sory changes, depending on which part of the 
spine is affected. If the cervical spinal cord is 
involved, the nerve supply to the diaphragm can 
be compromised, and this can cause life- 
threatening breathing problems [8].

 Causes of CAGE

CAGE occurs in the setting of pulmonary baro-
trauma, divers with a patent foramen ovale (PFO) 
or arteriovenous malformation, and when the 
lung capillary filter becomes ineffective at remov-
ing bubbles [4].

One of the first learning points taught to new 
divers is to “never hold your breath” whilst div-
ing. Diving used breathing apparatus does not 

Fig. 42.3 Cutaneous manifestation of DCI (otherwise 
called livedo reticularis or cutis marmorata). From Vann 
et al [11]
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cause drastic changes in lung volume during 
descent; however, the expansion of compressed 
gases can trigger problems during ascent. As 
the diver ascends, time must be given for the 
expanded gases to escape the pulmonary sys-
tem to avoid high trans-pulmonary pressures 
and the rupture of blood vessels and alveoli. 
Released gas can enter the pleural cavity, medi-
astinum, pericardium and pulmonary veins 
which can cause pneumothoraces, subcutane-
ous and retroperitoneal emphysema, pneumo-
pericardium and arterial gas emboli respectively. 
This is known as pulmonary barotrauma and 
can cause air to enter the arterial system via the 
left side of the heart [5, 11].

However, pulmonary barotrauma is not the 
only cause of arterial gas emboli. Divers with a 
PFO provide venous gas bubbles with a direct 
route into the arterial system. Usually, the lung 
capillary filter can effectively filter out gas bub-
bles that can then diffuse into the alveoli to be 
exhaled (Fig. 42.4). However, a PFO allows bub-
bles to bypass the lungs and enter the arterial sys-
tem directly via the right atrium [7].

Research strongly supports PFOs as a leading 
cause of DCI and in particular, the severe neuro-
logical form of DCI. One study found that out of 
91 patients evaluated for DCI, 39 were found to 
have a PFO. Of the 64 patients in this study who 
had more severe neurological symptoms, 32 of 
them had a PFO [13]. The prevalence rate of 50% 
of patients in the severe group is double that of 
the background population. To help prevent DCI, 
it has been suggested that divers should be 
screened for PFOs, given the high population 
prevalence. A British study found that 24% 
(15/63) of divers with no history of DCI had a 
PFO that they were unaware of, but in divers who 
had neurological symptoms attributed to DCI, the 
rate of PFO was higher [14]. The counter- 
argument is that the rate of severe neurological 
DCI is uncommon and usually caused by large 
PFOs; therefore, screening may unnecessarily 
restrict the number of people deemed medically 
fit to dive. A Swiss study found that in 230 expe-
rienced scuba divers, the overall rate of DCI was 
5 cases per 10,000 dives. However, while the 
prevalence of PFO was close to that of the back-
ground population (27 vs 25%), the rate of DCI 

was five times higher in divers with a PFO than 
those without even when following recom-
mended dive tables [15]. The decision to refer 
divers for screening for a PFO is best discussed in 
an article by Sykes and Clark [16], and sumarised 
in Fig. 42.5, below.

PFO’s can be closed via a straightforward pro-
cedure, or divers may elect to dive using more 
conservative dive profiles safely, however this 
latter option may not be possible for commercial 
divers [17, 18].

 Preventing DCI

The use of dive computers, widely accessible 
dive tables and software have helped prevent 
decompression sickness for the majority of div-
ers, with only 1:5000 divers experiencing signs 
and symptoms. However, it is well recognised 
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Fig. 42.4 Mechanism of barotrauma on ascent (from 
Vann et al [11])
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that certain individuals with specific risk factors 
will be more susceptible to decompression 
 sickness and may experience illness despite fol-
lowing the correct precautions. Obesity, tired-
ness, cold temperatures, dehydration and 
suffering illness at the time of diving are factors 
that have been shown to increase the risk of 
decompression sickness. Apart from modifying 
known risk factors, recent research has explored 
whether regular divers can develop tolerance and 
the role of intense exercise pre-dive to “pre- 
condition” the body [19].

 Management of DCI

The definitive treatment for DCI involves recom-
pression in a hyperbaric chamber and inhalation 
of 100% oxygen. Intravenous fluids may be ben-
eficial, and research has also highlighted the 
advantages of adjunctive medications. An urgent 

referral to a hyperbaric unit should be made in 
any patient who is suspected of having DCI. All 
units have 24 h contact numbers that can be found 
on the Divers Alert Network website or by dial-
ling 999 and asking for the coastguard.

Recompression resolves DCI by reducing the 
size of gas bubbles. This improves symptoms by 
decreasing the amount of tissue hypoxia caused 
by bubble obstruction, stops structures being 
compressed by large bubbles and increases the 
likelihood of bubbles bursting. Symptoms usu-
ally improve quickly when re-pressurised, and 
this can be termed a “trial of pressure”. There are 
various categories of recompression chambers 
depending on the facilities that are available in 
the chamber itself and the immediate vicinity. 
Category 1 chambers can provide advanced life 
support whilst re-compressing patients [20].

For this reason, patients with acute DCI who 
require repressurisation should, where possible, 
be taken to a Category 1 chamber. However, 

Fig. 42.5 When to refer 
for PFO investigation 
(from Sykes and Clark 
[16])
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some areas (e.g. oil rigs) may have temporary 
level 2 or 3 chambers available for emergency 
recompression given the transfer distances to 
Category 1 chambers. Category 4 chambers can 
only accept patients who are unlikely to require 
any other medical treatment during repressurisa-
tion, and such patients are usually having hyper-
baric oxygen therapy for indications unrelated to 
diving or decompression illness.

Various schedules can be used for recompres-
sion [21] with the majority following a similar 
pattern; rapid recompression at a given pressure 
followed by a more extended period of milder, 
graded recompression. During recompression, 
the diver inhales oxygen but will be given spe-
cific “air breaks.” For the majority of divers, one 
to three treatments are required until symptoms 
resolve [8]. Hyperbaric chambers and recom-
pression will be discussed in more detail later on 
in this chapter. In-water recompression, the prac-
tice of returning a patient underwater instead of 
transferring them to a hyperbaric chamber, is 
sometimes discussed as a potential treatment 
option. This is a dangerous approach with a myr-
iad of risks associated with managing a sick 
patient underwater. The traditional teaching has 
always been that it should never be attempted, but 
in particularly remote settings it may sometimes 
be the only option open to medical teams, who 
should plan and prepare for the eventuality to 
minimise the grave risks involved [22].

Administering 100% oxygen is useful for sev-
eral reasons; hypoxic tissues receive oxygen, the 
inflammatory response is attenuated, but most 
importantly 100% oxygen helps to eliminate cir-
culating nitrogen as it diffuses down the created 
steep pressure gradient and into the alveoli to be 
exhaled. An example can help demonstrate how 
the pressure gradient is formed. At sea level, a 
diver with DCI will contain bubbles which have 
the same pressure as the surrounding atmosphere. 
The partial pressure of nitrogen in the alveoli is 
lower than ambient pressure as the alveoli con-
tain other gases such as water vapour and carbon 
dioxide. Therefore, without additional oxygen, 
nitrogen will slowly diffuse out into the alveoli 
across a small pressure gradient. By inhaling 
100% oxygen partial pressure of nitrogen is fur-

ther reduced, which increases the rate of nitrogen 
diffusion from the blood into the alveoli. The 
hyperbaric conditions of a chamber enhance this 
effect [6]. Modern emergency and critical care 
medicine are, appropriately, moving away from 
high concentration oxygen for all unwell patients. 
Still, this acceleration of nitrogen “wash-out” 
means it is crucial that diving casualties continue 
to be treated with 100% oxygen as a high 
priority.

Additionally, intravenous fluids are advised, 
targeting euvolaemia, as patients are usually 
hypovolaemic as the cold and hyperbaric under-
water environment suppresses anti-diuretic hor-
mone (ADH) release and causes a diuresis, while 
most divers will also be breathing dry gasses 
compounding fluid loss. Additionally, endothe-
lial injury and increased capillary permeability 
contribute towards the divers’ hypovolaemia [7].

Research focusing on adjunctive treatments 
for decompression sickness have looked at the 
administration of non-steroidal anti- inflammatory 
drugs (NSAIDs) and lignocaine [23]. A double- 
blind, randomised controlled trial showed that 
use of NSAIDs reduced the number of recom-
pression appointments, but there was no differ-
ence in symptoms [24]. Additionally, after 
successful animal studies, case reports have doc-
umented the beneficial effects of lignocaine, even 
if it is administrated late or given to patients who 
haven’t responded to initial treatment [25]. 
Neither of these, however, are yet core tenets of 
pre-hospital management.

 Drowning

 Introduction

Drowning is defined as “a process resulting in 
primary respiratory impairment from submer-
sion/immersion in a liquid medium. Implicit in 
this definition is that a liquid/air interface is pres-
ent at the entrance of the victim’s airway, pre-
venting the victim from breathing air. The victim 
may live or die after this process, but whatever 
the outcome, he or she has been involved in a 
drowning incident.”
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Drowning is responsible for 72–84% of all 
recreational scuba diving fatalities [26]. Despite 
drowning being the most common cause of death 
in divers, the topic of drowning is often under-
played when studying dive medicine, especially 
when compared to other less frequent accidents 
such as decompression illness.

Out of 100 cases of diving fatalities, 38% did 
not have any known diving qualifications. In con-
trast, 81% of divers who survived near-drowning 
episodes had obtained at least basic dive qualifi-
cations. Additionally, more than 50% of the fatal-
ities involved the diver being exposed to an 
unfamiliar situation. Surprisingly, more than half 
of drowning incidents occurred in tranquil water. 
There were marginally more fatalities in divers 
facing strong currents.

However, it is important to note that drowning 
is infrequently the primary cause of death in div-
ers. Divers often drown as a result of becoming 
unconscious after suffering a primary event rather 
than drowning being the foremost cause. 
Drowning frequently occurs as a result of an 
accident occurring in the underwater environ-
ment rather than on land, where the diver may 
have survived.

 The Pathophysiology of Drowning

Several animal experiments studying the effects 
of drowning found that on average, conscious-
ness is lost 3  min after submersion and death 
occurs after 4–8 min, due to cerebral hypoxia.

This timescale is believed to be similar in 
humans and causes death by the following mech-
anism: When a human drowns, there is an initial 
panic response followed by fighting and instinc-
tive swimming movements. As normal breathing 
is impossible, there may be voluntary breath- 
holding. The individual becomes hypoxic, aci-
dotic and hypercapnic. The rise in serum carbon 
dioxide levels stimulates involuntary inspiration. 
Automatic laryngospasm can occur as water con-
tacts the epiglottis, preventing the initial aspira-
tion of water. This is eventually overcome as the 
individual becomes progressively hypoxic, 
unconscious and aspirates water into their lungs. 

The fluid-filled alveoli prevent effective gas 
exchange, and their surfactant is diluted, leading 
to atelectasis and progressive hypoxaemia. 
Eventually, cerebral hypoxia triggers bradycardia 
and death is attributed to asystolic cardiac arrest, 
shortly followed by hypoxic brain injury.

Unlike other drowning deaths, only one-third 
of drowning divers exhibited a panic response. 
This could potentially be explained by the relax-
ing narcotic effect experienced at depth or due to 
pre-existing hypoxia caused by aspiration. The 
fact that 63% of divers showed no unusual behav-
iour further supports these theories [3]. The 
pathophysiology and management of drowning 
in non-diving incidents are further considered in 
the immersion and submersion chapter.

 Management of the Drowning Diver

 Immediate Management 
of a Drowning Diver

 Recognition
The first step in drowning management is to 
quickly recognise that a diver is drowning. 
Typically a drowning diver will be unconscious, 
not swimming and unresponsive to hand signals 
or tactile stimuli.

 Immediate Ascent
Once a diver has been recognised to be drowning, 
it is imperative that they are brought to the sur-
face as soon as possible. If the diver’s regulator 
has remained in his/her mouth, the rescuer should 
hold it in place but should not place it into the 
mouth in the more likely event that it has fallen 
out. The rescuer must judge whether they need to 
prioritise their own decompression with a safety 
stop. If this is necessary, they should make the 
victim buoyant and send them to the surface. 
Generally, all drowning divers should be brought 
immediately to the surface with one exception; a 
seizing diver with their mouthpiece in place. In 
this situation, hold the mouthpiece in place and 
wait until the seizure has terminated before bring-
ing the diver to the surface. In this group of 
patients, the risk of pulmonary barotrauma 

A. Roberts and C. Press



813

 outweighs the risk of drowning, providing the 
airway is secure.

 In-Water Rescue Breaths
At the surface, ensure the diver has positive buoy-
ancy and is facing upwards. Mouth-to-mouth or 
mouth-to-nose rescue breaths have been shown 
to be effective to stimulate spontaneously breath-
ing [27, 28].

 Get to a Surface
If a surface, such as a shore, boat or floating plat-
form is immediately available, remove the victim 
from the water and commence resuscitation. If 
the rescuer believes it would take less than 5 min 
of towing to access a suitable surface, they should 
begin towing the victim towards the surface and 
provide intermittent rescue breaths during the 
journey. However, if the rescuer estimates a lon-
ger tow, they should continue to give rescue 
breaths for 1  min and then begin to tow to the 
nearest surface, either land or a dive boat.

 The Practical Approach to the Diving 
Patient for Emergency Medical 
Services (EMS)

In the early phases of the assessment and man-
agement of victims of diving accidents, it is often 
unclear what pathologies are afoot. Drowning 
pathophysiology often coexists with decompres-
sion illness, barotrauma and hypothermia. In one 
series, it was suggested 27% of all recreational 
diving fatalities were primarily caused by a car-
diovascular event occurring underwater. This 
diagnostic uncertainty and complex physiology 
make this group of patients distinct from others 
in the pre-hospital arena.

While following a standard MABCD 
approach, high priority should be given to deliv-
ering the highest possible fraction of inspired 
oxygen, regardless of oxygen saturation. Where 
the skills are available, patients in cardiac arrest 
should be positively pressure ventilated with 
either a supraglottic airway or, ideally, endotra-
cheal intubation. Those with reduced conscious-
ness or severe hypoxia will benefit from early 

Rapid Sequence Induction (RSI) to facilitate 
invasive ventilation, and consideration should be 
given to activation of an advanced pre-hospital 
team who can provide this service at the scene.

Pneumothorax should be considered, as a 
rapid ascent from even a few metres can cause 
enough proportional change in pulmonary gas 
volume to cause alveolar rupture. Patients in car-
diac arrest should be assumed to have bilateral 
tension pneumothoraces, and these should be 
decompressed according to training and local 
standard operating procedures for traumatic car-
diac arrest.

IV access should be obtained and fluid bolus 
given. The aim should be euvolaemia rather than 
anything more. A number of these patients will 
develop pulmonary oedema from a range of 
causes, and this should be anticipated and treated.

Hypothermia is common in many patients 
who have been immersed or submersed, and care 
should be taken to prevent further heat loss dur-
ing transfer. Active patient warming may be 
appropriate during prolonged transfers, but cau-
tion should be exercised, as vasodilation during 
rewarming may cause haemodynamic instability.

Exposure and a thorough examination are 
essential. Rashes may imply decompression sick-
ness, and evidence of myocardial infarction or 
other medical condition will influence treatment 
or hospital destination.

As much information as possible should be 
gathered about the dive. Critical information is 
dive profile in terms of time and depth, as well as 
what gas mixes were in use. Thermal protection 
and the history available from any witnesses is 
also helpful in narrowing the differential diagno-
sis. The patient’s dive computer (where avail-
able) should be taken to the hospital or hyperbaric 
chamber.

 Transfer the Patient to Hospital

Diving incidents often involve prolonged transfer 
to a suitable medical facility, and this should 
form a routine part of dive planning. All dive 
boats should be equipped with oxygen, to be 
given in all cases. Choosing the appropriate 

42 Decompression Illness and Diving Medicine



814

 facility can be challenging and needs to take into 
account how stable the patient is, the proximity 
of the nearest medical facility vs the nearest 
hyperbaric facility and the patient’s other medi-
cal requirements. It will also depend on the skill 
and capabilities of the transferring medical team 
and whether the patient is being transported by 
land, air or water. Specialist advice is available 
from local expert units, or internationally from 
the Diver’s Alert Network (DAN).

Helicopter or fixed-wing aircraft transfer 
needs to consider the pressure changes associated 
with altitude. Although these differences are rela-
tively small compared with those encountered 
underwater, it can make a difference to the patho-
physiology of already compromised patients. 
Most guidelines suggest maintaining an altitude 
below 1000 feet (330 m) or using an aircraft with 
a cabin pressurised to 1 atmosphere. A head down 
or supine position is often described in an effort 
to minimise migration of gas bubbles to the head. 
The author’s experience is that taking meticulous 
care around patient position, or concerns around 
a few feet of extra altitude, sometimes lead to 
marked delays in the treatment of serious pathol-
ogy or can extend the time taken to reach hospi-
tal. These factors need to be carefully balanced.

 Hospital Management

 Management in the Emergency 
Department

Further hospital management depends on how 
clinically stable the patient is. The immediate pri-
ority is to reverse any respiratory failure. Patients 
who are asymptomatic with a normal respiratory 
examination, chest X-ray and oxygen saturations/
arterial blood gas are unlikely to deteriorate and 
can be discharged after a period of observation 
(6  h would be reasonable). However, if any of 
these investigations show abnormal findings, the 
patient should be admitted and any respiratory 
deficit managed appropriately. Patients who are 
moderately hypoxic yet alert and breathing can 
be considered for continuous positive airway 

pressure ventilation (CPAP) if there is no pneu-
mothorax, but endotracheal intubation may be 
required. Patients that are critically hypoxic or 
are in a state of fluctuating consciousness should 
be transferred to the high dependency or inten-
sive care unit. Consideration should be given to 
emergency induction, endotracheal intubation 
and ventilation.

A secondary survey is important to reveal any 
other injuries endured during the drowning acci-
dent, and to establish the primary cause of the 
incident. Therefore, a 12-lead electrocardiogram 
is an essential investigation to diagnose myocar-
dial infarction in divers. Additionally, the rapid 
ascent to the surface may have caused pulmonary 
barotrauma or the formation of arterial gas 
emboli that may require specific treatment dis-
cussed earlier.

 Summary

Diving is a safe sport, however physiological 
changes can cause severe morbidity and mortal-
ity if safety standards are not adhered to or in an 
emergency. Certain divers may be more prone to 
developing neurological complications due to 
undiagnosed cardiac defects such as PFO’s, so 
appropriate investigation and modification of 
diving profiles may be necessary in some cases. 
While recompression is the mainstay of treat-
ment for decompression illness, logistically this 
can be challenging due to the distances between 
appropriate dive chambers and their ability to 
care for critical care patients. Treatment with 
oxygen, and a high index of suspicion for injuries 
due to barotrauma as well as complications 
including relative hypovolaemia and hypother-
mia for any divers who suffer a traumatic injury 
or medical event while diving are prudent.

Questions
 1. Patients suffer decompression illness due to 

the rapid expansion of nitrous oxide when 
they surface too quickly.

 (a) True
 (b) False
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 2. The mnemonic VENTIDC can be used to 
recall the signs of oxygen toxicity.

 (a) True
 (b) False
 3. Oxygen toxicity only occurs at depths 

approaching 70 metres
 (a) True
 (b) False
 4. Patients who have been diving in the last 

24  hours should not be given Entonox for 
analgesia

 (a) True
 (b) False
 5. Helicopter transfer of patients suspected of hav-

ing decompression illness is contraindicated
 (a) True
 (b) False

Answers
 1. b
 2. a
 3. b
 4. a
 5. b
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Rehabilitation After Trauma

Oliver O’Sullivan, Jill Neale, and Alan Mistlin

 Learning Outcomes

• To gain an understanding of the trauma reha-
bilitation pathway.

• To understand the roles of the rehabilitation 
multidisciplinary team.

• To get an insight into the key aspects of mus-
culoskeletal, amputation and neurological 
rehabilitation.

 Introduction

The field of rehabilitation aims to improve the 
function of those with illness, injury or impairment 
(a structural or functional deviation or loss), often 
leading to a disability (the result of an impairment 
on a persons life). Rehabilitation following trauma 
is critical to restore choice and independence to 
patients, even if full health is unachievable. This 
chapter will outline how, and by whom, trauma 
rehabilitation is delivered, discuss some of the spe-
cific areas of rehabilitation that relate to trauma 
patients, and share some lessons learnt from mili-
tary related trauma rehabilitation.

 How Is Trauma Rehabilitation 
Delivered?

Rehabilitation should begin as soon as possible, 
ideally in intensive care—even if the patient is intu-
bated. Understanding the injury mechanism, sever-
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• How are rehabilitation services designed 
and how it is best delivered?

• Who makes up the trauma rehabilitation 
team and what do their job roles entail?

• How is musculoskeletal rehabilitation 
delivered?

• What factors need to be consider regard-
ing amputation, and how are patients 
rehabilitated following this

• How do brain injuries impact on patients, 
and what can be done about them?

• What needs to be done following a spi-
nal cord injury, and what are the specific 
complications to monitor for?

• What lessons can be learnt from recent 
conflicts in Iraq and Afghanistan?
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ity and types of injures can allow the correct team 
to be identified. Discussions can be held regarding 
psychosocial factors, peer support and an under-
standing of the patients pre-morbid state can be 
drawn up. This leads to early targets for rehabilita-
tion being identified. Whilst initial management 
will be under the trauma team, this should be tran-
sitioned into rehabilitation pathway with regular 
communication between the two teams.

In the post-acute phase, patients need to be 
medically stable to make good progress. This 
often requires them to be not undergoing frequent 
medical or surgical procedures, infection free and 
with good pain relief. The latter is an area requir-
ing particular focus, and often requires a multi- 
modal approach. An early assessment by all 
members of the multi-disciplinary team (MDT) 
will identify a problem list, enabling goals to be 
set and a treatment plan to be devised.

A successful treatment plan involves communi-
cation between the patient, family and treatment 
team, with ideas, concerns and expectations of all 
parties explored by the MDT. In turn, they can use 
their expertise to guide the patient through the ini-
tial stages, providing some realistic goal setting 
with timelines to either encourage or rein back 
under- or over-aiming. Successful goals should be 
jointly created by patients and clinicians and fol-
low the SMART criteria (Specific, Measurable, 
Achievable, Realistic, Time-limited). Furthermore, 
they should be mapped against short, medium and 
long term—with often the latter feeding into the 
former.

Short-term goals can often be useful to demon-
strate progress and encourage buy-in, and long-
term goals give everybody a common target to aim 
for. Successful rehabilitation is built on active par-
ticipation by all parties, and achieving regular goals 
promotes engagement. An idea of what and where 
the long-term target is likely to be will guide early 
discharge planning, reintegration into the commu-
nity and vocational rehabilitation if suitable.

Key Points
• Early assessment and commencement of the 

rehabilitation pathway is essential
• Communication between acute trauma team, 

specialist services and the rehabilitation team 
is vital

• A joint treatment plan, using short, medium 
and long term goals, is draw up between the 
rehabilitation team, the patient and their 
families.

 Who Is Involved in the Multi- 
Disciplinary Team?

The MDT should be led by a consultant in 
Rehabilitation Medicine, providing over-arch-
ing direction and coordinating the team manag-
ing a patient with complex, multi-system injury 
patterns, as well as providing specialist medical 
knowledge. Other members of the MDT include 
physiotherapists, exercise therapists, podia-
trists, prosthetists/orthotists, occupational ther-
apists, speech and language therapists, 
psychologists, social workers, mental health 
workers, dieticians, nurses and administrative 
support. Clearly, with such a large team, com-
munication is critical, as is regular updates of 
progress and goals.

Physiotherapists often provide one-to-one 
support, backed up by exercise therapists, work-
ing on the physical goals and helping the patient 
regain as much physical function as possible. 
They perform multiple roles including assess-
ment of gait, addressing muscle imbalance, creat-
ing specific strength and conditioning 
programmes, supporting the prosthetists and 
orthotists in the assessment and fitting of aids, 
and preventing contractures.

Occupational therapists (OTs) can enable 
independence in the home environment with tar-
geted plans addressing the activities of daily liv-
ing (ADLs), the need for adaptions and aids, as 
well as providing specific input for with specific 
OT roles in cognitive, vocational and mental 
health needs.

Speech and Language Therapists aid the dieti-
cian in nutrition, and are experts in communica-
tion, both verbal and non-verbal, helping to 
develop alternative strategies, tools and environ-
mental controls to communicate.

Psychology services, alongside the mental 
health team, plus any pastoral support, can aid 
in the psychological recovery essential to good 
long-term outcomes. Depression, anxiety and 
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post-traumatic stress disorder (PTSD) are very 
common in this patient population, as is the 
grief reaction of sustaining a life changing 
injury, and these members of the MDT will 
support this adjustment. Successful long-term 
outcomes are strongly correlated to successful 
adaptation to physical, cognitive and psycho-
logical change.

The nursing team have a vital role in support-
ing the patient through the rehabilitation journey. 
Good nursing will promote independence in 
ADLs; prevent complications such as pressure 
sores, infections (commonly urinary tract and 
chest) and bowel problems; ensure good nutrition 
and hydration; prevent deep vein thrombosis; as 
well as providing input for tissue viability, wound 
dressing and other specialist areas.

Social workers, alongside the key worker, 
liaise with and update the family and address 
patient and family concerns as they appear. They 
also can assist with discharge planning, commu-
nity support, benefits application and any legal 
proceedings.

Regular Treatment Planning Meetings ensure 
that progress is on track, any outside referrals 
have been made and goals are being regularly 
reviewed and updated—a Key Worker can be 
invaluable to act as a single point of contact 
between the MDT and family to communicate 
the outcomes of these meetings.

For those who are able, vocational rehabilita-
tion is very important. Work is central to patient’s 
lives and the lack of it is exceedingly detrimental 
for mental and physical health. A disability might 
impact on the ability to work, however, schemes 
exist to encourage people back to work, sup-
ported by legislation. The process of re- 
integration into work, ‘work-hardening’, is 
overseen by a vocational rehabilitation specialist 
(often an OT), supported by the employer and 
occupational health, and will continue, often for 
months, to ensure that it is successful.

Key Points
• The rehabilitation MDT is large with each dis-

cipline providing a specialist role. Not all dis-
ciplines will be required for every patient, it 
depends on their rehabilitation needs. Good 

communication is essential between the MDT, 
patient and family

• Once the treatment plan has been developed, 
regular treatment planning meeting are held to 
update the team and patient on progress and 
update the plan accordingly

• Vocational rehabilitation is critical to ensure 
the patient is able to successfully integrate 
back into the work place

 Specific Areas of Rehabilitation 
Following Trauma

 Musculoskeletal Trauma

Patients with significant musculoskeletal trauma 
should be initially managed in an acute care set-
ting with the involvement of the MDT. The over-
all rehabilitation plan will be dependent on the 
primary diagnosis and initial management (i.e. 
non-surgical versus surgical). Early mobilisation 
is important in reducing thromboembolic events 
and deconditioning and the patient should be 
encouraged to mobilise as able, often partial 
weight-bearing in the first instance. Short and 
long-term goals should be defined for each 
patient and reviewed regularly, with appropriate 
clinical markers selected to monitor progress. 
There are three main stages of rehabilitation;

• Early—POLICE (Protection, Optimal 
Loading, Ice, Compression, Elevation) and 
normalisation of gait

• Middle—Restoration of full range of move-
ment and muscle length, stretching of all 
major muscle groups, early proprioceptive 
and strength and conditioning exercise to 
improve motor control, strength, power and 
endurance

• Late—Functional activities, progressing 
strength and conditioning to include plyomet-
rics and any vocational or sport-specific 
activities

All the above exercises should be done along-
side activities which maintain cardiovascular fit-
ness. Generally, rehabilitation will be led by a 
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physiotherapist, and whilst some sessions are 
with the physiotherapist or exercise therapist in 
person, the patient will also be given an indepen-
dent programme (IP) to complete on their own to 
promote progression and function. Regular reas-
sessment by the physiotherapist and tailoring of 
the IP to the patient’s needs and improvements 
will ensure that the patient remains engaged with 
the process, with the focus on what they can do, 
not what they can’t. The patient should also 
receive education on pain management and rec-
ognise that as the rehabilitation progresses, they 
may require increases in analgesia (which should 
then taper and ideally stop as the healing process 
finishes).

Key Points
• Early mobilisation is important for minimis-

ing further complications following trauma 
(such as VTE and deconditioning)

• Musculoskeletal rehabilitation is typically 
divided into early, middle and late stage, with 
different aims, to allow patient progression

• The use of an independent programme allows 
the patient to make improvements outside of 
the medical setting

 Amputee Rehabilitation

Amputee care is constantly evolving, with 
improvements in both medical and functional 
outcomes as a result of advances in surgery, the 
development of improved prosthetics and 
increased awareness of the importance of stump 
care.

Patients who undergo an amputation follow-
ing trauma are more likely to be younger adults, 
with increased future functional demands and a 
longer period of prosthetic usage, meaning it is 
especially important to limit complications and 
promote function in this patient group. An MDT 
approach involving experienced surgical and 
rehabilitation teams is important to ensure opti-
mal patient care in the acute and later stages, with 
early involvement of both teams in pre-operative 
assessment if possible. Important considerations 
include time to surgery, level of amputation, cre-

ation of a good quality stump, pain management, 
appropriate post-operative mobilisation as well 
as mental health promotion to reduce potential 
complications [1]. Early involvement of the pros-
thetics team can promote acceptance and aid 
adjustment to the prosthetic, even before the 
prosthesis has been fitted and improve long-term 
outcomes.

There is emerging evidence that amputations 
performed due to trauma can offer improved out-
comes compared to limb salvage procedures, 
with reduced complications and enhanced func-
tion, although this area is still debatable. In situa-
tions where limb salvage is attempted, it is 
recommended to counsel the patient on the pos-
sibility of amputation should it not be successful. 
In the acute stages it is advisable to involve the 
patient in decision making as much as possible 
and to delay amputation until they are able to 
make an informed decision about the possible 
management options available to them, with the 
least restrictive option selected in the first 
instance if possible. Prior to surgery, it is impera-
tive that the level of amputation is carefully con-
sidered as this influences future prosthetic 
selection as well as the overall function, energy 
requirements and cosmetic appearance. The 
length of the distal residual limb is also signifi-
cant as it provides sensory feedback, force trans-
mission and is the interface between the 
remaining limb and the prosthetic. Whilst a lon-
ger length can provide more stability, if too long 
it can make fitting prosthetics difficult. 
Furthermore, recent research has shown that the 
higher the level of amputation (above knee vs 
below knee), and the greater the number of limbs 
amputated (uni vs bilateral) have a higher meta-
bolic cost of walking and a reduction in ambula-
tory physical activity [2].

In the post-surgical period, appropriate early 
mobilisation can help to reduce complications 
such as contractures and thromboembolic events, 
and improve strength and wound healing. Patients 
may find adjusting to the amputation difficult and 
involvement of the clinical psychologist should 
be facilitated. Following amputation, there are 
three recognised pain categories; phantom limb 
pain, residual limb pain and phantom sensations 
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[3]. Patients can experience one or several of 
these pain types and the management can prove 
complex, requiring a combination of pain 
 education, alongside pharmacotherapy, inject-
ables, alternative therapies and surgery—it is rec-
ommended that the pain team are involved 
throughout all stages of care.

Once the surgical wound has healed, the 
patient is taught to care for their stump, as any 
irritation or infection can prevent use of any pros-
thesis, alongside strengthening, desensitisation 
programmes and ‘doning-doffing’ techniques. 
The socket and limb fitting follows, with multiple 
stages of adjustment, before patients progress to 
walking using parallel bars initially, followed by 
aids. Patients are encouraged to build up the time 
wearing a prosthetic, before eventually, aiming to 
walk independently without any aids.

Key Points
• When time allows, amputations should involve 

an MDT approach with the experienced surgi-
cal team and the rehabilitation team (includ-
ing prosthetics, pain team and mental health 
support) to ensure the best outcomes

• The level of amputation and length of residual 
limb impacts on the energy expenditure, pros-
thetic fitting and cosmetic appearance post 
amputation

• Progression to independent walking with a 
prosthesis is rarely straightforward

 Neurological Rehabilitation

 Traumatic Brain Injury

Neurorehabilitation provides care for patients 
who have sustained a neurological deficit from a 
variety of pathologies, from congenital to 
acquired brain injury. Traumatic brain injury 
(TBI), classified as mild, moderate or severe, can 
result from assaults, falls and road traffic acci-
dents, with gun shot wounds being less common 
but having the highest fatality rates.

Once the brain has been injured, it results in a 
series of well-recognised events including tissue 
damage, reduced cerebral blood flow and altered 

brain metabolism, most of which demonstrate 
minimal reversibility, and ultimately a secondary 
injury resulting in cell death and cerebral oedema. 
The goal in the management of acute TBI is to 
reduce ischemia and hypoxia in order to mini-
mize the impact of the primary injury, reduce 
development of secondary injury and improve 
long-term outcomes [4]. The overall deficits seen 
in TBI are dependent on which part of the brain 
has been affected and whether the injury is focal, 
non-focal, diffuse or multi-focal. In the acute 
stages it is important for the patient to be man-
aged in a multi-disciplinary unit prior to transfer 
to a neurorehabilitation setting once medically 
stable.

Patients with TBI should be assessed regularly 
by the MDT, especially in the early stages, to 
identify any deficits; categorised into physical, 
communication, cognitive and behavioural. Once 
an assessment has been completed, goals should 
be agreed, with as much patient involvement as 
possible, to enhance their ability to perform daily 
physical, vocational and social activities. The 
Glasgow Outcome Score is a validated tool which 
has been widely used to monitor rehabilitation 
progress.

An individualised rehabilitation programme 
should be created involving the patient’s family 
and carers to promote optimal recovery. A struc-
tured schedule should be initiated with distrac-
tions limited, as patients with TBI can struggle if 
there is a lack of routine. There should also be 
planned rest periods in the programme to ensure 
that the patient does not become cognitively 
overwhelmed. Neurorehabilitation can be a long 
process, with support often needed for years after 
the initial injury, therefore a key-worker should 
be assigned to co-ordinate care and communicate 
with family members. It is essential to consider 
the mental capacity of the patient following TBI 
and depending on the severity, a deputy can be 
appointed to assist in decision making.

Mild traumatic brain injury (mTBI) has 
attracted increasing attention over recent years 
with the initial belief that behavioural changes 
were limited and transient, with no long-term 
neuropsychiatric sequalae in the majority of 
patients. However, with increased understanding, 
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particularly from blast-related mTBI in the mili-
tary and in sports men and women, the effects of 
mTBI are now recognised to be potentially more 
longstanding. The diagnosis and monitoring of 
mTBI can be challenging, with the Glasgow 
Coma Scale (GCS) and the Sport Concussion 
Assessment Tool being used commonly in the 
UK, although it is now recognized that the GCS 
has limited discriminative or prognostic value in 
mTBI [5]. Post-concussion syndrome is divided 
into four main categories; cognitive, somatic, 
affective and sleep-arousal complaints and, 
should these be identified, the patient should be 
referred to a specialist centre, as although they 
commonly resolve in the year post-injury, they 
can be persistent and result in significant func-
tional limitations.

Key Points
• Traumatic brain injuries can complicate any 

trauma, and should be actively looked for to 
minimise secondary damage

• Once recognised, specific assessments should 
be performed to identify deficits and develop 
structured rehabilitation with periods of cog-
nitive rest

• Mild TBI can lead to persistent symptoms and 
have a life changing impact,

 Spinal Cord Injury

Spinal cord injury (SCI) can result from infec-
tions, vascular injury, malignancy and trauma, 
such as road traffic accidents, falls and sports 
injuries. The incidence in the United Kingdom is 
estimated to be 12–16 per million with about 
75% of cases secondary to trauma, with most 
traumatic SCI affecting younger individuals. 
Although relatively rare, SCI can result in signifi-
cant long-term neurological compromise.

Following acute trauma, the patient should be 
assessed in a major trauma centre by the surgical 
and SCI teams to determine whether a surgical 
intervention is required. In the early stages, spi-
nal shock is evident before the extent of neuro-
logical function becomes apparent and regular 

American Spinal Injuries Association (ASIA) 
assessments are recommended. Once medically 
stable, the patient should be transferred to a spi-
nal cord injury centre for multi-disciplinary 
management, in order to promote functional out-
comes and reduce the chance of potential 
complications.

The ASIA scoring system is a standardised 
assessment tool which aids in predicting progno-
sis by characterising the neurological deficit. 
Ultimately the level of SCI is the most important 
influence on outcome, but regular assessment is 
useful to identify any clinical change or compli-
cations early so that they can be managed. 
Common complications following SCI depend 
on the level of injury but can include bowel and 
bladder dysfunction, pressure sores, delayed 
wound healing, spasticity and life-threating 
events such as autonomic dysreflexia. The most 
significant increases in mortality are seen in tet-
raplegics and those with ASIA grade A-C lesions, 
with standardised mortality ratios between 5.4 
and 9.0 for people under 50, reducing with 
advancing age [6].

Specific areas of management for this group 
of patients compared to other trauma related 
patients include spasticity management and auto-
nomic dysreflexia. Spasticity and the develop-
ment of muscle contractures can be a significant 
source of impairment to the patient and can be 
managed often with simple measures such as 
regular stretching and attention to posture, how-
ever if these are not successful, patients may 
require pharmacological management with 
agents such as baclofen, botulinum toxin, or even 
surgery. In patients with a SCI at or above T6, 
autonomic dysreflexia is a potential complication 
which can lead to a life-threatening medical 
emergency. A stimulus, such as a blocked cathe-
ter, causes reflex sympathetic over-activity below 
level of cord lesion resulting in vasoconstriction 
and hypertension. This stimulates the carotid and 
aortic baroreceptors, leading to increased vagal 
tone and bradycardia. Peripheral vasodilatation, 
which would normally reduce blood pressure, 
cannot occur because of the injured cord. Rapid 
assessment and identification of the underlying 
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cause is vital as well as addressing the hyperten-
sion, with sublingual glyceryl trinitrate or nife-
dipine. Patients and their families are taught how 
to recognise early symptoms and what immediate 
action is required.

Key Points
• Patients with a spinal cord injury (SCI) have 

increased mortality and need to be transferred 
to specialist centres

• Repeated use of the American Spinal Injuries 
Association (ASIA) assessment is used as a 
prognostic indicator to identify any changes.

• Many complications can result from a SCI, 
some of which are life threatening, requiring 
vigilance from the MDT, patient and their 
families

 Lessons from Military 
Rehabilitation

The recent conflicts in Iraq and Afghanistan have 
driven a lot of change in the field of trauma reha-
bilitation. Whilst the military model for rehabili-
tation is specific to the needs of its users, lessons 
that have been learnt that map across to other vic-
tims of trauma. It is true that the psychological 
component of trauma influences outcomes, so 
involving professionals, peers and patients fur-
ther down the rehabilitation pathway can be help-
ful to mitigate this. Co-existing traumatic brain 
injury and other injuries need to be screened for 
and identified as they impact on physical out-
comes, especially if missed early in the rehabili-
tation pathway. Aggressive management of pain, 
including neuropathic and phantom, using both 
pharmacological and non-pharmacological tech-
niques, is essential.

Other lessons have been learnt about trauma 
surgery, and constant feedback from the teams 
back in the UK treating the repatriated patients 
during these conflicts led to adaptations and 
changes in surgical techniques for the deployed 
surgical teams throughout the conflicts. These 
recommendations included that limb salvage 
should be attempted (amputation could always be 

performed later in the patient pathway), but if 
required to save life, amputation should be per-
formed with operating team taking heed of the 
importance of residual stump lengths, locations 
of amputation (including through-knee) and the 
formation of stumps with the knowledge of how 
this would aid prosthetics and orthotics. It is 
hoped the long term follow up ADVANCE study 
will provide evidence on outcomes of these deci-
sions made during the Iraq and Afghanistan 
conflicts.

Key Points
• Recent conflicts, and the polytrauma resulting 

from it, have meant changes in the field of 
military rehabilitation, many of which have 
been adopted in civilian practice.

• In particular, screening for brain injuries, 
aggressive use of multi-modal pain relief and 
trauma surgical techniques have been key les-
sons adopted

• The 20  year longitudinal study ADVANCE 
study will report on the long term outcomes of 
trauma victims from these conflicts.

 Conclusion

A trauma patient often has multiple injuries 
requiring an individualized, complex trauma 
pathway and a large MDT to deliver this. This 
journey begins at the point of initial resuscita-
tion—those involved in the patient’s early care 
can shape the later stages, such as the type of 
prosthetic following amputation or the psycho-
logically challenging commencement of identity 
change management. Different patients with the 
same injuries can have markedly different out-
comes based on many factors, including the 
residual limb and stump formation as well as the 
emotional response to the event. Further injuries, 
both physical and mental, may become more 
apparent as rehabilitation commences.

For some trauma patients, an ideal outcome 
following successful rehabilitation is living inde-
pendently in the community and back in the 
workplace. This is not possible for everyone, so 

43 Rehabilitation After Trauma



826

the art of rehabilitation is identifying what is pos-
sible, what is desired, and creating a treatment 
plan to get there. This can take different forms 
depending on the number, severity and type of 
injury, but in every case, and for everyone 
involved, it requires patience, perseverance and 
communication.

Questions
 1. Rehabilitation following a traumatic injury is 

critical for regaining independence, improv-
ing function and returning to as full as life as 
possible. When should the rehabilitation path-
way begin with the initial rehabilitation 
assessment and early management?

 (a) When the patient is discharged from 
hospital

 (b) Once the patient is discharged from the 
intensive care unit

 (c) As soon as practically possible, including 
whilst on the intensive care unit

 2. In conjunction with the patient and the reha-
bilitation team, regular goals should be set for 
the short, medium and long term. These 
enable an objective way to measure progress 
and promote investment in the rehabilitation 
journey. By what criteria should these goals 
be set?

 (a) SMART  – Simple, Motivating, Agreed, 
Relevant, Timely

 (b) SMART  – Specific, Measurable, 
Achievable, Realistic, Time-limited

 (c) SMART  – Sensible, Meaningful, 
Attainable, Resourced, Time-bound

 3. Musculosketal injury is a very common con-
founder factor in all types of trauma and can 
impact on the delivery of rehabilitation and 
subsequent recovery. In order to mitigate the 
impact of injury, early intervention is critical, 
and can easily be remembered by which 
acronym?

 (a) POLICE – Protect, Optimal Loading, Ice, 
Compression, Elevation

 (b) PRICE – Protect, Rest, Ice, Compression, 
Elevation

 (c) PRINCE – Protect, Rest, Ice, Non-weight 
bearing, Compression, Elevation

 4. In the case of a non-life saving amputation 
following a traumatic injury, the site and level 
will impact on the future functional ability, 
cosmetic appearance and energy expenditure 
for the individual patient. With this in mind, 
how should amputations be performed?

 (a) After discussion with the surgical team, it 
soon as possible to allow the patient to get 
used to it

 (b) The surgical, rehabilitation, prosthetic, and 
psychological teams should decide when 
between them to avoid distressing the 
patient.

 (c) The least restrictive option should be taken 
initially with the patient involved in the 
decision and subsequent reviews

 5. Traumatic brain injuries can be caused by a 
multitude of events and lead to significant 
impairments, with initial management is 
aimed at minimising primary injury, prevent-
ing any secondary injury and improving out-
comes. By which international criteria are are 
Traumatic Brain Injuries classified?

 (a) Mild, Moderate, Severe
 (b) Physical, Communication, Cognitive, 

Behavioural
 (c) Cognitive, Affective, Somatic, Sleep-

arousal

Answers
 1. c
 2. b
 3. a
 4. c
 5. a
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Preventing and Treating Trauma- 
Related Mental Health Problems

Samantha K. Brooks and Neil Greenberg

 Introduction

Potentially traumatic events, which are experi-
ences that put an individual (or someone close to 
them) at risk of serious injury, death or sexual 
violence [1], are unpredictable by nature. 
Throughout their lives, many people experience 
such incidents such as road accidents, natural 
disasters, war or terrorist attacks and interper-
sonal violence such as sexual assault and pro-
longed abuse. Indeed in the UK, around one in 
three people report having been exposed to trau-
matic events [2]. However, specific occupational 
populations such as military personnel [3] and 
emergency services workers [4] are more likely 
to be exposed and thus are at particular risk of 
trauma-related mental health disorders. Rates of 
post-traumatic stress disorder (PTSD) within the 
English population are around 4.5% [2] although 
rates of PTSD amongst trauma-exposed popula-
tions are higher. For instance, approximately 
7.5% of UK military veterans report symptoms 
consistent with PTSD and studies of ambulance 
workers suggest that over 20% may experience 
PTSD [5].

Experiencing a potentially traumatic event can 
be extremely distressing in the short-term and 
can lead to a range of longer-term health conse-
quences, both physical and psychological. In 
fact, it has been suggested that after experiencing 
a major traumatic event such as a disaster, the 
psychological injuries actually outnumber the 
physical injuries [6]. It is important to note that 
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• Many people will experience a poten-
tially traumatic event (PTE) in their 
lifetime.

• Everyone reacts differently to poten-
tially traumatic events and some may 
experience no distress at all while others 
experience a range of emotional, cogni-
tive, behavioural, sleep-related or physi-
cal symptoms.

• While these symptoms improve on their 
own for the majority of people, a minor-
ity may require professional help.

• Professionals recommend that trauma- 
exposed individuals do ‘active monitor-
ing’ of their symptoms for the first 4 
weeks after the event, during which time 
they should engage in self-care and reach 
out to those close to them for support.

• Factors predicting whether someone 
might develop mental health problems 
after a PTE include lack of social sup-
port and poor coping strategies.

• Those still struggling to cope 4  weeks 
after the PTE may benefit from profes-
sional help such as cognitive behav-
ioural therapy.
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not everyone will react in the same way—while 
many people will be distressed, some will be 
unaffected, and only a minority will go on to 
develop mental health problems [7]. For those 
who do suffer long-term psychological effects, 
the impact can be wide-reaching, affecting their 
relationships with others, physical health, per-
sonal and professional lives and the lives of peo-
ple close to them. It is therefore imperative to 
establish best practice for the prevention, early 
detection and treatment of trauma-related mental 
health disorders.

This chapter aims to provide information 
about the potential psychological impact of a 
traumatic incident and the prevention and treat-
ment of trauma-related mental health disorders.

 Immediate and Short-Term 
Responses to Potentially Traumatic 
Events

No two potentially traumatic incidents are exactly 
the same, and no two people will react to a trauma 
in exactly the same way, either. There is not one 
specific reaction to a traumatic incident which 
could be considered ‘the norm’—rather, a wide 
range of different responses are all considered 
normal. It is also normal for people to show a 
variety of different reactions at different times; 
there is no usual flow, or pattern, to symptoms. 
This is why such events are referred to as poten-
tially traumatic—because not everyone will be 
traumatised by their experience. What one person 
thinks is traumatic may not be to someone else 
and vice versa. Indeed, some people become 
more resilient after exposure to a traumatic event; 
this has been termed post-traumatic growth [8].

It is natural to feel fear during a traumatic 
event itself. When faced with a potentially trau-
matic event, we are evolutionally programmed to 
either fight or to run away; Cannon [9] coined the 
phrase ‘fight or flight’ to describe this response. 
When experiencing such an incident, the body 
creates the ‘fight or flight’ response which 
includes the secretion of many substances, 
including adrenaline, which prepare the body for 
an emergency—either to defend it against danger 

or to run away from it. This response includes 
physical symptoms such as muscle tension, 
sweating and increased heart rate. More recent 
research has considered an additional ‘freeze’ 
response, where the body ‘freezes up’ and is 
unable to either fight or run away [10].

Over the days and weeks following the event, 
people may experience other physical responses 
such as changes in appetite, fatigue, aches and 
pains, being easily startled, and difficulties sleep-
ing or sleeping too much. In addition to these 
physical symptoms, it is common for people to 
experience immediate psychological reactions. 
While some people may experience no symp-
toms whatsoever after experiencing a potentially 
traumatic event, many will experience some level 
of distress symptoms in the short term. There are 
a wide range of potential psychological responses; 
these include shock, numbness, confusion, dis-
orientation, feelings of helplessness, anger, guilt, 
shame, fear, anxiety, sadness and grief, intrusive 
thoughts, inability to concentrate, irritability and 
difficulty making decisions. People who have 
existing mental health problems may also find 
their usual symptoms exacerbated by the event. 
Experiencing any, all, or none of these symptoms 
in the immediate aftermath is normal in the short 
term. They are simply the mind’s way of trying to 
process, make sense of and come to terms with 
such an extreme, unfamiliar and often unexpected 
event.

Key Points
Common stress reactions include emotional; 
cognitive; behavioural; sleep-related; and physi-
cal. These reactions can be further categorised 
into intrusive reactions, avoidant reactions, and 
physical arousal reactions.

It is entirely normal to experience such symp-
toms of distress after a traumatic incident. More 
often than not, these do not lead to serious long- 
term psychological consequences and improve 
on their own over the days and weeks following 
the incident.

Common stress reactions include emotional 
(such as fear, worrying, feeling depressed, feel-
ing helpless, denial, hopelessness, anxiety, and 
guilt); cognitive (such as confusion, poor atten-
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tion, flashbacks, preoccupation with the event, 
intrusive thoughts, feeling on-edge, being vigi-
lant, and memory problems); behavioural (such 
as anger, emotional outbursts, irritability, with-
drawal, isolation, and antisocial acts); sleep- 
related (such as insomnia, nightmares, waking 
frequently during the night, and poor quality 
sleep); and physical (such as fatigue, nausea, diz-
ziness, indigestion, chest tightness, dry mouth, 
chills, sweating, trembling, difficulty breathing, 
and racing heart).

These reactions can be further categorised into 
intrusive reactions, avoidant reactions, and physi-
cal arousal reactions. Intrusive reactions—that 
is, continuing unwelcome and unavoidable 
thoughts of the event—include disturbing or 
upsetting thoughts, images or dreams of the trau-
matic incident; continuing to experience physical 
or emotional reactions to reminders of the event; 
and flashbacks or feelings of re-experiencing the 
event all over again. Avoidant reactions include 
wanting to avoid all reminders of the incident 
(such as talking or thinking about the event, spe-
cific people or places, and media coverage); feel-
ings of numbness; feelings of detachment from 
other people. Physical arousal reactions may 
also occur, including feeling jumpy or ‘on edge’; 
being easily startled (for example by loud noises), 
feeling irritable or angry, difficulties sleeping and 
difficulties concentrating. More recent classifica-
tions of trauma symptoms have also described 
negative alterations in cognition and mood which 
include feelings of guilt or shame, persistent and 
distorted perceptions of themselves, others or the 
world and becoming socially withdrawn; and 
loss of interest in usual activities.

It is entirely normal to experience such symp-
toms of distress after a traumatic incident. More 
often than not, these do not lead to serious long- 
term psychological consequences and improve 
on their own over the days and weeks following 
the incident without any need for professional 
help [11]. It is important to differentiate between 
distress, a ‘normal’ and common response to an 
abnormal situation, or a disorder—a clinically 
significant behavioural or psychological syn-
drome which occurs less commonly. There are 
fundamental differences between the two and 

merely suffering feelings of sadness or worry as a 
natural response to a stressful situation is not a 
mental disorder [12]. In the following section, the 
best ways to support people experiencing distress 
after a potentially traumatic event are outlined to 
prevent (as much as is possible) that distress 
becoming a disorder.

 Post-Incident Care: What Should 
Be Done in the Immediate 
Aftermath of a Potentially 
Traumatic Event to Prevent Mental 
Health Disorders Developing?

There is, unfortunately, some controversy con-
cerning the best ways to support those exposed to 
potentially traumatic events, particularly in the 
days and weeks immediately following the 
incident.

As far back as World War I, the term debrief-
ing was used to refer to a meeting of military per-
sonnel and their commanders after potentially 
traumatic incidents (such as major battles) when 
they would talk through the episode. In the late 
twentieth century, psychological debriefing, 
sometimes referred to as critical incident stress 
debriefing, was suggested as a useful way to alle-
viate acute stress responses and reduce the risk of 
delayed stress reactions [13]. This type of debrief-
ing generally involves a trained counsellor, or 
another mental health professional, speaking to 
those affected, either individually or as a group, 
to discuss their feelings towards what they have 
just experienced. This was with the aim of allow-
ing them to process the event and reflect on its 
impact and provide psychoeducation about trau-
matic stress responses.

Key Points
It was also believed that a one-off session with a 
counsellor/mental health professional—discuss-
ing the experience, personal reactions and emo-
tions, symptoms experienced since the event, and 
seeking reassurance about symptoms and educa-
tion about what might be expected—would be 
helpful in processing the event. The idea behind 
this was to promote emotional processing of the 
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event and the venting of emotions, intending to 
reduce distress and prevent long-term mental 
health problems (like post-traumatic stress disor-
der) from setting in. However, despite the laud-
able aims of preventing the development of 
post-traumatic stress and similar disorders, there 
is little evidence to suggest this approach is effec-
tive. In fact, the majority of high-quality research 
in this area indicates that debriefing is ineffective 
at best and harmful at worst [14–16].

A systematic review of early interventions for 
post-traumatic stress disorder [17] found that not 
only did debriefing not prevent the disorder, but it 
actually increased the likelihood of such symp-
toms as a result of interfering with the natural 
recovery process. One particular study demon-
strating the potentially detrimental effects of 
debriefing [18] involved randomly assigning 
burn victims to either a debriefing session or a 
no-treatment, assessment-only condition. At ini-
tial assessment, there were no significant differ-
ences between the two groups in terms of 
depression, anxiety or post-traumatic stress. 
After 3 months, the debriefed group had non- 
significantly higher levels of post-traumatic 
stress disorder than the assessment-only group, 
and after 13 months, the debriefed group had sig-
nificantly higher levels of post-traumatic stress 
disorder. Similar findings were found in a study 
of road traffic accident victims [19], with 
debriefed participants reporting significantly 
more symptoms of post-traumatic stress disorder 
in the long term.

As a result of the lack of evidence for debrief-
ing being helpful, and the increasing amount of 
evidence suggesting it is ineffective and can even 
be harmful, the publication of National Institute 
for Health and Care Excellence (NICE) guide-
lines in 2018 [20] emphasised that this kind of 
psychological debriefing, or immediate trauma 
counselling where initial symptoms are not 
severe, is unhelpful and not recommended. It is 
worthwhile noting that where evidence in support 
of a particular intervention is lacking, NICE ordi-
narily do not provide any recommendation on the 
intervention at all. As such, NICE’s recommen-
dation that psychological debriefing should not 
be used is a testament to NICE’s view that it has 

the potential to cause harm. Explicitly, the guide-
lines state: “Do not offer psychologically- 
focused debriefing for the prevention or 
treatment of PTSD… Evidence on 
psychologically- focused debriefing, either indi-
vidually or in groups, showed no benefit for chil-
dren or adults, and some suggestion of worse 
outcomes than having no treatment.”

So, if psychologically-focused debriefing can-
not be provided, what can be done in the immedi-
ate aftermath of a potentially traumatic event? A 
variety of other psychosocial interventions have 
been explored, with limited evidence [17]. For 
example, memory-structuring interventions 
which help people who have experienced trauma 
to organise their memories of the traumatic event 
have yielded inconsistent results in terms of pre-
venting post-traumatic stress disorder [21]. Self- 
help psychoeducation—that is, providing people 
who have experienced potentially traumatic 
events with self-help booklets describing likely 
responses and suggesting coping strategies—also 
have not been found to be particularly helpful 
[22]. Rather than any type of immediate mental 
health-focused intervention, the evidence sug-
gests that offers of practical support, a temporary 
reduction in exposure to stress and remaining 
vigilant for how someone is coping appears to be 
the best approach unless initial symptoms are 
very severe and impairing.

Key Points
The National Institute for Health and Care 
Excellence 2018 guidelines for the management 
of post-traumatic stress disorder recommend a 
period of ‘active monitoring’ for the first 4 weeks 
after the trauma if symptoms are mild [23]. To 
put it simply, this means that trauma-exposed 
people (and/or those close to them) just need to 
monitor their symptoms.

The majority of people will recover on their 
own within this period, without requiring any for-
mal intervention. This active monitoring period 
was previously referred to as ‘watchful waiting’ 
in earlier versions of the guidelines but is changed 
to active monitoring in the 2018 guidelines. This 
change is in order to be more explicit that indi-
viduals should not be passive about their symp-
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toms, but should actively keep an eye on them. 
Healthcare professionals, in some cases, can per-
form active monitoring. However, more realisti-
cally family, friends, colleagues and line 
managers are often better placed to actively mon-
itor as well as ensuring that appropriate support is 
offered. Some routinely trauma-exposed organ-
isations, such as the media or emergency ser-
vices, have implemented trauma risk management 
(TRiM) as a method of actively monitoring 
trauma-exposed staff members. TRiM is a peer 
support system which was developed in the UK 
military and has been widely researched since 
[24]. While TRiM is certainly not a panacea for 
trauma, there is good evidence that it is well 
accepted and improves social support and help- 
seeking [25] as well as being associated with a 
decrease in trauma-related sickness absence [26].

Consequently, if no professional treatment or 
intervention is recommended during the immedi-
ate aftermath of a potentially traumatic event, it 
falls to the individual and those close to them to 
manage their wellbeing while they come to terms 
with their experience. It can be challenging to 
cope with the experience of a traumatic event and 
adapt to life afterwards. Still, there are many sim-
ple things that trauma-affected people and their 
loved ones can do [27].

 Recommendations for Self-Care

• It is recommended that people exposed to 
traumatic incidents stick to their regular, pre- 
incident routines as much as possible (where 
appropriate); stability is important, and people 
should get ‘back to normal’ as soon as they 
can.

• People should make particularly sure that they 
engage in activities which have previously 
made them feel good and which distract them 
from overthinking about the event. These 
activities will naturally differ from person to 
person but may include playing sports, read-
ing, writing, doing arts and crafts, doing puz-
zles or participating in social activities with 
friends or family.

• Relaxation techniques may help calm the 
mind and lessen feelings of distress or anxi-
ety—for example, yoga, meditation, deep 
breathing exercises, massage or calming self- 
talk. Relaxation techniques have been cited as 
being helpful by people involved in providing 
disaster mental health services [28].

• It is vital that people pay attention to their 
physical needs—they should ensure they get 
adequate rest (even if they may be struggling 
to sleep), sufficient healthy food (even though 
their appetite may be diminished) and fluid.

• Since feelings of helplessness are common in 
the aftermath of a potentially traumatic event, 
it helps if people focus on practical things they 
can do that may give them a sense of purpose 
or accomplishment.

• Exercise can be extremely beneficial; there is 
a wealth of literature on the benefits of physi-
cal activity for our mental health and general 
wellbeing [29], and a growing body of 
research on the positive effects of exercise for 
symptoms of distress after a trauma [30].

• Expressing feelings is often important. While 
some people may not feel ready or able to talk 
to other people, expressing emotions does not 
need to involve another person. It can be help-
ful just to write things down on paper when-
ever they feel the need to, keep a journal, or 
express themselves in other ways such as 
through art [31].

• Spending time with people they trust and 
seeking social support are particularly impor-
tant and will be discussed more detail in the 
next section.

• It must also be noted that while participating 
in hobbies and interests, exercising, and tak-
ing part in activities which distract them are 
useful ways of taking one’s mind off the 
potentially traumatic event and helping peo-
ple to cope, individuals should not rely on 
distracting themselves to the point of alto-
gether avoiding thinking or talking about the 
traumatic event they have experienced. 
Extreme avoidance can be just as harmful as 
focusing too much on the event—a balance is 
needed.
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 Social Support

Key Points
A good level of social support is one of the key 
factors increasing the chances of a positive out-
come after a potentially traumatic event; that is, 
social support promotes resilience and positive 
adaptation despite adversity [32]. Social support 
can come from many different sources—it may 
be from friends, partners, family members, col-
leagues, or other people who experienced the 
same incident and may be dealing with similar 
feelings.

Reaching out to whoever people feel comfort-
able talking to can help individuals to gain clarity 
about the situation, and indeed merely sharing 
can lessen the psychological ‘load’; the old adage 
of a problem shared is a problem halved holds 
true. However, some people may prefer to talk to 
someone they are less close to in order to have a 
more neutral space for talking—a colleague, reli-
gious leader, teacher, manager, or support group. 
Talking to other people who experienced the 
same event can be extremely helpful in terms of 
reflecting on the experience, gaining clarity and 
coming to terms with it. Indeed, evidence from 
military studies shows that military personnel 
favour speaking with colleagues who have had 
similar experiences and doing so is associated 
with better mental health [33]. It is important to 
note that people sharing their feelings with others 
who experienced the same incident should not 
compare their emotions, reactions or coping 
methods—because, as discussed, everyone reacts 
in different ways. Neither party should leave that 
interaction feeling that their response is ‘abnor-
mal’ or that they are not coping as well as the 
other person.

People should make sure that the person they 
talk to is supportive, non-judgmental, and under-
standing. It is normal to feel anxious about talk-
ing to someone about feelings, so choosing a 
person they feel comfortable and calm with is 
essential. Before reaching out to someone—who-
ever that someone may be—it may be helpful for 
people to plan ahead of time what areas and 
aspects they want to discuss. This may even 

involve making some notes before any conversa-
tion begins. This can reduce feelings of anxiety 
about saying the wrong thing or not knowing 
what to say.

 Recommendations for Trauma- 
Exposed People: Reaching Out

• The individual should not be afraid to tell oth-
ers what kind of support they think they need, 
or how they think the other person can help. It 
may be that they want empathy, input, sugges-
tions of how to cope, someone to simply listen 
while they talk about their experience or even 
just company in a comfortable environment. 
Also having typical, everyday conversa-
tions—not related to the event—with some-
one can be helpful.

• People must not feel pressured to talk about 
painful memories or feelings before they feel 
ready, or even to talk about details of the event 
itself if they do not feel comfortable to at first. 
Some people may be prepared to talk about it 
straight away, while others may feel unable to 
for some time. Again, everybody reacts to 
potentially traumatic events in different ways, 
and so naturally, their needs in the immediate 
aftermath are different.

• If someone does want to express their thoughts 
or feelings, they should do so; bottling them 
up is not helpful.

• If someone does not want to (or feel able to) 
discuss the event with their friends or family, 
they may find it useful to join a support group. 
Local community groups on social media and 
noticeboards in the local area are excellent 
ways of finding out about such groups; also, 
GPs can recommend any local groups that 
may be appropriate. ‘Informal support groups’ 
can also be created by those who experienced 
the same potentially traumatic event together, 
arranging to spend time with each other. 
However, it is not clear if these are always 
helpful. NICE recommends that such groups 
are facilitated or supervised to help ensure that 
they are of benefit to attendees’ mental health.
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 Recommendations for Those Close 
to Trauma-Exposed People: How 
to Communicate

Key Points
The people who trauma-exposed individuals turn 
to are most often not trained mental health pro-
fessionals. However, in most cases they do not 
need to be: anyone can help simply by listening, 
understanding and supporting. There are several 
things they can do, such as acknowledging the 
experience that the other person has been through; 
asking how they are and how they have been 
doing since the incident, maintaining an air of 
calm interest and engagement. It may seem like 
common sense, but simply showing interest in 
the person and their wellbeing can help, as it lets 
the trauma-exposed person see that they are 
valued.

The person they turn to should be careful to 
focus on the trauma survivor’s own interpretation 
of their experience and should communicate 
calmly and efficiently, using neutral language to 
avoid creating extra anxiety or fear. They should 
engage in active listening, which involves fully 
concentrating on, understanding and responding 
to what is being said. The listener is active in try-
ing to grasp the feelings of the person they are 
listening to and helping them to work out their 
problems, rather than passively listening [34]. 
This is key to building rapport, understanding 
and trust. Tips for active listening include subtle 
encouragement to show they are listening to the 
other person while keeping ‘encouragers’ (subtle 
actions or expressions which encourage the 
speaker to continue) at a minimum. Asking open- 
ended and non-leading questions, reflecting on 
what the other person has just said and maintain-
ing good posture and eye contact are useful tech-
niques. These can be enhanced by using effective 
pauses without needing to ‘fill the gaps’, and 
summarising or paraphrasing what the other per-
son says to establish that they have understood. 
Drawing on their own, relevant experiences and 
talking about how they coped with those may be 
helpful, but they should be careful to avoid imply-
ing that they or other people have had it worse. 

The active listener should be mindful not to force 
the person to talk about things they may not be 
ready to discuss, not to try and alter their percep-
tions of the event, and not to re-traumatise the 
person. It is also important not to make any men-
tion of feelings of shame or guilt unless the indi-
vidual brings those up first. They should avoid 
exclamations of surprise, and avoid suggesting 
that it is weak or shameful to need help. They 
should also avoid ‘why’ questions, as these can 
make people defensive, as well as leading ques-
tions, digging for unnecessary information, 
preaching, interrupting, and patronising. Key 
advice would be to reassure the person that their 
feelings are normal and valid. However, if red 
flags come up, such as thoughts of self-harm, the 
individual should be helped to speak with an 
appropriately qualified professional.

 Ongoing Psychological Issues

While the psychological symptoms of distress 
immediately following a traumatic experience 
tend to go away on their own with time (usually 
within 4 weeks) [35], in some cases, symptoms 
may worsen, and turn from ‘distress’ into ‘disor-
der’. A minority of people will go on to develop 
mental health problems such as post-traumatic 
stress disorder, depression, anxiety, phobias or 
alcohol issues, which can significantly impair 
their functioning.

 Post-Traumatic Stress Disorder

Key Points
While there are several mental health problems 
which can arise after experiencing a potentially 
traumatic event, by far the most commonly 
researched and believed to be the most central to 
post-event psychopathology is post-traumatic 
stress disorder, or PTSD [36, 37].

A diagnosis of PTSD is dependent on (i) being 
exposed to a traumatic event and (ii) suffering 
from distressing symptoms post-event [38]. 
Someone experiencing significant psychological 
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distress after having experienced a non-traumatic 
stressor would instead likely be diagnosed with 
an adjustment disorder. This raises the question 
of what constitutes a ‘traumatic event’, and there 
remains some controversy in this area35. The 
Diagnostic and Statistical Manual of Mental 
Disorders-IV [39] stated that a traumatic incident 
had to include a response of helplessness, horror 
or fear. However, this failed to take into account 
individuals who certainly experienced potentially 
traumatic events but responded in an entirely 
rational way (for example, many people whose 
job roles include being regularly exposed to 
potentially traumatic events) [40]. This was inap-
propriate as it confused an individual’s subjective 
response with the objective experience of expo-
sure to a potentially traumatic event [41]. 
Therefore, the updated diagnostic criteria in 2013 
removed the requirement for a response of help-
lessness, horror or fear.

The current diagnostic category for PTSD as 
described in the Diagnostic and Statistical 
Manual of Mental Disorders-5 [1] lists eight cri-
teria which must be met for a diagnosis of PTSD 
to be made.

 1. Exposure to a traumatic event—that is, an 
event which included exposure to death, the 
threat of death, serious injury, threat of seri-
ous injury, sexual violence, or threat of sexual 
violence. Exposure includes the direct experi-
ence of the event, direct witnessing of the 
event, learning that a close other has been 
exposed to actual or threatened trauma and 
repeated or extreme indirect exposure, usually 
in the course of professional duties.

 2. Persistent re-experiencing of the event—this 
may be through involuntary thoughts, images, 
dreams, hallucinations or flashbacks.

 3. Avoidance of stimuli associated with the 
trauma—this may involve avoidance of 
thoughts or feelings related to the event, 
avoidance of discussions of the event, avoid-
ance of media coverage of the event, or avoid-
ance of any places, people or other stimuli 
which trigger the person to recall the 
incident.

 4. At least two symptoms of negative alterations 
in cognition and mood—any two of the fol-
lowing: inability to remember a particular 
(important) aspect of the event; persistent 
negative beliefs about the self, others or the 
world; persistent distorted cognitions about 
the cause or consequences of the event, lead-
ing to blame of the self or others; persistent 
negative emotions; loss of interest in usual 
activities; feelings of detachment from other 
people; and inability to experience positive 
emotions.

 5. At least two symptoms of negative alterations 
in arousal and reactivity—any two of the fol-
lowing: irritable and angry outbursts; reckless 
or self-destructive behaviour; hyper- vigilance; 
exaggerated startle response; difficulties con-
centrating; disturbed sleep.

 6. The above symptoms persist for at least 1 
month.

 7. The above symptoms cause significant dis-
tress or impairment in function.

 8. The above symptoms cannot be attributed to 
either another medical condition or the physi-
ological effects of a substance.

 Understanding Factors 
Contributing to Psychological 
Distress and Disorder

Understanding the risk factors for post-traumatic 
mental health problems is essential, as this allows 
us to identify who is most vulnerable. We might, 
over-simplistically, simply expect that the higher 
the level of exposure to the potentially traumatic 
event, the more likely an individual is to experi-
ence long-term psychological problems. 
Unsurprisingly, people with a high level of expo-
sure to the event (those who are closest to the 
incident and for more extended periods, or who 
are involved in the immediate rescue and care of 
victims and survivors, or witness severe injury or 
death) tend to suffer more psychological conse-
quences than those who are further away from 
the incident or caught up in it for less time, or 
who do not witness such atrocities [42]. However, 
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there are many other factors at play; we cannot 
automatically assume that those with high expo-
sure will suffer psychological consequences, or 
that those with low exposure will not suffer. For 
example, while there has been a wealth of 
research on occupational groups at high risk of 
experiencing traumatic events, there are often 
strikingly low levels of mental health problems in 
such people. One study of police who dealt with 
the aftermath of the Madrid bombings found that 
only 1.2% of their participants were affected by 
post-traumatic stress after 5 weeks [40]. Other 
studies have reported much higher rates of men-
tal health problems in similarly-affected employ-
ees [37]. So, it is clear that there are factors other 
than traumatic exposure itself which affect how 
people react to potentially traumatic events and 
whether or not they will develop psychological 
problems as a result.

Several comprehensive meta-analyses and 
systematic literature reviews have explored the 
risk factors for developing mental health disor-
ders after experiencing a traumatic event. They 
have all noted that social and psychological fac-
tors are more significant predictors of mental 
health outcomes than demographic factors such 
as gender, age, race or education level [42–47].

 Pre-Traumatic Event Predictors 
of Mental Health Outcomes

Key Points
There are several pre-event predictors of post- 
event mental health. A meta-analysis [47] identi-
fied prior trauma, prior psychological adjustment, 
and family history of psychopathology as risk 
factors for developing PTSD.

Previous experience of a traumatic event, even 
if it happened a long time ago, is associated with 
a higher risk of developing mental health prob-
lems. The more recent and relevant the experi-
ence, however, the more likely it is to matter, 
particularly if they have begun thinking about it 
again following the current trauma.

Stressful pre-disaster life events (such as 
divorce, bereavement, illness, work overload and 
any significant problems at home, work or with 

health) and prior mental health problems, in addi-
tion to family psychiatric history, are also predic-
tive of mental health problems [46, 48]. It has 
been reported that the risk of experiencing mental 
health problems post-trauma increases with an 
increasing number of significantly stressful prior 
life events [49]. Childhood abuse is a particularly 
significant risk factor for mental health problems 
following exposure to a potentially traumatic 
event [46].

 Peri-Traumatic Predictors of Mental 
Health

Key Points
An individual’s experience and emotional 
responses during the potentially traumatic event 
can have a significant impact on the mental health 
symptoms they experience in the aftermath [47]. 
Feelings of risk or threat—in particular, thinking 
that one was going to die during the event—
appear to be particularly important [42–44, 47].

Evidence suggests this is even more predictive 
of mental health problems post-incident than 
actual injuries experienced [50]. The longer the 
duration of time that the individual feels at risk, 
the worse their mental health outcomes are likely 
to be [51]. The critical factor here is about a sig-
nificant threat to personal safety—whether the 
person felt unsafe, that their life was in danger, or 
that they believed they faced serious injury or 
death (even if they were not in fact at risk of 
either of these). Unsurprisingly, actual injury to 
the self or injury or death of close others is also 
predictive of poor mental health [42]. A study of 
fire-fighters [52] found an increase in PTSD risk 
with each additional death of a colleague experi-
enced after the World Trade Center disaster in 
New York.

Also important are emotional reactions during 
the event. For example, studies of disaster work-
ers have suggested that high levels of identifica-
tion with the victims or imagining one’s self or 
loved ones being victims are associated with poor 
post-disaster wellbeing [53, 54]. Peri-traumatic 
dissociation is also well-documented as predict-
ing post-event mental health [42, 47, 55].
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 Social Support

Key Points
One of the key predictors of post-incident mental 
health is the quality of social support available 
during the recovery period [32, 42–45, 47].

A plethora of studies of military personnel 
have shown that unit cohesion, support from 
immediate managers and positive relationships 
with colleagues are associated with resilience. In 
contrast, poor support and poor cohesion are 
associated with mental health problems. Research 
on trauma-exposed organisations has shown that 
social support from colleagues and particularly 
managers is important for fostering resilience 
[42]. For this reason, the United Kingdom 
Psychological Trauma Society’s guidelines for 
trauma-exposed organisations (2014) emphasises 
the importance of peer support and preparing 
those in managerial positions for supporting their 
staff.

 Post-Event Coping Strategies

Coping strategies can generally be categorised as 
either positive or negative [56]. Negative coping 
strategies are ineffective, perpetuating stress rather 
than reducing it, and include deliberate avoidance 
of traumatic thoughts, denial of the experience, 
and self-destructive behaviours such as misuse of 
alcohol or drugs. These strategies appear to be 
associated with poorer mental health [42]. Positive 
coping strategies are effective in reducing feelings 
of stress, and include proactive coping, confron-
tive coping (such as planning, strategising or 
developing strategies to “beat” the problem), and 
planned problem-solving. Typically, positive cop-
ing strategies involve awareness of the situation; 
working towards a resolution of the problem; 
modifying behaviours to resolve the problem; and 
ultimately moving on with life [56]. These strate-
gies tend to be associated with more positive men-
tal health outcomes [42].

Often, people find themselves wanting to cope 
with their feelings by using alcohol, cigarettes, 
and/or prescription or recreational drugs. These 
can seem like an easy, quick way of escaping bad 
feelings and experiencing relief from stress. 

However, they are unhelpful long-term and can 
increase the chance of longer-term problems later 
by adversely affecting physical health, disrupting 
sleep patterns, negatively impacting relationships 
with others and potentially leading to addiction.

 Post-Event Impact on Life

Key Points
If an individual experiences personal or profes-
sional loss as a result of the potentially traumatic 
event they appear to be at higher risk of mental 
health problems [42–44]. The more far-reaching 
the impact of the event on someone’s life, the more 
likely they appear to suffer mental health prob-
lems. The impact may include property loss, job 
loss, financial problems, or insurance problems.

 Multiple Exposures

It is also worth noting that exposure to multiple 
potentially traumatic events is another risk factor 
for mental health problems. Experiencing a sin-
gular traumatic event is known as Type I Trauma, 
while chronic exposure to multiple traumatic 
events over time is known as Type II Trauma 
[57]. Type II Trauma is often experienced by 
individuals working in occupations particularly 
at risk for trauma, such as emergency services 
and military personnel, humanitarian relief work-
ers, healthcare professionals and journalists 
reporting from conflict zones or disaster scenes, 
as well as those frequently exposed to trauma 
vicariously such as therapists, child protection 
officers and social workers [58]. The chronic 
exposure experienced by those suffering from 
Type II Trauma can also lead to complex PTSD 
(C-PTSD) [38].

 Early Detection of Trauma-Related 
Mental Health Disorders

Educating people about the symptoms of mental 
health problems (such as PTSD) is of utmost 
importance—if individuals cannot recognise 
symptoms in themselves or those close to them, 
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then they will not recognise if they (or close oth-
ers) need professional help.

Unfortunately, many people who might bene-
fit from professional help after a traumatic event 
avoid seeking help even if they do acknowledge 
their symptoms, for a variety of reasons. Perhaps 
they are unaware of where to go for help, feel 
ashamed about admitting they are struggling, or 
hope the problem will go away on its own. 
Indeed, there is still a substantial amount of 
stigma surrounding mental health problems [59].

For this reason, in the cases of major incidents 
or disasters, a ‘screen and treat’ approach could 
be helpful, ensuring that everyone affected by the 
event is screened for potential mental health 
problems. The 2018 National Institute for Health 
and Care Excellence guidelines [20] recommend 
that the people responsible for coordinating 
disaster plans should screen all affected 
individuals.

After acts of terrorism in Tunisia, Paris and 
Brussels in 2015–2016, the English Department 
of Health funded an outreach programme to iden-
tify and support all residents of England who had 
been affected by any of these three incidents. 
Mental health questionnaires were mailed to all 
people known to be affected [60]. An overwhelm-
ing majority of those who responded (91.8%, 
n = 195) screened positive, according to the ques-
tionnaire scores, for at least one of PTSD, anxi-
ety, depression, increased smoking or problematic 
drinking of alcohol. The screen and treat pro-
gramme allowed for these people to be offered 
clinical assessment and, where necessary, subse-
quent referral for appropriate professional treat-
ment. So it seems from this study that screen and 
treat programmes are beneficial in community 
settings. Still, it should be noted that only a small 
percentage of those affected by the incidents 
responded to the questionnaires, and issues relat-
ing to data protection limited the ability to iden-
tify and communicate with other people who 
may have benefitted from the screening. Similar 
problems arose from the UK’s first use of the 
screen and treat approach, following the July 7th 
2005 bombings in London. Agencies were reluc-
tant to share the contact details of those affected 
with the screening team, and as a result, only a 

small percentage of those affected were screened 
[61]. However, community-based screen and 
treat programmes appear to be broadly successful 
for those who do take part, and more explicit 
policies around data sharing after major trau-
matic incidents may help.

It is important to note, however, that while 
there is reasonable evidence of community-based 
screen and treat programmes being effective, the 
same is not valid for post-incident, or post- 
deployment, screening programmes within 
organisational settings. Studies carried out in US 
troops suggest that military personnel identified 
as having a mental health problem through being 
screened after deployment did not experience any 
benefit. Indeed, a 2007 paper showed that US 
personnel who were screened, advised to obtain 
professional care and did so had poorer longer- 
term mental health than those who were encour-
aged to seek professional care, but who ignored 
the advice [62]. A randomised controlled study of 
post-deployment screening carried out in around 
9000 UK military personnel, published in 2017, 
found screening had no impact on mental health 
status or help-seeking behaviour over a year after 
the screening was carried out [63]. It is likely that 
stigma as well as concerns about confidentiality, 
reputation and career impact, as well as fluctuat-
ing post-deployment mental health symptoms, all 
act to make psychological health screening 
within organisations ineffective.

Of course, some potentially traumatic events 
affect only a small number of people, or even 
only one person, and in such cases community 
screen and treat programmes would clearly not 
be used. In these cases, it is the people closest to 
the trauma-affected individual who are best 
placed to notice if the individual is in distress. It 
can be useful to compare their behaviour to their 
usual behaviour; are they acting differently, no 
longer taking part in their usual hobbies or activi-
ties, or withdrawing themselves from their usual 
social activities? Those especially close to the 
person may well notice changes in sleep and 
appetite, too. If they do feel that their loved one 
needs professional help, they should be support-
ive of this, and reassure the person that needing 
help does not imply instability or weakness.
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In cases where individuals have experienced 
chronic exposure to trauma as a result of their 
occupational roles, or who by chance have expe-
rienced a ‘one-off’ traumatic event in the work-
place, it may be their colleagues and/or manager 
who is best-placed to notice any problems and 
provide support [59]. It would, therefore, be 
helpful for any manager who finds themselves in 
the position of needing to support trauma- 
exposed staff to familiarise themselves with 
appropriate guidelines for treating traumatic 
stress [20, 64] and ensure that they can appropri-
ately support staff who need it.

 Treatment of Trauma-Related 
Mental Health Disorders

Key Points
If, after the ‘active monitoring’ period of 4 weeks, 
symptoms are persisting, formal mental health 
assessment and intervention may be needed. It 
may also be that specific therapy is indicated if 
someone presents with very severe and impairing 
symptoms before 4 weeks, although the evidence 
as to what works is less robust for treatments 
delivered during this period.

If, after active monitoring, someone is still 
struggling to cope with intense thoughts, feelings 
or physical reactions surrounding the incident; is 
feeling numb and detached; if their personal or 
professional life is suffering; if they are smoking 
or drinking to excess, or using drugs; if they have 
self-injurious thoughts or behaviours; if they 
have found themselves engaging in violent, 
aggressive or destructive behaviour; if they feel 
unable to enjoy life; or if they have vague signs of 
physical illness that cannot be explained and 
were not present before the trauma they should 
be assessed by a suitably trained professional. In 
these cases, it is recommended that people con-
tact their GP or local mental health service. If 
they are suffering from a mental health disorder 
such as PTSD, it is essential they are treated by a 
professional mental health provider.

According to the NICE guidelines (2018), 
GPs should take responsibility for the initial 

assessment (including risk assessment and 
assessment of physical, psychological and social 
needs) and coordination of care. The guidelines 
recommend providing advice to patients (and 
their families and carers where appropriate) 
about common reactions to traumatic events, 
including the symptoms of PTSD and its course; 
assessment, treatment and support options; and 
where their care will take place. Treatment from 
specialists is likely to be required, and the guide-
lines suggest that GPs should support the transi-
tion to different services by providing the patient 
information about the service they are moving to 
and ensuring information is shared between all 
services involved. They should also include the 
patient and their carers or family if appropriate in 
meetings to plan the transition and address any 
specific worries the patient has about the 
transition.

Whilst there is mixed evidence for what kind 
of treatment is best for any one person, NICE 
guidelines helpfully clarify that evidence-based, 
trauma-focused therapies are the mainstay of 
any treatment approach, though different types 
of trauma may require different interventions. 
For example, one potential intervention (eye 
movement desensitisation and reprocessing) has 
been shown to be successful in some cases [65]. 
This intervention involves patients recalling an 
image representing the traumatic incident, along 
with the negative cognitive and bodily symp-
toms that come with that image, and following 
alternating eye movements while they do this, as 
a way of dampening the power of those emo-
tionally charged memories and images. 
Although this has been shown to be successful 
for many types of trauma, NICE guidelines 
(2018) do not recommend it for use in people 
with war trauma. For people with non-combat-
related trauma, when eye movement desensiti-
sation and reprocessing is recommended, it 
must be based on a validated manual (i.e. be 
delivered in accordance with a previously 
agreed, evidence based and accepted structure) 
and be provided over 8–12 sessions (or more if 
required). It must also be delivered by trained 
practitioners with ongoing supervision, be 
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delivered in a phased way and include psycho-
education about trauma responses, managing 
distressing symptoms, treating stressful memo-
ries and promoting alternative positive beliefs 
about the self. Each treatment session must 
repeat the eye movement stimulation until mem-
ories are no longer distressing and include the 
teaching of self-calming techniques for use 
between sessions.

Peer support groups can also be useful. The 
NICE guidelines (2018) recommend helping 
patients to access peer support groups if they 
want to, noting that these groups should always 
be led by people with mental health training. 
These sessions should be delivered in such a way 
that reduces the likelihood of exacerbating symp-
toms and provide useful information and help 
with accessing services.

Key Points
The most robust consistent evidence for the treat-
ment of PTSD is for trauma-focused cognitive 
behavioural therapy [66, 67]. This may include 
exposure to the trauma in a safe way, such as by 
imagining or writing about the event to cope with 
feelings. It can also involve cognitive restructur-
ing, which consists of the therapist helping the 
patient to look at the event in a more realistic way 
and reduce their feelings of guilt or shame.

Generally, ‘talking therapies’ which enable 
people to address their feelings about the event 
and improve their coping strategies, are recom-
mended. NICE guidelines (2018) recommend 
four types of trauma-focused cognitive behav-
ioural intervention: cognitive processing therapy, 
cognitive therapy for PTSD, narrative exposure 
therapy and prolonged exposure therapy. They 
note that all interventions should be based on a 
validated manual, be provided over 8–12 sessions 
(or more if required), be delivered by trained cog-
nitive behavioural therapy practitioners with 
ongoing supervision from peers and include psy-
choeducation about trauma reactions, strategies 
for managing re-experiencing, and safety plan-
ning. They should also involve elaboration and 
processing of memories of the traumatic event, 
involve processing emotions related to the trau-

matic event (including shame and anger), involve 
re-structuring trauma-related meanings and help 
overcome avoidance of feelings. They should 
aim to re-establish normal functioning, prepare 
the patient for the end of treatment and include 
planning booster sessions if appropriate. 
Cognitive behavioural therapy can also be deliv-
ered online if the patient is deemed as not at risk 
of harm to themselves or others. Again, this type 
of intervention needs to be based on a validated 
programme and include guidance from a trained 
practitioner.

Medications are not usually the first line of 
treatment but can at times help lessen symptoms, 
particularly if coupled with therapy. The NICE 
guidelines (2018) suggest that medication should 
be a second-line strategy for people who do not 
want, or are not currently suitable for, talking 
therapies. There is some evidence that antide-
pressants such as paroxetine, sertraline and ven-
lafaxine can help manage PTSD symptoms. The 
guidelines also recommend that specialists can 
consider the use of antipsychotics such as risperi-
done if the patient has disabling symptoms and 
behaviours, such as psychotic symptoms. Any 
pharmacological treatment should be reviewed 
regularly. Initial research on the effectiveness of 
pharmacological treatments for PTSD focused on 
benzodiazepines which were found to be ineffec-
tive and, at worst, could potentially lead to higher 
rates of PTSD [68]. Therefore, benzodiazepines 
are not recommended for use in the NICE guide-
lines (2018).

Often a combination of talking therapy and 
medication such as anti-depressants can be suc-
cessful in treating mental health problems. It 
must be noted that talking therapies such as cog-
nitive behavioural therapy are often delivered 
months after the trauma and are therefore signifi-
cantly different from critical incident stress 
debriefing. Ideally, the treatment provided should 
help the patient understand and cope with their 
experience and their feelings; allow them to be 
able to relax; enable them to control their anger; 
return their sleep and diet habits to normal and 
teach the patient how to respond to reminders of 
the trauma without becoming distressed.
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 Summary

In the immediate aftermath of a potentially 
traumatic event, professional psychological 
help is not usually necessary or indeed recom-
mended. While the majority of people affected 
by trauma will recover fully without psycho-
logical intervention, a minority will experience 
long-term mental health problems such as post-
traumatic stress disorder and will need addi-
tional support. There are several pre-event, 
peri-event and post- event factors which are pre-
dictive of whether someone will go on to 
develop mental health problems. Perhaps most 
notably, a lack of social support and poor cop-
ing strategies are associated with poor mental 
health. Stigma around mental health, or simply 
not believing that professional help is needed, 
can stop people from seeking help even when 
they need it. Those who are still  struggling to 
cope 4 weeks after the potentially traumatic 
event may benefit from talking therapies such 
as cognitive behavioural therapy and should be 
assisted to access professional help as often 
they fail to do so themselves.

Questions
 1. What symptoms might people experience 

after a potentially traumatic event?
 (a) Fear, feeling depressed, feeling anxious
 (b) Confusion, poor attention, memory 

problems
 (c) Nausea, difficulty breathing, dizziness
 (d) All of the above

 2. According to NICE PTSD management 
guidelines, what should someone do if they 
are experiencing non-severe symptoms of dis-
tress after a potentially traumatic event?

 (a) Seek professional help immediately
 (b) Monitor their symptoms and seek profes-

sional help if symptoms persist after a 
week

 (c) Monitor their symptoms and seek profes-
sional help if symptoms persist after four 
weeks

 (d) Monitor their symptoms and seek profes-
sional help if symptoms persist after six 
months

 3. According to NICE guidelines, which of the 
following is NOT recommended for someone 
diagnosed with PTSD?

 (a) Prescription of benzodiazepines
 (b) Support groups
 (c) Cognitive behavioural therapy
 (d) Eye movement desensitisation and 

reprocessing

 4. What should someone do if a loved one has 
recently experienced a potentially traumatic 
event?

 (a) Urge them to seek professional help 
immediately

 (b) Compare their behaviour to their usual 
behaviour and offer to listen to them/talk 
to them if they need it

 (c) Leave them alone
 (d) Ask them to describe the traumatic event 

in detail, in order to judge how much it 
might have traumatised them

 5. What most commonly happens after a poten-
tially traumatic event?

 (a) The majority of people are not affected at 
all

 (b) The majority of people experience some 
symptoms of distress, which improve on 
their own over time

 (c) The majority of people experience symp-
toms of distress which only improve with 
professional intervention

 (d) The majority of people are diagnosed with 
post-traumatic stress disorder

Answers
 1. d
 2. c
 3. a
 4. b
 5. b
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