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* Management of severely injured patients remains a challenge, characterised by a number
of advances in clinical practice over the last decades. This evolution refers to all different
phases of patient treatment from prehospital to the long-term rehabilitation of the

survivors.

* The spectrum of injuries and their severity is quite extensive, which dictates a clear

understanding of the existing nomenclature.

e What is defined nowadays as polytrauma or major trauma, together with other essential
terms used in the orthopaedic trauma literature, is described in this instructional review.
e Furthermore, an analysis of contemporary management strategies (early total care (ETG),
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damage control orthopaedics (DCO), early appropriate care (EAC), safe definitive surgery
(SDS), prompt individualised safe management (PRISM) and musculoskeletal temporary
surgery (MuST)) advocated over the last two decades is presented.

* Afocused description of new methods and techniques that have been introduced in clinical
practice recently in all different phases of trauma management will also be presented.

e As the understanding of trauma pathophysiology and subsequently the clinical practice
continuously evolves, as the means of scientific interaction and exchange of knowledge
improves dramatically, observing different standards between different healthcare systems

and geographic regions remains problematic.

* Positive impact on the survivorship rates and decrease in disability can only be achieved

with teamwork training on technical and non-technical skills, as well as with efficient use of

the available resources.
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Introduction

Trauma, either accidental or violence related, has always
been one of the major health problems in human history.
The evolution of medicine and surgical procedures
was traditionally based on its effective management.
At a global scale, the resources and means of trauma-
related health services vary significantly, as documented
consistently in the annual reports of the World Health
Organization (WHO) (1).

Types of severe trauma are the ones mostly responsible
for the 4.4 million injury-related deaths recorded across
the world in 2021 (8% of all deaths). In its different forms
(e.g. road traffic accidents, homicide, suicide) trauma
remains the primary cause of death for those below the
age of 45 years (1, 2). Furthermore, itis also responsible for
more than 20% of all causes of severe disability, adversely

affecting the quality of life of those that survive and of
their immediate social circle. Beyond death and physical
disability, an often-underestimated major problem is
the risk of chronic mental illness, substance abuse and
secondary chronic problems that stem from a previous
traumatic event. Subsequently, the socioeconomic burden
is huge, in terms of loss in productivity and consumption
of resources towards trauma prevention, acute health
services, rehabilitation and lifelong support of the severely
disabled survivors.

The effective management of these patients is one
of the most difficult clinical quests influenced by a large
spectrum of complex and dynamic factors. In between
all trauma-related surgical interventions, fracture fixation
remains the most frequently required. Defining its optimal
timing and choosing between the different fixation
methods remains an area of debate (3).
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The objectives of this instructional review are (i) to clarify
contemporary terms and methods commonly described
in the relevant literature and (ii) to offer a comprehensive
evaluation of the contemporary principles of management
of severely injured patients at all phases of their care (Fig. 1).

Definitions and classification systems

Trauma in general is the result of a physical (even
psychological according to the more recent
nomenclature) insult to a living organism. It has been
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subclassified according to its causative mechanism
(i.e. blunt, penetrating, blast and deceleration), intention
(i.e. accidental, self-inflicted and assault) or severity
(i.e. minor, moderate, serious, severe, critical and
maximal/untreatable) (4).

The abbreviated injury scale (AIS), since its introduction
in 1971 and following its updates (latest in 2015), is
unanimously used to cipher the anatomic description
of all potential injuries in all anatomic body regions. It
is based on the analysis of hundreds of thousands of
patients and includes a severity mark for each distinct
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The ‘Leeds Major Trauma Risk Phaseout’ represents a graphic representation of the gradual decrease in the risk of death/disability
following major trauma. These risks, at the time of the accident/’first hit’, increase significantly. All patients rely on the subsequent
healthcare response to gradually restore their general state ideally to the preinjury levels (blue line). The causes of death/disability at the
first stages are mostly associated with airway obstruction, severe brain injury and/or massive haemorrhage. Subsequently, complications
relevant to the innate immune response to the “first hit” and the magnitude and timing of surgical interventions (second hit’) may be

fatal due to multiorgan failure, infections and later pulmonary embolism. In all different phases of modern trauma care, a number of
different protocols, interventions, drug therapies and surgical procedures aim to reduce the risk of death/disability (pointing-down
arrows). A well-coordinated individualised strategy of management following the ‘Leeds PR.I.S.M.” appears as a sensible model to
follow. (30) ABs, antibiotics; ARDS, acute respiratory distress syndrome; ATLS, advanced trauma life support; CARS, compensatory
anti-inflammatory response syndrome; CXR, chest x-ray; DCO, damage control orthopaedics; DCR, damage control resuscitation; DCS,
damage control surgery; ED, emergency department; FAST, focused assessment with sonography for trauma; HAI, hospital-acquired
infection; IR, interventional radiology; LRTI, lower respiratory tract infection; MOF, multiple organ failure; MTP, massive transfusion

protocol; O.R., operation room/theatres; PE, pulmonary embolism; PR.I.S.M., prompt individualised safe management strategy; REBOA,

resuscitative endovascular balloon occlusion of the aorta; RS, rapid sequence induction of anaesthesia; SIRS, systemic inflammatory
response syndrome; TBI, traumatic brain injury; TICU, trauma intensive care unit; TQ, tourniquet; TXA, tranexamic acid.
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injury (AIS severity =last digit of the code ranging from 1
to 6). This AIS severity is strongly associated with the risk
of each particular injury to cause death (4).

As a surrogate indicator of severity, clinicians still use
the injury severity score (ISS) which derives from the
AIS coding. It considers the most severe injuries from
three different body regions. The body regions can be
one of the following: 1) head and neck, including the
cervical spine; 2) the face; 3) the chest including the
thoracic spine; 4) the abdomen including the lumbar
spine and the pelvic organs; 5) the pelvic skeleton and
the extremities; and 6) the external referring to extensive
skin lesions/burns (5). The ISS (range from 1 to 75) has
been proven to be associated with trauma mortality,
morbidity and the length of hospital stay (6). A degree
of confusion exists between overlapping terminology
relevant to ‘severe trauma’. It is defined as any single
injury with AlS last digit of 4 or a combination of injuries
with ISS score > 16.

‘Polytrauma’ is a Greek term that is also widely used
in the trauma literature since 1975 (7). It derives from the
merge of two words ("poly’ which means many or too
much and ‘trauma’). It should be used when we need
to describe a combination of serious injuries in different
body regions (in contrast to the term of ‘monotrauma’).
In 2014, a clear definition of polytrauma was published.
The term should be used when certain anatomic and
physiology conditions are met (Table 1) (8).

In the United Kingdom, a different term is widely used
over the last decade. It refers to the subgroup of injured
patients who would benefit from a transfer to a specialised
hospital with 24/7 readiness of its services (9). ‘Major
trauma’ patients are those with any injury or combination
of injuries that are likely to be fatal or cause long-term
disability. The term includes poly- and monotrauma, in
any body region, from any cause and in any age group.

There are a number of other subgroups that require
utilisation of supplementary resources and methods in
their management. More specifically, ‘paediatric trauma’
refers to trauma below the age of 16 years. It is the
leading cause of deaths in this sensitive population and is
associated with higher incidence of severe head injuries as
well as trauma-induced coagulopathy (TIC) in comparison

Table 1
publication of 2014 (8) — ‘Berlin Consensus’.
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with the adults. Furthermore, particular attention is given
to the radiation exposure during diagnostic imaging,
whilst fracture fixation is adapted to the open epiphyses of
their growing skeleton (10).

‘Silver trauma’ refers to the increasing number of
elderly patients who often sustain a wide range of serious
injuries (AIS > 3) following even a low-energy mechanism.
Emphasis is rising towards their limited tolerance to the
initial traumatic insult, to early frailty assessment and to
special diagnostic and therapeutic protocols that allow
the early re-enablement of this vulnerable population.
Contemporary multidisciplinary trauma teams include
specialist geriatricians from the early stages of a ‘silver
trauma’ admission (11).

Similarly, trauma victims whilst in pregnancy also
represent patients who require modifications to the
standard emergency management protocols and
more complex monitoring of their course of treatment
(12). Higher risks have been recorded for both fetal
and maternal mortality. Additionally, there is often
the concern of potential teratogenic effect to the fetus
following ionising radiation, especially in the first
15 weeks of gestation. However, the risk of delayed or
missed diagnosis of a serious injury is significantly higher
for both the fetus and the mother; therefore, at least the
acute imaging protocols usually include the standard CT
trauma scan. Interdisciplinary input in these cases dictates
the involvement of obstetricians from the early stages of
management of the injured mother (13).

Lastly, another special situation that has a significant
effect in the management of severely injured patients and
may alter the routine protocols of management is when
they are part of a mass casualty incident (MCI). These
are defined as incidents where usually the number of
injured patients and/or the nature of injuries are beyond
the available capacity and resources (14). Under these
circumstances, the initial triage and transfer protocols
from the scene of the accident, as well as the type of
primary interventions, are modified to allow the effective
treatment of the larger possible number of victims and the
minimisation of the fatalities. Damage-controlled, staged
management protocols are mostly applied to save time
and allow efficient use of the stretched resources (15).

Parameters considered to guide clinicians and researchers for the appropriate use of the term ‘polytrauma’ following the important

Anatomic characteristics (both present)

Physiological characteristics (one of five present)

AlS last digit — severity > 3
AIS body regions > 1

Hypotension: SBP <90 mmHg
Acidosis: lactate < —6mmol/L

Age: >70 years
Cognitive state: GCS < 8
Coagulopathy: INR > 1.4, or aPTT > 40sec

AlS, Abbreviated Injury Scale; aPTT, arterial partial thromboplastin time; GCS, Glasgow coma scale; INR, international normalised ratio; SBP, systolic blood

pressure..
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Established management strategies

Since its introduction in 1978, the Advanced Trauma Life
Support (ATLS) system has provided an irreplaceable
framework to the acute management of trauma (1).
Its simplicity and clarity has allowed generations of
clinicians to train uniformly and practice reliably. All
the more importantly, it has created the invaluable
culture of coordinated multidisciplinary teamwork in the
crucial early period of trauma management. The value
of ATLS has been validated in numerous publications
and, together with the updates of its training course,
represents one of the main pillars of contemporary
trauma management (2, 3, 4).

After the ATLS stage, a number of strategies have been
advocated over the last 30 years, particularly relevant to
the specifics of orthopaedic trauma. In the past, these
different strategies have generated heated debates and
have been the focus of a number of studies. In reality, they
were all proven useful and justified, yet in different patient
cohorts relevant to the specific features of the injuries
and the innate and adaptive immune response of each
individual patient (Table 2) (16).

The early total care (ETC) strategy of the 1980s
followed the advances of fracture fixation techniques
and anaesthesia of that time. The ETC rationale that ‘the
injured patient is too sick not to operate early’ replaced the
previous historical teaching of delaying the management
of long bone fractures for the fear of severe perioperative
complications. The most recognised ETC study is that
of Bone and Johnson in 1989 (17). They recommended
definitive fixation within 24-h of high-energy femoral
fractures, identifying a reduction of secondary pulmonary
complications and acute respiratory distress syndrome. This
strategy gained global traction and remains applicable still
for the majority of our patients under certain conditions.
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However, a few years later, it became apparent that the
more severely injured patients cannot tolerate prolonged
definitive procedures (‘second hit”) (17). This led in the
late 90s to the inception of an alternative strategy named
damage control orthopaedics (DCO). The term was
adopted from the US Navy, originally describing the use
of simple but critical interventions in stages allowing a
damaged ship to stay afloat and gain time until it reaches
a repair dock (18, 19). This strategy employs a staged
protocol for the most severely injured based on the
following principles:

1. Immediate control of haemorrhage, decompression
of critical cavities (skull, chest, abdomen and fascial
compartments), early temporary stabilisation of
long bone fractures (usually with bridging external
fixators), and decontamination of soiled wounds.

2. Vital organ monitoring and resuscitation in the
intensive care.

3. Secondary definitive fracture fixation at a later stage.

This type of staged strategy optimally should be applied
to a smaller subgroup of patients that cannot tolerate
aggressive all-inclusive definitive management due to the
multiplicity and severity of either their trauma (‘first hit’)
and/or their frailty — poor physiologic reserve and mostly
the instability of their physiology (20, 21). A number of
studies have attempted to define clear criteria that could
help the clinicians to decide which of their injured patients
would benefit most from DCO (22, 23). Each patient
following the initial ATLS manoeuvres is usually classified
as being stable/borderline/unstable/in extremis. Each
different state was defined according to specific criteria
that reflect the presence or not of metabolic shock,
coagulopathy, hypothermia (lethal triad) and severe
lung, abdominal or soft tissue trauma. More recently,
these criteria have been revisited in order to adapt to

Table 2 Different periods in the evolution of management strategies for the severely injured in the orthopaedic trauma literature.

Period Rationale

Management Evidence

1940-1970
ETC 1980-1990
DCO 1990-2000

‘The fracture patient is too unwell to be operated’
‘The fracture patient is too unwell not to be operated’

stable/borderline/unstable/in extremis

EAC 2013 Resuscitate to reverse metabolic acidosis — lactate < 4 mmol/L

SDS 2015 Emphasis on continuous evaluation of patients at risk. Risk
factors: coagulation/fluid balance/lung function/vasopressor
needs/ICP

PR.I.S.M. 2016 ‘Do no further harm’. Additional factors such as genetic
predisposition, resources and special groups (silver trauma,
pregnancy, children)

MuST 2021 Differentiation between the staged strategy for distinctly

different reasons

‘Second hit phenomenon’ Classification of patients’ status into

Case series

RCT, case—control studies
RCT, registry analysis,
matched paired analysis

Patients left in traction for weeks

Definitive fixation in a single stage

Patients with unstable physiology require the
least invasive initial fixation, with secondary
definitive fixation days later

Early definitive fixation within the first 36 h
following initial resuscitation

Certain patients require a staged approach
with initial external fixation and definitive
fixation as soon as risk factors are optimised
Individualised approach — dynamic
assessment and as early as possible definitive
fixation in a single stage or more stages
Staged fixation in stable patients due to
specific local conditions (severe soft tissue
trauma, segmental bone loss and complex
periarticular fractures)

Case—control study

Expert opinion

Expert opinion

Expert opinion

DCO, damage control orthopaedics; EAC, early appropriate care; ETC, early total care; ICP, intracranial pressure; MuST, musculoskeletal temporary surgery;
PR.1.S.M., prompt individualised safe management; RCT, randomised controlled trial; SDS, safe definitive surgery.
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the evolution of resuscitation protocols, as well as of our
better understanding of trauma pathophysiology (24, 25).

The early appropriate care (EAC) strategy was introduced
in 2013 (26). It advocated in favour of early definitive
management of all major orthopaedicinjuries within 36 h, as
long as the resuscitation has improved the state of metabolic
acidosis (lactate < 4 mmol/L or base excess > 5.5 mmol/L).
The evidence supporting a generalised adoption of the
above mentioned thresholds was criticised as the metabolic
state is crucial but not the only factor. Lactate levels are less
reliable in certain scenarios which are common in trauma
(e.g. following excessive alcohol consumption, or with
uncontrolled diabetes, or in the elderly or in the presence of
pre-existing impaired renal function). Furthermore, patients
with critical head trauma with high intracranial pressures
and/or severe chest trauma with poor respiratory function
(p/f ratio <200 mmHg) often are not in the state to allow
transfer to the operating theatres for prolonged procedures
irrespective of their metabolic state (27, 28).

The safe definitive surgery (SDS) (29) and the prompt
individualised safe management (PR.1.S.M.) strategies (30)
were introduced more recently attempting to rationalise
and balance between those previously described. Both
refer to a more holistic approach where decisions are
individualised and balanced on additional parameters
besides the established ones (i.e. injury severity, age,
presence of specific high-risk conditions as the lethal
triad, severe head or chest injuries, bilateral femoral shaft
fractures, poor response to resuscitation manoeuvres,
frailty and pregnancy). The additional parameters include
the type of local resources in terms of both manpower/
expertise, and hospital capacity. The authors describe it
as representing a philosophy of ‘doing no further harm’
aiming to achieve the best possible outcome in any given
patient, hospital and health system (25, 30).

In 2021, a new term (MuST surgery — musculoskeletal
temporary surgery) was introduced to differentiate
between staged management offered for complex
monotrauma and to conserve the term DCO for the
unstable or in extremis polytrauma patients with the
features described previously (31). MuST surgery is
mostly applied and should be used as a term when there
is severe soft tissue trauma, gross wound contamination,
segmental bone loss or complex periarticular fractures
in a physiologically stable patient without other serious
associated injuries. According to the authors, If this
terminology would be uniformly applied, it would allow a
better comparison between DCO and ETC patient groups.

Pillars of modern trauma management

Over the last decades, there are certainly numerous
aspects that have evolved in all phases of trauma
management. There is certainly a wide variation between
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health systems, influenced not only by resources but also
by demographic and geographic variations. Nevertheless,
a number of widely accepted contemporary trends and
key elements, verified by scientific evidence, exist and will
be described.

Key elements at the prehospital phase

During the prehospital phase, anumber of crucial measures
and interventions contribute significantly to the overall
outcome of severely injured patients. According to the
WHO, these include the safe extraction from the accident
area, correct triage and fast transfer to the appropriate
hospital, effective communication, employment of the
ATLS, early resuscitation and protection from secondary
injuries at the time of extrication and transfer (32, 33).

A number of modern triage tools have been developed
reflecting mostly differences between rural/urban regions,
levels of readiness and resources between different health
systems. They all share common characteristics and
principles, aiming to avoid undertriage which can put
injured patients at risk and at the same time minimise the
over-triage which wastes the valuable resources in the
dedicated trauma centres (34, 35).

Over the last decade, certain time-dependent
interventions have been introduced at the prehospital
trauma care. These aim to reverse the lethal triad (i.e. the
vicious cycle of hypothermia, coagulopathy and acidosis)
at the earliest possible time. They focus on improving the
oxygenation of the injured tissues, reducing/replacing
blood loss and decreasing the risk of infections.

Prehospital airway management with rapid sequence
induction (RSI) of anaesthesia is considered an
established life-saving intervention for a large number of
major trauma patients (36). However, it is a challenging
procedure with recorded higher risks than inhospital
RSIs. The continuous training of prehospital emergency
physicians and paramedics via standards, as the
interchangeable operator model, is considered essential
nowadays (37).

Two major randomised trials (crash-2 and -3) have
proven the great value (reduction of all-cause mortality,
bleeding as well as head injury-related deaths) of
tranexamic acid (TXA). This simple and inexpensive
antifibrinolytic agent administered early improves the
outcome of bleeding injured patients, as well as of those
with severe head trauma (38, 39). In modern clinical
practice, the initial administration of the TXA (1 g bolus
intravenously and later another 1g infused over a period
of 6-8 hours) has clearly moved into the prehospital phase
to maximise its effect (40).

Since 2010, the wide acceptance of the damage control
resuscitation (DCR) principles in blunt trauma (41, 42)
has also had an effect on prehospital interventions. The
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volume and infusion speed of fluids administered prior to
diagnostics is reduced, aiming for a period of permissive
hypotension (43). Furthermore and following the rationale
of prompt haemostatic resuscitation (administration of
blood products), transfusion protocols during the transfer
of bleeding trauma patients to the hospital have been
introduced (44, 45).

The first use of REBOA (resuscitative endovascular
balloon occlusion of the aorta) as a roadside intervention
occurred in June 2014. Studies demonstrate that REBOA
can have a positive impact in trauma cases where
patients have suffered traumatic cardiac arrests (59%
return of spontaneous circulation) (46). In reality, the
literature still does not have a clear consensus on its
effect on mortality with a variety of studies published,
suggesting both positive and negative effects of
this procedure. REBOA is currently used more as an
inhospital technique (47).

The application of pelvic binders in haemodynamically
unstable blunt trauma patients or in those with suspicion
ofapelvicringinjury has been adopted almost universally.
They represent a non-invasive effective method to control
the pelvic volume, as well as a method of providing
mechanical stability that allows the formation of the
‘first clot” within the injured pelvis (48, 49). There are
multiple devices with some slight nuances between
themselves (50). The overarching principle is that they
should be placed over the greater trochanters because
at that level they provide circumferential compression to
the true pelvis. However, there are reports that successful
prehospital placement occurs in just 40-70% (51).
The pelvic binder can remain in situ till definitive pelvic
ring imaging is taken. However, it should be removed
or loosened up after the restoration of haemodynamic
stability and/or completion of diagnostic imaging.
Retainment over 24-h leads to increased risk of skin
necrosis and pressure sores and can obstruct secondary
surveys especially of the perineal area (52).

Splinting extremities with suspected orapparentinjuries
are also established good practice at the prehospital stage.
Especially for the femur they have been shown to reduce
morbidity and mortality and decrease blood transfusions
and secondary pulmonary complications (53). Keeping
the two legs rapped together has also been shown to add
to the volume reduction and stability of a disrupted pelvic
ring and is nowadays used as an adjunct to the pelvic
binders (54).

Theearliest possible administration of broad-spectrum
antibiotics in open injuries reduces, in conjunction
with other important measures (48), the incidence of
fracture-related infections and non-union (55), which
are heavily contributing to the morbidity of orthopaedic
trauma (56, 57). This has recently generated protocols
that include their use at the prehospital phase (58).
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Key elements at the
Emergency Department

At this phase, the most vital factor in trauma management
is the coordinated teamwork of a ‘trauma team’ that is
assembledfollowing the launch of a ‘trauma call’ ortrauma
team activation (TTA). The roles of each team member
are specific and should be undertaken after successful
completion of the ATLS training (59). A typical ‘trauma
team’ consists of the following members: trauma call
leader (TCL— most experienced clinician), a primary survey
doctor, an anaesthetist with an operating department
practitioner (to secure the airway/RSI), an orthopaedic
trauma surgeon, a resuscitative surgeon (general/vascular
surgeon), emergency care nurses, a script (to record
events), a healthcare assistant (runner/porter) and a
radiographer. Contemporary practice encourages detailed
simulation training of all team members as a group besides
the gold standard ATLS course (60).

The value of a pre-alert call (prompt notification
to the receiving hospital) from the prehospital crew is
highlighted in a number of recent studies, allowing time
to the team to assemble, sign in and prepare the trauma
bay at the emergency department (ED) to receive the
injured patient (61, 62).

An important, but often underestimated, element
of a mature trauma system is the quality of handover
between the prehospital and hospital clinicians. The use
of structured tools like the SBAR (Situation, Background,
Assessment, Recommendation) or the ATMIST mnemonics
(Age, Time, Mechanism, Injuries found/suspected,
Symptoms and signs, Treatment/interventions initiated)
and/or use of checklists allow the TCL to get informed
efficiently by the ambulance crew whilst the ‘trauma call
team’ initiates the ATLS primary ABCDE survey (referring
to an hierarchic sequel of assessments of the Airway/
Breathing/Circulation/Disability/Environmental  factors
and exposure) (63).

Establishing different tiers of TTAs has been an area of
debate. Different tiers lead to mobilisation of different/
additional team members (64, 65, 66). Therefore, there
are EDs that have adopted two- (full/limited TTA) or
three-tier systems. The main concern introducing tiers
is that it can lead to significant undertriage which can
mostly affect patients following a low energy mechanism,
elderly, or those with only head/chest injuries (65). The
main advantage is that it can lead to a better correlation
between the patient needs and the use of resources (67).

Tier 1: ED TTA — High-risk injury mechanism with
normal physiology.

Tier 2: Hospital TTA — High-risk injury mechanism with
abnormal physiology.

Tier 3: Code Red TTA — These are activated at the
discretion of the TCL when the pre-alert communication
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indicates the arrival of a haemodynamically unstable/in
extremis patient. It leads to the mobilisation of additional
staff and resources (interventional radiologist, senior
resuscitation surgeon and massive haemorrhage packs).

As part of the European ‘Stop the Bleeding Campaign’,
guidelines have been created to guide the management of
bleeding patients. The recommendations are detailed and
empbhasise the importance of having established protocols
fulfilling a ‘goal-directed treatment strategy’ (68). DCR,
optimally initiated at the prehospital stage, continues.
For the severely injured patients with haemodynamic
instability, until completion of emergency diagnostic
investigations and control of bleeding sites, volume
restoration is restricted (restrictive fluid resuscitation).
Rapid infusion of blood products in balanced ratios
(between red cells, plasma and platelets) rather than other
fluids (haemostatic resuscitation) is the second pillar of
modern DCR (69).

Massive haemorrhage protocols (MHPs) are widely
used in hospitals that consistently receive severe trauma.
MHPs facilitate an expedited access to blood products
to achieve prompt haemostatic resuscitation (70). They
are activated under specific conditions and senior clinical
authorisation. Four to eight units of ‘O-negative’ blood
products, as well as other haemostatic agents (factor
V, cryoprecipitate), are readily available. Group-specific
blood products and secondarily fully cross-matched
units should be given at the earliest possible time. All
different blood products should be counted and reach a
balanced ratio of 1:1:1 (red cells:plasma:platelets) within
the first 6-h (68).

The endpoint of DCR is a systolic blood pressure 70-90
mmHg (permissive hypotension), which allows adequate
perfusion of end organs and does not lead to dilutional
coagulopathy or risking hydrostatic dislodgement of clots
at the arterial bleeding sides. Exceptions in the permissive
hypotension practice should be patients with severe brain
trauma, as cerebral perfusion is very vulnerable. Similarly,
frail elderly patients with severe atherosclerosis need
higher systolic pressures to avoid secondary ischaemic
problems of sensitive viscera (brain, heart, kidneys and
bowel) (42, 71).

Major trauma patients are at risk of TIC (72). TIC carries
significant mortality. Its early diagnosis and reversal are
of paramount importance. To date, there is no validated
rapid coagulation assay to diagnose coagulopathy in the
actively bleeding patient (73). In light of this, viscoelastic
monitoring (VEM) was developed to provide rapid,
accurate, visual representations of patients’ coagulation
profiles. The two primary platforms for such tests are
the thromboelastography (TEG®, Haemonetics®, Boston,
MA, USA) and the thromboelastometry (ROTEM, Tem
International GmbH, Munich, Germany) (74). The evidence
supporting trauma resuscitation under VEM guidance as
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compared to standard coagulation assays remains relatively
limited (75). Of note, VEM studies can be influenced from
certain medications (antiplatelet/anticoagulation), age,
gender and alcohol intoxication (76, 77).

Key elements of trauma imaging

The role of early cross-sectional diagnostic imaging of the
severely injured remains critical. Before the validated report
of a trauma CT scan (contrast-enhanced multiphasic thin
sliced from the head to the hips), diagnosis is considered
incomplete at least for the adult patients. Expediting the
access to a modern scanner, minimising the time to the
radiologist report as well as extending the initial imaging
to a whole-body trauma CT scan when the patient is
unstable and/or when we suspect associated complex
extremity trauma represent the current focus of attention.
In rare occasions, patients ‘in extremis’ get a trauma CT
scan with a delay. They are transferred before completion
of diagnostics to theatres for emergency life-saving
procedures (emergency thoracotomy, laparotomy and
pelvic packing) (78, 79).

Despite the positive impact of CT imaging, there are
concerns, as 20—40% of patients end up having negative
scans, which is a waste of both resources and time and
is considered as unnecessary radiation exposure (80).
This is advocated especially in patients who are fully
conscious and alert and in a stable haemodynamic state
(78). Imaging during paediatric TTAs is also governed by
more restrictive protocols. For children, the published risk
of developing radiation-associated cancer is significantly
higher (81). Therefore, the use of standard trauma CT
scans is not recommended, and the onus is on targeted
imaging. The only clear indication for a CT for them is
in suspected neurotrauma where imaging of the brain
should be obtained fast (within 30 min from arrival) (48).

In the modern trauma setting, interventional radiology
(IR) has proven its efficiency as a selective definitive
method to control sources of arterial and solid organ
bleeding (82, 83). The presence of 24/7 access to IR
services is considered as a prerequisite in many developed
trauma systems (48). The literature indicates that delays
in IR interventions are linked to poor patient outcomes
(24, 84). Nowadays, a contrast-enhanced multiphasic CT
scan is an absolute prerequisite for IR, whilst non-selective
proximal embolisations are extremely rare.

In most specialist trauma centres, IR is mostly used
in patients with relative haemodynamic stability, whilst
patients ‘in extremis’ are treated with open surgery and
open control of the bleeding sites/packing. The rationale
is that an exsanguinating/peri-arrest patient needs
an immediate intervention potentially in many areas,
which can happen in theatres within minutes. In these
occasions, there is always need for further procedures (as
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in all DCS/DCO protocols). In contrast, the IR technique
is a definitive method that takes hours to be completed
and rarely (<10%) requires secondary procedures. In
20-40% of the ‘in extremis’ group, a CT angiography +/-
subsequent embolisation follows the surgery to complete
adequate bleeding control (85). Endovascular techniques
employed in the trauma setting, besides the embolisation,
also include the use of the REBOA, the insertion of stents/
grafts for large peripheral vessel reconstruction and
hybrid procedures. It is critical to highlight the importance
of a functioning coagulation cascade which allows the
embolisation to work. Therefore, established lethal
triad, hypothermia and TIC should be reversed or even
better prevented for optimal effect of the endovascular
techniques (24, 86).

Key elements at the operating theatres

The bulk of severely injured patients requires multiple
major surgical procedures; over than 10% of these patients
need even more than five. About 60% of these procedures
occur during the first 24 h from admission. The ad hoc
nature of trauma incidents mandates direct access to fully
staffed specialist operating theatres 24/7 (27, 87, 88).

Contemporary understanding supports the immediate
transfer of the major trauma patient to a single specialist
centre that can offer all required surgical interventions (24,
88). Nevertheless, the selection of the most appropriate
intervention and its timing remain a challenge. Classifying
trauma patients into different risk groups, follows criteria
based on injury-related anatomic factors, patient-related
physiology markers, available resources and expertise, as
previously described (27) (Table 3).

Besides the importance of special equipment, expertise
and continuous readiness of the major trauma theatres,
recent publications highlight the value of having specific
activation protocols (24, 89). As a result, most level 1
trauma hospitals have introduced ‘Code Red’ theatre
protocols (Fig. 2). In our major trauma centre (MTC), we
manage over 900 patients with severe injuries (ISS > 16)
with activation of the ‘Code Red theatre protocol’ in just
50 times per year. When this protocol is activated, theatre
staff prepare the operating theatres conditions to receive an
exsanguinating patient (room temperature, fluoroscopy,
operating table allowing full access to fluoroscopic
control, damage laparotomy and external fixation Kkits,
rapid infuser and cell salvage systems). Optimally, these
patients are transferred to a dedicated hybrid operating
suite where endovascular IR techniques together with
standard DCS/DCO can be performed parallel to the
continuation of the DCR.

The value of having a ‘Code Red’ theatre protocol is
not solely to provide a checklist of preparative actions
or predetermined resources that need mobilisation. Its
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consistent use strengthens the culture of close teamwork
and the focus on having in theatres a structured, well-
orchestrated response for these relatively rare and
unforgiving clinical situations — similar to the effect of the
ATLS protocol during the ‘trauma calls’ (41, 89). In these
scenarios, DCS/DCO/MuST surgeries are performed in
parallel to haemostatic resuscitation support. The patient
is managed in stages, and definitive fracture fixation
follows in a later phase when patients’ physiology is
recovered and/or soft tissue coverage is achieved (23, 27).

Key elements at the trauma
intensive care

The intensive care units (ICUs) that receive severely
injured patients have specialised over the last few
decades, and adhere to trauma-specific protocols and
routines. They mostly receive intubated patients with
severe head trauma and/or critical chest — intrabdominal
— extremity injuries.

At this phase, respiratory and haemodynamic
resuscitation targets individualised rather than the general
endpoints of the earlier phases of care. Trauma ICUs
are not supporting only the survivorship of the injured
patients but proactively decrease the adverse effects
of ischaemia and sepsis on the vital organs, balance
the immune response to the injury (first hit) and to the
subsequent interventions (second hit) and also optimise
the patient to endure and recover from complex surgical
procedures (90). Furthermore, the focus is also directed to
the facilitation of an early extubation, prompt nutritional
support, pain relief and safe thromboprophylaxis (91).

The ICU expertise is also essential to determine the
opposite when all efforts are futile, and death is inevitable.
Appropriate end-of-life care and consideration of suitability
for organ donation represent additional important
elements in contemporary trauma care (92). Regular
coordination with the surgical specialties is essential, as the
state of the severely injured patients is very dynamic, timing
of the interventions is important, a number of competing
priorities exist and the overall outcome is multifactorial.

Key elements of the trauma ward care

The value of cohorting patients to a specific ward has been
advocated for years on many different clinical scenarios
(93, 94). Severely injured patients, after the ICU phase (if
required), still need a well-supervised and coordinated
care by experienced clinicians and adequate resources
(95). These can be easier obtained if these patients are
cohorted in one ward.

The concept of a ‘major trauma ward’ was introduced
in the United Kingdom in 2010 following the inception
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Table 3 Description of parameters defining a number of risk factors in two different time periods. Frontline clinicians use them to define different
patient groups that can be safely treated with early definitive fixation or need a different approach with fixation in a number of stages.

Stable Borderline Unstable In extremis  High-risk factors
Publications between 2000 and 2015
(18, 20, 21, 22)
Physiology
Metabolic state — shock
Blood pressure (mmHg) >100 80-100 <90 <70
Transfused units (last 2-h period) 0-2 2-8 5-15 >15
Lactate (mg/dL) Normal -2.5 >2.5 >4
ATLS classification of shock 1 2-3 3-4 4
Coagulation
PLT count (/mm?3) ? 90-110 k < 70-90 k <70k
Factor Il and V (%) 90-100 70-89 50-70 <50
Fibrinogen (g/L) >1 1 <1 DIC
D-Dimer (ug/mL) Normal Abnormal Abnormal DIC
Temperature, °C >35 33-35 30-32 <30
Anatomy
Soft tissue — visceral injuries
Chest AlS score Tor2 >2 >3 >3
Lung function (PaO,/FiO,, mmHg) 350-400 300-350 200-300 <200
Abdominal trauma (Moore Tor2 <3 3 >3
classification)
Pelvic trauma (AO types) Aornone B C C
External (AIS score) Tor2 2o0r3 34 >4
ISS > 20 and chest AlS score >2 Yes
Multiple long bone fractures and Yes
chest/abdominal AlS score >2
Other
Massive transfusion 10 units over 24 h Yes
Exaggerated inflammatory response. IL6 Yes
> 500 pg/mL
Presumed operation time >6 h Yes
Publications 2015-2022 (3, 24, 27, 28, If absent, usually DCR+ETC (definitive surgery
29, 30, 41) within 24-48 h).
If present, staged protocol of management.
¢ DCRand DCS/DCO
¢ Haemorrhage control — resuscitative surgery
* Essential fixation of fractures (mini-invasive
and quick)
¢ Decontamination — temporary cover of soft
tissue defect
* Re-vascularisation/acute amputation of
ischaemic limbs
¢ Decompression of organ cavities (head,
chest, abdomen and fascial compartments)
¢+
Definitive surgery/fixation later
Physiology

Lactate clearance (of high initial lactate):
<60% from baseline; <2/5mmol/L
(last 24 h)

Intracranial pressure unstable — low CPP
<60 mmHg

PaO,/FiO, <250 mmHg

Anatomy

ISS > 20 and chest AIS score >2

Multiple long bone fractures and chest/
abdominal AlS score >2

Polytrauma with abdo/pelvic trauma
and haemorrhagic shock llI

Lung injuries — bilateral or unilateral
bi-segmental contusions/flail chest

Other

Massive transfusion 10 units over 6 h

Long extrication times

Elder patients >65 years of age and/or

frailty score >6

AlS, abbreviated injury scale; AO, Arbeitsgemeinschaft fiir Osteosynthesefragen; ATLS, advanced trauma life support; CPP, cerebral perfusion pressure; DCO,
damage control orthopaedics; DCR, damage control resuscitation; DCS, damage control surgery; DIC, disseminated intravascular coagulation; ETC, early total
care; ISS, injury severity score; PaO,/FiO,, ratio of arterial oxygen partial pressure to fractional inspired oxygen (expressing respiratory distress); PLT, platelet.
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of centralised service for the severely injured patients
(87, 88). It currently represents one of the key features
in all MTCs. In addition, this has led to the development
of groups of specialist nurses that coordinate the care
of these patients from the time of initial trauma call till
discharge. These cohort wards have enhanced staff
resources and developed protocols and standards of care
that allow the close monitoring of these patients. Prompt
completion of accurate secondary/tertiary surveys, early
initiation of rehabilitation and provision of comprehensive
nutrition, pain relief and clinical psychology support are
key indicators of their performance (96). In 2022, a US
study reported that each severely injured patient requires
on average input from approximately 80 healthcare
clinicians upon their arrival to a hospital (97). This is
indicative of the complexity of their problems and the
magnitude of resources that need to be readily available
inan MTC.

CODE RED SURGERY

DAMAGE CONTROL SURGERY
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The ageing of the general population in many countries
has created a distinct challenge in modern trauma care.
Studies have predicted that by 2050 approximately 40%
of trauma admissions will be of patients over the age of 65
years. The majority is caused by low-energy mechanisms
and are often undertriaged (9, 98). The recorded outcome
of elderly trauma remains comparatively worse, despite
the significant advances of modern systems (9, 99,
100). The reasons can be attributed to their undertriage,
decreased physiologic reserves, frailty due to pre-existing
comorbidities, worse tolerance to hypotension, higher
complication and delirium risks, and challenges with
rehabilitation and re-enablement (101). The importance of
the inclusion of dedicated geriatric medicine specialists, for
early assessment and perioperative support at the trauma
ward, is becoming apparent and incorporated in many
modern trauma systems (102), mimicking the shared care
model of the hip fracture population (103, 104).

Actions to take when a POLYTRAUMA patient is determined to be transferred

urgently to theatre- Checklist

* Inform Theatre team (Surgeons, Anaesthetist, Scrub
PREPARATION / team, 0D, Radiographer]
* Inform relevant staff of potential injuries and procedures
PAUSES that may occur.
* SURGICAL PAUSES led by anaesthetic team every 30min
Osl TABI_E * Transfer OSI table to theatre.
* Determine theatre capacity.
I.OCATION * Notify theatre to be utilised.
* Communicate destination theatre to A&E and MTSN case
manager.
* 4 transfusion pumps
* Rapid Infuser primed with warm saline.
INFUSION + Cell Salvage - allocate operator.
* Double transducers for arterial and central lines prepared.
* TXAinfusion.
* Warm up Theatre (max T°).
TE M P E RATU RE * Forced Air warming or Bair Hugger.
* Warming mattress.
* Warmed fluid ready.
* Verify if Image Intensifier is required.
RADIOGRAPHY + If so contact radiographers (bleep xxx).
« Log on at PACS monitor and upload relevant imaging.
* Prepare for RSI.
AIRWAY + DLT (double lumen tube).
+ McGrath, Ambuscope ready.
* Inform ICU bed manager for postop care.
UNIT + Urinary catheter set ready.
* Ultrasound for central lines.
MAIJOR + Ensure Blood Bank is aware of MH.
* Ensure MH packs are ordered.
HAEMMORHAGE 11 transfusion.
* Check Coagulation - TEG.
PROTOCOL * Tourniquets x2
¢ Anaesthetist to lead “SURGICAL PAUSES” every 30min.
* Ketamine / Opioid / Rocuronium.
* TXAinfusion.
ANAESTH ESIA + 50ml 2% Propofol.
+ 100mg Rocuronium.
* 10mg Metaraminol in 20ml.
* Tourniquets x2.
* TXAinfusion
* Team Brief — Team Debrief at the end
* Communicate with relevant surgical specialities
SURGICAL instrument requirements.
* Set up trolleys so kit is readily accessible if required.
EQU | PM E NT * Ligaclips and Hemostatic agents readily available.
* Abdominal packs and warmed up Lt of N/S (x12 plus)

Figure 2

Example of the ‘Code Red theatre’ checklist
used at one of the UK’s major trauma
centres.
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Key elements of the aftercare/
rehabilitation phase

Severe trauma produces a major long-term impact to the
anatomy, physiology and psychology of the survivors.
The importance of rehabilitation cannot be overstated,
as well as the deficiency of specialised resources in many
healthcare systems. Modern improvement is also the
early involvement of rehabilitation services in the course
of treatment of severely injured patients. The targets and
means of rehabilitation should be defined from the first
day and dynamically evolve parallel to the progress of
each patient.

Exposure to serious injuries, particularly in children
or vulnerable patient groups, is strongly associated to
disability, chronic diseases, substance abuse, mental
illness, suicides, deprivation, even crime and violence
problems. Contemporary trauma rehabilitation refers
to a wide spectrum of fields that aim to reverse these.
It maybe that predominantly neurorehabilitation
and musculoskeletal expertise are employed, but
other important elements have recently attracted the
attention in developed health systems such as advanced
respiratory physiotherapy, speech and language therapy,
occupational therapy, mental and psychological
assessment and support of the communicating patients
but often also of their close social circle. The aim is
the earliest possible safe discharge of the patient from
the hospital and the best possible re-integration of the
injured into the society.

Contemporary trauma management includes the
development of quality control systems auditing the
provided care that should extend to the post-discharge
from the hospital period. The largest trauma registry
and auditing system in Europe is the Trauma Audit and
Research Network (2). It has a pivotal role in the planning
and development of the modern trauma system in the
UK. However, the follow-up period it currently captures
is limited to the first 3 months post discharge. Besides
mortality and complication rates, it has recently focused
on the capture of patient-recorded outcomes (PROMs)
and experience measures (PREMs). Mostly due to
resource limitations, at present, these are recorded over
just the first 6months following major trauma (105).

PROMs and PREMs provide a surrogate marker of
effectiveness of treatment and burden of a disease and
have emerged as optimal assessment tools over the last
decade (106, 107, 108). In the literature, there are scarce
reports of the late outcome of trauma patients which
document the severe impact of certain injuries long
term and the need for longitudinal monitoring of this
population (109, 110).
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Conclusion

Managingseverelyinjured patientsrepresentsachallenging
clinical need since the beginning of medicine. The variety
of different causes, circumstances and conditions, as
well as the need for individualised methodologies and
solutions, offered universally in an organised sustainable
manner, has not changed over the recent decades. New
techniques and protocols have developed and refer to
all different stages of trauma care from the scene till the
final recovery phases. Our understanding and practice
are continuously evolving, whilst trauma clinicians are
nowadays able to interact and exchange knowledge
faster than ever. The observed positive impact on the
survivorship rates and decrease of disability can only be
sustained with teamwork and efficient use of the available
resources even in the most privileged health systems.
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