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Are restrictive fluid resuscitation methods effective in outof-hospital patients with major traumatic haemorrhage?
A review of the literature
Margaret Renfrew – Year 3, Bachelor of Clinical Practice (Paramedic), Charles Sturt University
Introduction

Aggressive Versus Delayed/Restrictive Fluid Resuscitation

Uncontrolled haemorrhage is the leading cause of preventable death after
trauma[1]. The concept of permissive hypotension for uncompressible
haemorrhage describes a restriction of crystalloid fluid administration, whilst
maintaining blood pressures below the normal threshold until definitive
haemostasis can be achieved[2]. Permissive hypotension alongside haemostatic
resuscitation and damage control surgery are the three concepts behind
damage control resuscitation (DCR), a systematic approach to exsanguinating
trauma[3]. These techniques aim to minimise haemorrhage, maximise tissue
oxygenation and optimise outcomes for patients.

A prospective RCT, compared delayed resuscitation (DR) with immediate fluid
resuscitation (IR)[10]. The IR group had higher Systolic Blood Pressure (SBP) on
arrival at ED although this was not sustained. The overall survival rate was
significantly higher in DR (70%) compared to IR (62%) Blood loss in surgery was
higher in the IR group. Better outcomes were noted in patients who initially
presented with no radial pulse and were administered minimal fluid in the DR
group than being withheld altogether[12]. Similar results were obtained in a
retrospective study, comparing restrictive fluid resuscitation (RFR), defined as
<150mL, with standard fluid resuscitation (SFR) of >150mL[11]. The RFR group
had lower overall mortality rate compared with the SFR group (21% vs 37%).

The aim of this review is to identify and evaluate the effectiveness of restrictive
fluid resuscitation measures on patients with major traumatic haemorrhage in
the out-of-hospital setting. The pathophysiology of uncontrolled haemorrhage
in the trauma patient, current fluid resuscitation methods and other main
themes identified within the literature will also be discussed.
Methods
Primo search was used to identify relevant articles. Multiple searches were
conducted using the phrases ‘fluid resuscitation in multiple trauma patients,’
‘prehospital permissive hypotension’ and ‘lethal triad of trauma’ prehospital
were used. Articles for inclusion are original studies and reviews from peerreviewed journals from the past 20 years.
Pathophysiology of Major Haemorrhage in Traumatic Injury
Trauma-induced coagulopathy (TIC) is directly related to the severity of injuries,
and significantly increases morbidity and mortality in traumatically injured
patients[4]. TIC is present in 25% of major trauma patients[5], and is an
endogenous, independently existing coagulopathy, however will be aggravated
by acquired factors such as haemodilution, acidosis and hypothermia[6].

Another retrospective study found patients administered fluids had a higher
mortality rate than patients not receiving fluids, in all identified subsets of
trauma patients. Limitations of this study included the inability to differentiate
intravenous (IV) fluid administration versus just IV placement, or identify
amounts of fluid administered. There was also inability to establish transport
times and differentiate between urban and rural areas. Consequently, it cannot
be definitively determined whether higher mortality in patients was due to
time delays associated with IV cannulation, or aggressive fluid administration
furthering haemorrhage[9].
Volumes of IV fluid administered between 0.5L and 2L are associated with
decreased shock index in comparison to volumes <0.5L, however increased the
likelihood of receiving a blood transfusion in ED[13].
Harm Associated with Aggressive Fluid Resuscitation:
Excessive prehospital volume administration is seen to represent an
independent risk factor for mortality[14]. Complications that have been noted in
patients treated with aggressive fluid resuscitation can be seen in Table 1.
Table 1. Complications associated with Aggressive Fluid Resuscitation[15, 16]

Severe
traumatic injury
∙ Tissue injury
∙ Hypoperfusion
∙ Haemorrhage

Trauma-Induced
coagulopathy
∙ Coagulation
∙ Fibrinolysis
∙ Anti-coagulation

Increased
Mortality

∙
∙
∙
∙
∙
∙

Acute Respiratory Distress Syndrome
Sepsis
Pneumonia
Multiple Organ Dysfunction Syndrome
Abdominal Compartment Syndrome
Dilution of coagulation factors

∙
∙
∙
∙
∙
∙

Accelerated haemorrhage
Decreased blood viscosity
Acidosis
Cellular oedema
Cardiac impairment
Respiratory impairment

Concerns About Permissive Hypotension
Aggravating factors
∙ Hypothermia
∙ Acidosis
∙ Haemodilution
Figure 1: Pathophysiology of Trauma Induced Coagulopathy

Patients at Risk of Exsanguinating Trauma
Uncontrolled, noncompressible haemorrhages are the main cause of death in
the first two hours after traumatic injury[7]. Common injuries that place
patients at risk of exsanguination include major abdominal injury, pelvic injury,
multisystem trauma and those with a revised trauma score ≤ 5[8]. The Trauma
Induced Coagulopathy Clinical Score (TICCS) is the only score which can be
calculated out-of-hospital to identify patients in need of DCR[5].
Origins of Fluid Resuscitation in Trauma
The intention behind prehospital volume therapy is to improve haemodynamic
status in patients by replacing intravascular volume[9]. Perceived benefits of
large volume resuscitation stemmed from animal studies using controlled
haemorrhage models which inaccurately depicted the pathophysiology of the
exsanguinating trauma patient[10]. Further studies demonstrated a more
physiologically accurate model of uncontrolled haemorrhage and from these
the notion was first conceived that fluid resuscitation was harmful[1]. It was
hypothesised that harm arose through clot disruption and dilution of clotting
factors through increasing blood pressure and circulating volume, and the
reversal of the body’s natural vasoconstrictive response which diverts
peripheral blood to maintain perfusion of vital organs[11].
Hypotensive Resuscitation
There are two strategies in hypotensive resuscitation, delayed resuscitation and
permissive hypotension. Delayed resuscitation involves completely withholding
fluid therapy until definitive haemostasis is achieved, deliberately prolonging
the hypotensive period. Permissive hypotension is characterised by minimal
fluid administration with an endpoint lower than normotension, adequate to
perfuse vital organs[11].

There are concerns that small volume fluid resuscitation may be inadequate to
prevent cardiac arrest[10]. Additionally, short-term survival may be evident,
however there is no long-term study documenting the effects of prolonged
hypoperfusion. There is also concern about use in patients with concurrent TBI,
who require volume resuscitation to maintain cerebral perfusion and prevent
secondary damage[14]. Challenging this, a study found severe TBI patients
receiving SFR to have worse overall outcomes than those not receiving fluid[9].
Endpoints
Traditional fluid resuscitation aimed for 2L of crystalloids and normotension[14].
A common suggestion for permissive hypotension is titrating to maintain a
radial pulse and a SBP of 80-90mmHg in patients without concurrent TBI. This
however is not based on specific evidence but rather on indirect evidence that
aggressive resuscitation produces detrimental effects. A strategy adopted by
the Israeli military, is the commencement of permissive hypotension when
either SBP is below 80mmHg, a radial pulse cannot be palpated or
consciousness is altered. 250mL boluses are repeated with continuous
monitoring, with the aim of those three conditions being restored[9].
Conclusion
The optimal resuscitative strategy for haemorrhaging trauma patients still
remains under debate despite multiple emerging theories about restrictive
fluid resuscitation and permissive hypotension.
Although evidence has shown that hypotensive states may be favourable to
patients, this has been based on restricted animal studies, retrospective
analysis of trauma databases and the evidence that aggressive fluid
resuscitation methods are detrimental. RCTs may provide ethically difficult and
protocol compliance has been proven poor in previous attempts, however
observational studies may be able to obtain adequate data, as more research is
required in order to provide a solid evidence base for the practice.

Contact:

@MegRenfrew

marenfrew@gmail.com

BALLISTICS TRAUMA – AN EDUCATIONAL OVERVIEW
Felix Tan & Beji Ojulo – Second Year, Bachelor of Paramedic Science

EPIDEMIOLOGY
• In 2013-2014 there were 338 hospitalised cases and 209
deaths involving firearm related injuries in Australia
with over 90% of hospitalised cases the injured patients
were male4.
• Injuries from larger firearms such as shotguns and
rifles were more commonly reported as used
compared to handguns in cases of hospitalised injury
and death in Australia4.
• Globally in 2016 firearms caused 251,000 deaths up
from 201,900 in 1990 in contrast to Australia which only
had 209 deaths4, 5, 6.
• In Australia the main causes of hospitalised cases and
deaths in order was from intentional self-harm, assault,
unintentional harm, undetermined reasons then legal
intervention4.

Figure 1: Fire arm related Injuries from 2013 - 14
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TREATMENT

PATHOPHYSIOLOGY

It’s been identified that hemorrhage
amongst the military casualties with
ballistic injuries is the most common and
preventable cause of death1. Due to how
preventable it is, it’s emphasised that
initial treatment is to stop any torrential
bleeding and circulation is to
beprioritised1. Treatment involves using
tourniquets, indirect pressure and
pressure bandages to minimise arterial
bleeds3. The development of haemostatic
agents in wound packaging has
undergone research and innovation, it
aims to stem blood flow through the
acceleration of the coagulation cascade
and used in open wounds1. Treating a
pneumothorax or hemopneumothorax
involves the use a needle thoracostomy,
finger thoracostomy, chest seal or tube
thoracostomy2. These invasive
procedures are required to release air
and/or blood from the pleural cavity to
relieve pressure on the mediastinum and
lungs2.

The pathophysiology of Ballistics trauma is heavily dependent
on the mechanism of the projectile fired. More specifically, the
kinetic energy of the projectile fired as well as its direct
trajectory, place of entry and interaction with the tissue greatly
affect its overall trauma. These factors can also be influenced
by bullet type, size and construct 7, 8.
• The trajectory of bullet is highly dependent on its ability to
maintain its spinning motion. Over the course of a distance of
up to 100m a bullet will generally fly nose end 9.
• Tumbling is an interesting phenomena that occurs when a
bullet entering tissue is unable to maintain its spin due to a
higher density of tissue relative to air 9.
• The physiological effects of this, can be quite significant as
the surface area of the bullet is drastically increased when it
starts to yaw and rotate in motion. This can cause severe
traumatic injury 9.
•

9.

Figure 2: The trajectory of a bullet as it enters tissue

OVER 80% OF ALL GUNSHOT WOUNDS ARE SELF INFLICTED

Ballistics Trauma

Is Australia prepared for a multi-casualty ballistics trauma?
By Jasmine Rawlinson and Tamika Macqueen (Queensland University of Technology)

Clinical Management

Results

The current guidelines in Australia for ballistics trauma
treatment are non-specific, included under the term ‘Major
Trauma’4. The objectives include:
• Prioritisation
• Quick transport
• Pain management
• Risk reduction of hypothermia, acidosis and coagulopathy5

Due to the low rates of ballistics trauma and multi casualty
incidents, research shows that Australia is not practiced in
ballistics trauma care10. The guidelines in pre-hospital care
present non-specific guidelines surrounding this topic.
Recommendations have been made to outline areas that
could be better used to educate and prepare paramedics for
a multi-casualty ballistics trauma.

Haemorrhage control is a large part of ballistics trauma
management. This includes:
• Direct and indirect pressure
• Haemostatic dressing use – wound packing (Fig. 2)
• Tourniquet6

Introduction
A review of the literature was conducted to determine if
Australian paramedics are prepared for a multi-casualty
ballistics trauma. An investigation into the management of
ballistics trauma and a mass casualty event was conducted.
Recommendations were then put forward to improve the
preparedness of Australian paramedics.

Tranexamic acid (TxA) is a recent innovation for ballistics
trauma in civilian pre-hospital practice. TxA is a competitive
inhibitor of plasminogen activation, treating and preventing
major haemorrhage7.
The scoop-and-run practice has been found to be the most
beneficial treatment8.

Strategic Management
Queensland Ambulance Service has
provided paramedics with a clinical
guideline regarding safety in a mass
casualty event (Fig. 1)2.
In regards to an armed offender, the
TECC (Tactical Emergency Casualty
Care) term is used for emergency
care in high threat environments2.
This determines the care priorities of
the patients (such as the elderly
anticoagulant patients)3.

Fig 1: Active threat framework 2

Fig. 2: QuikClot Combat Gauze application9
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BURNS

Morgan Brown & Emma Pynenburg
Students of Bachelor of Paramedic Science/Bachelor of Nursing
Introduction

Burns are defined as damage or destruction of the layers of body tissue which make up skin,
muscle, bone and subcutaneous anatomy caused by electrical, thermal, chemical and
radiation sources [1]. Their severity can be classified into five categories of depth depending
on their presentation, Australian and New Zealand Burn Association guidelines describe these
as;
Categories

Presentation

Epidermal

•
•
•

Erythema (localised redness)
Painful sensations
Capillary refill <2 seconds

Superficial dermal

•
•
•

Moist, reddened area with blistering
Painful sensations
Capillary refill <2 seconds

Mid-deep dermal

•
•
•

Mottled red surface with white slough
Painful sensations
Capillary refill >2 seconds or absent

Full thickness

•
•
•

Dry surface with charring
Painless
Absent capillary refill

Bringing the heat to pre-hospital medicine
Pathophysiology

The occurrence of a burn injury involves both localised and systemic pathogenic responses within the body, the understanding of which is imperative to improve patient
mortality [5]. The local pathogenesis of burn injuries is split into three areas or ‘zones’ of injury within the cutaneous tissue as seen in Figure 3.0.
• Coagulative necrosis zone - Rapid cell death occurs resulting in irreversible tissue damage in the area closest to the burn origin due to coagulation of proteins causing
microcirculatory disruption [6].
• Stasis zone - The area adjacent the burn origination where the tissue has moderate damage which can be reversed or may deteriorate into necrosis [6]. This tissue has
decreased perfusion attributed to vascular leakage occurring due to increased capillary permeability, and increased vasoconstrictor concentration due to the body’s
inflammatory response to trauma [1].
• Hyperaemia zone - The outermost area of the burn injury where there is minimal risk of permanent tissue damage or deterioration [6]. This is characterised by
increased tissue perfusion due to vasodilation caused the release of histamine, bradykinin and prostaglandins as part of the inflammation response [7].
Figure 3.0 - Zones of local pathogenic responses to burns [8]

Figure 1.0 - Burn depth diagram [3]

What’s next

Pre-hospital management is just the beginning
for these patients; rapid transport is imperative
to improved patient outcomes long term. Trauma
bypass policies may apply to severely burned
patients, and these policies should be adhered to,
including pre-notification [4]. Within hospital
patients will continue to receive cooling
treatment, extended wound management,
oxygen, IV fluids and analgesia in addition to
supplementary nutrition [8].

Further to the localised pathogenesis of burns injuries, patients who have burns to more than 20% of their TBSA will have major systemic changes within the body [1].
Microcirculation is impacted due to damage to the capillaries allowing the leakage of fluid into the tissues [10]. This results in intravascular hypovolemia and subsequently,
shock [1]. These fluid shifts cause electrolyte imbalance as the loss of plasma from the vascular system results in hypoproteinemia and the cell wall damage allows sodium
to be replaced by potassium within the cell resulting in hyperkalemia and immediate development of oedema [9] [10]. Decreased plasma also plays a role in the reduction
of cardiac output alongside an increase in afterload and decrease in muscle contractility, reducing blood flow to vital organs [1].
A severe burn injury can result in the metabolic rate increasing up to three times the healthy rate due to suppressed anabolic hormones causing protein wastage and
glycogen depletion [11]. Burn victims also face a greater risk of infection due to immunosuppression and the loss of skin integrity allowing invasion of microorganisms to
the wound as keratinocytes and acidic secretions from sebaceous glands are no longer present [1]. This also decreases the body’s ability to maintain body temperature
leaving burn patients more susceptible to hypothermia [11].
Pre-hospitality, a notable tool used to the severity of a burn injury is ‘Wallace’s rule of nines”.
This tool helps calculate the total surface of the body (TSBA) affected [4] and can be more
accurately depicted across the lifespan throughout the Lund and Browder chart seen in figure
2.0 [1].
Figure 2.0 - Lund and Browder diagram [2]

Epidemiology
WHO states;
• 180 000 deaths occur due to burns injuries every year
• 11 million non-fatal burns require medical attention every year [12]
• Burns are more predominant in women than men and 5th most common injury for children
• Direct correlation has been found between burns and substance abuse[14]
• Burns are 7 times more prevalent in low socioeconomic countries [13]
•
Within Australia and New Zealand, studies conducted show over 7000 admissions to adult
burn units between 2010-2014 [15]. 14.5% of these patients were transferred to intensive
care units during their hospital stay, with 7% of suffering an inhalation injury however the
majority admitted had injuries to less than 1 tenth of their TBSA [15].

Treatment Pathways
Airway management
Airway management should
always be considered if;
• Inhalation injury is
suspected – facial burns,
singing of facial burns,
confined space with smoke
exposure, voice alteration,
sputum with presence of
soot, coughing, stridor [17]
• Circumferential thoracic
burns are present [16]
The use of airway adjuncts
(such as oropharyngeal,
nasopharyngeal or preferably
an endotracheal intubation for
unconscious patients) is
recommended in these
patients even if initially patent,
as swelling could increase with
progression of oedema and the
commencement of fluid
resuscitation [18]

Oxygen

Analgesia

Fluids

Patients who are suffering
airway injuries including severe
facial and circumferential
thoracic burns should be
administered high flow oxygen
[4].
Options include;
• 15L via bag valve mask (IPPV)
with airway adjunct or
endotracheal intubation
• If not tolerated; 15L via nonrebreather [9]

Minor burns can be treated
with active cooling
techniques, in conjunction
with oral analgesia;
paracetamol – adult dosage
0.5mg-1g or paediatric
dosage 15mg/kg [20]

IV fluids should be considered
to maintain tissue perfusion
without causing dilution of
haemoglobin or fluid overload if
burns cover more than;
• 20% TBSA of adult
• 10% TBSA of paediatric

For major burns,
intravascular drugs have
been shown to be the most
effective as the
intramuscular route is
affected by oedema and
fluid shifts within the body
[21].

The crystalloid fluid
requirement for burns in the
first 24 hours of injury is
described by the Parkland
formula of 4ml/kg per
percentage of TBSA affected
[22].

Administer oxygen regardless of
saturations as carbon monoxide
poisoning is common within
environments of fire or burns
within confined spaces. [10]
This results in inaccurate
saturation levels due to the
limitations of oximetry devices
ability to differentiate between
oxygen and carbon monoxide
which has bound to the
haemoglobin[10].

These include;
• Morphine as gold
standard analgesia
• Fentanyl if morphine is
contraindicated [9]
• Midazolam to aid in
calming patients [4]

This is begun prehospitally with
0.9% Sodium Chloride, evidence
recommends the formula of
patient weight (kg) X TBSA (%) =
fluid to be administered within
2 hours of the injury, as
practiced by Ambulance
Victoria [23].

Active cooling and
temperature control
Cool, running water should
be applied to the burn for
at least 20 minutes after
any burnt or chemical
soaked clothing is removed
from the area. This should
be adjusted as per clinical
judgement; if patient
condition is critical and
reliant on rapid transport
this may be impractical
[10].
Minor burns should be
dressed with a burn aid
dressing; otherwise more
severe burns wrapped with
cling wrap to avoid further
dissipation [23]. Blankets,
clothing and warming
blankets if available should
be utilised to avoid
hypothermia [5].
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Crush Injuries: An educational overview
Ingrid Wharton and Jessica Cocks
Objectives
This poster is investigating and providing an educational overview of crush injuries. This has
been achieved through identifying associated syndromes that can arise from crush injuries,
the causes of them and the current management that is implicated in todays practice.
Methods
Evidence was collected through data bases including Pub Med and Science Direct, as well as
the use of clinical practice guidelines and appropriate paramedic text books. Research was
gathered and peer-reviewed journals were included that had relevant, up-to-date evidence. A
strong focus on key-terms such as pre-hospital management and current practice was
implemented.
Results
Crush injuries are traumatic and can lead to life-threatening conditions including
rhabdomyolysis, hyperkalaemia, compartment syndrome and shock1. Treatment is timecritical as deterioration can occur rapidly. Crush injuries can arise in numerous situations
including motor vehicle accidents, industrial incidents, natural disasters and elderly patients
who fall and are unable to remobilise1,2. Evidence suggests that ECG changes, hypovolaemia,
discolouration and tenderness of limbs are signs that require early recognition and effective
treatment1,3,4.Aggressive fluid resuscitation, haemorrhage control, sodium bicarbonate,
calcium gluconate and salbutamol are vital treatments in the management of crush
injuries and hyperkalaemia1,3-5.
Discussion
Evidence stresses the need for immediate treatment to avoid serious complications such
as acute renal failure and severe acidosis when managing hyperkalaemia and shock6.
The use of tourniquets has been recognised to delay the onset of reperfusion injuries,
however there is limited evidence regarding this theory. This treatment measure
requires further research on crush injured patients7.
Conclusion
It is apparent that crush injuries require quick and effective treatment to manage and
prevent severe complications. Greater research could be implemented regarding the
safe removal of compressive forces and avoiding further damage to the patient, as
well as the use of tourniquets for reperfusion injuries. Paramedics have a wide range of
knowledge and skills to manage crush injuries however these patients require quick
transportation to a definite facility where they will receive the treatment they require.
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CRUSH INJURIES
Tissue injuries caused by prolonged crushing or entrapment of limbs. Associated with high rates of morbidly and
mortality due to their life-threatening, associated syndromes that can arise.1
Crush Syndrome is the body’s systemic response to the release of compressive forces characterised by1;

Traumatic Rhabdomyolysis
Compressed forces cause muscle
fibres to rupture leading to ischemia
and a leak of cell contents into the
extracellular space. This can lead to
severe Acidosis, Hyperkalaemia and
Acute Renal Failure (ARF)1.

Discolouration
of limbs4

Ruptured cells cause an influx of
potassium into the bloodstream,
resulting in Hyperkalaemia4. This
can further lead to Arrhythmias or
Cardiac Arrest2.

Haemorrhage1

Hypovolaemic shock caused by
haemorrhagic volume loss from
the site of injury or by a rapid
shift of extracellular fluid into
damaged cells1.

Compartment syndrome
build up of pressure
in a muscle compartment4
due to bleeding or oedema3
Loss of peripheral pulse is a
late sign3

ECG changes4

Tenderness3
Weak, thready pulse4

Mechanisms Of Injury
 Collapse of structures during natural disasters1
 Motor vehicle accidents or industrial/mining incidents where limbs or extremities are entrapped1
 Often seen in the elderly population following a fall, due to lying in the same position for long periods5

TREATMENT
Treatment should begin immediately to avoid rhabdomyolysis, acidosis abnormalities, manage shock and prevent ARF2

Thorough assessment and treatment prior to extrication1

• Pain relief and haemorrhage control1
• Tourniquet if bleeding cannot be controlled2
• Blood products may be required for volume replacement1. If bleeding is not controlled,
hypovolemic shock or death can occur1
• Maintain body temperature and SPO2 with adequate oxygenation4
• Aggressive fluid resuscitation prior to extrication with isotonic saline to restore end organ
perfusion1.
• Delay in fluid resuscitation can increase the chance of ARF up to 50%6.

5 P’s!

of Compartment syndrome: Assess Pain, Paraesthesia, Paralysis, Pulse, Pallor4
• Remove compressive force and elevate limb4

• ECG changes displaying a peaked T wave could indicate hyperkalaemia4. Additional
Sodium Bicarbonate 8.4% and Calcium Gluconate are used to shift potassium back
into the cell3.
• The addition of Salbutamol is used as it has an effect on the sodium-potassiumATPase pump resulting in lowered serum potassium levels7.
• Early treatment of hyperkalaemia will prevent life-threatening arrhythmias and ARF2.
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Crush Injury: Compartment Syndrome and Crush Syndrome
A literature review investigating the pathophysiology and prehospital management of crush injury
By Kirra Stout and Tim Starkey, QUT Bachelor of Paramedic Science

Crush Injury

Prehospital management of crush injury

Crush injury occurs when there is external or internal compressive force on tissues. This can occur due
to trauma, motor vehicle accidents, entrapment, burns, heat stroke, medical events causing falls, or
unconsciousness from drugs and alcohol. Crush injury is a broad classification which includes
mechanical crush injury, compartment syndrome and crush syndrome. These injuries can be both limband life-threatening and can therefore cause significant morbidity and mortality.1-3

Compartment syndrome development should be suspected in significant soft-tissue trauma/fractures to the

Compartment Syndrome

Crush Syndrome

Occurs when there is raised pressure
within a fascial compartment, leading to
compression of muscle tissue, nerves and
vessels. This usually occurs within a limb
but can also form in any closed muscle
compartment of the body.1,4

Also known as traumatic rhabdomyolysis, this is a lifethreatening condition which involves systemic
manifestations of tissue ischaemia and myocyte death.5

limbs. Delay in diagnosis and treatment can lead to irreversible neuromuscular damage and can be life-threatening.

§
§
§
§
§
§

Analgesia provided
Remove constrictive material or objects
Splint extremity fractures or immobilise the limb
Position the limb at heart-level to reduce dependent swelling
Neurovascular status of limb monitored
Surgical decompression (fasciotomy) is the definitive treatment in severe cases.1,4

Reperfusion injury needs to be anticipated and managed by paramedics prior to the release of the crushed
body part. Focus is on the prevention of three main life-threatening complications of rhabdomyolysis2:

v Hyperkalaemia

v Metabolic acidosis

v Acute renal failure

§ 12-lead ECG placement to monitor for ECG changes consistent with hyperkalaemia.2
§ Intravenous fluid resuscitation with isotonic saline is critical for nephroprotection and prevention of

10

9

This syndrome is commonly seen
following blunt trauma to the extremities
or long-bone fractures.1 It can also occur
in patients who are unconscious or
anaesthetised, from an overuse of
muscles, envenomation, restrictive
casts/splints or IV/IO infiltration.4
‘The 5 P’s’ (pain, paraesthesia, pallor,
paralysis, pulselessness) can be used as a
diagnostic tool, however, these can be
late findings. It may be more appropriate
to be cautious of a tense, swollen limb
accompanied by worsening pain that is
out of proportion to the injury.1,4

Pathophysiology
prolonged compression
decreased
venous and lymphatic drainage
intra-compartmental pressure greater
than perfusion pressure
tissue
ischaemia and necrosis.1,4

Crush syndrome can develop when the compressive force
applied is to a large muscle mass, and the force is either
of a high pressure or occurs over a long period of time.
Skeletal tissue can withstand ischaemia for around two
hours, with irreversible tissue necrosis occurring at four
to six hours. This syndrome can occur following traumatic
crush injury, prolonged periods of immobilisation or
compartment syndrome.2,3,5

hypovolaemic shock, especially for prolonged crush of over four hours.5 Early and aggressive fluid therapy should
be commenced prior to release at 1L/hr (or 10-15ml/kg/hr ) and reduced by 50% after two hours if there are
comorbidities. Hypotonic saline (with sodium bicarbonate) may be considered after the first hour of isotonic
saline. It is suggested this helps to alkalinise the urine and prevent kidney damage from deposition of uric acid
and myoglobin in kidney structures.2,3,6
§ Tourniquet application prior to release has been suggested to prevent cardiovascular collapse from reperfusion
injury, however additional research is required.2,7

§ Analgesia and oxygen therapy provided as required, and normothermia should be maintained.2

Hyperkalaemia can produce adverse electrophysiological effects that can cause arrhythmia and cardiac arrest.
These effects can be immediate upon release of the compressive force, or often develop within the first hour.2,5

The reperfusion of cellular contents following
rhabdomyolysis (the breakdown of muscle cells) can
result in hyperkalaemia, metabolic acidosis and acute
myoglobinuric renal failure. When myoglobin (a myocyte
protein) is released into the systemic circulation it can
occlude kidney structures, causing acute tubular necrosis
and acute renal failure.2,6

§ Calcium gluconate directly antagonises the myocardial effects of hyperkalaemia. It stabilises the hyper-

Pathophysiology
prolonged compression of muscle fibers
tissue
ischaemia and muscle cell necrosis
lysis of cells
release intracellular potassium, myoglobin and lactic
acid into interstitial space
[release of
compressional force]
sudden influx of
intracellular contents into systemic circulation
significant metabolic abnormalities.5,6

have shown unclear results.2,5,6,8 This drug is still used for the management of patients with acidosis.8

excitability of myocardial cells by reducing the threshold potential and restoring normal resting membrane
potential gradient.2,8

§ Salbutamol redistributes potassium back into cells. It selectively binds to B2-adrenoreceptors, stimulating the

Na+/K+-ATPase pump to uptake potassium intracellularly. High-dose nebulised salbutamol can reduce potassium
serum levels by 0.5-1.0mmol/L at 30 minutes after drug administration.2,8

§ Sodium bicarbonate has also been thought to involve shifting of potassium back into cells, however, studies
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CRUSH
SYNDROME
“A crush injury is a direct injury resulting from crush.
Crush syndrome is the systemic manifestation of
muscle cell damage resulting from pressure or

Aetiology:
Crush injury, also known as crush trauma, is a result of the localised
compression of the body by causes such as in road traffic accidents,
natural disasters, and industrial accidents[6]. If a crushed body part is left
under significant pressure for a long enough time it can progress to a
systemic condition known as crush syndrome, or rhabdomyolysis, which
pertains to a higher risk of morbidities and death[6]. Crush syndrome was
first defined in the early 1940’s following the death of several patients who
had been buried under debris during bombing in World War II[3] Despite
stabilisation in hospital, a number of these patients died days after their
entrapment due to renal failure which prompted surgeons at the time to
investigate further. Whilst crush syndrome is commonly associated with
traumatic events, it can also be a result of long periods of compression
from an individual's own body weight. This is often seen in unconscious
patients who have not been discovered for a number of hours following
high levels of intoxication, drug use, or stroke[7].

Epidemiology:
According to Queensland Health[5], between
the years of 1999 and 2013 there were 10,601
reported hospitalisations (only including
participating emergency departments) due to
crushing injuries. Over 56% of incidence
occurred in patients younger than 25 years
old, with the highest risk age group being 2544 year olds. In developed countries such as
Australia, a common scenario where crush
syndrome is found is in the presence of heroin
and alcohol.

crushing.” - The Royal College of Surgeons of
Edinburgh 2001

Pathophysiology:
The development of crush syndrome from localised crush injury is time and
pressure dependent, and refers to the disaster cascade that results from tissue
necrosis and widespread ischemia [1]. Overtime, pressure results in stretching
and injury of the local muscle tissues. Th2e membranes of affected muscle
cells then leak contents into the circulation causing significant metabolic
disturbances[2]. The disrupted cells begin to release nephrotoxic substances
such as phosphate, myoglobin and urate, as well as potassium. The systemic
circulation of nephrotoxic contents can lead to renal failure, whilst a spike in
circulating potassium can lead to hyperkalemia effects such as dysrhythmias
and cardiac arrest[3]. Additionally the increased permeability of membranes
allow the passage of extracellular components such as sodium, calcium and
water inside the cell. It is because of this influx that we see gross swelling of
the affected muscles, and volume depletion in the intravascular space[4]. It has
been shown that a consistent pressure above the diastolic blood pressure is
needed in order for the muscle cell stretching to occur. Muscle tissue can
survive ischaemia for up to four hours if the initial impact does not
immediately destroy cells, however the combination of ischemia and
mechanical crushing shortens this lifespan to roughly 1 hour[4]. Tissue damage
occurs over three stages, the initial crushing injury, ischemic phase, and the
reperfusion phase. Most damage occurs during the reperfusion stage
(reperfusion syndrome).

PATIENT
PRESENTATIONS[4]
Hyperkalaemia
Hypovolaemia
Swelling
Shock
Hypothermia
Acidosis

Treatment:

Reported Hospitalisations in Queensland due
to Crush Injury from 1999 to 2013[5]
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In the prehospital environment, the patient may not present with pain and/or
distress initially, but timing is always critical in crush injuries[8]. Treatment of crush
syndrome differs in the three stages; less than one hour with crushing force, more
than one hour, and post release[9]. Treatment is as follows:
• Vital signs including an ECG should be taken and basic life support should be
performed[10].
• Volume expansion has been identified as the most important treatment,
therefore aggressive administration of 0.9% saline is suggested to occur before
extrication[11].
• For less than one hour of force, the lay person is educated to remove it if
possible. The Queensland Ambulance Service Clinical Practice Guidelines[1] for
crush injury state that force removal must be controlled and paramedics must
prepare for the development of crush syndrome which involves hyperkalaemia,
dysrhythmias and shock.
• It is also common practice to give 1.26% sodium bicarbonate. If these methods
are ineffective, dialysis is indicated[11].
• For more than one hour of force, the lay person is informed to not remove it, just
to ensure adequate breathing and control obvious blood loss[9].
• All patients involved in a crush injury should be transported to hospital in a
timely manner. A large concern is the possibility of compartment syndrome. If
this is not diagnosed and managed rapidly, prognosis for recovery is poor.
• On route to hospital, the QAS states that limbs should be elevated and
administration of IV fluid and analgesic considered[1].
• A study that examined the outcomes of crush injury patients from the 1988
earthquake in Armenia stated that once the patient arrives at the hospital,
fasciotomy should only be performed if entirely warranted. This is due to the
skin’s ability to contain the damage and prevent infection and necrotic muscles.
• This procedure may be performed in the post release stage if the
intracompartmental pressure exceeds 40mmHg, and persists at that level for
eight hours[12].

An ECG must be acquired upon arrival and continuously during
prehospital management. This is to monitor for signs of hyperkalaemia
and prepare for possible cardiac arrest. Hyperkalaemia is a lifethreatening metabolic disturbance to cardiac contractions. In this case,
nebulised salbutamol encourages potassium movement into the cells,
and therefore may also be administered to help counteract
hyperkalaemia [13]. Saline infusion is crucial to counteract the
progression and limit adversities of rhabdomyolysis and tissue
necrosis[11]. Fluid administration is also useful to counteract
hypovolaemic shock and acute kidney injury[14]. Sodium bicarbonate
infusion is used to prevent the deposition of myoglobin and uric acid on
the renal tubules that ultimately leads to an acidic environment and
renal failure[14]. Fasciotomy is last line treatment because it is invasive
and poses its own risks such as infection. This procedure decompresses
the injury site and may help to reduce permanent neurovascular
damage and tissue necrosis [15].

References:
1. Queensland Ambulance Service, Clinical Practice Guidelines: Crush Injury [online] Department of Health (Queensland Ambulance Services) Feb 2015. Available at:
https://www.ambulance.qld.gov.au/docs/clinical/cpg/CPG_Crush%20injury.pdf
2. Rajagopalan S. Crush injuries and the crush syndrome. Medical Journal Armed Forces India. 2010 Oct 1;66(4):317-20.
3. Smith J, Greaves I. Crush injury and crush syndrome: a review. Journal of Trauma and Acute Care Surgery. 2003 May 1;54(5):S226-30.
4. Jagodzinski NA, Weerasinghe C, Porter K. Crush injuries and crush syndrome—A review. Injury Extra. 2011;9(42):154-5.
5. 4. Queensland health. Injury presentations to participating Queensland emergency departments January 1999-December 2013. Canberra: Queensland Government; 2015.
6. Genthon A, Wilcox SR. Crush syndrome: a case report and review of the literature. The Journal of emergency medicine. 2014 Feb 1;46(2):313-9.
7. Greaves I, Porter K, Smith J. Consensus statement on crush injury and crush syndrome. Trauma. 2002 Jul;4(3):129-34.
8. Australian Resuscitation Council (2001). Management of Crush Injuries and Crush Syndrome
9. NSW Mines Rescue Brigade (2018). Crush Injury Management in the Underground Environment
10. Banerjee A. Crush Injury, Crush Syndrome, Traumatic Rhabdomyolysis, Muscle Reperfusion syndrome. Critical Care Medicine. 2013
11. Holt S, Moore K. Pathogenesis and treatment of renal dysfunction in rhabdomyolysis. Intensive care medicine. 2001 May 1;27(5):803-11.
12. Better OS, Stein JH. Early management of shock and prophylaxis of acute renal failure in traumatic rhabdomyolysis. New England Journal of Medicine. 1990 Mar 22;322(12):825-9.
13. Centers for Disease Control and Prevention. After an earthquake: management of crush injuries and crush syndrome 2011.
14. Sever MS, Vanholder R. Management of crush syndrome casualties after disasters. Rambam Maimonides medical journal. 2011 Apr;2(2).
15. Heppenstall RB, Scott R, Sapega A, Park YS, Chance B. A comparative study of the tolerance of skeletal muscle to ischemia. Tourniquet application compared with acute compartment
syndrome. The Journal of bone and joint surgery. American volume. 1986 Jul;68(6):820-8.

Taahlia Grant &
Maddison Walker-Brown

DIVING EMERGENCIES
AN EDUCATIONAL OVERVIEW — DAVID CHOY & RUBY VALKS
EPIDEMIOLOGY
•
•

•
•

PATHOPHYSIOLOGY

Occurs between 5-152 in 100,000 dives.
1000 cases per year require hyperbaric oxygen therapy
(HBOT).
Approximately 10% of cases result in a fatality1, 2
Risk Factors:

Long, deep or repetitive dives
Rapid ascent from dive
Heavy exertion at depth
Water temperature
Inexperienced divers
Changes in altitude post dive (e.g ﬂying or hiking)
Medical co-morbidities (respiratory or cardiac etc.) 2, 3

Decompression sickness (DCS)
• Occurs when divers ascend faster than inert gas can be eliminated — relative
to Boyle’s law5 (Fig.2).
• Gas bubbles expand and compress or obstruct internal structures.
• Two classiﬁcations based on the location of the trapped gas:
• Type I (simple): symptoms involving skin, musculoskeletal and/or
lymphatic system.
• Type II (serious): symptoms involving the neurological, cardiac or
pulmonary systems.

On descent:
- nitrogen concentrations
increase,
- inert gas stored in tissues,
relative to Henry’s law.
On ascent:
- supersaturated tissues
release gas bubbles into
tissues and blood,
- bubbles diffuse across
alveoli and are exhaled.

DIAGNOSIS
•

•

•

•

•

High index of suspicion should be present in all
patients with a history of diving.
Diagnosis is classiﬁed based on the aetiology of
presenting symptoms, whether it is:
• formation of inert nitrogen gas bubbles,
• localised toxic effects of gas,
• barotrauma, or
• arterial gas embolism syndromes2.
DCS — symptom onset: minutes to days post dive
• Type I: Pain in one joint, +/- lymphedema and
benign dermatological manifestations e.g urticaria.
• Type II: Affecting more than one joint +/- affecting
any other systems (cardiac, pulmonary, & nervous).
Barotrauma
• pain on descent (sinus or otic)
• pain on ascent (pulmonary)
• symptoms usually in inner ear, dental or artiﬁcial
spaces.
AGE - symptom onset: on ascent or immediately on
resurfacing.
• symptoms: new/sudden altered level of
consciousness, seizure activity; neurological
symptoms occur within 10 minutes following
emersion; delayed onset is more indicative of Type II
DCS4.

Fig. 2: Boyle’s Law7

Fig.1: Henry’s Law6

Barotrauma
• Uncontrolled air expansion
damages surrounding
structures.
• Pulmonary barotrauma poses
the greatest risk, and occurs
due to:
• Breath holding on ascension
or;
• ascent rate > inert gas
elimination.
• Rupture of lung parenchyma
can result in:
• Mediastinal or subcutaneous
emphysema
• Pneumothorax4

Arterial gas embolism (AGE)
• Gas bubbles enter the systemic
circulation due to:
• ascent rate > inert gas
elimination
• size/quantity of gas bubble
overwhelming pulmonary
ﬁltration.
• Gas bubbles can migrate to
vital organs and cause:
• ischaemia and/or infarction,
or
• V/Q mismatch
• alveolar rupture4 (Fig. 3).

Fig. 3: Pulmonary Barotrauma; AGE4

TREATMENT
•

•

•

•

•

•

IV ﬂuids
• Increases tissue perfusion
• Dehydration linked with diving due to physiological changes
100% Oxygen — consider IPPV
• Reduces size of bubbles
• Increases rate of nitrogen elimination from tissues
Supine positioning
• Reduces risk of:
• increased ICP
• distributing arterial bubbles into cerebral circulation
Maintain normothermia
• Insulated suits are primarily black and do not allow for air circulation inhibiting evaporative
cooling
Hyperbaric Oxygen Therapy8
• Same beneﬁts as 100% O2 however delivers at higher pressure resulting in higher delivery to
lungs and helps reduce inﬂammation caused by bubbles
Regular neurological, respiratory and cardiac assessment & manage symptomatically
• Diving emergencies manifest through multiple systems and differently from patient to patient9,10

PROGNOSIS
•

•
•

Prompt recognition, medical evaluation and treatment with HBOT has a
success rate of 95%5.
Cutaneous DCS commonly self-resolves within 24 hours
25% of patients treated for decompression illness will report long term
effects8.

CONCLUSION
As diving emergencies present a
diagnostic challenge in the pre-hospital
environment, the emphasis of care is on
symptomatic management, and a
comprehensive understanding of
relevant pathophysiology to support
forethought in treatment and transport.
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Drowning
an educational overview
Epidemiology:

Pathophysiology:

• Worldwide there an estimated 372,000-500,000 deaths from
drownings every year. 1-4
• In Australia and New Zealand, drowning is the third most
common form of death by injury in adults. 1,5
• Drowning is the leading cause of death in children aged 0-4
years. 1-2,5,6-9
• The most common places for drownings is inland bodies of
water, such as lakes and dams. 1,3-4,6,8
• The majority of drownings take place during the warmer
summer and spring months. 1,3-4,8
• For every fatal drowning, there is an estimated 20 non-fatal
drownings. 5

The most recent definition of drowning describes a process of
respiratory impairment due to submersion or immersion in
liquid, regardless of outcome. If the victim dies as a result, it is
referred to as fatal drowning, whereas the outcome of survival
is known as non-fatal drowning. While salt and fresh water have
different injury mechanisms, the prognosis remains the same. 4-5

Prevention:
• Life vests
• Pool fences, safety and
compliance
• Swimming lessons and
water safety
• Parental supervision
• Life guards at beaches
and public pools
• Government campaigns

Who is at risk?
• Males are up to 9 times at greater risk. 1,3-6,8-9
• Young children and tourists who are unable to swim are some
of the most susceptible. 4-5
• Alcohol is implicated in up to 14-50% of
drownings in adults, especially when
combined with recreational water sports. 2-3,5
• Epileptics, mentally disabled, and people from low
socioeconomic areas. 5-6
• The elderly population are also at risk due to underlying
medical conditions and suicide attempts. 5

2-3,5-6,8-10

The process:
Initial submersion
Voluntary apnoea (except in the
already unconscious victim)
Hypercapnia & hypoxia
Involuntary breath causing
initial aspiration
Laryngospasm preventing
further aspiration
Loss of consciousness

Treatment:
1-2,4-5,11-15

KIDS ALIVE – DO
THE FIVE! 10
1. Fence the pool
2. Shut the gate
3. Teach your kids to
swim – it’s great
4. Supervise – watch your
mate and
5. Learn how to resuscitate

Involuntary gasps flood lungs
leading to alveolar injury
Hypoxia & irreversible brain
injury occur within 3-10 minutes
Cardiac arrest
Death 1-2,4-5

Rationale for treatment:

1-

2,4-5,11-18

Pre-hospital and in-hospital treatment:

1-2,4-5,7,11-12,16

High flow oxygen to support breathing and revert hypoxia.
CPR with focus on airway and breathing.
Space blankets or warming devices to maintain normothermia.
Consider anti-emetics, analgesia and antibiotics.
Swift transport to hospital for further monitoring and treatment; consider
transporting lateral for drainage of water and/or vomit.
• Correction of reversible causes such as seizures or syncopal episodes.
• Asymptomatic and mildly symptomatic patients should be observed for 6 hours as
symptoms may be delayed.
•
•
•
•
•

• The main cause of mortality and morbidity
in drowning victims is hypoxia; specifically
brain hypoxia.
• Oxygenation and swift treatment are the
most important factors in patient
outcome.
• The sooner the patient is treated, the
better the outcome and chance of survival.
• The aim of initial treatment is to reduce
the incidence of further injury.
• Vomiting is common in the drowned
patient and the risk of aspiration is high.
Created by:
Julie Renwick
09656189
Katelyn Houston 09667156

In a patient with diabetic ketoacidosis, should paramedics administer insulin?
Boller S, Hall M, Posey L, Saunders D

Bachelor of Paramedic Science, University of the Sunshine Coast, QLD

Background

Findings

Recommendations

Diabetic ketoacidosis (DKA) is a complex and severe

Incidence of DKA throughout Australia and New Zealand

insulin administration.1 Reviewing the evidence, two

complication of diabetes mellitus, characterised by specific

have increased over the last decade, particularly in rural

important themes discovered when administering insulin

parameters (Table 1) leading to a biochemical triad of

and metropolitan hospitals (Figure 1).4 Strong evidence

to patients with DKA, were hypokalaemia and an increased

uncontrolled

suggests

risk of cerebral oedema.6-7

increased

hyperglycaemia,

metabolic

acidosis

and

overall

ICU

admission

increased

from

insulin prehospitally for DKA patients, due to inability to
The second, is to review DKA diagnostic equipment,
available to ambulance services to accurately confirm

4.98–5.53) in 2013 (P < 0.0001).4
Table 1: Classification of Diabetic ketoacidosis.2

Firstly, we recommend paramedics do not administer
determine baseline parameters and monitor complications.

0.97/100,000 (CI: 0.84–1.10) in 2000 to 5.3/100,000 (CI:

ketones.1-2

Three recommendations are proposed from this research.

suspected DKA prehospitally. The third is for future

Hypokalaemia
Figure 1: Incidence of ICU DKA admissions across different categories

In patients that met the criteria for DKA (n= 54) 5.6%

of ICUs. Error bars represent 95 % confidence intervals.4

presented with initial hypokalaemia (CI: 1.2%-15.4%) due
to extracellular shifts in potassium during acidosis.6
Additionally, insulin decreases serum potassium levels,
consequently leading to an increased risk of fatal cardiac

implications, when the i-STAT point-of-care analyzer
(Figure 2) becomes available and cost effective, that it is
implemented as part of DKA clinical practice guidelines to
enhance patient management pathway.
Figure 2: i-STAT point-of-care analyzer8

arrhythmias, if excessive insulin is administered.6 This
demonstrates

Due to an accumulation of dangerous ketones within the

the

importance

of

obtaining

serum

potassium levels prior to administering insulin and the

blood, DKA is a time critical emergency that is increasingly

challenges it would pose in the prehospital setting, with no

contributing to paramedic workload.1,3 Currently, insulin is

way

not used in the pre hospital treatment of patients presenting

of

measuring

baseline

potassium

levels.

with DKA, and with no ability to accurately determine DKA
from hyperosmolar hyperglycaemic state (HHS), insulin

Cerebral Oedema

administration would create additional challenges for
paramedics.3

Management of DKA consists of fluid resuscitation and

The purpose of this study was to determine if paramedics
should administer insulin to DKA patients, prehospitally.

Methodology
1990. Open access peer reviewed journal articles with full text
were

utilised

to

explore

pertinent

information. Evidence was limited to in hospital studies, as
little evidence was found prehospitally.

‘diabetic ketoacidosis’; and paramed*; and insulin; and
emergency med*; and EMS; or ambulance; or prehospital; or
‘out of hospital’. We excluded articles published in a language
than

English

and

conference

proceedings.
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Pain Relief in Labouring Women
Jodey Brand – QUT Kelvin Grove, 3rd year B. Paramedic Science
Objective: to propose a new evidence-based pain relief algorithm for labouring women in the pre-hospital setting.

INTRODUCTION:

HEAT PACKS:

In Australia, more than 300,000 babies are born each year and over time, birth styles and settings
have begun to diversify1.

97% rate of in-hospital births1.
0.3% rate of home-births: a popularising method of birth1.
0.4% rate of other pre-hospital birth settings1.
Given this, it is expected that pre-hospital response to labour-related cases would also increase.
Therefore, there is an obvious need for an evidence-based pain relief algorithm for labouring women
that will diversely cater to maternal needs for their overall satisfaction.

POSITIONING:

The physiological effects of heat include:
• Increased blood flow to affected sites;
• Increased metabolism; and
• Increased elasticity of connective tissue and
muscle5.
Using heat to treat pain stimulates thermal skin
receptors as well as deep tissues to suppress pain
through gate control theory5. This theory states that
a non-painful input (heat pack) closes the nerve
gates to a painful input (birthing pains) which
prevents pain sensation from travelling to the CNS6.
The use of heat packs (intervention) versus not
using heat packs (control) for pain relief during
labour concluded that the intervention group
experienced shorter courses of labour, and
significant levels of pain reduction with no negative
neonatal effects7-9.

The ability to move and reposition helps a woman
cope with the pain of labour, can decrease second
stage labour duration, and increase maternal
satisfaction2-3.
Recommended positions for labour include:
• Semi-Fowler’s: noted higher levels of
maternal comfort and convenience, neutralises
spontaneous pushing to preserve energy levels,
and decrease rates of exhaustion4.

COLD PACKS:
Cold ice has the benefits of:
• Strong and transient analgesic effects
• Acts to reduce blood flow to affected areas
thereby reducing inflammation and swelling4.
• Can temporarily reduce nerve activity,
subsequently delaying the pain response5.

• Standing: helps to reinforce spontaneous
pushing by improving uterine contractions with
the additional force of gravity as further aid4.

• Forward bend: noted to lower pain and
enhance foetal rotation3.

Contemporary literature indicates that the use of
cold packs had a marked decrease in the degree of
pain mothers experienced during all parts of the
active first stage and second stage of labour10. All
phases of labour had a shortened duration compared
to the control group, and there were nil negative
foetal effects10.

Pain during the second stage of labour can prolong
its duration, therefore it is important to encourage
the mother to avoid lithotomy and other supine
positions due to their known tendency to exacerbate
lower back pain and increase frequency of painful
contractions4.

STERILE WATER FOR INJECTION:
The most common type of pain for a woman to experience during labour is lower
back pain11. This pain can be directly associated with stimulus to pain-sensitive
parts of the pelvis or referred pain from the uterus as a result of cutaneous afferent
sensory neurons that run from the lower back and converge at the dorsal horns of
the brain11-12. The injection of sterile water occurs over four sites surrounding
Michaelis’ Rhomboid and is known to be an effective pain relief method for
lumbar back pain11-12.
Figure 1: Michaelis’ Rhomboid injection
sites for SWI.
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Several theories such as the gate control theory, descending pain relief systems,
and diffuse noxious inhibitory control underpin its use13. SWI is also known to
cause osmotic irritation due to the imbalance of osmolality in the salt-water
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THE PARAMEDIC STUDENT SURVIVAL KIT: A NOVEL PROJECT-BASED LEARNING APPROACH
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Introduction

Who was involved and why?

How it was organised

What the kit looked like

• The Paramedic Student Survival Kit is

• Highly motivated 3rd year

Sandy offered wellbeing topics that

• The same size as a business card, the

an informative, compact and

paramedicine students (n=34) at

students may encounter while on clinical

survival kit was very compact yet

portable document that was created

Griffith University volunteered to

placement and encouraged students to

succinct. The card unfolded to an A4

with the intention of prioritising

participate in the collaboration, with

brainstorm more topics that were

size to reveal the full survival kit. The

student paramedic health and

2-3 students per topic and a team of

essential for the survival kit. Based on his

content included topics such as

wellbeing during clinical placement.

graphic designers all working

previous research (2), Sandy helped the

coping skills, time management tips

It provided evidence-based

alongside the Course Convener

project based on 3 guiding principles:

and preparation tools for clinical

information about potential issues,

(Sandy)to create the survival kit.

1. The importance of suspending

placement. It also contained essential

concerns and risks from previous

• Students who participated reported

conventional belief. While they guide

program health and safety contact

students’ placement experiences and

the benefits of undertaking

teaching practices, doing this can

information for students while on

was a novel resource.

extracurricular activities of this

also delimit them. Believe you can

placement. The content is the

project to be an exceptional

achieve!

essential summary of over half of the

• The survival kit enriched students’

clinical placement experience by

addition to their learning and was

refining skills required of an expert

added to their professional resume.

paramedic such as advanced

• The impact of conducting this

2. Open communication and respect.
Stream of communication between

communication, negotiation,

project enhanced the students’

organisation and judgement skills.

relationship with Sandy thus building

Students felt comfortable presenting

a professional rapport and respect

ideas.

completely student-driven. Evidence
supports this approach (1).

Figure 1: The Paramedic Student Survival Kit folded up

between paramedic academic and
student.

Figure 2: The Paramedic Student Survival Kit unfolded – front side

Figure 3: The Paramedic Student Survival Kit unfolded – reverse side
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students’ ideas and reflections.

group and mentor that relies on
rapport based on mutual respect.

• This was a project-based initiative and

final year undergraduate paramedic

How it turned out
• The toolkit was extremely well
received by students preparing for

3. Reflection on professional practice.

placement and has become an

“Project-based learning gives the

essential for all Griffith University

ability for students to take on

paramedicine students.

something that’s completely outside

• The only cost was for printing.

of their comfort zone, figure out where

• The time spent producing the

to get the resources, and to execute it

document and the project’s

and to reflect… so their professional

collaborative aspect were vital to the

practice has deepened even before

quality and depth of the final

they’ve joined”.

product.

Prehospital Management of Spinal
Injuries
Objective
This poster will explore the evolution of the pre-hospital management of spinal cord
injuries (SCIs). It will provide a succinct and informative overview of the history of prehospital spinal immobilisation.
Methods
The literature used in this poster are primarily peer reviewed articles that were published
within the last 30 years. The Queensland University of Technology library and various
health databases, such as PubMed, CINAHL and ClinicalKey, were utilised to locate
these articles. The ‘management of spinal cord injuries’, ‘soft AND rigid OR hard
collars traumatic SCI’, and ‘spinal cord injuries’ were terms used to research and locate
various studies published throughout different time periods. These studies provided
information and insight into professional understanding, relevant data, and standard
practices surrounding the pre-hospital management of SCIs.
Results
These studies provided corroborating evidence that many spinal immobilisation devices
provide minimal effectiveness in relation to stabilising SCIs.1 Some findings even suggest
that devices such as rigid cervical collars may be causing more harm than good.1
Discussion
The results from these studies have revealed how irrelevant and harmful the practices of
spinal immobilisation have been throughout history. Studies from recent decades all
agree that spinal immobilisation delays immediate treatment and transport in critical
patients.1-2 The introduction of SCI guidelines (e.g. the National Emergency XRadiography Utilization Study [NEXUS] criteria) have enabled emergency services to
differentiate which patients require SCI management. This is a major contrast from
theover application of collars, which was once the bedrock of SCI management.3-4
Currently, there is limited research in relation to the pre-hospital management of SCIs in
trauma patients. This may be due to the unstable and unsafe pre-hospital environment,
and the inability to perform random controlled trials.4
Conclusion
Over time, studies have shown that there are minimal benefits in the use of many spinal
immobilisation devices. With some findings showing that some devices and techniques
are more harmful than beneficial. Emergency services continue to search for spinal
immobilisation techniques that are not time consuming and are beneficial to patient
outcomes.

Cynthia De Leon & Nicholas Stewart

Spinal Cord Injuries: The Evolution of Pre-hospital
Treatment

1970s
Emergency medical services (EMS) started to
routinely provide pre-hospital care to SCIs.4 It was
standard practice to apply cervical traction, a soft
cervical collar and a short wooden backboard.
Patients were then secured to a long backboard for
extrication and sandbags were used for cervical
immobilisation. This practice was criticised as it
delayed transport and resuscitation, and
exacerbated SCIs. The backboards caused severe
discomfort and ulcerations, and the sandbags
would often shift during transfers.2

ff

2010s
EMS have simplified their treatments for SCIs,
with many just favouring manual inline
stabilisation (MILS), rigid or soft cervical collars
and spinal boards.5 Debates continue on whether
spinal precautions cause more harm than good.
For instance, spinal immobilisation devices can
hide sinister injuries and restrict airway
management. Soft collars are preferred in some
ambulance services as they reduce discomfort and
offer mandible support for facial fractures.
However, they are less effective in spinal motion
restriction compared to rigid collars.3,5

1900

ff

1960s
Cervical collars were introduced to the prehospital setting for the purpose of preventing
secondary injury, via immobilising potentially
unstable spinal injuries.1 However, this was the
beginning of the over-application of collars.3

ff

2000s
EMS started to use guidelines to identify likely
SCI patients (e.g. the NEXUS criteria).4 Prehospital cervical traction and short backboards
were eliminated to reduce complications and onscene times. Cervical blocks replaced sandbags,
and hard/rigid cervical collars were favoured
over soft collars.2 However, the cervical blocks
did not provide extra spinal motion control and
the rigid collars increased intracranial pressure
(ICP) (this exacerbated traumatic brain injuries),
caused soft tissue injuries and discomfort, and
restricted respiratory effort and mouth opening
(this caused airway compromise if the patient
vomited).1,3,9

ff

ff
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Before the 1900s
The first idea of splinting spinal cord injuries
originated in Greece around 625-690 C.E. In
980-1037 C.E., Avicenna (a famous polymath)
recognised and advocated that spinal
stabilisation should be applied to people with
less severe SCIs.6

Epidemiology
Annually, 250,000 to 500,000 people receive SCIs
worldwide.7 Males have a higher chance of
experiencing SCIs (by 64.9%). 40% of traumatic
SCIs occur due to road traffic crashes, 30% from
falls (of more than two metres) and 4% from
violence or sporting events.5 The total annual
costs for traumatic SCIs in Australia is estimated
to be two billion dollars.8

Timeline of Treatments

Background
The spinal cord is a complex structure that is
integral in the conduction of nerve impulses
between the brain and the body. These signals
assist in sensory and motor function, as well as the
regulation of homeostasis.5 Therefore, trauma or
damage to the spinal cord can have severe health
implications. Spinal cord injuries (SCIs) can be
categorised as primary or secondary. Primary
injuries involve direct damage to the spinal cord or
its supporting vasculature, whereas secondary
injuries arise after or due to primary injuries.5 The
rationale for pre-hospital spinal immobilisation is to
reduce further SCIs and prevent secondary
injuries.5
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Epidemiology

Pathophysiology

Treatment

Spinal cord injuries (SCI) affect all regions of

There is a great variety of mechanisms for

Current treatment approaches for SCI in the

the world, leading to significant financial and

SCI which can damage the spinal column

pre-hospital environment include;

social burden (1). The incidence rates

and cord both together and independently

between

(4). These mechanisms of injury include;

developed

and

developing

- early stabilisation
- early surgical decompression

countries vary greatly which is suspected to

- compression

- intensive care measures

- contusion

- cardiovascular

- underreporting

- laceration

- ventilator support

- underdiagnosis

- vascular insult (3).

- appropriate thermoregulation (4-12).

leading to an increase in the number of

Blunt or penetrating trauma will cause

A number of immobilisation devices are

patients who died on scene (1).

immediate and delayed responses in the

used in combination including;

be influenced by:

- inappropriate handling or transportation

primary and secondary phases.
- rigid and soft cervical collars

The mortality rates of these patients is
doubled in developing countries. Similarly,

- Primary phase: the initial mechanical

in both these groups, males aged 30 to 50

trauma which disrupts the axons, blood

years of age were at an increased risk of

vessels and cell membranes (5).

- supportive blocks
- hard backboards with straps

- Secondary phase: delayed period of

SCI (1).
Mortality rates

Incidence rates

tissue destruction involving, ischemia,
inflammation, electrolyte shifts, vascular
dysfunction,

free

radical

production and restrained apoptotic cell

Increased risk
Developed vs.
developing
countries

oedema,

death (6).

The

Female vs. male

Males aged
30-50 years old

potential

for

secondary

injury

is

heightened in the prehospital setting due to;
- a lack of resources
- heterogeneity in healthcare provider’s

Due

to

the

prominence

of

ageing

populations within today’s society, the rates

skill sets

to cause SCI due to age related bony

changes (3).

Mechanisms of SCI (1)

The evidence on such practices remains
limited (11, 12). According to the Australian

- the need for transportation (7).

and New Zealand Council of Resuscitation

Guidelines (9), all studies conducted on

of SCI continues to rise (2). Even low falls in
adults over the age of 60 have the potential

An immobilisation/
extrication jacket in use.
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spinal

immobilisation

techniques

and

devices have been conducted;
- in retrospect
- on manikins
- on cadavers

9%
9%

38%
14%

- on volunteers

treatment on scene, patients may suffer from
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further neurological deficit and be placed at

30%

Road traffic accidents

Falls

Violence

Sporting activities

Various other activities

By delaying transportation and providing

an increased risk for developing sacral and

Research also highlights that further injury

occipital ulcers (8). Haut et al., (10) suggest

may be caused as a result of traction and

that the goal scene time for patients with a

compression

suspected SCI is less than 10 minutes.

manipulation (8).

through

inadvertent

Pre-hospital management of
Trauma during pregnancy
Epidemiology
The leading contributor to nonobstetric foetal and maternal
mortality is trauma; accounting
for 50% of deaths.1-7
1 in 12
Pregnancies
are
complicated
by trauma.3,4,6,7
Road traffic crashes and
domestic violence are the two
most common causes of

traumatic injury in pregnancy.1,4,7
For every 100,000 pregnancies,
8307 women will experience
trauma due to domestic
violence.
60% increase in domestic
violence during pregnancy
than in non-pregnancy.3
There are major disparities in
harm between foetus and
mother. Even minor maternal
injury can lead to severe foetal
injury.3,4,7

3:1-9:1
Ratio of foetal:maternal mortality.7

Kendall L. McKee & Jade L.
Castledine
30 Aug 2019.

Complications that can be
caused by trauma include
foetal/maternal haemorrhage,
uterine rupture, placental
abruption and preterm labour,
rupture of membranes and
birth.3,7 Placental abruption is the
complication most commonly
associated with foetal demise.2,3
50-70% of foetal mortality is due
to placental abruption.2,7

Pathophysiology
A diagram outlining the
changes in the position of
major abdominal organs
during pregnancy.17

• Airway oedema and
increased adipose tissue
causes difficult
ventilation.2,3,5,6
• Increased oxygen
consumption with hypoxia
more likely.2,5
• Increased respiratory rate
up to 50% = decreased
buffering and increased
risk of acidosis.2-6

• Increased heart rate +
increased blood volume
(1500mL) + decreased
placental vascular resistance =
25% increased cardiac
output.2,4,6
• Plasma volume greater than
haemoglobin count resulting in
maternal dilutional anaemia
and thus reducing oxygencarrying capacity.
• Signs hypovolemic shock may
appear late as pregnant
women are often in a state of
relative hypovolemia.2,5
• Increase in clotting factors and
consequently increasing the risk
of thrombosis.5,6

• Displacement of abdominal
organs due to extension of
the fundus. The diaphragm
is moved superiorly up to
4cm.2,6
• The urinary bladder and
bowel are displaced
anteriorly and superiorly,
leaving them susceptible to
direct injury.2,5,6
• Decreased gastric motility
and relaxation of the lower
oesophageal sphincter
causing increased risk of
gastric aspiration.5,6

Treatment

A
Airway

B

Due to changes in the respiratory system during pregnancy,
critically injured patients require early intubation whenever
there is a risk of airway compromise.2,9
An unsecure airway places the patient at risk of gastric
aspiration, especially due to the relaxation of the lower
oesophageal sphincter and delayed gastric emptying.10

Basic cares:
Hypoxaemia should
be avoided as the
foetus is extremely
sensitive to hypoxia,
however, unnecessary
oxygen administration
can cause harm.8,10,15

Breathing

C
Circulation

Spinal precautions.2

Inhalation injuries in
burns cause
significant
oedema.3

Oxygen therapy
▪ Major trauma:
15 L delivered via a
reservoir mask or a bag
valve mask.8
▪ Hypoxaemia(<93%):
2-4 L nasal cannula/
5-10 L Hudson mask8
Target spO2: 94 - 98%8

Dual intravenous access to facilitate rapid volume replacement.2,9,10
✓ Sodium chloride 0.9% to a target of a palpable radial pulse in major
haemorrhage, due to the risk of dilution of clotting factors/platelets and an
increase in physiological anaemia.11,12
✓ Early Blood resuscitation improves survival.12
✓ Tranexamic acid reduces post-partum and non-obstetric bleeding if given
within < 3 hours.13

Basic cares:

A smaller size ETT is
required (6.0 - 6.5)
due to laryngeal
oedema.2,6

Pelvic binder for direct pressure.2
Antiemetic.5

Pre-notify: these patients
require a multidisciplinary
team to achieve the best
outcome.10,12

Supine positioning causes
compression of the inferior
venacava, obstructing
venous return and reducing
cardiac output. Tilt the
patient’s right hip 15 - 30
degrees or manually
displace uterus to the left.
3,10,14-16
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WHAT IS POST-TRAUMATIC
STRESS DISORDER AND
SECONDARY TRAUMA?

S0281503

Therapists utilize bilateral stimulation (lateral eye movement) to
establish dual awareness whilst retelling the trauma (Leer, Engelhard,
Altink & van den Hout, 2013). This method allows positive cognition
to be implemented over negative cognition (Leer, Engelhard, Altink &
van den Hout, 2013).

Cognitive
Behavioural
Therapy (CBT)

With the help of a therapist this helps the consumer interpret the
relation between mood and thinking (Berman et al., 2018). Thus
helping the consumer think in a more positive manner.

Interpersonal
Therapy (IPT)

This helps the consumer to identify with there current issues that are
contributing to the affects of PTSD and/or STS (Berman et al., 2018).
IPT aims to work in strengthening the consumers vulnerable aspects of
there personality that may lead them down the path of PDST and/or
STS (Berman et al., 2018).

Narrative
Exposure
Therapy (NET)

Physical
Activity/Music
Therapy:

EARLY DETECTION OF PTSD
AND STS

(Yehuda et
al., 2015).

Treatment goals for PTSD and STS aim at reducing symptom frequency and intensity
with the intent to produce overall improvement in consumers wellbeing and mental health.
(Foa, Keane, Friedman & Cohen, 2010) A multitude of studies indicates that poor
debriefing and defusing as well as inadequate access to peer support significantly
contributes to the risk of developing PTSD, Anxiety, depression and suicidal tendencies.
Scheduled sessions focusing on complicated and high stress cases, discussed regularly
will allow paramedics to support each other. (Bohström, Carlström & Sjöström, 2017).
Recent evidence suggests that the efficacy of SSRIs supports the use in treatment for
PTSD (Baldwin et al., 2014). Below are treatment options:
Eye movement
Desensitization
and
Reprocessing
(EMDR)

S0281340

In a recent study, 20 to 30 percent of paramedics had reported traumatic
symptoms consistent with PTSD (Regehr, & LeBlanc, 2017). PTSD is a
consequence of exposure to traumatizing events especially in emergency
service work, for example ongoing responses to scenes of heightened
emotion, violence and injury (Regehr, & LeBlanc, 2017). PTSD can
develop from a single experience of traumatic events, without multiple
exposures (Regehr, & LeBlanc, 2017). PTSD consumers have an increased
secretion of corticotropin-releasing hormone from the hypothalamus
(Yehuda et al., 2015). A decrease in adrenal release of cortisol follows,
resulting in negative feed back inhibition of cortisol (Yehuda et al., 2015).
The cortisol then binds to glucocorticoid receptors, that are translocated
and bind to glucocorticoid response elements (Yehuda et al., 2015). The
cause of STS can present as fatigue, this can simply be form witnessing or
listening to consumers accounts of disturbing or traumatic events over an
mount of time (Wagaman, Geiger, Shockley & Segal, 2015). Similar
pathophysiology is observed in both PTSD and STS.

Posttraumatic stress disorder (PTSD) is a disabling mental health condition
which can develop by direct exposure to a traumatic event. Exposure can
be witnessing multiple traumatic events first hand or vicarious
traumatising (Evans, Nizette & O'Brien, 2017). PTSD is twice as common
within women than in men (Yehuda et al., 2015) and is more commonly
identified in younger adults than older adults (Baldwin et al., 2014). PTSD
exhibits significant co-morbidities with other mental illnesses with
increased suicidal thoughts and completed suicides (Baldwin et al., 2014).
Utilization of health services is increased in PTSD consumers, however, is
not readily recognised by primary or secondary care (Baldwin et al.,
2014). Secondary trauma Stress (STS) is exposure of indirect trauma, by
constant contact and empathic engagement with a consumer of a traumatic
event (Ludick & Figley, 2016). STS is the consequences of gaining
knowledge about a traumatic event, or the stress resulting from wanting to
help a traumatised or suffering person but you are doing absolutely
everything you can (Morrison & Joy, 2016).

TREATMENT OF POST-TRAUMATIC STRESS DISOPRDER AND
SECONDARY TRAUMA

ATEIOLOGY OF POST-TRAUMATIC
STRESS DISORDER AND SECONDARY TRAUMA

Focuses on the persons strengths, listening to the consumers story and
focusing on the positive aspects and times the consumer has positively
problem solving (Berman et al., 2018). NET has proven to be effective
for multiple traumatic events over other therapies. (Robjant & Fazel,
2010).
Physical activity has shown a significant reduction in symptoms and
improve the sleep quality of consumers With PTSD (Rosenbaum,
Sherrington & Tiedemann, 2014). Talking therapies can be distressing
and intrusive, a safe and enjoyable alternative is music therapy. Music
therapy is effective for consumers not responding to CBT. (Carr et al.,
2011).

Paramedics with new symptoms of anxiety, fear, insomnia, social isolation or distraction through
excessive work can be indicative of early signs of PTSD. To correctly identify PTSD a Posttraumatic
stress disorder checklist (PCL) can be utilized. The PCL is a self report measure of PTSD symptoms and
reflects the ‘Diagnostic and Statistical Manual of Mental Disorders’ criteria for PTSD. (Blevins,
Weathers, Davis, Witte & Domino, 2015). Diagnosis can be formed through identifying a history of
exposure to trauma, helplessness and disruptive symptoms. PTSD consumers can show signs of intense
fear or horror, ‘re-experiencing symptoms’ (flashbacks), avoidance symptoms (avoiding activates) and
disturbed sleep and hypervigilance (Baldwin et al., 2014). Early detection of STS can be identified using
the ‘Secondary Traumatic Stress Scale’, a 17 item self report with significant reliability (Benuto, Yang,
Ahrendt & Cummings, 2018). Wagaman, Geiger, Shockley & Segal, (2015) suggest that STS is closely
linked to PTSD with similar symptoms. The most common sign of STS is the feeling of fatigue and
avoidance (Wagaman, Geiger, Shockley & Segal, 2015) however, it is important to be aware of
hypervigilance, insomnia, agitation and fatigue.
SYMPTOMOLOGY OF POST-TRAUMATIC
STRESS DISORDER AND SECONDARY TRAUMA

Symptoms of PTSD usually have rapid onset within three months of the traumatic incident, however,
symptoms can develop years after the incident (NIMH Post-Traumatic Stress Disorder, 2018). PTSD
symptoms must last more than a month and be severe enough to affect work life and relationships for a
diagnosis (NIMH Post-Traumatic Stress Disorder, 2018). NIMH Post-Traumatic Stress Disorder, (2018)
explain that the following symptoms must last a month to be considered PTSD:
At least one re-experiencing symptom
- Flashbacks/ Bad dreams
- Frightening thoughts
At least one avoidance symptom
- Avoid activities similar to the traumatic event.
- Avoiding thoughts/feelings close to the traumatic event.
At least two arousal and reactivity symptoms.
- Easily startled/ Tense or on edge
- Difficulty sleeping
- Angry outbursts.
At least two cognition and mood symptoms.
(Car flips on roof in crash near Nambour, 2014)
- Trouble remembering key features of the traumatic event.
- Negative thoughts/ Feelings of guilt or blame
- Lost interest in once enjoyed activates.
Wagaman, Geiger, Shockley & Segal, (2015) explain that the symptoms of STS are closely related to
PTSD and can be evident as either: rumination, flashbacks, fear, dread and emotional strain.

(Chennai: Set up student counselling
centres, varsity directs colleges, 2018)
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Severe Burns: An Educational Overview
Samantha Campbell & Rhoda Thornton - Queensland University of Technology
Introduction

Calculating Burn Severity

Inhalation Burns

A burn is an injury inflicted to the skin, most often caused
by heat, cold, radiation, chemicals or electricity. Globally,
there are 11 million burn injuries per year1. In Australia in
2013-14, there were 5,430 cases of hospitalised burn
injury2. About 16% of these cases were classified as high
threat to life2. Management of burns is of primary
importance to paramedics, with burn injuries being the
fourth most common injury seen prehospitally. Severe
burns are those that affect more than 30% of total body
surface area, and have significant inflammatory and
systemic responses.

The “Rule of Nines” is a method used for estimating the TBSA
affected by burns (excluding first degree burns). The body is divided
into 11 regions that each represent 9% of the TBSA (Fig 2). In adults,
these regions are the head, chest, abdomen, upper back, lower back,
front and back of the left leg (9% each), front and back of the right
leg (9% each), left arm, right arm, and the genitalia (1%). As a
general rule, severe burns affect >30% TBSA. The Rule of Nines
differs slightly for children and infants.

Inhalation of smoke can lead to massive inflammation of the linings of the
airway tract, resulting in release of inflammatory mediators and the “capillary
leak” phenomenon previously explained. If the oedema is significant enough,
this can progress to airway obstruction and acute respiratory distress.

Physiology of the Skin
The skin has three layers: the epidermis, dermis and
hypodermis (Fig 1). The role of skin is to prevent water
loss, maintain normothermia and act as a barrier against
infection. Burns that only damage the epidermis are called
first-degree burns, and are not included in calculations of
total body surface area (TBSA). Second degree burns affect
both the epidermis and upper layer of the dermis. Third
degree burns damage the entire epidermis and dermis. The
most severe type of burn, fourth degree burns, extend to
the deepest layer of the skin, the hypodermis3.

Pathophysiology of Severe Burns
Following burn injury, the damaged tissue produces cytokines which
trigger the release of inflammatory mediators, such as histamine
and prostaglandins4. These act on the endothelial cells of the
capillaries and cause them to dilate5, resulting in gaps between the
cells. This allows fluid and proteins to leak out of the intravascular
compartment and into the interstitium6, causing decreased capillary
oncotic pressure. The new interstitial particles create an osmotic
gradient that pulls additional fluid into the interstitium (see Fig 3),
causing “capillary leak” and subsequent oedema7. In severe burns,
there is widespread capillary leak and oedema over many hours; a
study by Leape found a 70-80% increase in the water content of a
full-thickness burn within 30 minutes of injury8. The fluid lost to the
interstitium no longer contributes to circulating blood volume and
pressure; thus, systemic hypovolemia may ensue9.

Figure 3. Capillary Leak Syndrome.

Figure 1. Jackson’s three zones of damage (1947). Zone of hyperemia, stasis and
coagulation (left side, top to bottom). Layers of the skin. Epidermis, dermis
and hypodermis (sub-cut tissue) (right side, top to bottom).

Zones of Burn Injury: Local Effects
A burn injury has three zones (Fig 1). The primary site of
injury, the coagulation zone, is the area of most damage.
This area undergoes irreversible necrosis. Just outside this
region is the stasis zone, characterised by reduced tissue
perfusion. Unless perfusion is restored, this area will also
become necrotic. The zone furthest away from the injury
site is the hyperemia zone, where microvasculature is not
damaged, but there is increased perfusion and significant
inflammation3. Treatment is targeted at restoring
perfusion to the stasis zone, to prevent burn progression.

Pre-hospital Treatment of Severe Burns

In circumferential burns, or those wrapping around a body part, the
build-up of fluid in the interstitium can lead to a build-up of
pressure in the muscular compartment (see Fig 4), potentially
leading to compartment syndrome. This is of particular concern in
the abdomen region or chest region, as breathing may be impaired.

Effect on the Cardiovascular System
In the first 24 hours post severe burn injury, the diminished plasma
volume causes a decrease in cardiac output and reduced venous
return10. Cardiac contractility is also reduced11, possibly due to the
release of macrophage migration inhibitor factor (MIF), which Willis
et al. found to be a critical mediator of cardiac dysfunction in mice
with severe burns12. This period of depression in cardiac function is
called the “ebb” phase. By 48 hours post-injury, cardiac function
rebounds and the injured myocardium becomes tachycardic due to
the release of catecholamines. This phase is called the “flow” phase
and may last for more than a year following injury12.

Figure 2. Rule of Nines. Used to calculate TBSA
affected by burns.

Treatment of burns is highly dependent upon their severity and aetiology.
Patients with severe burns require rapid assessment via primary survey. Of this,
ensuring a stable airway is of highest priority13, as acute respiratory distress is a
leading cause of death in burns victims, particularly paediatrics14. Frequent
airway assessments should be performed to check for oedema. The patient
should be positioned upright to aid ventilation. Supplementary oxygen should
be provided if required at a flow rate relative to the patient’s condition and
oxygen saturations. Intermittent positive pressure ventilation (IPPV) should be
considered if there is suspicion of airway compromise15 and the patient’s
respiratory rate is below 10 breaths per minute (to avoid hypoxia). Patients
displaying signs of impeding airway obstruction due to oedema and/or with
stridor, should be intubdated13 to ensure a stable, patent airway.
Fluids & Analgesia
Venous access should be obtained in patients with significant buns (TBSA >20%)
in accordance with the QAS CPG. If required, fluids should be given IV to restore
blood volume and tissue perfusion, and to increased cardiac output and function.
The rate (mL/hr) is calculated based on the TBSA affected and the weight of the
patient (see Fig 5). Severely burn-injured patients are at risk of abdominal
compartment syndrome following large amounts of fluid due to increased
capillary permeability. This can lead to impaired renal and hepatic blood flow,
bowel ischaemia, depressed cardiac function and pulmonary dysfunction9.

Figure 4. The compartment of a limb. Pressure
may accumulate in this region in severe burns.

Figure 5. Fluid calculation for burns in adults.
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Analgesia, morphine or fentanyl, should be administered to patients in
moderate to severe pain. These drugs work by binding to opioid receptors in the
CNS to dampen nociception and to increased sedation, and will help to alleviate
the significant pain experienced by patients with burns. Pain control also induces
relaxation to improve vital signs, particularly heart rate and blood pressure.
Midazolam can be administered as an adjunct to opioids to further reduce pain
and increase sedation, and will also help with intubation if required17. This drug
works by increasing the inhibitory effects of GABA on the CNS. If pain relief is
still required following administration of both morphine/fentanyl and
midazolam, IV ketamine may be considered15 with CCP assistance.
“Cool the Burn, Warm the Patient”
Active cooling may be effective in some burns patients, as it reduces
inflammation and burn depth, and prevents the progression of second to thirddegree burns18. However, patients with severe burns are at high risk of
developing hypothermia due to loss of the skin’s ability to thermoregulate18, 19..
Research has show that each drop in temperature (by a °C) significantly
increases the risk of mortality in burns patients20. The QAS suggests wrapping
the affected area in plastic wrap to reduce pain (by covering exposed nerve
endings), to keep the area clean, and to limit heat loss21. Hypothermia should
also be prevented by removing wet clothes, drying the patient, covering with
blankets and warming the ambulance.

Epidemiology

In 2017, a systematic review by Smolle et. el
[2] evaluating worldwide burns trends showed
that;
• Males were twice as likely to sustain burns
than females
• A worldwide reduction in burns incidence
and mortality can be seen due to treatment
advances, ongoing education and legislation
changes
• More patients are being admitted to
specialized burns facilities earlier, leading to
reduced mortality
• Elderly patients typically have poor
outcomes compared to younger/middleaged patients
Similarly, a 2019 article published by Toppi et.
el [1] focused on severe burns’ epidemiology
within Australia and New Zealand. It showed
comparable findings to international incidence.
• Burns most commonly occurred in males
aged 18-40 years
• Older age, intentional and inhalation injury
were associated with higher mortality rates
This study also focused on how the injury
occurred and other associated factors, which
showed:
• Half of severe burns were sustained at
home
• Over 75% of burn injuries were accidental
• 40% of severe burns patients had an
associated inhalation injury

Severe Burns
Severe burns in adult patients can be defined as having burns to
over 20% of the total body surface area [1].

Pathophysiological Effects

[13]

Starting at the cellular level due to extreme
heat exposure protein denaturation and cell
death occur. [3]
Tissue damage can be broken into 3 zones:

Zone of stasis: Surrounding zone of coagulation
à capillary leak and cell membrane disruption
à localised tissue oedema à some denaturation
of macromolecules à may become necrotic due
to hypoperfusion
[12]

Treatment

The rule of nines is used to estimate the total area burnt [6].
Severe burns in adults >20% total body surface area (TBSA):
• IV fluid
• Analgesia
• Frequent airway assessment [6]

• Burn shock = distributive, hypovolemic and cardiogenic shock.
• Fluid resuscitation à re-establish circulating volume à maintain
vital organ and tissue perfusion in the initial stages of burn
shock [7].
• Parkland Formula is used to calculate IV fluids. Half the amount
is to be administered in the first 8 hours from time of injury and
the remaining half is to be administered over the following 16
hours [8].
4mL / kg / % burn / 24hrs

References

There are a variety of sources which can cause
a burn injury, the most common is an open
flame. Burns can be classified as superficial,
partial thickness or full thickness. [3]

Zone of coagulation: The area of tissue closest
to the extreme heat exposure à tissue necrotic
or eschar formation due to severe protein
denaturation à irreversible injury

Rationale of Treatment
Wallace Rule of Nines

Pathophysiology

• Acute burn pain = inflammatory nociceptive pain
• Pain assessment is required to determine what analgesia and
dosage is necessary for each patient [9].
• Intravenous analgesia is the ideal route of administration in
severe burns as intramuscular, subcutaneous and oral
analgesics can be unreliable due to absorption problems
associated with fluid shifts in the body [10].

Zone of Hyperemia: Vasodilation due to
localised inflammation à increased tissue blood
supply à remains healthy [3]

Zone of
coagulation

Zone of stasis
Zone of
hyperemia

[11]
Initial systemic effects: The cellular and
tissue damage triggers a release of
inflammatory mediators, a combination of the
two causes vascular permeability leading to a
large fluid shift to the interstitial space à
movement of H2O, sodium and proteins causes
oedema à leading to hypovolemic shock [4].
48 hours post burn à increase in serum
catecholamines, glucagon and cortisol in
response to shock à increased cardiac output à
long-lasting hypermetabolic state à increased
muscle catabolism à impaired physical recovery
[5].
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Opportunities for university graduates in Australian ambulance services is limited and highly competitive. Current graduates need to look
outside of this emergency ambulance workplace to other areas of healthcare where their knowledge and skills can still be of use. Whilst
many ambulance services across the Asia Pacific region rely on a basic life support (BLS) trained ambulance workforce, Australian
graduate paramedics need to consider these Asia Pacific ambulance services as a means of gaining real-world experience. Allowing
graduate paramedics to work autonomously with local basic life support (BLS) responders in ambulance services within the Asia Pacific
region can be beneficial, not only for the knowledge and skills transfer between the graduate and staff of the local services, but also for
the local community they serve.

Impact

What is Experiential Learning?

Graduate paramedics reported an
increase
in
confidence
having
performed clinical analyses and
decision making unsupervised. The
diversity and uniqueness of the
program taught participants to become
adaptable
and
think
on
their
feet. Reflection of daily activities also
enabled fellow graduates to share their
experiences, allowing for further
discussion, personal growth and
development.

Learning is “a continuous process
grounded in experience”.1 This process
of generating knowledge via the
transformation of experience is termed
‘experiential
learning’.2
Kolb’s
experiential learning cycle remains the
“clearest expression” of experiential
learning.3

Application to prehospital care?
Learning through experience, reduces the
gap between theory, clinical, and practical
skills.4 It allows graduates to experience
shift work, the potential of working under
pressure with the associated emotional and
physical aspects of the job, whilst
performing a role that will facilitate the
transition into the practical life of a
paramedic.4 It also allows graduates to
practice the critical skills of basic life
support, and interpersonal communication
that cannot be refined in a classroom
setting or in a non-healthcare workplace.5
Finally,
experiential
learning
allows
comprehensive involvement in a case from
receiving the call, to handing the patient
over to the hospital staff.6

Feedback from the local stakeholders
indicated that the pilot program had a
positive impact not only on ambulance
operations, but also the community as
a whole, as seen below with the
ranking out of five.

Stakeholder Feedback
Professionalism ★★★★★
Communication ★★★★★
Cooperation ★★★★★
Clinical Ability ★★★★★
Community Benefit ★★★★★
Cultural Awareness ★★★★
Host Benefit ★★★★★

Conclusion

The Pilot Program
Participants were recruited through Planet
Medic to work as autonomous BLS
responders in the Samoan Ambulance
Service. They were expected to maintain
an open and professional dialogue with the
community members, host organisation,
and clinical stakeholders regarding all
aspects of clinical activities including
logistical issues, operational concerns,
clinical
guidelines
and
emergency
response.

Positives of the Program
1.
2.
3.
4.
5.

Graduates were issued an Authority
to Practice
Experienced semi autonomous
practice (BLS)
Created opportunity to develop
skills, especially communication
Industry networking
Exposure to a neighboring nation’s
ambulance service

Negatives of the Program
1.
2.
3.
4.
5.

Inherent program cost (travel, food and
accommodation)
Language barrier
Unfamiliar geography
Deficiency in ambulance resources
Requires high levels of emotional
intelligence in graduates

Discussion
“Every point in the process of care-giving
contains a certain degree of inherent risk”.7
While the risk of causing harm to patients
exist, graduates operating under a BLS scope
of practice largely mitigates this risk by ruling
out
‘high-risk’
interventions.
Active
collaboration between graduates and local
ambulance staff further mitigated this risk by
facilitating the sharing of knowledge and
experience for a common goal.

Currently graduate paramedics’ lack
employment opportunities in Australia.
Such knowledge and skills are
extremely sought after in the Asia
Pacific region. The pilot program in
Samoa helped facilitate the process of
experiential learning for the five
graduates, ultimately benefiting the
graduate, the Samoan Ambulance
Service, and the countries population.
The best place to continue learning is in
the real world, and there are hundreds
of graduate paramedics who are more
than capable of filling prehospital and
other healthcare roles in non-traditional
positions in the Asia Pacific region.
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TASER

INCIDENTS: A Shocking Overview

What are TASERS®?
The “Thomas A. Swift Electric Rifle” is a conducted electrical weapon (CEW) commonly
known by the brand name TASER®.1 They are frequently used by law enforcement
agencies to resolve incidents that require the use of non-lethal force.2 The most
commonly used CEW is the TASER® X-26 which produces 19 pulses per second, where
each 100-millisecond pulse contains 0.36 joules of energy of up to 50,000 volts.2

How do TASERS® Work?

Figure 1: Stinger S-200 CEW3

Figure 2: TASER® C2 CEW3

TASERS® or CEWs deliver a series of electrical pulses with the intention to temporarily
incapacitate a violent or combative subject through inflicting pain and involuntary muscle
contractions or tetany.2 They stimulate alpha motor neuron axons as they have low
electrical thresholds, allowing easy electrical stimulation within the zone of effect.3 CEWs
are used in two methods: from a distance, by firing a wired two-barbed metal probe that
can get imbedded into clothing or skin to deliver a discharge; or, via direct contact in the
“drive stun” mode by touching the metal contacts on the front of the device to the
individual.2
Figure 3: TASER® X26 CEW3

Figure 4: Standard TASER® probe3

TASER®-Related Injuries & Treatment
Common TASER® or CEW probe injury sites are the head, face, neck, chest, abdomen, pelvis, back, upper and lower extremities, buttocks and genitals.2 While some
tasering injuries are directly caused by probes, others result from sustained falls following tasering.1-5 The list of primary and secondary injuries that can result from
tasering, and their corresponding treatments, include the following:

Contusions,
abrasions and soft
tissue injuries.1-4-,6

Ocular injuries.1,5

Fractures.1,4,7

Pneumothorax.1,8

Facial, cranial and
spinal injuries.1-3,5

Figure 5: Probe puncture wound blisters3

Various studies have shown that fatal cardiac dysrhythmias did not directly occur due to electrical discharge
from a CEW.9 Electrical stimulation by CEW has not been shown to contribute to the development of cardiac
diseases nor accelerate sudden cardiac death.9 Studies in humans involving chest exposure to CEWs have
shown no changes in serum troponin levels and, normal electrocardiogram (ECG) post-exposure to CEWs.1011 In circumstances where cardiac arrest did occur in individuals 5 to 40 minutes post-exposure, the persons
were either under the influence of sympathomimetic drugs, such as cocaine or methamphetamines or,
experiencing clinical presentations of delirium.12
Cardiac dysrhythmias.1

Getting a good patient history from the police, including information on the number of times the patient
was tasered and the duration of each cycle is paramount to understanding the mechanism of injury.18

Figure 6: Probe puncture wound3

The treatment for injuries varies based on the location, severity, type of injury, patient’s presenting condition, underlying health condition, alcohol or drug use,
and if there is embedment of CEW probes in the body.1,4 Basic procedural cares are undertaken including wound care, probe removal, cardiac monitoring,
pulse oximetry, blood glucose level and 12 lead ECG.1,4 Injuries sustained by the patient may require spinal or fracture immobilisation.1 Probes are not
removed if embedded in the ocular, cranial, facial, neck, breast, groin or genital regions, and the patient is transported to hospital for surgical removal of the
probes instead.1,4-5 An Emergency Examination Authority (EEA) should also be considered based on the patient’s clinical presentation.4
Pharmacological interventions that can be administered include intravenous fluids, oxygen, pain medication and antiemetics, if required.1 In circumstances
where patients presented with excited delirium or psychotic episodes, sedation with benzodiazepine, or administration of antipsychotic medication can be
undertaken.1 Patients impaired by drugs can be given naloxone, if required.1

The Importance & Relevance of TASER® Incident Management
Queensland Police Service (QPS) are permitted to use ‘reasonably necessary force’ in the form of TASERS® or CEWs when protecting themselves and members of the
public from harm.13-15 While QPS are trained in the safe removal and disposal of the TASER® probe, they are required to call Queensland Ambulance Service (QAS) or
seek medical aid when:
v The probe is in the face, neck, eyes, breast, genitals of the v If the individual is suspected of having a mental illness;
and/or,
tasered individual;
v Medical treatment is required for the tasered individual.13-15
v The individual suffered a fall/injury as a result of being
tasered;
The use of CEWs in Queensland has increased from 835 incidences from July 2009 to June 2012, to 1,929 reports in 2014.16-17 Additionally, 34% of QPS taser
deployments involve multiple or prolonged cycles, which increases the risk of secondary injuries.16-18 Therefore, this is an important topic for consideration for QAS as it
has likely correlated to an increase in requests for medical aid for TASER® individuals. Furthermore, 94% of these multiple or prolonged cycle incidents are attributed to
individuals from groups at risk for comorbidities and serious injury, namely indigenous, drug/alcohol affected or mentally disturbed persons.15-16,18 This emphasises the
need for greater care when QAS paramedics are called to provide aid for tasered patients.
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The airway effect: A literature review
comparing airway management in adult and
paediatric OHCA outcomes
C. Hollis
Griffith University

Out-of-hospital cardiac arrest (OHCA) are critical health incidents, with
several variables that can impact patient care and outcomes (1). As research
in the prehospital emergency care continue to advance, changes in OHCA
guidelines and management follows. The current guidelines prioritise high
quality CPR, and a focus on early defibrillation, limited compression
interruptions, and chest compressions delivered at the correct rate and
depth (2). There is a paucity of evidence to provide definitive
recommendations on the choice of airway intervention used in nontraumatic OHCA. Currently, the use of both basic and advanced airway
interventions in OHCA is common practice among ambulance services (2, 3).
Studies around the implications of supraglottic airway (SGA) interventions in
OHCA has generated interest, as well as, the risks and benefits that airway
management has on patient outcomes in non-traumatic OHCA.

Figure 2. Numerical values of included articles preferred airway
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The objective of this study was to compare basic (bag valve mask
ventilation) to advanced (supraglottic) airway techniques and the impact this
has on both adult and paediatric patient outcomes in the OHCA setting.

Methods
A literature review was conducted using an electronic medical database
(Ovid MEDLINE). The search terms included: paramedic, prehospital,
ambulance, pre-hospital, OHCA, out-of-hospital-cardiac-arrest, basic
airway, and advanced airway. Articles published from January 2009 to July
2019 were included if they reported the use of basic and/or advanced
airways used for adult or paediatric patients experiencing non-traumatic
OHCA. Articles were excluded if they were not written in English, were
based in-hospital, involved traumatic cardiac arrest, featured animals in the
study, were commentaries, or letters to the editor or editorials.

Trends between the use of basic airway interventions and improved patient
outcomes in OHCA were identified in the adult group. Subsequently, trends
between advanced airway interventions and decreased patient outcomes
were also evident. This was consistent across most of the literature
reviewed in the adult population. A small portion of the literature suggested
that there was no statistically significant difference between the choice of
airway intervention and OHCA outcomes. The paediatric data suggested
mixed answers regarding preferred airway intervention. However, analysis
of the articles highlights stronger evidence backing basic airway
interventions in paediatric OHCA.

Table 1. A summary of included studies
Retrospective

2 (4, 5)

Results

Prospective

3 (6, 7, 8)

51 articles were found with the initial search. Of the 51 articles, 47 articles
met the inclusion criteria. A further 33 articles were excluded based on the
exclusion criteria. There were 14 articles available for further analysis.

Observational

3 (9, 10, 11)

Propensity score-matched

1 (12)

Multi-centre

1 (13)

Cohort

4 (14, 15, 16, 17)

Figure 1. PRISMA diagram of search strategy
Identification

Studies identified through
Medline OVID
(n = 51)

Screening

Studies screened
(n = 51)

Eligibility

Full-text articles
assessed for eligibility
(n = 47)
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Studies included in the
literature review
(n = 14)

Conclusion
Records excluded:
English only, humans only,
abstracts available
(n = 3)
Full-text articles excluded, as
they didn’t address objective
(n = 33)

The findings suggest that choice of airway management in OHCA has the
potential to impact patient survival. The review observed trends that
demonstrated an improvement in both patient groups that received basic
airway techniques only. There was limited evidence to suggest that SGA
had the potential to improve patient outcome in non-traumatic OHCA.
Studies further discovered a bias in the decision to favour BVM over SGA in
OHCA. Although this literature review has evident data trends, ongoing
studies and reviews of literature are essential to develop the most effective
airway management in non-traumatic OHCA.
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