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Introduction

The cardiovascular system has evolved to deliver
oxygenated blood and nutrients to the tissues and
vital organs of the body while removing waste
products to the liver and kidney for excretion. A
simplified overview of this system is that there is a
pump, a series of connecting pipes and a fluid
which is necessary for the correct functioning of all
other body systems. In trauma, any one of these
components can fail in isolation or conjunction
with each other and lead to morbidity or mortality.
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Gross Physiology of Circulation
and Blood Pressure

Blood pressure is regulated by the balance
between the sympathetic and parasympathetic
nervous system on both the heart and vessels.
The degree of vasoconstriction or vasodilatation
(otherwise known as the systemic vascular resis-
tance or SVR) and the cardiac output (the amount
of blood ejected from the left ventricle per min-
ute) can both be increased or decreased by an
intact nervous system or by certain hormones
such as adrenaline.

Figure 10.1 gives an overview of the common
factors that combine or can be manipulated to
influence blood pressure and circulation. The car-
diac output is the product of the heart rate and the
stroke volume. In order to increase cardiac out-
put, there either needs to be more beats per min-
ute or each beat has to eject more blood. This
leads to the first compensatory mechanism that
can be observed in patients with shock—mount-
ing a tachycardic response to increase blood flow
around the body. If there is not enough blood
returning to the heart, then the heart speeds up to
try and offset decreased stroke volume by increas-
ing its rate. This brings us onto stroke volume,
which is itself controlled by three factors—pre-
load (volume of blood in the ventricle just before
it contracts), contractility (the amount of strength
the heart muscle can contract with) and afterload
(the amount of resistance to blood being ejected
from the heart, for example by a tight aortic valve
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Fig. 10.1 Gross overview of physiological parameters and their relation to blood pressure

or high SVR). By increasing the amount of blood
returning to the heart, the fibres in cardiac muscle
are increasingly stretched and will contract with
more force up to a point when they become over-
stretched and less efficient. Beyond this point,
although the amount of filling of the heart
increases, the contractility and volume of blood
ejected per beat decreases. This ultimately leads
to a lower cardiac output and ventricular failure
with pulmonary oedema and is known as the
Frank-Starling law. This rarely happens in
trauma, but occasionally, patients who are given
large volumes of blood products or fluid and have
an underlying cardiac condition may develop
acute heart failure via this mechanism.
Decreases in contractility can be seen in
patients who have developed cardiac contusions
as a result of blunt chest trauma, or alternately
patients who have suffered a cardiac event which
has subsequently led to trauma. An example of
this may be the patient who has a myocardial
infarction or arrhythmia and subsequently blacks
out and crashes their car. Depending on the under-
lying nature of the injury, decreases in contractil-
ity can be mitigated against by judicious use of
inotropes to increase myocardial work. However,
this is a complicated area of management as the
failing heart may subsequently fail altogether if it

is pushed too hard pharmacologically. It may be
possible, or even preferable in some cases, to tol-
erate a slightly lower than normal blood pressure
or to use small fluid boluses to see if the heart will
cope with additional preload if there are no other
considerations such as ongoing bleeding.

Shock

Shock is simultaneously very simple to define but
very difficult to quantify objectively on occasion.
On a systemic level, any state where there is an
imbalance between the body’s demands for deliv-
ery of blood and oxygen to the vital organs and
its supply is termed shock. This usually is because
the circulatory system’s output has fallen below
demand, but occasionally the imbalance is due to
increasing demand rather than dropping supply,
and this is termed high output cardiac failure.
This occurs in conditions such as beriberi, severe
hyperthyroidism and morbid obesity. The types
of shock are defined by their underlying mecha-
nism (distributive, obstructive, cardiogenic or
hypovolaemic), but ultimately the result is the
same—inadequate blood and oxygen delivery.
When considering shock, it should be conceptu-
alised in the basic terms explained above if the
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problem is with the pump, the pipes or the fluid.
All treatments of shock are targeted against treat-
ing the underlying cause or mitigating the effects
that it causes.

Distributive Shock

Distributive shock is where the heart is function-
ing well, and there is sufficient blood or fluid in
the body, but it is not in the correct location, i.e. a
problem with the pipes. The classic examples of
this are anaphylaxis, septic shock and neurogenic
shock. It should be noted that neurogenic shock
and spinal shock are two different things—neuro-
genic shock can be a cardiovascular consequence
of spinal shock, but spinal shock is a specific
injury to the spinal cord. Spinal shock is a senso-
rimotor phenomenon, usually caused by hyperex-
tension or hyperflexion of the neck—this is
covered more in Chap. 32 (Spinal and neurologi-
cal trauma). In distributive shock, the vasomotor
tone (amount of constriction in the arterial and
venous systems) is decreased, and the effective
volume that the normal circulating volume has
had to fill is vastly increased as a consequence.
Imagine a bucket that has a capacity of 5 litres and
contains 4 litres of water initially. If the pressure
of the water at the bottom of the bucket is mea-
sured, it is directly related to the vertical height of
water above it. If the same 4 litres of water remain
but the diameter of the bucket is doubled, the
pressure of the water at the bottom of the bucket
will be much lower as the volume it has to fill is
larger, and hence the vertical height reduced. The
volume of water in the bucket is the same both
times and is an analogy for the circulating volume
of blood. By changing the capacitance of the
bucket (increasing vasodilation—increasing the
capacity of the pipes in the circulatory system),
the pressure is lowered.

Anaphylaxis

In anaphylaxis, vasomotor tone is lost due to
histamine release from mast cells, causing sud-
den and profound vasodilation. There is also
increasing porosity of the circulatory system so
that fluid can leak out of the capillary system

Fig. 10.2 Epipen autoinjector box. IM adrenaline is the
first line treatment for anaphylaxis in the community

and not re-enter into the venous side of the cir-
culation as it would under normal circum-
stances. This is known as capillary leak and
adds an element of hypovolaemia to the picture
(i.e. the fluid component of the circulatory sys-
tem is also decreased). This leads to a hyperdy-
namic circulation with the widespread
vasodilation leading to profound hypotension,
warm peripheries, a sudden onset erythematous
rash and a compensatory tachycardia. In severe
cases, this can also cause a large amount of tis-
sue swelling, which if it affects the airway, can
be rapidly fatal. The vasodilation itself can
cause cardiac collapse and arrest without airway
involvement. Anaphylaxis in trauma is rare, but
potentially any drug that a patient receives can
cause an allergic reaction and anaphylaxis is the
worst-case scenario. The immediate treatment
of anaphylaxis is with adrenaline/epinephrine,
usually given by an intramuscular injection (e.g.
with an EpiPen as seen in Fig. 10.2), but in
patients with IV access, small aliquots of intra-
venous adrenaline can be given by those with
appropriate expertise.

Sepsis

Similarly to anaphylaxis, sepsis is a combination
of both high output failure and vasodilation, but
also may have an element of increased oxygen
demand. The body’s basal metabolic rate
increases as it attempts to mount an immune
response to invading pathogens and so it requires
enhanced oxygen delivery. At the same time,
bacterial toxins and cytokines are released,
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which cause peripheral vasodilation and a drop
the systemic vascular resistance. There may also
be capillary leak as described in anaphylaxis. In
both these cases, the correct treatment is to
address the underlying cause, and provide organ
support, usually by giving additional vasoactive
medications (such as noradrenaline, vasopressin
or adrenaline) to counteract the vasodilation and
increase SVR. In anaphylaxis, this may only
require a short treatment for a few minutes while
the histamine release has been counteracted, but
in sepsis, the administration of vasoactive drugs
may be required for days. Successful treatment
involves controlling the source of infection by
either surgery, antibiotics or both while counter-
acting direct effects of the pathogen and the
body’s immune response. The increased oxygen
requirement may also induce an element of high
output failure as described above.

Fig. 10.3 Outflow of
the sympathetic and
parasympathetic nervous
systems (Craniosacral
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Neurogenic Shock

Neurogenic shock is where there is a high tho-
racic or cervical cord lesion, which decreases the
vasomotor tone of the cardiovascular system. The
degree of vasoconstriction or vasodilation usu-
ally is held in balance by the opposing forces of
the sympathetic and parasympathetic nervous
system. The main outflow of the sympathetic ner-
vous system is in the thoracolumbar spinal cord,
whereas the parasympathetic system originates in
the cranial, cervical and sacral nerves (see
Fig. 10.3). If an injury to the cord occurs above
the level of T3-4 (the upper limits of sympathetic
innervation), then the balance is lost, and the
parasympathetic nervous system dominates. This
leads to vasodilation and increased capacitance
of all the circulatory vessels (but without capil-
lary leak as described in anaphylaxis). However,
there is also a compounding cardiac response.
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In the same way that vasomotor tone is bal-
anced by sympathetic and parasympathetic inner-
vation, the heart is equally dual innervated. The
sympathetic cardio-acceleratory fibres originate
from T2-T4, and parasympathetic cardioinhibi-
tory fibres arise from a branch of the vagus nerve,
the 10th cranial nerve. If the level of the injury is
higher than the cardio-acceleratory fibres, then in
addition to the distributive hypotension caused
by vasodilation the body is unable to mount a
compensatory tachycardia. Indeed, unopposed
vagal stimuli will cause worsening bradycardia
and subsequent decrease in cardiac output and
compound the hypotension further. The correct
treatment of neurogenic shock involves infusions
of vasopressors such as noradrenaline, vasopres-
sin, phenylephrine or metaraminol to maintain
blood pressure and cord perfusion. If the injury is
above T2-T4 then directly acting cardiac inotro-
pes/chronotropes may be needed in addition to
vasopressors. Isoprenaline may be sufficient if
added to a vasopressor or alternatively adrenaline
may be used initially to act as a combined ino-
trope/chronotrope and vasopressor. By maintain-
ing this perfusion pressure to the damaged cord
(and the rest of the vital organs), the risk of sec-
ondary injury is minimised.

Obstructive Shock

Stressing the heart by increasing the afterload
significantly can cause the heart to fail. Due to
the way that the heart has evolved, the right ven-
tricle does not need to be as strong as the left as it
only pushes blood through the low-pressure cir-
culatory system of the lungs. The left ventricle, in
contrast, has to supply the whole body so needs
to be able to generate more forceful contractions.
Consequently, it is easier to cause the right side
of the heart to fail than the left. The common
trauma scenarios in which this is seen are pulmo-
nary embolus and tension pneumothorax.

Pulmonary Embolus

In pulmonary embolus, a large blood clot or fat
embolus obstructs the pulmonary artery and
increases the right ventricular afterload, causing

impairment of blood flow to the lungs and
increased dead space. This causes both hypoxia
and hypotension, as obstruction of blood flow to
the left ventricle causes decreased preload and
subsequent decrease in cardiac output. Depending
on the nature and size of the embolus and other
factors associated with trauma such as bleeding
risk, the options for treatment may vary [1, 2].
These can range from observation only, antico-
agulation to reduce the risk of the clot increasing
in size, thrombolytic drugs to break down the clot
with enzymes, removal of the embolus with inter-
ventional radiology guidance or open surgery
with cardiac bypass to remove large, life-threat-
ening clots. Each step grows particularly more
aggressive and increases the risk of side effects,
so each case requires an individualised approach.

Tension Pneumothorax

While pulmonary embolus causes increased after-
load on the right ventricle from inside the circula-
tion, external compression of the lung and
pulmonary artery by a tension pneumothorax
causes the same issues. This is compounded by
hypoxia and decreased venous return caused by
twisting of the mediastinum—please refer to Chap.
9 (Breathing and chest trauma) for more details.

Cardiogenic Shock

Cardiogenic shock is when the heart itself cannot
generate sufficient force to pump blood effec-
tively, despite having adequate blood volume
returned to it and no problems with afterload.
This may be due in broad terms as a result of
intrinsic heart diseases such as cardiomyopa-
thies, an arrhythmia such as supraventricular
tachycardia or a myocardial infarction; these
causes of failure are outside the scope of this text.
The two leading causes in trauma are as a result
of cardiac contusions as described in Chap. 9
(Breathing and chest trauma), or rarely as a result
of cardiac tamponade.

Cardiac Tamponade
The heart is surrounded by a tight, fibrous sack
called the pericardium. This structure has evolved
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to keep the heart in place in the mediastinum, is
filled with fluid to decrease friction on surround-
ing structures when the heart contracts and is a
physical barrier against infection. As it is a
fibrous structure, it does not stretch when the
pressure inside it increases. Because the pericar-
dium is so inflexible and closely opposed to the
heart, if fluid accumulates between the heart and
the pericardium, then it will compress the heart
from the outside and decrease the ventricular vol-
ume available to fill with blood (see Fig. 10.4).
This decreases the stroke volume in both ventri-
cles, though it affects the right more than the left
due to the previously mentioned weakness of the
right ventricle compared to the left. Any fluid that
accumulates in the pericardium can compress the
ventricle, but in trauma, it is most commonly
blood. In cases of patients presenting with pene-

Fig. 10.4 Cardiac tamponade—blood fills the pericardial
space and prevents diastolic filling (Blausen.com staff
(2014). “Medical gallery of Blausen Medical 2014”.
WikiJournal of Medicine 1 (2). DOI:10.15347/
wjm/2014.010. ISSN 2002-4436)

trating chest or upper abdominal trauma, the
heart may have been pierced, and blood may leak
from the injured chamber or vessel into the peri-
cardium. This is an emergency and requires sur-
gical intervention. If the patient arrests, this may
need to be by a resuscitative thoracotomy (see
Chap. 12 - Traumatic cardiac arrest). There is no
role for needle aspiration of pericardial blood
(needle pericardiocentesis) in trauma as blood
tends to clot quickly and become too viscous to
aspirate through a needle. There is also the risk of
missing the collection altogether and causing fur-
ther cardiac injury if using a blind technique, and
even ultrasound-guided techniques are not guar-
anteed to succeed [3].

Tamponade itself is not an intrinsic cardiac
muscular problem, but the mechanism by which
it produces shock is due to pump failure as
opposed to fluid or pipe failure; hence its inclu-
sion in this section. There is an element of
obstruction to filling, but the mechanism of fail-
ure is different from those pathologies listed in
the Obstructive Shock section. With tamponade,
the issue is with the heart filling whereas, with
pure obstructive shock, the pathological mecha-
nism is impairment of the heart emptying.

Hypovolaemic Shock

The final mechanism of shock is hypovolaemia.
This is by far the most common cause of shock in
trauma as the principal cause is bleeding. A car-
dinal maxim is that all shock in trauma should be
considered to be hypovolaemic until conclusively
proven otherwise. More than one pathology can
coexist, so clinicians must aggressively search
for haemorrhage before concluding that shock is
not due at least in part to hypovolaemia.

Failure to Identify Active Bleeding

Typically this is occult bleeding into a major body
cavity which, if not appreciated from the mecha-
nism of injury or developing signs, will result in
rapid deterioration or death. These patients typi-
cally need rapid transport to a hospital which can
manage such bleeds (which usually means sur-
gery or angiography, e.g. in the case of splenic
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Fig. 10.5 A ruptured spleen such as this example can
cause significant hypovolaemia. Current practice is to try
and preserve the spleen and treat with interventional radi-
ology measures, but a severely shattered spleen with
ongoing bleeding needs surgical intervention (Thomas
Zimmerman via Wikimedia under the Creative Commons
Attribution-Share Alike 3.0 Germany license)

bleeds as in Fig. 10.5) but could also include
REBOA or resuscitative thoracotomy with cross-
clamping of the descending aorta. The latter
course of action is not recommended except in
extremis due to increased morbidity and extremely
high mortality when performed for extra-thoracic
causes of hypovolaemia. Management before this
point should concentrate on active volume
replacement with blood and rapid access to facili-
ties to obtain definitive haemostatic control.

Failure to Control Active Bleeding

There is no excuse for not trying to manage exter-
nal bleeding. Every drop of blood is precious cir-
culating volume for that patient, and transfusion
or intravenous fluids are not equivalent replace-
ments. Every possible effort should be made to
preserve circulating volume where possible. This
concept of circulation preservation is now a fun-
damental part of bleeding and shock manage-
ment and is far more effective than relying on
replacement strategies. The bottom line is that at
present, the patient’s own blood is the best sub-
stance to be circulating in their vessels.
Circulation preservation may be as simple as a
pressure dressing, tourniquet or may be as
involved as urgent laparotomy or angiography for
internal bleeding.

In the MABCD assessment, if there is no vis-
ible massive external haemorrhage, move on but
be aware of the signs of more occult bleeding
during the assessment of other systems such as
A-airway and B-breathing and inevitably
C-circulation and D-disability.

Key Points
Typical features that may be identified include:

* Rapid, shallow breathing. Increased respiratory
rate is the best single indicator or sign of an
unwell patient. This could be from many causes
and not just shock, but should never be ignored.
In shock, the reduced tissue perfusion and meta-
bolic acidosis which occur result in signs of ‘air
hunger’. Casualties may appear to be distressed
or gasping to get their breath as they hyperven-
tilate to compensate in respiratory terms for the
metabolic acidosis and rising lactate. Whilst it is
a sensitive sign, it is unfortunately not highly
specific for any one pathology.

* The oxygen saturation may be difficult to obtain,
due to lack of perfusion causing a low signal and
generalised peripheral shut down. It may also be
genuinely low as a result of increasing ventila-
tion/perfusion mismatching in the lungs.

e Confusion, agitation or anxiety may occur as
cerebral perfusion drops and blood supply to
the brain is reduced. This may lead to feeling
faint and ultimately to a falling conscious
level and responsiveness

Remember these are also features which may
suggest a pneumothorax. Hopefully, this has
been excluded as part of the respiratory assess-
ment, but the possibility of a significant pneumo-
thorax should be considered in trauma patients
presenting with cardiovascular compromise.

The management of hypovolaemia has
changed over many years as the understanding of
traumatic haemorrhage has evolved. This is
driven primarily from military experience in war,
and some lessons are re-learned at the start of
each new conflict. The three principles that
should be adhered to are 1) preserving circulation
whenever possible (e.g. with the use of tourni-
quets and other devices and techniques described
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in Chap. 6 (Massive haemorrhage control), 2)
achieving haemostatic control as soon as possible
and 3) employing a damage control resuscitation
strategy. Definitive haemostasis can be either via
surgical or radiological means or both [4], and
resuscitative radiology is becoming more
advanced as time passes. It has several advan-
tages including specific targeting of individual
vessels without the morbidity of some surgical
approaches, for example some pelvic arterial
bleeding can be controlled by minimally invasive
arteriography and coiling rather than a laparot-
omy to access the vessels and may decrease the
time to definitive haemostasis [5].

“Classical” Clinical Signs of Shock

As previously stated, shock is easy to define but
can be hard to quantify. As the body attempts to
compensate for blood loss, adaptive physiologi-
cal changes include increased heart rate to com-
pensate for decreased stroke volume, increasing
diastolic blood pressure to maintain perfusion
pressure and diversion of blood from the periph-
ery to vital organs. This means that patients may
feel peripherally cool to the touch, have a pro-
longed capillary refill time and look pale on clini-
cal examination. As blood pressure decreases
further, the end organs become less perfused, and
other clinical signs may become apparent. These
include decreased urine output as the kidneys
attempt to retain circulating volume or become
hypoperfused, and confusion or unconsciousness
if cerebral perfusion is not maintained.

The ATLS classification of hypovolaemic
shock has been graded from level 1 to 4 depending
on ranges of heart rate, blood pressure and
Glasgow Coma Scale (GCS) with approximate
blood loss inferred from these three signs. This has
been part of the ATLS course since 1980, but the
validity of this concept (while attractive based on
first principles) has not been established. A paper
by Little et al. [6] from 1995 first explained why
these measurements are imperfect in practice, and
a more recent paper by Mutschler et al. [7] retro-
spectively reviewed the German Trauma Register
and the UK TARN database with these measure-

ments. They concluded that only 9.3% of all
trauma patients could be allocated to one of the
ATLS classifications based on their vital signs.
Further, this classification may overestimate the
degree of tachycardia and underestimate the
degree of GCS impairment associated with hypo-
volaemic shock; i.e. patients may have lost more
than the 40% of their circulating volume that clas-
sifies them as category 4 shock, but their vital
signs are not as deranged as the ATLS classifica-
tion suggests they should be. Young, fit patients
may be more hypovolaemic than their vital signs
suggest. This is before any other confounding fac-
tors are taken into consideration such as medica-
tions, age and other comorbidities, which may
mean that patients have “abnormal” vital signs
before they have any trauma inflicted on them.
Classically ATLS and other courses teach that
tachycardia is shock until proved otherwise and
this is true. However, the corollary is not true—the
absence of tachycardia does not mean the absence
of shock. Consider an elderly, bleeding patient on
regular beta-blockers who may be unable to mount
a tachycardia or a triathlete with a very low resting
heart rate. Both may be bleeding and in shock but
have a heart rate of less than an arbitrarily defined
100 BPM. Thankfully there are other useful clini-
cal signs of developing shock and failure of com-
pensation mechanisms such as skin colour,
capillary refill time and level of consciousness. For
more information on this concept and specific
examples, please refer to Chap. 37 (Silver Trauma).

Conscious level is particularly useful as a prac-
tical indicator of the level of brain perfusion.
Tachycardia may be present and signify blood
loss, but if the patient is coherent and not confused,
then they are adequately perfusing their brain at
present and may not warrant fluid resuscitation
immediately, especially with crystalloids. This
was the basis for US forces pre-hospital fluid
resuscitation in recent conflicts in Iraq and
Afghanistan. If the patient could recite their name,
date of birth and serial number when asked, they
were deemed to be adequately perfusing their
brain and not given any fluids.

While previous editions of the ATLS course
manual have given specific values for specific
classes of shock, the 10th edition [8] has done
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away with these but retained a table illustrating
the features associated with progressive shock.
Other courses such as the European Trauma
Course have done away with the classification
altogether, and advocate multi-factorial assess-
ment of shock on clinical, physiological and bio-
chemical grounds such as lactate, pH and base
deficit on arterial or venous blood gas analysis
[9]. This is more in keeping with current practice,
as the arbitrary division of patients into four
groups which are not supported by data adds little
if anything to their management. What is very
clear is that while tachycardia is one indicator of
shock, it should no longer be considered a ‘target
for resuscitation’. In other words, for a bleeding
patient with a high heart rate, the traditional
approach was to continue fluid resuscitation and
avoid anaesthesia until the tachycardia has
resolved, indicating that the patient was then
“resuscitated”. This approach is fundamentally
flawed when a patient is still actively bleeding,
and the high volumes of fluid required to “treat
the tachycardia” will create even more severe
problems and could even be fatal.

Another proposal which appeals to first prin-
ciples is that as patients become progressively
more hypotensive, peripheral pulses become
impalpable at specific blood pressures. This is
often quoted as a radial pulse requires a pressure
of >80 mmHg, femoral >70 mmHg and carotid
>60 mmHg. The presence of a palpable periph-
eral or central pulse in itself is a reasonable gen-
eralised indicator of adequate perfusion [10, 11]
and the radial > femoral > carotid pressures
appear to hold clinically. However there is no
reproducible evidence that the presence of a spe-
cific pulse equates to a specific blood pressure,
and this approach may overestimate blood pres-
sure [12, 13].

Metabolic Assessment of Shock

While clinical signs may give a trend of decline
or response to therapy and extreme values may be
useful in defining severe forms of shock, as dis-
cussed, vital signs are not entirely reliable in
assessing some patients. The metabolic conse-

quences of shock may be apparent before clinical
signs develop, or before young and fit patients
(who make up a large proportion of trauma
patients) exhaust their reserve and start to decom-
pensate. No one test will accurately, consistently
and infallibly predict major haemorrhage, shock,
the need for mass transfusion or adequate resus-
citation early [14]. While the below tests, their
basis, merits and current evidence are discussed,
having multiple data points to correlate and inter-
pret in the context of both mechanism of injury
and physiological signs is far more useful.

pH and Base Excess/Deficit
Base excess is defined as the relative amount of
acid or alkali that must be added to each litre of
fully oxygenated blood to return the pH to 7.40 at
a temperature of 37 °C once the effect of carbon
dioxide dissolved in the blood has been accounted
for and normalised to 5.3 kPa [15]. Carbon diox-
ide is an acidic gas which dissociates into H* and
HCOs; in water in a reaction catalysed by car-
bonic anhydrase, so changes in the amount of
CO, in the blood will subsequently cause a
change in pH. The more CO, present, the more
dissociation occurs and the lower the pH, purely
from the effect of CO,. Of course, CO, is not the
only contributor to pH, and metabolic acids and
alkalis may have a more significant role depend-
ing on how much is present. By calculating the
amount of H* present due to CO, dissociation and
subtracting it from the total acid burden, what-
ever remains must be the degree of acidity or
alkalinity which is due to metabolic rather than
respiratory causes. The usual range of base excess
or deficitis +2.0 to —2.0 MEq/I, and values below
—2 indicate an excess of metabolic acids, and val-
ues above +2 indicate an excess of alkali (base).
To be explicit, base deficit and base excess are
corollary measurements of the same thing—a
negative base excess means that there is more
metabolic acid present and is the same as a posi-
tive base deficit. This occasionally is not clear
from reading some physiology textbooks and has
been a cause of some confusion when teaching
this subject clinically. For the avoidance of con-
fusion, this text will refer to base excess only
when discussing this area.
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In trauma, base excess is used as a surrogate
marker of perfusion, as hypoperfusion (assumed
to be from haemorrhage and/or tissue ischaemia)
causes the production of acidic metabolites. The
use of base excess to quantify hypoperfusion and
infer haemorrhage has been studied in several
papers and found to have better discriminatory
value than the physiological parameters described
in ATLS [16]. Whilst purists will state that base
excess must be drawn from an arterial sample
(which may be more challenging in hypovolae-
mic trauma patients), there are data that base
excess calculated from venous samples is at least
as sensitive (if not better) than arterial samples as
a marker of shock and predictor of survival [17].
It has been hypothesised that this is due to post-
capillary acid-base balance being a better marker
of tissue perfusion than arterial measurements
[18], and also that changes occur earlier (at least
in animal models) in the venous circulation in
haemorrhage than in the arterial [19]. The more
severe the hypoperfusion, the larger the base defi-
cit. The Mutschler paper referenced above strati-
fied patients into four groups based on base
excess—no shock (BE < 2.0), mild shock
(BE > 2-6.0), moderate shock (BE > 6-10.0) and
severe shock (BE > 10). These groups showed a
linear progression in terms of transfusion require-
ments, lactate levels, morbidity and mortality
when their outcomes and length of ICU and hos-
pital stay were followed up. This is an important
paper as it was a retrospective analysis of over
16,000 patients in the German Trauma Register,
which correlated with similar findings from the
UK TARN database.

While there is a role for arterial blood gasses
in the assessment of the adequacy of oxygenation
and ventilation in trauma [20], a venous blood
gas taken at the time of initial venipuncture can
give reliable and actionable prognostic results in
minutes. Clinical pitfalls in interpretation are
similar to those around lactate measurement as
described below, but also other causes of an
increased base deficit can interfere with clinical
interpretation.

A comparatively recent change in the under-
standing of pH is the Stewart model of acid-base

balance [21] which looks at the concentration of
strong and weak ions in a solution and their effect
on pH. A full explanation of this model is imprac-
tical in this textbook, suffice to say that the con-
tribution of ions other than H* and OH~ are
essential in determining pH and subsequently
base excess. Amongst these strong ions are CI,
Na*, lactate, Ca**, proteins, Mg?*, K* and albu-
min—all of which may be deranged or adminis-
tered at some point in resuscitation and
consequently have a knock-on effect on pH and
base deficit. For example, giving “normal” 0.9%
or hypertonic saline will increase the concentra-
tion of Cl~ ions, which under the Stewart model
will lower the strong ion difference and subse-
quently cause a hyperchloraemic metabolic aci-
dosis [22, 23]. This has been verified in clinical
publications [24] and a corresponding decrease
in this effect when balanced salt solutions such as
Plasmalyte, Hartmann’s solution or Ringer’s
Lactate are used [25]. It has been suggested that
this translates to an increased rate of adverse
effects such as blood transfusion requirement and
ventilator days in at least one meta-analysis [26].
While base deficit may be an accurate reflection
of perfusion on admission, if large volumes of
saline are given, then this may lead to clinical
decisions being made on iatrogenic complica-
tions rather than evolving pathology. This is yet
another argument against crystalloid resuscita-
tion generally, but thoughtless administration of
saline solutions specifically. While there is a role
for hypertonic saline in the role of brain-injured
patients (see Chap. 11 - Disability and head
injury), in a well-resourced centre there is no role
for 0.9% saline as a resuscitation fluid for acute
trauma. In more austere environments where
blood and blood products are not readily avail-
able, 0.9% saline could be considered in the min-
imum amount necessary in accordance with
permissive hypotension and damage control
strategies if it is all that is available [27]. One
redeeming feature is that while Hartmann’s and
Ringer’s solutions are mildly hypotonic and
could theoretically worsen cerebral oedema in
brain-injured patients, 0.9% saline is theoreti-
cally isotonic so should not cause this issue.
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Lactate

As tissue perfusion becomes impaired, oxygen-
starved tissues may revert to anaerobic respira-
tion and produce lactate as a result. The initial
lactate on presentation has been found to corre-
late with mortality and the need for operative
intervention, and the subsequent clearance of lac-
tate at 6 h is an independent predictor of mortal-
ity [28, 29]. Lactate in itself is a misunderstood
entity at times; high serum lactate levels are occa-
sionally the source of concern for many health-
care staff, but lactate is an intrinsically
biologically useful molecule. It can be used as an
energy substrate by the brain, heart and kidneys
and may act to mitigate against acidosis by acting
as a “shuttle” to mop up hydrogen ions in anaero-
bic tissue and transfer them to aerobic tissue,
where ATP can be produced more efficiently than
by glycolysis [30]. Lactate has been found to
improve cardiac output [31] in addition to being
the primary energy substrate of injured brain and
may be neuroprotective [32, 33]. Lactate has also
been shown to be superior to the base deficit
when assessing the initial severity of trauma [34].
Caution is advised though as high lactate levels
automatically equating to hypoperfusion is not a
universal truth; specific pathology, normal physi-
ology and some therapeutic agents can raise lac-
tate levels. For example, a runner who falls and
twists his ankle may have a high lactate level
from exercise if it is checked acutely—he is a
trauma patient who is not bleeding but will have
a high lactate. Similarly, patients who have brain
parenchymal injury or high brain glucose usage
may have slightly raised lactate as a consequence
of acute lactate release from an outward brain:
blood lactate gradient, though this effect is more
likely to be localised and small [35]. Finally,
patients who have been given beta-agonists such
as salbutamol or adrenaline will also have a
raised lactate due to the pharmacological action
of these agents—it does not mean they are
hypoperfused.

Haemoglobin

Traditional teaching is that haemoglobin does not
correlate with acute blood loss as the blood that is
lost has the same haemoglobin concentration as

the blood that stays in the body, i.e. the total vol-
ume of blood decreases but the measured haemo-
globin concentration remains the same because
whole blood is lost. This is undoubtedly true in
hyperacute haemorrhage at the initial point of
injury and the immediate post-injury minutes, but
physiological compensation may have started by
the time the pre-hospital team reach the patient.
A study by Bruns et al. [36] looked at the initial
haemoglobin concentration taken within 30 min
of arrival in the emergency department and cor-
related this with physical and biochemical signs
of blood loss and ultimately the need for urgent
interventions to stop haemorrhage. There was a
small but statistically significant difference in
average presenting haemoglobin concentrations
in patients who required urgent intervention com-
pared to those who did not (mean of 12 g/dl + 2 g/
dl in those requiring intervention versus 13 g/
dl + 2 g/dl in those who did not). What was noted
was that a presenting haemoglobin concentration
of less than 10 g/dl was associated with over a
threefold increase in the need for haemostatic
intervention. A similar (but more extensive and
multi-centre) study was undertaken in France in
2018 by Figureiredo et al. [37]. Enrolling over
6400 patients, this study went further and com-
pared sequential pre-hospital and in-hospital
blood results on the point of care testing machines
with against a formal laboratory sample on arrival
in hospital. The volume of crystalloid given
(which may have contributed to an iatrogenic
dilutional anaemia) was taken into account in the
analysis, and again similar results were found. A
pre-hospital haemoglobin concentration of less
than 12 g/dl in women or 13 g/dl in men was
modestly predictive for significant haemorrhage
(defined as requiring > four units of blood or
death within 24 h attributable to exsanguination).
In hospital, the same point of care test could dis-
criminate between those who had a significant
haemorrhage, though the cut off points dropped
to 10 g/dl for women and 12 g/dl for men. This is
presumably as a result of a combination of ongo-
ing haemorrhage, physiological compensation by
drawing fluid from the periphery into the circu-
lating volume and as a result of crystalloid
administration. Of note, the point of care device
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was as sensitive as a formal laboratory result but
without the wait for processing. A drop in hae-
moglobin concentration between pre- and in-
hospital point of care testing of 2 g/dl or more
was also predictive of significant haemorrhage.
Patients who required IV fluids for hypotension
with significant haemorrhage were also com-
pared to those who were hypotensive and also
required IV fluids but did not meet the definition
of significant haemorrhage. It was found that for
the same amount of fluid administration, there
was a significantly higher drop in the haemoglo-
bin concentration of those who had significant
haemorrhage than those who were not bleeding
as severely.

Other Biomarkers

There has been much interest in the use of bio-
markers in conditions such as sepsis to identify
and treat patients early, and trauma is no differ-
ent. Most research has been done in animal mod-
els and identified specific proteins or other
biomarkers which may be up- or down-regulated
in response to trauma, and potential treatments
such as valproic acid [38, 39]. What is not known
is whether these markers are specific for trauma,
whether treatment is effective for mitigating the
underlying cause of the rise, whether they will
have cross-species validity or whether they would
be part of a practical and timely laboratory test
that could be used to guide management in these
patients. It has not stopped early development
and patent applications for the use of these bio-
markers [40]. There are currently no other spe-
cific predictive biomarkers in routine clinical use
other than the ones explored above, though this
may be an area for development in the future.

Hypotension in Trauma

While hypotension is a manifestation of shock,
the modality of treatment of hypotension can
have significant impacts on mortality. While the
idea of having a specific number to target seems
appealing, several factors interact to make this a
complex treatment decision. Should hypoten-
sion be treated at all? If so, with fluids or vaso-

pressors? Which ones and when? Is there a role
for antifibrinolytic agents such as tranexamic
acid?

History of Permissive Hypotension

Permissive hypotension is a concept which
appears to have been rediscovered at the start of
every major conflict in the twentieth century, but
thankfully is now being accepted as the standard
of care in trauma. W B Cannon first described it
in World War One [41], amongst many other fas-
cinating discoveries that seem to have been
largely forgotten for the better part of a century.
Cannon also described acidosis in hypoperfused
states, observations on raised blood pressure in
severe head injuries that are consistent with cur-
rent interpretations of cerebral perfusion pressure
and the deleterious effects of hypothermia on
trauma patients [42]. A professor of physiology
at Harvard University, Cannon volunteered to be
a field investigator at a casualty clearing station
in Bethune, France and was appointed the presi-
dent of the Red Cross medical research society in
November 1917. He was a shrewd observer and
documenter of observations and encouraged the
publication of case reports as a learning tool. In
his 1918 paper The Preventive Treatment of
Wound Shock [42], he advised caution in admin-
istering IV fluids to shocked patients without the
facility to achieve surgical haemostasis:

Injection of a fluid that will increase blood pres-

sure carries danger in itself. Haemorrhage in the

case of shock may not have occurred to a large

degree because the blood pressure is too low, and

the flow too scant to overcome the obstacle offered

by a clot. If the pressure is raised before the sur-

geon is ready to check any bleeding that may take
place, blood that is sorely needed may be lost.

This lesson was forgotten after the war but re-
emerged with the advent of World War 2 and fur-
ther combat casualties. Lt Col Henry Beecher in
his 1945 publication Preparation of Battle
Casualties for Surgery [43] argued that a systolic
blood pressure of 85 mmHg was adequate and
that the minimum amount of plasma should be
given to achieve this aim. He also advanced the
idea that resuscitation should continue during
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surgery rather than operate late (as was the pre-
ferred French and Italian model at the time)—a
concept integral to what we now consider
Damage Control Resuscitation. Again, this les-
son appeared to be lost after the conflict ended.
Patients who presented to medical treatment
facilities during the Vietnam and Falklands con-
flicts often survived for prolonged periods with
low blood pressure, before being “resuscitated”
with large volumes of crystalloid and dying of
their injuries. It was not until 1994 when Bickell
et al. published a prospective trial showing
improved survival, fewer complications and
decreased length of hospital stay in patients who
had delayed fluid resuscitation while hypotensive
from penetrating abdominal trauma [44]. From
then, the direction of research and current prac-
tise has been to understand what blood pressure
to tolerate before intervention, what intervention
to perform and when.

Permissive Hypotension as a Concept

A baseline understanding of the first principles
and pathophysiology of bleeding is essential
when discussing strategies for treating
haemorrhage-induced hypotension. If bleeding
occurs and a significant amount of circulating
volume is lost, the ventricular pre-load drops. In
turn, this drops the stroke volume, and the car-
diac output is initially maintained or slightly
increased by a compensatory tachycardia.
Eventually, if there is enough blood loss and
decompensation occurs, the cardiac output will
drop and the blood pressure will also decrease
(even if circulating catecholamines cause an
increase in the SVR). This low blood pressure
reduces the flow of blood to peripheral tissues,
and the hypoperfusion causes the raised lactate
referred to earlier (with the already expressed
caveats).

At this point, the hydrostatic pressure of the
blood in the vessels drops, and circulating factors
may be able to form a clot over the bleeding ves-
sel temporarily sealing it. Two important points
need highlighting—firstly, this clot has formed
under the best possible circumstances in terms of

the amount of available circulating clotting fac-
tors, temperature, pH and presence of cofactors
such as calcium. Secondly, at this point the clot is
immature and vulnerable to breakdown by either
rough handling of the patient or further increases
in the hydrostatic pressure in the injured vessel,
e.g. by administering fluids. The ethos behind
permissive hypotension is to protect this clot
while it matures and prevents further bleeding
while maintaining an acceptable degree of end-
organ perfusion. To reiterate—while the patients’
blood pressure is not normal, if there is adequate
perfusion to vital organs then this should be toler-
ated until definitive haemostasis can be assured.
If the pressure continues to fall, then the resusci-
tative target should be to restore an adequate
blood pressure only, not a normal one. This is
usually defined as a systolic pressure of approxi-
mately 80-90 mmHg and is mostly pragmatic
and based on entrance criteria of trials of liberal
vs restrictive fluid resuscitation in trauma. An
editorial on the concept of permissive hypoten-
sion from Nevin and Brohi appeared in
Anaesthesia in December 2017 and is well worth
reading for a more comprehensive overview [45].

More recent work has looked at the effect of
permissive hypotension over a prolonged period
and concluded that (in animal models at least)
prolonged permissive hypotension can lead to
increased morbidity and mortality. The approach
trialled in animal models by Doran et al. is
‘Hybrid’ or ‘targeted’ resuscitation [46]. This
aims to offer the best compromise between pro-
longed hypotension and overly aggressive
resuscitation. It is based on the principle that it
is not blood pressure that matters, but rather
blood ‘flow’ and perfusion of tissues as
described above.

The following recommendations were made:

e Maintain a Systolic BP of 80 mmHg for the
first hour of care

e Increase the systolic BP to 110 mmHg after
this period even if definitive haemostasis has
not been achieved

e Then fully restore normotension with blood
and blood products once definitive control has
been secured.
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Fig. 10.6 Effect of
Novel Hybrid b
resuscitation compared
to hypotensive
resuscitation (From
Kirkman E, Watts S,
Cooper G. Blast injury i
research models. Philos B
Trans R Soc Lond B Biol
Sci. 2011 Jan
27;366(1562):144-59)
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By doing this the overall extent of the shock is
reduced, base deficit improved, the degree of
coagulopathy and systemic inflammation reduced
and this may well be the kind of best compromise
approach that will be adopted in future years.

When this approach was applied to a blast
model in rats [47], survival was significantly
improved in the group that had a short period of
permissive hypotension followed by slow resus-
citation to normotension (Blast NH), rather than
prolonged hypotensive resuscitation (Blast
Hypot), until bleeding was adequately controlled
(see Fig. 10.6).

Whether or not this can be applied to human
cases is still not clear, but the animal work does
suggest promising results. However, this further
confirms that the shorter the period of hypoten-
sive ‘hit’ the better, but this has to be balanced
against how it is corrected. Merely filling the
actively bleeding casualty with any available
resuscitation fluid is potentially a greater risk.

This is a complicated picture requiring some
compromises and caution, and a single definitive
solution is unlikely ever to exist. When consider-
ing the other effects of shock, the picture becomes
even more complicated. However, some interven-
tions have been demonstrated to worsen outcome
and should be avoided:

¢ Excessive volumes of resuscitation fluid while
still bleeding

L L LA L
200 300 400 500
time from onset of resuscitation (min)

e Delays in achieving control of bleeding
e Prolonged or extreme shock

Cyclic Hyper-resuscitation
and Crystalloids

Before permissive hypotension was accepted,
traditional teaching was to aggressively treat
hypotension by the administration of a fluid chal-
lenge—usually 2000 ml of a crystalloid solution
such as Hartmann’s or Ringer’s lactate. The
thinking behind this approach was that by restor-
ing a normal blood pressure, the flow of blood to
the vital organs would be restored and the patient
stabilised so they were in the best possible condi-
tion for an operative prcedure. In some cases, the
timing of operations would depend on whether
the patient was a responder or non-responder to
the initial administration of fluids. From the per-
spective of having an endpoint to target and
assess against, it is easy to see why this approach
was undertaken. It does, however, have several
flaws which have been discovered as research has
progressed. Consider the above emphasis on clot
protection and preservation—by increasing the
blood pressure with crystalloids, hydrostatic
pressure increases and stress on any clot which
has formed increases. This may cause the clot to
rupture and cause further bleeding and hypoten-
sion (sometimes referred to colloquially as “pop-
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ping the clot”). Once the blood pressure decreases
to its previous level, a clot may form again to pre-
vent further haemorrhage. However, the problem
with this is that the second clot that forms may
not be as strong as the first for several reasons.
Firstly, the initial clot was formed under the best
conditions with the highest number of clotting
factors available, and many of these factors and
cofactors may have been consumed in the pro-
duction of the first clot. As a result, the formation
of a subsequent clot (if possible) may start with
50% or less of the available clotting factors used
in the first purely from a consumptive perspec-
tive. Secondly, the action of giving a 2000 ml
crystalloid bolus will dilute the remaining clot-
ting factors and cofactors that are present further
and impair their effectiveness. Thirdly, as a result
of further bleeding from the clot being disrupted
(and more often than not the 2000 ml bolus not
being as warm as body temperature), the patients’
temperature falls, decreasing the efficiency of the
enzymatic systems involved in forming a clot.
Finally, as crystalloid has no oxygen-carrying
capacity it cannot intrinsically improve the deliv-
ery of oxygen to tissues (other than by a transient
rise in stroke volume/cardiac output which is
subsequently offset by deleterious effects), and
so hypoperfusion and acidosis worsen, causing a
decrease in plasma pH which adds a second hit to
the function of enzymatic-dependent clotting.

If the patient is fortunate enough to be able to
form a second clot despite being replete of coag-
ulation factors, cold, acidotic and having suffered
further bleeding, they will be hypotensive. This
may trigger further crystalloid resuscitation and
the downward spiral continues in the same man-
ner until no clot can be formed, with the patient
bleeding to death if surgical control cannot be
achieved. This repeated pattern of hypotension,
crystalloid administration and further bleeding
has been termed cyclic hyper-resuscitation and
should be avoided [48]. Even if the patient sur-
vives to the intensive care unit, administration of
large volumes of crystalloid has been associated
with the development of Adult Respiratory
Distress Syndrome (ARDS), abdominal compart-
ment syndrome and the worsening of pulmonary
contusions if present [49-54]. Another paper by

Sharpe et al. [55] compared high and low ratios
of crystalloid to blood products in resuscitation
acutely and concluded that there was no appre-
ciable difference between the strategies in terms
of mortality. This paper raises a couple of meth-
odological questions, as the range of crystalloid
doses in the high ratio group (1000-11,000 ml,
mean of 4000 ml) compared to the low group
(500-8200 ml mean of 1300 ml) does not appear
significantly different and the low ratio group had
a higher amount of HES administered in their ini-
tial resuscitation. The volumes of crystalloids
given in both groups appear at first glance to be
excessive, but even in this paper there is a statisti-
cally significant difference in the rate of develop-
ment of ARDS!

Fluid Therapy in Trauma

While some patients may develop hypotension,
form a clot and maintain an acceptable blood
pressure, many may not and will require some
degree of fluid resuscitation in order to get to the
point of definitive haemorrhage control. The
question then becomes “which fluid should be
given”? Crystalloid solutions do not transport
oxygen and excess administration causes further
bleeding, hypothermia, dilution of clotting fac-
tors and ARDS as previously described, so the
alternatives become colloids or blood products.

Colloids

Colloids are large molecules that exert an osmotic
pressure and theoretically stay in the circulation
and exert their effects for longer than crystal-
loids. The most common colloids in recent clini-
cal use are dextrans, modified gelatine or starches.
Blood is technically a colloid, but in this text-
book, blood is considered a separate entity and
the use of the word “colloid” refers exclusively to
non-blood, non-crystalloid resuscitative
solutions.

An often-quoted rule from historic ATLS
teaching is “3:1”—students are often told that
giving a bolus of colloid is the equivalent of giv-
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ing three times the amount of crystalloid for the
same haemodynamic effect. In terms of mitigat-
ing the effects of excessive volume, this would
seem a good solution between the deleterious
effects of crystalloid and the risks and expense of
blood transfusion if it is not necessary. The prob-
lem lies in the fact that this is an urban myth—the
actual ratio is only somewhere between 1:1.3 and
1:1.6 [27, 56-60]. Moreover, a Cochrane review
[61] showed no evidence of benefit in using col-
loids over crystalloids in the resuscitation of
patients following burns, trauma or surgery and
that the use of hydroxyethyl starch (HES) may
increase mortality in these patients. A further
review which excluded papers which had been
retracted because of research fraud further con-
demned HES as it showed an increase in mortal-
ity and acute kidney injury in comparison to
other resuscitation solutions [62]. As some col-
loids are modified gelatine proteins they also
carry a risk of provoking anaphylaxis in suscep-
tible patients [63]. They are also more expensive
to produce than crystalloids, and with no overall
benefit demonstrated, it is difficult to justify their
continued use in clinical practice.

Synthetic Oxygen Carriers

An off-the-shelf, oxygen-carrying solution which
does not need to be cross-matched, stored under
certain constrictive conditions, is cheap to pro-
duce and with few serious side effects is consid-
ered the Holy Grail of trauma resuscitation fluids.
The morbidity and mortality from blood transfu-
sions like acute transfusion reactions, mis-
matched blood groups, the passage of blood-borne
diseases before the advent of effective screening
and immunologically mediated problems such as
Transfusion Related Acute Lung Injury is not
insignificant. Because of the lack of an alterna-
tive solution, these complications remain a risk of
this life-saving therapy. Efforts have rightly been
made to reduce the risk by focussing on systems
and reporting to minimise it as much as possible.
If a synthetic drug were produced that could per-
form the same function as even just haemoglobin
as opposed to the clotting aspects of blood, that

would be game-changing. The current mortality
in the USA from a blood transfusion in isolation
is currently estimated as 2.3 deaths for every 1
million component units transfused [64]. Some
improvements have been made due to the evolu-
tion of reporting networks such as the annual
SHOT (Serious Hazards of Transfusion) report in
the UK [65] and subsequent changes in practice.
One example is the use of male-only FFP in
transfusions in the UK due to a recognised
increase in immune-mediated complications
when female plasma is used. However, sidestep-
ping these issues altogether with a synthetic
product would be much preferred.

There has been much research done on syn-
thetic haemoglobins and perfluorocarbons over
the last 25-30 years, but the results have not been
promising. Only one perfluorocarbon has been
approved for use in humans by the FDA since
research began (Fluosol-DA-20 in 1989), but it
was withdrawn 5 years later due to side effects
ranging from transient hypertension to myocar-
dial infarction, arrhythmias and death. Notably,
one of the main drivers for the development of
haemoglobin substitutes was for patients with
haemoglobinopathies such as sickle cell disease
rather than trauma, and there has yet to be any
agents approved for use internationally for any
indication.

Hemopure has been approved in South Africa
for treatment of acutely anaemic adult surgical
patients, but despite trials in other countries, it
has not been accepted into mainstream practice.
There have been some phase three clinical trials
of using synthetic haemoglobins in trauma or
emergency surgery that were small scale but ini-
tially positive [66, 67], though these were con-
ducted by the product manufacturers (PolyHeme
from Northfield Laboratories). A recent review
by Ferenz and Steinbicker [68] has highlighted
many of the outstanding issues with synthetic
haemoglobins from clinical and pre-clinical trials
from 2013 to 2018. It is an interesting article,
highlighting issues around the short lifespan of
products, side effects, inflammatory reactions,
difficulties in either loading or unloading oxygen
appropriately and different approaches to solving
these problems. The takeaway message, however,
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is that while research in this field is ongoing and
making some progress, it will likely be many
years before these products make it to market, or
the medical literature advances much beyond
case studies and small trial series. An alternate
source of blood may be from mass production or
manufacture from stem cells. There is work in
progress at DARPA, though the cost is currently
prohibitively high to scale up. Currently, each
unit of blood costs £30,000 to produce [69] in
comparison to £120-150 per unit of cross-
matched blood in the UK. Twenty-five years in
the future this may be an option as production
costs decrease and scale increases, but it is not
yet a viable option.

Blood Transfusions in Trauma

Blood has a distinct advantage over all other
transfusion fluids in that it delivers oxygen to tis-
sues in addition to expanding volume. While red
blood cells will increase oxygen-carrying capac-
ity, if given in isolation, then they will also dilute
clotting factors that are present. Interestingly,
more and more research has shown that red blood
cells themselves are essential components in hae-
mostasis due to their adhesion to endothelial cells
and platelets and their ability to generate throm-
bin [70, 71], with anaemia increasing bleeding
times [72]. A full discussion of the role of blood
transfusion in trauma and the management of
trauma-associated coagulopathy is found in
Chap. 15 (Haemostasis and coagulopathy) later
in this textbook. Suffice it to say the best strategy
is to preserve as much of the patient’s blood as
possible (including the use of cell salvage where
possible), and replace blood with blood—either
by units of whole blood or balanced component
therapy. Ultimately, blood transfusion aims to
promote the delivery of oxygen to tissues (other-
wise known as DO,). This is dependent on two
factors—the cardiac output and the oxygen con-
tent of arterial blood that reaches the tissues.

Oxygen Content of Blood

This content is principally due to the amount of
haemoglobin present in the blood, but there is
also a small amount of oxygen dissolved in
plasma itself. The overall formula for calculating
DO, is, therefore:

DO, =COxCa0O,

Where CO is cardiac output and CaO, is the
oxygen content of arterial blood that is being
delivered to the tissues. This can be expanded
into individual components further by examining
what constitutes the oxygen content of the blood.

The fully expanded equation is seen if
Fig. 10.7, where:

e [Hb] = Concentration of haemoglobin in
grams per deciliter (g/dl)

e 1.34 = Hiifner’s constant—the amount of oxy-
gen carried by fully saturated haemoglobin
(1.39 ml O,/g Hb is the theoretical maximum,
but in direct measurement, the maximum is
1.34)

e SpO, = Percentage arterial O, saturation

e Pa0O, = arterial oxygen tension in kilopascals
(kPa)

* 0.023 = amount of oxygen in ml dissolved per
100 ml of plasma per kPa

It can be seen that the most significant deter-
minant of oxygen content in the blood is haemo-
globin concentration. The amount of oxygen
dissolved in plasma is itself a minor contributor,
and assuming a patient is on 100% dry oxygen,
with maximum efficiency in metabolism with a
normal PaCO, of 5 kPa, the theoretical maximum
amount of oxygen that could be dissolved is only
2.19 ml O,/100 ml plasma In contrast, by increas-
ing the haemoglobin concentration by only 1.6 g
by the administration of just over 1 unit of blood
to an average adult, the same raise in CaO, can be
achieved while still breathing room air. The dis-
solved concentration of oxygen rarely makes a

DO, = CO x (([Hb] x 1.34 x SpO, x 0.01) + PaO, x 0.023)

Fig. 10.7 The oxygen delivery equation
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significant contribution to DO, overall, as physi-
ologically a PaO, of 11-13 is a normal value, giv-
ing a dissolved oxygen concentration of 0.25 ml
0,/100 ml blood, in comparison to 1 g of 100%
oxygenated blood which transports 1.34 ml
0,/100 ml blood, i.e. 5.36 times more. This dis-
solved fraction only tends to be physiologically
significant when there is severe lung damage or
exceptionally high oxygen demand, and a high
FiO, is required.

Cardiac Output, Blood Pressure
and Flow

As previously discussed, cardiac output is the
product of the stroke volume and heart rate.
When this is combined with systemic vascular
resistance, it determines the blood pressure.
While physiological first principles are sound
and give a good mental model of how the circula-
tory system works, there are a few other factors to
consider when discussing oxygen delivery to tis-
sues outside of gross systemic models. The flow
of oxygenated blood to tissues is the important
measure, and there are a couple of factors which
may affect flow rather than blood pressure.
Examining the mathematical model described at
the start of the chapter, by increasing SVR (caus-
ing vasoconstriction) blood pressure is increased.
While blood pressure is a driving force for perfu-
sion, downstream vasoconstriction may decrease
the flow of blood in hypovolaemic states and sub-
sequently decrease DO,. The reason for this is
that the Hagen-Poiseuille equation governs lami-
nar flow:

APrr?
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Where:

Q = Flow

P = Driving pressure
r = radius of the tube
n = Viscosity

1 =length of tubing

As the factor with the greatest influence in
terms of flow is the radius of the tube (as it is
raised to the fourth power), it is therefore obvious
why peripheral vasoconstriction decreases flow.
Mathematically, doubling the radius of the tube
(or in this case, blood vessel) and keeping every-
thing else the same will increase flow by a factor
of 16 times. This relationship is also why having
short, large-bore IV access in patients who may
require large amounts of blood products is prefer-
able to smaller access. The rest of the equation is
also important to consider. There needs to be a
driving pressure (P) in order to have flow into a
vessel, so in most cases adequate filling is neces-
sary to achieve this by increasing preload and
stroke volume. Flow rate is inversely propor-
tional to viscosity, so thicker solutions such as
FFP and red blood cells may not be as quickly
transfused as crystalloids through the same IV
access due to this. There is also a slight evolu-
tionary advantage, however. When a patient
bleeds and their haemoglobin levels fall, the
blood becomes less viscous and flow improves as
a consequence. As flow improves, DO, must also
become more efficient, and this may possibly be
why management in ICU of patients with a hae-
moglobin level of 7 g/dl is sufficient. Current
practice is to avoid transfusion above this thresh-
old unless there is a history of ischaemic heart
disease [73, 74]. It must be pointed out that this
strategy in acute blood loss does not work—if a
patient presents with a haemoglobin of 7 g/dl
before intervention, then they are bleeding and
require resuscitation with blood and blood prod-
ucts, not crystalloid. After achieving definitive
haemostasis and restoring an adequate circulat-
ing volume with blood products, there may be a
role for crystalloids on ICU. One pitfall to point
out is that when a patient arrives in ICU, they
may not be adequately resuscitated and still have
an ongoing requirement for blood products to
catch up. This is not the time to employ a restric-
tive transfusion strategy or to use vasopressors/
inotropes to correct a low blood pressure caused
by undertreated hypovolaemia. Inappropriate use
of vasopressors in this group of patients may
increase mortality by at least 200% [75-78].
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Blood Components or Warm Fresh
Whole Blood?

As blood is usually split into its component frac-
tions (red blood cells, fresh frozen plasma and
platelets) once it has been donated and
cold-stored, there has been much debate over the
effectiveness of how best to use blood. Questions
posed include the optimum ratio of blood prod-
ucts to administer to patients who are acutely
bleeding [79], whether there is a difference in
outcomes in patients administered blood stored
for longer or shorter periods [80—-82] and whether
using warm fresh whole blood (WFWB) is supe-
rior to individual component therapy. The mili-
tary experience of using warm fresh whole blood
(WFWB) to resuscitate patients (i.e. taking a unit
of blood from a walking donor panel and admin-
istering it without fractionation to a bleeding
casualty [83]) has generally been positive. Small
series reports and trial data have shown increased
survival and decreased transfusion volume
requirements over 24 h compared to component
therapy [84-86]. The exact reasons for this are
not entirely understood and this approach also
throws up many questions on the effectiveness of
troops who have donated blood whilst on deploy-
ment (though marksmanship [87] and cognitive
performance [88] have been reported as being
preserved or improved). Is WFWB intrinsically
superior to fractionated components? Is the pro-
cess of buddy-buddy donation between non-
medically trained personnel safe? There are many
aspects which need further consideration and
research, not only in medical but also military
spheres.

Practical Aspects of Blood
Transfusion

A full exploration of the current state of evidence
behind blood transfusion ratios is available in
Chap. 15 (Haemostasis and coagulopathy), but
there are some practical points which are worth
following in managing blood transfusions in
major trauma. Firstly, the time to review a mass
transfusion policy is not the first time it is

needed—a thorough stress testing of the policy
should be undertaken well in advance of it being
used in vivo. Simulation (and specifically in situ
simulation) is a readily available tool to assess
the weak points of policies. If a blinded exercise
is undertaken by the people who may be expected
to use a mass transfusion policy in real-time,
there may be some surprising results.
Unanticipated chokepoints can be elucidated
[89], explored and improved on, and there are
several ready-made scenarios which can be
implemented to test departmental responses [90].
Investing a couple of hours in simulation and
debriefing will pay dividends in the event of the
mass transfusion policy being enacted. It is also
vital to let blood bank know where to send prod-
ucts; if a mass transfusion has been declared and
the patient moves from the emergency depart-
ment to interventional radiology or the operating
theatre then blood bank and portering staff should
be made aware. If issues are identified in simula-
tion, then these should be fed into the live organ-
isational reporting system—no patients have
been harmed but risks/problems may be identi-
fied which could lead to future harm. If these
problems are not captured, they may well lead to
actual morbidity or mortality in a live patient in
future.

Secondly, make sure IV access is adequate
and appropriate for what is needed. Per the
Hagen-Poiseuille equation already mentioned,
flow is optimum in wide and short tubes so IV
access should be established with this in mind.
When comparing flow rates through different
devices in vitro in a paper by Khoyratty et al. [91]
the Hagen-Poiseuille equation predicts the salient
points. Peripheral access outperforms central
lines of the same width, the use of a needle-free
access device decreases flow rates in cannulae of
16G or larger (with or without pressured infu-
sion), Rapid Infusion Catheters (RIC) are supe-
rior to 14G cannulae, and flow is improved when
a pressure system is used to increase the rate in
all devices. These findings are similar to papers
by Reddick et al. from 2011 [92] and Wrenn et al.
from 2017 [93], reinforcing the basic principle of
IV access being short, wide and peripheral in the
first instance.
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Third, several mnemonics can be used to pre-
pare a patient and team for a mass transfusion
and trauma anaesthetic (see TRAUMATIC and
POLYTRAUMAS examples, above in Figs. 10.8
and 10.9 respectively). Use of cognitive aids

should be encouraged as any tool which can
increase the use of evidence-based practice and
the available cognitive bandwidth to deal with
complex trauma are undoubtedly a good thing
[94, 95]. It is crucial, however, to consider how
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Leeds Major Trauma
Centre

CODE RED SURGERY
Actions to take when the decision has been made in the Emergency Department to transfer a
POLYTRAUMA patient to the Operating Theatre for inmediate surgery (CEPOD Category 1 Case).

« Inform theatre team (surgeons, anaesthetic, Scrub Team, ODP, radiographer, runners,
portering staff). Hold initial team brief.
PREPARATION - Inform relevant staff of potential injuries and procedures that may occur
« Surgical team to confirm which equipment/instruments required
+ Complete WHO Safter surgical checklist as able

0S| TABLE « Identify appropriate OS| table with arm extensions to move to theatre
« Identify a suitable currently empty theatre if possible or next available theatre for list
break if required. )
LOCATION « Notify operating theatre to be utilised

« Communicate destination theatre to Emergency Cepartment, MTS nurse, blood bank
and theatre team.
« Inform ICU Bed Manager of need for post op bed (Bleep 2244)

4 Infusion pumps with chargers to be made available in theatre

* Rapid infuser to be set up and primed with minimal amount of warm saline

« Set up large central access kit (Swan sheath, Vascath or trialysis line) and insertion
INFUSIONS pack

« Run through a double transducer for arterial and central lines

- Prepare a TXA maintenance infusion, 1g in 500ml 0.9% NaCl

« Prapare 50ml 2% propofol infusion for post op transfer to ICU

Warm up theatre (Max T°C)
Locate and set up forced air warming system (Bair Hugger or equivalent)

TEMPERATURE |, Locate and turn on under body warming mattress (Inditherm or equivalent)
+ Ensure temperature probe (oesophogeal) is available
RADIOLOGY * PACGS Monitor logged on and relevant imaging displayed
= Ifimage intensifier required, contact radiographer (Bleep 1624/Extension 28356)
AIRWAY « Prepare for in-theatre RS if patient not intubated already
- Difficult airway trolley available if required
ULTRASOUND/ | - Setup urinary catheter insertion kit
URINARY « Ensure ultrasound available for lines etc if required
« Ensure blood bank is aware of patient if MH protocol has been/likely to be activated.
« If MH in progress, ensure blood bank know which theatre to send blood to.
+ Aim for 1:1:1 transfusion and set up area for storing blood products and empty bags
in theatre
MAJOR « Set up and allocate staff member to operate cell salvage system
HAEMORRHAGE - Check coagulation - TEG and ABG every 30 minutes

Check tourniquet integrity prior to draping if in use, consider conversion to
orthopaedic pneumatic tourniquets

« Locate a box of 10% Calcium Chloride in the anaesthetic room and aim to administer
10ml for every 4 units of PREC administered/maintain ionised Ca++ > 1.0

Anaesthetists to prompt SURGICAL PAUSE every 30 minutes to assess whether
physiology permissive for further operating time. No damage control surgery should
ANAESTHESIA/ extend beyond 60-90 minutes operating time (including closure)
DRUGS « Have ketamine/rocuronium/fentanyl/thiopentone available
+ Draw up 10mg metaraminol in 20ml 0.9% NaCl
+ Consider appropriate antiblotics dependent on surgery

« Set up surgical trolleys so kit readily accessible if required
« Ligaclips and hasmostatic agents (quick clot/Hemcon) available
+ Abdominal packs and warmed wash (12 x 0.9% NaCl) prepared

PLEASE SEE CODE RED FILE AND TRAUMATIC MNEMONIC FOR FURTHER DIRECTION

SURGICAL
EQUIPMENT

Fig. 10.9 POLYTRAUMAS Aide Memoire for ED-Theatre communication for emergency surgery (© B Rippin, K
Lowery, P Lax, N Kanakaris, Leeds Teaching Hospitals NHS Trust)
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these aids are designed as a poorly thought out
tool may decrease performance [96]. NASA
have produced guidelines on how to produce
checklists which are based on experience and
sound research methodology [97, 98], and work
best when internally designed by the people who
will use them rather than being externally
imposed [99].

Fourth, having a dedicated clinician managing
the mass transfusion is exceptionally useful [100,
101]. Due to the time needed for checking of
blood, ensuring correct ratios of plasma, plate-
lets, PRBCs and calcium, a dedicated anaesthe-
tist or emergency medicine physician should be
tasked to keep track of blood products adminis-
tered as well as the practicalities of running a
mass transfusion device such as a Belmont or
Level 1. Practically, a count is best maintained by
either a tally chart or keeping bags of transfused
products in a set space and separating them by
type for later documentation. Some centres have
included a check box system in the blood boxes
that are issued from the lab for units to be ticked
off when administered to keep track. This allows
the lead anaesthetist to concentrate on other
aspects of resuscitation and request volume
boluses as needed without having the additional
cognitive burden of ensuring compliance with
transfusion protocols.

Fifth, ensure that adequate amounts of cal-
cium are given. A general rule of thumb is to try
and keep the ionised calcium above 1.0 mmol/l
on ABG testing. In cases where product admin-
istration is rapid due to ongoing loss and ABG’s
cannot be checked, give 10 ml of 10% calcium
chloride for every four units of PRBCs or FFP
that are administered. This should counteract
the leaching effect of the sodium citrate that is
used to preserve red blood cells and FFP, and an
adequate calcium level is essential to ensure
clotting. Calcium is also a positive inotrope and
may contribute to increased blood pressure by
increasing stroke volume. Calcium gluconate is
not an ideal substitute in comparison to calcium
chloride as it has approximately one-third of the
amount of elemental calcium of calcium chlo-
ride, so three times the volume would be

required for the same clinical effect [102].
Higher levels of calcium are also cardioprotec-
tive when dealing with hyperkalaemia which
may be associated with muscle damage from
trauma or massive transfusion itself [103, 104].

Sixth, give a 1 g tranexamic acid (TXA) bolus
early, or 15 mg/kg in children—the same dose as
paracetamol/acetaminophen. The CRASH-2
[105] and MATTERS [106] trials have been
widely accepted as proof of decreased morbidity
and mortality from bleeding if TXA is given
within 3 h of injury. There have been a few
unconvincing post-hoc analyses which have
attempted to show an increase in thrombotic
complications, but these mainly refer to adminis-
tration outside the 3-h window or are method-
ologically flawed. The source data from
CRASH-2 is open for public scrutiny and analy-
sis. Professor Brohi has offered to collaborate
and publish an analysis of the data with groups
sceptical of the effect of TXA as long as he had a
right of reply in the paper but has not yet been
taken up on this offer.

Seventh, make use of near-patient testing of
coagulation such as ROTEM or TEG devices
where available. Both will give real-time indica-
tions of coagulation and may guide further blood
product administration, and have been associated
with lower overall transfusion requirements and
may lead to improved mortality [107-109]. This
is covered in more detail in the Chap. 15
(Haemostasis and coagulopathy).

Active Management of Circulatory
Failure

In light of the complex state of the evidence base,
some contradictory research and uncertainty on
how to proceed, Revell, Porter and Greaves pro-
posed a new UK consensus statement in 2002
[110] regarding the pre-hospital management of
hypotension in trauma.

They stated that:

e Trauma victims with a radial pulse do not
require fluid until haemostasis is achieved
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e If aradial pulse is absent, then a 250 ml bolus
of normal saline is given

e In penetrating torso trauma, the presence of a
major pulse, e.g. femoral, is considered
adequate

They went on to explain that this approach
must be combined with rapid transfer to theatre
or control of bleeding, but they did also identify
some exceptional situations:

* Head injuries—they were unsure of what best
evidence to recommend.

e Children—titration to a brachial pulse was
recommended.

Shock is a pathological, abnormal physiologi-
cal state, and every patient has varying degrees of
tolerance of it. Even advocates of hypotensive
resuscitation/delayed fluid resuscitation will
accept that the limits of this strategy are not only
defined by the level of the blood pressure, but
also the duration of the shock.

In-Hospital On-Going Care

In-hospital, many of the fundamental principles
remain the same such as the importance of rapid
control of bleeding and preservation of circulat-
ing volume. The Task Force for Advanced
Bleeding in Trauma was established in 2004 and
publishes regular updates to the latest evidence,
with the fifth edition published in 2019 [111].

The first iteration of the guidelines made some
key recommendations, with the main beneficial
factor that they identified in cases of severe
haemorrhage was to achieve the shortest time to
theatre.

They also highlighted the importance of circu-
lation preservation with measures such as:

e Use of a damage control approach

e Early recognition of bleeding

e Pelvic stabilisation

e Consideration of early angiography and
embolisation for pelvic bleeding

* A multi-disciplinary approach.

The latest critical messages from the 2019
guidelines are:

e Traumatically injured patients should be
transported quickly and treated by a special-
ised trauma centre whenever possible.

e Measures to monitor and support coagulation
should be initiated as early as possible and
used to guide a goal-directed treatment
strategy.

* A damage-control approach to surgical inter-
vention should guide patient management.

e Coagulation support and thromboprophylaxis
strategies should consider trauma patients
who have been pre-treated with anticoagulants
or platelet inhibitors.

e Local adherence to a multidisciplinary,
evidence-based treatment protocol should
serve as the basis of patient management and
undergo regular quality assessment

Continuing the same key principles started in
the pre-hospital arena, external bleeding should
be controlled, excessive crystalloids should be
avoided, and rapid assessments should be made
before making decisions about ongoing care and
moving forward to CT, theatre or interventional
radiology.

Circulation preservation remains a key prior-
ity by whatever means necessary, and at this
point, it should be noted that immobilisation
devices such as pelvic binders or traction splints
are considered part of ‘C’ for circulation man-
agement. Their application can significantly
reduce ongoing blood loss and also reduce frac-
ture movement and pain.

Finally, do not forget that simple measures
such as ‘gentle patient handling’ can also have
profound effects in terms of minimising further
blood loss. The increased use of the scoop
stretcher to reduce bleeding from log-rolling has
little firm supporting evidence, but anecdotally it
may reduce sudden internal blood loss and pain
by avoiding the need for a full log-roll if appro-
priately used. If used badly with poor technique,
however, it can result in two log-rolls in opposite
directions to introduce the two halves of the
scoop.
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Others would argue that a ‘log-roll” will have
to be performed at some point to check the back
of the patient thoroughly, and it can be performed
without compromise once the pelvis is strapped.
This is also controversial, as those that actively
promote limited movement would suggest that
the traditional rolling and checking of the back
offers very little unless searching for wounds.
Major trauma casualties almost invariably going
through the CT scanner regardless, which should
pick up back injuries far more effectively than
simple examination.

As it stands at present, the scoop is favoured
over the long-board by UK ambulance services,
but there are concerns that this is being proposed
as better in terms of its ‘pressure area’ risk when
in reality, it is just another hard plastic board.
Ultimately, a vacuum mattress or ‘“vac-mat” is
probably a far better device than both of these for
the casualty, but this does have both cost and
practical limitations. Movement of patients onto
a vac-mat from a scoop when they arrive in hos-
pital is possible and may minimise other addi-
tional movements before and during CT scan. It
can also be used to minimise heat loss if the vac-
mat is wrapped securely and has a heating or
warmed blanket enclosed next to the patient’s
skin where possible.

Throughout the early time in the hospital, it is
essential to look for any signs of ongoing uncon-
trolled bleeding. If identified, then this should be
managed quickly and effectively to preserve the
patient’s circulation. Practitioners should not be
over-reliant on the lab and transfused blood, as
transfused blood will never be as good as the
patient’s own.

Brain Injury and Permissive
Hypotension

Neurosurgeons would like normotension (or per-
haps slight hypertension) and rapid delivery to
their care within 4 h to optimise their outcome
(see disability and head injury chapter for more
information). The application of permissive
hypotension in patients with concomitant brain

injury is a compromise at best, and there is still
no precise data to guide this approach despite
several reviews and meta-analyses [112]. The
best approach would undoubtedly be to deal with
both severe haemorrhage and surgically amena-
ble brain injury at the same operative sitting in a
damage control approach, but outside a few cen-
tres of excellence in the world, this is rarely pos-
sible. Conventional wisdom is that active
haemorrhage takes precedence over brain injury,
but once bleeding is controlled, then blood pres-
sure should be increased to maintain a cerebral
perfusion pressure of 50-60 mmHg. The Brain
Trauma Foundation Guidelines [113] are dis-
cussed in the disability and head injury chapter
and form the mainstay of current treatment.

Damage Control Resuscitation

A damage control resuscitation and damage con-
trol surgical approach should be adopted, and the
bleeding arrested in the shortest time possible.
Once control has been achieved, circulating vol-
ume can be restored and the shock and hypoper-
fusion addressed (typically correcting the base
deficit and lactate).

During damage control surgery, other factors
will help to minimise further blood loss, includ-
ing the use of a cell saver system, anti-fibrinolytic
agents and other blood products such as FFP,
platelets and cryoprecipitate.

In theatre during surgery, the temptation exists
to reach for many of the numerous clinical
devices traditionally associated with assessing
resuscitation, cardiac output and hydration. In
reality, few if any of these offer much value until
bleeding is controlled and coagulopathy
corrected.

Even relatively simple monitors such as arte-
rial lines (often erroneously considered immedi-
ately essential) can delay transfer and definitive
control of bleeding. Therefore, much as in in the
pre-hospital domain, every action must be con-
sidered; is it appropriate and necessary to per-
form a procedure right now or will it introduce
unnecessary delay?
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Failure to Respond to Resuscitation

For some patients, attempts to maintain an ideal
target MAP may fail, there may be continued
deterioration and absence of a normal response to
filling with blood or other fluids. Similarly, even
after haemorrhage is controlled, it may remain
difficult to improve the shocked state of the
patient. This may be as a result of such rapid and
massive bleeding that the volume loss has not
been adequately replaced, there may be myocar-
dial damage that is starting to manifest or the
patient may be still falling further behind as a
result of concealed or occult ongoing bleeding.
There may be no response, inadequate response
or even deterioration to any filling and then the
prospect of a missed injury or intervention should
be considered. These may include

Conditions which may mimic hypovo-
laemic shock

e Tension pneumothorax—ultrasound is
quick and sensitive

e Cardiac tamponade—ultrasound could
quickly reveal a tamponade

e Adrenal insufficiency or crisis—con-
sider a dose of hydrocortisone

* Hypocalcaemia—especially after mas-
sive transfusion of stored blood and

FFP/cryoprecipitate

* Hypoglycaemia—always check a blood
sugar

e Spinal injury—mechanism, history,

examination, CT

Summary

Shock and fluid resuscitation seem so simple if
the circulation is merely considered as an empty
bucket that needs re-filling, or a simple system of
a pump, a fluid and connecting pipes. While it is
an excellent theoretical analogy to understand the
basic concepts of the circulatory system, it is a
gross oversimplification in practice.

Filling patients to a normal blood pressure
while still bleeding risks not only further bleed-
ing, but also producing a wide range of severe
side effects from the large volumes of resuscita-
tion fluids, no matter what type is chosen. Every
casualty will cope with blood loss and shock dif-
ferently, and this is not merely down to cardio-
vascular fitness but a far broader concept of
‘shock tolerance’.

Blood pressure is a poor marker in this respect
as patients may have low blood pressure, but with
adequate blood flow maintained. They may dis-
play few signs of under-perfusion while others
may demonstrate worsening acidosis and increas-
ing base deficit with minimal blood loss and no
drop in blood pressure. The focus must still be
circulation preservation and rapid haemostasis,
usually with surgery or interventional radiology.
Until this is achieved, permissive hypotension,
minimal crystalloid use, blood and possibly
hybrid resuscitation will all help to minimise
complications and achieve the best chances of
survival.

As yet, no synthetic alternative to blood has
proved itself to a satisfactory degree, but they may
be a panacea in future. Stem cell-produced blood
cells or fresh whole blood are currently likely to
offer better alternatives but are prohibitively
expensive or unavailable in everyday practice.

Damage control resuscitation is a hugely com-
plex challenge and requires excellent diagnostic
and decision skills and continuous ongoing eval-
uation of patient physiology. It is not just filling a
bucket, and there is a very challenging balance to
achieve despite the large amount of research that
has been completed.

Questions

1. Patients who present with a normal blood
pressure by definition cannot have suffered
significant hypovolaemia
(a) True
(b) False

2. Synthetic haemoglobins are commonly used
in current practice
(a) True
(b) False
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. Permissive hypotension means actively low-

ering a patient’s blood pressure to stop
bleeding
(a) True
(b) False

. The most important determinant of flow

through resuscitative IV access is its
diameter

(a) True

(b) False

All trauma patients should be given a
2000 ml fluid challenge as part of standard
resuscitation

(a) True

(b) False

Answers
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b
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