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e Understand the different types of major
haemorrhage

* Know how to manage the different types
of haemorrhage

e Understand when advanced techniques,
such as REBOA and thoracotomy, might
be used

Case Discussion: Massive Haemorrhage in
Civilian Settings

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

What  should the goals be in
resuscitation?

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

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

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

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

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

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

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

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

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

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

Sources of Massive Haemorrhage
External Bleeding

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

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

Skin/Scalp Bleeding

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

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

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

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

Epistat

Complete kit in situ.

Facial Trauma

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

Dental bite blocks

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

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

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

Treatment of Massive Haemorrhage

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

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

Compressible Haemorrhage

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

DDIT Escalation of Treatment
¢ Direct pressure

— Expose the bleeding site and apply direct
pressure

¢ Direct pressure (again)

— If bleeding is not immediately brought
under control, quickly reassess that the
pressure is applied to the correct site and
re-apply. Avoid the temptation of repeated
looks or swathes of dressings; remember
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all bleeding is blood that is no longer carry-
ing oxygen to vital organs. Once blood has
left the body, it cannot be reinfused (at least
in the pre-hospital environment).
e Indirect pressure
— If direct pressure has failed to stop the
bleeding, apply indirect pressure in addi-
tion to direct pressure. This is done over an
artery proximal to the bleeding site and
compresses the vessel against a bone.
Either direct pressure in isolation or in
combination with indirect pressure con-
trols the bleeding in most cases.
¢ Tourniquet
— If the bleeding is still not controlled, apply
a tourniquet. The application time should
be documented on the tourniquet and form
part of the handover to the receiving team.

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

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

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

Indirect Pressure

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

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

Tourniquets

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

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

Fig. 6.2 Combat Application Tourniquet with windlass
tightened

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

There is an ongoing debate about the role of
tourniquets in the management of crush injury.
Theoretically, there is some benefit in their use
after crush to prevent reperfusion injury by stem-
ming blood flow to the affected site and control-
ling the release of blood from ischaemic tissues
back into the central circulation. Due to ongoing
ischaemia, rhabdomyolysis and muscle damage,
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this returning blood may be cold, high in potas-
sium and acidic. This may cause hypotension and
arrhythmias, as seen in vascular surgery when
clamps are taken off and limbs reperfuse [59, 60].
This concern has been raised with a similar phe-
nomenon reported in knee replacement surgery
[61]. In practical terms, pneumatic devices are
more effective than windlass devices such as the
CAT as they arrest blood flow at lower pressures
[62] and cause less tissue damage, hence why
they are preferred in hospital practice.

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

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

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

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

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

upper leg.
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Haemostatic Dressings

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

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

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

Junctional Haemorrhage

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

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

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

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

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

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

More on REBOA can be found in the dedicated
chapter.

Non-compressible Haemorrhage:
Torso

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

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

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

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

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

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

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

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

Fluid Management

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

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

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

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

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

Conclusion

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

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

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

Questions and Answers
What are the two
haemorrhage?

Answer: compressible and non-compressible

What bleeding might be halted by tourni-
quet application?

Answer: limb/extremity bleeding

What is the initial treatment of any
bleeding?

Answer: direct pressure

What is the maximum timescale in which
thoracotomy could be considered?

Answer: within 10 minutes of arrest

What location of bleeding might REBOA
manage?

Answer: junctional, pelvic or abdominal

major types of
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