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ABSTRACT
Ninety-six people died following a crowd crush at the 
Hillsborough Football Stadium, Sheffield, UK in 1989. 
The cause of death in nearly all cases was compression 
asphyxia. The clinical and pathological features of deaths 
encountered in crowds are discussed with a particular 
focus on the Hillsborough disaster.

INTRODUCTION
Ninety-six people died following a crowd crush at 
the Hillsborough Football Stadium, Sheffield, UK, 
on 15 April 1989. As expert witnesses to the Hill-
sborough Inquests, we reviewed extensive written, 
photographic and video evidence related to events 
on that day. The cause of death in nearly all cases 
was compression asphyxia, an infrequently encoun-
tered form of mechanical asphyxia akin to trau-
matic and crush asphyxia but one considered more 
befitting for the nature of the disaster. Large crowd 
crushing events have also occurred in association 
with other sporting events and in large religious 
festivals such as the Hajj.1 We discuss the clinical 
and pathological features of deaths encountered in 
crowds, specifically compression asphyxia in rela-
tion to the Hillsborough disaster based on those 
facts in the public domain.

BACKGROUND TO THE HILLSBOROUGH 
DISASTER
On 15 April 1989, a Football Association Cup 
semifinal between Liverpool and Nottingham 
Forest football clubs was played at Hillsborough 
stadium. A crowd crush at the beginning of the 
match resulted in the deaths of 95 spectators; a 
96th spectator died in 1993 as a direct result of the 
severe hypoxic–ischaemic brain injury sustained 
in the crowd crush. The spectators who died were 
standing in two of the pens (Pen 3 and Pen 4) in the 
terraces in the West Stand of the stadium (figure 1). 
The pens in the West Stand were enclosed by radial 
metal barriers to the sides and by high fences at the 
front; there were also horizontal barriers within the 
pens that were designed to control crowd surges. 
After a large exit gate had been opened to relieve a 
crowd crush developing at the entrance to the turn-
stiles, spectators entered the back of Pens 3 and 4 
from a tunnel that led under the West Stand. There 
was a small narrow gate at the front of each pen.2

In 1989, crowd surges were commonplace on 
the terraces of football stadia—spectators would 
be carried forward in the crowd, sometimes being 
lifted off their feet—any severe pressure on their 

bodies because of the crowd crush would typically 
ease off between surges. However, at Hillsborough 
on 15 April, just before the game started at 15:00, 
there was an influx of spectators through the West 
Stand tunnel, which intensified the crowd surges 
to the extent that a continuous and severe pressure 
was applied to many spectators. The situation in 
Pen 3 was compounded by the collapse of one of 
the horizontal crush barriers, which led to many 
spectators being thrown forward.

Although the narrow front gates to Pens 3 and 4 
were opened, it was difficult to access the pens and 
get spectators out quickly. Many spectators were 
unconscious or in respiratory or cardiorespiratory 
arrest. First aid, including in many cases, cardio-
pulmonary resuscitation (CPR), was started by 
spectators (some of whom were off-duty doctors, 
nurses, ambulance personnel or trained in first aid), 
police, fire and rescue, and ambulance personnel. 
Eighty-one spectators were pronounced dead at the 
Hillsborough Stadium; others were transported to 
hospital with ongoing CPR (figure 2). Five of the 
spectators who received CPR at the stadium had a 
sustained return of spontaneous circulation (ROSC) 
before transfer to hospital; one of these received 
mouth–mouth rescue breathing en route to hospital 
but started breathing spontaneously just before 
hospital arrival. Two of the spectators who received 
CPR en route to hospital achieved sustained ROSC 
in the ED but died later in the intensive care unit 
(ICU) (figure 2).

TERMINOLOGY: TRAUMATIC, CRUSH AND 
COMPRESSION ASPHYXIA
Traumatic asphyxia and crush asphyxia are forms 
of so-called mechanical asphyxia and the terms 
are generally used interchangeably. Breathing is 
impaired or completely prevented by pressure 
applied to the chest. Pressure applied to the chest 
also compresses the heart—compression of the 
right side of the heart impairs venous return with 
resulting back pressure causing congestion, cyanosis 
and petechial haemorrhages in the face and neck.

Some authors have distinguished between trau-
matic and crush asphyxia: they suggest that trau-
matic asphyxia is caused by the sudden application 
of severe pressure (such as being pinned under a 
heavy object) to the chest of a person whose glottis 
is closed (voluntarily or involuntarily).2–4 This is 
thought to generate a particularly high intrathoracic 
pressure, which is transmitted to the superior vena 
cava (SVC). In contrast, it has been suggested that 
crush asphyxia is caused by a gradually increasing 
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and sustained pressure on the chest, often in the presence of an 
open glottis.2 However, this distinction between traumatic and 
crush asphyxia is not convincing: given the lack of competent 
valves in the SVC, severe pressure applied to the chest is likely to 
generate sufficient back pressure to cause petechiae whether or 
not the glottis is closed.

Compression asphyxia, although less commonly encoun-
tered, can be viewed as synonymous with traumatic and crush 
asphyxia, as the underlying mechanism for all three is one of 
compression of the chest and/or abdomen. Traumatic asphyxia 
and crush asphyxia are terms typically used when the pressure is 
sustained. However, pressure applied to the chest and abdomen 
need not be continuous, but rather, for example as in the pres-
sure waves experienced within crowds, may be intermittent in 

nature and yet still have a life-threatening effect on an indi-
vidual. For this reason, in the 2014–2016 Hillsborough Inquests 
the term ‘compression asphyxia’ was agreed to best describe the 
mechanical asphyxia experienced by those who lost their lives.5 
Unlike in classic traumatic and crush asphyxia, where the pres-
sure applied to the chest and resulting obstruction to venous 
flow is continuous, in a crowd situation several different mech-
anisms, including compression asphyxia, can be encountered, 
which explains why some individuals will show classic features 
of asphyxia whereas others will not.

MECHANISMS FOR INJURY AND DEATH IN CROWD-RELATED 
INCIDENTS
Several mechanisms of injury and death may be encountered in a 
crowd-related incident, which accounts for the variety of subse-
quent clinical and pathological presentations and findings.

Compression asphyxia: mechanisms for loss of consciousness 
(LOC) and cardiac arrest
Compression force applied in the anteroposterior plane 
restricts the ability of the lungs to expand and therefore impairs 
breathing—this causes progressive hypoxaemia. This positional 
impairment to breathing (ie, in the front-to-back position and 
not side-to-side) has been described by survivors of crushes in 
crowds.6 If breathing is completely prevented by the compres-
sion force, consciousness will be lost when the oxygen concen-
tration in the arterial blood reaches 56% (normal values are 
approximately 96%–99%).7 The time taken to reach this 
concentration is very difficult to predict but is likely to be of the 
order 1–2 min.8 9 The time taken is most likely to be at the lower 
end of this range because compression of the chest will decrease 
lung volume and therefore the oxygen reservoir in the lungs. 
Oxygen values in the blood continue to decrease until cardiac 
arrest occurs. Based on animal experiments, the time taken for 
cardiac arrest to occur following complete cessation of breathing 
(asphyxia) is 4–11 min after respiratory arrest.9 10

Severe compression of the chest and abdomen will also 
increase the intrathoracic pressure, which will reduce venous 
return to the heart. This dramatically reduces the cardiac output 
and the blood pressure decreases. Extreme pressure on the chest 
could cause loss of cardiac output independently from hypox-
aemia and this could occur very rapidly (we estimate less than 
a minute).11 The relative contribution of hypoxaemia and high 
intrathoracic pressure to cardiac arrest in the victims of the Hills-
borough disaster is unknown. The additional complicating factor 
in the Hillsborough disaster was that the crushing episodes expe-
rienced by individuals were variable in force and duration (cited 
by survivors)—this made it difficult to predict the time to LOC 
and to cardiac arrest in any individual. Some individuals in close 
proximity to those who died seemed to sustain little or no injury.

Smothering
Smothering is a form of mechanical asphyxia caused by occlu-
sion of the nose and the mouth. Conceivably, pressure on the 
neck could also be a factor. A crowd will typically include adults 
and children of different physical builds. In a stadium, tiered 
terraces may enable smothering to occur. Those of small build 
may find themselves compressed between people with their 
face forced into another person’s body and clothing (figure 3), 
occluding their mouth and nose. Smothering as a mode of death 
may explain the limited signs of compression asphyxia in some 
of those involved in a crowd crush.

Figure 1  Map of the west terraces at Hillsborough Stadium on 
15 April 1989 (Attribution Lord Mauleverer at English Wikipedia—
reproduced under the terms of GNU Free Documentation License 
(https://commons.wikimedia.org/wiki/Commons: GNU_Free_
Documentation_License,_version_1.2)).

Figure 2  Flow chart showing the 96 Hillsborough victims who died. 
CPR, cardiopulmonary resuscitation; ICU, intensive care unit; ROSC, 
return of spontaneous circulation.

copyright.
 on O

ctober 13, 2020 at U
niversity of E

dinburgh. P
rotected by

http://em
j.bm

j.com
/

E
m

erg M
ed J: first published as 10.1136/em

erm
ed-2020-209627 on 3 S

eptem
ber 2020. D

ow
nloaded from

 

https://commons.wikimedia.org/wiki/Commons
http://emj.bmj.com/


3Nolan JP, et al. Emerg Med J 2020;0:1–5. doi:10.1136/emermed-2020-209627

Practice review

Aspiration of gastric contents
The finding of gastric contents within the upper and lower 
airways of the victim of a crush incident is not unexpected 
and should not be taken as the cause of death without careful 
consideration. An individual transfixed by the pressure of the 
crowd may vomit, an active process requiring involuntary but 
coordinated muscle activity to expel stomach contents forcefully 
up the oesophagus and out of the mouth. This process requires 
adequate circulation of blood to the brain and does not normally 
occur after cardiac arrest. If vomit is not expelled, then it may 
occlude the upper airway or, if the gag reflex is compromised in 
the unconscious individual, it can enter the lungs. Massive aspi-
ration with total blockage of the airways that prevents adequate 
oxygenation will cause LOC and then cardiac arrest. It may also 
prevent CPR being successful. Immediately after cardiac arrest, 
the gastro-oesophageal sphincter relaxes and stomach contents 
can pass passively up the oesophagus and out of the mouth.12 13 
Although this is a passive process, chest compressions may eject 
the contents forcibly from the victim’s mouth. Thus, during chest 
compressions, it can be difficult to tell the difference between 
passive regurgitation and active vomiting (implying the person 
is not in cardiac arrest). An unprotected airway is vulnerable to 
gastric contents entering it passively, hence being found at later 
examination. The independent contribution of aspiration to a 
victim’s death after cardiac arrest is unknown. Among those who 
survive to hospital, but who subsequently die, the mode of death 
is most commonly brain injury or failure of the heart and circu-
lation.14 15 Although aspiration is associated with the develop-
ment of pneumonia, the presence of pneumonia is not associated 
with increased mortality.16 Finally in the dead, body movement 
through recovery and storage can result in passive regurgitation 
and stomach contents entering the pulmonary airways; this can 
mimic true aspiration of gastric contents.17

Positional asphyxia
If a person is rendered unconscious from compression asphyxia 
and is held upright by the crowd surrounding them, their head will 
tend to slump forward which, if not corrected, will cause airway 
obstruction. Under these circumstances, even if the crowd crush 
eases sufficiently to enable breathing movement, the continuing 
unconsciousness and airway obstruction will cause progressive 
hypoxaemia leading to cardiorespiratory arrest. If an individual 
who is rendered unconscious from compression asphyxia falls to 
the floor, depending on their position, their airway may become 
or remain obstructed. This may be even more likely if they end 
up underneath other bodies (as was the case for many of the 
victims of the Hillsborough disaster). Forced flexion of the torso, 
particularly if applied over a barrier, for example, will compro-
mise ventilation. Finally, if an unconscious person is being recov-
ered from an incident area, failure to ensure that their airway is 
open could lead to worsening hypoxaemia. This could occur, for 
example, if an unconscious breathing individual was carried in 
the supine position without maintaining basic airway manoeu-
vres such as a chin lift and/or head tilt.

Trauma
There are several life-threatening organ injuries that can be 
caused when a person is involved in a crowd crush. A severe 
head injury may be caused as a person rendered unconscious by 
compression asphyxia falls to the ground or by trampling. Rib 
fractures may cause a tension pneumothorax, haemothorax or 
lacerations to the lungs or abdominal organs. Severe compression 
of the chest can rupture the right atrium and severe compression 
of the abdomen can rupture intra-abdominal viscera. Compres-
sion of the abdomen against a rigid object such as a barrier can 
injure the abdominal aorta or its branches—traumatic rupture of 
the abdominal aorta was the cause of death in one of the Hills-
borough victims.

Natural causes
In theory, the stress caused by being caught up in a crowd crush 
might induce a cardiac arrhythmia in a person with ischaemic 
heart disease. It seems likely that a person with severe chronic 
lung disease would be more vulnerable to the effects of a crowd 
crush than a previously healthy person, but we know of no 
evidence to prove this hypothesis.

IDENTIFYING RESPIRATORY AND CARDIAC ARREST AFTER 
COMPRESSION ASPHYXIA
Identifying the moment cardiac arrest occurs can be difficult not 
just for laypeople but also for healthcare staff. Abnormal gasping 
breathing occurs at the time of cardiac arrest in about one-third 
of cases and this is frequently mistaken for normal breathing—it 
is usually short-lived (less than a minute) but can last for a few 
minutes and can be sustained by CPR if it generates sufficient 
blood flow to the brain.18 19 Eye opening, abnormal twitching 
movements or even convulsions can also occur at the onset of 
cardiac arrest.20 These ‘signs of life’ can return if high-quality 
CPR is circulating sufficient blood to the brain.21

Unless an individual is experienced in feeling for a pulse, pulse 
checks are highly unreliable as a means of confirming cardiac 
arrest—there is good evidence that the inexperienced (both 
laypeople and many healthcare staff) are unable to feel a pulse 
even when it is normal, and some think they can feel a pulse 
when it is absent.22 23 The recommendation for laypeople to 
perform a pulse check to confirm cardiac arrest before starting 
CPR was removed from international guidelines in 2000 but it 

Figure 3  A smaller individual may be ‘smothered’ when compressed 
between larger people. Illustration by Vicky Eves.
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would have been part of the standard assessment at the time of 
the Hillsborough disaster in 1989.24

Assessment of breathing by laypeople and inexperienced 
healthcare staff is also unreliable25 and very slow or shallow 
breathing could easily be missed, particularly in a noisy foot-
ball stadium for example. The presence of dilated pupils, or 
loss of blinking to touching the eye (corneal reflex) is not a 
reliable method for assessing whether an individual will or will 
not benefit from a CPR attempt. Dilated pupils and loss of the 
corneal reflex is common after cardiac arrest. In cardiac arrest 
survivors, these signs have been observed up to 72 hours after 
ROSC.26

ATTEMPTED RESUSCITATION AFTER CARDIORESPIRATORY 
ARREST CAUSED BY COMPRESSION ASPHYXIA
There are very few data on the outcome of resuscitation attempts 
in victims of crush or compression asphyxia but what little there 
are suggests almost universal poor outcome once cardiac arrest 
has occurred. Of the 13 patients arriving at the Northern General 
Hospital (NGH), Sheffield, in cardiac arrest and receiving CPR 
after the Hillsborough Stadium disaster, resuscitation was 
continued in 9 and only 2 of these survived to be admitted to the 
ICU—both of these individuals died.2

SYMPTOMS, SIGNS AND OUTCOMES OF THOSE WITH LOC 
WHO WERE ADMITTED TO HOSPITAL
According to Wardrope et al,2 159 individuals were taken to the 
NGH or Royal Hallamshire Hospital in Sheffield. Fourteen were 
in cardiac arrest and receiving CPR (figure 2). A cardiac output 
was restored in four: two re-arrested in the ED and died there; 
two were transferred to the ICU but later died. Thus, no patient 
admitted to hospital with ongoing CPR survived. A total of 18 
patients (including the 2 resuscitated from cardiac arrest) were 
intubated and admitted to an ICU for mechanical ventilation.2 
Most of these patients were admitted directly from the ED, but 
five were initially admitted to the ward and then deteriorated 
requiring intubation and mechanical ventilation. Nine patients 
were admitted unconscious or convulsing and a further six were 
confused on admission and then deteriorated, started convulsing 
and required intubation.2 A further 15 patients gave a history 
of losing consciousness at the scene, giving at total of 30 who 
had a history of LOC in addition to those who were receiving 
CPR on admission. A total of 16 patients were known to have 
had had seizures (4 before reaching hospital and 12 after admis-
sion). The occurrence of seizures suggests that these individuals 
had a prolonged period of hypoxaemia. Of the 18 patients who 
were admitted to ICU, 2 died (both receiving CPR on admission 
to hospital) and 6 survived but with neurological deficit. Two 
patients were described as having cortical blindness.2

Nine patients were described as having a right heart strain 
pattern on their ECG.2 27 In seven of these patients, the initial 
echocardiogram showed a dilated and impaired right ventricle—
these all later improved.2 27 One patient had mitral valve prolapse 
thought to be due to compression of the left ventricle causing 
rupture of the chordae tendineae or papillary muscles, or direct 
injury to the valve leaflets.28

We are aware of four individuals who received CPR at Hill-
sborough and survived to leave hospital. One of these individ-
uals remained in a persistent vegetative state until their death 
in 1993. A fifth person received mouth-to-mouth and bag-mask 
ventilation at Hillsborough but had a pulse; this person also 
survived to leave hospital.

PATHOLOGICAL FEATURES OF COMPRESSION ASPHYXIA
The classic description of the external findings in a traumatic/
crush/compression asphyxia-related death are craniocervical 
congestion/cyanosis, petechiae of the head and neck and subcon-
junctival haemorrhage.29 The extent to which these changes will 
occur depends on the individual and the mechanism causing 
their death. The petechiae are caused by obstruction to venous 
return in the SVC with back pressure into the capillaries while 
the arterial system remains patent. This back pressure is readily 
transmitted because the SVC has no functional valves. This 
causes capillary rupture in the face, neck and upper chest. The 
petechiae are uncommon in the lower body because the inferior 
vena cava collapses in the presence of increased intra-abdominal 
pressure.29 Whether petechiae are attributable solely to conges-
tion of the venules and capillaries, or from perivascular blood 
accumulating in the unsupported structures, such as the mucous 
membranes, is unclear. Facial oedema, serosanguinous foam 
from the nose and mouth, nose bleeds and blood from external 
auditory canals have also been described following compres-
sion asphyxia. The classical ‘masque ecchymotique’ or ‘death 
mask’ caused by the florid petechiae in the face and neck with 
a clear cut-off line between normal and abnormal skin was first 
described in 1904.30 Several non-specific changes occur in the 
internal organs of the head, neck, chest and abdomen secondary 
to extreme vascular congestion. These include scalp petechiae, 
cerebral congestion, meningeal petechiae, and intra-cranial 
bleeds (subdural haematoma and subarachnoid haemorrhage). 
Laryngeal congestion and petechiae, epiglottic petechiae and 
oedema of the tongue may all occur. There may be pulmonary 
oedema and haemorrhage, and blood in the airway. Petechiae 
may also occur in the thymus, heart and pleura. The subdiaphrag-
matic organs can show generalised congestion, with intestinal 
haemorrhage, and in living survivors, haematuria may occur.
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