
Terence   felt a massive, sudden, incredible pain in the back of his head.
He knew something was very wrong. Terence, a train driver, was 58 years old 
when he experienced his stroke. He is not alone. About 100 strokes happen every 
day in Australia. 
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Lower rates of tobacco 
smoking, increased use of 
blood pressure-lowering 
drugs, treatments that 
prevent blood clots, access 
to specialised stroke units 
in hospitals and other 
advances in medical care1 
have reduced the number 
of strokes and improved 
stroke outcomes, such as 
improved brain function.

However, disability after 
a stroke remains high.1,2 
Of the 100 people who 
have a stroke every day, 
60 will be left with reduced 
mobility, such as loss of 
speech, cognitive, motor 
and sensory abilities, and 
only 10 will make a full 
recovery. 

Stroke rates have been declining over the past 20 years. This number still means that 
everyday 100 people have a stroke. Out of those 100 people 30 will die and 35 will be left 
with a permanent disability. Only 10 people will make a full recovery and the remaining 
25 will not be able to do everything they could before their stroke.3

Stroke rates have been 
decreasing over the past 20 years, 
yet it remains the second leading 
cause of death worldwide 2 
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A stroke is a medical condition caused by 
an interruption in blood flow to the brain. 

When blood flow is interrupted, brain cells 
do not get the oxygen and nutrients they 
need. Brain cells can die at a rate of up to 
1.9 million cells per minute.4 If blood supply 
isn’t rapidly restored, the damage can be 
permanent. The longer the blood supply 
remains interrupted, the lower the chance 
a person has of making a full recovery, 
and the likelihood of permanent disability 
and death increases.5

There are two types of stroke. 
One is caused by a bleed in 
the brain, and the other by  
a clot in the brain and they 
require different treatment, 
only determined through the 
use of imaging equipment.

A blood clot blocking a blood 
vessel in the brain is known as 
an ischaemic stroke. The clot 
prevents blood and oxygen 
reaching sections of the brain  
and, brain cells die.

A haemorrhagic stroke happens 
when a blood vessel in the brain bursts 
and causes bleeding in the brain 
(intracerebral haemorrhage) or in the 
area between the brain and the skull 
(subarachnoid haemorrhage). Both 
types cause pressure to build up, 
which disrupts brain function and 
causes cells to die. 

What is a stroke 
and how do you 
detect a stroke?

BRAIN CELLS CAN 
DIE AT A RATE OF

UP TO 1.9 
MILLION CELLS 
PER MINUTE
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Haemorrhagic Stroke
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CT and 
MRI scanners
are big, heavy, 
expensive 
machines and 
aren’t available 
in most small 
hospitals and 
clinics.

Terence was in his hometown of Mudgee when his stroke 
happened. The closest hospital with a brain scanner was 
Dubbo hospital, a two-hour drive away.
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Because of recent 
medical advances, 
there are now highly 
effective treatments 
for stroke. By rapidly 
restoring blood flow 
to the brain, there 
has been a significant 
improvement in stroke 
outcomes for people 
who experience an 
ischaemic stroke.6 

Terence’s symptoms, 
although missing a few key 
indicators of stroke, such 
as numbness or weakness 
of the face and arms, still 
indicated a stroke which 
were recognized by the 
ED doctor. Although a 
hemorrhagic stroke was 
suspected a brain scan is 
needed before treatment 
is given. This is because 
the two different types of 
stroke, haemorrhagic and 
ischemic require different 
and opposite treatments. 
Unable to scan Terence at 
Mudgee hospital he was 
stabilized and transported 
to Dubbo hospital by NSW 
Ambulance. This caused a 
scary delay for Terence and 
his wife. 

Terence was in hometown 
of Mudgee when his stroke 
happened. Terence did not 
have the common stroke 
symptoms such as palsy of 
the face or weakness in his 
arms, however, the Mudgee 
ER doctor suspected a 
haemorrhagic stroke based 
on the extreme sudden 
head pain, neck pain and 
nausea. A CT scanner was 
not available in Mudgee to 
confirm so, Terence had 
to be transferred to Dubbo 
hospital, a two-hour drive 
away. Terence was fortunate 
to receive a CT scan within 
4 hours of his stroke. The 
tyranny of distance makes 
this very difficult for many 
Australians. Living a long 
way away from a hospital 
with a brain scanner is 
an issue that is especially 
damaging in stroke care.

Living a long way 
away from a hospital 
with a brain scanner 
is an issue that is 
especially damaging 
in stroke care.
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The tyranny of distance 
describes the inequity 
of care for Australians 
living in rural and 
remote areas because 
they cannot access 
timely or affordable 
care.

Many rural and remote 
areas lack allied health 
professionals, medical 
specialists and paid or 
qualified first responder 
services.7 This is an issue for 
many medical conditions, 
especially as rural and 
remote Australians have 
higher rates of diabetes, high 
blood cholesterol and high 
blood pressure. 

Time is a critical factor 
in stroke outcomes.5,7,8 
For ischaemic stroke, 
administration of blood 
clot-busting drugs within 
4.5 hours of stroke symptom 
onset reduces disability. 
However, the best outcomes 
for these patients occur 
when blood clot-busting 
drugs are given within 60 
minutes of stroke symptoms 
occurring, also known as 
the ‘golden hour’ for stroke 
treatment. For haemorrhagic 
strokes, the bleeding needs 
to be stopped as soon as 
possible and pressure on 
the brain reduced to limit 
damage. Sometimes surgery 
is required, but knowing 
that a patient is having a 
haemorrhagic stroke will 
allow for early intervention, 

including blood pressure 
control, to improve 
outcomes.9

Time and the other 
factors mentioned 
above mean that stroke 
outcomes are far worse 
for rural and remote 
Australians, compared to 
their urban counterparts. 
Remote and very remote 
Australians can often 
be several hours’ drive 
from the nearest hospital 
(Figure 3), and that 
hospital is unlikely to have 
a specialised stroke unit. 
Only 3% of patients in 
rural and remote areas 
will be treated in a stroke 
unit compared to 77% of 
patients in metropolitan 
areas.10

Stroke outcomes 
are far worse for 
rural and remote 
Australians, 
compared to 
their urban 
counterparts. 

The tyranny of distance  
in stroke care
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At Dubbo Base Hospital 
the brain scan confirmed 
a blood vessel was bleeding 
between his brain and 
skull, a subarachnoid 
haemorrhage. Hemorrhagic 
strokes are less common 
than ischemic strokes but 
the outcomes are often 
worse. Terence’s situation 
was serious and he was 
in a critical state. Many 
hospitals that have brain 

scanners do not have 
specialist stroke units and 
therefore are not equipped 
to care for patients that 
have had a stroke. This was 
the case for Terence, and it 
meant another transfer from 
Dubbo Base Hospital to 
Royal Prince Alfred Hospital 
in Sydney. Sydney is a five-
hour drive from Dubbo and 
a road journey that far was 
not an option for Terence. 

However, the Royal 
Flying Doctor 
Service provided 
an interhospital 
transfer via aircraft, 
reducing the travel 
time to 2 hours. 

Living 
a long way 
from care…

Rural and remote 
population density

Flying Doctor 
emergency retrieval 
journeys

Average time it takes 
to get to hospital
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The Royal Flying 
Doctor Service is the 
largest aeromedical 
retrieval service in 
Australia. 

RFDS provides an extensive 
primary health care and 
24-hour emergency 
service to help fulfil the 
medical needs of rural and 
remote Australians. The 
RFDS provides a quicker 
alternative for remote 
Australians than road 
transport affords and can 
access areas where road 
vehicles cannot access.

Time is of the essence for 
stroke and RFDS provides 
a faster service than a road 
ambulance would. However, 
the responders also lack 
a tool to identify whether 
a patient is having an 
ischaemic or haemorrhagic 
stroke. Unable to provide a 
specific stroke treatment, 
the aeromedical retrieval 
crew stabilises the patient 
and transports them to 
the nearest hospital or 
clinic with brain scanning 
technology.

Australia’s vastness means 
that patients living in rural 
and remote areas rarely 
make it to a suitable stroke 
facility within the 4.5-hour 
window. Arrival within 
the golden hour is almost 
impossible. With time to 
treatment having such an 
impact on stroke outcomes, 
brain-scanning technology 
has to be more readily 
available. 

Royal Flying Doctor 
Service of Australia

PATIENTS LIVING IN RURAL 
AND REMOTE AREAS RARELY 
MAKE IT TO A SUITABLE 
STROKE FACILITY WITHIN THE

4.5-HOUR WINDOW
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This leads to the question, 
what if we take brain-
scanning technology to 
the patient?
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What if we take brain-
scanning technology 
to the patient? The 
Australian Stroke 
Alliance is attempting 
to answer that 
important question. 

Supported by the Medical 
Research Future (MRFF) the 
Australian Stroke Alliance 
brings together 37 partners, 
including the RFDS, 

to take urgent, prehospital 
stroke care to rural and 
remote Australians. 

In 2017, they introduced 
Australia’s first mobile stroke 
ambulance in Melbourne. 
The fully equipped,  
custom-built specialist 
Ambulance Victoria vehicle 
has a built-in computerised 
tomography (CT) scanner 
and stroke team. The team 
includes paramedics, a CT 
radiographer, a stroke 
neurologist, and a stroke 
nurse specialist.11 

The mobile stroke 
ambulance has provided 
timely treatment for stroke, 
almost halving the average 
time of treatment from 72 
to 34 minutes, well within 
the golden hour. Recent 
data shows it is the busiest  
clot-dissolving treatment 
service in Australia.

The MSU has provided 
timely treatment for stroke, 
almost halving the average 
time of treatment from 
72 to 34 minutes.

Mobile Stroke  
Ambulances
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For Australian’s living in rural 
and remote areas access by 
road is long, or impossible. 
These places are unlikely to 
have medical services and 
certainly would not have 
brain scanners or stroke 
units. The time to retrieve 
a patient having a stroke 
from Kiwirrkurra, Oodnadata 
or Jigalong for example, and 
get them to a suitable facility 
would go far beyond the 
4.5-hour window. Serious 
disability would be almost 
certain and the chances 
of returning to work would 
be slim. 

The RFDS supports 
these communities 
and is working 
with the Australian 
Stroke Alliance 
to create a stroke 
capable aircraft. 

Similar to the mobile 
stroke ambulance, the 
stroke capable aircraft will 
carry a lightweight scanning 
device that will allow the 
clinicians to scan the 
patients brain on arrival.  
This will halve the time in 
which a stroke diagnosis 
can be made. This means 
that blood clot-busting 
treatment for ischemic 
stroke or drugs to ease 
hemorrhagic strokes can 
be given at the scene. 
Telehealth with the 
neurologists will also ensure 
the patient is taken directly to 
the most appropriate facility 
reducing the number of 
transfers the patient takes. 

For Terence, a mobile stroke 
ambulance would have 
provided an extraordinary 
alternative treatment 
response. The emergency 
crew would have diagnosed 
his stroke at the scene and 
they could have given initial 
treatments within minutes of 
his stroke occurring which 
could have reduced the 
severity of his stroke and 
improved his outcomes. 
Terence appears fit and 
strong and looks well but he 
has ongoing invisible effects 
from his stroke. On a daily 
basis Terence has brain 
fog, headaches and fatigue 
which causes frustration. 
He struggles to concentrate 
and remain focused on his 
tasks. He has implemented 
strategies so he does not 
forget important tasks 
when at work. It can take 
him days to recover if he 
over does it. Terence found 
cycling to help with his 
recovery and set himself the 
challenge of the Mudgee 
Classic 120km ride. He 
pushed hard to complete 
this but spent the next 6 
days in bed recovering.

Australia’s first and 
only pre-hospital stroke 
unit, the Melbourne 
mobile stroke ambulance 
enables urgent brain 
imaging at the scene 
to diagnose the type 
of stroke. This enables 
clinicians to give 
treatment as early as 
possible and within 
the golden hour.
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The CT scanner in the current 
mobile stroke ambulance in 
Melbourne is still relatively large 
and heavy.

It weighs over 360 kilograms and stands 
more than a metre and a half tall. This is 
too heavy for RFDS aircraft.

The next phase of the Australian Stroke 
Alliance’s mission is to develop smaller, 
portable brain imaging equipment, light 
enough to travel on an RFDS aircraft. It 

has recruited two Australian companies 
to develop light, affordable and portable 
scanners. Queensland company, EM 
Vision, is working on an electromagnetic 
helmet scanner.12 South Australian firm, 
Micro-X, is downsizing CT scanners to 
provide a rapid diagnosis.12 It is hoped 
the two devices will provide useful and 
detailed brain scans to improve patient 
diagnosis. Swift, accurate diagnosis 
would enable early treatment and 
help deliver the patient to the most 
appropriate treatment centre. 

Making Brain  
Scanners Smaller

CereTom® Stroke Helmet

Height 153 cm 60 cm

Length 134 cm 30 cm

Width 73 cm 45 cm

Weight 362 kg 25 kg
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It has been 2 years since 
Terence had a stroke and 
has post traumatic stress 
due to the trauma. He was 
worried about losing his job 
and got frustrated by the 
things he could no longer 
do. With the help of Behind 
the Gray, a subarachnoid 
haemorrhage stroke 
support group, Terence is 
starting to accept what he 
can and can’t do. He was 
able to share experiences 
and found advice and 
encouragement essential to 
his recovery. The group also 
support friends and family 
which Terence’s wife found 
invaluable, especially during 
the first 6 months when he 
needed a lot of support. 
Terence now recognises 

that his work place values 
him and he feels less 
pressure to commit to more 
than he can manage. He is 
taking it one day at a time 
accepting what he has lost 
and what his current limits 
are whilst striving for a little 
more every day. 

Terence was fortunate to 
recover sufficiently to get 
back to work and continue 
to enjoy the things he 
loves to do. 

However, this was a long  
and difficult journey.

You can listen to Terence’s 
story on the RFDS Podcast. 
He recounts the effort it took 
him to stay alive and walk 
to the end of his drive, how 
cycling helped him recover 
and his eventual return to 
work after 15 months.



Isolated communities have limited access to healthcare 
and face long wait times in emergencies. In the case of strokes, 

a very fast response is the difference between a complete 
recovery, permanent disability or death. This report gives 
a snapshot at what is being done to help stroke patients 

in rural and remote Australia.
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