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Learning Outcomes
Understand that CT Imaging and
Radiographers play a key role in Acute
Stroke Care Pathways.
 Understand why CT plays such a vital
role in Acute Stroke Care Pathways
 Discuss the techniques used for CT
imaging of Acute Stroke


 Non Contrast CT Brain Examinations
 CT Carotid and Cerebral Angiogram Examinations
 CT Perfusion Examinations

Imaging Acute Stroke
Leading cause of morbidity and disability
in Western World.
 Imaging is key in diagnosing acute
stroke in patients.
 Imaging allows identification of tissues at
risk of infarction and which tissues can
be salvaged.


Imaging Acute Stroke
• Stroke is a leading cause of mortality and disability in the Western
World.
• Initially identified by it’s clinical symptoms, acute stroke can only be
diagnosised by imaging! Consequently traetment can ony be given
once imaging has been acquired so prompt acquistiation and
intrepretaion of imaging is vital in insureing that patients can receive
treatment as quickly as possible. FAST scanning and FAST treatment
can dramatically improve patient outcome and reduce disablility and
mortality.
• Imaging allows identification of the infarct core and the pneumbra
(salvagable tissue). This allows treating physicains to predict
patient’s prognosis and select suitable treatments o get the best
psooible outcomes.

Goals of Acute Stroke Imaging
The 4 P’s
Parenchyma

Assess early signs of acute stroke, rule out
haemorrhage

Pipes

Assess intracranial circulation (carotid and vertebral
arteries of the neck) and intercranial circulation for
evidence of intravascular thrombus

Perfusion

Assess cerebral blood volume, cerebral blood flow
and mean transit flow time

Penumbra

Assess tissue at risk of dying if ischemia continues
without recanulisation of intravascular thrombus

Srinivasan, A., Goyal, M., Azri, F. & Lum, C. (2006) State-of-the-Art Imaging of Acute Stroke.
RadioGraphics, 26, S75-S95

When do you use an Acute
Stroke Pathway?
FAST
+IVE

Or
Onset
Within
12
Hours

Unknown
Time of
Onset

CT

These clinical indications will manifest themselves in many forms. They all have one thing in common. They all need an urgent CT scan!

Acute Stroke Pathways
Integrated Care Pathways: plan of care to
promote
organized
and
efficient
multidisciplinary patient care based on best
available evidence and guidelines.
 Care pathways are designed to assist
healthcare professionals achieve pre-specified
patient goals efficiently while improving the
quality of care.
 The Key Benefit of Stroke Care Pathways:
Reduce delays to ensure timely administration
of thrombolysis/thrombectomy treatment where
indicated (Door-to-Needle Time).


Acute Stroke Pathways
Health Service Executive

http://www.hse.ie/eng/about/Who/clinical/natclinprog/strokeprogramme/Stroke_Programme_Pathways_and_Bundl
es.html

Acute Stroke Pathways
NICE Guidelines
When to Perform Immediate
Imaging (Acute Stroke);
•

Indications for thrombolysis or
anticoagulation therapy

•

A known bleeding tendency

•

Depressed
level
consciousness (GCS<13)

•

Severe headache at the onset of
stroke symptoms

•

On anticoagulant therapy

of

(Immediate imaging = ideally the
next slot and definitely within
one
hour,
whichever
is
sooner.)
NICE (2016) Acute Stroke available
from https://pathways.nice.org.uk/pathways/stroke#path=view%3A/pathways/stroke/acute-stroke.xml&content=view-index
[accessed 03/02/2017]

Acute Stroke Pathways
Target: Stroke II
KEY TIME INTERVALS
Given the narrow therapeutic windows for
treatment of acute ischemic stroke, timely
evaluation and diagnosis of ischemic stroke
are paramount.
The time interval goals are:
Action
Door to physician
Door to stroke team
Door to CT/MRI initiation
Door to CT/MRI interpretation
Door to needle time

Time
≤10 minutes
≤15 minutes
≤25 minutes
≤45 minutes

≤60 minutes

For those hospitals targeting the 45 minute
goal, targeting door to CT/MRI initiation of
20 minutes , door to CT/MRI interpretation
of 35 minutes, and door to needle times
within 45 minutes may be considered.
http://www.strokeassociation.org/STROKEORG/Professionals/TargetStroke/
Target-Stroke_UCM_314495_SubHomePage.jsp

Acute Stroke Pathways
Target: Stroke II

http://www.strokeassociation.org/STROKEORG/Professionals/TargetStroke/
Target-Stroke_UCM_314495_SubHomePage.jsp

Acute Stroke Pathways
Target: Stroke II
1.
2.
3.
4.
5.
6.
7.

Pre-Notification
Single Call Activation System
Transfer Directly to CT Scanner ( vs rapid
assessment in Resus)?
Rapid Acquisition and Interpretation of
Brain Imaging
Rapid Access and Administration of IV tPA
Team Based Approach
Prompt Data Feedback

These points represent a brief summary of the key points from Target: Stroke documentation that are relevant to
Radiographers!

Acute Stroke Pathways
Conclusion

Develop an Acute Stroke Care Pathway which
works for your hospital!
 Rapid access to CT Brain is vital! No CT = No
Treatment = Brain Death!
 Steps to improve door-to-needle times;


1.
2.
3.
4.
5.
6.

Pre-alert [+/- pre-registration]
Parallel (instead of Sequential)l in-hospital activation
Direct transfer to CT or Rapid Assessment in Resus
tPa bolus administered in CT ASAP!
+/- CT intracranial angiogram
Rapid transfer to Beaumont Hospital if suitable for
thrombectomy

Acute Stroke Pathway
Part 1

Clinical
Assessment

Imaging

Treatment

Thrombolysis +/Thrombectomy
NIHSS etc.

Computed
Tomography

vs
Conservative
Management

National Institutes of Health
Stroke Scale

The NIHSS is a 15-item neurologic examination stroke scale used to evaluate the effect of acute cerebral infarction on the levels of
consciousness, language, neglect, visual-field loss, extraocular movement, motor strength, ataxia, dysarthria, and sensory loss. Ratings for
each item are scored with 3 to 5 grades with 0 as normal. The NIHSS score ranges form 0 to 34 depending on severity of stroke.

Acute Stroke Pathway
Part 2

Clinical
Assessment

Imaging

Treatment

Thrombolysis +/Thrombectomy
NIHSS etc.

Computed
Tomography

vs
Conservative
Management

Why do we use CT for initial
imaging of Acute Stroke?
CT = FAST
Availability
ü Patient preparation
ü Scan Times
ü

Time is Brain

Why do we use CT for initial
imaging of Acute Stroke?








NCCT Brain acute stroke is indicated by the RCR (2012)
ACR(2012) CAR (2012)
To differentiate hemorrhagic stroke from ischemic stroke
(RCR, 2012)
CT is identified in many studies as playing a critical role in
acute stage of stroke assessment.
Fast (vs MRI)
Scan acquisition times – agitated patients/teams/family
members. Need answers quickly to start treatment.
Allows them treatment discussions to be made quickly as
key questions can be answered in a few minutes.
Preparation - Patient Safety Questionnaires (family
members)/ leads/ staff members safety. travelling form
other sites

Non Contrast Brain
Overview

Positioning
 Technique
 Scanning parameters
 Viewing parameters


All imaging for acute stroke is aimed at predicating the long term clinical outcome as it can help
determine the most appropriate treatment strategy, determining potential benefit vs harmful
outcomes. NC CT Brain is the first line diagnostic test for the emergency evaluation of acute stroke
due to speed of imaging, widespread availability and low cost. When combined with a clinical
assessment (NIHISS) it can be a valuable tool to planning patient treatment.
Evidence from numerous studies suggest that early ischemic change on NCCT before the
administration of acute stroke therapies can predict both functional outcome and the risk of
Intercranial Heamorrage

Non Contrast Brain
Positioning






Patient is positioned SUPINE
Arms resting by patient’s side
Head first
Head secured in head holder – to reduce
motion artifact if patient agitated
Centre of scan field (EAM) – no tilt/rotation
With positioning of NC Brains, patients should be positioned so as to avoid direct radiation to the
eyes to decrease dose especially in light of the increase in threshold as per new EU directive on
radiosensitiy levels of the lens of the eye. This is particularly of importance when imaging the brain
as the radiosensitive lens of the eyes are often in the scan FOV. Correct patient preparation and
subsequent positioning are important in decreasing dose to the patient, and for increasing the
diagnostic quality of the images.
If possible the head should be straight with no tilt or rotation as this makes it easier to compare
corresponding areas in the two hemispheres which is made difficult when the patient isn’t
positioned correctly. Patients presenting to departments with acute stroke can be agitated so efforts
should made to position the patient so as to reduce motion artefact as much as possible.

Non Contrast Brain
Positioning

Non Contrast Brain
Scanning Parameters








Sequential vs. Spiral Scanning
High kV to penetrate the bones of the
posterior fossa thus reducing beam
hardening artefact
Higher mAs to reduce image noise and
improve contrast resolution
Scan on small (head) field of view which
allows optimisation of image quality and
can help decrease dose.
National DRL 990mGycm2

Non Contrast Brain
Viewing Parameters


Thicker slices (3mm reconstructions)

○ improves contrast resolution
○ enables

maximum
differentiation



grey/white

matter

Standard brain soft tissue windows

○ WW – 80 HU


○ WL – 35/40 HU
Stroke Windows – narrower windows to allow for more subtle
abnormalities to be demonstrated
○ WW 20 HU
○ WL 32 HU

What are we looking for?
The Non Contrast Brain
? suitability for treatment – thrombolysis +/- thrombectomy

1.

Exclude
diagnosis

2.

Identify if presence of hyperdense vessel sign
Determine extent/location of infarct - ASPECTS

3.

haemorrhage/other

1.Rule out haemorrhagic stroke/other diagnosis – intravenous treatment with alteplase (rtPA)
within 4.5hours of onset proven to increase functional outcome. However if the patient has
suffered a hemorrhagic stroke, administration of tPA is contraindicated. tPA cannot be
administered until hamorrhage has been ruled out.

Exclude Haemorrhagic Stroke

What are we looking for?
The Non Contrast Brain
? suitability for treatment – thrombolysis +/- thrombectomy
1.

Exclude haemorrhage/other diagnosis

2.

Identify if presence of hyperdense
vessel sign

3.

Determine extent/location of infarct – ASPECTS

2. Hyperdense vessel sign is an indicator of a vascular occlusion.
The presence of the hyperdense vessel sign represents the presence of an acute interluminal
thrombus and this can be seen in 25-50% of all acute MCA occlusions. It can be described as a linear
white density within the MCA in the sylvian fissure.

Hyperdense Vessel Sign

What are we looking for?
The Non Contrast Brain
? suitability for treatment – thrombolysis +/- thrombectomy
1.
2.

3.

Exclude haemorrhage/other diagnosis
Identify if presence of hyperdense vessel sign

Determine
extent/location
infarct - ASPECTS

of

3 Determine extent/location of infart- an area is considered ischemic on NCCT brain if there is parenchymal hypoattenuation with or without cortical swelling with sulcal effacement and loss of gray-white matter differentiation. All
imaging for acute stroke is aimed at predicating the long term clinical outcome as it can help determine the most
appropriate treatment strategy, determining potential benefit vs harmful outcomes. Early ischemic change on NCCT
brain has been shown to be an important indicator of response to treatment for acute stroke.
The extent of infarct can be determined by using ASPECTS.

Determine Location/Extent of
Infarct
Normal Brain =
ASPECTS Score 10
 Aspects Score is
computed by deducting
1 point for each area
affected by ischemic
change in each of the
defined regions as
illustrated in the diagram
opposite.
 ASPECTS was
developed to introduce
reproducibility for acute
stroke CT brain
interpretation


ASPECTS

















Alberta Stroke Program Early CT score (ASPECTS) is a 10-point quantitative topographic
CT scan score.
ASPECTS was developed to offer the reliability and utility of a standard CT examination
with a reproducible grading system to assess early ischemic changes on pretreatment CT
studies in patients with acute ischemic stroke of the anterior circulation.
The extent of early ischemic change is an important predictor of the response to stroke
treatments and can determine in some cases if we continue on to perform a CTA. It is rare
however that we don’t continue on to perform a triphasic CTA carotid and intercrainial.
To compute the ASPECTS, 1 point is subtracted from 10 for any evidence of early ischemic
change for each of the defined regions.
C- Caudate,
I- Insular ribbon, - Insular ribbon sign in acute strokes – hypodense capsule is no longer
identifieable from the isular cortex
IC- Internal Capsule,
L- Lentiform nucleus, - Beomes obscured in hyperacute strokes
M1- Anterior MCA cortex,
M2- MCA cortex lateral to the insular ribbon,
M3- Posterior MCA cortex,
M4, M5, M6 are the anterior, lateral and posterior MCA territories immediately superior to
M1, M2 and M3.
A normal CT scan receives ASPECTS of 10 points.
A score of 0 indicates diffuse involvement throughout the MCA territory

Determine Location/Extent of
Infarct
Indication:Transfer for
Thrombectomy.Repeat
imaging on arrival
 Findings: Large
established infarct,
ASPECTS 5, non
hemorrhagic left MCA
infarct. No
thrombectomy
performed nor CTA as
infarct too widespread.


What are we looking for?
The Non Contrast Brain
?
1.
2.
3.

suitability
for
treatment
thrombolysis +/- thrombectomy
Exclude haemorrhage/other diagnosis
Identify if presence of hyperdense vessel sign
Determine extent/location of infarct – ASPECTS

-

So what next?
CT Angiogram Carotid and Intracranial
Phase 1

Phase 2

Phase 3

CT Angiographic imaging the vessels, the origin of all stroke pathology, is an essential part of the stroke protocol
and follows the intiatl non contrast CT.
Techniques can vary depending on indications and suitablility for thrombectomy but the majority of cases a
Triphasic angiographic examination will be performed as per the ESCAPE trial parameters. However, in some
cases where progression to a thrombectomy is contraindicated due to co-morbidities or other factors a single
phase examination which correspnds to phase 1 of the triphasic tecnique will be performed.

ESCAPE TRIAL
Endovascular Treatment for Small Core and Anterior
Circulation Proximal Occlusion with Emphasis on
Minimising CT to Recanalisation Times
 Beaumont Hospital: Only Irish radiology department to
participate in study. Highest number of patients enrolled in
study.
 Purpose – to establish if endovascular clot removal can be
added to the current standard of care to improve patient
outcomes
 Method – during endovascular revascularisation the
blockage in the artery is removed using stentreivers or by
giving clot busting drugs at blockage site in the artery to
The study,
known as ESCAPE,
based at the University of Calgary in Canada and funded by the Canadian Institute
restore
bloodwas
flow


for Health. Before the ESCAPE Trial and MR CLEAN trail (Netherlands) doctors treating patients with stroke caused by
a clot in a brain artery had been limited by time constraints on the use of the clot-busting drug tPA (tissue
plasminogen activator). Generally, the drug must be administered within 4.5 hours of the onset of stroke symptoms.
These trails succeeded in proving that Thrombectomy (where indicated) should be added to the standard of care
offered to acute stroke patients.

CT Angiogram Imaging
Technique
 Positioning
 Scanning Parameters
 Injection Protocols
 Viewing Parameters


CT Angiogram Imaging
Technique






Prompt transition from Non Contrast Brain
to CT Angiographic Imaging.
Position patient with head on flat headrest.
Clear chest of lines to below the nipple line.
Ensure 18 gauge cannula in situ and
flushing well.
As with NCCT Brain, ensure patient is
immobilised and secure on the CT table to
reduce motion artefact.

CT Angiogram Imaging
Technique

Three Phase Angiographic Imaging Technique
 Bolus Track
 Trigger from Ascending Aorta/Aortic Arch (no
delays added; just one phase straight onto the
next phase)
 Phase 1:


Imaging of the aortic arch to the vertex of the skull



Phase 2:
Imaging from base of skull to vertex



Phase 3:
Imaging from base of skull to vertex

CT Angiogram Imaging
Technique

PHASE 1

CT Angiogram Imaging
Technique

PHASE 2 & 3

IF PATIENT POTENTIAL CANDITATE FOR THROMBECTOMY

CT Angiogram Imaging
Technique

BOLUS TRACK

CT Intracranial Angiogram
Injection Parameters
Protocol: 100 ml of Niopam 370 mg I/ml @ 4.5 ml/sec
 This goes in over approximately 22 seconds, peaking at
over 250 Hu.
 The use of saline flush could reduce the rate and
volume needed and maintain the contrast
enhancement for the duration of the scan.
 Injection rate determined by local CT scanner/injection
pump!


CT Intracranial Angiogram
Viewing Parameters

Recon Slices: 4mm and 1mm + Lung
3mm
 FOV 200mm
 WW100
 WL 35


What are we looking for?
The CT Angiogram
1.

Visualisation of Vascular
Occlusion

2.

Assessment of Collateral Vessel Circulation
Allows assessment of carotid vasculature for access

3.

CT angiography can depict the occlusion site, help grade collateral blood flow, and help
characterize carotid atherosclerotic disease.

Visualisation of Vascular
Occlusion
Indications: Sudden
onset dense right sided
weakness, gaze palsy,
aphasic, sxs an hour
ago
 Findings:
There is
occlusive
thrombus
within the distal left M1
segment with further
non-occlusive thrombus
in the mid M1 segment.


What are we looking for?
The CT Angiogram
1.

Visualisation of Vascular Occlusion

2.

Assessment of Collateral Vessel
Circulation

3.

Allows assessment of carotid vasculature for access

What are we looking for?
The CT Angiogram
Assessing the collateral circulation is important in predicating the potential response to revascularisation of the
ischemic tissues. It is a key factor in assessing a patient’s suitability for thrombectomy. Ischemia of the brain occurs
where the regional blood flow to the tissue is compromised. If the hyprperfused tissues fall below normal, but above
the infarct threshold it is referred to as the pneumbra. This pneumbra is the target tissue for prompt reperfusion
therapy as it is reversible ischemic tissue. This is why acute stroke is so time sensitive as the longer this tissue remains
unperfused the larger the infarct core becomes.
The infarct core is tissue that is irreversibly lost despite treatment. Ischemic tissue with blood flow below the infarct
threshold will convert quickly into an infarction core which is at risk of haemorrhage. In such cases where the infarct is
too large and well established, reperfusion is contraindicated due to this risk of heamorage. However, this is decided by
the consultant neuroradiolosit and the stroke team at the time of scan.
If indicated tPa is often given on the CT table as soon as the clinical decision to treat has been made. However, studies
are beginning to show that the previously strictly adhered to concepts of fixed treatment windows may exclude
patients who have reversible ischemia beyond previously conceived limits such as 6 hours. Conversely patients inside
these windows may not be suitable for treatment despite prompt presentation to Emergency Departments. Studies
such as the ESCAPE trial and MR CLEAN in the Netherlands demonstrate the benefit of individual assessment and the
use of CT angiograpahic imaging to assess the cerebral blood flow by assessing colerateral vessel flow and antergrade
flow through the obstructive lesion. Collateral Vessel Circulation on CT can be used as a predicative indicator of
endovasvular treatment outcome as demonstrated by the success of these trails and is deemed in the literature a more
accurate assessment of ischemic injury that fixed therapeutic window times or the severity of the vascular legion.

Assessment of collaterals
Indications: Left sided
weakness with facial
droop and dysarthia
from 21:45, for further
evaluation with CT brain
 Findings: There is a
mid/distal M1 occlusion
on the right. Some
collateralisation via the
anterior temporal artery.
The other intracranial
vessels are patent.
Collateral grade: 5075%, Vessel occluded:
Right MCA M1


What are we looking for?
The CT Angiogram
Visualisation of Vascular Occlusion
Assessment of Collateral Vessel Circulation

1.
2.

3.

Allows assessment of carotid
vasculature for access

Assessment of carotid vasculature can help determine suitability of access for thrombectomy. It can also
help identify sources of thrombus in some instances.

Assessment of carotid
vasculature

CT Perfusion in Acute Stroke
A Brief Overview

Why do we perform CT
Perfusion?
CT perfusion demonstrates physiologic
processes, including Cerebral Blood Flow
(CBF) and Cerebral Blood Volume (CBV).
 Allows identification of already Infarcted
Tissue from tissue which is still salvageable,
which can help with selecting the most
appropriate treatments for patients.
 Can help provide increased diagnostic
certainty, especially for non-expert readers –
however a large variation in post-processing
techniques can lead to confusion as to optimal
methods to define infarct core vs penumbra.


What is CT Perfusion?
CT perfusion involves imaging continuously
over the same section of tissue for approx. 45
seconds during the dynamic injection of a
small (approx. 50 mls) of iodinated contrast
agent at a high flow rate (typically 4-5ml/sec).
 The contrast agent passes through the brain,
causing a transient hyper-attenuation that is
directly proportional to the amount of contrast
material in the vessels and blood in that region.
 This principle is used to generate timeattenuation curves for an arterial ROI and a
venous ROI.


What is CT Perfusion?
Arterial input function is determined by
placing the ROI over an unaffected
artery – usually anterior cerebral artery
 Venous output function is determined by
placing an ROI over a large draining
vein – usually sagittal sinus.


CT Perfusion Parameters
Cerebral Blood Volume (CBV) – measure
of the total volume of blood within an
imaging voxel including blood in the tissues
and blood vessels. Measured in millilitres of
blood per 100gm of brain.
 Cerebral Blood Flow (CBF) – total volume
of blood moving through the voxel in a
given unit of time. Measured in millilitres of
blood per 100gm of brain tissue per minute.


CT Perfusion Parameters


Mean Transit Time (MTT) - average
transit time of all molecules of contrast
media through the given volume of brain
measured in seconds.

MTT = CBV/CBF


Time to Peak Enhancement (TTP) – time
from the start of the contrast injection to
maximal enhancement measured in seconds.

The diagnosis of acute ischaemic stroke is made on perfusion CT by identifying areas of decreased CBF and CBV and increased MTT and
TTP. Matched perfusion abnormalities on CBV and MTT maps corresponds to areas of non salvageable brain tissue and neuronal death
also know as the core infarct.
Mismatched areas of abnormal perfusion, prolonged MTT and diminished CBF where CBF is relatively preserved correspond to areas of
salvageable tissues. – ischemic penumbra. This is because of compensatory cerebrovascular mechanisms.
Patients with CBV and MTT mismatch that are large may be good candidates for reperfusion

Pitfalls of CT Perfusion in Acute
Stroke Presentations









Susceptible to motion artefact – not feasible to
sedate acute stroke patients etc. [some
software corrects for motion artefact]
Vascular Stenosis – can mimic and result in
overestimation of penumbra.
Chronic White Matter Changes – frequently
encountered with elderly patients. Severe
changes can be mistaken for acute infarction.
Small Infarcts – CT perfusion has relatively low
resolution so these small grey matter infarcts
can be missed.
Dose – recommended in addition to CTA!

Acute Stroke Pathway
Clinical
Assessment

Imaging

Treatment

Thrombolysis +/Thrombectomy
NIHSS etc.

Computed
Tomography

vs
Conservative
Management

Conclusion
Acute Stroke Care Pathways are key to better
patient outcomes! Clinical Audit! Record FAST
+ive Stroke to CT imaging times.
 The role of the CT Radiographer when imaging
Acute Stroke is key to ensuring prompt
diagnosis of acute stroke patients helping
improve outcomes.
 Acute Stroke needs to be a ‘FAST’ team
effort............ED
doctors,
ED
nurses,
Radiologists, Stroke Consultant + Registrar,
Portering, Ambulance Service + CT
Radiographer!


Thank you for reading!
Good Luck
on the
MCQs!
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