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Chapter 1 – Introduction 

 

1.1. Abstract 

 

Introduction:  Stroke is a leading cause of neurological disability and 

the 4th common cause of death.  It also costs both health and social 

care vast amounts of money.  Baseline severity (of stroke) predicts 

outcome, but the use of clinical scale and radiological markers in 

those with severe stroke has been less well studied. We also know 

that some of the acute radiological markers can predict poor 

outcome in those with severe stroke.   

 

Methods:  I undertook a literature review on the various clinical and 

radiological predictors following an ischaemic and haemorrhagic 

stroke.   

 

Results: I classified the various clinical scales in to one of 3 

categories – those that measured impairment, those that predicted 

outcome and those that were used to measure outcomes.  These 

scales were either non-specific, difficult to administer or not used in 

routine clinical practice.  Radiological investigations were 
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predominantly used to predict medium term outcomes and they 

were either CT or MRI based.  More advanced imaging modalities are 

not used in clinical practice routinely.  There is very little literature 

on whether background (pre-existing) brain damage had any impact 

on the outcome. Do you need to talk about SAFE and PREP here or 

leave for next chapters? 

 

Conclusion: 

There is no simple clinical assessment that has been shown to predict 

poor outcome after a severe stroke.  There is very little literature on 

the ability of background brain health in predicting poor outcome 

after severe stroke.  

 

Hypotheses 

This thesis will, for the first time, look at using a combination of 

clinical and radiological parameters to predict poor outcome in those 

who have suffered a severe stroke.  The hypothesis included that 

those who had an arm/hand score of ≤ 4  and those with poor 

background brain health had a poor 90-day outcome in both 

ischaemic and haemorrhagic strokes.  
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1.2. Introduction  
 

Stroke is defined as a clinical syndrome of presumed vascular origin, 

characterised by rapidly developing focal or global neurological 

deficit lasting at least 24 hours or leading to death. 1     Stroke 

association estimates that more than 100,000 people suffer from a 

stroke in UK every year; is a leading cause of disability and the 4th 

common cause of death; it also costs around £1.7 billion (both to 

health and social care combined).  Rothwell et al2 suggest that the 

incidence of stroke is 230 per 100,000 population and the UK Stroke 

audit (SSNAP) suggests that the 30- day mortality is around 14%. 3  

According to the Royal College of Physicians Intercollegiate Stroke 

Working Party, around 80,000 patients are admitted to hospital 

every year with an acute stroke.  Stroke is the 3rd leading cause of 

disability4 in United Kingdom.  A systematic review and meta-

analysis found that the risk of recurrent stroke is estimated to be 

around 26% in the first 5 years after a stroke and as high as 39% 

over a 10 year period following the initial stroke. 5  Approximately 

85% of strokes are related to ischaemia/infarct, 10% are related to 

primary (or secondary to underlying vascular abnormality) 

parenchymal haemorrhage and 5% are due to subarachnoid 

haemorrhage.  For the purpose of this dissertation, I will discuss only 
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about infarction and intra parenchymal haemorrhage (but not 

subarachnoid haemorrhage). 

 

1.3. Natural history of Stroke 

 

The incidence of stroke increases with age and men are more at risk 

of having a stroke than females.  It is estimated that 1 in 4 males 

and 1 in 5 females over the age of 45 will have a stroke in their 

lifetime6 (assuming they live into their 80s).  Although the risk of 

strokes is more in males, the risk of dying from a stroke is more in 

females, 7 perhaps related to older age at the onset of stroke.  There 

is a variation in the incidence of strokes – blacks are at more risk of 

both ischaemic and haemorrhagic stroke. 8-10  It is estimated by the 

end of 1 year since the stroke onset, roughly 30% of patients are 

dead, 30% are independent and 40% are dependent with activities 

of daily living. 11  A recent overview has suggested that only 14% of 

patients achieve full recovery of activities of daily living while 25 – 

50% require some assistance and up to 50% are dependent in the 

long term. 12  Upper limb function is essential for independent living 

after a stroke. 13, 14  Irrespective of whether stroke is due to 

ischaemia or haemorrhage, recovery of upper limb function is crucial 

to regaining independence after stroke. 15   
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1.4. Ischaemic stroke 

 

This accounts for roughly 85% of all strokes.  Many risk factors that 

increase the risk which can be classified as modifiable and non-

modifiable. 

 

Modifiable risk factors include hypertension, atrial fibrillation, 

diabetes, smoking, ischaemic heart disease, congestive cardiac 

failure, renal dysfunction, excess alcohol consumption and 

hypercoagulable states (e.g. cancer, myeloproliferative disorders).  

Non-modifiable factors include increasing age, gender and previous 

history of stroke or TIA.  In a younger person, other causes like 

cervical artery dissection, recreational drug usage, patent foramen 

ovale (causing paradoxical embolism), thrombophilic tendencies 

(e.g. lupus anticoagulant, antiphospholipid antibody syndrome), 

primary (or secondary) CNS vasculitis and genetic conditions (e.g. 

Fabry’s disease, CADASIL, CARASIL, etc.). 
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1.4.1.Investigations 

 

Stroke is a clinical diagnosis and the investigations are there to 

support the diagnosis (or rule out other causes).  However, 

neuroimaging is the best (and only) way to establish if the cause of 

stroke is ischaemic or a haemorrhage.  Although Computed 

Tomographic (CT) scan of head is very helpful in ruling out an acute 

intracranial haemorrhage, Magnetic Resonance Imaging (MRI) offers 

a lot of advantages – including superior visualisation of posterior 

cranial fossa, reliably rule out other pathologies like demyelination, 

tumours, etc., able to detect small infarcts (both in the presence and 

absence of chronic ischaemic changes), ability to detect old 

haemorrhages and with newer techniques, the ability to guide the 

clinicians about acute management/intervention.  However, one 

major drawback of MRI scan is the fact that some people find it 

claustrophobic and hence unable to tolerate the procedure; in 

addition, there are some patients in whom MRI scan is 

contraindicated (e.g. those with permanent pace-maker or 

intracranial aneurysm clip).  It also takes a lot longer to acquire MR 

images compared to CT images. 
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All patients with ischaemic stroke should have full blood count, renal 

and liver function tests, random plasma glucose, clotting screen, 

lipid profile and a 12 lead electrocardiogram.  Further investigations 

should be directed by the clinical scenario e.g. thrombophilia and 

autoimmune screen in young patients with stroke, vessel imaging 

(e.g. CT or MR angiogram if dissection or unusual vascular pathology 

is suspected), echocardiogram (in those with cardioembolic stroke), 

genetic screen (e.g. Fabry’s disease, CADASIL, etc.) 

 

Trial of Org 10172 (TOAST)16 – table 1.1 – classification uses clinical 

picture as well as the results of investigations to categorise patients 

into 5 categories – Large Artery Atherosclerosis, Cardio-embolism, 

Small Vessel disease, Stroke of Other Determined aetiology and 

Stroke of Undetermined aetiology.  The risk factor for stroke in an 

individual varies depending on which TOAST category the patient 

falls under (Table 1.1).  One study17 suggests that although NIHSS 

score is a strong predictor of outcomes after an ischaemic stroke, 

TOAST lacunar subtype did not conform to that rule – those with 

lacunar subtype may have a moderate stroke in NIHSS score (< 12), 

but those with persistent severe weakness of limbs tend to be very 

disabled. 
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Table 1.1 – TOAST classification of stroke subtypes 

 

TOAST category % of ischaemic 

strokes 

Risk factors 

Large artery 

atherosclerosis 

50% Increasing age, male sex, 

cigarette smoking, excess 

alcohol consumption, 

hypertension, diabetes, 

obesity, family history, 

haemostatic factors, etc. 

Cardio-embolism 30% Atrial fibrillation, valvular 

heart disease (with or 

without atrial fibrillation), 

LV aneurysm and rarely 

tumours like atrial 

myxoma 

Small vessel disease 20% Somewhat similar to large 

artery atherosclerosis but 

more commonly 

hypertension and 
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diabetes.  Alcohol and 

smoking to a lesser extent 

Stroke of other 

determined aetiology 

Rare Rare conditions like 

vasculitis and other 

vasculopathies, inherited 

disorders of metabolism 

or genetic conditions 

Stroke of 

undetermined 

aetiology 

Rare Risk factors may not be 

evident even after 

detailed investigations; 

occasionally due to 

paradoxical embolism 

 

 

1.4.2.Acute management of ischaemic stroke 

 

One of the immediate priorities in the management of acute 

ischaemic stroke is recanalization of the blocked artery as soon as 

possible to re-establish cerebral blood supply.  A recent meta-

analysis18 (individual patient data analysis from randomised 
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controlled trials) found that the sooner the thrombolytic was 

administered, the better the outcome (Table 2). 

 

Table 1.2 – Effect of intravenous thrombolysis on morbidity – 

classified by time, age and severity of stroke 

 

 

 

 

Another individual patient data meta-analysis19 has shown that 

mechanical thrombectomy (with or without intravenous 

thrombolysis) improved morbidity although there was no difference 

in 90 day mortality. 
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Table 1.3 – Effect of mechanical thrombectomy in those eligible and 

ineligible for intravenous thrombolysis 

 

 

 

However, one of the most powerful predictors of outcome in terms 

of mortality, morbidity and living at home a year after stroke is 

directly related to whether the patient was treated in a stroke unit 

or not. 20  Organised stroke unit care ensures commencement of 

early rehabilitation, multi-disciplinary input at appropriate time and 
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prevention of complications (e.g. venous thromboembolism, 

spasticity, etc.) in addition to appropriate secondary prevention 

measures. 

 

Malignant middle cerebral artery (MCA) syndrome is a known and 

common complication after a severe ischaemic stroke; in those 

patients, decompressive hemicraniectomy increases the chance of 

survival significantly although at the expense of high levels of 

dependency. 21 

 

1.5. Primary Intracerebral Haemorrhage 

 

Intracerebral haemorrhage accounts for about 10% of all strokes.  

The risk increases significantly as one gets older.  The 2 major risk 

factors for intracerebral haemorrhage include hypertension and 

cerebral amyloid angiopathy (which is distinctly different to systemic 

amyloidosis).  Other risk factors include iatrogenic (antiplatelets and 

more importantly anticoagulant medications and very rarely post 

carotid endarterectomy or stenting due to cerebral hyperperfusion 

syndrome), excess alcohol consumption, vascular malformations 

(aneurysms, arterio-venous malformations, dural arterio-venous 
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fistula), use of recreational drugs (in particular cocaine and 

amphetamine although other drugs can be causative as well) and 

inherited bleeding disorders.  

 

Although it has been proposed that hypertensive bleeds tend to 

involve deeper structures like basal ganglia, thalamus, etc. and 

cerebral amyloid angiopathy causes superficial, lobar bleeds, the 

only certain way of diagnosing the latter is by brain biopsy. 

 

When it comes to intracerebral haemorrhages, posterior fossa 

haemorrhages carry a poor prognosis22 as there is a high risk of 

developing obstructive hydrocephalus. Intraventricular 

haemorrhage also carries of high risk of developing hydrocephalus 

(although the mechanism in the former is related to obstruction of 

CSF flow but in the latter, it is related to impaired absorption due to 

the blood and blood products coating the arachnoid villi).  It is also 

known that an intraventricular haemorrhage of 20 mls in volume or 

increasing size of intraventricular haemorrhage is associated with 

poor prognosis23-25.  
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In terms of anterior circulation ICH, there is good evidence that the 

bigger the volume of bleed, the worse is the prognosis26.  

Haematoma expansion can happen up to 24 hours after the ictus, 

although majority of the expansion happens in the first 6 hours27, 28. 

 

Hemphill et al29 (Table 1.4) have proposed a simple ICH score using 

clinical and radiological parameters (Glasgow Coma Scale, Age, 

Infratentorial or Intraventricular haemorrhage and volume of the 

haematoma) to help with predicting prognosis – a higher score 

suggests worse prognosis.   

 

Table 1.4 – ICH score as proposed by Hemphill et al29 

Parameters ICH score 

GCS 

3 – 4 

5 – 12  

13 – 15  

 

2 

1 

0 

Age 

≥ 80 years 

≤ 79 

 

1 

0 
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Infratentorial haemorrhage 

Yes 

No 

 

1 

0 

Intraventricular haemorrhage 

Yes 

No 

 

1 

0 

ICH volume 

≥ 30 cm3 

≤ 29 cm3 

 

1 

0 

 

 

Diagnosis is established by neuroimaging.  Rapid diagnosis and 

intensive monitoring is essential as early deterioration is common in 

the early hours and is likely related to haematoma expansion27, 28 or 

increasing peri-haematomal oedema (although there remains 

debate about this). 

 

Medical and supportive management remains the cornerstone in 

those with intracerebral haemorrhage.  There is increasing evidence 

that we need to control hypertension more aggressively in the acute 

phase30, 31.  Tranexamic acid administered in the acute phase 
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showed a reduction in early death but unfortunately did not alter the 

functional outcome.  32  If the patient is on anticoagulants, there is 

a strong rationale to consider reversing the anticoagulant effect (e.g. 

activated protein C concentrate for those on warfarin33 and 

Idarucizumab for those on dabigatran34).  Andexanet Alfa has been 

shown to be an effective antidote for Factor Xa inhibitors, 35 but 

currently licenced only for reversing the effects of Rivaroxaban and 

Apixaban (and not for Edoxaban).  The role of neurosurgery is limited 

to those who have a large haematoma with evidence of mass 

effect36.   

 

1.6. Clinical and Radiological definitions of severe stroke 

 

There is no generally accepted definition of severe stroke.    Some 

have used the symptoms and signs at the time of presentation to 

describe stroke severity, whereas others have used various scales 

that are used to measure disability as a marker of stroke severity.  

Appelros et al37 proposed that the amount of initial insult or risk of 

death on admission as a measure of severity of stroke, but on the 

other extreme, Nolfe et al38 suggested that if the functional outcome 

is poor post rehabilitation (or higher risk of mortality), then it should 

be classified as severe stroke (and not based on initial presentation). 
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For the purpose of my dissertation, I am classifying the various 

clinical scales used in clinical and research setting following stroke 

into the 3 categories; but some of the scales may fall into more than 

1 category.   

 

• Those scales that are used to measure the impairment 

following a stroke (Oxford classification of stroke subtypes, 

National Institute of Health Stroke Scale, Scandinavian Stroke 

Scale, Canadian Neurological Scale and The 6S score) 

 

• Those scales that are used to predict stroke outcomes (e.g. 

Oxford Classification of stroke subtypes, National Institute of 

Health Stroke Scale, Scandinavian Stroke Scale, Canadian 

Neurological scale, Orpington Prognostic Score, Functional 

Independence Measure, The 6S score, SAFE score, PREP2 

algorithm) 

 

• Those that are used to measure performance/functional 

outcome after stroke (e.g. Barthel Index, Modified Rankin 
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Scale, Functional Independence Measure and Fugl-Meyer 

Score) 

 

Even though some scales appear in more than one category, they 

will be discussed in more detail in the most appropriate section 

below.  More importantly, a recent analysis 39 of 8 different scales 

showed a varying prognostic accuracy; in addition, even the best 

performing scales were not good enough to be used for clinical 

decision making.   

 

1.6.1.Clinical Scales that measure impairment after a stroke 

 

1.6.1.1. National Institute of Health Stroke Scale (NIHSS)40 

 

NIHSS is a systematic assessment tool for quantifying neurological 

deficit in those who have had an acute stroke – see Appendix 2.  It 

uses 11 different domains to assess the neurological deficit.  Initially 

it was used as a research tool to measure the baseline neurological 

deficit but currently it is used not only in research setting but also in 

clinical settings.  It is simple to administer and has good inter-rater 

reliability41; it can be used not only by doctors but also by the nurses 
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and allied health professionals.  NIHSS measures various domains of 

neurological deficit but critics argue that it does not measure 

cognitive deficit, nor it assesses the functional ability of the 

individual.  NIHSS score can be used to predict the volume of brain 

damage (lower the score suggests smaller the area of damage).  

NIHSS has been shown to predict short and long term outcome after 

a stroke42.  There is some disagreement regarding when one would 

classify as severe stroke.  The National Institute of Neurological 

Diseases and Stroke which developed this scale suggested that a 

score of 1 – 4 would be classified as minor stroke, 5 – 15 as moderate 

stroke, 16 – 21 moderate to severe and > 21 would be classified as 

a severe stroke.  However more recently, the neurointerventional 

studies19, 43 have used a criterion of a NIHSS score of 6 or more to 

be suggestive of a large vessel occlusion, which indirectly suggests 

a severe stroke (please see section 1.5.2 for further information).  

 

1.6.1.2. The 6S score 44 

 

Racosta et al44 have recently developed a stroke severity score based 

on 6 signs and symptoms for quantifying stroke severity as well as 

predicting in hospital mortality.  The scores were measured 

(prospectively) within 24 hours of symptom onset and included level 
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of consciousness, motor deficit, sensory deficit, aphasia, dysarthria, 

visual defects, neglect, ataxia and cranial nerve palsies (including 

facial palsy).  They argue that it is as good as NIHSS scale when it 

comes to predicting in hospital mortality.  However, this is a small 

study (only 210 patients) and it has not been validated in any other 

study. 

 

1.6.1.3. Scandinavian Stroke Scale (SSS) 45 

 

Scandinavian Stroke Study Group proposed a new scale in 198545 

(Appendix 3).  This score has the advantage of having 2 different 

scores – prognostic and long term scores.  Unlike the NIHSS score, 

in SSS, a higher score suggests more independence.  Although this 

is a well validated and easy to use tool in acute stroke settings, it is 

infrequently used scoring system both in clinical practice and in more 

recent research trials.  Gray et al46 have developed a mathematical 

conversion system in which both NIHSS score and SSS score can be 

interconverted reliably and accurately using date from 5 acute stroke 

trials.  More recently, in a small trial (involving 104 patients), SSS 

has been shown to be as good as NIHSS score in predicting prognosis 

in 3 months47.  This scale is particularly useful as it has been shown 

to predict prognosis following a mild ischaemic stroke48.  One of the 
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advantages of using SSS includes the assessment of hand function 

(compared to NIHSS assessment). 

 

1.6.1.4. Canadian Neurological Scale 49 

 

First proposed in 198649, the Canadian Neurological scale – CNS – 

(Appendix 5) uses 8 items which include level of consciousness, 

orientation, speech, motor function and facial weakness.  This scale 

has the advantage that it can be administered to those with receptive 

dysphasia – the A1 version is for those who have intact language 

comprehension and the A2 version is for those with receptive 

aphasia.  As the score gets smaller, the prognosis gets worse.  One 

of the biggest advantages is that CNS can be administered to people 

who are drowsy and can help in monitoring the progress of the 

individual.  Nilanont et al50 have described a model to reliably 

convert CNS into NIHSS score – this would allow simpler neurological 

assessment of acute stroke patients. 

 

1.6.2.Scales that are used to predict outcome  
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1.6.2.1. Oxford classification of Stroke subtypes 51 

 

One of the commonly used classification in clinical practice is based 

on the Oxford Classification of Stroke (also known as Bamford 

Classification)51 – see Appendix 1.  This was originally developed by 

neurologists as part of a community-based study of first ever 

strokes.  It has good interobserver reliability52 and also has been 

shown to predict mortality and functional outcome51 but also may 

help in determining if the stroke is related to large vessel or small 

vessel occlusion.  Those with total anterior circulation stroke have 

the worst prognosis (1-year mortality being around 60%) and those 

with lacunar stroke have the best prognosis (1-year mortality 10%). 
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Table 1.5 – Prognosis based on Oxford classification of stroke 

subtyes51 

 

Type 

of 

stroke 

Case fatality (%) Functionally 

dependent (mRS 3 

– 5) (%) 

Dead or 

dependent (%) 

1 

mont

h 

6 

month

s 

1 

yea

r 

 1 

mont

h 

6 

month

s 

1 

yea

r 

1 

mont

h 

6 

month

s 

1 

yea

r 

LACS 2 7 11 36 26 28 38 34 40 

PACS 4 10 19 39 34 29 44 45 45 

TACS 39 56 60 56 39 36 96 96 96 

POC

S 

7 14 19 39 29 28 38 32 38 

 

 

1.6.2.2. Orpington Prognostic Score (OPS) 53 

 

This scale was proposed by Kalra et al53 in the early 90s (Appendix 

4).  It just used 4 items (motor, proprioception, balance and 

cognition) to predict prognosis.  Lower the score, better the 
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prognosis.  However, more recently54, it is argued that even though 

the inter-rater and test-retest reliability is very good, it has poor 

accuracy in predicting discharge destination and is a poor predictor 

of follow up services. 

 

1.6.2.3. SAFE and PREP algorithm 55, 56 

 

Recovery of upper limb motor function is crucial to regaining 

independence after stroke15.  It is difficult to predict recovery of 

motor function after stroke as it depends on the site of the lesion, 

whether it is just the cortex or the cortex and the fibre tracts are 

affected and whether any other structures are affected (e.g. 

thalamus, brainstem, etc.).   Thirumala et al57 proposed (after fMRI) 

that it depends on “perilesional motor reorganisation, use of motor 

pathways in subcortical structures, use of collateral pathways in both 

ipsi and contralateral side or possibly development of new 

pathways”. 

 

Previous prospective cohort studies had shown that the early 

recovery of finger extension in the first 7 days58, 59 and shoulder 

shrug and abduction in the first 11 days (on average) 60 were 
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important determinants of good functional outcome for the weak 

upper limb 6 months after stroke.  EPOS study61 suggested that the 

presence of Finger Extension and Shoulder Abduction within 72 

hours of stroke predicted functional recovery of the hemiplegic arm 

at 6 months.  However, the limitation of this study was the fact that 

they included only those with mild to moderate stroke and hence it 

may not be applicable to patients with severe stroke; they also did 

not include patients who had dysphasia, cognitive problems or 

altered sensorium.  EPOS study also did not include patients with 

recurrent stroke. 

 

Stinear et al55, 56 tried to improve the Shoulder Abduction and Finger 

Extension (SAFE) prediction model further by adding investigations 

(Predicting Recovery Potential – PREP).  The algorithm included TMS 

and diffusion weighted MR imaging (dw MRI) and the latter to look 

for anisotropy of corticospinal tract (Figure 1).  The SAFE score was 

assessed at 72 hours after stroke onset. 
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Figure 1.1 PREP 2 algorithm (reproduced with permission from Dr 

Stinear) 62 

 

  

 

Using this algorithm, they not only showed that they can predict who 

was going to recover upper limb function in 3 and 6 months post 

stroke (in other words, functional independence)55, they also allowed 

for modification of therapy that the patient received and also a 

reduced length of stay in hospital56.  It is interesting to note that in 

the latter study56, they recruited all the patients in the ‘comparison’ 

group (those who did not have their PREP measured) before they 

recruited any patients to the ‘implementation’ group – i.e. sequential 

study and not a randomised design.  However, this study included 

only patients with mild to moderate stroke, did not include those 

SAFE – Shoulder Abduction and Finger 

Extension  

(scores calculated using MRC grading 

of power) 

TMS – Transmagnetic stimulation 

MEP – Motor Evoked Potential 

MRI – Magnetic Resonance Imaging 

PNR – Point of No Return 
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with cognitive impairment or dysphasia – similar to EPOS study61.  

The predictions were also made known to the treating clinicians 

which could have had an impact. 

 

1.6.3.Scales used to measure outcomes 

 

1.6.3.1. Modified Rankin Scale 63 

 

Modified Rankin Scale (mRS) – Appendix 7 – is one of the 

commonest tool used to assess degree of disability and dependence; 

it was first introduced by Dr Rankin63, it has become the most 

commonly used tool to assess clinical outcome in stroke research.  

In general, it is accepted that if the mRS is 3 or more suggests a 

severe stroke (and significant dependence)64.  In most research 

trials (including iv thrombolysis trials, mRS was used at 90 days after 

stroke onset to assess the disability.  Some criticise mRS as it has a 

significant subjective element when applied to assess clinical 

outcome; however, this can be reduced to a large extent by using a 

structured questionnaire. 
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1.6.3.2. Barthel Index 65 

 

Barthel Index (BI) – Appendix 6 – is an ordinal measure of activities 

of daily living and is a commonly used tool not only in research but 

in day to day clinical practice in a variety of settings (e.g. inpatient 

rehabilitation, community setting, etc.).  It is not a stroke specific 

tool in assessing the severity of stroke, but it has good inter-rater 

reliability and easy to use.  Petra et al66 have shown that BI even if 

administered via telephone is as valid and reliable as the one 

administered in person.  It is one of the oldest measure introduced65 

to measure disability (in 1965); it uses 10 different items that 

includes aspects of activities of daily living and mobility – higher 

score suggests functional independence. Although the original BI 

score had a maximum score of 100, it is often reduced to a 20-point 

score (but using exactly the same 10 items).  Some argue that if the 

BI is < 50/10067 or <10/2068 at the time of admission to 

rehabilitation, it predicts poor prognosis – suggesting that it is 

perhaps a severe stroke.  

 

1.6.3.3. Functional Independence Measure 69 
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Functional Independence measure (FIM) is an 18 item, which is 

based on Barthel Index, yields a motor, cognitive and a total score 

(Appendix 5).  This is one of the most frequently used measures in 

rehabilitation trials not only just in Stroke but also in Traumatic brain 

injuries, spinal cord injuries and multiple sclerosis.  Higher score in 

FIM score is consistent with more independence.  It can be very 

useful in monitoring the progress of patients with rehabilitation.   

Alexander et al70 suggested than a total FIM score of <40 soon after 

admission suggested a poor functional outcome, but this was a 

retrospective analysis of 520 patients.  There are others who have 

looked at the motor component of the FIM score soon after 

admission71, 72 but once again they are retrospective analysis. 

 

This is a slightly more complex assessment tool to use for 

assessment compared to the other tools discussed in this section 

(e.g. Oxford classification or Orpington Prognostic Tool).  If a patient 

achieves level 7, it suggests that they are completely independent 

and 6 is completely independent but needs some assistance of 

devices (in these 2 categories, they don’t need any supervision); 

levels 5 – 3 are considered to be relatively independent but need a 

helper – level 5 just needs supervision but can undertake all 

activities of daily living (ADL), level 4 needs minimal assistance i.e. 
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patient can do 75% of ADLs and level 3 needs moderate assistance 

i.e. patient can do 50% of ADLs; level 2 is dependant for most tasks 

on a helper and level 1 suggests that the patient is totally dependent 

(or it is untestable). 

 

1.6.3.4. Fugl-Meyer Assessment (FMA) 73 

 

Fugl-Meyer scale was first proposed in 197573, 74 (see Appendix 8), 

is a stroke specific, performance based impairment index.  It is 

designed to assess motor functioning (upper and lower limbs), 

balance (7 tests – 3 seated and 4 standing), sensation 

(spinothalamic sensation on 2 surfaces of upper and lower limbs and 

proprioception in 8 joints) and joint functioning (range of movement) 

and joint pain in patients with post stroke hemiplegia – so, in total 5 

domains and 155 items.  Scoring is based on direct observation of 

performance.  The advantage of this scale is the fact that any one of 

the 5 domains can be used on its own (without administering the 

other domains) to assess that particular functionality (e.g. motor 

scores, joint functioning scores, etc.).  It has been shown to have 

high inter-rater reliability75.  Although this has been shown to have 

excellent correlation with Barthel Index76 and FIM77, it has a poor 
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ceiling effect which makes it somewhat poor in detecting changes 

over a long period of time78. 
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Table 1.6 – Advantages and disadvantages of various scales 

Type of 

Assessment 

Advantages Disadvantages 

NIHSS score40 Quantitative measure of neurological deficit 

Easy to measure 

Good inter rater reliability 

Helpful to monitor deterioration 

Can predict volume of brain damage 

Commonly used in clinical setting 

Does not assess cognition 

Does not assess functional ability 

Poor in assessing posterior circulation 

strokes 

The 6S score44 Easy to administer 

As reliable as NIHSS in predicting mortality 

Not been validated yet in a different 

population or in other studies 

Not used in clinical setting 
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SSS45 Validated scale 

Has prognostic and long term scores 

Can be reliably converted to NIHSS score 

equivalent  

Includes assessment of hand function  

Poor in assessing non motor component 

of neurological assessments 

Not been used in large scale drug trials 

(unlike NIHSS) 

CNS49 Easy to administer 

2 sections – one for those with intact 

comprehension and one for those with impaired 

comprehension 

Can be used to monitor change in neurological 

status 

Telephone assessment is not feasible 

Poor in assessing posterior circulation 

strokes 

Used more in research setting 
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Oxford 

Classification51 

Easy, clinical classification 

Good inter rater reliability 

Helpful in assessing prognosis 

Can measure severity of stroke 

Can predict mortality 

Commonly used in clinical setting 

Does not assess functional ability 

It can be difficult to allocate them to 

appropriate subtype (e.g. ataxic 

hemiparesis) 

OPS53 Easy to use (only 4 items) 

Good for prognosis 

Good inter-rater reliability 

Poor in predicting discharge destination; 

hence in planning service provision 

Not routinely used 

SAFE61  Very easy to administer 

Good prediction of outcome 

Has not been validated in clinical setting 

(only in research) 

Not validated in larger studies 

Not used in clinical setting 
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PREP55, 56 Very easy to administer 

Good prediction of outcome 

Has not been validated in clinical setting 

(only in research) 

Not validated in larger studies 

Not used in clinical setting 

Needs complex neuroimaging in addition 

to clinical assessment 

mRS63 Easy to administer 

Can be done over a telephone 

Commonly used in clinical setting 

Poor demarcation between various 

levels (e.g. patient may be classified less 

disabled if able to walk) 

Moderate inter-observer reliability 

Less sensitive to changes in neurological 

status 

Significant subjective element 
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BI65 Easy to administer 

Good inter-rater reliability 

Can be administered over a telephone 

Commonly used in clinical setting 

Poor in assessing cognition 

Just assesses basic function 

Less sensitive to changes in neurological 

status 

FIM69 Most commonly used assessment in stroke 

research 

Very detailed assessment 

Good correlation with mRS and BI 

Difficult to administer 

7 point scale is poorly defined 

Assesses physical function and 

environment – difficult to assess change 

if environment changes 

FMA73 Very detailed assessment 

Each domain can be administered individually 

Excellent inter-rater reliability 

Excellent correlation with FIM and BI 

Very good for lower limb problems 

Very time consuming 

Poor in detecting change over a period 

of time 

Not often used in clinical setting 
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NIHSS – National Institute of Health Stroke Scale  

6S – 6 signs and symptoms 

SSS – Scandinavian Stroke Scale 

CNS – Canadian Neurological Scale 

OPS – Orpington Prognostic Scale 

SAFE – Shoulder Abduction and Finger Extension 

PREP – Predicting Recovery Potential 

mRS – Modified Rankin Scale 

BI – Barthel Index 

FIM – Functional Independence Measure 

FMA – Fugl-Meyer Assessment 
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1.7. Neuroimaging markers that predict severity of stroke 

 

There has been very little literature on defining severe stroke in 

radiological terms.  Most neuroimaging techniques have looked at 

prognosis in the medium term rather than trying to define what is a 

severe stroke.  This is somewhat understandable as stroke is a 

clinical syndrome and radiological investigations aid in the diagnosis 

by ruling out other causes of neurological deficit.  Of course, it is 

essential in establishing whether the stroke is due to an infarct or 

haemorrhage.  Even though certain neuroimaging findings are 

accepted by clinicians to represent severe stroke, they are usually 

accompanied by severe clinical syndrome. 

 

There are several radiological investigations that are used in clinical 

practice that helps in predicting severity/outcome in clinical setting 

– e.g. CT Scan, CT angiogram and MR imaging (diffusion weighted 

imaging); however, there are other investigations that are used 

predominantly in research setting to help predicting 

severity/outcome after stroke – e.g. functional MR scan, MR 

spectroscopy, MR diffusion tensor imaging, transcranial magnetic 

stimulation 
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There has been a large volume of work done in this area using a 

variety of imaging modalities.  The techniques have evolved to a 

tremendously in the last decade or so, but we are still in the very 

early phase of understanding some of the relevance of the certain 

findings in imaging and also that we are yet to realise the potential 

of technological advances. 

 

1.7.1.CT scan of head  

 

As mentioned above, CT scan is the most commonly used modality 

of neuroimaging in acute stroke.  There has been a lot of debate 

whether it is the site of infarction or the volume of infarction is most 

relevant in predicting outcome. 

 

There are a number of studies which has found a positive correlation 

between the infarct volume and a functional outcome79, 80.  In a small 

study81, it was suggested that an infarct size of ≥ 50 mm in diameter 

led to a poor outcome; another study suggests that an infarct 

volume of 28 cm3 correlated with poor outcome82.  Yoo et al83 argue 
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that the infarct volume was an important marker in terms of 

functional outcome following intra-arterial intervention after a 

ischaemic stroke. It is also clear that space occupying middle 

cerebral artery (MCA) territory infarcts carry a not only has a very 

high mortality rate but a very poor functional outcome as well84 – 

this study looked at those who had an infarct volume of ≥ 60 mls 

with or without midline shift of ≥ 5 mm.  The same study also 

suggested that concurrent anterior cerebral artery infarct worsened 

the prognosis.  The hemicraniectomy trials significantly reduced 

mortality in this group of people but not necessarily the functional 

outcome21. 

 

On the other hand, there is a significant body of evidence to suggest 

that it is perhaps the lesion location that is significant.  Nazzal et al85 

have suggested that there is a significant correlation between motor 

performance and presence of deep infarcts.  Cheng et al86 argue that 

those who had involvement of corona radiata or the insular cortex 

with surrounding frontal operculum had a poor outcome.  

Interestingly, they also found that there was a difference in lesion 

location and poor outcome which was dependent on the side of 

infarct (right inferior parietal lobule had a worse outcome than left 

and left superior/middle temporal lobe worse than the right).  
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Anterior choroidal artery territory infarctions are more likely to 

extend and hence tend to have a poorer prognosis87. 

 

1.7.1.1. Alberta Stroke Program Early CT Score (ASPECTS) 88 

 

CT scan of head is the commonest mode of neuroimaging worldwide 

when a patient presents with acute stroke as it is very cheap and 

much more widely available than MR scan.  Barber et al88 have 

described a simple, systematic and reliable way of analysing a CT 

scan of head in those presenting with acute ischaemic stroke.  The 

MCA territory is divided in to 10 areas – 6 points for the cortex 

supplied by MCA and 1 each for Caudate Nucleus, Putamen, Internal 

Capsule and Insular ribbon.  In the original article, a point was 

allocated only if the posterior limb of internal capsule was affected 

but it is now accepted that point is awarded if any part of the internal 

capsule is affected.  The ASPECTS scoring system has an inverse 

relationship to NIHSS score and thus the outcome and if the score is 

less than 8, the outcome following intravenous thrombolysis is 

poor89.  
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1.7.1.2.  Hyperdense artery sign 

 

Hyperdense artery sign may be seen in a non-contrast CT brain scan 

and may suggest a poor prognosis90-92.  It is not particularly sensitive 

sign but quite specific of a clot in the artery and may be one of the 

earliest signs of cerebral ischaemia.  It may also suggest that the 

patient may not respond well to intravenous thrombolytic therapy 

alone and may well need to undergo mechanical thrombectomy. 

 

1.7.1.3. Malignant middle cerebral artery (MCA) syndrome 

 

This is a devastating condition with nearly 80% mortality in those 

treated conservatively93.  Almost in all patients who have had 

https://radiopaedia.org/cases/middle-cerebral-artery-territory-in-aspects-study-1
https://radiopaedia.org/cases/middle-cerebral-artery-territory-in-aspects-study-1
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ischaemic stroke, there is a degree of peri-infarct oedema.  The 

significant difference in malignant middle cerebral artery syndrome 

relates to the (extensive) degree of brain damage and the 

subsequent development of ‘space occupying oedema’, which 

usually happens in the first 48 – 72 hours (can be much earlier in 

some patients).  This leads on to midline shift and increasing 

intracranial pressure with or without associated brain herniation 

(which could be subfalcine or uncal herniations).  The infarct itself 

affects the whole of the middle cerebral artery territory with or 

without affecting ipsilateral anterior cerebral or posterior cerebral 

artery territories. 

 

Although CT scan of head is good in detecting this condition, there 

signs in early stages can be subtle and thus affected by significant 

intra and interobserver variability.  However, more advanced 

imaging (like MR with diffusion weighted imaging and CT or MR 

perfusion) can help in identifying those who are at risk of developing 

malignant MCA syndrome.  In fact, a combination of perfusion and 

diffusion weighted MR scan has a high sensitivity and specificity to 

identify those at risk of malignant MCA syndrome as early as 6 

hours94.  In a recent study95, it has been shown if the ASPECTS score 

is low, the risk of developing malignant MCA syndrome is quite high. 
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Gerriets et al96 argue that transcranial colour coded sonography 

provides a non-invasive way of monitoring ill patients for the 

development of midline shift and it can be helpful in identifying those 

patients of risk of developing malignant MCA syndrome as early as 

16 hours after stroke onset. 

 

It is important to note that, in addition to the above arguments, it is 

worth noting that the presence of small vessel disease (which 

includes white matter lesions, silent/incidental infarctions and 

cerebral microbleeds) has a significant negative impact on functional 

outcome97-99. 

 

1.7.2.CT angiogram 

 

Large vessel occlusion in CT angiogram is associated with poor 

functional outcome100-102 – large vessel occlusion refers to internal 

carotid, middle cerebral (proximal) and basilar arteries.  Rothwell et 

al103 suggest that it is not just the large vessel occlusion has a poor 

functional outcome, it extends to the presence of internal carotid 

artery stenosis.   In the prospective STOP-stroke study, Smith et 

al104 showed that nearly 50% of patients who presented with stroke 
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to academic stroke centres had large vessel occlusion; the study 

suggested that demonstrating the presence of large vessel occlusion 

within 24 hours of onset of symptoms was associated with poor 

functional outcome at 6 months.  Adding ASPECTS scoring to CT 

angiogram improved the outcome prediction. 105  It is also relevant 

to appreciate that recanalisation following intravenous thrombolysis 

predicts a better outcome as compared to those who had persistent 

occlusion. 106 

CT angiogram also has the advantage of giving an idea of how good 

the collateral circulation is and it appears that the presence of 

collateral circulation is closely related to a good functional 

outcome107, 108 and a small volume of infarct109.  In addition to 

collateral circulation, it appears that the total clot burden noted on 

CT angiogram may also be useful in predicting outcome110. 

 

CT perfusion studies have mainly concentrated on identifying 

patients who are appropriate for acute intervention, but there is no 

evidence that it has been used to predict functional outcome in the 

long term (of course, there may be indirect evidence where CT 

perfusion is used for interventions like mechanical thrombectomy).   
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1.7.3.Magnetic Resonance Imaging 

 

Diffusion weighted imaging is particularly useful in early diagnosis of 

acute stroke.  In 30 – 50% of patients who have symptoms lasting 

more than an hour have evidence of brain damage; this has led 

many to think that the definition of stroke needs to be based on the 

presence or absence of tissue damage, but this has not been 

endorsed (or for that matter rejected) by authoritative 

organisations.  In a normal brain tissue, the water molecules move 

in a random fashion which is guarded by biologic barriers like cell 

membrane.  When there is an ischaemic insult, there is a failure of 

sodium-potassium pump which leads to cytotoxic oedema; diffusion 

weighted imaging (DWI) is very sensitive to this and there is a drop 

in apparent diffusion coefficient (ADC) value and thus giving rise to 

a bright area in DWI but a darker area in ADC mapping. 

 

MR imaging has been mainly looked at diagnosing acute stroke (or 

to evaluate stroke mimics).  Diffusion weighted imaging is so 

sensitive that it can pick up very small lesions particularly in brain 

stem, but the lesion seen in scan can be disproportionately small 

compared to the clinical syndrome.  There is very little literature on 

MR imaging findings and functional outcome in medium to long term.  
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Whilst one small study111 suggested that the volume of lesion seen 

in DWI correlated with BI at the end of one month, another similar 

sized study112 suggested that the volume of damage did not relate 

to the final outcome.  Barrett et al113 suggested that a growth in DWI 

by day 5 predicted a poor outcome on day 90, but this in those who 

had mild to moderate stroke at the onset. 

 

Water molecular movement is 3 dimensional and it may be 

anisotropic (i.e. different physical property in different axis) in the 

brain parenchyma and is almost certainly the case in white matter.  

Diffusion tensor imaging (DTI) utilises this anisotropic nature of 

water molecule movement and provides extremely detailed images; 

when used appropriately, one can track the various tracts (e.g. 

corticospinal tract) – helping to determine whether the track is 

damaged or not.  It is not hard to imagine that DTI when combined 

with functional MRI (fMRI) can give very detailed images of the 

corticospinal tract and help to predict prognosis.  Studies have shown 

that DTI can predict prognosis of motor recovery both in anterior 

(corona radiata)114 and posterior circulation115 (pontine) infarcts by 

determining if the corticospinal tract is intact or not – the scans were 

done 1 – 12 weeks after the stroke onset in these studies.  

Lindenberg et al116, 117 have suggested that the predictive power can 
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be improved by looking at both the corticospinal tract as well as 

alternative motor pathways and also one would be able to tailor the 

rehabilitation programme for individual patients.  Thus, DTI done a 

few weeks after the stroke onset, would be very helpful in 

determining prognosis in severe stroke and in looking at 

rehabilitation potential in chronic stroke patient. 

 

A very interesting study118 showed that it is not necessarily the 

cortical damage, but it is the integrity of the tract which determines 

the recovery potential (this study looked at language function).  

Bigourdan et al119 have shown that the initial (corticospinal) fibre 

number ratio (compared to the unaffected side) measured using 

early DTI (1 – 3 days after stroke) is very helpful in predicting motor 

recovery at 1 year, particularly in those with severe stroke at the 

onset. 

 

Functional MR imaging (fMRI) measures changes in blood movement 

in the brain over time – blood oxygen level dependent (BOLD) signal.  

It reflects the amount of deoxyhaemoglobin in a tissue and hence an 

indirect measure of neural activity – the deoxyhaemoglobin levels 

will depend on the local metabolism of oxygen, cerebral blood flow 
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and volume.  Hence the levels of deoxyhaemoglobin will increase 

when neural activity increases when neural activity increases as all 

the above 3 increases.  fMRI may be done whilst the patient is 

undertaking activity or at rest. fMRI has been used mainly to help 

further our understanding of the neural connections and how the 

results differ in those who showed improvement and those who 

didn’t, mainly looking at the site of lesion.  But with advances in 

technology, it is possible to follow the tracts; however, the major 

problem with fMRI is the fact that even minimal head movement will 

render the images uninterpretable.  As of date, the evidence of 

functional MR imaging being used to predict recovery is very sparse. 

 

MR Spectroscopy allows non-invasive measurement of metabolites 

within a defined area of tissue.  With a 3T MR scanner, we currently 

can reliably detect N-acetylaspartate, myo-inositol, choline, 

creatine, glutamate and lactate.  We are yet to understand the roles 

of these metabolites and hence the applicability in predicting 

rehabilitation potential or functional recovery is very limited.  

Perhaps measuring N-acetylaspartate is the only one that appears 

to be useful as it is reduced in neuronal death and appears to be 

further reduced in the chronic state120.  However, the usefulness of 

MR Spectroscopy has not moved further which is disappointing. 
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1.7.4.Transcranial Magnetic Stimulation (TMS) 

 

Although TMS is not a form of neuro-imaging, it is included in this 

section as it can potentially give a correlation to the anatomical area 

of brain damage by testing the physiological integrity of the 

corticospinal tract.  TMS activates neurons under the magnet and at 

high intensities, can depolarise the corticospinal neurons, which can 

be measured at the target muscle using surface electromyography. 

TMS can be excitatory or inhibitory and there have been attempts at 

using TMS both in the affected side and contralateral side.  There 

are 2 types of TMS – single pulse and repetitive.   

 

In the single pulse, the motor evoked potential (MEP) is calculated 

using the smallest threshold needed to evoke a motor response (akin 

to the voltage in temporary pacemaker).  TMS assessment has 

shown altered brain activity and connectivity at various times after 

stroke (days, weeks and months).  Some have suggested that a lack 

of elicitable MEP in the paralysed limb predicts poor prognosis121 but 

others disagree with this view122, 123.  It is possible that Stinear’s121 
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data is a few years later and hence the technology might have 

progressed, but this result is yet to be reproduced. 

 

Repetitive TMS (rTMS) can be applied in specific ways to modulate 

cortical activity.  Some argue that the effect of rTMS persists long 

after the stimulation ceases124, 125, which can be used to assess 

neuroplasticity and enhance rehabilitation potential126, 127.  Although 

this sound very interesting and the potential for this in rehabilitation 

post stroke, unfortunately the results to date have been 

disappointing due to the inconsistent response to rTMS128-131. 

 

From what we currently know, TMS on its own, is unreliable in 

assessing neuroplasticity (and thus predictive potential) and in the 

rehabilitation process. 
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Table 1.7 (adapted and reproduced with permission)132 

Methods Benefits Limitations Used in which 

setting 

CT scan – non contrast Inexpensive 

Readily available 

Easy to interpret 

Excellent specificity in acute 

intracerebral haemorrhages 

Poor in detecting early 

infarct 

Clinical  

Rarely research 

setting these days 

CT angiogram Readily available 

Inexpensive 

Harder to interpret 

Higher level of radiation 

exposure 

Risk of contrast 

nephropathy 

Clinical and 

Research setting 
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CT perfusion Detects penumbral tissue Expensive 

Hard to interpret 

Significant level of radiation 

exposure 

Mainly research 

setting 

Just coming into 

clinical practice 

dw MRI Quantification of brain 

volumes from basic 

structural scans 

Very sensitive and specific 

for acute stroke 

Limited accuracy in 

individuals with lesions 

Not readily available 

worldwide (although 

available in Western world) 

Clinical and research 

setting 

Diffusion Tensor 

Imaging 

Helps to identify tract 

integrity 

Not easily available 

Needs expertise to capture 

images 

Difficult to interpret 

Research setting 

only 
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fMRI Identifies patterns of brain 

activation at high spatial 

resolution 

Detects neuronal connection 

Poor resolution 

Limited to participants who 

can complete the task 

Not readily available 

Hard to interpret 

Research setting 

only (in acute 

stroke) 

Resting state fMRI Not dependent on task 

completion 

Movement renders it 

useless 

Not readily available 

Hard to interpret 

Research setting 

only 

MRS Quantifies neurotransmitter 

in defined area 

Requires technical 

expertise 

Expensive 

Not readily available 

Research only 

(hardly ever in 

translational 

research at present) 
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TMS Assessment and modulation 

of cortical excitability and 

plasticity 

Relatively inexpensive 

Requires specialised 

equipment and trained 

personnel 

Not readily available 

Research settings 

only 

 

 

CT – Computerised Tomography 

dw MRI – diffusion weighted sequence of Magnetic Resonance Imaging 

fMRI – Functional Magnetic Resonance Imaging 

MRS – Magnetic Resonance Spectroscopy 

TMS – Transcranial Magnetic Stimulation  
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1.8. Other factors that predict functional outcome after Severe 

Stroke 

 

It would be extremely helpful if one can predict the functional 

outcome after a severe stroke – to plan rehabilitation programme 

for the individual, to organise community care, to plan rehabilitation 

services, etc.  Using Oxford classification of stroke subtypes and the 

routine use of one of the severity scales (e.g. NIHSS score) can be 

very helpful.  However, a number of other variables can have a 

significant impact on the recovery potential. 

 

1.8.1. Risk factors and post stroke complications 

 

Advancing age is a major factor that affects mortality and 

morbidity133-136.  Interestingly, this does not differ whether the 

individual has had a mild or a severe stroke.  It also appears that 

those who have had a severe stroke over the age of 65 and being 

discharged to a nursing home facility have a higher risk of death 

within the first 2 – 3 months137, 138.  One study found that age and 
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motor impairment were significant in predicting recovery after 

severe stroke but not vascular risk factors and gender139. 

 

A large number of co-morbid conditions, which may also be a risk 

factor for stroke, increase the risk of poor outcome.  It may be 

related to the risk of having a large stroke – atrial fibrillation37, 133, 

140-142, heart failure141, diabetes141 or hyperglycaemia143, dialysis144, 

due to the underlying conditions which has a poor prognosis 

independent of the stroke - cancer141, 145, dementia37, 145, 146, 

dependency141, 145 and poor nutritional status147 or as yet poorly 

understood – low haemoglobin level148.  Bizarrely, those who have 

low or normal body mass index have a worse prognosis in terms of 

mortality and functional outcome149 compared those who are 

overweight or obese! 

 

Some of the post stroke complications have been implicated in 

higher risk of mortality e.g. pneumonia134 but there is very little 

literature on whether it predicts functional outcome after stroke. 
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1.8.2. Clinical Features 

 

Severe aphasia tends to have a poorer prognosis150, 151 and it 

appears that a year after stroke, fluent aphasics are more likely to 

be older than non-fluent aphasics151.   

 

Although dysphagia is common after stroke (>50% have dysphagia 

in the acute phase), there is very little literature on how it impacts 

on the prognosis.  Recent Cochrane review152 suggests that there is 

not enough evidence on what happens to the patients who are fed 

by Percutaneous Endoscopic Gastrostomy (PEG).  FOOD trial153 

suggested that early tube feeding may improve survival but at the 

cost of more disability and it did not support the policy of early PEG 

tube feeding. 

 

There is very little literature on the predictive potential of 

visuospatial neglect.  One study suggested that those with 

visuospatial neglect, despite lower BI, had similar discharge 

destination as those with similarly severe stroke without neglect154.  

There is evidence, however, that those with significant neglect have 

poorer rehabilitation outcome155. 
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Post stroke depression is common in the first few months after stroke 

and it has a significant negative impact on functional outcome146. 

 

1.9. Gaps in literature 

 

SSS has been used in small number of studies in assessing non-

motor symptoms and not been validated in large scale trials, OPS is 

not used routinely in clinical setting, CNS is poor predictor in those 

with posterior circulation stroke and FIM is very difficult to administer 

as well as the fact that is very dependent on the environment in 

which it is administered.  SAFE score has neither been validated in 

different population nor has been reproduced in other trials and 

PREP2 algorithm uses complex and advanced imaging (although part 

of this is SAFE score) – in addition, these have been used only in 

those with ischaemic strokes and did not include those who had 

significant dysphasia and/or cognitive problems post stroke.   

 

Presence of dense artery sign or low ASPECTS score suggests a poor 

outcome as well as large infarct volume (although it is not clear how 
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large the infarct needs to be) in non-contrast CT brain scan.  There 

is very little evidence in literature if there are any other features in 

the non-contrast CT head scan that has prognostic implications in 

those with acute changes which is known to carry poor prognosis (as 

those acute changes are common in patients with severe stroke).  

Poor collateral circulation in the presence of large vessel occlusion in 

CT angiogram predicts a poor outcome.    Advanced imaging may be 

very helpful in predicting outcome, but they are yet to be validated 

in large scale studies and their availability remains limited in most 

countries. 

 

As of to date, there have been very little attempt to merge clinical 

and radiological findings to augment the predictive potential in those 

with severe stroke. 

 

1.10. Aims and Hypothesis 

 

I wanted to investigate if there was anything specific in the patient’s 

clinical presentation and a wide range of (acute and background) 

radiological parameters that was available in the ENOS dataset that 
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could be used to identify those who do not recover well following a 

severe stroke.    

 

The following hypotheses were tested in our study: 

 

1. Poor score in the combined arm/hand score (as calculated 

from SSS) on day 0 is associated with poor 90-day clinical 

outcome in those with ischaemic stroke and ICH 

 

2. Acute radiological changes in the baseline CT head scan is 

more frequent in those with severe stroke (in both ischaemic 

stroke and ICH)  

 

3. Background radiological changes in the baseline CT head scan 

is more frequent in those whose arm/hand score did not 

improve by day 7 (in both ischaemic strokes and ICH) 

 

4. Presence of background radiological changes in the baseline 

CT head scan is associated with a poor outcome in those whose 
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arm/hand score did not improve by day 7 (in both ischaemic 

strokes and ICH) 
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Chapter 2 – Ischaemic Stroke 
 

2.1  Abstract  

 

Introduction: Upper limb function is essential for regaining 

independence after stroke. I hypothesised that poor arm and hand 

function on day 0 and the presence of both acute and background 

parameters in baseline CT head scan are associated with a poor 

outcome in severe stroke. 

 

Methods: I used patient data from the large ENOS trial and compared 

clinical and radiological outcomes between severe and 

mild/moderate stroke defined by the arm/hand scores in the 

Scandinavian Stroke Scale. The primary outcome was defined as a 

modified Rankin Score (mRS) of ≥ 3 on day-90. Secondary outcomes 

included death/institutionalisation, mRS (ordinal scale), Barthel 

Index, mood, cognition and quality of life on day-90 and length of 

hospital stay. Analyses were adjusted for age, baseline systolic BP 

and pre-stroke mRS and odds ratio (95% confidence intervals, CI) 

are given. 

 

Results: Of the 3338 patients with an ischaemic stroke in ENOS trial, 

1318 (39%) had an arm/hand score of ≤ 4 (out of 12 – derived from 
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the conversion of SSS to MRC grading) at the time of randomisation. 

Arm/hand score of ≤ 4 on day 0 was associated with a poor 

functional outcome at day-90: mRS>3 (OR 6.35. 95% CI 5.39-

7.48); all secondary outcome measures were worse if the arm/hand 

score was ≤ 4 on day 0 (p<0.001). In those whose arm/hand score 

did not improve by day 7, the presence of acute neuroimaging 

markers of ischaemia was associated with poor day-90 recovery and 

the poor background brain health was associated with a prolonged 

length of stay (but not the other outcomes). 

 

Conclusion: Poor arm/hand movement on day 0 and acute 

radiological parameters were associated with a day-90 poor outcome 

but not the background radiological parameters. 

 

 

2.2 Introduction 

 

 

Only 14% of stroke patients achieve full recovery of activities of daily 

living while 25 – 50% require some assistance and up to 50% are 

dependent in the long term. 156 Being able to predict outcome early 

after the stroke will be beneficial in the provision of health and social 

care, and in setting realistic rehabilitation goals. 
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Recovery of upper limb motor function is crucial to regaining 

independence after stroke. 15 Prospective cohort studies have shown 

that early recovery of finger extension in the first 7 days 58, 59 and 

shoulder shrug and abduction in the first 11 days 60 are important 

determinants of good functional upper limb outcome at 6 months 

after stroke. The EPOS study 61 suggested that the presence of finger 

extension and shoulder abduction within 72 hours of stroke predicted 

functional recovery of the hemiplegic arm at 6 months. Stinear et al 

55, 56, 62 improved the shoulder abduction and finger extension (SAFE) 

prediction model by adding further investigations, including 

transmagnetic stimulation and magnetic resonance imaging to 

identify those who had a very poor recovery potential. Using this 

predicting recovery potential (PREP) algorithm, they not only showed 

that they could predict who was going to recover upper limb function 

(or functional independence) 55 at 3- and 6-months post stroke, but 

that this also allowed for modification of therapy with a reduction in 

length of stay in hospital.56 Importantly, the SAFE and PREP 

algorithms involved only patients with mild-to-moderate ischaemic 

stroke and their development did not include patients with dysphasia 

or cognitive impairment post stroke. 
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Whilst MRI and TMS are used increasingly, CT scan remains the 

mainstay for acute stroke imaging. Some acute CT markers (e.g. 

hyperdense middle cerebral artery 90-92 and ASPECT scoring 

systems) 88, 89 may be helpful in predicting poor outcome. Further, 

pre-stroke brain changes, quantified as small vessel disease and 

brain frailty scores, are associated with poor outcome. 157, 158 

 

 

2.3 Methods 

 

 

2.3.1 Participants 

 

I used patient-level data from the ENOS trial, 159 an international 

multicentre randomised single-blind patient and outcome-assessor 

masked parallel group trial; ENOS recruited patients with both 

ischaemic stroke and intracerebral haemorrhage from July 2001 to 

Oct 2013. The full ENOS protocol has been published. 160 In brief, 

participants had to have motor weakness in the arm or leg and a 

diagnosis of ischaemic or haemorrhagic stroke; key exclusion criteria 

included pure sensory stroke, isolated dysphasia, premorbid 

dependency (mRS >2) or coma (Glasgow Coma Scale <9).  
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2.3.2 Measures 

 

 

In this post hoc sub-study, patients with ischaemic stroke were 

analysed. Data included baseline demographics, Scandinavian 

Stroke scale 45 (SSS) on day 0 and 7, blood pressure, type of stroke 

(Oxford and TOAST subtypes), premorbid modified Rankin score 

(mRS) and baseline CT scan of head. 90-day clinical outcomes 

included mRS (primary outcome), death, disposition, telephone 

mini-mental state examination (t-MMSE), Zung depression scale, 

and quality of life (Euro-QoL-5 dimension-3 level, EQ-5D-3L; Euro-

QoL-visual analogue scale, EQ-VAS) determined centrally by 

telephone (or post). Length of hospital stay was also collected. 

 

I converted SSS motor scores to Medical Research Council (MRC) 

motor power grading, this giving a range of 0 to 12 (Appendix 8) – 

I used MRC grading as this was the measurement of weakness that 

was used in the PREP algorithm. I categorised patients into two 

groups based on the sum of arm and hand scores – those with severe 

weakness (MRC score of 0 – 4) and those with mild weakness (MRC 

5 – 12). I also calculated the arm/hand scores on day 7 in those who 

presented with a baseline arm/hand score of 0–4; these were 
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categorised as ‘non-improvers’ if their score remained ≤ 4 on day 7 

and ‘improvers’ if it was ≥ 5. 

 

CT scan of head (baseline scan) were adjudicated for both acute 

(infarct size, Albert Stroke Programme Early CT Score [ASPECTS], 

hyperdense artery, mass effect and midline shift) and background 

(e.g. periventricular lucencies, old infarcts and atrophy) changes. 159 

I also calculated a score for burden of small vessel disease (SVD) as 

sum of presence of acute lacunar infarct, established lacunes and 

periventricular lucencies, with range of 0 (none) to 3 (severe).97, 99, 

157, 161 Similarly, I calculated a score for brain frailty as sum of 

established lacunes, brain atrophy and periventricular lucencies, 

again having a range of 0 (none) to 3 (severe). 

 

 

2.3.3 Outcomes 

 

 

Poor outcome was defined as a stroke that led to a modified Rankin 

scale of >3 90 days after stroke. Secondary outcomes included 

death/institutionalisation, modified Rankin Scale, mRS (scores 0 = 

no residual disability to 6 = death), 63 cognition (as measured by 

modified telephone MMSE, 162 tMMSE – scores 0 = severe dementia 
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to 18 = normal), mood disorder (short Zung depression score 163 – 

scores 0 = normal to 100 = severe depression), activities of daily 

living (Barthel Index, 65 BI – scores 0 = severe disability to 100 = 

no disability), quality of life (European Quality of Life – 5 dimensions, 

164 EQ-5D – scores 0 = dead to 1.0 = perfect; and European Quality 

of Life – Visual Analogue Scale, 164 EQ-VAS – scores 0 = very poor 

and 100 = excellent) and length of hospital stay. 

 

I looked at the day-90 clinical outcome based on the arm/hand score 

at the time of randomisation.  I also looked at the association 

between various acute and background radiological parameters in 

the non-improvers as identifying those with poor outcome would 

allow distribution of rehabilitation resources in a slightly different 

way i.e. targeting those who are more likely to respond.  I did not 

look at the radiological association between clinical outcome at the 

time of randomisation as we know that having some of the acute 

radiological parameters like hyperdense middle cerebral artery is 

associated with poor outcome. 

 

 

2.3.4 Analysis  
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I dichotomised patients by the arm/hand scores (≤ 4 and ≥ 5) on 

day 0, and by whether they had improved or not by day 7 (i.e. 

baseline arm/hand score of ≤ 4 on day 0 and remained < 4 on day 

7). SPSS version 24 was used for statistical analysis. Chi Square test 

and T test was used to look for any statistical difference in the 

baseline clinical and radiological categorical and continuous data 

respectively. I used binary logistic regression for categorical 

variables, ordinal logistic regression for mRS (shift analysis) and 

linear regression for continuous variables for analysis of the data. 

Data were analysed with adjustment for age, systolic blood pressure 

and premorbid mRS. 

 

 

2.4 Results  

 

 

2.4.1 Baseline outcomes 

 

 

Of the 4011 patients recruited into ENOS, 3338 (83%) patients had 

a final diagnosis of ischaemic stroke. 1318 (39%) patients had an 

arm/hand score of ≤4 (severe weakness) and 2020 (61%) patients 

had a score of ≥ 5 (mild/moderate weakness) at randomisation 
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(Figure 1). Of the 1318 patients, the majority (n = 834, 62%) had 

no movement in arm and hand. Those who had an arm/hand score 

of ≤ 4 on presentation were more likely to be female and have a 

higher incidence of atrial fibrillation, hypertension, smoking and 

dysphasia, and more severe stroke (lower GCS, lower SSS/higher 

calculated NIHSS; Table 1); they were also more likely to have total 

anterior circulation syndrome (TACS) and cardioembolic or large 

vessel disease stroke (TOAST subtype). Conversely, those who had 

an arm/hand score of ≥ 5 were likely to have lacunar stroke or 

posterior circulation stroke (Table 1). There was no difference in the 

baseline pre-stroke function as assessed by modified Rankin Score. 

A lower arm/hand score (i.e. severe weakness) was associated with 

all acute stroke neuroimaging markers at baseline (hyperdense 

artery, larger infarct size, mass effect, midline shift, lower ASPECT 

score) and a lower SVD score (Table 2).  

 

 

2.4.2 Clinical outcomes 

 

An arm/hand score of ≤ 4 on day 0 (calculated using the MRC 

conversion of SSS score) was associated with a significantly poor 

primary (mRS > 3) and all of the secondary outcomes at day 90 

compared to those who had an arm/hand score of ≥ 5 on day 0 (Table 
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3, Figure 6). Length of stay in hospital was 13 days longer with 

baseline arm/hand score ≤ 4 (Table 3). 

 

Those with an arm/hand score of 0 on day 0 had a very poor chance 

of recovery on day 7 (Figure 2) and this was also associated with a 

poor primary outcome (Figure 3).  Forest plots of various arm/hand 

score (Figure 5) revealed a significantly poor primary outcome in 

those who had an arm/hand score of ≤ 4, and it was significantly 

worse – odds ratio of a poor outcome was 6.91 (95% CI 5.787, 

8.252) if the arm/hand score was 0 on day 0. 

 

2.4.3 Non-improvers (arm/hand score ≤ 4 on day 0 and 7) 

 

 

Of the 1318 patients who presented with an arm/hand score of ≤ 4 

on day 0, 355 (27%) had improved with arm/hand score ≥ 5 on day 

7, and 918 (70%) did not improve (45 had died – these were 

excluded from some of the analysis e.g. mood and cognition). Stroke 

was more severe and there was a higher incidence of TACS (Oxford 

classification) and cardioembolic and large vessel disease stroke 

(TOAST classification) in the non-improvers (Table 1). Acute, but not 

background radiological, features at baseline were more prevalent in 

those who had not improved by day 7 (Table 2). 
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Of the 834 patients who had no movement of arm and hand on day 

0, 676 (81%) did not show any improvement on day 7. 62% of those 

who had an arm/hand score of ≤ 4 on day 0 were either dead or 

institutionalised (as opposed to 22% of those who had a score of ≥ 

5 on day 0. The chance of recovery was poor if the sum of the 

arm/hand score was 0 (in SSS) on day 0 (odds ratio of poor recovery 

was 29) – Figure 5.  

 

In the non-improvers (Table 5), the mean ASPECT score was 6.7 as 

compared to 8.4 in those who had improved on day 7, and infarct 

size (on an ordered 5-point ordinal scale of 1 being no infarct to 5 

being an extensive infarct) was larger (2.54 vs 1.91, p < 0.001). 

Very few participants had a midline shift (n = 29, 3%). All of the 

acute markers were associated with those who did not improve in 

both the primary and secondary outcome measures apart from 

death/institutionalisation on day 90. In both groups (whole cohort 

as well as the non-improvers), forest plots suggest that the hand 

function is a better predictor of poor primary outcome than arm 

function – OR of 6.9 and 2.5 respectively (Figures 3, 4). 

 

There was no difference in the mean SVD and Brain Frailty scores 

between the 2 groups (1.0 and 1.7 in those who did not improve on 
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day 7 vs. 1.0 and 1.8 in those who had improved, respectively). 

None of the background changes (old vascular lesions, 

periventricular lucencies, brain atrophy, brain frailty or SVD scores) 

were related to a poor outcome (Table 5). 

 

2.5 Discussion 

 

 

This study has shown that early hand and arm function (as measured 

by scores in SSS) may be helpful in predicting 90-day clinical 

outcome following an acute ischaemic stroke.  Arm + hand scores 

show a high degree of predictability with regards 90-day outcome on 

various clinical parameters (i.e. if the arm + hand score was ≤ 4 on 

day 0), they had a poor clinical outcome in both the primary (mRS 

> 3) and secondary outcome measures (death/institutionalisation, 

quality of life, mood, cognition and length of stay).  Our study 

highlights that poor hand function is perhaps a stronger predictor of 

poor outcome than arm function; it also suggests that a cut off value 

of arm/hand score of 4 is useful in predicting poor clinical outcome.  

Measuring hand function is easy to perform, and this, in addition to 

arm function, may provide clinically useful information regarding the 

90-day outcome.  NIHSS is the most commonly used scale in stroke 

research/clinical settings; however, it does not measure the hand 
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function.  I believe a simple test of hand function (ability to grip and 

extend the fingers) may help better predict 90-day clinical outcomes 

when used in addition to NIHSS score. 

 

All the acute radiological parameters were associated with a poor 

chance of recovery on day 90 in non-improvers (i.e. those whose 

arm/hand function was ≤ 4 on day 0 and day 7) – this is in keeping 

with the other literature which suggests that the presence of acute 

radiological markers like hyperdense artery 90, 91 and lower ASPECT 

score 88 carry a poor outcome. 

 

One of the strengths of our study is the large cohort derived from a 

pragmatic acute randomised controlled trial.  All patients had a 

baseline CT scan of the head which were adjudicated by 

neuroradiology experts which add strength to the quality of 

interpretation, allowing us to study the impact of both acute 

radiological parameters and background brain health.   

 

The ENOS study was not designed to look at rehabilitation strategies; 

hence I am unable to comment what (and how much) rehabilitation 
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the patients received – this could potentially affect the clinical 

outcome i.e. creeping of unconscious bias – less rehabilitation for 

those with profound arm/hand weakness as they might have been 

believed to have a poor prognosis in any case.  Over 99% of patients 

were independent at the time of randomisation (mean mRS of < 1), 

which makes it difficult to extrapolate our findings to a dependant 

population pre-stroke.  One of the strongest prognostic factors is a 

high baseline stroke severity (as depicted by a low SSS score on 

admission) – but I could not adjust for this statistically as it was 2 of 

the components of SSS I was testing.  Repeat neuroimaging was not 

mandatory in the ENOS study, thus potentially missing important 

changes like stroke progression, oedema or midline shift.  I did not 

look at whether any of the patients had had a further cerebral event 

during the 90-day study period, which could potentially affect the 

90-day outcomes.  Finally, I converted the SSS score to MRC grading 

(to calculate the arm/hand score), an approach which has not been 

previously validated. 

 

The PREP2 algorithm62 measured the arm and hand function using 

SAFE score on day 3 but I used the day 7 scores as the ENOS study 

did not collect SSS on day 3 – so these studies are not directly 

comparable to each other; however, having the SSS done on day 7 
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might have allowed more time for our patients to improve, allowing 

us to predict outcome more accurately.  In the PREP2 algorithm, 

they recruited all the patients in the ‘comparison’ group (those who 

did not have their PREP measured) before they recruited any 

patients to the ‘implementation’ group – i.e. sequential study and 

not a randomised design.  The protocol was to use MRI scan in the 

PREP2 algorithm and although MRI scan gives better anatomy of 

brain parenchyma, our study is perhaps more applicable across the 

world as CT scan is much more readily available; it is also feasible 

that those with severe stroke may not be able to tolerate MRI scan.  

Also, in the PREP2 algorithm, the investigators did not look at the 

impact of any background changes in the brain scan. 

 

Previous studies have shown that brain frailty157 (a combination of 

lacunar infarct, leukoariosis and brain atrophy) and global small 

vessel disease burden97, 99, 161 predicted poor recovery; our study 

suggests that in those with severe stroke, background brain changes 

were less important in predicting clinical outcome (as opposed to 

acute changes). Higher burden of small vessel disease or brain frailty 

predicted a longer length of hospital stay and this may reflect 

underlying comorbidity or inability to repair and reorganise.  This is 

easy to measure and adds economic value (longer length of hospital 
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stay = higher cost), allowing one to modify the allocation of finite 

resources.   

 

This study does not answer some of the questions including 

predictors of outcome after stroke in those who are disabled at the 

onset of stroke.  I need to study those who have had repeat 

neuroimaging a few days after the event and how the development 

of complications (radiological changes) impacts on the clinical 

outcome.  Further research is also needed in those who have had a 

cerebral haemorrhage as this study has looked only at those who 

have had a cerebral infarct (this aspect has been addressed later in 

this thesis).   

 

In conclusion, I looked at early arm/hand function and found that a 

score of ≤ 4 on day 0 had a poor 90-day outcome.  I found good 

correlation between the presence of acute radiological markers and 

poor 90-day clinical outcome.  However, our study did not support 

the hypothesis that having pre-existing background changes in the 

brain (as detected in baseline CT scan) was associated with 

persistent weakness on day 7.  Although the clinical outcome was 
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not any different, presence of pre-existing background changes 

prolonged the length of hospital stay in the non-improvers.   
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Table 2.1 – Baseline clinical characteristics 

Clinical characteristic Arm/Hand score, day 

0 

2p Arm/Hand score of ≤ 4, day 0 2p 

≤ 4 ≥ 5 Non-improvers 

(score ≤ 4 on 

day 7) 

Improvers (score 

≥ 5 on day 7) 

Patients, N (%) 1318 

(39) 

2020 (61)  918 (70) 355 (27)  

Male (%) 665 (50) 1198 (59) < 0.001 454 (49) 185 (52) 0.39 

Mean age (SD) 72 (12) 70 (12) <0.001 72 (11) 71 (12) 0.19 

Hypertension (%) 897 (68) 1284 (63) 0.008 634 (69) 234 (66) 0.28 

Diabetes (%) 238 (18) 373 (18) 0.77 168 (18) 60 (17) 0.56 

Atrial fibrillation (%) 254 (19) 259 (13) <0.001 172 (19) 69 (19) 0.77 

Previous Stroke (%) 184 (14) 324 (16) 0.10 127 (14) 54 (15) 0.53 

IHD (%) 257 (19) 336 (17) 0.06 215 (23)  64 (18) 0.16 

PAD (%) 106 (8) 159 (8) 0.22 74 (8) 28 (8) 0.98 

Alcohol consumption** (%) 84 (6) 152 (7) <0.001 65 (7) 16 (4) 0.28 

Smoking - current or ex 

(%) 

690 (52) 1035 (51) < 0.001 492 (54) 177 (50) 0.56 

Left sided weakness (%) 670 (51) 1047 (52) 0.31 475 50) 178 (50) 0.72 
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Dysphasia (%) 742 (56) 553 (27) < 0.001 530 (58) 177 (50) 0.011 

Oxford Classification 52 

TACS 

PACS 

LACS 

POCS 

 

665 (50) 

362 (27) 

289 (22) 

2 (0) 

 

297 (15) 

677 (33) 

911 (45) 

135 (7) 

<0.001 

 

 

514 (56) 

226 (25) 

178 (19) 

0 (0) 

 

113 (33) 

131 (37) 

110 (31) 

1 (0) 

<0.001 

 

TOAST classification 16 

Cardioembolic 

Large vessel disease 

Small vessel disease 

 

351 (27) 

379 (29) 

337 (25) 

 

340 (17) 

346 (17) 

930 (46) 

<0.001 

 

 

253 (28) 

291 (32) 

199 (22) 

 

84 (24) 

73 (21) 

135 (38) 

0.55 

 

Mean GCS (SD) 13.5 (2) 14.7 (1) <0.001 13.3 (2) 14.1 (1) <0.001 

Mean systolic BP (SD) 167 (19) 166 (19) 0.48 167 (19) 166 (19) 0.66 

Mean SSS (SD),  22.2 

(10) 

42.5 (8) <0.001 20.6 (9) 27.2 (9) <0.001 

Mean calculated NIHSS (SD)  16.1 (4) 7.4 (3) <0.001 16.8 (4) 14.0 (4) <0.001 

Mean baseline modified 

Rankin (SD) 

0.4 (0.7) 0.4 (0.7) 0.567 0.4 (0.7) 0.4 (0.7) 0.42 

SSS = Scandinavian Stroke Scale; SD = Standard deviation; IHD = ischaemic heart disease; PAD = peripheral 

arterial disease 

** > 21 units in men or > 14 units in women 
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Table 2.2 – Baseline neuroimaging characteristics 

Imaging characteristics  

Arm/Hand score on day 

0 

 

2p 

Day 7 Arm/Hand score in 

those with a score of ≤ 4 

on day 0 

 

2p 

≤ 4 ≥ 5 ≤ 4 ≥ 5 

Patients, N (%) 1318 (39) 2020 (61)  918 (*) 355 (*)  

Acute       

Hyperdense MCA (%) 384 (29) 193 (9) <0.001 302 (33) 62 (17) <0.001 

Mass effect (%) 621 (47) 483 (24) <0.001 477 (52) 117 (33) <0.001 

Midline shift (%) 36 (2) 6 (0) <0.001 29 (3) 2 (0) 0.007 

Mean ASPECTS score (SD) 7.1 (3.3) 8.91 (1.8) <0.001 6.73 (3.48) 8.38 (2.54) <0.001 

Mean Infarct size (SD) 2.21 (1.15) 1.79 (0.84) <0.001 2.54 (1.21) 1.91 (1.04) <0.001 

Background       

Old vascular lesions (%) 761 (58) 1223 (60) 0.11 520 (57) 218 (61) 0.12 

Brain tissue reduction (%) 1112 (84) 1675 (83) 0.27 774 (84) 303 (85) 0.64 

Periventricular lucencies (%) 436 (33) 774 (38) 0.002 304 (33) 122 (34) 0.67 

Mean Brain Frailty score (SD) 1.7 (0.9) 1.8 (0.9) 0.05 1.7 (0.9) 1.8 (0.9) 0.23 

Mean Small Vessel Disease 

score (SD) 

1.0 (0.8) 1.1 (0.8) <0.001 0.9 (0.8) 1.0 (0.8) 0.08 
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Brain Frailty score = sum of old vascular lesions, brain tissue reduction and periventricular lucencies each getting 1 

point; range 0 – 3 

Small Vessel Disease score = sum of acute lacunes, periventricular lucencies and old vascular lesions each getting 1 

point; range 0 – 3  
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Table 2.3 – Clinical outcomes based on baseline arm/hand score. Data re number (%) or mean (standard deviation).  

 

CLINICAL OUTCOME 

Arm/Hand score on 

day 0 

OR, 

95% 

CI 

2p 

value 

Arm/Hand score 

on day 7 

OR, 

95% 

CI 

2p 

value 

≤ 4  ≥ 5  ≤ 4  ≥ 5  

Patients, N (%) 1318 (39) 2020 

(61) 

  1448 

(42) 

1814 

(53) 

  

mRS > 3 (%) 850 (64) 493 (24) 6.35 

(5.388, 

7.484) 

<0.001 928 (69) 365 (21) 8.22 

(6.927, 

9.767) 

<0.001 

Dead/Institutionalised 

(%) 

816 (62) 436 (22) 1.43 

(1.233, 

1.652) 

< 

0.001 

621 (53) 577 (6) 1.58 

(1.363, 

1.821) 

<0.001 

mRS (/6) 4.0 (1.5) 3.4 (1.6) 1.80 

(1.666, 

1.937) 

< 

0.001 

4.3 (1.4) 2.4 (1.5) 2.12 

(1.976, 

2.257) 

<0.001 

Barthel Index (/100) 43.6 

(39.3) 

79.6 

(30.6) 

-34.3 

(-
36.52, 

-
32.08) 

< 

0.001 

35.9 

(36.53) 

80.9 

(28.69) 

-37.5 

(-
39.56, 

-35.41) 

<0.001 



94 
 
 

 

t-MMSE (/22) 7.5 (8.3) 13.5 

(5.9) 

-5.4 (-
6.05, -

4.78) 

< 
0.001 

6.47 
(8.25) 

13.78 
(5.61) 

-5.7 (-
6.32, -

5.11) 

<0.001 

EQ-5D (/1.0) 0.2 (0.4) 0.6 (0.3)  -0.3 (-

0.37, -
0.32) 

< 

0.001 

0.18 

(0.35) 

0.62 

(0.34) 

-0.4 (-

0.41, -
0.37) 

<0.001 

EqVAS (/100) 42.9 

(33.3) 

64.5 

(26.5) 

-20.8 

(-
22.90, 

-
19.63) 

< 

0.001 

38.74 

(32.35) 

65.46 

(25.67) 

-23.0 

(-
25.05, 

-21.01) 

<0.001 

Zung (/102.5) 68.3 

(26.2) 

52.3 

(20.4) 

15.2 
(13.52, 

16.97) 

< 
0.001 

71.49 
(25.53) 

51.57 
(19.82) 

15.6 
(13.95, 

17.25) 

<0.001 

Length of stay  28.2 

(27.1) 

15.0 

(17.8) 

12.7 
(11.19, 

14.20) 

< 
0.001 

30.9 
(28.14) 

15.5 
(17.93) 

15.1 
(13.58, 

16.53) 

<0.001 

 

Dead/institutionalised and mRS > 3 – analysed using Chi Square test; rest analysed using T-Test. *Adjusted for age, 

baseline modified Rankin score and systolic BP on day 0 

OR – odds ratio, MD – mean difference. Analysed using binary logistic or multiple linear regression. 
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Table 2.4 – Radiological predictors of 90-day outcome in those whose arm/hand score did not improve (i.e. ≤ 4 on 

day 0 and day 7 (n = 918) 

(adjusted for age, sex, baseline modified Rankin scale score and systolic blood pressure on day 0)  

 

 HDA ASPECT

S score  

Ischaemi

c size  

Mass 

effect 

Midline 

shift  

Old 

vascula

r lesion  

Atroph

y  

PVL  Brain 

Frailty  

SVD 

score 

 

Patients, N (%) 302 

(33) 

  477 

(52) 

29 

(3%) 

520 

(57) 

744 

(84) 

304 

(33) 

  

mRS > 3 

 

2.11 

(1.436

, 

3.091)

, 

<0.00

1 

0.16 

(0.105, 

0.215), 

<0.001 

1.43 

(1.232, 

1.657), 

<0.001 

1.99 

(1.424

, 

2.793)

, 

<0.00

1 

7.69 

(1.605, 

36.810)

, 0.011 

1.00 

(0.713, 

1.408), 

0.99 

1.05 

(0.680

, 

1.631)

, 0.82 

0.92 

(0.623

, 

1.365)

, 0.69  

-0.01 

(-

0.198, 

0.181)

, 0.93 

0.04 

(-

0.180, 

0.269)

, 0.70 

Dead/institutionalis

ed (n = 433), 47% 

0.88 

(0.665

, 

1.02 

(0.984, 

0.93 

(0.835, 

1.25 

(0.963

, 

0.75 

(0.347, 

1.15 

(0.879, 

1.09 

(0.747

, 

0.96 

(0.711

, 

0.95 

(0.820

, 

0.98 

(0.822

, 
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1.167)

, 0.38 

1.061), 

0.26 

1.045), 

0.23 

1.635)

, 0.09 

1.603), 

0.45 

1.514), 

0.30 

1.593)

, 0.65 

1.283)

, 0.76 

1.111)

, 0.55 

1.172)

, 0.84 

mRS (ordinal) 0.73 

(0.479

, 

0.989)

, 

<0.00

1 

0.12 

(0.090, 

0.159), 

<0.001 

1.34 

(1.216, 

1.487), 

<0.001 

0.62 

(0.387

, 

0.863)

, 

<0.00

1 

0.85 

(0.178, 

1.521), 

0.013 

-0.14 

(-

0.376, 

0.105), 

0.27 

-0.18 

(-

0.513, 

0.155)

, 0.29 

0.02 

(-

0.242, 

0.287)

, 0.87 

-0.07 

(-

0.203, 

0.069)

, 0.33 

0.01 

(-

0.145, 

0.168)

, 0.88 

Barthel index 13.1 

(8.94, 

17.31)

, 

<0.00

1 

2.4 

(1.88, 

2.99), 

<0.001 

5.82 

(4.159, 

7.479), 

<0.001 

11.7 

(7.74, 

15.64)

, 

<0.00

1 

21.8 

(10.47, 

33.22), 

<0.001 

0.1 (-

3.99, 

4.29), 

0.94 

-1.0 (-

6.73, 

4.72), 

0.73 

-0.4, 

(-

4.88, 

4.12), 

0.87 

-0.2 (-

2.54, 

2.10), 

0.85 

0.9 (-

1.78, 

3.62), 

0.50 

tMMSE 2.47 

(1.094

, 

3.841)

, 

0.57 

(0.385, 

0.746), 

<0.001 

1.56 

(1.018, 

2.094), 

<0.001 

2.55 

(1.245

, 

3.861)

, 

7.43 

(3.177, 

11.689)

, 0.001 

0.77 (-

0.639, 

2.177), 

0.28 

1.47 (-

0.747, 

3.698)

, 0.19 

-2.20 

(-

3.716, 

-

0.688)

-0.17 

(-

0.988, 

0.644)

, 0.68 

-0.43 

(-

1.360, 

0.500)

, 0.36 
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<0.00

1 

<0.00

1 

, 

0.004 

Eq5d 0.10 

(0.059

, 

0.1470

, 

<0.00

1 

0.02 

(0.014, 

0.0260, 

<0.001 

0.05 

(0.030, 

0.065), 

<0.001 

0.11 

(0.068

, 

0.151)

, 

<0.00

1 

0.19 

(0.066, 

0.307), 

0.002 

0.00 (-

0.041, 

0.045), 

0.93 

-0.02 

(-

0.083, 

0.037)

, 0.45 

0.02 

(-

0.025, 

0.069)

, 0.36 

0.00 

(-

0.022, 

0.027)

, 0.83 

0.02 

(-

0.008, 

0.049)

, 0.15 

EQ-VAS -8.87 

(-

13.450

, -

4.299)

, 

<0.00

1 

-1.95 (-

2.574, -

1.332), 

<0.001 

-4.30 (-

6.157, -

2.448), 

<0.001 

-8.39 

(-

12.681

, -

4.075)

, 

<0.00

1 

-14.71 

(-

27.834, 

-

0.322), 

0.045 

0.41 (-

4.059, 

4.880), 

0.86 

-0.20 

(-

6.267, 

5.867)

, 0.95 

-2.08 

(-

6.998, 

2.836)

, 0.41  

-0.44 

(-

2.923, 

2.047)

, 0.73 

-0.20 

(-

3.140, 

2.734)

, 0.89 

Zung -8.8 (-

12.54, 

-5.00), 

-1.4 (-

1.96, -

-3.83 (-

5.340, -

-6.5 (-

10.01, 

-3.01), 

-14.5 (-

25.90, -

0.6 (-

3.03, 

-0.9 (-

5.65, 

0.2 (-

3.83, 

0.1 (-

1.93, 

-0.4 (-

2.75, 



98 
 
 

 

<0.00

1 

0.94), 

<0.001 

2.316), 

<0.001 

<0.00

1 

3.02), 

0.013 

4.25), 

0.74 

3.93), 

0.72 

4.14), 

0.94 

2.08), 

0.94 

1.99), 

0.75  

Length of hospital 

stay 

6.1 

(2.56, 

10.36)

, 0.001 

1.0 

(0.49, 

1.51), 

<0.001 

1.82 

(0.246, 

3.400), 

0.023 

3.3 (-

0.37, 

6.99), 

0.08 

0.6 (-

9.92, 

11.15), 

0.91 

5.2 

(1.40, 

8.97), 

0.007 

4.0 (-

1.18, 

9.27), 

0.13 

3.5 (-

0.64, 

7.60), 

0.10 

3.2 

(1.09, 

5.33), 

0.003 

3.6 

(1.15, 

6.09), 

0.004 

Data analysed using logistic, ordinal or linear regression methods. Adjusted for age, baseline mRS and systolic blood 

pressure 

Data shows odds ratio, 95% CI and p values for Death; and mean difference, 95% CI and p values for mRS, independent 

living, Barthel index, EQ-5D, EQ-VAS, tMMSE and Zung depression scores 

 

 

Figure 2.1: Patient population included in this trial 
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Figure 2.2  Probability of arm/hand score not improving in those 

presenting with arm/hand score of ≤ 4 on day 0 
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Figure 2.3 – Probability of mRS > 3 on day 90 in those presenting 

with arm/hand score ≤ 4 on day 0 

  

0 1 2 3 4 5 6 7 8 9

A
rm

 H
an

d
 s

co
re

 o
n

 d
ay

 0

Probability of mRS > 3 on day 90 (Odds ratio, 95% CI)

arm0hand0
(n = 834)

arm0hand2
(n=50)

arm0hand4
(n=5)

arm2hand0
(n=91)

arm4hand0
(n=30)

arm2hand2
(n=308)



102 
 
 

 

Figure 2.4 Probability of mRS > 3 on day 90 in those whose 

arm/hand score did not improve on day 7 (i.e. score of ≤ 4 on day 

0 and 7)* 

 

 

*there were only 2 patients who had arm0hand4 – hence they 

were not analysed.  
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Figure 2.5 Probability of having a mRS of > on day 90 vs. 

arm/hand score on day 0 
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Figure 2.6 – day 90 mRS outcome in patients with arm/hand score of ≤ 4 vs. ≥ 5 on day 0 

 

0% 20% 40% 60% 80% 100%

Arm hand score ≤ 4 (n = 
2014)

Armhand score ≥ 5 (n = 
1312)

0 17(2%) vs 198(5%)

1 80 (6%) vs 448(10%)

2 137 (8%) vs 467(9%)

3 228 (11%)vs. 408
(8%)

4 346 (14%) vs 310
(6%)

5 220 (8%) vs 74 (1%)

6 284 (10%) vs. 109

(2%)
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Chapter 3 – Intracerebral Haemorrhage 

(ICH) 
 

 

3.1 Abstract 
 

 

Introduction:  Upper limb function is essential for regaining 

independence after stroke.  I hypothesised that poor arm and hand 

function on day 0 and day 7 and the presence of acute and 

background parameters in baseline CT head scan is associated with 

a poor outcome in severe stroke following ICH. 

 

Methods:  I used patient data from the ENOS trial and compared 

clinical and radiological outcomes between severe and 

mild/moderate stroke defined by the arm/hand scores in the 

Scandinavian Stroke Scale.  The primary outcome was defined as a 

modified Rankin Score (mRS) of >3 on day-90.  Secondary outcomes 

included death/institutionalisation, mRS (ordinal), Barthel Index, 

mood, cognition and quality of life and length of hospital stay.  

Analyses were adjusted for age, baseline systolic BP and mRS; odds 

ratio (95% confidence intervals, CI) are given.  
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Results:  Of the 629 patients with an ICH (in ENOS trial), 343 (54%) 

had an arm/hand score of ≤4 at the time of randomisation.  

Arm/hand score of ≤4 (out of 12 – derived from the conversion of 

SSS to MRC grading) on day 7 was associated more strongly with a 

poor primary outcome than day 0 – OR 11.49 (7.49-17.63) and 7.40, 

(4.93-11.09) respectively; all secondary outcome measures were 

worse if the arm/hand score was ≤4 on either day (p<0.001).  In 

those whose arm/hand score did not improve by day 7, haematoma 

length (≥5 cm), shape and density, midline shift, brain frailty and 

SVD scores were associated with poor outcome. 

 

Conclusion:  Poor arm/hand movement on days 0 and 7 and some 

acute and background radiological parameters were associated with 

poor day-90 outcome. 

 

3.2 Introduction 

 

Intracerebral haemorrhage (ICH) causes 10 – 15% of strokes and 

the incidence is rising rapidly165 and is associated with significant 

mortality and morbidity.  Haematoma volume has been the most 
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important predictor of clinical outcome after ICH. 26, 166  In addition, 

haematoma expansion also plays a very important role in early 

neurological deterioration. 167 

 

Various studies have shown that recovery of finger extension by 7 

days58, 59 and shoulder movement60 were very good determinants of 

good functional outcome at 6 months after stroke.  EPOS study61 

showed that the presence of finger extension and shoulder abduction 

in the first 72 hours predicted upper limb function at 6 months after 

ischaemic stroke.  Stinear55, 56, 62 improved this model by adding 

further investigations (magnetic resonance imaging and 

transmagnetic stimulation) and our own study168 showed that 

measuring arm and hand function on day 0 and day 7 using  

Scandinavian stroke scale45 (SSS) can predict the functional 

outcome (90-day) in those with severe ischaemic stroke. 

 

In this study, I hypothesised that severe arm and hand weakness on 

day of randomisation and day 7 (as measured in Scandinavian 

Stroke Scale) predicted a poor 90-day clinical outcome after an ICH.  

I also assessed the association of acute and background parameters 

in CT head scan and poor outcome in the ‘non-improvers’. 
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3.3 Methods  

 

3.3.1 Participants 

 

I used patient data from the Efficacy of Nitric Oxide in Stroke (ENOS) 

trial, 159 an international multicentre randomised placebo-controlled, 

patient and outcome-assessor masked parallel group trial, which 

recruited from July 2001 to Oct 2013.  The full ENOS protocol is 

available online. 160  To be included in the trial, the patient had to 

have motor weakness in the arm or leg or both and a diagnosis of 

ischaemic or haemorrhagic stroke had to be confirmed by CT or MRI 

scan done before or by 7 days after enrolment; key exclusion criteria 

included pure sensory stroke, isolated dysphasia, premorbid 

dependency (mRS of 3 – 5) or coma (Glasgow Coma Scale of 8 or 

less).   

 

3.3.2 Measures  

 

In addition to baseline demographics, data collected included 

Scandinavian Stroke scale (on day of randomisation – will be 

referred to as day 0 from now onwards – and day 7), blood pressure, 
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type of stroke (Oxford and TOAST subtypes), premorbid modified 

Rankin score and baseline CT scan of head.   90-day clinical 

outcomes included modified Rankin Score (primary outcome), death, 

disposition, telephone mini-mental state examination (t-MMSE), 

Zung depression scale, and quality of life (Euro-QoL-5 dimension-3 

level, EQ-5D-3L; Euro-QoL-visual analogue scale, EQ-VAS) 

determined centrally by telephone (or post). Length of hospital stay 

was also collected. 

 

I converted SSS motor scores to Medical Research Council (MRC) 

motor power grading, this giving a range of 0 to 12 (Appendix 1). I 

categorised patients into two groups based on the sum of arm and 

hand scores – those with severe weakness (MRC score of 0 – 4) and 

those with mild weakness (MRC 5 – 12). I also calculated the 

arm/hand scores on day 7 in those who presented with a baseline 

arm/hand score of 0–4; these were categorised as ‘non-improvers’ 

if their score remained ≤ 4 on day 7 and ‘improvers’ if it was ≥ 5. 

 

CT scan of head (baseline scan) was used to measure both acute 

(e.g. presence of site and size of intracerebral haemorrhage, 

haematoma shape and density (in an ordered 5-point categorical 

scale), 169 mass effect and midline shift and Intraventricular 
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haemorrhage) and background parameters (e.g. periventricular 

lucencies, old infarcts and atrophy).  Haematoma volume was 

measured using ABC/2 formula and the intraventricular and 

subarachnoid haemorrhages were measured using Graeb and 

modified Graeb scores – Krishnan170 has described this in more 

detail.  Site of haematoma were divided in to lobar (border zone 

regions, anterior cerebral artery, middle cerebral artery – excluding 

striato-capsular region and posterior cerebral artery), deep (lacunar, 

striato-capsular region and brainstem) and Cerebellar.  I also 

calculated ‘brain frailty’ scores (a sum of established lacunes, brain 

atrophy and periventricular lucencies) – range of 0 – 3)97, 99, 157, 161 

and small vessel disease scores (a sum of acute lacunes, established 

lacunes and periventricular lucencies). 158 

 

3.3.3 Outcomes 

 

I dichotomised the patients with intracerebral haemorrhage using 

the arm/hand scores (≤ 4 severe weakness and ≥ 5 mild weakness) 

on day 0 and day 7 and assessed if either score was associated with 

poor outcome.  Poor outcome was defined as a stroke that led to a 

modified Rankin scale of > 3.  The secondary outcomes included 

cognition (as measured by telephone MMSE), mood disorder (Zung 
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depression score), functional outcome (Barthel Index), quality of life 

(EQ5D and EQVas) and length of hospital stay. 

 

I did not look at the radiological association between clinical outcome 

at the time of randomisation as we know that having some of the 

acute radiological parameters like large haematoma volume is 

associated with poor outcome. 

 

3.3.4 Analysis 

 

SPSS version 24 was used for statistical analysis.  Chi Square test 

and T test was used to look for any statistical difference in the 

baseline clinical and radiological categorical and continuous data 

respectively.  I used binary logistic regression for categorical 

variables, ordinal logistic regression for mRS (shift analysis) and 

linear regression for continuous variables for analysis of the data.  

Data was analysed using SPSS version 24 after adjusting for age, 

baseline systolic blood pressure and mRS. 159 

 

3.4 Results  

 



112 
 
 

 

3.4.1 Baseline characteristics 

 

Of the 4011 patients recruited into ENOS, 629 patients had a final 

diagnosis of intracerebral haemorrhage.  343 (54%) of patients had 

an arm/hand score of ≤ 4 and 286 (45%) had a score of ≥ 5 at 

randomisation – data on 9 (3%) were missing (Figure 1).  In those 

who presented with an arm/hand score of ≤ 4 at the time of 

randomisation, 234 (68%) of patients did not have any movement 

in either arm or hand.   There was a higher incidence of dysphasia 

and more severe stroke (lower GCS, baseline SSS and calculated 

NIHSS scores) in those with severe arm/hand weakness (Table 1). 

Those with severe arm/hand weakness also had a higher baseline 

systolic BP (173.49 vs. 170.34).    All the acute radiological markers 

apart from the site of ICH were associated with severe arm/hand 

weakness (arm/hand score of ≤ 4) – haematoma volume, size, 

intraventricular haemorrhage and volume, mass effect, midline shift, 

shape and density) but there was no difference in the background 

parameters (Table 2). 

 

3.4.2 Arm/hand score vs. clinical outcome 
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Both the primary and secondary outcomes at day 90 were 

significantly worse in those who had an arm/hand score of ≤ 4 at 

randomisation and day 7 (Table 3).    Arm/hand score of ≤ 4 on day 

7 was a stronger predictor of poor outcome than that on day 0 (Table 

3).  Length of hospital stay was 10 days longer if the arm/hand score 

was ≤ 4 (both on day 0 and day 7).  Shift analysis of mRS showed a 

significant association between poor arm/hand score and poor 

outcome on day 90 (Figure 4).  

 

3.4.3 Non-improvers (arm/hand score ≤ 4 on day 0 and day 7) 

 

3.4.3.1 Baseline characteristics 

Of the 343 patients who presented with an arm/hand score of ≤ 4 on 

day 0, 265 (77%) patients had not improved on day 7, 69 (20%) 

had improved and 9 (3%) had died (by day 7) – those who had died 

would have excluded from some of the analysis e.g. mood and 

cognition.  Although they had had more severe stroke (lower GCS, 

lower SSS and higher calculated NIHSS), the baseline systolic blood 

pressure was the same in improvers and non-improvers.  Off the 234 

who had no movement of arm and hand (i.e. sum of arm/hand score 

of 0) on day 0, 202 (86%) did not show any improvement on day 7.  

Of the acute radiological parameters, haematoma volume, length, 



114 
 
 

 

shape and density of ICH were significantly worse in those with 

severe arm/hand weakness.  

 

3.4.3.2 Non-Improvers and its association with radiological 

parameters 

 

A number of acute radiological parameters including the haematoma 

length (> 5 cm), haematoma shape and density and midline shift 

were associated with a poor outcome in the non-improvers (Table 

4).  

 Presence of IVH, volume of IVH, Graeb and modified Graeb scores 

were not associated with a poor outcome on day-90 (Table 4).  Those 

with higher SVD and brain frailty scores were associated with poor 

day-90 outcomes (Table 4). There was no correlation between the 

radiological parameters and length of hospital stay in the non-

improvers (Table 4). 

 

3.5 Discussion 

 

This study has shown that early (both day 0 and 7) hand and arm 

function as measured by SSS is strongly associated with a poor 90-
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day clinical outcome following an intracerebral haemorrhage.  This 

study has also shown that if the arm + hand score is ≤ 4, the length 

of hospital stay and the probability of death/institutionalisation is 

considerably higher (by day 90).  It also appears that a poor arm + 

hand score on day 7 is a stronger predictor of outcome than day 0 – 

there could be a number of reasons which might explain this 

including haematoma growth, perilesonal oedema and development 

of midline shift.  As in ischaemic stroke (see Chapter 2), hand 

function, which is easy to measure, may provide an important 

additional information on top of NIHSS score regarding 90 day 

outcome.  Most patients who had an arm/hand score of ≤ 4 had no 

movement in either arm or hand.   

 

Whilst it is known that a number of acute parameters like 

haematoma volume and midline shift are known to be associated 

with poor outcome after ICH, 26 our study has shown a number of 

other acute parameters like haemorrhage length, shape and density 

are also associated a poor outcome in non-improvers.  In addition, 

background parameters like SVD and brain frailty scores were also 

associated with poor outcome in the non-improvers following a 

severe stroke following ICH.  In the non-improvers, I did not show 

any association between the location of ICH (lobar vs. deep) and 
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clinical outcome – this is consistent with the literature (some suggest 

better outcome 171 following a lobar ICH, but others contradict that). 

172-174 

 

Previous research 168 by the same authors has shown that the lack 

of hand function compared to arm weakness was a better predictor 

of poor outcome on day 90 in those with ischaemic stroke.  In this 

cohort (those with ICH), there were very few who had either specific 

arm or hand weakness – majority of them had a combination of 

severe hand and arm weakness.  Hence, I am unable to comment 

which one of those is a better predictor of poor recovery.  The non-

improvers in this group (ICH) had a poor outcome if they had a poor 

background brain health.   

 

This analysis has several strengths – large number of patients (629) 

was derived from a pragmatic randomised trial from multiple ethnic 

groups, patients had baseline CT head scan which were adjudicated 

by expert neuroradiologists.  However, the patients were enrolled a 

few years ago and the guidelines for management of hypertension 

post ICH have changed since. 31  I did not look how soon after the 

stroke onset was the initial scan done as the ENOS study protocol 
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did not specify that – the inclusion criteria was that the patient 

should have been randomised within 48 hrs of stroke onset – 

resulting in a potential selection bias (i.e. those with very large 

haematoma (or posterior fossa haematoma) at the time of 

presentation may have been excluded from the trial.  Repeat 

neuroimaging was not done routinely – this might have found new 

changes (e.g. haematoma expansion, perilesional oedema, etc.).  

Although our study shows that the haematoma length, shape and 

density reveal a useful association with clinical outcome, these are 

rarely measured in clinical practice.  Length of haematoma in the 

longest axis is easy to measure and would be helpful to use in clinical 

practice.  Finally, I am unable to comment on the cerebral amyloid 

angiopathy status as the adjudication of CT head scan did not include 

features recently suggested by Rodrigues et al175 and the patients 

did not undergo MRI brain scan (Boston 176 or Modified Boston 177 

criteria).  

 

In conclusion,mlooked at day 0 and day 7 arm/hand function and 

found severe arm/hand weakness was associated with a poor 

outcome – the arm/hand score on day 7 was even more strongly 

associated with a poor outcome than day 0 after ICH.  This study not 

only shows that the presence of acute radiological parameters, but 
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also poor background brain health is associated with a poor 90-day 

outcome in non-improvers after ICH.
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Table 3.1 – Baseline clinical characteristics 

Clinical characteristics Arm/Hand score on 
day 0 

 
2p 

value 

 
Non 

improvers  

 
Improvers 

 

 
2p value 

≤ 4  ≥ 5  

Patients, N (%) 343 (54) 286 (46)  265 (77) 69 (20)   

Male (%) 220 (65) 195 (68) 0.29 169 (64) 46 (67) 0.65 

Age  67.59 (12) 66.34 

(13) 

0.21 67.75 (12) 66.88 (12) 0.56 

Hypertension (%) 218 (64) 183 (64) 0.98 163 (61) 50 (72) 0.09 

Diabetes (%) 46 (13) 35 (12) 0.66 39 (15) 6 (9) 0.19 

Atrial fibrillation (%) 15 (4) 20 (7) 0.15 13 (5) 2 (3) 0.47 

Previous Stroke (%) 40 (12) 39 (14) 0.46 34 (13) 3 (4) 0.046 

IHD (%) 35 (10) 23 (8) 0.35 13 (5) 2 (3) 0.71 

PAD (%) 25 (7) 13 (4) 0.35 18 (7) 3 (4) 0.021 

Alcohol consumption 

(%) 

24 (7) 33 (11) 0.028 17 (6) 7 (10) 0.61 
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Smoking - current or ex 

(%) 

158 (46) 150 (52) 0.44 120 (45) 34 (49) 0.14 

Left sided weakness 

(%) 

198 (58) 150 (52) 0.34 149 (56) 41 (59) 0.79 

Dysphasia (%)168 198 (58) 87 (30) <0.001 158 (60) 34 (49) 0.12 

Oxford Classification 

TACS 

PACS 

LACS 

POCS 

 

165 (48) 

100 (29) 

75 (22) 

3 (1) 

 

52 (18) 

96 (34) 

125 (44) 

13 (4) 

<0.001 

 

 

137 (51) 

73 (27) 

53 (20) 

2 (1) 

 

22 (32) 

25 (36) 

21 (30) 

1 (1) 

0.031 

 

GCS  13.6 (1.8) 14.6 (1.0) <0.001 13.4 (1.9) 14.3 (1.4) 0.001 

Systolic BP  173.49 

(19.69) 

170.34 

(18.86) 

0.042 173.00 

(19.66) 

175.78 

(20.24) 

0.30 

SSS  21.91 

(8.62) 

40.80 

(7.24) 

<0.001 20.65 

(8.48) 

26.97 

(7.18) 

<0.001 

Calculated NIHSS  16.26 

(3.71) 

8.13 

(3.19) 

<0.001 16.8 (3.65) 14.08 

(3.09) 

<0.001 
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Baseline modified 

Rankin  

0.37 (0.7) 0.34 (0.7) 0.57 0.35 (0.7) 0.36 (0.7) 0.91 

SSS = Scandinavian Stroke Scale; IHD = ischaemic heart disease; PAD = peripheral arterial disease.  

Continuous data expressed as mean.  Continuous variables are expressed as mean (standard deviation)
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Table 3.2 – Baseline neuroimaging characteristics 

Imaging 
characteristics 

Arm/Hand score on 
day 0 

 
2p value 

 
Non 

improvers  

 
Improvers  

 
2p value 

≤ 4  ≥ 5  

Patients, N (%) 343 (54) 286 (46)  265 (77) 69 (20)   

ACUTE 

PARAMETERS 

      

Haematoma volume  16.9 

(19.6) 

9.5 (13.0) 0.001 18.4 (21.1) 11.3 (12.6) 0.009 

Site of parenchymal 

haemorrhage 

Lobar 

Deep 

Cerebellar 

 

 

103 (30) 

236 (69) 

4 (1) 

 

 

74 (26) 

210 (73) 

2 (1) 

 

 

0.25 

0.20 

0.55 

 

 

22 (32) 

46 (67) 

1 (1) 

 

 

79 (30) 

183 (69) 

3 (1) 

 

 

0.83 

0.70 

0.74 

Size of parenchymal 

haemorrhage 

< 5 cm 

 

 

253 (74) 

 

 

234 (82) 

 

 

0.016 

 

 

61 (88) 

 

 

188 (71) 

 

 

0.003 
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≥ 5 cm 

 

68 (11) 24 (4) <0.001 60 (23) 5 (7) 0.004 

Intraventricular 

haemorrhage (%) 

108 (36) 46 (16) <0.001 9 (13) 

 

97 (37) <0.001 

Intraventricular 

haemorrhage volume  

1.51 

(4.23) 

0.78 (4.06) 0.03 0.48 (1.83) 1.78 (4.63) 0.027 

Mass effect (%) 185 (54) 113 (39) 0.001 33 (48) 148 (56) 0.20 

Midline shift (%) 56 (16) 14 (5) <0.001 6 (9) 48 (18) 0.05 

Graeb  1.12 

(2.13) 

0.52 (1.47) <0.001 0.55 (1.82) 1.23 (2.150 0.018 

Modified Graeb 1.60 

(3.55) 

0.79 (2.46) <0.001 0.94 (3.66) 1.71 (3.400 0.110 

Haemorrhage shape 3.6 (1.4) 3.0 (1.3) <0.001 3.8 (1.4) 2.85 (1.4) <0.001 

Haemorrhage Density 2.8 (1.3) 2.4 (1.3) <0.001 2.9 (1.3) 2.9 (1.2) 0.008 

Subarachnoid 

haemorrhage (%) 

59 (17) 35 (12) 0.05 6 (9) 50 (19) 0.13 

BACKGROUND        
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Old vascular lesions 

(%) 

151 (44) 140 (49) 0.22 30 (43) 119 (45) 0.83 

Brain tissue reduction 

(%) 

203 (29) 166(58) 0.77 38 (55) 161 (61) 0.39 

Periventricular 

lucencies (%) 

214 (62) 177 (62) 0.90 44 (64) 164 (62) 0.77 

Brain Frailty score  1.66 

(1.11) 

1.69 (1.15) 0.42 1.62 (1.10) 1.68 (1.12) 0.73 

Small vessel disease 

score 

1.17 

(0.84) 

1.21 (0.83) 0.54 1.06 (0.90) 1.22 (0.83) 0.17 

Haematoma volume – measured manually by ABC/2 formula 

Lobar haematoma included border zone regions, anterior cerebral artery, middle cerebral artery – excluding 

striato-capsular region and posterior cerebral artery) 

Deep haematoma included lacunar, striato-capsular region and brainstem 

Size of haemorrhage – measured in the longest axis 

Shape and Density – measured on an ordered 5-point ordinal scale 

Graeb and Modified Graeb – used to measure the amount of blood in the subarachnoid space and ventricles 
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Brain Frailty score = sum of old vascular lesions, brain tissue reduction and periventricular lucencies each 

getting 1 point; range 0 – 3.   

Small vessel disease score = sum of old vascular lesions, brain tissue reduction and acute lacunar infarct, 

each getting 1 point; range 0 = 3.  

All continuous data are expressed as Mean (SD) 
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Table 3.3 – Clinical outcomes based on arm/hand score on day 0 and day 7  

 

CLINICAL OUTCOME 

Arm/Hand score 

on day 0 

OR, 

95% 

CI 

2p 

value 

Arm/Hand score 

on day 7 

OR, 

95% CI 

2p 

value 

≤ 4  ≥ 5  ≤ 4  ≥ 5  

Patients, N (%) 343 (54) 286 (46)   277 (42) 335 

(53) 

  

mRS > 3 (%) 211 (61) 62 (22) 7.40 

(4.932, 

11.092) 

<0.001 192 (69) 71 (21) 11.49 

(7.487, 

17.629) 

<0.001 

Dead/Institutionalised 

(%) 

178 (20) 9 (3) 2.09 

(1.496, 

2.934) 

<0.001 147 (53) 22 (6) 2.55 

(1.817, 

3.587) 

<0.001 

mRS (/6) 3.8 (1.5) 2.55 

(1.5) 

1.57 

(1.263, 

1.873) 

<0.001 4.1 (1.5) 2.5 

(1.5) 

2.03 

(1.705, 

2.350) 

<0.001 

Barthel Index (/100) 47.5 

(38.6) 

79.0 

(31.6) 

-29.5 (-

34.60, 
- 

24.46) 

<0.001 41.9 

(38.02) 

79.9 

(29.09) 

-35.8 (-

40.54, -
30.99) 

<0.001 



127 
 
 

 

t-MMSE (/22) 7.91 

(8.06) 

12.74 

(6.71) 

-4.53 (-
6.042, 

-3.016) 

<0.001 6.85 
(8.13) 

13.48 
(5.91) 

-5.74 (-
7.215, -

4.272) 

<0.001 

EQ-5D (/1.0) 0.28 

(0.37) 

0.60 

(0.32) 

-0.31 (-

0.358, 
-0.251) 

<0.001 0.23 

(0.36) 

0.60 

(0.32) 

-0.35 (-

0.404, -
0.302) 

<0.001 

EqVAS (/100) 46.64 

(31.91) 

64.63 

(27.83) 

-16.63 

(-
21.387, 

-
11.875) 

<0.001 43.99 

(33.05) 

65.33 

(25.39) 

-19.33 

(-
23.985, 

-
14.672) 

<0.001 

Zung (/102.5) 65.80 

(25.88) 

53.47 

(20.51) 

10.86 
(7.064, 

14.666) 

<0.001 68.24 
(26.72) 

52.38 
(18.82) 

14.12 
(10.362, 

17.870) 

<0.001 

Length of stay  28.0 

(29.63) 

17.7 

(19.95) 

9.4 
(5.45, 

13.37) 

<0.001 29.0 
(29.12) 

19.1 
(22.70) 

8.9 
(4.94, 

12.96) 

<0.001 

 

Dead/institutionalised and mRS > 3 – analysed using Chi Square test; rest analysed using T-Test. Adjusted 

for age, baseline modified Rankin score and systolic BP on day 0 

OR – odds ratio, MD – mean difference. Analysed using binary logistic or multiple linear regression. 
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Table 3.4 – Radiological predictors of 90-day outcome in the non-improvers (whose arm/hand score was ≤ 4 

on day 0 and remained ≤ 4 on day 7 (n = 265) 

(adjusted for age, baseline modified Rankin scale score and systolic blood pressure on day 0)  

 

 

Radiologic

al Features 

Clinical Outcomes 

mRS > 

3  
 

Dead/In

stitution
alised  

mRS 

(ordinal) 
 

Barthel 

index 

tMMSE Eq5d  EqVas  Zung  Length of 

hospital 
stay  

Haematom

a volume  

1.00 

(0.987, 

1.023), 

0.59 

0.99 

(0.977, 

1.007), 

0.29 

-0.01 (-

0.024, 

0.001), 

0.06 

-0.2 (-

0.36, 

0.02), 

0.07 

-0.02 (-

0.073, 

0.023), 

0.30 

-0.00 (-

0.003, 

0.001), 

0.36 

-0.18 (-

0.372, 

0.004), 

0.05 

0.15 

(0.002, 

0.305), 

0.05 

-0.1 (-

0.24, 

0.12), 

0.51 

Haematom

a site 

Deep  

 

 

 

 

Lobar  

 

 

0.84 

(0.437, 

1.065), 

0.59 

 

 

 

 

1.34 

(0.770, 

2.364), 

0.29 

 

 

 

 

-0.37 (-

0.854, 

0.113), 

0.13 

 

 

 

-2.4 (-

10.81, 

0.59), 

0.57 

 

 

 

 

-.65 (-

1.863, 

3.157), 

0.61 

 

 

 

 

-0.07 (-

0.153, 

0.021), 

0.14 

 

 

 

 

-4.63 (-

13.111, 

3.844), 

0.28 

 

 

 

 

-5.89 (-

13.026, 

1.248), 

0.11 

 

 

 

5.5 (-

2.18, 

13.11), 

0.16 
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 1.28 

(0.664, 

2.481), 

0.46 

0.80 

(0.455, 

1.409), 

0.44 

 

0.48 (-

0.011, 

0.971), 

0.05 

3.9 (-

4.54, 

12.42), 

0.36 

 

-0.65 (-

3.157, 

1.863), 

0.61 

0.08 (-

0.009, 

0.166), 

0.08 

4.42 (-

4.100, 

12.494), 

0.31 

6.10 (-

1.074, 

13.284), 

0.10 

--4.0 (-

11.72, 

3.76), 

0.31 

 

Haematom

a length 

≥5 cm  

 

2.31 

(1.064, 

4.995), 

0.034 

2.14 

(1.121, 

4.075), 

0.021 

-1.09 (- 

1.662, -

0.522), 

<0.001 

-16.8 (-

25.78, -

7.77). 

<0.001 

3.18 

(0.638, 

5.728), 

0.014 

0.15 

(0.058, 

0.245), 

0.002 

-10.78 

(-

19.840, 

-1.727), 

0.020 

-10.18 

(-

17.672, 

-2.686), 

0.008 

3.1 (-

5.38, 

11.57), 

0.47 

IVH  1.70 

(0.891, 

3.228), 

0.11 

0.72 

(0.420, 

1.242), 

0.24 

0.24 (-

0.215, 

0.705), 

0.30 

-6.1 (-

14.19, 

1.89), 

0.13 

0.83 (-

1.505, 

3.160), 

0.49 

0.09 

(0.010, 

0.176), 

0.027 

-2.42 (-

10.491, 

5.653), 

0.56 

0.03 (-

6.687, 

6.783), 

0.99 

5.2 (-

2.18, 

12.61), 

0.167 

IVH 

volume  

1.04 

(0.961, 

1.137), 

0.31 

0.97 

(0.911, 

1.037), 

0.39 

-0.05 (-

0.106, 

0.002), 

0.06 

-0.6 (-

1.50, 

0.24), 

0.15 

 

-0.08 (-

0.284, 

0.126), 

0.451 

-0.00 (-

0.013, 

0.005), 

0.38 

-0.38 (-

1.201, 

0.446), 

0.37 

0.33 (-

0.331, 

0.985), 

0.33 

-0.5 (-

1.27, 

0.34), 

0.260 
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Graeb  1.14 

(0.971, 

1.340), 

0.11 

0.97 

(0.852, 

1.098), 

0.61 

-0.08 (-

0.180, 

0.026), 

0.14 

-1.0 (-

2.90, 

0.86), 

0.29 

0.06 (-

0.420, 

0.550), 

0.79 

-0.02 (-

0.040, -

0.001), 

0.039 

-0.09 (-

1.882, 

1.700), 

0.92 

0.18 (-

1.278, 

1.648), 

0.80 

-0.8 (-

2.53, 

0.96), 

0.38 

Modified 

Graeb  

1.08 

(0.972, 

1.198), 

0.15 

0.98 

(0.904, 

1.062), 

0.62 

-0.05 (-

0.117, 

0.012), 

0.11 

-0.6 (-

1.74, 

0.62), 

0.35 

0.03 (-

0.264, 

0.333), 

0.82 

-0.01 (-

0.024, 

0.000), 

0.06 

0.02 (-

1.099, 

1.141), 

0.97 

-0.01 (-

0.914, 

0.903), 

0.99 

-0.5 (-

1.60, 

0.59), 

0.37 

Haemorrh

age shape  

0.68 

(0.545, 

0.852), 

0.001 

0.84 

(0.695, 

1.018), 

0.08 

-0.27 (-

0.444, -

0.105), 

0.002 

-5.1 (-

7.98, -

2.24), 

<0.001 

-1.13 (-

2.197, -

0.463), 

0.003 

-0.03 (-

0.064, -

0.004), 

0.027 

-2.02 (-

4.921, 

0.879), 

0.17 

1.84 (-

0.606, 

4.289), 

0.14 

0.7 (-

1.97, 

3.40), 

0.60 

Haemorrh

age 

density  

0.60 

(0.462, 

0.785), 

<0.001 

0.82 

(0.668, 

1.013), 

0.07 

-0.40 (-

0.590, -

0.218), 

<0.001 

-6.1 (-

9.09, -

3.04), 

<0.001 

-0.96 (-

1.934, 

0.006), 

0.05 

-0.06 (-

0.090, -

0.027), 

<0.001 

-4.87 (-

7.979, -

1.764), 

0.002 

0.21 

(1.268, 

6.467), 

0.004 

1.8 (-

1.13, 

4.65), 

0.23 

Mass 

effect  

0.88 

(0.475, 

1.646), 

0.70 

1.69 

(0.986, 

2.913), 

0.06 

-0.27 (-

0.731, 

0.192), 

0.25 

6.0 (-

2.07, 

14.08), 

0.14 

0.28 (-

2.106, 

2.671), 

0.82 

-0.07 (-

0.0149, 

0.019), 

0.12 

1.49 (-

6.608, 

9.589), 

0.72 

0.12 (-

6.700, 

6.933), 

0.97 

1.2 (-

6.24, 

8.69), 

0.75 
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 4.09 

(1.591, 

10.502), 

0.003 

2.49 

(1.207, 

5.119), 

0.013 

-1.10 (-

1.708, -

0.501), 

<0.001 

-19.9 (-

29.74, -

10.04), 

<0.001 

3.51 

(0.748, 

6.272), 

0.013 

0.14 (-

0.033, 

0.240), 

0.009 

-11.37 

(-

21.175, 

-1.574), 

0.023 

-9.10 (-

17.221, 

-0.916), 

0.029 

-0.1 (-

9.50, 

9.28), 

0.98 

PV 

lucencies  

1.37 

(0.333, 

5.669), 

0.66 

0.88 

(0.481, 

1.600), 

0.67 

0.29 (-

0.225, 

0.797), 

0.27 

-2.3 (-

22.14, 

17.58), 

0.82 

-1.97 (-

8.771, 

4.825), 

0.59 

0.05 (-

0.038, 

0.148), 

0.24 

-4.34 (-

23.934, 

15.248), 

0.66 

-3.87 (-

11.318, 

3.574), 

0.31 

8.4 (-

0.18, 

16.62), 

0.045 

Old 

vascular 
lesions  

 

1.70 

(0.412, 

6.995), 

0.46 

0.65 

(0.377, 

1.128), 

0.13 

0.05 (-

0.412, 

0.520), 

0.82 

-5.5 (-

25.07, 

14.05), 

0.58 

-1.54 (-

2.058, 

2.733), 

0.79 

0.01 (-

0.074, 

0.093), 

0.82 

-4.17 (-

23.413, 

15.080), 

0.67 

-0.73 (-

7.567, 

6.107), 

0.83 

7.1 (-

0.27, 

14.49), 

0.06 

Brain 

tissue 

reduction  

1.12 

(0.278, 

4.503), 

0.87 

0.82 

(0.445, 

1.499), 

0.51 

0.39 (-

0.147, 

0.927), 

0.15 

-1.4 (-

21.12, 

18.40), 

0.89 

1.83 (-

0.926, 

4.595), 

0.19 

0.06 (-

0.030, 

0.160), 

0.18 

-3.15 (-

22.665, 

16.368), 

0.75 

-2.24 (-

9.862, 

5.372), 

0.56 

2.9 (-

5.55, 

11.33), 

0.50 

Brain 

Frailty  

1.36 

(1.015, 

1.14 

(0.879, 

-0.18 (-

0.408, 

-4.7 (-

8.52, -

-0.20 (-

1.354, 

-0.03 (-

0.073 

-0.41 (-

4.250, 

1.50 (-

1.694, 

-3.1 (-

6.65, 



132 
 
 

 

1.816), 

0.040 

1.471), 

0.33 

0.038), 

0.10 

0.869), 

0.019 

0.957), 

0.74 

0.007), 

0.97 

3.438), 

0.84 

4.703), 

0.36 

0.39), 

0.08 

Small 

Vessel 

Disease 

score  

0.59 

(0.437, 

0.802), 

0.001 

0.98 

(0.743, 

1.284), 

0.87 

0.32 

(0.078, 

0.560), 

0.009 

-6.21 (-

10.694, -

1.737), 

0.007 

-1.25 (-

2.526, 

0.032), 

0.06 

-0.04 (-

0.090, 

0.002), 

0.06 

-2.45 (-

6.669, 

1.772), 

0.25 

1.48 (-

2.088, 

5.057), 

0.41 

0.31 (-

3.561, 

4.180), 

0.87 

Data analysed using logistic, ordinal or linear regression methods.  Adjusted for age, baseline mRS and systolic 

blood pressure 

Data shows odds ratio, 95% CI and p values for Death; and mean difference, 95% CI and p values for mRS, 

independent living, Barthel index, Eq5d, EqVas, tMMSE and Zung depression score



133 
 
 

 

Figure 3.1: Patient population included in this trial 
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Figure 3.2 Probability of arm/hand score not improving by day 7 in 

those presenting with arm/hand score of ≤ 4 on day 0 
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Figure 3.3 Probability of mRS > 3 on day 90 in those presenting with 

arm/hand score of ≤ 4 on day 0 
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Figure 3.4 Probability of mRS > 3 on day 90 in those presenting 

with arm/hand score of ≤ 4 on day 7   
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Figure 3.5 Probability of mRS > 3 on day 90 in those with various arm/hand scores on day 7 
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Figure 3.6 Day 90 mRS outcome in patients with arm/hand score of ≤ 4 vs. ≥ 5 on day 7  

0% 20% 40% 60% 80% 100%

Arm hand score ≤ 4 
(n = 279)

Armhand score ≥ 5 
(n = 338)

0 3 (1%) vs 19
(6%)
1 10 (4%) vs 76
(22%)
2 32 (11%) vs 76
(22%)
3 39 (14%) vs 93
(27%)
4 95 (34%) vs 42
(12%)
5 37 (13%) vs
15(4%)
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Chapter 4 – Discussion 

 

 

I hypothesised that a poor arm/hand function at baseline would 

predict a poor 90 day outcome after stroke; I also hypothesised that 

acute and background radiological markers would be more frequent 

in those with severe strokes and poor background brain health (as 

measured by small vessel disease and brain frailty scores) would be 

associated with poor outcome in those whose arm/hand score did 

not improve in the first week after stroke. 

 

These analysis showed that a poor arm/hand score (as measured by 

Scandinavian Stroke Scale) on day 0 and day 7 is associated with a 

poor clinical outcome (both primary – mRS > 3) and secondary 

(death/institutionalisation, mRS on an ordinal scale, cognition, 

mood, Barthel Index and length of hospital stay) outcomes.  Even 

though a poor baseline arm/hand score was associated with a poor 

90 day outcome thus confirming our hypothesis, day 7 arm/hand 

score showed a better association – this was particularly helpful in 

predicting a poor outcome in those with ICH (more so than those 

with ischaemic stroke).  In both groups (ischaemic stroke and ICH), 

the chance of arm/hand score recovery was very poor (on day 90) if 
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the sum of arm/hand score was 0 at the time of randomisation.  A 

poor hand score on day 0 was strongly associated with a poor 

outcome in those with ischaemic strokes; although this was not the 

case in those with ICH, it is possible that it is due to the fact that the 

number of patients with ischaemic stroke was much larger than 

those with ICH.  It is also known that the outcomes and predictors 

vary in ischaemic stroke and ICH. 178 It is easy to measure hand 

function in clinical practice and it can be done by all member of the 

multidisciplinary team – this might help in early identification of 

those who are less likely to progress with rehabilitation. 

 

In both groups, there were a number of acute radiological 

parameters (hyperdense artery, lower ASPECT score, mass effect, 

size of ischaemia in those with ischaemic stroke and haematoma 

length, shape and density in those with ICH) that were associated 

with poor clinical outcome in non-improvers (i.e. those in whom the 

arm/hand score remained ≤ 4 on day 0 and day 7).  Although these 

are known to be markers of severe stroke, this is the first time (to 

the best of our knowledge) that these have been shown to be of 

prognostic value within a purely severe stroke population.  In those 

with ICH, it is difficult to measure shape, density and volume without 

additional software; however, haematoma length is very easy to 

measure, it is rarely if ever used in clinical practice in United 
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Kingdom – I believe it has good clinical utility to help in 

prognosticating outcome after a severe stroke. 

 

In our group of patients with severe stroke, in particular the non-

improvers, there was no correlation between the background 

radiological parameters and the clinical outcomes in those with 

ischaemic strokes.  This patient cohort (both ischaemic strokes and 

ICH) had suffered a severe stroke as evidenced by lower GCS, higher 

NIHSS score (derived from SSS score) and poor arm/hand score; 

however poor background brain health was associated with a poor 

clinical outcome only in those who did not improve in the first week 

after stroke following an ICH, but not in ischaemic stroke – the 

severity of stroke as measured by SSS, GCS and calculated NIHSS 

score were similar in both groups; this makes it difficult for me to 

provide a rationale to explain the difference.  I did not look at those 

with milder strokes where the background brain health might be 

more important as a predictor of outcome. 179 Subgroup analysis of 

IST-3 trial 157 showed that the presence of poor background brain 

health predicted poor outcome (as measured by Oxford Handicap 

Score), but this included patients of all stroke severity (mild, 

moderate and severe). 
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Our studies demonstrated 2 different clinically important outcomes 

in the non-improvers; firstly, in those with a severe stroke due to 

cerebral infarction, a combination of poor functioning arm and hand 

along with a poor background brain health (SVD and Brain Frailty 

scores) predicts a prolonged length of stay in hospital and thus has 

significant impact on financial resources and service organisation.  It 

is possible that the length of hospital stay was prolonged due to poor 

ability to repair and reorganisation of brain tissue in those with 

severe stroke or may be related to associated comorbidities.  

Secondly, a combination of poor functioning arm and hand in 

association with a poor background brain health predicts a poor 90 

day outcome in those with severe stroke due to ICH.   

 

Our studies include a large number of patients and tested clinic-

radiological associations and outcome in those with severe ischaemic 

strokes.  Earlier study by Stinear 62 included just over 200 patients 

with ischaemic strokes and it excluded patients with severe stroke 

and those with dysphasia.  Literature search did not reveal any such 

attempts been made in the past in those with intracerebral 

haemorrhages – making our study in those with ICH a novel concept. 

 

It is already known that some of the acute radiological parameters 

(e.g. ASPECT score88 and hyperdense artery90-92 in ischaemic strokes 
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and haematoma volume23-25 and location in posterior fossa22 in ICH) 

are associated with poor outcome.  There is very little literature on 

the effect of background brain health and clinical outcome in those 

with severe stroke. In addition, I wanted to mirror the PREP2 

algorithm as much as possible but specifically looking at the non-

improvers instead of the improvers.   

 

Whilst I acknowledge that the PREP2 algorithm has its limitations 

(sequential study), so does this study as it was a retrospective 

analysis. Our study is different in the fact that every patient who was 

recruited to the ENOS study was included (i.e. there were no 

‘comparison’ group).  In PREP2 algorithm, once they were 

established into different groups for prognostic purposes (Figure 

1.1), the physiotherapists were able to modify the therapy provided 

for the patients.  Whereas in ENOS trial, not only that this was not 

the case as per the protocol, I am also unable to ascertain how much 

rehabilitation the patients received; in addition, with improvements 

in stroke care, the rehabilitation received by patients would have 

changed over time with the establishment of SSNAP database (e.g. 

minimum time with therapist from each discipline for 45 minutes per 

day or as long as possible if they cannot tolerate 45 minutes).  PREP2 

algorithm included only those with ischaemic strokes and excluded 

those who had significant aphasia or cognitive problem post stroke. 
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Stinear et al used advanced imaging to look for both anatomical and 

physiological integrity of corticospinal tract (MRI and TMS 

respectively).  Whilst I appreciate that MRI scan is much more 

sensitive in detecting acute changes, I believe our study is perhaps 

more universally applicable as CT scan of head is more readily 

available in developing countries than MRI scan.  In this cohort, it is 

also feasible that patients with severe stroke may not tolerate MRI 

scan.  Whilst Stinear et al used TMS to identify those that are likely 

to improve (and hence alter the focus of rehabilitation), I used poor 

background brain health as a surrogate marker of poor rehabilitation 

potential (i.e. unlikely to improve). 

 

Our study differs from the PREP2 algorithm in that I endeavoured to 

identify those with severe stroke who did not improve - thus allowing 

us not only to change the focus and the type of rehabilitation from 

improvement to maintenance/safe discharge, but more importantly 

help in expectation management of the patient and their family – 

whereas Stinear’s group tried to identify the improvers so that they 

could channel more resources to improve the functionality of the 

patients.  In addition, using our model in those with severe strokes, 

the healthcare professional can have an honest discussion with 

patients and their family regarding what is an acceptable ‘quality of 
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life’ for that particular individual and tailor the rehabilitation on the 

individual patient needs. 

 

ENOS study recruited between 2001 and 2013 and management of 

stroke has progressed since.  In 2001, very few patients were 

admitted to hyperacute or acute stroke unit in United Kingdom as 

only a few hospitals had such a facility; however the SSNAP data180 

from 2013 – 18 suggests that 53% of the patients were scanned 

within 1 hour of arrival to hospital, 57% of patients were admitted 

to the stroke unit within 4 hours of arrival to hospital – this is 

substantially different to the care received by stroke patients in 

2001.  More importantly, 95% of patients received physiotherapy 

assessment within 72 hours of hospital admission (if necessary).  

From the acute management perspective, intravenous thrombolysis 

is routinely provided to eligible patients and the number of patients 

undergoing intra-arterial intervention (e.g. mechanical 

thrombectomy) is increasing.    Our patients had a non-contrast CT 

head scan before randomisation and hence the presence of large 

vessel occlusion may have been missed in those with severe stroke 

– we now know that this carries a poor prognosis. 104  In those with 

ICH, maintaining a blood pressure of 140 mmHg has been shown to 

be effective in improving outcome.  31  All these interventions may 

have a significant impact on the outcome of patients with stroke now 
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compared to those of the ENOS population.  An important limitation 

of our study pertains to those with ICH – I did not look at the timing 

of CT scan following symptom onset.  Even a short delay might have 

missed important feature like haematoma expansion, which 

potentially could have affected the outcome. 181 

 

Whilst the acute radiological parameters were more frequently 

observed in those with severe strokes, the background parameters 

were not significantly different between the 2 groups (i.e. mild – 

moderate vs. severe strokes).  This may be different (background 

brain health i.e. SVD and Brain Frailty scores) in those who are 

dependent preceding the stroke;   I did not measure the comorbidity 

as I did not have that information – frailty/comorbidity can 

potentially affect the outcome and this needs to be included in future 

studies.  I propose that future studies should include patients who 

are dependent premorbid and should include measures of 

comorbidity (e.g. Charlson index) 182 and frailty (e.g. Rockwood 

Frailty score) 183 whilst looking for radiological predictors following 

severe stroke.   

 

As this is a post-hoc analysis, I had to work with the dataset that 

was available both in terms of clinical and radiological data.  Ideally, 

I would have liked to assess the association of clinical outcome with 
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data (preferably SSS and neuroimaging) from day 3 and 7 – this 

would have mirrored the timing of assessments with PREP2 study.  

There is scope to improve our study in the future by including CT 

angiogram (in those with ischaemic strokes at the time of 

randomisation) and adjudication methods identifying features 

suggestive of cerebral amyloid angiopathy as per the Edinburgh 

criteria 175 in those with ICH.       

 

The number of patients with significant midline shift was very small, 

particularly in those with ischaemic strokes (2%) – this was slightly 

better in those with ICH (21%); hence I was unable to evaluate the 

effect of other radiological changes like background brain health.  

This may represent a selection bias as those who had significant 

midline shift within the first 24 – 48 hours were not included in the 

ENOS study.  The treatment of increased intracranial pressure (in 

those with ischaemic stroke) has also changed during the ENOS 

recruitment phase and subsequently (e.g. surgical intervention like 

hemicraniectomy), which improves survival in those with severe 

stroke – future studies need to take this into consideration.   

 

Most of the patients had a very good premorbid function (mean mRS 

was < 1 in both groups of patients – ischaemic strokes and ICH).  

So, further research is warranted to look at the clinico-radiological 
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predictors of outcome following a severe stroke in those who are 

disabled pre-stroke.  I need to recruit them in the hyperacute stages 

of the stroke journey (to avoid potential selection bias) and consider 

further imaging to look for large vessel occlusion in ischaemic 

strokes and features of cerebral amyloid angiopathy in those with 

ICH.  Our method of converting SSS scores into MRC grading needs 

validating in future. 

 

 

Conclusion 

 

I have shown that both day 0 and day 7 arm/hand function (as 

assessed by SSS) is associated with poor clinical outcome on day 90 

in both ischaemic strokes and ICH.  In those with no improvement 

after 7 days, although acute radiological markers were associated 

with poor outcome in both ischaemic stroke and ICH, background 

changes were only relevant in those with ICH in our cohort of severe 

stroke as defined by an arm/hand score of ≤ 4 at baseline.  More 

research is needed to statistically test whether the addition of hand 

function to NIHSS score can help to identify those who are likely to 

have a poor outcome compared to NIHSS score alone.  

 

 



152 
 
 

 

 

 

 

  



153 
 
 

 

Appendices 
 

Appendix 1 – Oxford Classification of stroke 51 

Total Anterior Circulation Stroke  Motor &/or sensory loss of face, 

arm and leg 

Visual field deficit 

Higher cortical dysfunction (e.g. 

aphasia, apraxia, altered 

sensorium or astereognosis) 

(Could be all 3 or even just 

visual deficit and higher cortical 

dysfunction) 

Partial Anterior Circulation 

Stroke 

Any 2 of the following 3 

Motor &/or sensory loss of face, 

arm and leg 

Visual field deficit 

Higher cortical dysfunction (e.g. 

aphasia, apraxia, altered 

sensorium or astereognosis) 

Or higher cortical dysfunction 

alone 
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Lacunar Stroke Pure motor (face, arm and leg 

weakness) 

Pure sensory (face, arm or leg 

sensory loss) 

Sensory-motor 

Ataxic hemiparesis 

Posterior Circulation Stroke Cerebellar signs 

Isolated hemianopia 

Brain stem signs 
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Appendix 2 – NIHSS Score 40 

 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiN58K0wODZAhWDL8AKHUl8CZ8QjRwIBg&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj13sHAvuDZAhVFSsAKHRBeDXkQjRwIBg&url=https://www.medscape.com/viewarticle/550818_2&psig=AOvVaw2LTUzn1Rxw4NWxqd9BKyDw&ust=1520727754124326&psig=AOvVaw2LTUzn1Rxw4NWxqd9BKyDw&ust=1520727754124326
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Appendix 3 – Scandinavian Stroke Scale 45 

Function Score          Prognostic Score  Long Term   Score  

Consciousness:  

fully conscious 6           ____  

somnolent, can be awaked to full consciousness 4  

reacts to verbal command, but is not fully conscious 2  

  

Eye movement:   

no gaze palsy 4           ____  

gaze palsy present 2  

conjugate eye deviation 0  

  

Arm, motor power *:  

raises arm with normal strength 6        ____    ____  

raises arm with reduced strength 5  

raises arm with flexion in elbow 4  

can move, but not against gravity 2  
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paralysis 0  

  

Hand, motor power *:   

normal strength 6               ____  

reduced strength in full range 4  

some movement, fingertips do not reach palm 2  

paralysis 0  

  

Leg, motor power *:  

normal strength 6           ____    ____  

raises straight leg with reduced strength 5  

raises leg with flexion of knee 4  

can move, but not against gravity 2  

paralysis  0  

  

Orientation:  

correct for time, place and person 6            ____  
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two of these 4  

one of these 2  

completely disorientated 0  

  

Speech:   

no aphasia 10                ____  

limited vocabulary or incoherent speech 6  

more than yes/no, but not longer sentences 3  

only yes/no or less 0  

  

Facial palsy:   

none/dubious 2                ____  

present 0  

  

Gait:   

walks 5 m without aids 12              ____  

walks with aids 9  
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walks with help of another person 6  

sits without support 3  

bedridden/wheelchair 0  

  

Maximal Score            22    48  

  

* Motor power is assessed only on the affected side.  
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Appendix 4 – Orpington Prognostic Score 53 

Clinical Features     Score  

Motor deficit in arm 

Medical Research Council grade 

5      0 

4      0.4 

3      0.8 

1-2      1.2 

0                          1.6 

Proprioception (eyes closed) 

Locates affected thumb 

Accurately     0 

Slight difficulty    0.4  

Finds thumb via arm   0.8  

Unable to find thumb   1.2 

Balance 

Walks 10 feet without help  0 

Maintains standing position  0.4 

Maintains sitting position   0.8 

No sitting balance    1.2 

Cognition 

Mental test score 

10      0  

8-9      0.4 

5-7      0.8 

0-4      1.2 

Total score= 1.6+motor+proprioception+balance+cognition 
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Appendix 5 – Canadian Neurological Scale 49 

 

 

 

 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiExe_6msTZAhXHQ8AKHZtrD3EQjRx6BAgAEAY&url=http://go.galegroup.com/ps/i.do?p=AONE&sw=w&issn=08880395&v=2.1&it=r&id=GALE|A183489361&sid=googleScholar&linkaccess=fulltext&psig=AOvVaw3vcP5KKx_tlq5M43rW-oSs&ust=1519755914618836
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Appendix 5 – Functional Independence Measure 69 

 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj89a_946rZAhXlJsAKHeeVCYYQjRwIBw&url=https://sites.google.com/site/movementincontext6/the-assessments/functional-independence-measure&psig=AOvVaw3odJC5wi9mIFrAp0lwFmFN&ust=1518882363861920
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Appendix 6 – Barthel Index 65 
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Appendix 7 – Modified Rankin Scale 63 

 

Score  Description 

 

0  Independent, no symptoms 

1 No significant disability despite some symptoms; able to 

perform all activities 

2 Slight disability.  Unable to perform all activities but able 

to manage their own affairs 

3 Moderate disability.  Needs help with activities of daily 

living but able to walk without assistance 

4 Moderately severe disability.  Needs assistance to walk 

and with activities of daily living 

5 Severe disability.  Bedbound, incontinent and needs 24-

hour care 

6  Dead 
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Appendix 8 – Conversion of SSS into Medical Research Council 

(MRC) grading 

 

 

Scandinavian Stroke 

Scale 

SSS score MRC equivalent 

Raises arm with normal 

strength 

6 5 

Raises arm with reduced 

strength 

5 4 

Raises arm with flexion in 

elbow 

4 3 

Can move arm but not 

against gravity 

2 2 

Paralysis 0 0 

Hand, normal strength 6 5 

Hand, reduced strength in 

full range 

4 4 

Some movement in hand 2 2 

Paralysis 0 0 
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