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Abstract 

Cerebral small vessel diseases are common age-related processes associated with two 

important and highly prevalent clinical syndromes: stroke and dementia. Whilst our ability 

to define a specific small vessel disease neuropathologically (most usually post-mortem) 

is excellent, it is still difficult to reach a definitive diagnosis during life; there remains an 

unmet need to accurately classify and quantify different subtypes, especially if effective 

therapeutic trials are ever to be implemented. Thus, two important outstanding questions 

regarding cerebral small vessel diseases are: how do these processes contribute to 

cognitive decline and clinical prognosis, and how can we better recognise small vessel 

disease subtype and severity during life? 

 

The programme of research described in this PhD thesis has three key aims. The first is 

to explore the role of cerebral small vessel diseases and their neuroimaging markers in 

specific patient populations. These include patients with cognitive impairment and 

dementia (a “memory clinic” population), patients with spontaneous (“primary”) 

intracerebral haemorrhage, and those presenting with cardioembolic ischaemic stroke 

or TIA (transient ischaemic attack). The second aim is to identify how and whether 

different small vessel disease subtypes (defined on the basis of intracerebral 

haemorrhage location) and their burden are associated with particular outcomes in 

patients with intracerebral haemorrhage. The outcomes of interest are recurrent 

intracerebral haemorrhage, subsequent cerebral ischaemic events (either ischaemic 

stroke or TIA), and death. The final aim is to present work from a prospective 

observational pilot study designed to identify new biomarkers for cerebral amyloid 

angiopathy, one of the most common cerebral small vessel diseases. In addition to 

describing the protocol and the recruitment process, results from body fluid analyses 

(cerebrospinal fluid and blood) and positron emission tomography (using the amyloid 

ligand 18F-florbetapir) scanning will be presented. The implications and limitations of this 

work will then be discussed, together with proposals for future work in this field.   
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NOAC  Non-vitamin K oral anticoagulant 

NODDI  Neurite orientation dispersion and density imaging 

OR  Odds ratio 
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PET  Positron emission tomography 

PiB  11C-Pittsburgh B compound 

PVC  Partial volume correction 

PVS  MRI-visible perivascular space 

pvWMH Periventricular white matter hyperintensities. 

rCBF  Regional cerebral blood flow 

REC  Research ethics committee 

ROI  Region of interest 

SAH  Subarachnoid haemorrhage 

sAPP  Soluble amyloid precursor protein 

SD  Standard deviation 

SHR  Subdistribution hazard ratio 

SLE   Systemic lupus erythematosus 

sTREM2 Soluble Triggering Receptor Expressed on Myeloid Cells 2 

STRIVE  STandards for ReportIng Vascular changes on nEuroimaging 

SUV  Standardised uptake value 

SUVR  Standardised uptake value ratio 

SVCI  Subcortical vascular cognitive impairment 

SWI  Susceptibility weighted imaging  

SVD  Small vessel disease 

T2*-GRE T2* gradient recalled echo 

TE  Echo time 

TFNE  Transient focal neurological episode 

TIA   Transient ischaemic attack 

TR  Repetition time 

TREM2 Triggering Receptor Expressed on Myeloid Cells 2 

UCLH  University College London Hospital 

VOI  Volume of interest 

VKA  Vitamin K anticoagulant 

WMH  White matter hyperintensities 
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1 Introduction 

Whilst cerebral small vessel diseases (SVDs) have been recognised for over 100 years 

(1) and described as “the most frequent pathological neurological process” (2), our 

understanding of how and why they cause disease remains limited. These common age-

related processes are associated with two important and highly prevalent clinical 

syndromes: stroke and dementia (3). Both conditions have significant health and social 

impacts worldwide (4, 5), and thus SVDs provide an attractive potential target for 

reducing the burden of these diseases. However, whilst our ability to define a specific 

SVD neuropathologically (most usually post-mortem) is excellent (6), it is still difficult to 

reach a definitive SVD diagnosis during life. Recent advances in neuroimaging have 

shown great promise, but there remains an unmet need to accurately classify and 

quantify individual SVD subtypes, especially if effective therapeutic trials are ever to be 

implemented (7, 8). Furthermore, whilst there is a clear association between SVDs and 

cognitive impairment (2, 3), we still do not fully understand how SVDs disrupt cognition, 

whether all SVDs cause cognitive impairment in the same way, or if different pathological 

SVD processes have different effects. Thus, two important outstanding questions 

regarding SVD are: how do these processes contribute to cognitive decline and clinical 

prognosis, and how can we better recognise SVD subtype and severity in life? 

 

The programme of research described in this PhD thesis has three broad aims: 

1. To explore the role of SVDs and their neuroimaging markers in specific patient 

populations 

2. To investigate how and whether SVD subtype (defined by intracerebral haemorrhage 

location) and burden is associated with outcomes in patients with intracerebral 

haemorrhage (ICH) 

3. To identify new biomarkers for sporadic amyloid-β cerebral amyloid angiopathy 

(CAA), one of the most frequently observed SVDs   
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1.1 What are SVDs, and how are they classified? 

SVDs are pathological processes that affect the small arteries, arterioles, capillaries and 

small veins of the brain; the size of affected vessels can range from a few hundred 

microns to approximately a millimetre (2, 3). These processes result in cerebral damage 

via incomplete and complete necrosis (due to chronic hypoperfusion or total vessel 

occlusion, or both), blood brain barrier disruption, local inflammatory processes and 

oligodendrocyte loss (2, 3).  

 

Whilst there are many SVD subtypes (Table 1.1.1), types 1 and 2 are by far the most 

common (2, 3). Type 1 SVD has a number of names, including arteriolosclerosis, age-

related small vessel disease, vascular risk factor associated small vessel disease, 

hypertensive arteriopathy and deep perforator arteriopathy (DPA, which will be used in 

this thesis)(2, 3). This variety of terms reflects the association of this SVD with 

hypertension, diabetes and ageing, and its associations with systemic manifestations of 

small vessel damage, such as microvascular renal and retinal dysfunction (2, 3). 

Neuropathological observations in DPA include small vessel segmental arterial 

disorganization, fibrinoid degeneration, lipohyalinosis and evidence of microatheroma (3, 

9). DPA is thought to be responsible for many clinically “silent” cerebral ischaemic lesions 

and all lacunar infarcts, as well as “deep” (occurring in the basal ganglia, thalamus and 

brainstem) ICH (3, 9-13). 

 

Type 2 SVD is cerebral amyloid angiopathy (CAA), which is characterised by the 

deposition of amyloid in the walls of cortical and leptomeningeal arterioles and capillaries 

of the brain (3, 14, 15). Although there are many potentially causative amyloid proteins, 

sporadic amyloid-β (Aβ) CAA is by far the most common (subsequent reference to CAA 

in this thesis will refer to this sporadic type) (3, 16). Pathologically, the deposits are first 

seen in the abluminal tunica media, with progression eventually resulting in panmural 
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accumulation (3, 14). This is associated with smooth muscle cell degeneration, 

thickening of the vessel wall and narrowing of its lumen, and eventually concentric 

splitting of the vessel wall (“double-barrelling”), microaneurysm formation, and 

perivascular microhaemorrhage (3, 17).  

 

Table 1.1.1: Classification of small vessel diseases 

Adapted from (2) and (3). 

Subtype Name Examples (where relevant) 

1 DPA  

2 CAA (hereditary and sporadic)  

3 Inherited / genetic small vessel 
diseases 

CADASIL 
MELAS 
Fabry disease 

4 Inflammatory / immunologically 
mediated small vessel diseases 

Nervous system vasculitides (e.g. 
SLE, scleroderma, ANCA-
associated) 
Nervous system vasculitides 
secondary to infection 

5 Venous collagenosis  

6 Other Post-radiation angiopathy 

 
 

1.2 Why do we need to differentiate between SVD subtypes? 

The primary motivation for differentiating between DPA and CAA is clinical. The 

association between CAA and recurrent lobar ICH is well recognised (14, 18), and so 

the use of statins (19), anti-thrombotics (20) and anticoagulants (21) (as treatments that 

might increase the baseline risk of ICH) in this patient group is generally not advised. In 

contrast, DPA is associated with cardiovascular risk factors and lacunar infarction (2), 

and thus might present a greater ischaemic risk together with lower rates of ICH 

recurrence. Given this, anti-thrombotics and statins are more likely to be indicated in 

DPA, and these agents might not increase the risk of subsequent ICH to the same extent 

as in CAA. However, this view of “bleeding-prone” CAA (2, 22) versus “ischaemia-prone” 

DPA is almost certainly an oversimplification. A recent individual patient data meta-

analysis (23) following patients with atrial fibrillation (AF) who resumed treatment with 

oral anticoagulant therapy following spontaneous ICH, found that resumption was 

associated with reduced mortality and all-cause stroke incidence, as well as more 

favourable outcomes, at 1 year. Moreover, this effect was also observed in patients with 
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lobar ICH (usually associated with CAA). This might suggest that, in patients with lobar 

ICH at elevated thrombotic risk (e.g. AF), the “early” (i.e. up to 1 year) risk of ischaemic 

events may be underestimated and that they might benefit from anticoagulation during 

this period. However, the data on later stroke events in patients with ICH is limited (20, 

24-26), as ICH is associated with high rates of mortality (survival at 1 year is estimated 

to be 46%, with 5 year survival only 29% (20)), with data on outcomes in the longer term 

(beyond 1 year) being particularly scarce.  

 

A further reason for improved methods for identifying SVD subtype during life is that, 

given the fundamental differences in the underlying pathophysiology of these two SVDs, 

accurate diagnostic identification is likely to be essential for future therapeutic trials. 

Moreover, given that DPA and CAA are both age-related processes, being better able to 

distinguish them from one another would improve our understanding of their relative roles 

as co-pathologies in conditions where multiple pathologies may contribute to eventual 

cognitive decline and dementia (in a manner analagous to that demonstrated in post 

mortem neuropathological studies (27)).  

 

1.3 How can we differentiate between CAA and DPA at present? 

All of the non-pathological methods currently in use to distinguish between CAA and DPA 

rely on the observation that these two SVDs predominantly affect blood vessels with 

different anatomical distributions (Figure 1.3.1); it is worth noting that whilst this 

anatomical division has a pathological basis, it is likely to be something of a 

generalisation in a clinical context (28-30). The most frequent clinical use of this principle 

is in patients with ICH, where lobar ICH is attributed to CAA and deep ICH to DPA (31); 

it is now increasingly used for other structural neuroimaging markers of SVD. As an 

example, cortical superficial siderosis (cSS) is believed to occur due to haemosiderin 

deposition in the subpial space and underlying cortical convexities following an acute 

convexity subarachnoid haemorrhage (cSAH) (32). The location of this haemorrhagic 
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phenomenon (i.e. cortical) is in keeping with the known anatomical distribution of CAA, 

and is now recognised as a key imaging feature of the disease (32). 

 

This approach of anatomically categorising imaging features as being associated with 

either CAA or DPA is now being applied to more widely distributed structural markers. 

Cerebral microbleeds (CMB) are small hypointense lesions observed on paramagnetic-

sensitive MR sequences (3, 33), and are associated with CAA when found in lobar or 

cortico-subcortical regions, whereas those that are deep or infratentorial are associated 

with DPA (3, 34, 35). MRI-visible perivascular spaces (PVS) are thought to be abnormal 

enlargements of the perivascular space, a component of the neurovascular unit (36). The 

exact location of the perivascular space has been variously described; it has been both 

defined as the potential space between the outer aspect of a vessel wall and the brain 

parenchyma (3, 7, 37, 38), and as being within the vessel wall itself, within the tissue 

space of the tunica adventitia and the basement membrane surrounding smooth muscle 

cells in the tunia media of arteries and arterioles (36). Some of this variability is likely to 

reflect the differences in vessel structure between arteries, capillaries and veins, as well 

as differences between arteries and arterioles of different sizes (39). The nature of the 

perivascular space also varies with the anatomical location of arteries, with variations in 

size (between cortical arteries and those within the subarachnoid space) and the number 

of surrounding leptomenigeal layers (for arteries in the basal ganglia) described (39). In 

the context of small vessel disease, PVS in the basal ganglia (BG-PVS) have been 

associated with markers of DPA, whereas PVS in the white matter centrum semi-ovale 

(CSO-PVS) are associated with cerebral Aβ pathologies - both Alzheimer’s disease (AD) 

and CAA (40-42). 

 

Whilst this topographical dichotomy has the advantage of being simple and having a 

biological basis, it has some intrinsic limitations. An association between deep ICH and 

lobar CMBs has been described (43, 44), raising questions about whether lobar CMBs 

are exclusively a feature of CAA. Moreover, a significant proportion of ICH patients (up 
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to a quarter (45)) have “mixed” disease (i.e. features of both CAA and DPA), which 

perhaps is unsurprising given that both SVDs are common and age-related. We currently 

regard this “mixed” group as non-CAA, primarily because although DPA may be 

associated with lobar MB, the obverse has not been found; however, recent evidence 

suggests that this group may still have a significant Aβ burden, and the ratio of lobar to 

deep CMB may be more effective at determining the predominant SVD (46). PVS are 

similarly limited, as in some cases the frequency and severity of BG-PVS and CSO-PVS 

are correlated with each other (47). These limitations highlight the need for better 

biomarkers, using neuroimaging and other modalities, for cerebral SVDs. 

 

 
 
Figure 1.3.1: Schematic demonstrating vessels affected in CAA and DPA 

 

 

 

1.4 Identifying new biomarkers for cerebral SVDs: the argument for 

prioritising CAA 

 

There are four arguments for prioritising CAA over other SVDs when it comes to 

biomarker development:  
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1) CAA has the greatest morbidity and mortality of the SVDs, given its association with 

recurrent ICH (15). This is based upon its association with lobar ICH (a recent meta-

analysis quotes an OR of 2.21, 95% CI 1.09 to 4.45 (48)), the subtype of ICH which 

is more likely to recur (annual recurrence rate 2.5 to 14.3% compared with 1.3 to 

2.9% for non-lobar ICH) (15, 20). Given that the estimated 1 year survival for ICH is 

46% (20), and that more than 60% of ICH survivors are dependent due to severe 

physical or cognitive impairments (49), the burden of disease attributable to CAA is 

likely to be significant (15).  

 

2) The ability to identify and isolate the impact of CAA in patients with multiple 

neuropathologies has mechanistic importance. As well as a contribution to cognitive 

impairment in patients with ICH, CAA appears to have an independent effect on 

cognition in patients with AD, which is of interest because AD and CAA frequently 

coexist (50, 51). Recent neuropathological work has demonstrated that CAA makes 

an independent cognitive contribution to AD dementia, even after adjusting for other 

age-related pathologies including AD pathology (50). There is evidence that patients 

with familial AD develop white matter hyperintensities (WMH), a recognised feature 

of CAA (52), up to 6 years before their estimated symptom onset, and that WMH may 

be a “core feature” of familial AD (53); the predominantly parietal and occipital 

distribution of these WMH are consistent with the distribution seen in sporadic CAA 

(53, 54). Moreover, cortical atrophy, an imaging finding previously felt to be primarily 

representative of AD pathology, has been shown to occur in CAA even in the 

absence of coexistent AD pathology (55). Patients with both strictly lobar CMBs and 

AD demonstrate more grey matter atrophy and greater reductions in glucose 

metabolism than those with AD and without strictly lobar CMBs (56). These findings 

together suggest that certain clinical and radiological features that have previously 

been thought to exclusively represent AD pathology might in fact be manifestations 
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of CAA (at least in part), and it could be argued that future treatment strategies for 

AD that do not consider the impact of CAA might thus be less effective (50).  

 

3) CAA shares a core pathological element (the Aβ protein) with AD, which has allowed 

CAA research to take advantage of the rapid technological advances that have taken 

place in the AD field, for example the development of amyloid-PET ligands and the 

identification of cerebrospinal fluid (CSF) biomarkers. This opportune connection 

might also expedite the identification of an effective treatment for CAA before other 

SVDs; identifying biomarkers that can be used as outcome markers in clinical trials 

is therefore a priority (8). 

 

4) Although the current diagnostic criteria are not without limitations, CAA has a further 

advantage over other SVDs in that it can be reliability identified during life with good 

specificity (81.2%) and sensitivity (94.7%) using the modified Boston criteria (57). 

Newer CT-based criteria (the Edinburgh criteria (58) are yet to be fully validated, but 

raise the possibility of reliably identifying CAA without the need for MRI; this is likely 

to increase the number of patients identified as having the disease.  

 

 

1.5 What are our current biomarkers for CAA? 

1.5.1 Imaging 

Neuroimaging remains central to the diagnosis of CAA; the focus here has been on the 

presence of haemorrhagic manifestations of the disease on MRI (Figure 1.5.1), 

specifically lobar ICH (or “macro” haemorrhage), strictly lobar CMB (“micro” 

haemorrhage) and cSS, all of which are included in the now established MRI-based 

modified Boston diagnostic criteria (57, 59). The more recent Edinburgh diagnostic 

criteria are also imaging (CT) based; two of the three criteria are features of lobar 

haemorrhage (“finger-like projections” and subarachnoid extension) (58). Whilst multiple 
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lobar ICH remains the strongest indicator for CAA, they are a late feature of the disease 

and may not be a practical outcome marker for clinical trials (8). Acute cSAH has been 

shown to evolve over weeks to months (32) into cSS, a recognised MRI marker of CAA 

(60-62). Clinically, both acute cSAH (63, 64) and cSS (61) are associated with transient 

focal neurological episodes (TFNE; Figure 1.5.2); cSS is also associated with an 

increased risk of ICH (65-70), including early recurrent ICH (71). It is likely to be a marker 

of severe CAA (32), and there is some evidence that cSS is associated with higher levels 

of amyloid deposition, as measured by amyloid-PET (72, 73). Finally, whilst strictly lobar 

CMBs remain important for diagnosis, recent work has found that whilst they were 

strongly predictive of CAA in a hospital cohort, this was not the case in a healthy 

community population (74). This has highlighted the importance of identifying new 

imaging markers for CAA that can further improve the specificity and sensitivity of 

diagnosis (8, 75), particularly in cohorts without ICH.  

 

In the last five years new “non-haemorrhagic” (8) structural and functional imaging 

markers for CAA have emerged (Table 1.5.1). Whilst many of these markers are 

predominantly used in a research capacity, with use limited to academic medical centres, 

two of them (MRI-visible perivascular spaces and cortical microinfarcts) are quantifiable 

on routine 3-Tesla imaging. MRI-visible perivascular spaces, described earlier, are 

hypothesised to result from enlargement of the potential space either within or outside a 

blood vessel wall, possibly secondary to impaired interstitial fluid drainage (7, 37). As 

described above, CSO-PVS are associated with cerebral Aβ (AD and CAA) pathologies 

(40-42), and it is hypothesised that this occurs as a consequence of failed Aβ clearance 

(37, 76, 77). Cortical microinfarcts, initially identified pathologically using brain tissue and 

later with 7-Tesla imaging (78, 79), have now been identified using 3-Tesla MRI (80-84). 

They are of interest as they appear to correlate closely with cognitive performance (78, 

79), and might be of particular importance in CAA-related cognitive impairment (85).  
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Establishing CAA severity using neuroimaging remains a challenge; a composite score 

has been proposed (86), which aims to estimate the overall pathological “burden” of CAA 

by combining key imaging markers of CAA, with some preliminary pathological 

verification of the concept. However, as mentioned in the previous paragraphs, the main 

limitation of the currently available imaging biomarkers for CAA is that the haemorrhagic 

markers are often late features of the disease, and many of the non-haemorrhagic 

markers are not specific to CAA (8). One way in which the sensitivity and specificity of 

the current or any future imaging measures could be improved is by using them in 

combination with another modality, for example body fluid markers or 

neuropsychological measures.  

 

 

Figure 1.5.1: Haemorrhagic manifestations of CAA 
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Figure 1.5.2: Imaging findings in CAA-associated TFNE 

Figure and caption taken from (87); both were originally produced by the candidate for publication.  
These images from a 76-year-old patient who presented with migratory left-sided sensory symptoms 
consistent with CAA-associated TFNE. The original CT (A) shows a hyperdense area in keeping with an 
acute cSAH (arrow). Three months later, the patient had a similar episode; repeat CT (B) at this time 
demonstrated another acute cSAH nearby (arrow). Subsequent susceptibility weighted MRI (C and D) 
showed widespread disseminated cSS affecting the right hemisphere (arrowheads).  
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Table 1.5.1: Summary of potential new non-haemorrhagic structural and functional imaging markers for sporadic CAA 

Adapted from (87); original table produced by the candidate for this publication.  
 
 

IMAGING MARKER EVIDENCE OF POTENTIAL AS A BIOMARKER IN CAA LIMITATIONS 

MRI visible perivascular 

spaces in the centrum 

semi-ovale (CSO-PVS) 

 Severe or high grade CSO-PVS commonly observed in CAA (42, 88-92) 

 Higher CSO-PVS volume is associated with sporadic CAA (93) 

 Pilot data show that, in those with CAA, CSO-PVS severity is associated with 

Aβ burden (as measured by PiB) (94) 

 Non-specific (age-related); 

present in a number of other 

conditions (47) 

Cortical atrophy  Thinner cortices observed in those with sporadic CAA compared with healthy 

controls; occipital, temporal, posterior parietal and medial frontal areas 

affected (55)  

 In patients with probable CAA and cognitive impairment, different profiles of 

atrophy were observed for patients with cSS (precuneus, posterior cingulate, 

parieto-temporal, superior frontal and medial temporal regions) and those 

without (parieto-temporal, superior frontal and precentral regions) (95) 

 Difficult to differentiate 

between atrophy secondary 

to parenchymal Aβ and that 

due to vascular Aβ in 

sporadic CAA 

Cortical microinfarcts  Small asymptomatic DWI lesions have been detected in patients with CAA 

(96) 

 Microinfarcts have been identified on post mortem 7-Tesla MRI in patients 

with CAA (97) 

 In a recent 3-Tesla MRI in-vivo study, patients with CAA had more cortical 

microinfarcts that patients with AD and healthy controls, and new cortical 

microinfarcts were observed at 1 year follow up (84) 

 Microinfarcts remain difficult 

to identify in vivo; even 

values obtained using 7-

Tesla MRI are likely to be 

underestimates (78) 

Functional MRI  Patients with CAA have abnormal BOLD responses to a visual stimulus 

(alternating checkerboard), with reduced response amplitude and prolonged 

time both to peak and to baseline (98, 99)  

 Those with CAA show a decline in this BOLD amplitude that is detectable at 1 

year; longitudinal difference in BOLD amplitudes was significantly lower in 

CAA compared to controls (100) 

 Haemodynamic response functions for primary visual and primary motor 

cortex show abnormalities in patients with CAA, with changes in time to peak, 

 Clinical implications of this 

remain unclear; due to 

technical factors this is (at 

present) predominantly a 

research tool, and limited to 

academic medical centres 
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full-width at half-maximum (FWHM) and area under the curve measures 

compared with healthy controls; visual cortex FWHM was associated with 

CMB count (101) 

 Potentially of interest as a surrogate marker of vascular health in clinical trials  

Network measures  Lower global efficiency of brain network in those with CAA; occipital, parietal, 

and posterior temporal lobes most effected (102) 

 Reduced efficiency correlated with Aβ burden (as measured by PiB), as well 

as with impaired executive function and processing speed (102) 

 Increasing CAA severity, as measured by a composite neuroimaging CAA 

score, was associated with reductions in global network efficiency (103)  

 Global efficiency slows a longitudinal decline with time (mean follow up 1.3 

years) in those with CAA, and is associated with deteriorating executive 

function (104)   

 The decline in posterior network connectivity observed over time is associated 

with occipital cortical atrophy (105) 

 Difficult to differentiate 

between network effects of 

parenchymal Aβ versus 

vascular Aβ in sporadic CAA 

 Mainly a research tool limited 

to academic medical centres 

Amyloid-PET imaging using 
11C-PiB-PET and 18F 

compounds 

 Recent meta-analysis (7 studies) found that amyloid-PET had “moderate to 

good diagnostic accuracy” for CAA, with overall pooled sensitivity 79% (95% 

CI 62 to 89%) and specificity 78% (95% CI 67 to 86%) (106) 

 In those with CAA, regions with high PiB retention area have been associated 

with subsequent haemorrhage (107) 

 Although PiB-PET may not reliably distinguish between patients and age 

matched controls (108), early phase (1–6min) uptake can do this (109) 

 The occipital/posterior cingulate ratio of PiB uptake is different for those with 

CAA versus those with AD (109); a recent meta-analysis (7 studies) found that 

occipital/global ratio may be able to differentiate between CAA and AD (110) 

 PiB-PET and 18F-florbetapir binding are able to distinguish between CAA-

associated ICH and hypertension-associated ICH (111, 112) 

 Amyloid-PET unable to 

differentiate between 

vascular and parenchymal Aβ 

 Diagnostic accuracy for CAA 

seems limited 

 Few data on change over 

time in CAA 
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1.5.2 Body fluid markers 

Most of the work on potential body fluid biomarkers in CAA has been using CSF; as 

mentioned previously, this is in all likelihood due to the successful development of CSF 

biomarkers in AD (113, 114). The study of CSF in CAA might provide an opportunity to 

better understand one of the major outstanding questions in CAA, namely why deposition 

is predominantly (and in some cases exclusively) vascular, in contrast to the 

parenchymal deposition observed in AD. Advances in our understanding of protein 

clearance and the fluid compartments of the brain have led to a hypothesis that CAA 

results from failures of Aβ clearance (76). This hypothesis is supported by the 

observation that AD patients treated with anti-Aβ immunotherapies develop CAA-like 

imaging features, which themselves are associated with successful Aβ clearance (115-

117). These imaging features (ARIA; amyloid-related imaging abnormalities) resemble 

those observed in the inflammatory variant of CAA (118), where patients spontaneously 

develop autoantibodies to the Aβ protein (119); this raises the intriguing possibility that 

CAA is a manifestation of attempted “physiological” Aβ clearance. Whilst CAA related 

inflammation usually presents with serious neurological symptoms (including seizures, 

encephalopathy and focal neurological deficits), patients with minimal or no symptoms 

have now also been described (120). Moreover, there is recent neuropathological 

evidence that sites of microhaemorrhage are associated with lower levels of vascular Aβ 

deposition and less severe CAA (121), further supporting this hypothesis. As a 

consequence, an improved understanding of the CSF measures in CAA might have both 

mechanistic and diagnostic implications.  

 

The major CSF and blood biomarker findings for CAA to date are summarised in Table 

1.5.2. The perturbation of CSF Aβ-40 and Aβ-42 in presymptomatic carriers of HCHWA-

D (hereditary cerebral haemorrhage with amyloidosis - Dutch type), an inherited form of 

Aβ CAA caused by a mutation in the amyloid precursor protein (APP) gene, highlights 
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its potential as an early biomarker for the sporadic form of the disease (122). Whilst there 

is some variability in the data, CAA is generally associated with lower CSF Aβ-40 and 

Aβ-42 than both control subjects and patients with AD; CAA patients also have a higher 

Aβ-40: Aβ-42 ratio than AD patients. CSF tau markers in CAA appear to fill an 

intermediate position, with levels higher than those observed in controls but lower than 

those seen in AD. The data for blood biomarkers of CAA are more limited, and restricted 

to Aβ-40 and Aβ-42 only. 

 

1.5.3 Neuropsychology 

The association between CAA and cognitive impairment has been recognised for some 

time; CAA is associated with an increased risk of developing dementia in ICH survivors 

(123, 124), and the prevalence of mild cognitive impairment in patients with CAA was 

79% in one study (125). Data from neuropathological studies has demonstrated that CAA 

as a pathology makes an independent contribution to cognitive performance (27, 50, 85, 

126), and it has been argued that CAA should be considered as a neurodegenerative 

condition (127). However, the neuropsychological profile of CAA is yet to be exploited as 

a disease biomarker. CAA has been associated with an accelerated decline in global 

cognition, as well as specific deficits in processing speed, executive function,  language 

skills, visuospatial functioning and episodic memory (50, 102, 125, 128-132), but it is 

unclear which of these deficits is first to manifest. Additionally, the extent to which this 

data is confounded by the presence of structural damage due to ICH and pre-existing 

cognitive impairment remains uncertain. The association between ICH and later 

cognitive impairment is well recognised (123, 133, 134), but there is evidence that CAA 

has an independent impact on cognition; in patients with CAA and without ICH, 

increasing disease severity (as measured by a composite CAA score), was associated 

with the development of dementia (135).  
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Finally, there have been case reports of CAA presenting with neuropsychiatric 

symptoms, including delirium, depression, and personality change (136-138); in patients 

with AD, and the neuropathological presence of advanced CAA was associated with 

severe psychotic symptoms during life (139). The “vascular depression hypothesis” (140) 

proposes that SVDs might contribute to depression, and there is evidence for an 

association between structural imaging markers of SVD and depressive symptoms (141-

147). In particular, CMBs have been associated with depressive symptoms in patients 

with AD (148) as well as the general population (149). Further work is needed to establish 

whether a similar mechanism results in the neuropsychiatric symptoms that have been 

observed in CAA.  
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Table 1.5.2: Fluid biomarkers in CAA 

 Hereditary CAA Sporadic CAA Memory Clinic Populations 

Amyloid 

markers 

(Aβ-40 and 

Aβ-42) 

CSF 

CSF Aβ-40 and Aβ-42 are reduced in 

presymptomatic and symptomatic carriers of 

the HCHWA-D APP mutation compared with 

controls; reductions in CSF Aβ-40 are 

associated with imaging features of CAA 

(higher number of lobar CMBs, presence of 

cSS, increasing WMH volume) (122). 

Patients with probable CAA have lower Aβ-40 

and Aβ-42 than both control subjects and 

those with AD (150, 151). In one study, Aβ-42 

levels were lower in CAA than controls, but 

higher than patients with AD; Aβ-40 levels 

were lower than AD patients, and non-

significantly lower than controls (152). 

Patients with cSS have lower Aβ-42 than 

controls, and lower Aβ-40 than those with AD 

(153). 

The presence of cortical CMBs is associated 

with reduced CSF Aβ-40 and Aβ-42 in 

patients with AD (154). The presence of 

multiple CMBs (>8) in AD patients is 

associated with a lower CSF Aβ-42 than AD 

patients without any CMBs (155). Those with 

microbleeds, particularly those in a 

distribution in keeping with CAA, have lower 

CSF Aβ-42 levels (156-158). cSS is 

associated with reduced CSF Aβ-42 in a 

memory clinic population (159) 

Blood 
Carriers of the HCHWA-D APP mutation have 

lower plasma Aβ-42 than non-carriers (160). 

Patients with probable CAA have higher 

plasma Aβ-40 and Aβ-42 compared with 

controls (161). 

- 

CSF tau markers 

(total tau, phospho-

tau) 

Symptomatic carriers of the HCHWA-D APP 

mutation have lower CSF phospho-tau levels 

compared with controls; presymptomatic 

mutation carriers showed no difference in 

CSF total tau or phospho-tau compared with 

either controls or symptomatic carriers (122). 

Patients with probable CAA have CSF total 

tau and phospho-tau levels that are higher 

than controls, but lower than patients with AD 

(150, 151). Those with cSS have higher total 

tau than controls and those with CAA 

associated lobar ICH, but lower total tau and 

phospho-tau than those with AD (153). Total 

tau and phospho-tau levels in patients with 

CAA are higher than those in controls, but 

lower than those in AD (152). 

AD patients with multiple CMBs (>8) had 

higher CSF total tau and phospho-tau levels 

than AD patients without any CMBs (155). 
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2 Small vessel diseases and their structural markers in 

different patient populations 

Sections 2.1 and 2.2 are taken from published work by the candidate (3, 162). 

 

2.1 Vascular contributions to cognitive impairment and dementia - 

why do they matter? 

There is no doubt that dementia is a growing concern globally; given the aging 

population, the number of people affected has been projected to double over the next 

two decades, with the economic impact expected to rise over 85% (163). The vascular 

cognitive impairment and vascular dementia concepts are of clinical and research 

importance because vascular factors might be treatable, and thus providing a potential 

strategy to reduce disease progression. Indeed, recent data suggest that the “dementia 

epidemic” has not yet occurred to the extent predicted (164), which might be due in part 

to the improved treatment of modifiable vascular risk factors, for example hypertension 

or dyslipidaemia (165). 

 
 

2.2 Structural markers of small vessel disease: the role of 

neuroimaging 

The advent of brain imaging has revolutionised the identification and quantification of 

cerebral SVDs during life. Markers now considered “classical” for SVD (lacunar infarcts, 

WMH, brain atrophy) were identified in the 1970s and 1980s (initially on CT) (3), and 

their associations with cognitive impairment have been extensively described (166-178). 

More recently identified markers, including CMBs, cSS and PVS, have shown 

associations with cognitive impairment, but these associations are not as consistently 

reported as those for the earlier “classical” markers (3). Reasons for this may include 
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differences in definition and rating methods, imaging acquisition and the MR field 

strengths used; in view to this, attempts have been made to standardise the manner in 

which these SVD markers are quantified (7). Additionally, many newer markers are not 

specific for SVD (this is particularly the case for PVS (3)), and different markers (and 

distributions) are likely to reflect different SVD subtypes (as described in Section 1.3), 

not all of which may be present in a single individual or disease population.  

 

Recently, there has been interest in combining separate SVD imaging markers in order 

to better reflect overall burden; the “total SVD score” (179) (which concentrates on 

imaging features of DPA) has shown associations with a number of clinical measures 

including cognitive performance (180-183), recurrent stroke (both ischaemic and 

haemorrhagic) (184), gait and balance measures (185, 186) and mortality (187). These 

studies have predominantly focussed on populations with higher cardiovascular risk, for 

example those with a history of hypertension, previous TIA or ischaemic stroke, but there 

are also studies in the healthy elderly (aged over 60 years) (181, 183, 188).  A similar 

composite score for CAA has now also been developed (86), which might allow CAA 

severity to be quantified for the first time. This score has shown correlations (in patients 

with CAA) with TFNE (189), incident dementia risk (135), ICH recurrence (190) and 

reductions in global network efficiency (103), in addition to the neuropathological severity 

of CAA-related changes (86). These scores provide a new method for estimating SVD 

impact in an individual, but concerns remain about the specificity of the SVD score (two 

of the component markers are also associated with CAA). Additionally, the CAA score is 

weighted such that lobar CMB and cSS, which are also features of the modified Boston 

criteria, score more highly than the other components; given this, the utility of lower 

values of the CAA score is not clear, and it is possible that the associations observed 

are driven by the binary presence or absence of CAA. The application of these promising 

scores in broader populations (and in the case of the CAA score, in populations who do 

not meet the modified Boston CAA) would help to confirm their value. 
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This section describes four projects investigating the presence and associations of 

structural markers of SVD in different patient populations. The first project considers the 

associations between diagnosis and PVS location in a memory clinic population; the 

second reviews the associations of these markers with cognitive impairment prior to ICH; 

the third and fourth consider the associations of these markers in patients with ischaemic 

stroke or TIA and AF, looking at pre-event and 12 month cognitive performance 

respectively.  

 

2.3 General Methods 

This section is adapted from published work by the candidate (38, 191).  

Rating of all SVD structural markers was performed based on the following methods, 

unless stated otherwise in the text. In all cases, rating was completed in accordance 

with the STRIVE (STandards for ReportIng Vascular changes on nEuroimaging) 

consensus criteria (7), and the rater was blinded to all clinical information.   
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2.3.1 MRI-visible perivascular spaces  

MRI-visible perivascular spaces (PVS) are defined by the STRIVE criteria as “fluid-

filled spaces that follow the typical course of a vessel as it goes through grey or white 

matter” (7). They are CSF isointense, and usually appear as round or ovoid, but can 

appear as linear when imaged parallel to a vessel (rather than perpendicular to it) (7). 

They are distinguished from lacunes by the lack of a “halo” (hyperintense rim) on 

FLAIR imaging (7). 

 

PVS were rated on axial T2-weighted MR images using a validated 4-point visual 

rating scale (0 = no PVS, 1 = <10 PVS, 2 = 11-20 PVS, 3 = 21-40 PVS and 4 = >40 

PVS) in the basal ganglia (BG-PVS) and centrum semi-ovale (cerebral hemisphere 

white matter; CSO-PVS) (192, 193). Rating was carried out on a single pre-defined 

slice (first slice above the anterior commissure in the basal ganglia; the first slice 

above the level of the lateral ventricles for the centrum semi-ovale). Both hemispheres 

were counted, and the hemisphere with the highest score was recorded.  The 

hemisphere contralateral to the acute stroke lesion (either ischaemic or 

haemorrhagic) was preferentially rated, and in cases where no lesion was present, 

the most severely affected side was included.  

 

Examples of each grade of CSO-PVS and BG-PVS are shown in Figure 2.3.1. 
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Figure 2.3.1: Examples of PVS rating grades 

Based on the scales described in (192, 193). Arrows indicate PVS, which are more apparent in the higher 
severity grades. The example shown for grade 3 BG-PVS also demonstrates evidence of gliotic change 
in the right hemisphere.  
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2.3.2 White matter hyperintensities 

White matter hyperintensities (WMH; also termed leukoaraosis) were rated on T2 and 

FLAIR sequences using the Fazekas scale (194, 195). This scale considers WMH in 

deep (dWMH) and periventricular (pvWMH) distributions; each region is scored from 

0 to 3 (Table 2.3.1). Examples of each rating grade are shown in Figure 2.3.2. 

 

 

Table 2.3.1: The Fazekas scale for WMH 

Adapted from (194). 

Grade dWMH pvWMH 

0 Absence Absence 

1 Punctate foci “Caps” or “pencil-thin lining” 

2 Early confluence of foci Smooth “halo” 

3 Large confluent areas 
Irregular, extending into the deep 

white matter 
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Figure 2.3.2: Rating WMH using the Fazekas scale 

Examples of each rating grade on T2 and FLAIR imaging, for both deep (dWMH) and periventricular 
(pvWMH) regions. The example shown for pvWMH grade 0 also demonstrates previous damage (likely 
ischaemic) in the left hemisphere.  
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2.3.3 Lacunes 

Lacunes were identified and counted on T2 and FLAIR sequences; they were defined 

as “round or ovoid, subcortical, fluid-filled (similar signal as CSF)” lesions, with a size 

between 3mm and 15mm and a “surrounding rim of hyperintensity” on FLAIR 

sequences, as defined in the STRIVE criteria (7). Examples are shown in Figure 2.3.3. 

 

Figure 2.3.3: Lacunes 

Axial T2-weighted (A, C) and FLAIR images (B, D) from two patients with lacunes (indicated by the 
arrows). In both cases, the T2 image shows a slightly irregular ovoid CSF isointense lesion, and the 
corresponding FLAIR image shows the characteristic hyperintense “halo”.  
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2.3.4 Cerebral microbleeds 

Cerebral microbleeds (CMBs) were rated using blood sensitive sequences (either 

T2*-GRE or susceptibility weighted imaging, SWI) using the Microbleed Anatomical 

Rating Scale (MARS) (33).They were defined in accordance with STRIVE criteria 

(small, “generally 2–5 mm in diameter, up to 10 mm, areas of signal void with 

associated blooming”) (7). Examples of lobar, deep and infratentorial (cerebellar and 

brainstem) CMBs, using T2*-GRE and SWI (the same patient is shown for both 

sequences in a given location) are shown in Figure 2.3.4. 

 

Figure 2.3.4: Examples of CMBs 
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2.3.5 Cortical superficial siderosis 

Cortical superficial siderosis (cSS) is defined as curvilinear areas of low signal that 

follow the gyral cortical surface that can be identified on blood sensitive sequences 

(either T2*-GRE or SWI) (32). It is further classified as focal (involving three or fewer 

sulci) or disseminated (involving four or more sulci) (32). Examples are shown in 

Figure 2.3.5. 

 

Figure 2.3.5: cSS 
Examples of focal (two patients) and disseminated (one patient) cSS, using T2*-GRE and SWI 
sequences. Arrows indicate areas of cSS, which are more widespread in the disseminated case. 
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2.3.6 Medial temporal atrophy 

Medial temporal atrophy (MTA) was rated on coronal T1 or FLAIR images using the 

Scheltens visual scale (196, 197). After review of the whole hippocampus, a slice in 

the middle of the hippocampal body was chosen for rating (196). The hemisphere 

contralateral to the acute stroke lesion (either ischaemic or haemorrhagic) was 

preferentially rated, and in cases where no lesion was present, the most severely 

affected side was included. There was good agreement between both sequences 

used (kappa 0.77). Examples of each severity grade are shown in Figure 2.3.6. 
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Figure 2.3.6: MTA rating using the Scheltens scale 
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2.3.7 Global cortical atrophy 

Global cortical atrophy (GCA) was rated using the three-point Pasquier scale on axial 

T1 or FLAIR images; when these sequences were not available, inverted T2 images 

were used. The hemisphere contralateral to the acute stroke lesion (either ischaemic 

or haemorrhagic) was preferentially rated, and in cases where no lesion was present, 

the most severely affected side was included. There was good agreement between 

all sequences used (kappa 1.00). Examples of each severity grade are shown in 

Figure 2.3.7. 

Figure 2.3.7: GCA 
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2.3.8 Composite CAA score 

The “CAA score” was calculated from a previously described six-point scale (86). This 

scale awards 1 point for CSO-PVS rating of frequent to severe grades (i.e. presence 

of >20 CSO-PVS) and a further 1 point for significant WMH (defined as Fazekas 

pvWMH grade 3 or Fazekas grade dWMH grade ≥2, or both) (179). Additional points 

are awarded for the presence of lobar CMBs (1 point if 2 to 4 are present; 2 points if 

there are 5 or more) and cSS (1 point if focal; 2 points if disseminated) (86).  

 

2.3.9 Composite SVD score 

The “SVD score” was determined using a previously described four-point scale (179, 

181). This scale awards 1 point each for the presence of lacunes, CMBs, moderate 

to severe BG-PVS (i.e. presence of >10 BG-PVS) and significant WMH (defined as 

Fazekas pvWMH grade 3 or Fazekas grade dWMH grade ≥2, or both) (179).  
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2.4 Topography of MRI-visible perivascular spaces in a memory 

clinic population 

 

This section has been taken from published work (38). This project was undertaken in 

collaboration with Dr Sang Won Seo and colleagues at the Sungkyunkwan University 

School of Medicine, Samsung Medical Center, Seoul, Korea. 

 

2.4.1 Introduction 

SVDs and parenchymal Aβ deposition can both result in dementia, and are known to 

have a synergistic deleterious effect upon cognitive performance (198-200). Although 

these pathologies frequently coexist (201), they are associated clinically with different 

dementia syndromes: SVD is associated with fronto-executive dysfunction and 

subcortical vascular cognitive impairment (SVCI), whilst parenchymal Aβ deposition is 

correlated with episodic memory disturbances and AD (202, 203).  AD and SVCI have 

been described as having distinct neuroimaging profiles (7, 8), but clinically 

differentiating between the two remains difficult, as both the cognitive symptoms and the 

imaging findings frequently overlap. Given this, identifying new markers that further 

improve our ability to discriminate between AD and SVCI remains both relevant and 

important, in particular with regard to recruitment for clinical trials investigating 

pharmacological interventions (204, 205).   

 

As previously discussed, MRI-visible perivascular spaces (PVS) are hypothesised to 

result from an enlargement of the potential space within the wall of a cerebral blood 

vessel, possibly secondary to impaired interstitial fluid drainage (7, 37). BG-PVS appear 

to be associated with markers of DPA, whereas CSO-PVS are associated with cerebral 

Aβ pathologies (both AD and CAA) (40-42). Neuropathological studies have 

demonstrated that the frequency and severity of white matter PVS is greater in AD than 

controls, and this is associated with brain Aβ load, severity of CAA and Apolipoprotein E 
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(APOE) ε4 presence (206). The association between AD and increased white matter 

PVS volume has also been demonstrated using neuroimaging (207). CSO-PVS are 

associated with CAA-related ICH (42, 89) and its “haemorrhagic” markers, namely lobar 

CMBs (41, 208) and cSS (88). A study using post-mortem 7-Tesla MR in CAA-related 

ICH found an association between juxta-cortical PVS enlargement and the 

histopathological grade of CAA in the overlying cortex (209). There is also some 

evidence for an association between amyloid-PET burden (as measured using PiB-PET) 

and CSO-PVS (94).  

 

This project aimed to establish the association of PVS location with SVD type in a cohort 

of patients with AD related cognitive impairment (ADCI; either AD or AD mild cognitive 

impairment) and SVCI (either subcortical vascular dementia or subcortical vascular mild 

cognitive impairment). We hypothesised that ADCI would be associated with CSO-PVS 

(as these patients are likely to have CAA), but not BG-PVS, which instead would be 

associated with SVCI (and DPA). We also hypothesised that, given the CSO-PVS are 

associated with cerebral Aβ diseases, CSO-PVS would be associated with PiB positivity, 

whereas BG-PVS would not demonstrate any such association.  

 

2.4.2 Methods 

This section is taken from published work by the candidate (162), and that by other 

authors (210); this cohort and the study methods have also been described in other 

published work by Dr Seo’s group.  

 

2.4.2.1 Participants 

251 subjects with cognitive impairment were prospectively recruited between July 2007 

and July 2011. All subjects were clinically diagnosed at the Samsung Medical Center, 

Seoul, Republic of Korea. In order to be included in the study, patients required a 
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diagnosis of subcortical vascular mild cognitive impairment (MCI), subcortical vascular 

dementia, probable Alzheimer’s disease (AD) dementia or amnestic MCI.  

 

Subcortical vascular MCI (n=67) was defined using a previously described modification 

of Petersen’s criteria (211). Subcortical vascular dementia (n=70) was defined clinically 

using the Diagnostic and Statistical Manual of Mental Disorder Fourth Edition and using 

imaging criteria proposed by Erkinjuntti et al (212). Patients with subcortical MCI and 

subcortical vascular dementia all had severe white matter hyperintensities (WMH) on 

FLAIR, defined as periventricular WMH ≥ 10mm and deep WMH ≥ 25mm, as modified 

from the Fazekas ischaemia criteria (195). 

 

Amnestic MCI (n=45) was defined by Petersen’s criteria for mild cognitive impairment 

(MCI). Probable AD dementia (n=69) was defined using National Institute of Neurological 

and Communicative Disorders and Stroke and the AD and Related Disorders Association 

criteria (213). Those with amnestic MCI or AD had WMH that were either minimal 

(periventricular WMH<5mm and deep WMH<5mm) or moderate (between minimal and 

severe WMH classifications).  

 

Patients with territorial (i.e. large vessel) infarctions, WMH due to radiation injury, 

leukodystrophy, multiple sclerosis, or vasculitis were excluded. Whilst patients with large 

vessel infarctions were excluded, patients with a clinical history of lacunar stroke or deep 

intracerebral haemorrhage were not excluded. All patients underwent a clinical interview 

(for details including cardiovascular risk factors), neurological examination, cognitive 

assessment by a trained neuropsychologist, blood tests, APOE genotyping, PiB-PET 

and structural brain MRI.  

 

This study was approved by Institutional Review Board of the Samsung Medical Center; 

written consent was obtained for each patient. 
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2.4.2.2 MRI acquisition   

Standardized T2-weighted, three-dimensional (3D) T1-weighted turbo field echo, 3D 

FLAIR, T2* GRE and DTI sequences were acquired for all subjects at the Samsung 

Medical Center using the same 3-Tesla MRI scanner (Philips 3.0T Achieva). 3D T1-

weighted turbo field echo MR images were acquired using the following parameters: 

sagittal slice thickness of 1.0 mm, over contiguous slices with 50% overlap; no gap; 

repetition time (TR) of 9.9 msec; echo time (TE) of 4.6 msec; flip angle of 8°; and matrix 

size of 240 × 240 pixels, reconstructed to 480 × 480 over a field of view (FOV) of 240 

mm. The following parameters were used for the 3D FLAIR images: axial slice thickness 

of 2 mm; no gap; TR 11000 msec; TE 125 msec; flip angle 90°; and matrix size of 512 × 

512 pixels. T2* GRE images were obtained using the following parameters: axial slice 

thickness of 5.0mm, inter-slice thickness of 2mm, TR 669 msec, TE 16 msec, flip angle 

18°, and matrix size 560 × 560 pixels. In whole-brain DT-MRI examinations, sets of axial 

diffusion-weighted single-shot echo-planar images were collected using the following 

parameters: 128×128 acquisition matrix, 1.72 × 1.72 × 2 mm3 voxels; 70 axial slices; 22 

× 22 cm2 FOV; TE 60 msec, TR 7696 msec; flip angle 90°; no gap; b-factor of 600 smm−2. 

Diffusion-weighted images were acquired from 45 different directions using the baseline 

image without weighting [0, 0, 0]. All axial sections were acquired parallel to the anterior 

commissure-posterior commissure line. 

 

2.4.2.3 PET acquisition and analysis 

All patients completed a PiB-PET scan at either the Samsung Medical Center or the 

Asan Medical Center, using identical settings and a Discovery STe PET/CT scanner (GE 

Medical Systems, Milwaukee, WI, USA) in both cases. PiB-PET scanning was performed 

in 3D scanning mode that examined 35 slices of 4.25-mm thickness spanning the entire 

brain. PiB was injected into an antecubital vein as a bolus with a mean dose of 420 MBq 

(range 259 to 550 MBq). A CT scan was performed for attenuation correction 60 minutes 
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after injection. A 30-minute emission static PET scan was then initiated. The specific 

radioactivity of PiB at the time of administration was more than 1,500 Curie/mmol for 

patients and the radiochemical yield was more than 35%. The radiochemical purity of 

the tracer was more than 95% for all PET studies. 

 

PiB-PET images were co-registered to individual MRIs, which were normalized to a 

Montreal Neurological Institute (MNI) 152 template (214). The quantitative regional 

values of PiB retention on the spatially normalized PiB images were obtained by an 

automated volume of interest (VOI) analysis using the automated anatomical labelling 

(AAL) atlas. Data processing was performed using SPM Version 5 (SPM5) within Matlab 

6.5 (MathWorks, Natick, MA). 

 

28 cortical VOIs from left and right hemispheres were selected using the AAL atlas. The 

cerebral cortical VOIs that were chosen for this study consisted of the bilateral frontal 

(superior and middle frontal gyri, the medial portion of superior frontal gyrus, the 

opercular portion of inferior frontal gyrus, the triangular portion of inferior frontal gyrus, 

supplementary motor area, orbital portion of the superior, middle, and inferior orbital 

frontal gyri, rectus and olfactory cortex), posterior cingulate gyri, parietal (superior and 

inferior parietal, supramarginal and angular gyri, and precuneus), lateral temporal 

(superior, middle and inferior temporal gyri, and heschl gyri), and occipital (superior, 

middle, and inferior occipital gyri, cuneus, calcarine fissure, and lingual and fusiform 

gyri). Regional cerebral cortical uptake ratios were calculated by dividing each cortical 

VOI’s uptake ratio by the mean uptake of the cerebellar cortex (cerebellum crus1 and 

crus2), in order to obtain standardized uptake value ratios (SUVR). Global PiB uptake 

ratio was calculated from the volume-weighted average uptake ratio of bilateral 28 

cerebral cortical VOIs. Patients were considered PiB-positive if their global PiB uptake 

ratio was greater than 1.5.  
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2.4.2.4 Structural markers of cerebral small vessel disease (SVD) 

All rating was performed by trained individuals blinded to clinical details. PVS were rated 

by the candidate as described in the preceding Methods (Section 2.3.1). Severity was 

defined as “none/mild” (equivalent to rating scale categories 0 and 1), “moderate” (rating 

scale category 2), and “frequent/severe” (rating scale categories 3 and 4) in order to 

generate groups of a similar size for meaningful subsequent statistical analysis. 

 

The remaining markers were rated by two experienced neurologists (Hee Jin Kim and 

Jae Seung Kim). WMH volume was measured on FLAIR images using an automated 

method (210). Lacunes and CMBs were rated as described in Section 2.3.3 and 2.3.4 

respectively. Interrater agreement was 78.0% for lacunes and 92.3% for CMBs, and 

consensus was reached in all cases of discrepancy.  

 

2.4.2.5 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 11.2). Baseline 

characteristics were compared using Chi-squared or Fishers exact tests for categorical 

variables, independent t-tests for normally distributed continuous variables and Mann 

Whitney U tests for continuous variables that were not normally distributed. PVS (both 

CSO-PVS and BG-PVS) were considered as categorical variables, subdivided by 

severity as described above. Univariable and multivariable logistic regression analyses 

were performed; variables of interest from the univariable analysis were included in the 

multivariable models. WMH volume and lacune burden were not included in the analysis 

for predictors of diagnosis, as these variables had been used to make the original clinical 

diagnosis. 
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2.4.3 Results 

2.4.3.1 PVS topography as a predictor of clinical diagnosis  

The baseline characteristics for the ADCI and SVCI groups are shown in Table 2.4.1. 

Those in the ADCI group were younger (mean age 70.3 years vs 73.8 years, p=0.0012), 

more likely to be PiB positive (78.2% vs 29.3%, p<0.0001) and carry the APOE ε4 allele 

(48.6% vs 25.7%, p<0.0001). Those in the SVCI group were more likely to have 

hypertension (77.6% vs 47.3%, p<0.0001), diabetes mellitus (25.9% vs 13.6%, p=0.021), 

hyperlipidemia (36.2% vs 23.6%, p=0.039), and prior stroke (26.7% vs 5.4%, p<0.0001). 

They were also more likely to carry the APOE ε3 allele (97.4% vs 86.9%, p=0.004) and 

have lacunes (median 9 vs 0, p<0.0001) and deep CMBs (53.5% vs 6.5%, p<0.0001).  

 

In univariable logistic regression analysis (Table 2.4.2), increasing CSO-PVS severity 

was a positive predictor of ADCI; individuals with moderate CSO-PVS had an OR of 4.16 

(95% CI, 2.08 to 8.29) and those with frequent/severe CSO-PVS had an OR of 9.43 

(95% CI, 4.29 to 20.71) compared to those with none/mild CSO-PVS. Increasing severity 

of BG-PVS was negatively associated with ADCI (i.e. positively associated with a clinical 

diagnosis of SVCI); individuals with moderate BG-PVS had an OR for ADCI of 0.10 (95% 

CI, 0.04 to 0.26) and those with frequent/severe BG-PVS had an OR of 0.06 (95% CI, 

0.01 to 0.47) compared to those with none/mild BG-PVS. After adjustment for other 

confounding variables, all of these associations remained: increasing CSO-PVS severity 

was a positive predictor of clinically diagnosed ADCI (none/mild as reference group: 

moderate severity, OR 3.57, 95% CI 1.17 to 10.89; frequent/severe, OR 6.26, 95% CI 

1.66 to 23.58). Increasing severity of BG-PVS was negatively associated with ADCI and 

thus predictive of clinically diagnosed SVCI (none/mild as reference group: moderate 

severity, OR 0.26, 95% CI 0.07 to 1.01; frequent/severe, OR 0.03, 95% CI 0.00 to 0.44). 

PiB positivity and number of lacunes were also associated with a diagnosis of ADCI after 

adjustment.  
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2.4.3.2 PVS topography as a predictor of PiB positivity  

The baseline characteristics of the PiB positive and negative groups are given in Table 

2.4.3. Those in the PiB positive group were more likely to have a diagnosis of ADCI 

(71.7% vs 22.6%, p<0.0001), carry the APOE ε4 allele (53.9% vs 17.5%, p<0.0001) and 

have cSS, although the numbers were small (5.8% vs 0.9%, p=0.047). They were less 

likely to have hypertension (50.0% vs 77.4%, p<0.0001), diabetes mellitus (15.0% vs 

25.5%, p=0.049), previous stroke (8.3% vs 25.5%, p=0.001) and the APOE ε3 allele 

(86.3% vs 99.0%, p<0.0001). PiB positive patients had lower WMH volumes (median 

5.2ml vs 29.9ml, p<0.00001), fewer lacunes (median 0 vs 7, p<0.00001) and were less 

likely to have deep microbleeds (16.8% vs 46.7%, p<0.0001).  

 

In univariable logistic regression analysis, increasing CSO-PVS severity was a positive 

predictor of PiB positivity; individuals with moderate CSO-PVS had an OR of 1.37 (95% 

CI, 0.74 to 2.54) and those with frequent/severe CSO-PVS had an OR of 2.50 (95% CI, 

1.24 to 5.04) compared to those with none/mild CSO-PVS, respectively (Table 2.4.4). 

However, after adjustment for other factors, there was no relationship between CSO-

PVS severity and PiB positivity. BG-PVS severity was not associated with PiB positivity. 

The only variables that remained independently associated with PiB positivity were ADCI 

diagnosis, presence of the APOE ε4 allele and number of lacunes.  
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Table 2.4.1: Baseline characteristics according to disease classification 

p values reflect comparisons between ADCI and SVCI groups using Chi-squared, Fishers exact, independent t-tests or Mann Whitney U tests as appropriate. 

 All ADCI SVCI p value 

n (%) 226 110 (48.7%) 116 (51.3%) - 

Age, years, mean (SD) 72.1 (8.1) 70.3 (8.8) 73.8 (7.0) 0.0012 

Sex, male, n (%) 98 (43.4%) 49 (44.6%) 49 (42.3%) 0.727 

Hypertension, n (%) 142 (62.8%) 52 (47.3%) 90 (77.6%) <0.0001 

Diabetes Mellitus, n (%) 45 (19.9%) 15 (13.6%) 30 (25.9%) 0.021 

Hyperlipidemia, n (%) 68 (30.1%) 26 (23.6%) 42 (36.2%) 0.039 

Prior stroke, n (%) 37 (16.4%) 6 (5.4%) 31 (26.7%) <0.0001 

Presence of APOE ε2, n (%) 22 (10.0%) 7 (6.5%) 15 (13.3%) 0.096 

Presence of APOE ε3, n (%) 203 (92.3%) 93 (86.9%) 110 (97.4%) 0.004 

Presence of APOE ε4, n (%) 81 (36.8%) 52 (48.6%) 29 (25.7%) <0.0001 

PiB Positivity, n (%) 120 (53.1%) 86 (78.2%) 34 (29.3%) <0.0001 

Lacunes, median (IQR) 1 (0 - 9) 0 (0 - 0) 9 (3.5 - 17) <0.0001 

cSS presence, n (%) 8 (3.5%) 5 (4.6%) 3 (2.6%) 0.426 

Strictly lobar CMB (presence), n (%) 17 (7.5%) 7 (6.4%) 10 (8.6%) 0.520 

Deep CMB (presence), n (%) 69 (30.8%) 7 (6.5%) 62 (53.5%) <0.0001 

CSO-PVS 

None/Mild (grade 0 - 1), n (%) 73 (32.3%) 16 (14.6%) 57 (49.1%) 

<0.0001 Moderate (grade 2), n (%) 91 (40.3%) 49 (44.6%) 42 (36.2%) 

Frequent / Severe (grade 3 - 4), n (%) 62 (27.4%) 45 (40.9%) 17 (14.7%) 

BG-PVS 

None/Mild (grade 0 - 1), n (%) 170 (75.2%) 103 (93.6%) 67 (57.57%) 

<0.0001 Moderate (grade 2), n (%) 44 (19.5%) 6 (5.4%) 38 (32.8%) 

Frequent / Severe (grade 3 - 4), n (%) 12 (5.3%) 1 (0.91%) 11 (9.48%) 
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Table 2.4.2: Logistic regression analysis for predictors of clinical diagnosis (ADCI group) 

 Univariable Multivariable (CSO) Multivariable (BG) 

 OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 

CSO-PVS: 
None/Mild (grade 0 - 1)  
Moderate (grade 2) 
Frequent / Severe (grade 3 - 4) 

 
Reference Group 
4.16 (2.08 to 8.29) 
9.43 (4.29 to 20.71) 

<0.00001 

 
Reference Group 

3.57 (1.17 to 10.89) 
6.26 (1.66 to 23.58) 

0.017 - - 

BG-PVS: 
None/Mild (grade 0 - 1)  
Moderate (grade 2) 
Frequent / Severe (grade 3 - 4) 

 
Reference Group 
0.10 (0.04 to 0.26) 
0.06 (0.01 to 0.47) 

<0.00001 - - 

 
Reference Group 
0.26 (0.07 to 1.01) 
0.03 (0.00 to 0.44) 

 

0.009 

       

Age (for each year older) 0.95 (0.91 to 0.98) 0.002 0.94 (0.88 to 1.01) 0.091 0.95 (0.88 to 1.03) 0.214 

Hypertension (presence) 0.26 (0.15 to 0.46) <0.0001 1.13 (0.39 to 3.28) 0.828 1.04 (0.35 to 3.11) 0.951 

Diabetes (presence) 0.45 (0.23 to 0.90) 0.023 0.45 (0.14 to 1.44) 0.180 0.42 (0.13 to 1.36) 0.149 

Hyperlipidaemia (presence) 0.55 (0.31 to 0.97) 0.041 0.39 (0.14 to 1.11) 0.077 0.53 (0.18 to 1.55) 0.247 

Prior stroke (presence) 0.16 (0.06 to 0.40) <0.0001 0.55 (0.12 to 2.56) 0.444 0.53 (0.12 to 2.28) 0.396 

PiB positivity (presence) 8.64 (4.72 to 15.81) <0.0001 3.97 (1.46 to 10.80) 0.007 5.63 (1.96 to 16.21) 0.001 

APOE ε2 (presence) 0.46 (0.18 to 1.17) 0.103 - - - - 

APOE ε3 (presence) 0.18 (0.05 to 0.65) 0.009 0.47 (0.05 to 4.31) 0.507 0.29 (0.03 to 2.73) 0.277 

APOE ε4 (presence) 2.73 (1.55 to 4.83) 0.001 0.82 (0.28 to 2.40) 0.722 0.65 (0.21 to 1.99) 0.449 

Lacunes (per additional lacune) 0.49 (0.39 to 0.61) <0.0001 0.61 (0.48 to 0.78) <0.0001 0.59 (0.47 to 0.75) <0.0001 

cSS (presence) 1.79 (0.42 to 0.69) 0.432 - - - - 

Strictly lobar CMB (presence) 0.72 (0.26 to 1.96) 0.522 - - - - 

Deep CMB (presence) 0.06 (0.03 to 0.14) <0.0001 0.45 (0.11 to 1.75) 0.247 0.59 (0.14 to 2.54) 0.478 
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Table 2.4.3: Baseline Characteristics for PiB positive and negative groups 

P values reflect comparisons between PiB positive and negative groups using Chi-squared, Fishers exact, 
independent t-tests or Mann Whitney U tests as appropriate. 

 

 
PiB Negative 

(retention ratio < 
1.5) 

PiB Positive 
(retention ratio ≥ 

1.5) 
p value 

n (%) 106 (46.9%) 120 (53.1%) - 

Age, years, mean (SD) 72.0 (7.2) 72.2 (8.8) 0.808 

Sex, male, n (%) 48 (45.3%) 50 (41.7%) 0.584 

Hypertension, n (%) 82 (77.4%) 60 (50.0%) <0.0001 

Diabetes Mellitus, n (%) 27 (25.5%) 18 (15.0%) 0.049 

Hyperlipidemia, n (%) 37 (34.9%) 31 (25.8%) 0.138 

Prior stroke, n (%) 27 (25.5%) 10 (8.3%) 0.001 

    

ADCI, n (%) 24 (22.6%) 86 (71.7%) <0.0001 

SVCI, n (%) 82 (77.4%) 34 (28.3%) <0.0001 

    

Presence of APOE ε2, n (%) 14 (13.6%) 8 (6.8%) 0.096 

Presence of APOE ε3, n (%) 102 (99.0%) 101 (86.3%) <0.0001 

Presence of APOE ε4, n (%) 18 (17.5%) 63 (53.9%) <0.0001 

    

WMH volume, ml, median 
(IQR) 

29.9 (13.6 – 45.5) 5.2 (1.2 – 26.2) <0.00001 

Lacunes, median (IQR) 7 (1 – 17) 0 (0 – 2) <0.00001 

cSS presence, n (%) 1 (0.9%) 7 (5.8%) 0.047 

Strictly lobar CMB (presence), 
n (%) 

7 (6.6%) 10 (8.3%) 0.623 

Deep CMB (presence), n (%) 49 (46.7%) 20 (16.8%) <0.0001 

CSO-PVS 

None/Mild (grade 0 - 1), n (%) 41 (38.7%) 32 (26.7%) 

0.033 Moderate (grade 2), n (%) 44 (41.5%) 47 (39.2%) 

Frequent / Severe (grade 3 - 
4), n (%) 

21 (19.8%) 41 (34.2%) 

BG-PVS 

None/Mild (grade 0 - 1), n (%) 76 (71.7%) 94 (78.3%) 

0.480 Moderate (grade 2), n (%) 23 (21.7%) 21 (17.5%) 

Frequent / Severe (grade 3 - 
4), n (%) 

7 (6.6%) 5 (4.2%) 
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Table 2.4.4: Logistic regression analysis for predictors of PiB positivity 

 

  

 Univariable Multivariable 
 OR (95% CI) p value OR (95% CI) p value 

CSO-PVS: 
None/Mild (grade 0 - 1) 

Moderate (grade 2) 
Frequent / Severe (grade 3 - 4) 

 
Reference Group 
1.37 (0.74 to 2.54) 
2.50 (1.24 to 5.04) 

0.032 

 
Reference Group 
0.67 (0.29 to 1.59) 
0.93 (0.35 to 2.46) 

0.607 

BG-PVS: 
None/Mild (grade 0 - 1) 

Moderate (grade 2) 
Frequent / Severe (grade 3 - 4) 

 
Reference Group 
0.74 (0.38 to 1.43) 
0.58 (0.18 to 1.89) 

0.480 - - 

     

Hypertension (presence) 0.29 (0.16 to 0.52) <0.0001 0.52 (0.24 to 1.10) 0.085 

Diabetes (presence) 0.52 (0.27 to 1.00) 0.051 0.97 (0.42 to 2.26) 0.947 

Previous stroke (presence) 0.27 (0.12 to 0.58) 0.001 0.48 (0.17 to 1.33) 0.157 
     

ADCI diagnosis 8.64 (4.72 to 15.81) <0.0001 
7.56 (2.59 to 

22.46) 
<0.0001 

APOE ε2 (presence) 0.47 (0.19 to 1.16) 0.102   

APOE ε3 (presence) 0.06 (0.01 to 0.48) 0.007 0.25 (0.03 to 2.29) 0.221 

APOE ε4 (presence) 5.51 (2.95 to 10.29) <0.0001 3.87 (1.80 to 8.32) 0.001 
     

WMH volume (for each ml 
higher) 

0.97 (0.96 to 0.98) <0.0001 1.03 (1.00 to 1.05) 0.055 

Lacunes (for one number 
higher) 

0.88 (0.83 to 0.92) <0.0001 0.94 (0.88 to 0.99) 0.026 

     

cSS (presence) 6.50 (0.79 to 53.76) 0.082 - - 

Strictly lobar CMB (presence) 1.29 (0.47 to 3.51) 0.623 - - 

Deep CMB (presence) 0.23 (0.12 to 0.43) <0.0001 1.07 (0.43 to 2.65) 0.886 
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2.4.4 Discussion 

 

CSO-PVS severity is strongly associated with clinically diagnosed ADCI whereas BG-

PVS severity predicts clinically diagnosed SVCI. However, CSO-PVS severity was not 

independently associated with PiB positivity. There are two possible interpretations of 

this lack of independent association between CSO-PVS with PiB amyloid retention: 

either CSO-PVS are associated with ADCI as a marker of amyloid pathology that cannot 

be accurately resolved by amyloid-PET, or CSO-PVS are indicative of an amyloid-

independent pathology.  

 

Our findings are consistent with previous findings of an association between CSO-PVS 

and both AD and CAA, both of which are associated with Aβ deposition (14). One reason 

for the apparent lack of independent association between CSO-PVS and PiB might be 

that PiB-PET is unable to resolve smaller blood vessels affected by CAA. This is 

supported by neuropathological evidence that, although severity of CAA does appear 

associated with CSO-PVS in AD, the CAA affected vessels are predominantly less than 

500µm in diameter, which may be too small to be identified using PiB-PET (206). 

Alternatively, the PiB-PET signal observed in our ADCI cohort may be more a measure 

of parenchymal Aβ (this being the predominant signal) and be unrepresentative of the 

true vascular Aβ; PiB-PET binding has been shown to be lower in patients with CAA 

compared to those with AD (215). Thus it is possible that any sequelae of vascular 

amyloid deposition, for example impaired interstitial fluid drainage secondary to a failure 

to adequately clear pathological proteins, could still be visible as MRI-visible CSO-PVS 

(37), independently of PiB positivity.  

 

An alternative explanation is that CSO-PVS are associated with ADCI but not PiB 

positivity because they are manifestations of an amyloid-independent process, for 

example a tau protein related process. As well as being a core neuropathological finding 

in AD, neurofibrillary tangles have been demonstrated in association with CAA in patients 



 
 

66 
 

with AD (216), and tau deposits (neurofibrillary tangles and pretangles) have been 

described in Aβ-related angiitis, an inflammatory form of CAA (217). One study reviewing 

perivascular hyperphosphorylated tau in patients with AD found higher levels 

surrounding the CAA affected vessels than the unaffected ones (218). Thus it is possible 

that CAA could impair perivascular drainage, leading to tau aggregation, which could 

further impair perivascular drainage leading to further tau aggregation and so on (a “feed-

forward” loop), with MRI-visible perivascular spaces being the end result (219, 220).  In 

animal models, traumatic brain injury appears to disrupt normal perivascular clearance 

for at least 28 days, resulting in the accumulation of hyper-phosphorylated tau (221); 

CAA could impair perivascular drainage in a similar way. Alternatively CAA may disrupt 

perivascular drainage via perturbations in normal arteriolar pulsation (77, 222). It is also 

possible that the presence of hyper-phosphorylated tau has direct deleterious 

consequences for perivascular astrocytes, for example by directly disrupting their 

microtubular structure, or altering the expression or localisation of membrane channels 

(for example, aquaporin 4) that change normal interstitial fluid dynamics, with the 

eventual outcome of an enlarged perivascular space (223-225).  

 

This project has some limitations. Firstly, this is an observational study without healthy 

aged matched controls for comparison; despite this, our findings are generally in keeping 

with previous reports from AD and SVCI cohorts. A previous study (94) demonstrated an 

association between PiB positivity and CSO-PVS across a cohort including healthy 

controls (both aged over and under 60 years) and patients with CAA-related ICH; 

interestingly although those with CAA had a higher burden of CSO-PVS compared with 

the healthy control groups (p=0.08), there did not appear to be a difference in PiB 

positivity between healthy older patients and CAA (p=0.53). This may provide further 

evidence that CSO-PVS burden is a closer correlate of vascular amyloid burden than 

PiB-PET measures are, but it is difficult to draw firm conclusions as this study included 

only 31 participants (94). Additionally, our findings may only be applicable to a selected 
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memory clinic population, specifically those with either ADCI or SVCI, rather than the full 

spectrum of dementia syndromes. Our project would also have strengthened if 

participants had other measures of Aβ burden in addition to amyloid-PET, for example 

quantification of CSF or serum Aβ. Certain measures, for example the ratio of Aβ-40:42 

(150), may better capture vascular Aβ and thus might demonstrate with CSO-PVS. It 

was not possible to draw any conclusions on whether the association between AD 

diagnosis and CSO-PVS severity was due to any form of CAA. Only small numbers 

within our cohort had characteristics known to be associated with haemorrhage-

associated CAA (also called type 2 CAA), namely an APOE ε2 allele (notably, none of 

the cohort were homozygous for APOE ε2), strictly lobar CMBs and cSS; however, given 

that over 95% of those with AD have pathological evidence of CAA  it may be that the 

predominant CAA subtype in AD is type 1, which is associated with APOE ε4 and 

capillary level disease (14). Thus it may be the case that more traditional “haemorrhagic” 

markers of CAA are of less clinical relevance in this population.  

 

This study provides further supporting evidence that CSO-PVS are a key imaging marker 

for AD, but without being a measure of amyloid positivity as measured by PiB-PET. This 

raises the possibility that CSO-PVS are a measure of vascular amyloid processes that 

are not identified by amyloid-PET (including those that might impair tracer uptake), or 

alternatively of an amyloid independent process, or both.  
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2.5 Cognitive impairment before intracerebral haemorrhage is 

associated with cerebral amyloid angiopathy 

 

This section is taken from published work by the candidate (191), which was completed 

in collaboration with the listed authors.  

 

2.5.1 Introduction 

Although the associations between dementia and ischaemic stroke have been 

comprehensively described (226), fewer data are available for spontaneous ICH, in part 

due to its high case fatality (20, 123). Cognitive impairment often develops in survivors 

of ICH who were previously dementia-free, particularly if the ICH is lobar and associated 

with baseline neuroimaging markers of CAA (123). In those presenting with ICH, 

cognitive impairment before the event is common, with an estimated pooled incidence of 

16.7% (133), suggesting that the underlying neurovascular and neuropathological 

processes that result in cognitive impairment following ICH might already be present at 

the time of initial presentation with ICH (123, 124, 133). However, it is not clear to what 

extent cognitive impairment after ICH is mediated by direct damage from the index ICH, 

the effects of recurrent ICH, or the impact of the underlying small vessel disease (123, 

133); understanding the contribution of these mechanisms is potentially important in 

developing rational dementia prevention strategies. 

 

We therefore investigated whether neuroimaging evidence of CAA (specifically, meeting 

the modified Boston criteria for probable CAA (57) at presentation, and increases in a 

composite CAA score (86)) was associated with the presence of cognitive impairment 

before ICH. We then performed further analyses investigating associations between 

individual MRI neuroimaging markers of small vessel disease and cognitive impairment 

before ICH. 
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2.5.2 Methods 

2.5.2.1 Participants 

We included patients recruited to a prospective multicentre observational cohort study of 

symptomatic patients with confirmed ICH. Those aged 18 years or above with an ICH 

confirmed on brain imaging (either CT or MRI) were eligible, providing there was no 

evidence that the ICH was due to an underlying structural cause or secondary to head 

trauma. This study has been preregistered (https://clinicaltrials.gov; NCT02513316) and 

the full details of the study protocol have been published previously (227). The study was 

approved by the National Research Ethics Service (IRAS reference 10/H0716/61). 

Written informed consent was obtained for each patient, either from the patient 

themselves (when they had capacity), or from a proxy (as defined by local regulations) 

in situations where the patient was unable to consent for themselves.  

 

The Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE) is a validated 

questionnaire given to a patient’s family member or caregiver which aims to establish 

whether there have been specific changes in cognitive and functional performance over 

the preceding 10-year time period (228-230). Specifically, the informant was asked to 

compare the patient’s performance from 10 years ago with their performance just before 

their stroke or TIA. The 16-item IQCODE includes 16 questions, each of which can be 

scored between 1 and 5; the total is then divided by 16, to provide the final score (range 

1.0 to 5.0). This version of the IQCODE has been reported to have similar accuracy to 

the original 26-item version (229). Pre-existing cognitive impairment was defined as an 

IQCODE score>3.3; this threshold was based on data from a systematic review 

evaluating the diagnostic accuracy of the IQCODE for detecting clinically diagnosed 

dementia (of any cause) in secondary care environments (i.e. any hospital inpatient or 

outpatient setting, including emergency medical admissions and specialist cognitive 
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services) (229). An IQCODE threshold of 3.3 had the highest pooled sensitivity (0.96, 

95% CI 0.94 to 0.98) of the thresholds investigated in the review; the sensitivity of this 

threshold was 0.66 (95% CI 0.41 to 0.84) (229). 

 

For inclusion in the final analysis, it was necessary for patients to have an IQCODE from 

the time of their admission, together with the MRI sequences needed for imaging 

analysis (described below).  

 

2.5.2.2 Imaging Acquisition and Analysis 

Imaging was undertaken at each study centre according to local protocols, and all brain 

imaging carried out as part of the participant’s standard clinical care were sent to the 

study’s co-ordinating centre in anonymised DICOM format.  

 

Imaging analysis was carried out by the candidate, in addition to another clinical research 

associate (Duncan Wilson) and two MSc students (Karen Osei-Bonsu Appiah, Surabhika 

Lunawat), all of whom were trained in neuroimaging rating and blinded to the participant 

clinical details. Only patients with an available MRI and all of the necessary sequences 

for cerebral small vessel disease rating (i.e. axial T2, axial and/or coronal FLAIR, and a 

blood sensitive sequence) were included in the neuroimaging analysis.  

 

PVS, MTA and GCA were rated by the candidate; lacunes, CMBs and cSS were rated 

by Duncan Wilson, and WMH were rated by Karen Osei-Bonsu Appiah (in all cases using 

criteria described in Section 2.3). ICH location (rated by Duncan Wilson) was defined as 

either infratentorial, deep or lobar, with the latter in cortical or cortical-subcortical regions 

and not involving any of the deep grey matter structures. Haematoma volume was 
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calculated (Surabhika Lunawat) using a previously described validated semi-automated 

planimetric method (231). 

 

A clinico-radiological diagnosis of “probable CAA” was based on meeting the modified 

Boston criteria (57). The CAA and SVD scores were calculated as described in Section 

2.3.  

 

2.5.2.3 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 11.2). Evidence 

of selection bias within the final cohort was evaluated by comparing the characteristics 

of people with appropriate MR imaging and those without (Table 2.5.1). IQCODE was 

dichotomised as described above, and baseline characteristics were compared for 

patients with scores >3.3 (i.e. with cognitive impairment) and those with scores ≤3.3 

(Table 2.5.2). Continuous data were reviewed for normality, and if normally distributed 

we used the independent t-test. Where continuous variables were not normally 

distributed, we used the (non-parametric) Mann Whitney U test.  We used the chi-

squared tests for categorical variables. The independent t-test (normally distributed 

continuous data) and the two-sample test of proportion (categorical data) were used to 

compare means and proportions, respectively.  

 

Univariate comparisons were used to identify potential confounders for inclusion in the 

multivariable models; all variables with p<0.05 were included. We then performed 

adjusted logistic regression analyses, adjusting for significant associations identified in 

univariate analyses (Table 2.5.2). In further analyses (Table 2.5.3) we investigated 

associations with other neuroimaging markers suggestive of CAA (the presence of 

strictly lobar CMBs, and presentation with lobar ICH), as well as a composite SVD score 

and its component elements. In these analyses, each neuroimaging marker was 
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considered individually (i.e. each adjusted model included only one neuroimaging marker 

at a time). Given that these analyses were exploratory, we did not make an adjustment 

for multiple testing.  

 

2.5.3 Results 

2.5.3.1 Cohort characteristics 

The demographic and imaging characteristics of those included (n=166) are shown in 

Table 2.5.1. Patients without MRI (n=588) and those with MRI but with missing or 

uninterpretable sequences (n=43) were excluded (Figure 2.5.1). When compared to the 

excluded patients (Table 2.5.1), those included were younger (mean 68.9 years vs 75.0 

years, p<0.00001), less likely to have hypertension (58.2% vs 70.9%, p=0.002), 

hypercholesterolaemia (35.8% vs 47.9%, p=0.006), diabetes mellitus (12.1% vs 19.8%, 

p=0.024), and AF (12.3% vs 43.5%, p<0.0001), and more likely to have a previous 

ischaemic stroke or TIA (24.7% vs 18.1%, p=0.081), lower GCS at presentation (IQR 13 

to 15 vs 14 to 15, p=0.003) and IQCODE-defined pre-ICH cognitive decline (38.2% vs 

24.7%, p=0.001).  

 

When considering patients included in the study (Table 2.5.2), patients with IQCODE-

defined pre-ICH cognitive impairment (n=41) were older (mean difference 7.5 years, 

p<0.0012), and more likely to have hypercholesterolaemia (51.2% vs 30.6%, p=0.017), 

diabetes mellitus (22.0% vs 8.9%, p=0.026), previous ischaemic stroke or TIA (29.0% vs 

14.8%, p=0.047), and previous ICH (12.5% vs 3.2%, p=0.025).  
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2.5.3.2 Associations with pre-ICH cognitive decline: univariate and multivariate 

analyses  

Univariate logistic regression analyses showed that pre-ICH cognitive decline was 

associated with meeting the modified Boston criteria for probable CAA at presentation 

and increasing CAA score (Table 2.5.3). In our multivariable analysis, we adjusted for 

age at event, hypercholesterolaemia, presence of diabetes mellitus, previous ischaemic 

stroke or TIA, and previous ICH, which were statistically significant in univariate analyses 

(Table 2.5.2). Meeting the modified Boston criteria for probable CAA at presentation (OR 

4.01, 95% CI 1.53 to 10.51, p=0.005) and increasing CAA score (for each point increase, 

OR 1.42, 95% CI 1.03 to 1.97, p=0.033) remained associated with pre-ICH cognitive 

decline in these adjusted analyses (Table 2.5.3). 

 

We then investigated the associations between individual neuroimaging markers of small 

vessel disease and cognitive impairment before ICH. In univariable analyses (Table 

2.5.4), we identified associations between pre-ICH cognitive decline and increasing SVD 

score, WMH, the presence of cSS, presence of strictly lobar CMBs, and lobar ICH at 

presentation. In adjusted analyses (adjusted again for clinical and demographic variables 

identified in the univariate analysis) the presence of cSS (OR 4.08, 1.28 to 13.05, 

p=0.018), strictly lobar CMBs (OR 2.47, 95% CI 0.95 to 6.37, p=0.062) and lobar ICH at 

presentation (OR 2.29, 95% CI 0.99 to 5.31, p=0.053) showed associations with pre-ICH 

cognitive impairment. The previous associations with increasing SVD score and WMH 

were no longer statistically significant, although for WMH a large effect size remained 

(OR 2.03).  
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Figure 2.5.1: Description of the study population 

Only those with an available MRI and the necessary sequences for cerebral small vessel disease rating (i.e. 
axial T2, axial and/or coronal FLAIR, and a blood sensitive sequence) were included in the neuroimaging 
marker analysis. 
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Table 2.5.1: Baseline characteristics of those included and excluded subjects 

Percentage values were calculated using the total number of patients for whom data was available as the denominator. p values are from chi-squared and independent 
t-tests, except where indicated († for Mann Whitney U test).  

 All with IQCODE 
Included in final 

analysis 
Excluded p value 

n 797 166 631 - 

Age, years, mean (SD) 73.7 (12.1) 68.9 (12.9) 75.0 (11.6) <0.00001 

Sex, female, n (%) 328 (41.2) 62 (37.4) 266 (42.2) 0.263 

Hypertension, presence, n (%) 539 (68.2) 96 (58.2) 443 (70.9) 0.002 

Hypercholesterolaemia, presence, n (%) 351 (45.4) 58 (35.8) 293 (47.9) 0.006 

Diabetes mellitus, presence, n (%) 144 (18.2) 20 (12.1) 124 (19.8) 0.024 

AF, presence, n (%) 285 (38.8) 33 (21.3) 252 (43.5) <0.0001 

Previous ischaemic stroke or TIA, presence, n (%) 176 (23.3) 29 (18.1) 147 (24.7) 0.081 

Previous intracerebral haemorrhage, presence, n 
(%) 

38 (4.9) 9 (5.5) 29 (4.7) 0.683 

GCS, median (IQR) 15 (14 – 15) 15 (14 – 15) 15 (13 – 15) 0.003† 

IQCODE, median (IQR) 3.12 (3.0 – 3.5) 3.0 (3.0 – 3.3) 3.13 (3.0 – 3.5) <0.00001† 

IQCODE > 3.3 282 (35.4) 41 (24.7) 241 (38.2) 0.001 
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Table 2.5.2: Baseline demographic and clinical characteristics 

Percentage values were calculated using the total number of patients for whom data was available as the denominator. p values are from chi-squared and independent 
t-tests. Proportion differences and their confidence intervals are given as percentages.  

 

All IQCODE ≤3.3 IQCODE > 3.3 
Mean or proportion  
difference (95% CI) 

p value 

n (%) 166 125 (75.3) 41 (24.7) - - 

Age, years, mean (SD) 68.9 (12.9) 67.0 (13.1) 74.5 (10.9) -7.5 (-11.9 to -3.0) 0.0012 

Sex, male, n (%) 104 (62.7) 76 (60.8) 28 (68.3) -7.5 (-24.1 to 9.1) 0.389 

Hypertension, presence, n (%) 96 (58.1) 75 (60.5) 21 (51.2) 9.3 (-8.3 to 26.8) 0.297 

Hypercholesterolaemia, presence, n (%) 58 (35.8) 37 (30.6) 21 (51.2) -20.6 (-38.0 to -3.3) 0.017 

Diabetes mellitus, presence, n (%) 20 (12.1) 11 (8.9) 9 (22.0) -13.1 (-26.7 to 0.5) 0.026 

AF, presence, n (%) 33 (21.3) 22 (19.0) 11 (28.2) -9.2 (-25.1 to 6.6) 0.223 

Previous ischaemic stroke or TIA, presence, n 
(%) 

29 (18.1) 18 (14.8) 11 (29.0) -14.2 (-29.9 to 1.5) 0.047 

Previous ICH, presence, n (%) 9 (5.5) 4 (3.2) 5 (12.5) -9.3 (-20.0 to 1.4) 0.025 
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Table 2.5.3: Univariable and adjusted logistic regression models, investigating associations between cognitive impairment before ICH and evidence of CAA 

All adjusted models incorporated the following variables: age at event, hypercholesterolaemia, presence of diabetes mellitus, previous ischaemic stroke or TIA, and 
previous ICH. 

 

 
Univariable 
OR (95% CI) 

p value 
Adjusted 

OR (95% CI) 
p value 

Meets modified Boston criteria for probable 
CAA 

3.93 (1.72 to 8.96) 0.001 4.01 (1.53 to 10.51) 0.005 

CAA score (per point increase) 1.45 (1.11 to 1.92) 0.007 1.42 (1.03 to 1.97) 0.033 
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Table 2.5.4: Logistic regression models (univariable and adjusted), reviewing associations between cognitive impairment before ICH and individual structural 
markers of cerebral SVD, and a composite SVD score. 

Each model is independent, and considers only a single neuroimaging marker at a time.  

All adjusted models incorporated the following variables: age at event, hypercholesterolaemia, presence of diabetes mellitus, previous ischaemic stroke or TIA, and 
previous ICH. 

 

 
Univariable 
OR (95% CI) 

p value 
Adjusted 

OR (95% CI) 
p value 

WMH; periventricular Fazekas 3 or deep 
Fazekas ≥2 (presence) 

2.31 (1.11 to 4.79) 0.024 2.03 (0.87 to 4.74) 0.103 

Lacunes, (presence) 1.18 (0.50 to 2.81) 0.702 - - 

CSO-PVS (per grade increase) 0.77 (0.53 to 1.12) 0.168 - - 

BG-PVS (per grade increase) 0.97 (0.53 to 1.80) 0.935 - - 

     

Strictly lobar CMBs (presence) 2.76 (1.21 to 6.30) 0.016 2.47 (0.95 to 6.37) 0.062 

cSS (presence) 4.16 (1.55 to 11.12) 0.005 4.08 (1.28 to 13.05) 0.018 

Presentation with lobar ICH 2.07 (1.00 to 4.28) 0.050 2.29 (0.99 to 5.31) 0.053 

     

MTA (per grade increase) 1.33 (0.90 to 1.97) 0.150 - - 

GCA (per grade increase) 1.35 (0.88 to 2.08) 0.169 - - 

Haemorrhage volume (ml) 0.98 (0.96 to 1.01) 0.210 - - 

     

SVD score (per point increase) 1.52 (1.06 to 2.18) 0.021 1.36 (0.89 to 2.08) 0.150 
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2.5.4 Discussion 

 

Our main new finding is that MRI neuroimaging markers of CAA are associated with pre-

ICH cognitive impairment. This suggests that cognitive impairment in CAA is not only 

due to brain injury caused directly by ICH, but is also independently related to the 

underlying small vessel disruption associated with CAA. 

 

Our findings add to growing evidence that CAA plays an important role in the 

development of cognitive impairment and dementia in those with ICH. The prevalence of 

pre-ICH dementia in lobar ICH is near double that in deep ICH (232), and structural 

imaging markers of CAA (cSS, CMBs) present at the time of ICH are associated with 

later progression to dementia (123). Our results show that a composite CAA score has 

a “per point” association with cognitive decline; further studies could help establish 

whether such a score might be useful in patients with milder CAA (including those not 

fulfilling Boston criteria, or without macrohaemorrhage). We found a strong association 

between cSS and pre-ICH cognitive impairment, suggesting that leptomeningeal 

haemorrhage, rather than parenchymal CMBs, might be an especially important 

pathological process impairing cognition in CAA. Our findings also contribute to our 

understanding of the mechanisms by which CAA disrupts cognition, which include 

haematoma damage (via direct effects on cortical integrity and function (123)) and small 

vessel mechanisms. The latter may include effects on brain network efficiency (102), 

which correlate with cognitive performance and shows disturbances in the non-ICH 

hemisphere (104). Our finding that CAA is associated with cognitive impairment before 

ICH shows that haematoma damage cannot be the only mechanism contributing to 

cognitive disruption, and supports the hypothesis that small vessel mechanisms are 

important. 
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A further possibility is that cognitive impairment prior to ICH is due to coincident 

Alzheimer’s disease (133). Although the co-occurrence of CAA and Alzheimer’s disease 

pathology is well recognised (51), CAA appears to have a cognitive profile distinct from 

that seen in Alzheimer’s disease, characterised primarily by deficits in processing speed 

and executive function (125, 128). Recent neuropathological work (50) found that CAA 

makes an independent contribution to cognitive performance in Alzheimer’s disease. 

Together, this evidence suggests that CAA has a specific “neurovascular” impact upon 

cognitive performance, independent of coexistent Alzheimer’s pathology. Although we 

did not find an association between MTA or GCA (as putative imaging markers of 

Alzheimer’s pathology (233)) and pre-ICH cognitive impairment, we acknowledge that 

our sample size is small and so we cannot rule out missing subtle effects.  

 

The main strength of this study is our detailed neuroimaging description of the structural 

markers of cerebral small vessel disease in the context of pre-ICH cognitive decline, in 

a richly phenotyped prospective nationwide cohort of patients. However, our work also 

has limitations. Those included in our study were younger, with fewer comorbidities and 

lower IQCODE scores (and thus less IQCODE-defined cognitive impairment) than those 

who did not have an interpretable MRI; additionally, we acknowledge that a suspicion of 

CAA could increase the likelihood of an MRI being performed (50% of our included 

patients presented with lobar ICH), and so our final cohort might not be representative 

of those presenting with a spontaneous ICH to an acute stroke service. Brain imaging at 

each study centre was completed according to local protocols, and so there are 

unavoidable variations in the nature and manner of the sequences obtained, which could 

influence our results. In particular, the use of SWI versus T2*-weighted GRE sequences 

might result different CMB counts, as the former is more sensitive; we did not adjust for 

this in our analyses. There are inherent limitations of using the IQCODE, including 

variations in the thresholds used to define cognitive impairment and the lack of validation 

against a reference standard for pre-stroke cognitive impairment. Finally, we 
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acknowledge that our study size is small and so our results should be interpreted 

cautiously, particularly the adjusted analyses. As detailed, we chose not to apply an 

adjustment for multiple testing in order not to miss potential associations of interest. 

Whilst our study is powered to detect moderate effect sizes, it may have missed smaller 

effects.  

 

Cognitive impairment before ICH is common, and associated with imaging findings 

consistent with an important contribution from CAA. This suggests that any future 

strategy aiming to reduce the impact of post-stroke dementia in ICH will need to extend 

beyond stroke prevention and include strategies that address the small vessel impact of 

CAA. Further work on the natural history of when and how CAA may influence an 

individual’s cognitive profile is a priority for future research.  
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2.6 Cognitive impairment prior to atrial fibrillation related ischaemic 

events: neuroimaging and prognostic associations 

 

This section was initially submitted for publication in August 2018 (Appendix 2, submitted 

manuscript II), and completed in collaboration with the authors listed.  

 

2.6.1 Introduction 

Post-stroke dementia is common, affecting up to 41.3% of patients in hospital 

populations (226). Atrial fibrillation (AF) is increasingly recognised as a key risk factor for 

dementia, both in association with and independently of clinically-overt ischaemic stroke, 

yet the mechanisms remain largely unknown (234-239). Possible causes include silent 

brain infarcts from recurrent embolization, cerebral hypoperfusion, chronic inflammation 

and endothelial dysfunction, or the progression of pre-existing cerebrovascular or 

neurodegenerative processes (240-253). It is likely that a proportion of post-stroke 

cognitive impairment is due to unidentified pre-stroke decline (226). The pooled 

prevalence of pre-stroke dementia is estimated to be 14.4% (in hospital-based cohorts, 

based on data from three studies), and is due to both neurodegenerative and vascular 

factors (226, 254, 255). Pre-stroke cognitive function is clinically relevant because it is 

associated with poor functional outcome, including death (256-260). However, most data 

on the clinical and radiological associations of pre-stroke cognitive impairment are from 

small single-centre studies in heterogeneous stroke populations which might not be 

generalisable to AF-related stroke populations (123, 133, 191, 260-270). Moreover, most 

imaging studies of pre-stroke cognitive impairment descriptions have focussed on global 

and regional atrophy measures and white matter changes, with limited descriptions of 

other important structural markers of small vessel disease (such as PVS and CMBs) 

which could provide new information on the underlying mechanisms.  
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We investigated the prevalence of IQCODE-defined pre-existing cognitive impairment in 

patients with ischaemic stroke or transient ischaemic attack (TIA) associated with AF, 

and its association with: (1) radiological markers of small vessel disease and 

neurodegeneration; (2) acute post-event cognitive performance as measured by the 

Montreal Cognitive Assessment (MoCA) (271, 272); and (3) functional outcome (defined 

by the modified Rankin score, mRS) at 24 months. We hypothesised that patients with 

IQCODE-defined cognitive impairment would have more evidence of small vessel 

disease and neurodegeneration that those without, and that pre-existing cognitive 

impairment would be associated with cognitive impairment in the acute period following 

the index event, as well as poorer functional outcomes at 24 months.  

 

 

2.6.2 Methods 

2.6.2.1 Patient selection 

This is a pre-defined substudy nested within CROMIS-2 AF, a multi-centre prospective 

observational study of patients with cardioembolic stroke or TIA, the protocol for which 

has been described previously (227, 273). Briefly, this was a study of adults (aged 18 

years or above) presenting with ischaemic stroke or TIA with non-valvular AF (confirmed 

by electrocardiography), who were eligible to start anticoagulation following their 

ischaemic event (227, 273). Patients who could not have an MRI scan, had 

contraindications to anticoagulation, or had previously received therapeutic 

anticoagulation, were excluded (227, 273). The study was approved by the National 

Research Ethics Service (IRAS reference 10/H0716/61).  

 

Pre-existing cognitive impairment was identified using the 16-item IQCODE; details are 

described in Section 2.5.2.1. All patients with a baseline IQCODE were included in this 

analysis. 
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2.6.2.2 Imaging  

Imaging was undertaken locally at each study centre in accordance with a standardised 

protocol including axial T2, T2*-GRE, diffusion-weighted imaging, coronal T1 and FLAIR 

images (227). Sequence parameters were specified for T2*-GRE (227); the remaining 

sequences were obtained according to local protocols. Imaging analysis was carried out 

by the candidate, and another clinical research associate (Duncan Wilson). Previous 

cortical infarcts were identified using T2 and FLAIR sequences (by the candidate), and 

confirmed as non-acute through comparison with diffusion-weighted images (DWI). 

Lacunes, PVS, MTA, and GCA were rated by the candidate; WMH, cSS and CMBs were 

rated by Duncan Wilson (in all cases using criteria described in Section 2.3). The 

presence of an acute DWI lesion was confirmed if a lesion was bright on the B1000 and 

dark on the corresponding ADC map (Duncan Wilson). 

 

2.6.2.3 Outcome measures 

Cognitive performance after the qualifying stroke event was measured using the MoCA, 

a scale including assessments of executive and attentional function sensitive to cognitive 

deficits secondary to cerebrovascular disease (271, 272, 274). This was requested for 

all participants at the time of recruitment, after the qualifying event. A MoCA score <26 

was used to define cognitive impairment (274). The severity of cognitive impairment was 

defined as mild (MoCA score 18-25), moderate (MoCA score 10-17), and severe (MoCA 

score <10) based on guidance for scoring from the official website 

(http://www.mocatest.org/).  

 

Functional outcome at 24 months was quantified using the modified Rankin scale (mRS) 

using multiple ascertainment methods to maximise follow up; these included postal 

questionnaires sent to patients and their general practitioners, and death notifications 
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from NHS Digital (previously the Health and Social Care Information Centre) (227, 275). 

The mRS was dichotomised at 2, with a score of ≤2 indicating independence (276).  

 

2.6.2.4 Statistical analysis 

We investigated for selection bias by comparing characteristics of those with and without 

a baseline IQCODE. We then compared baseline clinical, demographic and imaging 

findings in patients with and without pre-existing cognitive impairment. For all continuous 

variables, data were reviewed for normality, and if normally distributed the independent 

t-test was used. If variables were ordinal or not normally distributed, the non-parametric 

Mann Whitney U test was used. Chi-squared or Fisher’s exact tests were used for 

categorical variables.  

 

The results of univariable comparisons were used to identify variables for inclusion in 

multivariable logistic regression models; all variables with p<0.20 were included in the 

adjusted analyses, except for situations where variables both described the same 

phenomenon (for example, clinical history of previous ischaemic events and imaging 

evidence of a previous cortical infarct). The presence of one or more acute DWI lesions 

was used as a variable in all adjusted analyses for outcome, in order to control for the 

index event (i.e. stroke or TIA). Each model considered only a single neuroimaging 

marker at a time. Ordered logistic regression severity was used to analyse severity of 

acute MoCA impairment as an outcome; the regression was only adjusted for variables 

showing strong associations (p<0.0001) in univariable comparisons, as we did not want 

to over-adjust the model given the group sizes. The proportional odds assumption was 

investigated using the Brant test.   

 

Post-hoc analyses were performed after excluding those with a pre-existing clinical 

diagnosis of dementia or cognitive impairment, previous ischaemic events or 

intracerebral haemorrhage at study entry. The reason for this was to establish whether 
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any findings in the cohort as a whole were driven by patients with these diagnoses, which 

are associated with cognitive impairment.  

 

Statistical analyses were performed by the candidate using Stata (Version 15). 

 

2.6.3 Results 

Of the patients participating in the CROMIS-2 AF study (n=1490), we included 1102 

patients for whom a baseline IQCODE was available; 388 patients were excluded as 

baseline IQCODE data was not available. The included patients were less likely to be 

current smokers (9.8% vs 16.9%, p<0.0001), and had a slightly higher educational age 

(mean 16.4 vs 16.9 years, p=0.027). There were other important but non-statistically 

significant differences between the two groups; the included patients more likely to have 

a formal diagnosis of dementia or cognitive impairment (2.8% vs 1.6%, p=0.166), less 

likely to have had a previous intracerebral haemorrhage (0.4% vs 1.1%, p=0.116), and 

more likely to be taking an antiplatelet drug at study entry (53.7% vs 48.7%, p=0.094).  

 

2.6.3.1 Pre-existing cognitive impairment and associations 

In our cohort, the mean IQCODE score was 3.2 (SD 0.6, score range 1.0 to 5.0), and 

271 (24.6%) patients had IQCODE defined pre-existing cognitive impairment, of whom 

23 (8.5%) had a known diagnosis of dementia or cognitive impairment at study entry. 

When comparing baseline clinical and demographic characteristics (Table 2.6.1), those 

with IQCODE-defined pre-existing cognitive impairment were older (mean age 79.2 vs 

74.9 years, p<0.00001), and more likely to be female (49.1% vs 40.7%, p=0.015), have 

hypertension (70.0% vs 60.6%, p=0.009), diabetes mellitus (20.7% vs 15.7%, p=0.057), 

heart failure (6.6% vs 3.6%, p=0.034) a prior diagnosis of AF (37.7% vs 31.0%, p=0.042), 

a clinical history of previous ischaemic events (27.1% vs 16.5%, p<0.0001), be taking an 
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antiplatelet agent prior to their index event (62.1% vs 51.0%, p=0.002), and had a lower 

educational age (mean 15.7 vs 16.6 years, p=0.0003).  

 

The neuroimaging features of the cohort are presented in Table 2.6.2. Those with pre-

existing cognitive impairment were more likely to have previous cortical infarcts (24.1% 

vs 17.1%, p=0.011) and lacunes (22.1% vs 15.8%, p=0.020). They had higher grades of 

pvWMH (grade 3, 9.6% vs 3.6%, p<0.00001), dWMH (grade 3, 12.2% vs 4.5%, 

p<0.00001), BG-PVS (grade 2 or above, 28.8% vs 19.8%, p=0.0033), MTA (grades 3 

and 4, 18.4% vs 5.8%, p<0.00001), and GCA (grades 2 and 3, 29.6% vs 22.7%, 

p=0.0078), and were more likely to have multiple CMBs (14.8% vs 8.5%, p=0.003). In 

multivariable logistic regression analysis (Table 2.6.3), in which each imaging predictor 

was considered separately, the presence of lacunes (OR 1.50, 95%CI 0.84 to 1.78, 

p=0.034), increasing pvWMH (per grade increase, OR 1.38, 95% CI 1.17 to 1.63, 

p<0.0001), dWMH (per grade increase, OR 1.26, 95% CI 1.05 to 1.51, p=0.011) and 

MTA (per grade increase, OR 1.61, 95% CI 1.34 to 1.95, p<0.0001) grade were 

independently associated with pre-existing cognitive impairment.  

 

We then investigated whether IQCODE-defined cognitive impairment was associated 

with cognitive performance immediately after the entry ischaemic event (median time to 

assessment 4 days; n=960; Tables 2.6.4 and 2.6.5). Those with IQCODE-defined pre-

existing cognitive impairment were more likely to have an abnormal MoCA score at study 

recruitment (84.2% vs 64.0% impaired, unadjusted OR 2.99, 95% CI 2.02 to 4.42, 

p<0.0001), which was maintained in adjusted analyses (OR 2.24, 95% CI 1.26 to 3.98, 

p=0.006). Pre-existing cognitive impairment was also associated with increasing severity 

of acute MoCA impairment in both unadjusted (per grade increase, OR 2.90, 95% CI 

2.17 to 3.86, p<0.0001; Brant test p=0.519) and adjusted (OR 2.27, 95% CI 1.54 to 3.33, 

p<0.0001; Brant test p=0.753) analyses.  
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2.6.3.2 Outcome data 

Outcome data at 24 months were available for 922 patients (83.7%) of whom 480 

(52.1%) were functionally dependent (mRS > 2). Pre-existing cognitive impairment was 

associated with functional dependence at 24 months (n=157, 72.0%, vs n=323, 45.9%) 

in univariable (unadjusted OR 3.03, 95% CI 2.18 to 4.23, p<0.0001) and multivariable 

analyses (OR 2.43, 95% CI 1.42 to 4.20, p=0.001), adjusted for age at event, sex, 

hypertension, hypercholesterolaemia, diabetes mellitus, smoking, heart failure, clinical 

history of previous ischaemic events, educational age, admission NIHSS, antiplatelet 

use, pre-event mRS and the presence of an acute DWI lesion at study entry.  

 

2.6.3.3 Subgroup analyses 

We then repeated these analyses after excluding patients with a known clinical history 

of dementia, cognitive impairment, previous ischaemic events or intracerebral 

haemorrhage at study entry, in order to review whether the associations observed in the 

whole cohort were being driven by patients with these diagnoses.  In patients without a 

known clinical history of dementia, cognitive impairment, previous ischaemic events or 

intracerebral haemorrhage at study entry, (n=872), the prevalence of IQCODE-defined 

pre-event cognitive impairment was 21.0% (n=183). The baseline clinical and 

demographic features were similar to those for the whole cohort (Table 2.6.6). The 

results of univariable and multivariable associations with pre-existing IQCODE were also 

consistent with our main findings (Tables 2.6.7, 2.6.8, 2.6.9, 2.6.10 and 2.6.11), except 

that the association with lacunes and pre-existing cognitive impairment no longer 

reached statistical significance in adjusted analyses.    
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Table 2.6.1: Baseline demographic and clinical characteristics 

Comparison of baseline demographic and imaging characteristics between those with and without cognitive 
impairment prior to their qualifying event. Percentage values were calculated using the total number of 
patients for whom data was available as the denominator. p values are from independent t-tests (age at 
event, educational age), Mann Whitney U test (NIHSS), Fisher’s exact test (previous intracerebral 
haemorrhage) or chi-squared tests (remainder). 

 

 All 

Pre-existing cognitive 
impairment p value 

Absent Present 

n (%) 1102 831 (75.4) 271 (24.6) - 

Age at event, years , mean 
(SD) 

76.0 (10.1) 74.9 (10.1) 79.2 (9.4) <0.00001 

Sex, female, n (%) 471 (42.7) 338 (40.7) 133 (49.1) 0.015 

Hypertension, n (%) 684 (62.8) 499 (60.6) 185 (70.0) 0.009 

Hypercholesterolaemia, n (%) 496 (45.6) 370 (45.1) 126 (47.2) 0.555 

Diabetes mellitus, n (%) 186 (16.9) 130 (15.7) 56 (20.7) 0.057 

Smoking at study entry, n (%) 106 (9.8) 86 (10.5) 20 (7.6) 0.168 

Heart failure, n (%) 48 (4.4) 30 (3.6) 18 (6.6) 0.034 

Known AF, n (%) 356 (32.6) 255 (31.0) 101 (37.7) 0.042 

Previous ischaemic event, n 
(%) 

205 (19.1) 134 (16.5) 71 (27.1) <0.0001 

Previous intracerebral 
haemorrhage, n (%) 

4 (0.4) 2 (0.2) 2 (0.8) 0.254 

Educational age, years, mean 
(SD) 

16.4 (3.5) 16.6 (3.8) 15.7 (2.4) 0.0003 

Admission NIHSS, median 
(IQR) 

5 (2 to 10) 5 (2 to 10) 4.5 (2 to 9) 0.9185 

Antiplatelet use, n (%) 575 (53.7) 413 (51.0) 162 (62.1) 0.002 
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Table 2.6.2: Comparison of imaging features between those with and without pre-existing cognitive 
impairment 

Percentage values were calculated using the total number of patients for whom data was available as the 
denominator. p values are from Mann Whitney U tests (pvWMH, dWMH, CSO-PVS, BG-PVS, MTA and 
GCA grades), Fisher’s exact test (cSS) or chi-squared tests (remainder). 

 All 

Pre-existing cognitive 
impairment p value 

Absent Present 

n (%) 1102 831 (75.4) 271 (24.6) - 

     

Imaging evidence of 
previous cortical infarct, n 
(%) 

207 (18.8) 142 (17.1) 65 (24.1) 0.011 

Lacunes, presence, n (%) 188 (17.3) 130 (15.8) 58 (22.1) 0.020 

     

pvWMH grade, n (%) 

0 645 (58.5) 527 (63.4) 118 (43.5) 

<0.00001 
1 206 (18.7) 149 (17.9) 57 (21.0) 

2 195 (17.7) 125 (15.0) 70 (25.8) 

3 56 (5.1) 30 (3.6) 26 (9.6) 

dWMH grade, n (%) 

0 472 (42.8) 385 (46.3) 87 (32.1) 

<0.00001 
1 431 (39.1) 315 (37.9) 116 (42.8) 

2 129 (11.7) 94 (11.3) 35 (12.9) 

3 70 (6.4) 37 (4.5) 33 (12.2) 

CSO-PVS grade, n 
(%) 

0 58 (5.4) 44 (5.4) 14 (5.4) 

0.5043 

1 486 (45.2) 361 (44.3) 125 (48.1) 

2 324 (30.1) 255 (31.3) 69 (26.5) 

3 174 (16.2) 128 (15.7) 46 (17.7) 

4 33 (3.1) 27 (3.3) 6 (2.3) 

BG-PVS grade, n 
(%) 

0 70 (6.4) 54 (6.6) 16 (6.0) 

0.0033 

1 782 (71.6) 607 (73.7) 175 (65.3) 

2 183 (16.8) 130 (15.8) 53 (19.8) 

3 52 (4.8) 30 (3.6) 22 (8.2) 

4 5 (0.5) 3 (0.4) 2 (0.8) 

MTA grade, n (%) 

0 222 (22.0) 192 (24.9) 30 (12.6) 

<0.00001 

1 470 (46.5) 373 (48.4) 97 (40.6) 

2 229 (22.7) 161 (20.9) 68 (28.5) 

3 66 (6.5) 38 (4.9) 28 (11.7) 

4 23 (2.3) 7 (0.9) 16 (6.7) 

GCA grade, n (%) 

0 355 (32.6) 282 (34.3) 73 (27.3) 

0.0078 
1 469 (43.1) 354 (43.1) 115 (43.1) 

2 246 (22.6) 174 (21.2) 72 (27.0) 

3 19 (1.7) 12 (1.5) 7 (2.6) 

     

cSS, presence, n (%) 3 (0.3) 1 (0.1) 2 (0.7) 0.151 

CMB, presence, n (%) 230 (20.9) 165 (19.9) 65 (24.0) 0.146 

Presence of >1 CMB, n (%) 111 (10.1) 71 (8.5) 40 (14.8) 0.003 

 

 



 
 

91 
 

Table 2.6.3: Multivariable logistic regression for imaging predictors of pre-existing cognitive 
impairment 

Each model considered only a single neuroimaging marker at a time.  
†Adjusted for age at event, sex, hypertension, diabetes mellitus, smoking, heart failure, known AF, 
educational age, and antiplatelet use. 
All remaining models were adjusted for age, sex, hypertension, diabetes mellitus, smoking, heart failure, 
clinical history of previous ischaemic events, known AF, educational age, and antiplatelet use. 

 

 OR 95% CI p value 

Imaging evidence of 
previous cortical infarct, 
presence† 

1.23 0.84 to 1.78 0.288 

Lacunes, presence† 1.50 1.03 to 1.05 0.034 

    

pvWMH, per grade 
increase 

1.38 1.17 to 1.63 <0.0001 

dWMH, per grade increase 1.26 1.05 to 1.51 0.011 

    

BG-PVS, per grade 
increase 

1.16 0.92 to 1.47 0.212 

    

MTA, per grade increase 1.61 1.34 to 1.95 <0.0001 

GCA, per grade increase 1.06 0.86 to1.31 0.588 

    

cSS, presence 8.21 0.72 to 94.5 0.091 

CMB, presence 1.10 0.76 to 1.58 0.620 

Presence of >1 CMB 1.49 0.93 to 2.38 0.093 
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Table 2.6.4: Comparison of acute cognitive performance in those with and without IQCODE-defined 
pre-existing cognitive impairment 

p values are derived from Mann Whitney U tests (days between index event and date of MoCA assessment) 
or chi squared tests (remainder). 
 

 

All 

Pre-existing cognitive 
impairment p value 

Absent Present 

n (%) 960 739 (77.0) 221 (23.0) - 

Days between index event 
and date of MoCA 
assessment, median (IQR) 

4 (2 to 9) 3 (2 to 8) 4 (2 to 10) 0.0631 

Presence of acute cognitive 
impairment (MoCA score 
<26), n (%) 

659 (68.7) 473 (64.0) 186 (84.2) <0.0001 

Degree of acute cognitive impairment, n (%) 

Normal, score ≥26  301 (31.4) 266 (36.0) 35 (15.8) 

<0.0001 

Mild deficit, score 18 - 25  449 (46.8) 344 (46.6) 105 (47.5) 

Moderate deficit, score 10 - 
17 

151 (15.7) 99 (13.4) 52 (23.5) 

Severe deficit, score <10 59 (6.2) 30 (4.1) 29 (13.1) 

 

 

 

 

Table 2.6.5: Logistic regression models reviewing associations between IQCODE-defined pre-
existing cognitive impairment and acute cognitive performance 

MoCA impaired models were adjusted for age at event, sex, hypertension, hypercholesterolaemia, diabetes 
mellitus, heart failure, history of known AF, educational age, admission NIHSS, antiplatelet use prior to study 
entry, and presence of an acute DWI lesion.  
Severity of MoCA impairment models used ordinal logistic regression, and were adjusted for age, 
hypertension, educational age, NIHSS, and presence of an acute DWI lesion.  
 

 Univariable 

OR (95% CI) 
p value 

Adjusted 

OR (95% CI) 
p value 

Acute MOCA impaired 

(score <26)  

2.99 (2.02 to 

4.42) 
<0.0001 

2.24 (1.26 to 

3.98) 
0.006 

     

Severity of acute MoCA 

impairment (normal, mild, 

moderate, severe), per 

increase in grade 

2.90 (2.17 to 

3.86) 
<0.0001 

2.27 (1.54 to 

3.33) 
<0.0001 

 

 



 
 

93 
 

Table 2.6.6: Baseline demographic and clinical characteristics, excluding those with a clinical 
diagnosis of dementia or cognitive impairment, previous ischaemic events or intracerebral 
haemorrhage at study entry 

Comparison of baseline demographic and imaging characteristics between those with and without cognitive 
impairment prior to their qualifying event. Percentage values were calculated using the total number of 
patients for whom data was available as the denominator. p values are from independent t-tests (age, 
educational age), Mann Whitney U test (NIHSS), Fisher’s exact test (previous intracerebral haemorrhage) 
or chi-squared tests (remainder).  
 

 

 All 

Pre-existing cognitive 
impairment p value 

Absent Present 

n (%) 872 689 (79.0) 183 (21.0) - 

Age at event, years , mean 
(SD) 

75.1 (10.2) 74.2 (10.2) 78.5 (9.7) <0.00001 

Sex, female, n (%) 368 (42.2) 280 (40.6) 88 (40.1) 0.070 

Hypertension, n (%) 519 (60.1) 400 (58.6) 119 (66.1) 0.066 

Hypercholesterolaemia, n (%) 361 (41.9) 286 (42.0) 75 (41.7) 0.936 

Diabetes mellitus, n (%) 137 (15.8) 102 (14.9) 35 (19.1) 0.158 

Smoking at study entry, n (%) 91 (10.6) 75 (11.0) 16 (8.9) 0.406 

Heart failure, n (%) 33 (3.8) 21 (3.1) 12 (6.6) 0.027 

Known AF, n (%) 271 (31.4) 206 (30.2) 65 (35.9) 0.138 

Educational age, years, mean 
(SD) 

16.5 (3.7) 46.7 (3.2) 15.7 (2.4) 0.0031 

Admission NIHSS, median 
(IQR) 

5 (2 to 10) 5 (2 to 10) 5 (2 to 10) 0.9840 

Antiplatelet use, n (%) 395 (46.8) 300 (44.9) 95 (53.7) 0.038 
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Table 2.6.7: Comparison of imaging features between those and without pre-existing cognitive 
impairment, excluding those with a clinical diagnosis of dementia or cognitive impairment, previous 
ischaemic events or intracerebral haemorrhage at study entry 

Percentage values were calculated using the total number of patients for whom data was available as the 
denominator. p values are from Mann Whitney U tests (pvWMH, dWMH, CSO-PVS, BG-PVS, MTA and 
GCA grades), Fisher’s exact test (cSS) or chi-squared tests (remainder).  
 

 All 

Pre-existing cognitive 
impairment p value 

Absent Present 

n (%) 872 689 (79.0) 183 (21.0) - 

Imaging evidence of 
previous cortical infarct, n 
(%) 

130 (14.9) 93 (13.5) 37 (20.3) 0.021 

Lacunes, presence, n (%) 132 (15.4) 97 (4.2) 35 (19.7) 0.073 

     

pvWMH grade, n 
(%) 

0 531 (60.9) 446 (64.7) 85 (46.5) 

<0.00001 
1 166 (19.0) 124 (18.0) 42 (23.0) 

2 141 (16.2) 97 (14.1) 44 (24.0) 

3 34 (3.9) 22 (3.2) 12 (6.6) 

dWMH grade, n (%) 

0 396 (45.4) 337 (48.9) 59 (32.2) 

<0.00001 
1 337 (38.7) 253 (36.7) 84 (45.9) 

2 95 (10.9) 72 (10.5) 23 (12.6) 

3 44 (5.1) 27 (3.9) 17 (9.3) 

CSO-PVS grade, n 
(%) 

0 50 (5.9) 38 (5.6) 12 (6.9) 

0.9310 

1 375 (44.0) 298 (44.0) 77 (44.0) 

2 261 (30.6) 212 (31.3) 49 (28.0) 

3 142 (16.7) 111 (16.4) 31 (17.7) 

4 24 (2.8) 18 (2.7) 6 (3.4) 

BG-PVS grade, n 
(%) 

0 61 (7.1) 47 (6.9) 14 (7.8) 

0.0422 

1 624 (72.1) 508 (74.2) 116 (64.4) 

2 141 (16.3) 104 (15.2) 37 (20.6) 

3 36 (4.2) 23 (3.4) 13 (7.2) 

4 3 (0.4) 3 (0.4) 0 (0.0) 

MTA grade, n (%) 

0 193 (24.3) 169 (26.6) 24 (15.1) 

<0.00001 

1 375 (47.2) 311 (49.0) 64 (40.3) 

2 162 (20.4) 120 (18.9) 42 (26.4) 

3 50 (6.3) 31 (4.9) 19 (12.0) 

4 14 (1.8) 4 (0.6) 10 (6.3) 

GCA grade, n (%) 

0 285 (33.1) 236 (34.7) 49 (27.2) 

0.106 
1 378 (43.9) 300 (44.1) 78 (43.3) 

2 184 (21.4) 137 (20.1) 47 (26.1) 

3 14 (1.6) 8 (1.2) 6 (3.3) 

     

cSS, presence, n (%) 1 (0.1) 1 (0.2) 0 (0.0) 1.000 

CMB, presence, n (%) 173 (19.8) 133 (19.3) 40 (21.9) 0.441 

Presence of >1 CMB, n (%) 77 (8.8) 55 (8.0) 22 (12.0) 0.087 
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Table 2.6.8: Multivariable logistic regression for imaging predictors of pre-existing cognitive 
impairment, excluding those with a clinical diagnosis of dementia or cognitive impairment, previous 
ischaemic events or intracerebral haemorrhage at study entry 

Each model considered only a single neuroimaging marker at a time. Models adjusted for age, sex, 
hypertension, diabetes mellitus, heart failure, known AF, educational age, and antiplatelet use. 

 OR 95% CI p value 

Imaging evidence of previous 
cortical infarct, presence 

1.27 0.79 to 2.02 0.326 

Lacunes, presence 1.47 0.94 to 2.31 0.093 

    

pvWMH, per grade increase 1.32 1.08 to 1.61 0.006 

dWMH, per grade increase 1.29 1.05 to 1.60 0.016 

    

BG-PVS, per grade increase 1.03 0.77 to 1.36 0.854 

    

MTA, per grade increase 1.55  1.25 to 1.94 <0.0001 

GCA, per grade increase 1.09 0.85 to 1.39 0.503 

    

CMB, presence 0.90 0.57 to 1.40 0.629 

Presence of >1 CMB 1.13 0.63 to 2.05 0.679 

 

 

Table 2.6.9: Comparison of acute cognitive performance in those with and without IQCODE-defined 
pre-existing cognitive impairment, excluding those with a clinical diagnosis of dementia or cognitive 
impairment, previous ischaemic events or intracerebral haemorrhage 

p values are derived from Mann Whitney U tests (days between index event and date of MoCA assessment) 
or chi squared tests (remainder). 
 

 

All 

Pre-existing cognitive 
impairment p value 

Absent Present 

n (%) 766 615 (80.3) 151 (19.7) - 

Days between index event 
and date of MoCA 
assessment, median (IQR) 

4 (2 to 9) 4 (2 to 8) 4 (2 to 9) 0.6842 

Presence of acute cognitive 
impairment (MoCA score 
<26), n (%) 

516 (67.4) 390 (63.4) 126 (83.4) <0.0001 

Degree of acute cognitive impairment, n (%) 

Normal, score ≥26  250 (32.6) 225 (36.6) 25 (16.6) 

<0.0001 
Mild deficit, score 18 - 25  359 (46.9) 284  (46.2) 75 (49.7) 

Moderate deficit, score 10 - 17 114 (14.9) 80 (13.0) 34 (22.5) 

Severe deficit, score <10 43 (5.6) 26 (4.2) 17 (11.3) 
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Table 2.6.10: Logistic regression models reviewing associations between IQCODE-defined pre-
existing cognitive impairment and acute cognitive performance, excluding those with a clinical 
diagnosis of dementia or cognitive impairment, previous ischaemic events or ICH 

MoCA impaired models were adjusted for age at event, sex, hypertension, hypercholesterolaemia, diabetes 
mellitus, heart failure, history of known AF, educational age, admission NIHSS, antiplatelet use prior to study 
entry, and presence of an acute DWI lesion.  
Severity of MoCA impairment models used ordinal logistic regression, and were adjusted for age, 
hypertension, educational age, NIHSS, and presence of an acute DWI lesion.  

 

 
Univariable 
OR (95% CI) 

p value 
Adjusted 

OR (95% CI) 
p value 

Acute MOCA impaired 
(score <26)  

2.91 (1.84 to 
4.60) 

<0.0001 
2.60 (1.28 to 

5.28) 
0.008 

     

Severity of acute MoCA 
impairment (normal, mild, 
moderate, severe), per 
increase in grade 

2.66 (1.89 to 
3.72) 

<0.0001 
2.35 (1.49 to 

3.70) 
<0.0001 

Brant test 0.704 Brant test 0.261 

 

 

 

 

Table 2.6.11: Logistic regression models reviewing associations between IQCODE-defined pre-
existing cognitive impairment and functional outcome at 24 months 

Multivariable model adjusted for age at event, sex, hypertension, hypercholesterolaemia, diabetes mellitus, 
smoking, heart failure, clinical history of previous ischaemic events, educational age, admission NIHSS, 
antiplatelet use, pre-event mRS and the presence of an acute DWI lesion at study entry. 
 

 
Univariable 
OR (95% CI) 

p value 
Adjusted 

OR (95% CI) 
p value 

Functional dependence  
(mRS > 2) 

2.78 (1.88 to 
4.10) 

<0.0001 
3.33 (1.72 to 

6.42) 
<0.0001 
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2.6.4 Discussion 

In our large multi-centre prospective cohort of patients with AF-associated ischaemic 

stroke and TIA, we found that nearly a quarter of patients (24.6%) met IQCODE criteria 

for pre-existing cognitive impairment, which was associated with the presence of 

lacunes, periventricular and deep WMH, and medial temporal atrophy, but not with other 

structural markers of small vessel disease (MRI-visible perivascular spaces, cortical 

superficial siderosis or cerebral microbleeds). We found that IQCODE-defined cognitive 

impairment was associated with both acute post-event cognitive performance and 

functional outcome at 24 months.  

 

Our findings in an AF-associated cohort are in keeping with previous studies that have 

shown that pre-existing cognitive impairment is associated with both neurodegenerative 

and vascular factors (260-270). We found rates of pre-existing cognitive impairment that 

were higher than many unselected stroke populations, and our rates of impairment were 

also higher than those reported in other AF cohorts (226, 260-270). This might reflect 

the variability in methods used to diagnose pre-existing cognitive impairment, including 

different IQCODE thresholds. 

 

Our finding that MTA is a common and prevalent finding in patients prior to stroke (31.6% 

of our cohort had grade 2 or higher) provides further evidence that this neuroimaging 

feature is important in the cognitive sequelae of AF-related ischaemic stroke and TIA. 

AF has been shown to be associated with lower hippocampal volumes and poorer 

memory and learning performance in stroke-free individuals, and patients with AF from 

the Alzheimer’s Disease Neuroimaging Initiative (ADNI) had greater atrophy of their 

entorhinal cortex and medial temporal lobes, compared with those without AF (252, 277). 

The relationship between AF and global atrophy measures is less clear; whilst one study 

found that AF was associated lower brain volumes globally, others did not identify such 

an association, although this might reflect the younger age of these latter cohorts (252, 

253, 278). This apparent association with MTA but not GCA is in keeping with our results, 
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and implicates AD pathology in the cognitive impairment associated with AF, a proposal 

for which there is supporting longitudinal and pathological (279-284) data. Proposed 

mechanisms by which AF might contribute to Alzheimer’s disease pathology include β- 

and γ-secretase inhibition, perivascular amyloid clearance failures and tau 

phosphorylation, all of which might be induced by AF-related cerebral hypoperfusion 

(279). However, MTA can also be a feature of vascular pathology, and it might be that 

this is the dominant pathology in AF (285-288).  

 

We also found an association with increasing WMH severity and pre-existing cognition. 

Although WMH in patients with AF might simply be due to age or a shared vascular risk 

factor profile (289), there is evidence to suggest that there is an independent association 

(290). Whilst WMH are associated with poorer cognitive performance (169), the data 

relating to cognitive impairment in AF and WMH is conflicting, with some studies showing 

no association (252, 253). We did not find an independent statistically significant 

association with imaging evidence of previous cortical infarcts, which might provide 

further evidence that embolism to the brain (either clinically overt or “silent”) is not the 

only mechanism contributing to cognitive impairment in these patients. The lack of 

association between pre-existing cognitive impairment and other structural small vessel 

disease markers (MRI-visible perivascular spaces and cerebral microbleeds) is in 

keeping with data from other populations, which show inconsistent associations between 

cognitive impairment and these markers (3). The presence of both neurodegenerative 

and vascular pathologies support the argument that, in patients with ischaemic stroke, 

pre-existing dementia is a manifestation of “brain aging” (254) rather than due to one 

single pathological process; this is in contrast with the cognitive changes that occur prior 

to spontaneous intracerebral haemorrhage, where cerebral small vessel diseases (in 

particular, CAA) might be primarily responsible for the deficits observed (133, 191). The 

associations of IQCODE impairment with acute cognitive performance and later 

functional outcome might suggest that any future therapeutic strategies that address 

these measures will need to implemented early and prior to stroke in order to be effective.   
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Questions remain about how best to diagnose pre-existing cognitive impairment. The 

IQCODE has been used extensively and is sensitive to early cognitive changes (228). 

Our data provides more evidence that the IQCODE might be a useful and relevant tool 

in acute stroke, as it appears able to identify patients at risk of subsequent cognitive 

impairment and poorer functional outcomes 24 months after the index ischaemic event. 

Whilst it might seem counter-intuitive to use a questionnaire that does not require a direct 

assessment of the patient themselves, this is often useful in stroke where patients might 

be unable to respond to formal testing, for example due to aphasia or reduced 

consciousness. IQCODE-based estimates of cognition might prove more accurate than 

the potential overestimation of deficits resulting from acute patient testing (which can be 

influenced by intercurrent illness) and potential underestimation from formal dementia 

diagnoses. The association of IQCODE-defined cognitive impairment with recognised 

neurodegenerative and vascular neuroimaging markers suggests that this is indeed 

reflective of significant underlying pathology, as do its associations with later cognitive 

and functional outcome measures.  

 

The strengths of this study include its large size and its prospective multicentre design. 

We also consider a wide range of structural markers associated with cerebral small 

vessel disease and neurodegeneration. However, there are also some limitations. Whilst 

the study imaging protocol required standardised sequences, there was still variability in 

how these sequences were obtained, as well as the MRI machines used by each centre, 

and this could influence our imaging rating. We also acknowledge that the IQCODE 

threshold used might not be equivalent to dementia and that a range of thresholds have 

been used in the past; the IQCODE has not been validated for pre-stroke impairment 

against a formal diagnosis of dementia, and we too were unable to comment on this in 

our study. Despite this, we would argue that cognitive impairment at the level identified 

by the IQCODE is still of relevance given that it is able to predict future outcomes, and 
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the lack of formal diagnoses of dementia prior to the index ischaemic event is in keeping 

with what is observed in this clinical setting.  

 

In this comprehensive imaging description of the factors associated with pre-existing 

cognitive impairment in cardioembolic stroke and TIA, we report that pre-existing 

cognitive impairment is common, and associated with imaging markers of cerebral small 

vessel disease and neurodegeneration, as well as immediate cognitive performance and 

poorer functional outcomes at 24 months. We also provide evidence that the IQCODE 

might be useful as an acute tool in ischaemic stroke and TIA, by identifying those likely 

to have worse clinical outcomes. Future work validating the IQCODE in this context, 

together with further investigation of the factors that contribute to brain resilience and 

whether this can be influenced after ischaemic injury, is needed.  
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2.7 Small vessel predictors of cognitive performance after 

cardioembolic ischaemic stroke or TIA 

 

This section was submitted for publication in October 2018 (Appendix 2, submitted 

manuscript III), and completed in collaboration with the authors listed. 

 

2.7.1 Introduction 

Post-stroke dementia is common but has heterogenous mechanisms that are not fully 

understood. Early post-stroke dementia (within 6 months) is associated with factors 

relating to brain resilience and the index stroke lesion, whereas delayed-onset post-

stroke dementia is more associated with cerebral small vessel diseases (291). Whilst 

dementia after ischaemic intracerebral events (stroke or TIA) is associated with white 

matter hyperintensities, lacunes and cortical atrophy (292, 293), markers of CAA are 

associated with dementia after intracerebral haemorrhage (123).  

 

The natural history of post-stroke dementia is further complicated by the fact that 

cognitive performance immediately after a stroke might not be representative of later 

cognition, as performance might improve; this occurs both acutely, where the initial 

assessment might be influenced by delirium, but also over longer time periods (294-298). 

The Montreal Cognitive Assessment (MoCA) appears to be a sensitive cognitive screen 

for identifying these changes (299), and there has been recent interest in identifying the 

characteristics of so-called “reverters”, who demonstrate improvements in their cognitive 

performance over time (299-302). 

 

We investigated cognitive trajectory in patients with AF-related ischaemic stroke or TIA. 

Our objectives were: (1) to describe the changes in MoCA that occur between acute 

(immediately after the ischaemic event) and 12 month assessment, (2) to investigate the 

clinical and radiological associations of MoCA-defined cognitive impairment at 12 
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months, and (3) to describe the clinical and radiological features associated with a failure 

to improve cognitively 12 months after stroke.  

 

2.7.2 Methods 

2.7.2.1 Participants 

This is another subgroup analysis of the CROMIS-2 AF study; the details relating to this 

study are provided in Section 2.6.2.1. We excluded patients with a formal diagnosis of 

dementia or cognitive impairment at study entry. We also excluded patients with 

IQCODE-defined cognitive impairment (IQCODE score > 3.3) prior to study entry (see 

Section 2.5.2.1 for further details) (229). Additionally, all patients were required to have 

12 month MoCA data in order to be included (Figure 2.7.1). We compared the 

characteristics of eligible patients with and without 12 month MoCA data in order to 

review for selection bias.  

 

2.7.2.2 Cognitive measures 

The “acute” MoCA was collected immediately after the index ischaemic event. All 

participating centres were invited to collect additional MoCA data at 12 months (“12 

month MoCA”) following study entry; twenty centres agreed to contribute to this 

substudy. A MoCA score <26 was used to define cognitive impairment (274). “Reverters” 

were defined as patients with an acute MoCA score <26, who demonstrated an 

improvement of ≥2 points at 12 months, in accordance with previously published work 

(299, 300); patients with an acute MoCA score <26 who did not show this improvement 

were defined as “non-reverters”.  
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2.7.2.3 Imaging Acquisition and Analysis 

The methods for imaging acquisition and the rating of structural markers of SVD are 

described in Section 2.6.2.2.  The composite CAA and SVD scores were calculated as 

described in Section 2.3.8 and 2.3.9 respectively.  

 

The presence of an acute DWI lesion was confirmed if a lesion was bright on the B1000 

and dark on the corresponding ADC map; the side of the lesion, presence of single or 

multiple acute lesions, and evidence of cortical involvement were recorded (Duncan 

Wilson). Evidence of haemorrhagic transformation was rated using the ECASS 

classification (303) using T2*-GRE sequences (Duncan Wilson). The occurrence of 

further intracerebral events was independently adjudicated by Duncan Wilson and a 

Professor of Vascular Neurology (David Werring).  

 

2.7.2.4 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 11.2). We 

compared baseline clinical, demographic and imaging findings in patients with and 

without MoCA-defined cognitive impairment at 12 months, and for reverters compared 

with non-reverters. For all continuous variables, data were reviewed for normality, and if 

normally distributed the independent t-test was used. If variables were ordinal or not 

normally distributed, the non-parametric Mann Whitney U test was used. Chi-squared or 

Fisher’s exact tests were used for categorical variables. Performances of acute and 12 

month MoCA were compared using paired t-tests (mean scores) or McNemar’s test 

(proportion impaired).  

 

The results of univariate comparisons were used to identify variables for inclusion in 

multivariable logistic regression models; all variables with p<0.20 were included in the 
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adjusted analyses except for situations where variables both described the same 

phenomenon (for example, clinical history of previous ischaemic events and imaging 

evidence of a previous cortical infarct). Adjusted models considered only a single 

neuroimaging marker at a time. Given that these analyses were exploratory, we did not 

make an adjustment for multiple testing.  
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Figure 2.7.1: Description of the study population 
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2.7.3 Results 

2.7.3.1 Participants 

383 patients were recruited from the twenty sites participating in the MoCA substudy; 

286 patients were eligible for this substudy, of whom 117 had both baseline and 12 month 

cognitive data available (Figure 2.7.1). We compared the characteristics of eligible 

patients without 12 month MoCA data and the included patients in order to review for 

selection bias (Table 2.7.1). The included patients were less likely to have a diagnosis 

of diabetes mellitus (9.5% vs 19.5%, p=0.02), less likely to have known AF prior to study 

entry (23.9% vs 36.3%, p=0.031), and had a higher educational age (mean 16.8 vs 16.0 

years, p=0.03). Included patients also had lower admission NIHSS at study entry 

(median 3.5 vs 5.5, p=0.02), higher acute MoCA scores (median 25 vs 23, p=0.00091) 

and lower mRS scores at discharge (IQR 0 to 2 vs 1 to 3, p=0.0321); there were no other 

differences in baseline demographic or clinical variables. 

 

2.7.3.2 Comparison of acute and 12 month MoCA performance  

Acute MoCA data was available for 114 patients with 12 month MoCA data (Figure 

2.7.2). The median time to acute MoCA assessment was 4 days (IQR 2 to 8 days; range 

0 to 31 days). Overall, there was an improvement at 12 months compared with acute 

performance (mean difference 1.69 points where maximum score is 30, p<0.00001; 

Table 2.7.2). Scores improved across all subdomains except for attention (which showed 

a deterioration) and were statistically significant for visuo-executive function (mean 

difference 0.23 points, p=0.0470), abstraction (mean difference 0.14 points, p=0.0176) 

and delayed recall (mean difference 0.62 points, p=0.0002).  

 

We also considered whether the proportion of participants impaired across domains 

(defined as scoring less than full marks) changed with time (Table 2.7.3). Fewer patients 

demonstrated MoCA impairments at 12 months (51.3% vs 57.9%, p=0.0719), and there 
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were lower proportions of impaired participants across all domains; this was statistically 

significant for language (48.7% vs 59.7%, p=0.0269), and abstraction (22.2% vs 31.6%, 

p=0.0233). 

 

2.7.3.3 Clinical and imaging associations of cognitive impairment 12 months 

following index ischaemic event 

Amongst those with available 12 month MoCA data (n=117), 51.3% (n=60) had an 

abnormal MoCA score (<26) at 12 months; of these, 81.7% (n=49) had an abnormal 

MoCA acutely. When comparing those with and without MoCA-defined cognitive 

impairment at 12 months, those with impairment were older (mean age 75.6 years vs 

70.5 years, p=0.0022), had fewer years of education (mean 15.9 years vs 17.7 years, 

p=0.0077), had a higher admission NIHSS (median score 5.5 vs 2, p=0.0060), lower 

acute MoCA score (median 22 vs 27, p<0.00001) and higher discharge mRS (median 

score 2 vs 1, p=0.0004). In a multivariable logistic regression analysis including these 

variables, only acute MoCA score remained associated with MoCA impairment at 12 

months (per point increase, OR 0.73, 95% CI 0.59 to 0.91, p=0.005); in a multivariable 

model excluding acute MoCA score, discharge mRS (per point increase, OR 1.91, 95% 

CI 1.07 and 3.44, p=0.029) was the only variable that remained associated with 12 month 

MoCA score.  

 

Patients with cognitive impairment at 12 months had higher grades of pvWMH (IQR 0 to 

1 vs 0 to 0, p=0.0545) and had higher CAA scores (median score 0.5 vs 0, p=0.0005). 

There were no differences between the two groups in the imaging features of the index 

ischaemic lesion (presence of acute DWI lesion at study entry, side of index lesion, 

presence of multiple index lesions on DWI, presence of a cortical lesion, evidence of 

haemorrhagic transformation). In adjusted analyses (adjusted for age, educational age, 

discharge mRS and acute MoCA score), cognitive impairment at 12 months remained 
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associated with CAA score (per point increase, OR 4.09, 95% CI 1.36 to 12.33), p=0.012) 

but not pvWMH grade (OR 1.15, 95% CI 0.54 to 2.44, p=0.725).  

 

2.7.3.4 MoCA trajectory  

In this cohort, 66 patients had an acute MoCA score below 26; of these, 59.1% (n=39) 

were “reverters” (Figure 2.7.3). Non-reverters had higher acute MoCA scores (median 

24 vs 21, p=0.0002) and lower 12 month MoCA scores (median 23 vs 25, p=0.0008); 

there were no other clinical or demographic differences between the two groups.  

 

The imaging characteristics of reverters and non-reverters are shown in Table 2.7.4. 

Non-reverters had lower baseline pvWMH grade (IQR 0 to 0 vs 0 to 1, p=0.0752), but 

higher CSO-PVS grade (median grade 2 vs 1, p=0.0306), and were more likely to have 

CMBs (22.2% vs 2.6%, p=0.016) and in particular, strictly lobar CMBs (14.8% vs 0.0%, 

p=0.024). Non-reverters also had a higher composite SVD (mean 0.88 vs 0.27, 

p=0.0046) and CAA (mean 0.80 vs 0.25, p=0.0007) scores. In unadjusted logistic 

regression analyses (Table 2.7.5), non-reversion remained positively associated with 

CSO-PVS grade (per grade increase, OR 1.83, p=0.029), cerebral microbleed presence 

(OR 10.86, p=0.032), SVD score (per point increase, OR 2.91, p=0.015) and CAA score 

(per point increase, OR 6.71, p=0.001), and negatively associated with the presence of 

multiple lesions at study entry (OR 0.11, p=0.040). Similar associations were observed 

in analyses adjusted for MoCA score (Table 2.7.5).  
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Table 2.7.1: Baseline characteristics of included and excluded patients 

Percentage values were calculated using the total number of patients for whom data was available as the 
denominator. p values are from independent t-tests (age, educational age, discharge mRS), Mann Whitney 
U test (NIHSS, acute MoCA score), Fisher’s exact test (heart failure) or chi-squared tests (remainder). 

 

 
Included  
(n=117) 

Excluded  
(n=168) 

p value 

Age, years , mean (SD) 73.1 (9.1) 74.2 (10.7) 0.3757 

Sex, female, n (%) 45 (38.5) 69 (40.8) 0.688 

Hypertension, n (%) 60 (52.2) 100 (59.2) 0.243 

Hypercholesterolaemia, n (%) 51 (44.4) 83 (49.7) 0.376 

Diabetes mellitus, n (%) 11 (9.5) 33 (19.5) 0.021 

Smoking    

Never 51 (44.0) 77 (45.6) 

0.960 Ex-smoker 54 (46.6) 77 (45.6) 

Current smoker 11 (9.5) 15 (8.9) 

Heart failure, n (%) 4 (3.5) 9 (5.4) 0.569 

AF prior to study entry, n (%) 28 (23.9) 61 (36.3) 0.027 

Educational age, years, mean 
(SD) 

16.8 (3.5) 16.0 (2.5) 0.0288 

NIHSS, median (IQR) 3.5 (2 to 9) 5.5 (2 to 11) 0.0210 

Acute MoCA score, median 
(IQR) 

25 (21 to 27) 23 (18 to 26) 0.0091 

    

Discharge mRS, median (IQR) 1 (0 to 2) 1 (1 to 3) 0.0321 

    

Further intracerebral event within 
12 months of study entry, n (%) 

6 (5.1) 9 (5.3) 0.941 
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Figure 2.7.2: Distribution of acute and 12 month MoCA scores 

Each patient is shown by a single diamond; the data has been jittered to show individual points. The line of 
equality is shown in red.  
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Table 2.7.2: Comparison of MoCA performance (scores) acutely and at 12 months  

Acute MoCA assessed median 4 days following ischaemic event. p values are from paired t-tests.  

 

 
Maximum 

achievable score 
Acute MoCA,  

mean score (SD) 
12 month MoCA, 
mean score (SD) 

Mean difference 
(95% CI) 

p value 

Overall 30 23.55 (4.95) 25.25 (3.88) 1.69 (1.03 to 2.36) p<0.00001 

      

Visuo-executive 5 3.77 (1.38) 4.00 (1.13) 0.23 (0.00 to 0.45) 0.0470 

Naming 3 2.75 (0.61) 2.82 (0.49) 0.07 (-0.05 to 0.19) 0.2399 

Attention 6 4.98 (1.49) 4.70 (1.60) -0.28 (-0.05 to 0.61) 0.0964 

Orientation 6 5.58 (1.06) 5.71 (0.73) 0.13 (-0.05 to 0.32) 0.1628 

Language 3 2.11 (0.91) 2.25 (0.96) 0.13 (-0.05 to 0.32) 0.1591 

Abstraction 2 1.58 (0.68) 1.72 (0.59) 0.14 (0.02 to 0.26) 0.0176 

Delayed recall 5 2.34 (1.62) 2.96 (1.53) 0.62 (0.31 to 0.94) 0.0002 
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Table 2.7.3: Comparison of MoCA performance (impairment) acutely and at 12 months 

Acute MoCA assessed median 4 days following ischaemic event.  

Impairment was defined as scoring less than full marks in a given domain; MoCA impairment was defined 
as previously (score <26). Percentage values were calculated using the total number of patients for whom 
data was available as the denominator. p values are from McNemar’s tests.  

 

 

 

 

 

 

 

 

 

 

  

 
Maximum 

achievable score 
Acute MoCA, 

impaired n (%) 
12 month MoCA, 
impaired n (%) 

p value 

Overall 30 66 (57.9) 60 (51.3) 0.0719 

     

Visuo-
executive 

5 72 (63.2) 69 (59.0) 0.2888 

Naming 3 22 (19.3) 17 (14.5) 0.3173 

Attention 6 61 (53.5) 54 (46.2) 0.1228 

Orientation 6 25 (21.9) 24 (20.5) 0.5050 

Language 3 68 (59.7) 57 (48.7) 0.0269 

Abstraction 2 36 (31.6) 26 (22.2) 0.0233 

Delayed recall 5 102 (89.5) 98 (83.8) 0.1444 
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Figure 2.7.3: Distribution of acute and 12 month MoCA scores for reverters and non-reverters 

Each patient is shown by a single symbol, as indicated by the key; the data has been jittered to show 
individual points. The line of equality is shown in red.  
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Table 2.7.4: Comparison of imaging characteristics of reverters vs non-reverters 

Percentage values were calculated using the total number of patients for whom data was available as the 
denominator. p values are from Mann Whitney U tests (where median and IQR are given), chi-squared tests 
(acute DWI lesion at study entry) or Fisher’s exact test (remainder).  

 

 Reverters Non-Reverters p value 

n (%) 39 (59.1) 27 (40.9) - 

Structural imaging markers at study entry 

Imaging evidence of previous cortical 
infarct, n (%) 

3 (7.7) 4 (14.8) 0.432 

Lacunes, presence, n (%) 5 (12.8) 5 (20.8) 0.485 

pvWMH grade, median (IQR) 0 (0 to 1) 0 (0 to 0) 0.0752 

dWMH grade, median (IQR) 1 (0 to 1) 0 (0 to 1) 0.3217 

CSO-PVS grade, median (IQR) 1 (1 to 2) 2 (1 to 3) 0.0306 

BG-PVS grade, median (IQR) 1 (1 to 1) 1 (1 to 1) 0.1221 

MTA grade, median (IQR) 1 (0 to 1) 1 (0 to 1) 0.7561 

GCA grade, median (IQR) 1 (0 to 1) 1 (0 to 1) 0.9943 

CMB, presence, n (%) 1 (2.6) 6 (22.2) 0.016 

Strictly lobar CMB, n (%) 0 (0.0) 4 (14.8) 0.024 

    

Composite SVD 
score, median (IQR) 

Median 
(IQR) 

0 (0 to 0) 1 (0 to 1) 

0.0046 

Mean (SD) 0.27 (0.61) 0.88 (0.93) 

Composite CAA 
score, median (IQR) 

Median 
(IQR) 

0 (0 to 0.5) 1 (0 to 1) 

0.0007 

Mean (SD) 0.25 (0.44) 0.80 (0.62) 

    

Imaging features of index ischaemic event 

Acute DWI lesion at study entry, n 
(%) 

32 (82.1) 19 (76.0) 0.557 

Side of index lesion, n (%)    

Left 11 (35.5)) 6 (31.6) 

0.249 Right 16 (51.6) 13 (68.4) 

Bilateral 4 (12.9) 0 (0.0) 

Presence of multiple lesions, n (%) 11 (34.4) 1 (5.3) 0.020 

Cortical lesion, n (%) 21 (65.6) 14 (73.7) 0.756 

Evidence of haemorrhagic 
transformation, n (%) 

8 (20.5) 2 (8.7) 0.298 
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Table 2.7.5: Unadjusted and adjusted logistic regression analyses for predictors of non-reversion 

Each model considered a single imaging marker at a time.  

 

 

Unadjusted 
Adjusted for acute MoCA 

score 

OR (95% CI) p value OR (95% CI) p value 

pvWMH (per grade 
increase) 

0.41  
(0.12 to 1.35) 

0.143 - - 

CSO-PVS (per grade 
increase) 

1.83  
(1.06 to 3.15) 

0.029 
1.96  

(1.05 to 3.66) 
0.035 

CMB (presence) 
10.86  

(1.22 to 96.34) 
0.032 

9.36  
(0.92 to 95.34) 

0.059 

     

SVD score (per point 
increase) 

2.91  
(1.23 to 6.88) 

0.015 
2.47  

(1.02 to 6.00) 
0.046 

CAA score (per point 
increase) 

6.71  
(2.10 to 21.50) 

0.001 
6.70  

(1.88 to 23.98) 
0.003 

     

Presence of multiple 
lesions at study entry 

0.11  
(0.02 to 0.90) 

0.040 
0.11  

(0.01 to 1.01) 
0.051 
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2.7.4 Discussion 

MoCA-defined cognitive impairment at 12 months is common, observed in approximately 

half of our cohort, and associated with factors to relating to brain resilience (age, 

educational age) and stroke severity (acute MoCA score, NIHSS, discharge mRS), as 

well as increases in a composite CAA score. Overall, we found that MoCA performance 

at 12 months improves compared with acute performance, and we show that the 

presence of structural imaging markers of small vessel disease (CSO-PVS, cerebral 

microbleeds, composite SVD and CAA scores) is associated with non-reversion.  

 

Our use of composite scores for the two most common small vessel diseases provides 

new perspectives on the small vessel mechanisms which might underlie post-stroke 

dementia. Composite scores are hypothesised to better reflect overall pathological 

burden and have shown associations with a number of clinical measures including 

cognitive performance (180-183, 187). In our study, we observed an independent 

association of 12 month cognitive performance with the composite CAA score. This score 

includes non-haemorrhagic markers of CAA such as CSO-PVS and WMH which do not 

feature in the current diagnostic criteria for CAA (57), and which might have more 

relevance in non-haemorrhagic patient populations. The association of CAA with 

dementia following intracerebral haemorrhage has been described (123), as have 

associations between strictly lobar microbleeds and executive function in patients with 

ischaemic stroke or TIA (304). Whilst our finding that CAA score is associated with 12 

month MoCA impairment should be interpreted with caution, given the low prevalence of 

haemorrhagic markers and the relatively small size of the cohort, it might provide further 

evidence that imaging markers of CAA are associated with cognitive performance 

beyond intracerebral haemorrhage, a finding already observed in non-haemorrhagic 

memory clinic populations (135, 159).  
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Our observation that overall cognitive performance can improve with time following an 

ischaemic event is in keeping with data from previous studies (294-298), as are the 

significant domain specific improvements in visuo-executive function, abstraction and 

delayed recall (299, 300). As well as improvements in raw scores, we also found that 

levels of impairment were lower at 12 months for most domains. However, we did note 

that for a number of domains, whilst raw scores improved significantly, patients remained 

in the impaired range (as we defined it). This highlights the difficulties in quantifying 

deficits when considering individual domains.  

 

We also describe the characteristics of patients with impaired acute performance who 

demonstrate an improvement of two or more points - so-called “reverters” (299, 300) – 

and those who do not. Whilst use of the term “reverter” has been criticised for suggesting 

that cognitive performance returns to normal (300), it is useful as a standardised method 

for defining improvement. Whilst we did not find any clinical or demographic differences 

between reverters and non-reverters (except for those relating to MoCA scores), there 

were imaging differences. Non-reverters appeared to have more evidence of small 

vessel disease (CSO-PVS, cerebral microbleeds, and higher composite SVD and CAA 

scores), and were less likely to have had multiple acute DWI lesions at study entry. As 

discussed above, the association between both multiple lesions and lower acute MoCA 

scores amongst the reverters might suggest that multiple lesions are more likely to result 

in an acute reversible cognitive impairment – although the acute disturbance in this 

cohort does not seem to be typical for delirium, given the lack of attentional improvement 

with time. Replication of this work in larger cohorts will be important for confirming and 

better quantifying these observations.  

 

The strengths of this study are its multicentre prospective design, and the detailed clinical 

and radiological descriptions available for the study participants. However, there are also 

some limitations. Firstly, only a subset of centres collected 12 month MoCA data, and 
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even within these centres MoCA data was not collected for all potentially eligible 

participants. The excluded patients had more comorbidities, lower educational age, more 

severe ischaemic events (as defined by NIHSS and discharge mRS) and had lower acute 

MoCA scores, all of which are associated with poorer cognitive outcome at 12 months. 

Given this, the cognitive performance of our cohort might be better than expected and 

not representative of all cardioembolic ischaemic stroke or TIA cohorts. We note that 

group sizes for some analyses are small and the prevalence of haemorrhagic markers 

in our cohort was low; in view of this, these results should be interpreted cautiously. 

Finally, the MoCA has some intrinsic limitations, including the fact that it is primarily a 

screening tool and thus likely underestimates the severity and breadth of cognitive 

impairment that result from stroke (305, 306). Nevertheless, the positive findings and 

associations we describe suggest that the MoCA might be a useful tool for monitoring 

for change over time. 

 

We conclude that cognitive impairment 12 months following an ischaemic event is 

common, and that structural imaging features of small vessel disease appear associated 

both with deficits and a lack of improvement at 12 months. Further work that clarifies the 

role of small vessel diseases in this context will be essential for refining future cognitive 

rehabilitation strategies.  
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3 Small vessel diseases and clinical outcomes following 

spontaneous intracerebral haemorrhage 

 

Spontaneous (“primary”) ICH is associated with significant morbidity and mortality, and 

its incidence continues to increase worldwide (5, 20, 49, 307-309). Most research on 

outcomes following ICH has focussed on short term prognosis, reflecting the high rates 

of death associated with this stroke subtype (20, 309). However, perceptions of ICH are 

changing. Acute interventions including active blood pressure management, the reversal 

of anticoagulation, and prompt neurosurgical referral might improve immediate prognosis 

in patients with ICH (310). There are also new pharmacological strategies being tested 

in ICH, such as tranexamic acid, which might improve prognosis in the short term (311). 

This “active” immediate management of ICH is focussed on treating factors associated 

with early mortality; if these interventions are successful and there are consequently 

more ICH survivors, a better understanding of the characteristics that influence 

subsequent outcomes will be essential for guiding management beyond the acute stage.  

 

This section describes two projects which consider long-term (3 year) outcomes in 

patients with ICH. The first project investigates the risk of recurrent ICH and later cerebral 

ischaemic events in patients initially presenting with ICH, and the role of ICH location (as 

a surrogate for the underlying SVD) in determining this risk. The second project 

considers the factors (including CT markers of SVD) that influence mortality over this 

time period, and in particular whether the effect of these baseline measures on mortality 

changes with time.  
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3.1 Long-term stroke risk following spontaneous intracerebral 

haemorrhage 

3.1.1 Introduction 

As described, the incidence and prevalence of spontaneous ICH is continuing to increase 

worldwide (5). ICH is associated with high rates of mortality (with 1 year and 5 year 

survival estimated at 46% and 29% respectively (20)), and consequently data on ICH 

survivors are limited, in particular, data on subsequent stroke events (20, 24-26). This 

leads to management dilemmas in patients who are at risk of ischaemic vascular events 

(involving the brain, heart or peripheral vasculature) or thromboembolic disease, and 

who may benefit from treatment with antiplatelet or anticoagulant medications. 

 

One baseline feature which may help identify patients at higher risk of subsequent stroke 

events is whether they have imaging evidence of small vessel disease. Lobar ICH has a 

higher recurrence rate (20), which is thought to reflect its association with the bleeding-

prone CAA (2, 22). DPA is thought to be responsible for non-lobar or “deep” ICH and is 

associated with cardiovascular risk factors and lacunar infarction (2), and thus may 

present a greater ischaemic risk together with lower rates of ICH recurrence. It has been 

suggested that, given their increased ICH risk, patients with lobar ICH should not be 

offered anticoagulation, even those with AF (which confers a particular high ischaemic 

stroke risk) (21, 312). However, recent data challenges this view; an individual patient 

data meta-analysis (23), which included 1012 patients who resumed treatment with oral 

anticoagulant therapy following spontaneous ICH, found that resumption was associated 

with reduced mortality and all-cause stroke incidence, as well as more favourable 

outcomes, at 1 year. This suggests that the “early” (i.e. up to 1 year) risk of ischaemic 

events may be underestimated in these patients and that they may benefit from 

anticoagulation at this stage; what is not clear is whether this remains the case in the 

longer term, beyond 1 year.  
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The study aims to provide new data on stroke risk following spontaneous ICH in a large 

cohort of ICH survivors. The specific objectives are: (1) to describe the incidence of 

recurrent ICH and cerebral ischaemic events in the longer term (up to 3 years) following 

ICH, and (2) to evaluate the influence of ICH location, as a surrogate marker for the 

underlying small vessel disease, on stroke outcomes.  

 

3.1.2 Methods 

3.1.2.1 Participants 

We included patients recruited to a prospective multicentre observational cohort study of 

symptomatic adults (aged over 18 years) with imaging confirmed ICH (CROMIS-2 ICH; 

https://clinicaltrials.gov; NCT02513316); full details of the study protocol have been 

published previously (227) and described earlier in this thesis (Section 2.5.2.1). The 

study was approved by the National Research Ethics Service (IRAS reference 

10/H0716/61), and written informed consent was obtained for each patient.  

 

Patients were considered to have pre-existing cognitive impairment if they had a formal 

diagnosis of dementia or cognitive impairment at study entry, or if they scored more than 

3.3 on the 16-item IQCODE, in accordance with previous data (229) and as described 

earlier in this thesis (Section 2.5.2.1). APOE genotype was established from peripheral 

blood samples (by Isabel Hostettler, Clinical Research Associate); the method for this 

has been previously described (313). 

 

3.1.2.2 Outcomes  

For the first 6 months after the index event, outcomes were collected using multiple 

ascertainment methods, as detailed in the previously published study protocol (227). 

Briefly, these methods included postal questionnaires sent to patients and their general 

practitioners, and notifications from NHS Digital (previously the Health and Social Care 
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Information Centre) (227). Outcome data from 6 months to 3 years were compiled from 

notifications from NHS Digital. Hospital episode statistics for all admitted patient care 

(APC) events were reviewed using the NHS Digital HES Data Dictionary for APC 

episodes (314). An “admission” was defined as one or more individual episodes, which 

ended with the patient being discharged to a “home destination” (DISDEST codes 19, 

29, 30, 49, 50, 54, 65, 85) or hospice (DISDEST code 88), or with the death of the patient 

(DISDEST code 79). The primary diagnosis (DIAG_01 code) was determined using the 

online version of the World Health Organisation International Statistical Classification of 

Diseases and Related Health Problems (315). A cerebrovascular event was defined as 

an admission due to a cerebral ischaemic event (G459, I632, I633, I634, I635, I638, I639, 

I663), ICH (I610, I611, I612, I614, I615, I616, I618, I619), other non-traumatic intracranial 

bleeding events (I609, I620, I629), or unspecified stroke event (I64X, I678). Outcome 

events were diagnosed locally and not adjudicated centrally.  

 

The outcomes of interest were occurrence of a cerebral ischaemic event (either stroke 

or TIA) or a further ICH following study entry. Patients were censored at the time of their 

first cerebrovascular event or date of death. If this data was unavailable, they were 

censored either 3 years following their index event, or at the time of the study’s last 

notification from NHS Digital (31/03/2017); the earlier date of these two was used in 

these cases.  

 

3.1.2.3 Imaging 

Brain CT imaging was acquired acutely at the time of the index event as part of the 

patient’s routine clinical care. All CT imaging was rated by Duncan Wilson (Clinical 

Research Associate). Haematoma location was classified using the CHARTS scale (13) 

as lobar (including convexity subarachnoid haemorrhage), deep (involving the basal 

ganglia or thalamus), cerebellar or brainstem. Non-lobar was defined as the presence of 

either deep or brainstem haemorrhage; cerebellar haemorrhage was excluded from this 
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definition as this does not have a clear small vessel disease association. CT images 

were also rated for the presence of lacunes, which were defined in accordance with 

STRIVE criteria (7). WMH were rated on CT images using the Van Swieten score; the 

highest scores for anterior and posterior regions were combined in order to generate a 

“total” score (range 0 to 4) (316).  

 

3.1.2.4 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 11.2). 

Univariable Cox regression was used to compare clinical and imaging variables 

associated with the occurrence of an outcome of interest; this was used due to the 

variation in length of follow up for each patient. Multivariable Cox regression analysis 

was then performed; adjustments were made for all variables with p<0.10 in univariable 

analyses, in addition to the primary variable of interest (ICH location). The proportional-

hazards assumption test based on Schoenfeld residuals was applied to all Cox models 

(univariable and multivariable). Univariable and multivariable competing risk analyses 

(using the Fine-Gray subdistribution hazard model) were also performed; subdistribution 

hazard ratios (SHR) are provided.  

 

3.1.3 Results 

All 1094 patients recruited to CROMIS-2 ICH were included (baseline characteristics are 

shown in Table 3.1.1); 447 (40.9%) were lobar ICH, 546 (50.0%) were deep, 65 (6.0%) 

were cerebellar, and 34 (3.1%) occurred in the brainstem. Follow up was for a total of 

2390.72 patient-years (median 3.00 years, IQR 1.48 to 3.00 years). 

 

3.1.3.1 Recurrent ICH events 

There were 45 recurrent ICH events (absolute event rate 1.88 per 100 patient-years, 

95% CI 1.41 to 2.52 per 100 patient-years); 35 were in patients whose index event was 
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lobar (n=447, 929.11 patient-years follow up; absolute event rate 3.77 per 100 patient-

years, 95% CI 2.70 to 5.24 per 100 patient-years), and 9 in patients presenting with non-

lobar ICH (n=580, 1311.19 patient-years follow up; absolute event rate 0.69 per 100 

patient-years, 95% CI 0.36 to 1.32 per 100 patient-years). The absolute event rate for 

patients presenting with deep ICH was 0.73 per 100 patient-years (95% CI 0.38 to 1.41 

per 1000 patient-years; 9 events in 1227.96 patient-years) and 0.69 per 100 patient-

years for those presenting with cerebellar ICH (95% CI 0.01 to 4.92 per 1000 patient-

years; 1 event in 144.42 patient-years); there were no recurrent ICH events in patients 

presenting with brainstem ICH (n=34, 83.23 patient years).  

 

In univariable Cox regression analyses (Table 3.1.2), recurrent ICH events were 

associated with increasing age, and with a history of previous cerebral ischaemic events, 

ICH prior to study entry, and antiplatelet use prior to study entry. There were also 

associations with the severity of white matter disease (as measured by increasing Van 

Swieten score) and lobar ICH location on baseline imaging (Figure 3.1.1). Similar results 

were observed in competing risk regression for recurrent ICH events (Table 3.1.2) in 

analyses where occurrence of an ischaemic event or death was the competing risk, 

including a similar association with lobar ICH location as baseline (Figures 3.1.2 and 

3.1.3). 

 

Multivariable Cox regression (including all six variables listed above, in addition to APOE 

ε2 genotype; Table 3.1.3) found that lobar ICH location at presentation remained 

associated with subsequent ICH occurrence (HR 8.70, 95% CI 3.29 to 23.03, p<0.0001). 

A history of cerebral ischaemic events (HR 2.32, 95% CI 1.12 to 4.79, p=0.023), ICH 

(HR 3.87, 95% CI 1.16 to 12.93, p=0.028), and antiplatelet use (HR 2.62, 95% CI 11.31 

to 5.24, p=0.006) prior to the index event were also associated with subsequent ICH 

occurrence, as was increasing Van Swieten score (HR 1.27, 95% CI 1.01 to 1.59, 

p=0.041). Multivariable completing risk analyses with cerebral ischaemic events as the 

competing risk and including the same variables as the adjusted Cox regression, showed 
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similar results (Table 3.1.3): lobar ICH location remained associated with recurrent ICH 

events (SHR 8.55, 95% CI 3.28 to 22.28, p<0.0001), as did a history of previous ICH 

(SHR 3.70, 95% CI 1.05 to 12.99, p=0.042), prior antiplatelet use (SHR 2.55, 95% CI 

1.25 to 5.19, p=0.010) and increasing Van Swieten score (per point increase, SHR 1.26, 

95% CI 1.00 to 1.59, p=0.051). Similar results were also obtained using death as a 

competing event (Table 3.1.3).  

 

3.1.3.2 Cerebral ischaemic events 

There were 70 cerebral ischaemic events (absolute event rate 2.93 per 100 patient-

years, 95% CI 2.32 to 3.70 per 100 patient-years), of which 29 occurred in patients 

presenting with lobar ICH (absolute event rate 3.12 per 100 patient-years, 95% CI 2.17 

to 4.49 per 100 patient-years) and 39 in patients with non-lobar ICH (absolute event rate 

2.97 per 100 patient-years, 95% CI 2.17 to 4.07 per 100 patient-years). The absolute 

event rate for patients presenting with deep ICH was 3.01 per 100 patient-years (95% CI 

2.18 to 4.16 per 100 patient-years; 37 events), 1.38 per 100 patient-years for those 

presenting with cerebellar ICH (95% CI 0.35 to 5.54 per 100 patient-years; 2 events) and 

2.40 per 100 patient-years for those presenting with brainstem ICH (95% CI 0.60 to 9.61 

per 100 patient-years; 2 events).  

 

In univariable analyses (Table 3.1.4), subsequent cerebral ischaemic events were 

associated with increasing age, hypercholesterolaemia, AF, history of previous cerebral 

ischaemic events, anticoagulant use prior to ICH, and increasing Van Swieten score; 

there was no association with ICH location (Figure 3.1.4). Univariable competing risk 

regression for subsequent ischaemic events with occurrence of recurrent ICH or death 

as the competing risk found similar results (Table 3.1.4, Figures 3.1.5 and Figure 3.1.6). 

 

Multivariable Cox regression (Table 3.1.5) found significant associations with a history 

of previous ischaemic events (HR 2.14, 95% CI 1.21 to 3.77, p=0.009) only. There was 
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no association with ICH location (HR 1.00, 95% CI 0.58 to 1.71, p=0.994). Similar results 

were seen in multivariable completing risk analyses with both recurrent ICH and death 

as the competing event (Table 3.1.5).  
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Table 3.1.1: Baseline characteristics 

Percentage values were calculated using the total number of patients for whom data was available as the 
denominator. 

 
 All 

n  1094 

Age, years, mean (SD) 73.3 (12.5) 

Sex, male, n (%) 628 (57.4) 

Hypertension, n (%) 718 (66.7) 

Hypercholesterolaemia, n (%)  467 (44.0) 

Diabetes mellitus, n (%) 202 (18.6) 

AF, n (%) 375 (37.4) 

Smoking, n (%)  

Never 523 (49.7) 

Ex-smoker 416 (39.5) 

Current 114 (10.8) 

  

Pre-existing cognitive impairment, n (%) 217 (36.4) 

Previous cerebral ischaemic event, n (%) 226 (21.8) 

Previous ICH, n (%) 46 (4.3) 

  

ApoE ε2, presence, n (%) 189 (20.7) 

ApoE ε4, presence, n (%) 256 (28.1) 

Medications 

Antiplatelet use prior to ICH, n (%) 267 (24.6) 

Anticoagulant use prior to ICH, n (%) 436 (40.1) 

Antiplatelet at discharge, n (%) 65 (6.4) 

Anticoagulant at discharge, n (%) 113 (10.7) 

Clinical features at study entry 

GCS, median (IQR) 15 (14 to 15) 

NIHSS, median (IQR) 7 (3 to 13) 

Imaging features at study entry 

Lacunes, presence, n (%) 98 (9.0) 

Van Swieten Score (WMH), median (IQR) 0 (o to 2) 

  

ICH location  

Lobar 447 (40.9) 

Deep 546 (50.0) 

Cerebellar 65 (6.0) 

Brainstem 34 (3.1) 

 
 



 

128 
 

Table 3.1.2: Univariable analyses for recurrent ICH events 

Competing risk analyses completed with occurrence of an ischaemic event (IE) or death as the competing risk. 
 

 Cox regression Competing risk regression (IE) Competing risk regression (death) 

 HR 95% CI p value SHR 95% CI p value SHR 95% CI p value 

Age, per year increase 1.03 1.00 to 1.06 0.039 1.03 1.00 to 1.06 0.071 1.02 0.99 to 1.05 0.205 

Sex, male 0.89 0.50 to 1.61 0.709 0.90 0.50 to 1.62 0.727 0.92 0.51 to 1.65 0.778 

Hypertension 1.02 0.54 to 1.89 0.961 1.01 0.54 to 1.88 0.976 0.98 0.52 to 1.82 0.937 

Hypercholesterolaemia  1.15 0.63 to 2.09 0.651 1.13 0.62 to 2.05 0.700 1.13 0.62 to 2.05 0.698 

Diabetes mellitus 1.35 0.67 to 2.73 0.403 1.32 0.65 to 2.67 0.438 1.29 0.64 to 2.60 0.480 

AF 0.91 0.47 to 1.74 0.767 0.87 0.45 to 1.66 0.668 0.76 0.40 to 1.46 0.411 

Smoking 0.92 0.59 to 1.42 0.695 0.92 0.60 to 1.40 0.696 0.92 0.60 to 1.41 0.702 

Pre-existing cognitive 
impairment 

1.18 0.54 to 2.60 0.680 1.18 0.54 to 2.62 0.676 1.09 0.49 to 2.39 0.833 

Previous cerebral ischaemic 
event 

2.33 1.23 to 4.40 0.009 2.24 1.19 to 4.23 0.013 2.17 1.15 to 4.09 0.017 

Previous ICH 5.00 2.22 to 11.24 <0.0001 5.00 2.24 to 11.16 <0.0001 4.65 2.08 to 10.41 <0.0001 

          

APOE ε2, presence 1.84 0.93 to 3.65 0.080 1.82 0.92 to 3.60 0.086 1.81 0.92 to 3.59 0.088 

APOE ε4, presence 1.00 0.50 to 2.02 0.997 0.99 0.49 to 1.99 0.978 1.05 0.52 to 2.11 0.892 

Medications 

Antiplatelet use prior to ICH 2.24 1.24 to 4.04 0.008 2.23 1.23 to 4.04 0.008 2.29 1.27 to 4.14 0.006 

Anticoagulant use prior to ICH 0.66 0.34 to 1.27 0.213 0.63 0.33 to 1.22 0.170 0.57 0.30 to 1.10 0.093 

Antiplatelet at discharge 1.05 0.32 to 3.38 0.940 1.07 0.33 to 3.45 0.905 1.05 0.33 to 3.35 0.941 

Anticoagulant at discharge 0.60 0.18 to 1.92 0.387 0.60 0.18 to 1.93 0.389 0.59 0.18 to 1.92 0.384 

Imaging features at study entry 

Lacunes, presence 1.27 0.50 to 3.22 0.611 1.28 0.50 to 3.26 0.607 1.27 0.50 to 3.24 0.618 

Van Swieten Score, per point 
increase 

1.30 1.08 to 1.56 0.006 1.29 1.06 to 1.57 0.013 1.25 1.03 to 1.52 0.026 

ICH location, lobar (vs non-
lobar) 

5.40 2.60 to 11.24 <0.0001 5.42 2.61 to 11.28 <0.0001 5.22 2.51 to 10.84 <0.0001 
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Figure 3.1.1: Unadjusted Kaplan-Meier failure estimates for recurrent ICH, comparing patients with 

lobar and non-lobar ICH 
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Figure 3.1.2: Unadjusted competing risk analyses for recurrent ICH, comparing patients with lobar 

and non-lobar ICH (occurrence of an ischaemic event as the competing risk) 
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Figure 3.1.3: Unadjusted competing risk analyses for recurrent ICH, comparing patients with lobar 

and non-lobar ICH (occurrence of death as the competing risk) 
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Table 3.1.3: Multivariable analyses for recurrent ICH events 

Competing risk analyses completed with occurrence of an ischaemic event (IE) or death as the competing risk 

 Cox regression Competing risk regression (IE) Competing risk regression (death) 

 HR 95% CI p value SHR 95% CI p value SHR 95% CI p value 

ICH location, lobar (vs non-lobar) 8.70 3.29 to 23.03 <0.0001 8.55 3.28 to 22.28 <0.0001 8.10 3.11 to 21.10 <0.0001 

Age, per year increase 1.01 0.98 to 1.05 0.493 1.01 0.97 to 1.06 0.493 1.01 0.97 to 1.05 0.734 

Previous cerebral ischaemic event 2.32 1.12 to 4.79 0.023 2.19 0.98 to 4.86 0.055 1.99 0.88 to 4.53 0.100 

Previous ICH 3.87 1.16 to 12.93 0.028 3.70 1.05 to 12.99 0.042 2.46 0.62 to 9.69 0.198 

APOE ε2 1.57 0.76 to 3.25 0.223 1.54 0.76 to 3.11 0.233 1.68 0.83 to 3.42 0.154 

Antiplatelet use prior to ICH 2.62 1.31 to 5.24 0.006 2.55 1.25 to 5.19 0.010 2.68 1.31 to 5.47 0.007 

Van Swieten Score, per point 
increase 

1.27 1.01 to 1.59 0.041 1.26 1.00 to 1.59 0.051 1.17 0.93 to 1.48 0.186 
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Table 3.1.4: Univariable Cox regression analyses for subsequent cerebral ischaemic events 

Competing risk analyses completed with occurrence of another ICH event or death as the competing risk. 

 Cox regression Competing risk regression (ICH) Competing risk regression (death) 

 HR 95% CI p value SHR 95% CI p value SHR 95% CI p value 

Age, per year increase 1.03 1.01 to 1.05 0.004 1.03 1.01 to 1.05 0.004 1.02 1.00 to 1.04 0.052 

Sex, male 0.80 0.50 to 1.28 0.347 0.81 0.50 to 1.29 0.367 0.82 0.52 to 1.32 0.416 

Hypertension 0.91 0.56 to 1.49 0.710 0.91 0.56 to 1.49 0.707 0.87 0.53 to 1.42 0.570 

Hypercholesterolaemia 1.69 1.05 to 2.73 0.031 1.69 1.05 to 2.72 0.032 1.65 1.02 to 2.66 0.040 

Diabetes mellitus 1.36 0.77 to 2.42 0.288 1.34 0.75 to 2.39 0.318 1.28 0.72 to 2.28 0.397 

AF 2.92 1.77 to 4.82 <0.0001 2.91 1.76 to 4.81 <0.0001 2.36 1.43 to 3.90 0.001 

Smoking 0.96 0.67 to 1.36 0.804 0.96 0.67 to 1.38 0.841 0.96 0.67 to 1.39 0.837 

Pre-existing cognitive 
impairment 

1.01 0.49 to 2.10 0.972 1.01 0.49 to 2.11 0.973 0.91 0.44 to 1.89 0.801 

Previous cerebral ischaemic 
event 

2.95 1.80 to 4.83 <0.0001 2.87 1.75 to 4.70 <0.0001 2.70 1.65 to 4.41 <0.0001 

Previous ICH 0.79 0.19 to 3.23 0.743 0.73 0.18 to 3.00 0.662 0.72 0.18 to 2.97 0.653 

          

APOE ε2, presence 1.46 0.83 to 2.59 0.193 1.43 0.81 to 2.54 0.219 1.43 0.81 to 2.54 0.219 

APOE ε4, presence 1.21 0.71 to 2.07 0.485 1.22 0.71 to 2.09 0.464 1.29 0.76 to 2.21 0.349 

Medications 

Antiplatelet use prior to ICH 1.13 0.66 to 1.94 0.659 1.09 0.64 to 1.87 0.751 1.16 0.67 to 1.98 0.598 

Anticoagulant use prior to ICH 2.56 1.58 to 4.15 <0.0001 2.58 1.59 to 4.16 <0.0001 2.13 1.32 to 3.44 0.002 

Antiplatelet at discharge 0.22 0.03 to 1.62 0.139 0.23 0.03 to 1.62 0.139 0.22 0.03 to 1.61 0.137 

Anticoagulant at discharge 0.98 0.45 to 2.15 0.961 0.99 0.45 to 2.16 0.978 0.97 0.44 to 2.11 0.937 

Imaging features at study entry 

Lacunes, presence 0.79 0.32 to 1.96 0.608 0.77 0.31 to 1.92 0.578 0.78 0.31 to 1.95 0.597 

Van Swieten Score, per point 
increase 

1.25 1.07 to 1.46 0.004 1.23 1.06 to 1.43 0.006 1.19 1.02 to 1.39 0.024 

ICH location, lobar (vs non-
lobar) 

1.04 0.64 to 1.69 0.856 0.99 0.61 to 1.60 0.970 1.01 0.62 to 1.63 0.982 
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Figure 3.1.4: Unadjusted Kaplan-Meier failure estimates for subsequent ischaemic events, 

comparing patients with lobar and non-lobar ICH 
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Figure 3.1.5: Unadjusted competing risk analyses for subsequent ischaemic events, comparing 

patients with lobar and non-lobar ICH (occurrence of recurrent ICH as the competing risk) 
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Figure 3.1.6: Unadjusted competing risk analyses for subsequent ischaemic events, comparing 

patients with lobar and non-lobar ICH, (occurrence of death as the competing risk) 
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Table 3.1.5: Multivariable Cox regression for subsequent cerebral ischaemic events 

Competing risk analyses completed with occurrence of another ICH event or death as the competing risk. 
 

 Cox regression Competing risk regression (ICH) Competing risk regression (death) 

 HR 95% CI p value SHR 95% CI p value SHR 95% CI p value 

ICH location, lobar (vs non-lobar) 1.00 0.58 to 1.71 0.994 0.95 0.55 to 1.64 0.853 1.04 0.60 to 1.80 0.887 

Age 1.03 1.00 to 1.06 0.053 1.03 1.00 to 1.06 0.058 1.01 0.99 to 1.04 0.281 

Hypercholesterolaemia 1.24 0.71 to 2.16 0.448 1.24 0.70 to 2.21 0.457 1.30 0.74 to 2.31 0.365 

AF 1.11 0.51 to 2.40 0.791 1.11 0.50 to 2.43 0.801 1.01 0.47 to 2.21 0.972 

Previous cerebral ischaemic event 2.14 1.21 to 3.77 0.009 2.08 1.15 to 3.78 0.016 2.10 1.17 to 3.76 0.013 

Anticoagulant use prior to ICH 1.89 0.90 to 4.10 0.107 1.96 0.88 to 4.37 0.102 1.84 0.83 to 4.09 0.136 

Van Swieten Score, per point 
increase 

1.12 0.93 to 1.34 0.251 1.11 0.93 to 1.33 0.252 1.11 0.92 to 1.34 0.264 
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3.1.4 Discussion 

Our main findings are: (1) at 3 year follow up, there were fewer ICH events than 

cerebral ischaemic events (45 vs 70); (2) there was a difference in absolute event 

rates for recurrent ICH events for patients with lobar and non-lobar ICH (3.77 vs 0.69 

per 100 patient-years), and lobar ICH location was independently associated with a 

higher risk of recurrent ICH events; and (3) absolute event rates for subsequent 

ischaemic events were similar for lobar and non-lobar groups (3.12 vs 2.97 per 100 

patient-years), and there was no association between ICH location and the risk of 

subsequent cerebral ischaemic events. In addition to ICH location, recurrent ICH 

events were associated with a history of previous ischaemic events, antiplatelet use 

prior to study entry, and increasing Van Swieten score, whereas cerebral ischaemic 

events were associated with increasing age, AF, and a history of previous ischaemic 

events.  

 

Our results provide new information that could guide the complex clinical decision-

making processes associated with relative haemorrhagic and ischaemic risk in these 

patients. Whilst variables known to be associated with increased ischaemic stroke 

risk (increasing age, AF, previous cerebral ischaemic events) were associated with 

subsequent cerebral ischaemic events, measures that might reflect small vessel 

disease (such as Van Swieten score) did not show any independent association. 

Additionally, whilst one might hypothesise that ICH location might predict the 

occurrence of later cerebral ischaemic events (given the hypothesised increase in 

ischaemic risk with DPA), we did not find this to be the case; this could either be 

interpreted as showing that the ischaemic risk of deep perforator arteriopathy may be 

overestimated, or that the ischaemic risk in those with lobar ICH (and presumably 

CAA) is underestimated. It is well recognised that lobar haemorrhage is not only due 

to CAA (one recent study found that of 62 patients with lobar ICH, 26 had absent or 
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mild CAA (58)), and additionally there is significant pathological overlap between 

these two small vessel diseases (the same study found that of 36 patients with 

moderate or severe CAA, 26 also had evidence of another small vessel disease (58)); 

further work is needed to clarify the complex interactions between these factors.  

 

The finding that lobar ICH is associated with a higher recurrence rate is in keeping 

with previous work (2, 20, 22); this is believed to reflect the association of lobar ICH 

with CAA. However, the frequent co-existence of CAA with other small vessel 

pathologies in patients with lobar ICH might suggest that lobar ICH occurs in the 

context of “severe” small vessel disease – be it CAA, or DPA, or both. We also found 

an association with a prior history of ICH was associated with subsequent ICH 

occurrence, suggesting that some individuals are particularly “bleeding-prone”, 

independent of ICH location. The observed association with previous cerebral 

ischaemic events might reflect that these events (in particular lacunar infarction) are 

associated with more severe small vessel disease (specifically, DPA); the association 

with prior antiplatelet use might be a surrogate marker for this (although other 

explanations are possible; this observation could also reflect that those taking 

antiplatelet medications prior to ICH are more likely to be restarted on them, following 

discharge). Taken together, this suggests that factors beyond ICH location are 

important for identifying those at highest risk of recurrent ICH, and that severe small 

vessel disease, regardless of subtype, may be important.  

 

The strengths of this study are its large size, the study design (in which data was 

collected prospectively, from multiple centres) and the detailed clinical and imaging 

data available for participants. Limitations include those inherent to the coding of 

hospital episodes (with regard to accuracy) and the lack of central adjudication of 

events. This method of ascertainment may also result in some events being missed, 

for example if patients were treated in non-NHS facilities (such as those outside the 
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UK or private hospitals), or in the case of minor events, which might not have resulted 

in a hospital attendance. Additionally, only the first cerebrovascular event was 

considered; this work did not explore repeated events, and in patients who had both 

ischaemic and haemorrhagic events, only the first event was included. The number 

of outcome events was relatively low, and as a consequence we were unable to 

explore the role of ICH location in further detail (i.e. in those with cerebellar or 

brainstem ICH). MR data was not available for all patients, and as a consequence we 

were unable to provide more detailed information on the nature and severity of any 

underlying cerebral small vessel disease. We also acknowledge that our results might 

be subject to selection bias, as our cohort only included ICH survivors. Finally, as 

noted above, we did not have information on the prescription of antiplatelet or 

anticoagulant medications following discharge, and this could have influenced our 

results.  

 

In conclusion, we report fewer ICH events than cerebral ischaemic events at 3 years 

in ICH survivors; it is possible that the ischaemic risk in those presenting with ICH is 

underestimated. Lobar ICH location is associated with a higher risk of recurrent ICH 

events than deep ICH, and with features that may reflect small vessel disease 

severity. Outstanding questions remain about whether these associations with lobar 

ICH occur reflect a single small vessel pathology or the severity of small vessel 

disease more generally; further work is needed to disentangle the complex interaction 

between these small vessel diseases, and their impact on an individual’s future stroke 

risk.   
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3.2 Long-term mortality following intracerebral haemorrhage and 

role of time-varying effects 

 

3.2.1 Introduction 

As has been described, most research on outcomes following ICH has focussed on 

short term mortality, reflecting the high rates of early death associated with this stroke 

subtype (20, 309).  Many of the factors associated with this early mortality relate to 

ICH severity, for example neurological examination findings on admission (using 

scores like the Glasgow Coma Scale, GCS, or National Institutes of Health Stroke 

Scale, NIHSS), haemorrhage volume, infratentorial location, and the presence of 

intraventricular extension (317), and this is reflected in the many prognostic scores 

which aim to predict outcome in the short term (318-325). Additionally, patients with 

ICH are more likely to receive palliative care on the first day of their admission than 

patients with ischaemic strokes of similar severity (326); these and other “early care 

limitations” are associated with mortality in both the short and long-term (327). 

 

In recent years, perceptions of ICH are changing. Acute interventions including 

aggressive blood pressure management, the reversal of anticoagulation, and prompt 

neurosurgical referral might improve prognosis in patients with ICH (310). There are 

also new pharmacological strategies being tested in ICH, for example tranexamic 

acid, which might further improve prognosis in the short term (311). This “active” 

immediate management of ICH is focussed on treating factors associated with early 

mortality; if these interventions are successful and there are consequently more ICH 

survivors, a better understanding of the characteristics that influence subsequent 

mortality will be crucial.  Moreover, an improved understanding of the factors that 

influence “late” death following ICH might identify potentially modifiable risk factors 

that could improve long-term outcomes for these patients (309).   
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We aimed to address these questions using data from the prospective CROMIS-2 

ICH study. Our aims were: (1) to describe the frequency of mortality events up to 3 

years following ICH, and the factors associated with mortality over this time period 

(including those relating to SVD); and (2) to evaluate whether the effect of these 

factors vary with time. We hypothesised that factors relating to the severity of the 

acute ICH would not be associated with death at later (beyond 6 months) time points.  

 
 

3.2.2 Methods 

3.2.2.1 Participants 

We included patients recruited to the CROMIS-2 ICH study, details for which have 

been described earlier in this thesis (Section 2.5.2.1).  

 

Patients were considered to have pre-existing cognitive impairment if they had a 

formal diagnosis of dementia or cognitive impairment at study entry, or if they scored 

more than 3.3 on the 16-item IQCODE, as previously described in this thesis (Section 

2.5.2.1). APOE genotype was established from peripheral blood samples (by Isabel 

Hostettler, Clinical Research Associate); the method for this has been previously 

described (313).  

 

3.2.2.2 Outcomes  

The outcome of interest for this project was death within 3 years of study entry. As 

described earlier in this thesis (Section 3.1.2.2), outcomes for the first 6 months 

following the index event were collected using multiple ascertainment methods, and 

outcome data from 6 months to 3 years were compiled from notifications from NHS 

Digital. Patients were censored at the date of death; if they did not die, they were 

censored either 3 years following the ICH that resulted in study entry, or at the time 
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of the study’s last notification of deaths from NHS Digital (31/10/2017), with the earlier 

date being used in these cases.   

 

3.2.2.3 Imaging 

Brain CT imaging was acquired acutely at the time of the index event as part of the 

patient’s routine clinical care. Imaging analysis was carried out by a clinical research 

associate (Duncan Wilson) and an MSc student (Surabhika Lunawat), both of whom 

were trained in neuroimaging rating and blinded to the participant clinical details.  

Haematoma location, lacunes, and WMH were rated by Duncan Wilson, as described 

earlier in this thesis (Section 3.1.2.3). Haematoma volume was rated (Surabhika 

Lunawat) using a semi-automated planimetric method, which has previously been 

described (231, 328). Intraventricular (IV) extension was defined as the presence of 

any blood within the cerebral ventricular system (Duncan Wilson).  

 

3.2.2.4 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 15.1). 

Univariable Cox regression was used to compare clinical and imaging variables 

associated with death; this was used due to the variation in length of follow up for 

each patient. Multivariable Cox regression analysis was then performed; adjustments 

were made for all variables with p<0.10 in univariable analyses. The proportional-

hazards assumption test based on Schoenfeld residuals was applied to all Cox 

models (univariable and multivariable). Weibull regression analyses with and without 

individual frailty terms were performed, in order to quantify unobserved heterogeneity.    

 

In order to test our hypothesis that the variables influencing death vary with time, we 

initially dichotomised time following ICH into “early” (before 6 months) and “late” (after 

6 months) periods and used univariable Cox regression to calculate hazard ratios in 
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these two periods. Variables where the 95% confidence intervals did not cross 1 were 

considered as statistically significant. In order to further explore these time-varying 

effects, the time-varying effect of each variable was allowed to vary linearly with time. 

Likelihood ratio tests (LRT) were used to evaluate the difference between the 

constant hazard ratio (i.e. at time 0, study entry) and the time-varying hazard ratio; 

values <0.05 were considered as significant (this is equivalent to violating the 

proportional-hazards assumption, which assumes that that the hazard ratio is 

constant over time). For those variables with a significant time-varying effect, we then 

calculated hazard ratios at 1 year intervals i.e. at study entry (time 0), and then 1 year, 

2 years and 3 years, in order to assess how the hazard ratio varies with time. 

 

 

3.2.3 Results 

All 1094 patients recruited to CROMIS-2 ICH were included (Table 3.2.1). Follow up 

was for a total 2613.48 patient-years (median 3.00 years, IQR 2.31 to 3.00 years).  

There were 306 deaths (absolute event rate 117.1 per 1000 patient-years, 95% CI 

104.7 to 131.0 per 1000 patient-years). Figure 3.2.1 shows unadjusted Kaplan-Meier 

estimates for death.   

 

In univariable Cox regression analyses (Table 3.2.2), death was associated with age 

at study entry, sex, hypercholesterolemia, diabetes mellitus, AF, smoking at time of 

ICH, pre-existing cognitive impairment, history of previous cerebral ischaemic events, 

pre-event mRS, anticoagulant use prior to ICH, GCS and NIHSS at admission. There 

were also associations with white matter disease severity (as measured by the Van 

Swieten score), higher ICH volumes, and the presence of intraventricular extension.  

 

A multivariable Cox regression model including these variables in addition to 

hypertension, history of ICH prior to the index event and APOE ε4 genotype (Table 
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3.2.3) found associations with age at study entry (per year increase, HR 1.12, 95% 

CI 1.08 to 1.17, p<0.0001), smoking (HR 3.45, 95% CI 1.12 to 10.60, p=0.031), pre-

event mRS (per point increase, HR 1.31, 95% CI 1.02 to 1.68, p=0.036) and NIHSS 

at presentation (per point increase, HR 1.10, 95% CI 1.04 to 1.17, p=0.001). Weibull 

regression (adjusted for the same variables) found similar values for the HRs; addition 

of an individual frailty term resulted in a statistically significant frailty parameter (θ 

1.27, p=0.035), suggesting that there is unobserved heterogeneity contributing to the 

outcome.  

 

3.2.3.1 Associations of “early” vs “late” death 

Of the 306 death events, 156 occurred within 6 months of the index haemorrhage 

event (“early”), and 150 deaths occurring after 6 months and within 3 years of the 

index ICH (“late”). The baseline characteristics for both groups are shown in Table 

3.2.1. 

 

Early death (Table 3.2.4) was associated with age at study entry, hypertension, 

diabetes mellitus, AF, a history of previous cerebral ischaemic events, pre-event 

mRS, anticoagulant use prior to ICH, GCS, and NIHSS. Imaging features at study 

entry that were significantly associated with early death were Van Swieten score, ICH 

volume, and the presence of intraventricular extension. In a multivariable model 

including these variables, age at study entry (per year increase, HR 1.06, 95% CI 

1.02 to 1.09, p=0.001), hypertension (HR 2.44, 95% CI 1.25 to 4.77, p=0.009), pre-

event mRS (per point increase, HR 1.32, 95% CI 1.08 to 1.60, p=0.006), admission 

NIHSS (per point increase, HR 1.12, 95% CI 1.07 to 1.17, p<0.0001), and ICH volume 

> 60ml (HR 3.55, 95% CI 1.54 to 8.17, p=0.003) remained associated with early 

death.   
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When considering late death events (Table 3.2.4), age, AF, smoking, pre-event 

cognitive impairment, previous cerebral ischaemic event, anticoagulant use prior to 

index ICH, pre-event mRS, increasing van Swieten score and the presence of 

intraventricular extension showed significant associations. In a multivariable model 

including all variables with a significant association with late death, only age at study 

entry (per year increase, HR 1.05, 95% CI 1.01 to 1.08, p=0.005), pre-event mRS 

(per point increase, HR 1.45, 95% CI 1.16 to 1.82, p=0.001), anticoagulant use prior 

to ICH (HR 2.37, 95% CI 1.14 to 4.93, p=0.021) and the presence of intraventricular 

extension (HR 1.95, 95% CI 1.14 to 3.33, p=0.015) remained associated with late 

death.  

 

We then investigated which baseline characteristics showed a significant change in 

HR between the early and the late periods (Table 3.2.4). We found that HRs for the 

presence of APOE ε2 (early HR 1.40, 95% CI 0.93 to 2.11, vs late HR 0.70, 95% CI 

0.44 to 1.13, p=0.032), GCS (per point increase, early HR 0.80, 95% CI 0.76 to 0.84, 

vs late HR, 0.93, 95% CI 0.86 to 1.00, p=0.001), NIHSS (per point increase, early HR 

1.11, 95% CI 1.08 to 1.14, vs late HR 1.00, 95% CI 0.97 to 1.04, p<0.0001), and ICH 

volume > 60ml (early HR 4.85, 95% CI 3.01 to 7.83, vs late HR 1.40, 95% CI 0.62 to 

3.18, p=0.010) showed evidence of significant change between the early and late 

periods.  

 

 

3.2.3.2 Further exploratory analysis of time-varying effects 

Variables which showed significant linear time-varying effects were history of a 

previous cerebral ischaemic event (p=0.0261), admission GCS (p=0.0108), NIHSS 

(p<0.00001), Van Swieten score (p=0.0349), and ICH volume (p=0.0439). These 

models were then used derive HR for each variable at study entry, and then 1 year, 



 

147 
 

2 years and 3 years following this; the time-varying effects of these variables are 

shown in Table 3.2.5. The hazard ratios of previous cerebral ischaemic events and 

Van Swieten score increased with time, whilst those for NIHSS and ICH volume 

decreased with time. The protective (negative association) of GCS also decreased 

with time.   
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Table 3.2.1: Baseline characteristics  

Percentage values were calculated using the total number of patients for whom data was available as 
the denominator. 

 All Alive 
Early death 
(<6 months) 

Late death  
(≥6 months) 

n  1094 788 (72.0) 156 (14.3) 150 (13.7) 

Age, years, mean (SD) 73.3 (12.5) 70.3 (12.4) 81.1 (9.4) 80.7 (8.5) 

Sex, male, n (%) 628 (57.4) 468 (59.4) 78 (50.0) 82 (54.7) 

Hypertension, n (%) 718 (66.7) 505 (65.3) 114 (73.6) 99 (66.9) 

Hypercholesterolaemia, n (%)  467 (44.0) 322 (42.0) 71 (47.7) 74 (50.3) 

Diabetes mellitus, n (%) 202 (18.6) 132 (16.9) 38 (24.4) 32 (21.6) 

AF, n (%) 375 (37.4) 215 (30.1) 81 (56.3) 79 (55.2) 

Smoking (at time of ICH), n 
(%) 

114 (10.8) 94 (12.4) 12 (8.0) 8 (5.6) 

Pre-existing cognitive 
impairment, n (%) 

217 (36.4) 135 (32.0) 41 (43.6) 41 (51.3) 

Previous cerebral ischaemic 
event, n (%) 

226 (21.8) 140 (18.5) 41 (28.7) 45 (32.4) 

Previous ICH, n (%) 46 (4.3) 28 (3.6) 10 (6.7) 8 (5.6) 

Pre-event mRS, median (IQR) 0 (0 to 1) 0 (0 to 1) 1 (0 to 3) 1 (0 to 2) 

     

APOE ε2, presence, n (%) 189 (20.7) 138 (20.8) 31 (26.5) 20 (15.3) 

APOE ε4, presence, n (%) 256 (28.1) 196 (29.5) 24 (20.5) 36 (27.5) 

Medications 

Antiplatelet use prior to ICH, n 
(%) 

267 (24.6) 193 (24.7) 38 (24.5) 36 (24.2) 

Anticoagulant use prior to ICH, 
n (%) 

436 (40.1) 261 (33.4) 86 (55.5) 89 (59.3) 

Antiplatelet at discharge, n (%) 65 (6.4) 46 (6.2) 8 (6.2) 11 (7.8) 

Anticoagulant at discharge, n 
(%) 

113 (10.7) 78 (10.2) 14 (9.5) 21 (14.5) 

Clinical features at study entry 

GCS, median (IQR) 15 (14 to 15) 15 (14 to 15) 14 (11 to 15) 15 (14 to 15) 

NIHSS, median (IQR) 7 (3 to 13) 6 (3 to 11) 14 (7 to 19) 6 (3 to 12) 

Imaging features at study entry 

Lacunes, presence, n (%) 98 (9.0) 69 (8.8) 15 (9.6) 14 (9.3) 

Van Swieten Score (WMH), 
median (IQR) 

0 (o to 2) 0 (0 to 2) 1 (0 to 3) 2 (0 to 3) 

ICH location 

Infratentorial 99 (9.1) 69 (8.8) 12 (7.7) 18 (12.0) 

Deep 546 (50.0) 398 (50.6) 69 (44.2) 79 (52.7) 

Lobar 447 (40.9) 319 (40.6) 75 (48.1) 53 (35.3) 

ICH volume 

<30ml 886 (85.9) 655 (89.0) 106 (70.7) 125 (85.6) 

30 – 60ml 99 (9.6) 60 (8.2) 24 (16.0) 15 (10.3) 

<60ml 47 (4.6) 21 (2.9) 20 (13.3) 6 (4.1) 

IV extension 301 (27.7) 183 (23.4) 68 (43.6) 50 (33.6) 
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Table 3.2.2: Univariable Cox regression analyses for death 

†indicates variables that violated the proportional-hazards assumption.  

 

 HR 95% CI p value 

Age, per year increase 1.08 1.07 to 1.10 <0.0001 

Sex, male 0.79 0.63 to 0.99 0.037 

Hypertension 1.24 0.97 to 1.60 0.087 

Hypercholesterolaemia 1.26 1.00 to 1.58 0.050 

Diabetes mellitus 1.38 1.05 to 1.80 0.019 

AF 2.48 1.97 to 3.14 <0.0001 

Smoking, current† 0.57 0.36 to 0.90 0.016 

    

Pre-existing cognitive impairment 1.67 1.24 to 2.25 0.001 

Previous cerebral ischaemic event† 1.68 1.30 to 2.16 <0.0001 

Previous ICH 1.57 0.98 to 2.54 0.062 

Pre-event mRS, per point increase 1.53 1.41 to 1.66 <0.0001 

    

APOE ε2, presence 1.01 0.74 to 1.37 0.956 

APOE ε4, presence 0.78 0.58 to 1.04 0.097 

Medications 

Antiplatelet use prior to ICH 0.97 0.75 to 1.27 0.847 

Anticoagulant use prior to ICH 2.31 1.84 to 2.90 <0.0001 

Antiplatelet at discharge 1.09 0.69 to 1.74 0.708 

Anticoagulant at discharge 1.15 0.80 to 1.63 0.450 

Clinical features at study entry 

GCS, per point increase† 0.85 0.81 to 0.88 <0.0001 

NIHSS, per point increase† 1.06 1.04 to 1.09 <0.0001 

Imaging features at study entry 

Lacunes, presence 1.05 0.72 to 1.55 0.785 

Van Swieten Score (WMH), per 
point increase† 

1.31 1.22 to 1.41 <0.0001 

    

ICH 
location 

Infratentorial Reference group 

0.7304 Deep 0.89 0.60 to 1.32 

Lobar 0.97 0.65 to 1.44 

    

ICH volume 

<30ml Reference group 

<0.00001 30 – 60ml 1.72 1.23 to 2.42 

>60ml 3.08 2.05 to 4.62 

    

IV extension 1.87 1.48 to 2.35 <0.0001 
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Figure 3.2.1: Unadjusted Kaplan-Meier failure estimates for death 
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Table 3.2.3: Multivariable Cox regression model for predictors of death 

 

 

  

 HR 95% CI p value 

Age, per year increase 1.12 1.08 to 1.17 <0.0001 

Sex, male 1.49 0.82to 2.71 0.195 

Hypertension 1.13 0.55 to 2.29 0.741 

Hypercholesterolaemia 0.56 0.30 to 1.06 0.077 

Diabetes mellitus 1.06 0.49 to 2.28 0.883 

AF 0.78 0.31 to 1.97 0.600 

Smoking, current 3.45 1.12 to 10.60 0.031 

    

Pre-existing cognitive 
impairment 

1.01 0.51 to 2.02 0.976 

Previous cerebral ischaemic 
event 

0.97 0.50 to 1.91 0.939 

Previous ICH 4.44 0.93 to 21.25 0.061 

Pre-event mRS, per point 
increase 

1.31 1.02 to 1.68 0.036 

    

APOE ε4, presence 0.58 0.29 to 1.18 0.135 

    

Anticoagulant use prior to ICH 2.19 0.83 to 5.72 0.111 

    

GCS, per point increase 1.07 0.84 to 1.36 0.586 

NIHSS, per point increase 1.10 1.04 to 1.17 0.001 

    

Van Swieten Score (WMH), 
per point increase 

1.15 0.94 to 1.40 0.361 

ICH volume 

<30ml Reference group 

0.5082 30 – 60ml 1.54 0.61 to 3.92 

>60ml 0.65 0.18 to 2.2 

     

IV extension 1.34 0.70 to 2.58 0.381 
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Table 3.2.4: Univariable Cox regression analysis of time-varying effects during the early (before 
6 months) and late (after 6 months) periods following ICH 

Univariable hazard ratios for each characteristic obtained by fitting Cox regression models with time-
varying effects (before/after 6 months). The time-varying coefficient p value compares the difference 
between the early and the late hazard ratios. 

 

 
“Early” , 

HR (95% CI) 
“Late”,  

HR (95% CI) 

Time-varying 
coefficient, p 

value 

Age, per year increase 1.08 (1.06 to 1.10) 1.10 (1.07 to 1.11) 0.360 

Sex, male 0.73 (0.53 to 1.00) 0.85 (0.62 to 1.18) 0.500 

Hypertension 1.43 (1.00 to 2.04) 1.08 (0.77 to 1.52) 0.270 

Hypercholesterolaemia 1.18 (0.86 to 1.63) 1.34 (0.97 to 1.85) 0.585 

Diabetes mellitus 1.44 (1.00 to 2.07) 1.31 (0.89 to 1.94) 0.729 

AF 2.31 (1.66 to 3.21) 2.67 (1.92 to 3.71) 0.548 

Smoking, current 0.70 (0.39 to 1.27) 0.45 (0.22 to 0.91) 0.337 

    

Pre-existing cognitive 
impairment 

1.39 (0.92 to 2.09) 2.07 (1.34 to 3.21) 0.191 

Previous cerebral 
ischaemic event 

1.49 (1.03 to 2.14) 1.90 (1.33 to 2.71) 0.346 

Previous ICH 1.65 (0.87 to 3.14) 1.49 (0.73 to 3.04) 0.833 

Pre-event mRS, per point 
increase 

1.56 (1.40 to 1.74) 1.50 (1.33 to 1.69) 0.610 

    

APOE ε2, presence 1.40 (0.93 to 2.11) 0.70 (0.44 to 1.13) 0.032 

APOE ε4, presence 0.65 (0.42 to 1.02) 0.90 (0.61 to 1.32) 0.280 

Medications 

Antiplatelet use prior to 
ICH 

0.98 (0.68 to 1.42) 0.96 (0.66 to 1.40) 0.936 

Anticoagulant use prior to 
ICH 

1.97 (1.44 to 2.71) 2.73 (1.97 to 3.78) 0.164 

Antiplatelet at discharge 0.95 (0.46 to 1.93) 1.23 (0.67 to 2.28) 0.582 

Anticoagulant at discharge 0.85 (0.49 to 1.48) 1.48 (0.93 to 2.35) 0.134 

Clinical features at study entry 

GCS, per point increase 0.80 (0.76 to 0.84) 0.93 (0.86 to 1.00) 0.001 

NIHSS, per point increase 1.11 (1.08 to 1.14) 1.00 (0.97 to 1.04) <0.0001 

Imaging features at study entry 

Lacunes, presence 1.05 (0.62 to 1.79) 1.06 (0.61 to 1.84) 0.976 

Van Swieten Score 
(WMH), per point increase 

1.24 (1.12 to 1.37) 1.40 (1.26 to 1.55) 0.112 

ICH location 

Infratentorial Reference group 

Deep 1.04 (0.57 to 1.93) 0.79 (0.47 to 1.32) 0.494 

Lobar 1.42 (0.77 to 2.62) 0.67 (0.39 to 1.14) 0.067 

ICH volume 

<30ml Reference group 

30 – 60ml 2.20 (1.41 to 3.42) 1.29 (0.75 to 2.20) 0.131 

>60ml 4.85 (3.01 to 7.83) 
1.40 (0.62  to 

3.18) 
0.010 

IV extension 2.20 (1.61 to 3.02) 1.55 (1.11 to 2.18) 0.141 
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Table 3.2.5: Hazard ratios for variables with a significant time-varying effect, at time 0 (study entry), and then 1 year, 2 years and 3 years subsequently 

Univariable hazard ratios evaluated at various times for each characteristic obtained by fitting Cox regression models with linear time-varying effects.  

 
  

 Study entry (time 0), HR 
(95% CI) 

1 year after ICH,  
HR (95% CI) 

2 years after ICH,  
HR (95% CI) 

3 years after ICH,  
HR (95% CI) 

Previous cerebral ischaemic event 1.26 (0.87 to 1.82) 1.70 (1.32 to 2.20) 2.30 (1.59 to 2.32) 3.11 (1.73 to 5.60) 

GCS, per point increase 0.81 (0.77 to 0.85) 0.86 (0.82 to 0.90) 0.91 (0.84 to 0.99) 0.97 (0.86 to 1.10) 

NIHSS, per point increase 1.11 (1.08 to 1.14) 1.05 (1.03 to 1.08) 1.00 (0.96 to 1.04) 0.95 (0.89 to 1.01) 

Van Swieten Score (WMH), per point 
increase 

1.22 (1.10 to 1.35) 1.32 (1.22 to 1.42) 1.44 (1.29 to 1.61) 1.57 (1.31 to 1.87) 

ICH volume 

<30ml Reference group Reference group Reference group Reference group 

30 – 60ml 2.14 (1.35 to 3.38) 1.66 (1.16 to 2.36) 1.28 (0.71 to 2.32) 0.99 (0.39 to 2.56) 

>60ml 4.69 (2.80 to 7.84) 2.59 (1.59 to 4.20) 1.43 (0.57 to 3.59) 0.79 (0.18 to 3.38) 
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3.2.4 Discussion 

Our main results are: (1) 72% of our cohort were alive at 3 years; death following ICH 

was independently associated with age at study entry, smoking, pre-event mRS and 

NIHSS at presentation, (2) “early” death (within 6 months of ICH) was associated with 

different factors when compared with “late” death in adjusted analyses, and when 

comparing these two periods, the presence of APOE ε2, GCS, NIHSS and ICH volume 

showed evidence of change over time (3) in further exploratory analyses where the time-

varying effect of each variable was allowed to vary linearly with time, a history of a 

previous cerebral ischaemic event, GCS, NIHSS, Van Swieten score and ICH volume 

had significant effects, with the hazard ratios of previous cerebral ischaemic events and 

Van Swieten score increasing with time, whilst those for GCS, NIHSS and ICH volume 

decreased with time. Together, these results demonstrate that the factors associated 

with death following ICH in the longer-term are different to those associated with early 

mortality, and that the impact of some characteristics present at study entry vary with 

time.  

 

Although some previous studies have considered longer term mortality (20, 309, 329-

335), little is known about the factors that might influence this; associations with 

increasing age, diabetes mellitus, anticoagulant use prior to ICH and severe white matter 

disease (leukoaraiosis) have been reported (332, 333). In our study, we found that the 

only independent factors associated with mortality in the 3 years following ICH were age 

at study entry, smoking, pre-event mRS and NIHSS at presentation. However, we also 

found that different factors were associated with “early” (within 6 months) and “late” 

death. The factors that we found were independently associated with early death (age at 

study entry, hypertension,  pre-event mRS, admission NIHSS, ICH volume > 60ml ) are 

in keeping with other studies, and reflected in pre-existing prognostic scores which 

include these and other variables (318-325). We found that late death was associated 

with age at study entry, pre-event mRS, anticoagulant use prior to ICH and the presence 
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of intraventricular extension. Differences between our results and those previously 

reported are likely to reflect our method of considering early and late death 

independently; we observed similar results in this study in the associations observed 

“overall” (when considering all death events together). Additionally, we observed that 

four variables (APOE ε2, GCS, NIHSS and ICH volume > 60ml) showed significant 

differences in the magnitude of their effect before and after 6 months (although the 

hazard ratios for APOE ε2 were not statistically significant in themselves). This result 

confirms that whilst GCS, NIHSS and ICH volume are important predictors of early 

mortality, their effect changes significantly between the early and late periods, and thus 

they are less useful for predicting mortality in the longer-term, as we hypothesised.  

 

Our analyses of linear time-varying effects on long-term mortality following ICH are novel 

and demonstrate the potentially complex interactions that can occur over time. In our 

exploratory analyses, we found that the hazard ratios for variables associated with initial 

stroke severity (GCS, NIHSS, ICH volume) were initially of high magnitude, but then 

decreased with time (in keeping with our dichotomised early versus late analyses). We 

additionally found that two variables, history of previous ischaemic events and Van 

Swieten score, show increasing hazard ratios with time, although these results should 

be interpreted cautiously as they are from unadjusted analyses (with age being one 

obvious potential confounder). These analyses also highlight the difficulties in defining 

what is “early” death, or a “short-term” outcome; further work that considers time-varying 

effects on mortality across longer time scales is needed to guide this.  

 

Our study has a number of strengths, including the number of patients, its multicentre 

design, robust ascertainment of follow up events and the detailed clinical and radiological 

data available for each participant; however, we must also acknowledge some limitations 

of our work. Firstly, our cohort is arguably a survivor cohort with milder strokes (as 

reflected by the median NIHSS of 7, and the relatively low mortality rate), and thus our 

data might not be representative of those presenting with more severe haemorrhages. 
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We were unable to include details relating to the acute complications of ICH (such as 

haematoma expansion or obstructive hydrocephalus), or details relating to immediate 

care, either active (for example, aggressive blood pressure management, 

anticoagulation reversal, neurosurgical intervention (310)) or care-limiting (do not 

resuscitate orders or palliative pathways), all of which would impact mortality. 

Additionally, we were unable to comment on cause of death in our patients; the factors 

associated with “stroke-related” death may differ to those associated with death due to 

other causes. Finally, whilst we considered the time-varying effects of variables recorded 

at study entry, the status of these may have changed after this time-point (for example, 

smoking status, antiplatelet or anticoagulant use) and this could have influenced our 

results. The significance of the frailty term in our Weibull analysis suggests that there is 

unobserved heterogeneity contributing to mortality in our cohort, implying that there are 

factors which we either did not consider (which may include other life-limiting illnesses, 

for example chronic respiratory or renal diseases) or were unable to quantify fully.  

 

We conclude that the factors associated with three-year mortality after ICH frequently 

relate to baseline patient characteristics, specifically age and premorbid functional 

status, as well as those relating ICH severity; however, the factors that influence mortality 

vary with time, with different variables are associated with early and late death. Further 

work evaluating these time-varying effects on longer term outcomes after ICH is needed.  
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4 BOCAA: Biomarkers and Outcomes in Cerebral Amyloid 

Angiopathy 

4.1 Introduction 

As discussed in the introduction to this thesis, whilst our ability to diagnose CAA has 

improved substantially in recent years, the vast majority of current diagnostic markers 

are likely to be late stage, irreversible measures that would not be viable as outcome 

markers in a clinical trial (8). BOCAA (Biomarkers and Outcomes in Cerebral Amyloid 

Angiopathy) is a cross-sectional prospective observational feasibility study, designed 

with a view to guiding future larger (and potentially longitudinal) clinical trials in CAA. The 

aims of the project were: (1) to establish the safety, tolerability and feasibility of a 

dedicated clinical research protocol for use in future therapeutic trials; and (2) to discover 

and validate new biomarkers for CAA.  

 

The study was funded by the Rosetrees Trust (Project No. 523286, Award No. 167120) 

and a Wolfson Biomarker Grant (Project No. 523289, Award No. 162022). Ethical 

approval was granted in October 2015 by the NHS Health Research Authority London – 

Dulwich Research Ethics Committee (REC reference 15/LO/1443).  

 

4.2 Summary of study protocol 

This project included 15 participants: 10 patients with CAA and 5 age matched healthy 

controls. Study documents (produced by the candidate) are provided in Appendix 3; this 

includes the standard operating procedure, information sheets for patients and healthy 

volunteers, screening checklist consent forms for patients and healthy volunteers, 

participant information and case report forms (for patients and healthy volunteers), 

standard operating procedures for body fluid collection (CSF and blood), the study day 

itinerary, and follow up questionnaires (patient and GP).  
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4.2.1 Clinical assessment 

Data on past medical history, current medication, social history, mobility and educational 

attainment was collected. Participants underwent a full neurological examination, in 

addition to routine baseline observations (including heart rate and blood pressure), the 

timed get up and go test and MoCA (see Appendix 3, VIII and IX). 

 

4.2.2 Neuropsychology  

All participants underwent formal neuropsychological testing using a “vascular” battery 

developed by the Department of Neuropsychology.   

 

This battery includes the following: 

 Premorbid functioning (estimated using the NART) 

 Current general intellectual functioning (WAIS-III, Raven’s Advanced Progressive 

Matrices) 

 Memory; verbal and visual recall and recognition (Warrington’s Recognition Memory 

Test, subtests from the AMIPB) 

 Naming (Graded Naming Test, Oldfield Naming Test) 

 Visuo-perceptual and spatial function (subtests from the Visual Object and Space 

Perception battery) 

 Executive and attention functions (Stroop Colour Word Test, Phonemic and 

Semantic Fluency, Hayling and Brixton Test, subtest from Test of Everyday 

Attention) 

 Speed of Information Processing (Symbol Digit Modality Test, WAIS-III Symbol 

Search subtest) 

 Mood  (DASS-21) 
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4.2.3 Body fluid markers 

CSF and blood was collected from all participants; further details on collection can be 

found in Appendix 3 (X and XI). 

 

4.2.4 Imaging 

Each participant was scanned using the UCLH 3-Tesla Siemens Biograph PET/MR 

system, using an imaging protocol based upon one currently in use for the MRC National 

Survey for Health and Development 1946 Birth Cohort Neuroimaging Sub-study (336). 

This includes: 

 PET imaging using the amyloid ligand 18F-florbetapir (“Amyvid”) 

 Neurite orientation dispersion and density imaging (NODDI) 

 Pseudo-Continuous Arterial Spin Labelling  

 Resting state and visual functional MRI  

 Standard structural MRI sequences (including volumetric 3D T1, FLAIR and SWI)  

 

4.2.5 Outcome data 

Information on outcomes is collected from patients (but not healthy volunteers), using 

follow up questionnaires sent initially at 6 months and 1 year following recruitment, and 

then annually (for 5 years). These questionnaires (Appendix 3, XII and XIII) are sent to 

both patients and their GPs, and ask about functional status and clinical events including 

stroke, as well as other serious vascular events.  
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4.2.6 Patient inclusion and exclusion criteria: 

Inclusion criteria:  

 Adult ≥ 55 years of age, ≤100 years of age; preferred age target 55 – 70 years 

 MMSE score ≥ 23 

 mRS ≤ 3 

 Fulfilling at least “probable” Modified Boston Criteria for CAA  

 Competent to give informed consent 

 

Exclusion criteria: 

 Contraindications to PET or MRI scanning, or lumbar puncture  

 

4.2.7 Control inclusion and exclusion criteria: 

Inclusion criteria:  

 Adult ≥ 55 years of age, ≤100 years of age; preferred age target 55 – 70 years 

 MMSE score ≥ 23 

 mRS ≤ 3 

 Competent to give informed consent 

 

Exclusion criteria: 

 Contraindications to PET or MRI scanning, or lumbar puncture  

 History of significant neurological disease 
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4.3 The BOCAA recruitment experience 

4.3.1 Introduction 

One of the main aims of the BOCAA study was to establish the feasibility of the research 

protocol, in particular with regard to patient recruitment. The inclusion and exclusion 

criteria were designed to reflect a patient population that could be included in a future 

trial; ideally this would be a population with “early” disease, although formal criteria 

defining this do not currently exist. One essential requirement was that patients could 

provide informed consent for themselves, as the lumbar puncture was regarded as a 

relatively invasive procedure. In a therapeutic study, the capacity to provide informed 

consent would be important not only at study entry but also after this, given that such a 

study would almost certainly require repeated visits. We also wished to select patients 

who would be able to participate in all aspects of the study (i.e. without contraindications 

to MRI or PET scanning, or lumbar puncture) and be able to physically tolerate scanning 

and other procedures (i.e. not limited by the sequelae of previous ICH). This was the 

rationale behind the cognitive (MMSE) and functional (mRS) thresholds set within the 

inclusion criteria.  

 

Beyond the formal inclusion and exclusion criteria, there were other issues that 

influenced patient selection. This was a small pilot study, and so we wished to reduce 

heterogeneity within our patient group as much as possible. In order to achieve this, we 

selected patients who met “probable” modified Boston criteria and without evidence of 

other neurological diseases or pathologies; we thus excluded patients with co-existing 

pathologies (e.g. those with Alzheimer’s disease, and those with “mixed” CAA and DPA). 

Additionally we did not include patients with intracranial neurosurgical implants or other 

devices that caused artefacts on MRI, or patients with significant visual impairment (on 

the basis that their visual task fMRI might be difficult to interpret). These factors might 

also have relevance for larger clinical studies – treatment effects might be more apparent 

within a less heterogenous group. 
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Given the large number of inclusion and exclusion criteria, an important question for 

BOCAA was whether it was feasible to recruit the necessary number of patients. In this 

section, we describe our patient recruitment methods and experience.  

 

4.3.2 Identification methods 

Two methods were used to identify potentially eligible patients. The first involved 

screening a prospectively collected database of CAA patients (originally collected by two 

other Clinical Research Associates, Andreas Charidimou and Duncan Wilson, and then 

by the candidate; patients listed from July 2008 onwards). This database was part of a 

Service Evaluation Agreement approved by the local Research Ethics Committee (joint 

UCL Institute of Neurology / National Hospital for Neurology and Neurosurgery); this 

agreement provides permission to review anonymised data from patients presenting to 

our stroke service with intracranial haemorrhage. The vast majority of patients in this 

database had attended Professor Werring’s specialist intracerebral haemorrhage 

service, provided by the National Hospital of Neurology and Neurosurgery (NHNN), 

University College London Hospitals (UCLH) NHS Trust. Approximately 10% of the 

patients attending this service are referred from other specialist centres in England and 

Wales. To give an indication of attendance numbers, between January 1st 2015 and June 

1st 2018, there were a total of 1192 clinic visits made by 663 individual patients. The 

database also includes patients referred to Professor Werring privately (details were 

provided by Professor Werring; these clinic lists were not routinely screened), and 

patients referred to him from other centres with an interest in participating in research 

studies.  

 

The second method was screening patients presenting with lobar ICH to the Hyperacute 

Stroke Unit (HASU) and Acute Brain Injury Unit (ABIU). This screening was carried out 

by Stroke Research Practitioners, as the study had been adopted into the North London 
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Stroke Clinical Research Network Portfolio. Unfortunately, this method did not 

successfully identify any potential participants, and 6 months after recruitment opened 

this method was abandoned. There were three reasons for this. Firstly, for patients 

admitted to and then discharged from the HASU, very few patients had MRI scans during 

their admission and so it was not possible to diagnose CAA. Secondly, many of the 

patients admitted to the ABIU were acutely unwell, often requiring intensive care support; 

it was not clear whether these patients would survive their brain haemorrhage, let alone 

recover to an extent that would allow them to meet the inclusion and exclusion criteria. 

Finally, nearly all patients who were discharged from the HASU (and many from the 

ABIU) were eventually reviewed by the specialist intracerebral haemorrhage service; if 

a diagnosis of CAA was made at this stage, they were then included within the CAA 

database.  

 

The steps after identification of a potentially eligible patient are shown in Figure 4.3.1. 

Briefly, the patient’s electronic case records were reviewed (by the candidate) for clinical 

details that would render them ineligible, after which the patient’s brain MRI was 

reviewed (the candidate would make an initial imaging screen, before then reviewing the 

imaging in detail with Professor Werring). The patient was required to meet the modified 

Boston criteria for “probable” CAA (57); patients with features consistent with CAA but 

not fully meeting these criteria were excluded (e.g. those with lobar CMBs only, or cSS 

only), as were those with evidence of deep macro- or microhaemorrhage. If a patient 

appeared eligible at this stage, they were sent a letter inviting them to participate in the 

study, together with the patient information sheet (Appendix 3, II). This letter included a 

response sheet and a stamped addressed envelope. If the patient returned the response 

sheet stating they were willing to participate, they were invited to attend a screening 

appointment, where their eligibility was formally assessed (Appendix 3, IV) by the 

candidate. This was also an opportunity for the participant to ask questions about the 

study, if they had any. If the patient met the inclusion and exclusion criteria, and remained 
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willing to participate, they were asked to sign a consent form (Appendix 3, V) and formally 

recruited into the study.  

 

 

Figure 4.3.1: Flowchart detailing the process between identification of a potentially eligible patient 
and their recruitment 
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4.3.3 BOCAA recruitment – detailed breakdown 

Ethical approval was given in October 2015, but recruitment did not start until late May 

2016 due to delays in obtaining local R&D approval, outstanding applications to the 

Leonard Wolfson Experimental Neurology Centre and Leonard Wolfson Biomarker 

Laboratory for use of facilities, and finalisation of the PET-MR, CSF and blood processing 

protocols. The last patient was recruited in November 2017. Figure 4.3.2 shows the 

number of patients recruited per month over this time period.  

 

 

Figure 4.3.2: BOCAA patient recruitment over time 

 

 

The reasons for patient exclusions are shown in Figure 4.3.3. Most patients were 

excluded following electronic case note review, with the commonest reason being 

documented evidence of cognitive impairment or dementia. Of the 40 patients invited to 

participate, 20 patients responded to the invitation letter; of these, 10 patients declined 

to participate, and 10 were successfully recruited.  
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Figure 4.3.3: Reasons for exclusions 
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4.3.4 Discussion 

Our experiences of patient recruitment for this small pilot study highlight some key points. 

Firstly, we managed to fully recruit for this study (10 CAA patients over a period of 18 

months), demonstrating that this level of recruitment is feasible for a single specialist 

centre. Secondly, we found that recruiting patients when they presented acutely to stroke 

services was difficult, and that recruitment using a prospective research database was 

more effective. Finally, we show that a large proportion (n=146, 78.5%) of patients listed 

in the CAA database were ineligible for BOCAA, with the most common reason for 

exclusion being co-existent cognitive impairment or dementia. This suggests that the 

presence of cognitive impairment and dementia are relatively common in this patient 

cohort, a factor that we underestimated. Given that data on recruiting patients with CAA 

for therapeutic clinical trials is limited, this work makes an important contribution by 

highlighting a number of practical aspects which may inform future larger trials.  

 

Our difficulties with recruitment after acute presentation with an ICH indicate the 

limitations of current biomarkers for CAA, and in particular, the need for MRI. The recent 

CT based “Edinburgh” criteria (58) might improve our ability to identify patients with CAA 

in the acute setting. Our experience also highlights the potential difficulties of recruiting 

from a HASU as the centre of a “hub and spoke” model (337). Although we did not 

formally quantify this, it is likely that a number of patients presenting to the HASU were 

discharged before having an MRI; these patients are likely to be those with better pre-

morbid functioning as well as less severe strokes (and thus more likely to meet our 

inclusion criteria), and almost certainly would have an MRI when followed up by their 

local stroke unit (by which stage they would have been lost to our research database). 

The introduction of a centralised research database, compiled from standardised local 

databases, would allow for more efficient and co-ordinated recruitment to future CAA 

studies.  
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Whilst we did successfully fully recruit to the BOCAA study, the recruitment process took 

longer than originally projected; we had estimated that recruitment would take between 

6 and 12 months, given that we were a tertiary centre with a specialist interest in ICH. 

The reason that recruitment took longer than anticipated was underestimation of the 

proportion of ineligible patients within the CAA database. As discussed above, the most 

common reason for exclusion was co-existent cognitive impairment or dementia (n=42), 

but patients were also excluded for not meeting the imaging criteria (n=41), and because 

of anticoagulant or dual antiplatelet use (n=18). This highlights the fact that the CAA 

patients are often older and more likely to have comorbidities, some of which may limit 

trial participation. It also emphasises the impact of cognitive criteria on recruitment – 

future studies may need to relax these criteria (i.e. be more permissive of mild cognitive 

impairment and/or a co-existent diagnosis of Alzheimer’s disease), and as a 

consequence provide strategies that allow for continuing trial participation if a patient 

loses capacity to give informed consent.  

 

We also found that of the 40 patients invited to participate, only 10 (25%) were eventually 

recruited to the study. The commonest reason for lack of participation was a failure to 

respond (n=20, 50% of those invited). Although we did not ask patients who declined to 

participate to provide their reasons for this, when a patient did provide a reason (of their 

own accord) it was universally that they would prefer not to have a lumbar puncture (n=3). 

This might reflect prevailing views that a lumbar puncture is an uncomfortable and 

invasive procedure, and study protocols which do not require CSF might have higher 

response and participation rates.  
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A final point for consideration is whether our recruitment strategy inadvertently 

introduced bias into the study. Whilst it was the pre-specified aim of BOCAA to recruit 

“early” CAA, our recruitment strategy will have inevitably led to the selection of patients 

with milder disease. Although there are advantages of this, primarily that these patients 

are more likely to fully participate in a future trial (especially one with a longitudinal 

element), only selecting patients with mild disease, especially in such a small study, 

could limit the identification of new biomarkers due to type II errors (false-negative 

results). There is also an argument that our participating patients are not representative 

of the “real-world” CAA, which is a heterogenous condition. These points will need to be 

considered when interpreting the results of the BOCAA study.  
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4.4 BOCAA participant baseline characteristics 

The baseline demographic, clinical and imaging characteristics of the 10 patients and 5 

healthy volunteers recruited to the BOCAA study are shown in Tables 4.4.1, 4.4.2 and 

4.4.3. There were no significant differences in baseline clinical or demographic 

characteristics between the two groups (Table 4.4.1). When comparing clinical findings 

between patients and healthy volunteers at study entry (Table 4.4.2), there was a 

difference in timed get up and go test performance (mean 9.0 vs 6.8 seconds, p=0.0504), 

but no other measures. Details of the haemorrhagic features for the patient group are 

shown in Table 4.4.4. 

 

Table 4.4.1: Baseline clinical and demographic characteristics of the BOCAA study participants 

Groups were compared using t-tests (age, years of education), Mann Whitney U tests (units of alcohol per 
week, mRS), or Fisher’s exact test (remainder).  

 CAA patients 
Healthy 

Volunteers 
p value 

n 10 5 - 

Age, years, mean (SD) 68.6 (3.0) 64.4 (6.5) 0.1049 

Sex, female, n (%) 2 (20.0) 3 (60.0) 0.251 

Handedness, right, n (%) 9 (90.0) 4 (80.0) 1.000 

Past Medical History 

Hypertension, n (%) 8 (80.0) 1 (20.0) 0.089 

Hypercholesterolaemia, n (%) 5 (50.0) 1 (20.0) 0.580 

Diabetes mellitus, n (%) 1 (10.0) 0 (0.0) 1.000 

Seizures, n (%) 1 (10.0) 0 (0.0) 1.000 

Migraine with aura, n (%) 6 (60.0) 4 (80.0) 0.600 

Medication history 

Regular medication use, n (%) 8 (80.0) 2 (40.0) 0.251 

Antihypertensive 
use, n (%) 

0 agents 2 (20.0) 3 (60.0) 

0.251 1 agent 4 (40.0) 2 (40.0) 

2 agents 4 (40.0) 0 (0.0) 

Statin use, n (%) 3 (30.0) 1 (20.0) 1.000 

Social history 

Ex-smoker, n (%) 5 (50.0) 1 (20.0) 0.580 

Units of alcohol per week, median 
(IQR) 

7.5 (6 to 10) 14 (3 to 14) 0.8533 

    

Years of education, mean (SD)  19.4 (3.3) 19 (3.3) 0.8276 

mRS, median (IQR) 0 (0 to 0) 0 (0 to 0) 0.3006 
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Table 4.4.2: Clinical findings at study entry 

Groups were compared using Mann Whitney U tests (MMSE and MoCA scores), or t-tests (remainder).  

 CAA patients 
Healthy 

Volunteers 
p value 

Height, cm, mean (SD) 174.1 (11.2) 167.8 (8.9) 0.2992 

Weight, kg, mean (SD) 75.7 (14.5) 69.5 (9.9) 0.4072 

BMI, kg/m2, mean (SD) 24.9 (3.3) 24.6 (2.7) 0.9019 

Systolic blood pressure, mmHg, 
mean (SD) 

134.1 (10.6) 125.8 (10.6) 0.1771 

Diastolic blood pressure, mmHg, 
mean (SD) 

77.7 (4.8) 77.6 (6.6) 0.9735 

Heart rate, beats per minute, mean 
(SD) 

69.5 (11.9) 62.8 (7.6) 0.2758 

    

Timed get up and go test, seconds, 
mean (SD) 

9.0 (2.0) 6.8 (1.5) 0.0504 

    

MMSE score, median (IQR) 29 (28 to 30) 30 (29 to 30) 0.1688 

MoCA score, median (IQR) 26.5 (25 to 29) 28 (27 to 29) 0.2909 

 

 

 

 

Table 4.4.3: Imaging findings at study entry 

Rating for all structural markers were completed using methods detailed in Section 2.3. 

 CAA patients Healthy Volunteers 

WMH (Fazekas score), 
median (IQR) 

dWMH 1 (1 to 2) 0 (0 to 0) 

pvWMH 3 (2 to 3) 1 (1 to 1) 

Lacunes, n (%) 0 (0.0) 1 (20.0) 

   

MTA grade, median (IQR) 1 (1 to 1) 0 (0 to 0) 

GCA grade, median (IQR) 1 (0 to 1) 2 (1 to 2) 

   

cSS, n (%) 

None 3 (30.0) 5 (100.0) 

Focal 3 (30.0) 0 (0.0) 

Disseminated 4 (40.0) 0 (0.0) 

Lobar CMBs, median (IQR) 3.5 (2 to 25) 0 (0.0) 
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Table 4.4.4: Haemorrhagic details for the BOCAA patient group 

ID Age Sex History of TFNE 
History of previous 
symptomatic ICH 

Presence of cSS 
Presence of lobar 

microbleeds 

BOC01 70 F - - Disseminated Yes 

BOC02 64 M - Yes (multiple) - Yes 

BOC04 67 M - Yes (single) Focal Yes 

BOC05 72 M Yes - Disseminated Yes 

BOC08 69 F Yes - Disseminated Yes 

BOC10 67 M Yes - Disseminated Yes 

BOC14 67 M - Yes (multiple) - Yes 

BOC15 66 M - Yes (multiple) - Yes 

BOC16 74 M Yes - Focal Yes 

BOC17 70 M - - Focal Yes 
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4.5 Body fluid biomarkers for CAA 

4.5.1 Introduction 

The limitations of current biomarkers for CAA have been discussed in detail in the 

Introduction (Section 1); briefly, the diagnosis of CAA is possible using the clinico-

radiological Boston criteria (57, 59), but nearly all of the imaging features associated with 

CAA are likely to be irreversible markers of late stage disease (8). This is likely to limit 

their use as outcome markers for therapeutic clinical trials, where early, more dynamic 

and potentially reversible measures are needed (8). CAA shares a pathological moiety 

(the Aβ protein) with AD, and there is both clinical and neuropathological overlap 

between the two conditions (14); a biomarker, or biomarkers, which could better 

differentiate between these two Aβ pathologies would be important from both clinical and 

research perspectives.  

 

Body fluid biomarkers, either from the cerebrospinal fluid (CSF) or blood, might avoid the 

limitations of imaging markers. A review of our current understanding of fluid markers in 

CAA is described in Section 1.5.2; to summarise, most of this data has focussed on Aβ 

and tau measures in CAA. Results suggest that patients with CAA have lower Aβ-40 

(than patients with AD and healthy controls) and Aβ-42 (than healthy controls), with total 

tau and phospho-tau levels that are intermediate between healthy controls and patients 

with AD (122, 150-152, 338-340). Data from memory clinic populations (often including 

patients with AD) suggests that patients with imaging features suggestive of CAA (lobar 

CMBs, cSS) may show a similar “CAA” CSF profile for Aβ and tau (154, 155, 157, 158, 

341). However, there is limited data on the smaller amyloid proteins in CAA (for example, 

Aβ-38, sAPPα and sAPPβ).  

 

A number of newer body fluid biomarkers have recently been described, which might be 

of interest in CAA. Neurofilaments are a key component of the neuronal axonal 
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cytoskeleton (342), and both CSF and blood levels of the smallest of these, 

neurofilament light (NFL) (343), are increased in a number of neurological conditions, 

including various dementias (344-346), multiple sclerosis (347, 348), stroke (349-352) 

and cerebral small vessel disease (353-355), amongst others. Variants in the microglial 

gene TREM2 (Triggering Receptor Expressed on Myeloid Cells 2) are associated with 

an increased risk of developing AD (356, 357), and levels of the soluble form of the 

TREM2 protein (sTREM2) are elevated in the CSF of patients with AD (358-362), as well 

as in patients with multiple sclerosis (363, 364). Neurogranin is a neuronal post-synaptic 

protein expressed in dendritic spines (365, 366) and elevated CSF concentrations are 

observed in AD (365-377) and acute ischaemic stroke (378). However, whilst NFL, 

sTREM2 and neurogranin are promising new biomarkers for AD, it is not clear whether 

they are markers of the presence of any Aβ pathology (parenchymal or vascular), or if 

they are specific for parenchymal Aβ and AD alone. Finally, elevations in CSF ferritin 

have been observed in AD (379, 380); the haemorrhagic associations of CAA, together 

with evidence that the CSF of patients with CAA may have elevated red blood cell counts 

(381), make this another promising marker for investigation. As yet, none of these 

markers have yet been evaluated in CAA; the identification of different profiles for these 

two Aβ conditions could provide insight into the mechanisms resulting in vascular versus 

parenchymal deposition.  

 

The aim of this project was to identify new body fluid biomarkers for CAA, primarily using 

CSF. Our objective was to establish which measures were different between three 

participant groups: patients with CAA, age matched healthy volunteers and patients with 

AD.  
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4.5.2 Methods 

 

4.5.2.1 Patient selection 

We included participants from the BOCAA study; the selection criteria and recruitment 

methods are described in detail in Sections 4.2 and 4.3.  The BOCAA study included 10 

patients with CAA, and 5 age matched healthy volunteers.  

 

We included further samples collected by the Specialist Cognitive Disorders Service 

(based at NHNN, UCLH NHS Trust). We included 20 samples from patients with AD, 

and another 5 samples from age matched healthy volunteers. Patients with AD 

presented with “typical” (382) amnestic symptoms, were aged ≥ 55 years, and had a final 

diagnosis (on the basis of clinical assessment, imaging and CSF) that was in keeping 

with Alzheimer’s disease; additionally, all imaging was reviewed for the presence of 

CMBs and cSS, and patients with these features were not included (in order to avoid 

patients with mixed CAA and AD pathology). Samples for age matched healthy 

volunteers were included if their final diagnosis, made on the basis of clinical 

assessment, imaging and CSF, was not one of dementia or any other neurodegenerative 

condition. Additional inclusion criteria included age ≥ 55 years, MMSE score ≥ 23, mRS 

≤ 3, and the absence of a prior history of significant neurological disease (i.e. consistent 

with the inclusion and exclusion criteria for healthy volunteers in BOCAA). MR imaging 

was reviewed for evidence of previous infarction (including lacunes), CMBs, and cSS; 

samples were only included in the absence of these features. Atrophy (MTA, GCA) and 

WMH were also assessed on brain imaging, and those with evidence of moderate or 

severe grades of MTA, GCA or WMH were also excluded.  
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4.5.2.2 Body fluid analysis 

CSF and blood samples were processed and analysed by staff at the Leonard Wolfson 

Biomarker Laboratory; the methods for this section were provided by Martha Foiani and 

Jamie Toombs (both affiliated with the UK Dementia Research Institute at UCL, and the 

Department of Molecular Neuroscience, UCL Institute of Neurology).  

 

CSF was collected, processed and stored at -80°C according to standardised 

procedures (383). Briefly, samples were transported to lab and centrifuged within 30 

minutes from collection. CSF was centrifuged at 1750g for 5 minutes at 4oC, and blood 

at 1800g for 5 minutes at room temperature; samples were then aliquoted and stored at 

-80oC until testing.  

 

Amyloid measures  

Aβ-38, Aβ-40 and Aβ-42 were measured by electrochemiluminescence (ECL) using a 

Meso Scale Discovery V-PLEX Aβ peptide panel 1(6E10) kit, according to the 

manufacturer’s instructions. Briefly, samples were diluted 1:2 with diluent 35 and added 

in duplicate to microplate wells coated with mouse monoclonal peptide specific capture 

antibodies for human Aβx-38/x-40/x-42. Samples were incubated with anti-Aβ (amino 

acids 1-16 epitope) antibody (6E10 clone) as the detection antibody conjugated with an 

electrically excitable SULFO-TAG. Concentrations were calculated from ECL signal 

using a four-parameter logistic curve fitting method with the MSD Workbench software 

package. Intra-assay CVs (co-efficient of variance) were less than 10%. All samples 

were measured on the same day by a single operator using the same reagents. 

 

sAPPα and sAPPβ were measured by ECL using a Meso Scale Discovery 

sAPPα/sAPPβ Kit, according to manufacturer instructions. Briefly, samples were diluted 

1:4 with 1% Blocker A and added in duplicate to microplate wells coated with mouse 
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(sAPPα) and rabbit (sAPPβ) monoclonal peptide specific capture antibodies. Samples 

were incubated with anti-sAPPα and anti-sAPPβ detection antibodies conjugated with 

an electrically excitable SULFO-TAG. Concentrations were calculated from ECL signal 

using a four-parameter logistic curve fitting method with the MSD Workbench software 

package. Intra-assay CVs were less than 20%. All samples were measured on the same 

day by a single operator using the same reagents. 

 

Tau markers (total tau and phospho-tau) 

The levels of CSF total tau and phospho-tau(181P) were determined using a sandwich 

ELISA (INNOtest® hTAU-Ag P-Tau(181P); Fujirebio Europe N.V., Ghent, Belgium) 

constructed to measure both normal tau and phosphorylated tau. Briefly, for the hTAU 

Ag assay, tau protein is captured from CSF samples by a monoclonal anti-tau antibody 

(AT120) bound to a microtiter plate. Captured tau is detected with two biotinylated tau-

specific monoclonal antibodies (HT7 and BT2). Similarly, for the total tau assay, 

phospho-tau(181P) is captured from CSF samples by anti-tau antibody HT7 bound onto a 

microtiter plate. Captured phospho-tau(181P) is detected with a biotinylated monoclonal 

anti-phospho-tau antibody (AT270). In both assays, peroxidase-labelled streptavidin and 

tetramethylbenzidine (TMB) substrate are also added. Peroxidase catalyzed hydrolysis 

produces a colorimetric signal. Sample concentrations are extrapolated from a standard 

curve, fitted using a 4-parameter logistic algorithm. Samples with intra-assay CVs more 

than 20% were excluded. 

 

Neurofilament light (NFL) 

CSF NFL was measured by UMAN diagnostics ELISA, according to manufacturer 

instructions. Briefly, samples were diluted 1:2 with sample diluent and added in duplicate 

to microplate wells coated with a monoclonal capture antibody specific for NFL. Samples 

were incubated with a biotinylated NFL-specific monoclonal detection antibody. The 

detection complex was completed with the addition of horseradish peroxidase-labelled 
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streptavidin and tetramethylbenzidine (TMB) substrate. Peroxidase catalyzed hydrolysis 

produces a colorimetric signal. Sample concentrations were extrapolated from a 

standard curve, fitted using a 4-parameter logistic algorithm. Intra-assay CVs were less 

than 10%. Samples were run on two different days by different operators. 

 

The methods for determining serum NFL concentrations have been described previously 

(384); the Simoa HD-1 analyser platform (Quanterix) was used to measure NfL 

concentrations using the manufacturer’s NfL reagent kit and in accordance with 

manufacturer instructions. Briefly, serum samples were diluted fourfold and then 

incubated with paramagnetic beads coated with anti-NfL antibodies and biotinylated 

detector antibodies. Beads were then washed and combined with a conjugate of 

streptavidin-β-galactosidase. This enzyme binds to the biotinylated antibodies, labelling 

the captured protein molecules of interest. Following an additional wash, beads were 

suspended in a resorufin-β-D-galactopyranoside (RGP) substrate and transferred into 

an array of sealed microwells. If the enzyme-labelled protein of interest is bound to a 

bead it hydrolyses RGP and produces sufficient fluorescent signal to be detected by the 

analyser, even if only a single molecule is bound. The analyser measures the proportion 

of ‘positive’ wells containing beads bound to at least one molecule of interest (giving a 

‘digital’ output proportional to the amount of the protein of interest in the sample when it 

is at low concentrations) and also the total fluorescent signal from all wells (giving an 

‘analogue’ output proportional to the amount of the protein of interest present in the 

sample when it is at higher concentrations). Finally, concentrations were measured with 

a four-parameter logistic curve fit. All samples had a CV less than 10% and were 

analysed with one batch of reagents.  

 

sTREM2 measurements 

CSF samples were analysed using an immunoassay protocol adapted from a previously 

published protocol (385). Streptavidin-coated 96-well plates (Meso-Scale Discovery 
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(MSD), Rockville, MA, USA) were blocked overnight at 4°C in block buffer (0.5% bovine 

serum albumin (BSA) and 0.05% Tween 20 in PBS; pH 7.4). The plates were then 

incubated with the biotinylated polyclonal goat anti-human TREM2 capture antibody 

(0.25 µg/ml; BAF1828, R&D Systems, Minneapolis, MN, USA) diluted in block buffer, 

shaking for 1 hour at room temperature. They were subsequently washed five times with 

wash buffer (0.05% Tween 20 in PBS) and incubated for 2 hours shaking at room 

temperature with 50μL per well of either the standard curve constructed from 

recombinant human TREM2 protein (11084-H08H-50, Sino Biological Inc., Beijing, 

China) diluted in assay buffer (0.25% BSA and 0.05% Tween 20 in PBS; pH 7.4) to 

produce concentrations ranging between 4000pg/ml and 62.5pg/ml, or CSF samples 

diluted 1 in 4 in assay buffer. Standards and CSF samples were assayed in duplicate. 

Plates were again washed five times with wash buffer before incubation for 1 hour 

shaking at room temperature with the detection antibody, monoclonal mouse anti-human 

TREM2 antibody (1µg/ml; (B-3): sc373828, Santa Cruz Biotechnology, Texas, USA), 

diluted in block buffer. After five additional washing steps, plates were incubated with the 

secondary antibody (SULFO-TAG-labelled goat anti-mouse secondary antibody, 

R32AC-5, MSD) and incubated shaking for 1 hour in the dark. Lastly, plates were washed 

three times with wash buffer then twice in PBS alone. The electrochemical signal was 

developed by adding MSD Read buffer T 4x (R92TC-2, MSD) diluted 1 in 2, and the light 

emission measured using the MSD Sector Imager 6000. The concentration of sTREM2 

was calculated using a five-parameter logistic curve fitting method with the MSD 

Workbench software package. Intra-assay CVs were less than 10%, and all samples 

were measured on the same day by a single operator using the same reagents.  

 

Neurogranin  

Neurogranin was measured with the EUROIMMUN Elisa (EQ6551-9601-L) according to 

manufacturer’s instructions. Briefly, samples were incubated with biotinylated 

monoclonal anti-Neurogranin antibody, followed by addition to microplate wells coated 
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with monoclonal antibodies specific for human neurogranin truncated at P75. Finally, 

streptavidin peroxidase conjugate was added to initiate the colour-changing 

reaction.  The concentration of neurogranin was calculated using a five-parameter 

logistic curve fitting method with the MSD Workbench software package. Intra-assay CVs 

were less than 10%, and all samples were measured on the same day by a single 

operator using the same reagents. 

 

Ferritin  

Ferritin was measured a latex fixation test according to manufacturer’s instructions; these 

methods have been described previously (386). All samples were measured on the same 

day by a single operator using the same reagents.  

 
 

4.5.2.3 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 15.1). Median 

and interquartile range values were calculated for each biomarker, and, given the non-

normal distribution of the data, comparisons between groups were made using the 

Kruskal-Wallis test. If a significant difference was identified (defined as p<0.05), Dunn’s 

test was used for post-hoc comparisons, and a Bonferroni correction (resultant p value 

multiplied by 3) was applied.  

 

In order to perform age adjusted analyses, we used quantile regression (comparing 

group medians), and calculated predicted medians. We then performed post-hoc 

pairwise comparisons of the predicted medians, with a Bonferroni correction. Statistical 

significance was defined as p<0.05.  
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4.5.3 Results 

We included 20 patients with AD, 10 patients with CAA and 10 healthy volunteers (HV) 

in this analysis; baseline characteristics are shown in Table 4.5.1. Patients with CAA 

were older (mean age 68.6 years, compared with 62.5 years in the AD group and 62.2 

years in the HV group), and those in the AD group had a lower MMSE (median score 24, 

compared with 29 for the CAA and HV groups).  

 

4.5.3.1 Aβ-38  

There was a significant difference between the three groups (Figure 4.5.1; p=0.0019). In 

post-hoc comparisons, patients with CAA had significantly lower CSF Aβ-38 than both 

AD (corrected p=0.0015) and HV (corrected p=0.0042) groups. There was no difference 

between AD and HV groups (corrected p=1.00).   

 

In the age adjusted quantile regression (Table 4.5.2) there was a significant difference 

between the three groups (p=0.0005); pairwise comparisons of the predicted medians 

found significant differences between AD and CAA (Bonferroni corrected 95% CI, 590.0 

to 2360.0 pg/ml), and the HV and CAA (Bonferroni corrected 95% CI, 651.3 to 2646.6 

pg/ml) groups. 

 

4.5.3.2 Aβ-40 

There was a significant difference between the three groups (Figure 4.5.2; 

p=0.0001).Patients with CAA had significantly lower CSF Aβ-40 than both AD (corrected 

p=0.00003) and HV (corrected p=0.0006) groups. There was no difference between AD 

and HV groups (corrected p=1.00).  

 

The age adjusted quantile regression (Table 4.5.2) identified a significant difference 

between the three groups (p=0.0002). Pairwise comparisons of the predicted medians 
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found significant differences between AD and CAA (Bonferroni corrected 95% CI, 1509.7 

to 5562.1 pg/ml) and the HV and CAA (Bonferroni corrected 95% CI, 1780.1 to 6348.2 

pg/ml) groups. 

 

4.5.3.3 Aβ-42 

There was a significant difference between the three groups (Figure 4.5.3; p=0.0001). In 

post-hoc comparisons, patients with CAA had significantly lower CSF Aβ-42 than both 

AD (corrected p=0.0006) and HV (corrected p=0.00003) groups. Patients with AD had 

lower CSF Aβ-42 than the HV group, but this was not statistically significant after 

Bonferroni correction (corrected p=0.1368).  

 

In age adjusted quantile regression (Table 4.5.2), there was a significant difference 

between the three groups (p=0.0005). Pairwise comparison of the predicted medians 

found significant differences between CAA and HV groups (Bonferroni corrected 95% 

CI, 167.5 to 620.2 pg/ml) and the HV and AD groups (Bonferroni corrected 95% CI, HV 

vs AD, 60.6 to 404.0 pg/ml). The difference between the CAA and AD groups did not 

reach statistical significance (Bonferroni corrected 95% CI, -39.2 to 362.3 pg/ml). 

 

4.5.3.4 sAPPα  

There was a significant difference between the three groups (Figure 4.5.4; p=0.0082). In 

post-hoc analyses, patients with CAA had significantly lower CSF sAPPα than both AD 

(corrected p=0.0066) and HV (corrected p=0.0126) groups. There was no difference 

between AD and HV groups (corrected p=1.00).  

 

In age adjusted quantile regression, there was no significant difference between the 

three groups (Table 4.5.2).   
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4.5.3.5 sAPPβ 

There was a significant difference between the three groups (Figure 4.5.5; p=0.0092). In 

post-hoc pairwise comparisons, patients with CAA had significantly lower CSF sAPPβ 

than both AD (corrected p=0.0060) and HV (corrected p=0.0183) groups. There was no 

difference between AD and HV groups (corrected p=1.00).  

 

In age adjusted quantile regression (Table 4.5.2) there was a significant difference 

between the CAA group and the AD and HV groups (p=0.0236). Pairwise comparison of 

the predicted medians found significant differences between CAA and AD (Bonferroni 

corrected 95% CI, 2.8 to 94.3 pg/ml), and the CAA and HV groups (Bonferroni corrected 

95% CI, 7.3 to 110.3 pg/ml). 

 

4.5.3.6 Total tau 

There was a significant difference between the three groups (Figure 4.5.6; p=0.0001). In 

post-hoc analyses, patients with CAA had significantly lower CSF total tau than AD 

patients (corrected p=0.0042). There was no statistically significant difference between 

the CAA and HV groups (corrected p=0.3534) groups. Patients with AD had significantly 

higher CSF total tau than the HV group (corrected p=0.00003). 

 

In the age adjusted quantile regression (Table 4.5.2), there was a significant difference 

between the three groups (p=0.0002). Pairwise comparisons of the predicted medians 

found significant differences between the AD and CAA (Bonferroni corrected 95% CI, 

82.5 to 632.2 pg/ml) and the HV and AD (Bonferroni corrected 95% CI, -645.5 to -175.4 

pg/ml) groups. There was no difference between the HV and CAA groups (Bonferroni 

corrected 95% CI, -362.9 to 256.7 pg/ml). 

 

  



 
 

184 
 

4.5.3.7 Phospho-tau 

There was a significant difference between the three groups (Figure 4.5.7; p=0.0001). In 

post-hoc analyses, patients with CAA had significantly lower CSF phospho-tau than AD 

patients (corrected p=0.0141). There was no statistically significant difference between 

the CAA and HV groups (corrected p=0.2616) groups. Patients with AD had significantly 

higher CSF phospho-tau than the HV group (corrected p=0.00003).  

 

In the age adjusted quantile regression (Table 4.5.2), there was a significant difference 

between the groups (p=0.0003). Pairwise comparisons of predicted medians found 

significant differences between the AD and CAA (Bonferroni corrected 95% CI, 10.7 to 

71.2 pg/ml) and the HV and AD groups (Bonferroni corrected 95% CI, -69.0 to -17.2 

pg/ml). Again, there was no significant difference between the HV and CAA groups 

(Bonferroni corrected 95% CI, -36.3 to 31.9 pg/ml). 

 

4.5.3.8 Neurofilament light (NFL) 

CSF 

There was a significant difference between the three groups (Figure 4.5.8; p=0.0003). In 

post-hoc analyses, patients with CAA had significantly higher CSF NFL than the HV 

group (corrected p=0.00003). There was no statistically significant difference between 

the CAA and AD groups (corrected p=0.1497) groups. Patients with AD had significantly 

higher CSF NFL than the HV group, but this did not reach statistical significance 

(corrected p=0.0051). 

 

In age adjusted quantile regression, there was no significant difference between the 

three groups (Table 4.5.2).   
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Serum 

There was a significant difference between the three groups (Figure 4.5.9; p=0.0283). In 

post-hoc analyses, patients with CAA (mean 38.0 pg/ml) had significantly higher serum 

NFL than the HV group (corrected p=0.0117). There was no statistically significant 

difference between the CAA and AD groups (corrected p=0.2721) groups. Patients with 

AD had higher serum NFL than the HV group, but this did not reach statistical 

significance (corrected p=0.1245). 

 

In age adjusted quantile regression, there was no significant difference between the 

three groups (Table 4.5.2).   

 

4.5.3.9 CSF soluble TREM2 

There was no significant difference between the three groups (Figure 4.5.10; p=0.519); 

similar results were seen using age adjusted quantile regression (Table 4.5.2).  

 

4.5.3.10 Neurogranin 

There was a significant difference between the three groups (Figure 4.5.11; p=0.0118). 

In post-hoc analyses, there was no difference between CAA and AD (corrected 

p=0.0759) or the HV group (corrected p=0.7188). Patients with AD had significantly 

higher levels of CSF neurogranin than the HV group (corrected p=0.0084). 

 

Age adjusted quantile regression, identified a significant difference between the three 

groups (Table 4.5.2), but no significant differences were identified in pairwise 

comparisons of the adjusted medians. 
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4.5.3.11 Ferritin  

There was a significant difference between the three groups (Figure 4.5.12; p=0.0136). 

In post-hoc analyses, patients with CAA had significantly higher CSF ferritin than patients 

with AD (corrected p=0.0060) and the HV (corrected p=0.0483) group. There was no 

significant difference between difference healthy volunteers and AD patients (corrected 

p=1.00).  

 

In age adjusted quantile regression, there was no significant difference between the 

three groups (Table 4.5.2).   
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Table 4.5.1: Comparison of baseline characteristics and biomarkers by group 

p values were obtained using one-way ANOVA (age), chi squared (sex) tests, or Kruskal-Wallis (remainder).  

 

 CAA (n=10) AD (n=20) HV (n=10) p value 

Age, years, mean (SD) 68.6 (3.0) 62.5 (4.1) 62.2 (5.4) 0.0014 

Sex, female, n (%) 2 (20%) 11 (55%) 5 (50%) 0.180 

MMSE, median (IQR) 29 (28 to 30) 24 (19.5 to 26) 29 (29 to 30) 0.0001 

Biomarkers 

Aβ-38, pg/ml, median (IQR) 1485.5 (1349.0 to 2452.5) 2739.5 (2359.0 to 3264.8) 2839.3 (2148.5 to 3274.5) 0.0019 

Aβ-40, pg/ml, median (IQR) 3147.8 (2940.5 to 4136.5) 6465.0 (5761.0 to 7328.0) 6887.0 (5076.0 to 7597.0) 0.0001 

Aβ-42, pg/ml, median (IQR) 115.0 (91.35 to 134.0) 322.8 (263.8 to 375.8) 520.3 (279.5 to 813.5) 0.0001 

sAPPα, pg/ml, median (IQR) 88.6 (67.9 to 100.0) 115.0 (99.0 to 136.5) 117.0 (105.0 to 136.0) 0.0082 

sAPPβ, pg/ml, median (IQR) 85.8 (66.3 to 104.0) 117.8 (101.7 to 142.0) 123.8 (97.5 to 143.5) 0.0092 

Total tau, pg/ml, median (IQR) 316.2 (247.2 to 439.8) 656.9 (497.3 to 869.4) 249.7 (206.4 to 265.9) 0.0001 

Phospho-tau, pg/ml, median (IQR) 62.1 (45.8 to 72.1) 92.8 (73.6 to 112.3) 49.5 (42.0 to 52.4) 0.0001 

CSF NFL, pg/ml, median (IQR) 2783.7 (2384.5 to 8376.6) 2370.4 (1917.0 to 2727.6) 1466.3 (1148.5 to 1628.2) 0.0003 

Serum NFL, pg/ml, median (IQR) 29.0 (19.5 to 55.8) 21.3 (19.6 to 28.5) 16.4 (12.6 to 21.7) 0.0283 

sTREM2, pg/ml, median (IQR) 7038.4 (6242.0 to 9233.0) 6579.4 (5640.5 to 8115.9) 7961.7 (6125.4 to 9784.6) 0.5188 

Neurogranin, pg/ml, median (IQR) 432.0 (348.7 to 490.8) 564.9 (454.4 to 702.1) 408.6 (308.5 to 431.0) 0.0118 

Ferritin, ng/ml, median (IQR) 10.1 (8.4 to 14.0) 7.8 (6.4 to 9.2) 8.0 (6.9 to 9.0) 0.0136 
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Table 4.5.2: Age adjusted quantile regression (comparing medians) and predicted medians 

 

Biomarker Group β  (SE) 
Predicted median,  

pg/ml (95% CI) 
p value 

Aβ-38, pg/ml 

CAA Reference group 1260.5 (679.2 to 1841.8) 

0.0005 AD 1475.0 (369.7) 2735.5 (2366.9 to 3104.1) 

HV 1648.9 (416.7) 2909.4 (2392.3 to 3426.5) 

Aβ-40, pg/ml 

CAA Reference group 2994.2 (1663.4 to 4325.0) 

0.0002 AD 3535.9 (846.4) 6530.1 (5686.2 to 7373.9) 

HV 4064.1 (954.1) 7058.3 (5874.5 to 8242.2) 

Aβ-42, pg/ml 

CAA Reference group 138.8 (6.9 to 270.7) 

0.0005 AD 161.6 (83.9) 300.4 (216.7 to 384.0) 

HV 393.8 (94.5) 532.6 (415.3 to 650.0) 

sAPPα, pg/ml 

CAA Reference group 96.6 (71.3 to 121.9) 

0.4685 AD 18.9 (16.1) 115.5 (99.5 to 131.6) 

HV 20.0 (18.1) 116.6 (94.1 to 139.1) 

sAPPβ, pg/ml 

CAA Reference group 70.6 (40.6 to 100.6) 

0.0236 AD 48.6 (19.1) 119.1 (100.1 to 138.1) 

HV 58.8 (21.5) 129.4 (102.7 to 156.1) 

Total tau, pg/ml 

CAA Reference group 324.3 (143.8 to 504.9) 

0.0002 AD 357.3 (114.8) 681.7 (567.2 to 796.1) 

HV -53.1 (129.4) 271.3 (110.7 to 431.8) 

Phospho-tau, 
pg/ml 

CAA Reference group 56.0 (36.1 to 75.9) 

0.0003 AD 40.9 (12.6) 96.9 (84.3 to 109.5) 

HV -2.2 (14.2) 53.8 (36.2 to 71.5) 

CSF NFL, 
pg/ml 

CAA Reference group 2858.3 (1530.8 to 4185.9) 

0.3575 AD -510.7 (844.3) 2347.7 (1505.9 to 3189.4) 

HV -1313.3 (951.7) 1545.1 (364.1 to 2726.0) 

Serum NFL, 
pg/ml 

CAA Reference group 27.9 (17.6 to 38.1) 

0.4027 AD -2.5 (6.5) 25.4 (18.9 to 31.9) 

HV -8.9 (7.3) 19.0 (9.8 to 28.1) 

sTREM2, pg/ml 

CAA Reference group 6991.9 (4998.8 to 8985.0) 

0.5453 AD -76.9 (1267.6) 6915.0 (5651.3 to 8178.8) 

HV 1098.6 (1428.9) 8090.5 (6317.6 to 9863.4) 

Neurogranin, 
pg/ml 

CAA Reference group 396.1 (252.2 to 540.1) 

0.0213 AD 209.8 (91.5) 605.9 (514.6 to 697.2) 

HV 24.0 (103.2) 420.1 (292.0 to 548.1) 

Ferritin, ng/ml 

CAA Reference group 9.3 (7.1 to 11.4) 

0.4654 AD -1.7 (1.4) 7.6 (6.2 to 9.0) 

HV -0.9 (1.6) 8.4 (6.4 to 10.3) 
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Table 4.5.3: Summary of fluid biomarker findings 

Blue square indicates HV value; triangles are relative to this. Red triangles are lower than the HV value, 
green triangles are higher than the HV value. The presence of two triangles indicates a statistically significant 
difference (corrected p<0.05); one triangle indicates corrected p<0.10.  

  

 

Unadjusted comparisons 
(Kruskal-Wallis / post-hoc 

Dunn’s test) 

Age adjusted (quantile 
regression, comparison of 

medians) 

 
CAA AD HV CAA AD HV 

Aβ-38       

Aβ-40       

Aβ-42       

sAPPα       

sAPPβ       

Total tau       

Phospho-
tau 

      

CSF NFL       

Serum NFL       

sTREM2       

Neurogranin       

Ferritin       
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Figure 4.5.1: CSF Aβ-38 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.2: CSF Aβ-40  

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.3: CSF Aβ-42 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001
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Figure 4.5.4: CSF sAPPα 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.5: CSF sAPPβ 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.6: CSF total tau (t-Tau) 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.7: CSF phospho-tau (p-Tau) 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.8: CSF neurofilament light (NFL) 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001
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Figure 4.5.9: Serum neurofilament light (NFL) 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 

 

 

 

  



 
 

199 
 

Figure 4.5.10: CSF soluble TREM2 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.11: CSF neurogranin 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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Figure 4.5.12: CSF ferritin 

Horizontal line indicates median value per group. Each diamond indicates an individual data point.  
p values are derived from post-hoc Dunn’s test and have been Bonferroni corrected.  
 
* indicates p ≤ 0.05 
** indicates p ≤ 0.01 
*** indicates p ≤ 0.001 
**** indicates p ≤ 0.0001 
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4.5.4 Discussion 

 
Our main findings are summarised in Table 4.5.3. We found that patients with CAA had 

a distinctive body fluid profile compared with the HV and AD groups. In unadjusted 

analyses, patients with CAA showed lower levels of all amyloid components measured 

(Aβ-38, Aβ-40, Aβ-42, sAPPα and sAPPβ), and higher levels of serum NFL and ferritin 

than both other groups. Patients with AD had higher total tau and phospho-tau than both 

HV and CAA groups; CSF NFL was increased in both CAA and AD groups relative to 

the HV group. Neurogranin was higher in patients with AD than HV, and there was no 

difference in sTREM2 between the three groups. In age adjusted analyses, differences 

for the CAA group remained for Aβ-38, Aβ-40, Aβ-42, and sAPPβ; for the AD group, Aβ-

42 was significantly different from HV (but not the CAA group). Our findings for amyloid 

and tau markers in CAA are in keeping with data reported previously by other groups 

(122, 150-152, 338-340); however, we extend this earlier work further by demonstrating 

that that Aβ-40 is not the only amyloid species to be reduced in CAA, and by providing 

new data on biomarkers (including NFL, sTREM2, neurogranin and ferritin) which are 

yet to be quantified in CAA.  

 

Our finding that most Aβ species are reduced in patients with CAA supports the protein-

elimination failure hypothesis for CAA (76), which proposes that CAA results due to failed 

Aβ clearance via intramural peri-arterial drainage pathways (387). The processing 

pathway from amyloid precursor protein (APP) to pathological Aβ is well described 

(Figure 4.5.13) (388), and has been studied most frequently in the context of AD and the 

“amyloid hypothesis” (389, 390). However, CAA differs from AD in that parenchymal Aβ 

plaques are predominantly composed of Aβ-42, whereas the vascular Aβ deposits in 

CAA are a mixture of Aβ-40 and Aβ-42, with the former being more common (150, 391). 

The reduced levels of CSF Aβ-40 and Aβ-42 previously described in patients with CAA 

have been hypothesised to be secondary to “selective trapping” of both these species in 

the vasculature, in contrast with AD, where only Aβ-42 is found (“trapped”) in the 
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parenchyma (150). This hypothesis is supported by observations from patients treated 

with anti-Aβ immunotherapy. There is post-mortem evidence that although parenchymal 

Aβ plaques were reduced after treatment, the amount of vascular amyloid increased, 

with more vessels identified as containing both Aβ-40 and Aβ-42 (392). This change was 

associated with higher microbleed counts (another feature of CAA), and the authors 

hypothesised that anti-Aβ immunotherapy solubilises the Aβ protein, which then cannot 

be cleared (for unknown reasons), resulting in CAA (392). These pathological findings 

are supported by clinical descriptions of ARIA (amyloid-related imaging abnormalities), 

where patients treated with anti-Aβ immunotherapy develop imaging features associated 

with CAA (115, 393, 394). Our finding of reductions in Aβ-38 and sAPPβ (and sAPPα, in 

our unadjusted analyses) are novel, and might suggest that these elements are also 

trapped within the cerebral vasculature, potentially the result of a more generalised 

protein clearance failure. Finally, these results show the CSF Aβ profiles in AD and 

“haemorrhagic” CAA are different, which could mean that these two diseases occur due 

to failures of Aβ elimination at different stages; one could hypothesise that in AD, failure 

occurs at the solubilisation stage (i.e. plaque breakdown), whereas in CAA, plaque 

breakdown has occurred successfully but peri-vascular clearance has failed. Failure of 

both plaque breakdown and clearance would then result in the commonly encountered 

mixed AD / CAA phenotype (14). Post-translational modifications of the amyloid protein 

have been described (388), and these may also contribute to the differences in CSF 

profile observed.   

 

Our results provide new information on non-amyloid biomarkers in CAA. We found 

significant elevations in total tau, phospho-tau and neurogranin in patients with AD, but 

did not find any differences in patients with CAA compared with healthy controls. This is 

in contrast with other studies which have found that total tau and phospho-tau levels in 

CAA are higher than controls but lower than patients with AD (150-153), and may reflect 

our small sample size. Pathological aggregation of tau protein is important in AD and 



 
 

204 
 

other neurodegenerative diseases (395, 396); tau aggregation is thought to result in 

synaptic dysfunction and subsequent neuronal loss, and in AD, it is tau (rather than Aβ) 

pathology that most closely correlates with cognition (396). Cognitive impairment is a 

recognised feature of CAA (87) and whilst there is evidence that CAA is associated with 

atrophy (presumably secondary to neuronal loss (55)), cognitive impairment in these 

patients might be secondary to other mechanisms, such as network disruption (102) or 

impaired blood flow responses (98). Our CSF findings suggest that synaptic dysfunction 

is a less prominent feature of CAA compared with AD, and that these markers might be 

useful for distinguishing these two Aβ pathologies in patients with cognitive impairment.  

 

We also provide new data on other markers that have never been tested in CAA. 

Neurofilament light is a marker of neuroaxonal damage that has shown great promise as 

a biomarker in a large number of neurological conditions (343); this includes SVDs (353-

355), although age adjusted analyses were only performed in one study (355). We did 

not find a difference between the AD, CAA and HV groups in age adjusted analyses for 

either CSF or serum NFL, but in unadjusted analyses the CAA group had higher CSF 

and serum NFL than the HV group; there was no significant difference between CAA and 

AD groups. It may be that NFL has greater potential as a longitudinal marker of disease 

progression (as seems the case in SVD (354) and multiple sclerosis (397-399)) rather 

than a diagnostic one, particularly as it can be measured in the serum; further longitudinal 

studies will be needed to investigate this. We also found that CSF ferritin was increased 

in patients with CAA in unadjusted but not adjusted analyses, compared with both AD 

and HV groups. Ferritin has promise in CAA as a potential marker for the haemorrhagic 

manifestations of the condition, particularly for acute convexity subarachnoid 

haemorrhage and subsequent cortical superficial siderosis. For both NFL and ferritin, the 

adjusted results may not have reached statistical significance due to our small group 

sizes, and further evaluation in larger studies will be important. We did not find any 

differences in sTREM2 between the AD, CAA or control groups; this is in contrast with 
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previous studies, in which sTREM2 was found to be elevated in the CSF of AD patients 

(358-362); again, this may reflect our small sample size.   

 

Our work has a number of strengths. We were able to evaluate a large number of 

markers and we have used two separate statistical methods, one rank-based (Kruskal-

Wallis) and the other an age adjusted analysis based upon comparison of medians. 

However, there are some limitations. As mentioned earlier, this was a small pilot study 

which may not have been powered to detect differences for all the biomarkers 

considered, and for this reason our results should not be considered definitive. We 

wished to select CAA patients with “early” or mild disease (as discussed in Section 4.3); 

these patients might have lacked marked biomarker perturbations, which might be more 

common in those with more severe disease. The AD patients selected from the Specialist 

Cognitive Disorders Service might not be representative of AD patients more generally; 

this is a highly specialist tertiary service, which often sees younger patients or those with 

atypical presentations. Additionally, we screened our healthy volunteers for those with 

minimal radiological evidence of brain pathology (WMH, atrophy), and this may not be 

truly representative of age matched individuals without AD or CAA. However, despite 

these limitations, we provide important new data on these body fluid markers in CAA, 

and in particular provide data on effect sizes that will be critical for determining sample 

sizes for larger future studies.  

 

In summary, our findings suggest that patients with CAA appear to have a distinct CSF 

profile from both patients with AD and age matched controls, characterised by a global 

reduction in Aβ species, but normal synaptic protein levels (tau, neurogranin) compared 

with AD patients. Other markers, including CSF NFL, serum NFL and ferritin, showed 

significant signals in unadjusted analyses. Replication of these findings in larger 

longitudinal cohorts will be essential for confirming these measures as effective 

biomarkers for CAA.  



 
 

206 
 

Figure 4.5.13: Schematic of pathways for APP processing 

Figure adapted from (388); red arrows indicate species measured by our CSF analyses.  
CTF, C terminal fragment.  
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4.6 Amyloid-PET  

4.6.1 Introduction 

Positron emission tomography (PET) is a non-invasive in vivo molecular imaging 

technique that uses targeted radiotracers to quantify biological processes at a molecular 

level (400). The development of radiotracers that could bind Aβ were primarily developed 

for the quantification of amyloid pathology in Alzheimer’s disease (3); this not only 

transformed the way in which the disease was diagnosed (and consequently, how 

patients were selected for therapeutic trials), but also provided new insights into the 

complex interactions that lead from protein aggregation to clinical phenotype (401). The 

first amyloid ligand to be used extensively in a research context was the 11Carbon based 

Pittsburgh-B compound (PiB) (402), but its clinical application was limited by the short 

half-life of 11Carbon (approximately 20 minutes), which requires the tracer to be 

synthesised on site using a cyclotron, a type of particle accelerator (403). However, the 

development of newer 18Fluorine based ligands, which have a much longer half-life 

(approximately 110 minutes (403)), has resulted in more widespread clinical use of 

amyloid-PET; three tracers (18F-florbetapir, 18F-florbetaben, 18F-flutemetamol) are now 

approved by the US Food and Drugs Administration and European Medicines Agency 

(401). This has resulted in amyloid-PET being more accessible and practically applicable 

in both research and clinical contexts, making it an exciting new technique for application 

in CAA.  

 

As described in detail in Section 1.1., CAA is pathologically characterised by the 

deposition of Aβ protein within the arterioles and capillaries of cortical and 

leptomeningeal vessels (404). There is a generally accepted consensus that CAA 

pathology has a posterior predominance, with the greatest burden in parietal and 

occipital areas (404-411). There is pathological evidence that amyloid-PET tracers are 

able to bind vascular amyloid (412-414); however, the vast majority of evidence for PET 
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positivity in CAA comes from studies comparing CAA with other disease groups. The 

main findings to date are summarised in Table 1.5.1; briefly, amyloid-PET using PiB and 

18F-florbetapir binding is able to distinguish between CAA-associated ICH and 

hypertension (i.e. DPA) associated ICH (111, 112), and regions with higher PiB retention 

in patients with CAA are associated with an increased risk of subsequent haemorrhage. 

However, the ability of amyloid-PET to differentiate between CAA patients and either age 

matched controls or AD patients is less clear. A recent meta-analysis of 7 studies found 

that amyloid-PET had “moderate to good diagnostic accuracy” for CAA, with overall 

pooled sensitivity 79% (95% CI 62 to 89%) and specificity 78% (95% CI 67 to 86%) (106), 

values far lower than the reported sensitivity and specificity of the modified Boston 

criteria (which are 94.7% and 81.2% respectively (57)). PiB-PET was unable to 

distinguish patients with CAA from healthy controls in the one study considering this 

(108), but early uptake, a surrogate for cerebral perfusion, was better able to do this 

(109). Patients with CAA may have greater occipital PET uptake compared with AD 

patients, and both the occipital/posterior cingulate ratio (109) and occipital/global ratio 

(110) have been proposed to differentiate between the AD and CAA. Important questions 

remain about whether amyloid-PET is a useful diagnostic tool in CAA, given that nearly 

a quarter of healthy individuals aged over 50 and without dementia have positive amyloid 

scans (415) and the known overlap between CAA and AD pathology (14). However, 

amyloid-PET could still be useful as a biomarker for CAA in clinical trials, if it is found to 

correlate well with disease presence or severity.  

 

In this project, our primary aim was to investigate whether amyloid-PET imaging (using 

the ligand 18F-florbetapir) would be able to distinguish between cognitively normal 

patients with “early” haemorrhagic CAA (i.e. a cohort less likely to have coexisting AD 

pathology), and age matched healthy volunteers. Our second aim was to investigate 

whether there was any association between amyloid-PET burden and CSF Aβ measures 

in our participants.  
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4.6.2 Methods 

4.6.2.1 Patient selection 

The selection criteria and recruitment methods for the BOCAA study are described in 

Sections 4.2 and 4.3.  We included 10 patients with CAA, and 5 age matched healthy 

volunteers.  

 

4.6.2.2 PET acquisition and processing 

These methods were provided by Dave Cash (affiliated with the Dementia Research 

Centre, and Centre for Medical Imaging Computing, UCL). Details for the imaging 

acquisition are taken from reference (336).  

 

All PET and MR imaging data was acquired on a single Siemens Biograph PET/MR 

scanner (336). The amyloid-PET ligand 18F-Florbetapir (“Amyvid”, produced by Eli Lilly) 

was injected via a peripheral cannula (activity 370MBq), with continuous acquisition from 

the start of the injection (336).   

 

Static PET images representing uptake of 18F-Florbetapir tracer 50 to 60 minutes post-

injection were reconstructed using a pseudo CT method for attenuation correction (416). 

This method has been thoroughly validated in many data sets across multiple sites and 

scanner models, producing robust and accurate attenuation correction compared to a 

gold standard of an actual CT scan (417). Standard Uptake Value Ratio (SUVR) images 

with and without partial volume correction (PVC) were produced (418); this BOCAA 

analysis used images without PVC. The resulting post-uptake was then rigidly registered 

to the structural MRI scan using a symmetric block matching technique (419). MR scans 

were parcellated using the Geodesic Information Flow (GIF) algorithm (420), and all 

voxels in the post-uptake image were then normalised to a reference region to produce 
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an SUVR image. The primary reference region of choice was a mask of subcortical white 

matter, eroded one time to avoid partial volume effects, but SUVR images with a whole 

cerebellar reference region were also produced as an alternative; the BOCAA analysis 

used SUVR images calculated form the cerebellar reference region, as the impact of the 

severe white matter damage observed in the CAA patients on uptake was uncertain. A 

global measure of amyloid burden was computed using SUVR from a composite cortical 

region of interest (ROI), based on a weighted (by volume) average of GIF regions. This 

composite ROI was chosen to match as closely as possible to the FreeSurfer-based 

composite ROI used in ADNI (421).  

 

4.6.2.3 Thresholds for amyloid positivity 

Initial visual reads were performed by a trained rater (John Dickson, Institute of Nuclear 

Medicine, UCLH). The following methods were provided by Dave Cash (affiliated with 

the Dementia Research Centre, and Centre for Medical Imaging Computing, UCL). 

 

The threshold for amyloid positivity was determined from the Insight 46 study (a large 

birth cohort study), of which 451 individuals (aged 69 to 71) had suitable MR and PET 

for the amyloid SUVR processing pipeline. Gaussian mixture models were used to fit the 

data and obtain a threshold for positivity. We tested mixture models with one, two, and 

three Gaussians, with the best model selected using Bayesian Information Criteria. The 

best fit for the composite cortical ROI was two Gaussians. One of the Gaussians had a 

much larger mixing proportion that had a lower mean and lower variance. This 

represented the large number of individuals in the cohort who were normal and showed 

no evidence of amyloid deposition. The other distribution had a lower mixing proportion, 

a higher mean and much larger variance. This represented the amyloid positive 

individuals (Figures 4.6.1 and 4.6.2). Given the wider variance and limited number of 

subjects in the latter Gaussian, we chose a threshold based on the 99th percentile from 
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the amyloid negative distribution as a cut-off. The resulting threshold for non-PVC 

corrected data was 0.61 for a subcortical white matter reference and 1.078 for a whole 

cerebellar reference. The cut-off for the whole cerebellar reference region closely 

corresponds to the value of 1.10 that is frequently used in studies with this tracer (422, 

423). 

 

4.6.2.4 Calculation of regional SUVRs  

Each GIF parcellation was visually inspected by the candidate for errors. Errors that were 

identified included labelling of extracerebral regions as cortical (Figure 4.6.3) and 

mislabelling of the cerebellum (Figure 4.6.4). In the patient group, the presence of brain 

pathology also resulted in parcellation errors, particularly white matter damage (Figure 

4.6.5) and areas previously affected by ICH (Figure 4.6.6). Cortical areas that were 

incorrectly labelled were excluded from the analysis. If the cerebellum was grossly 

misidentified, SUV data for the participant was excluded from the analysis. Regional 

SUVRs were calculated by summing values for mean SUVR multiplied by volume for 

each subregion, and then dividing by the total volume for that region i.e. Σ (mean 

SUVR*volume) for all sub-regions / total regional volume. “Global” uptake was defined 

as the total grey matter cortical uptake, and included all listed cortical areas. A region 

was defined as positive if the uptake was greater than the regional threshold specified 

for that area.  
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4.6.2.5 Statistics 

Statistical analysis was performed by the candidate using Stata (Version 15.1). Global 

and regional 18F-florbetapir SUVRs for patients and healthy volunteers were compared 

using the (non-parametric) Mann Whitney U test. Chi-squared tests were used to 

compare global and regional positivity for patients with CAA and healthy volunteers. For 

comparisons between PET positive and PET negative patients, independent t-tests were 

used for continuous data (age, years of education), the Mann Whitney U for variables 

that were continuous but not normally distributed (mRS, MMSE, MoCA, WMH grade, 

MTA and GCA grade, lobar CMB, CSF measures) and chi-squared for all categorical 

variables. Multivariable adjusted comparisons were not performed due to the small 

sample size.  
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Figure 4.6.1: Histogram of SUVR values with subcortical white matter as reference region 

Figure produced and provided by Dave Cash, Dementia Research Centre and Centre for Medical Imaging Computing, UCL  

Overlaid on the histogram are the individuals’ Gaussians and combined distribution coming from a Gaussian mixture model. Defining the cut-off as the 99th percentile of the amyloid 
negative distribution gives a result of 0.61.  
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Figure 4.6.2: Histogram of SUVR values with whole cerebellum as reference region 

Figure produced and provided by Dave Cash, Dementia Research Centre and Centre for Medical Imaging Computing, UCL. 

Overlaid on the histogram are the individuals’ Gaussians and combined distribution coming from a Gaussian mixture model. Defining the cut-off as the 99th percentile of the amyloid 
negative  
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Figure 4.6.3: Examples of incorrect labelling of extracerebral regions by the GIF parcellation algorithm  

These images show GIF parcellation labels overlaid onto T1 images. Panel A shows mislabelling of dura as cortical regions (arrows); panel B shows extracranial regions incorrectly 
labelled as temporal lobe (arrows). 
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Figure 4.6.4: Examples of incorrect GIF parcellation of the cerebellum 

These images show GIF parcellation labels overlaid onto T1 images. Panel A shows extracranial regions incorrectly labelled as cerebellum; in panel B, a large area of temporal lobe 
on the right has been incorrectly labelled as cerebellum.  
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Figure 4.6.5: Examples of mislabelling of white matter damage by the GIF parcellation algorithm 

Figure shows GIF parcellation labels overlaid onto T1 images on the left (A, C), and corresponding T1 without 
labels on the right (B, D). In panel A, a large area of white matter damage has been incorrectly identified as 
cortex (arrow); panel C shows a smaller region mislabelled in a similar way (arrow).  

 

 

  



 
 

218 
 

Figure 4.6.6: Examples of mislabelling of areas affected by previous ICH by the GIF parcellation 
algorithm 

Figure shows GIF parcellation labels overlaid onto T1 images on the left (A, C), and corresponding T1 without 
labels on the right (B, D). Panels A and C show areas damaged by previous haemorrhage being incorrectly 
labelled as cortex (arrows).  
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4.6.3 Results 

The baseline characteristics of the BOCAA participants have been described (Section 

4.4); there were no statistically significant differences in baseline clinical and 

demographic characteristics between the patient and healthy volunteer groups. 

According to the initial visual reads, 5 of the patients with CAA were PET positive, 

compared with none of the healthy volunteers (50% vs 0%, one-sided Fisher’s exact 

p=0.084).  

 

One patient was excluded from the SUVR analysis due to incorrect segmentation of their 

cerebellum (Figure 4.6.4, panel B). There were no significant differences in global or 

regional SUVR values between patients and healthy volunteers (Table 4.6.1). When 

comparing global and regional PET positivity, as defined by standardised SUVR 

thresholds (Table 4.6.2), again there were no statistically significant differences between 

the two groups. A higher proportion of patients with CAA showed PET positivity in the 

occipital lobe and precuneus than in the control group, but this did not reach statistical 

significance (Table 4.6.2).  

 

When comparing participants who were PET positive (i.e. those who had global cortical 

uptake greater than the standardised threshold) with those who were PET negative 

(Table 4.6.3), there were important but statistically non-significant differences in age 

(PET positive patients were older, 70.0 years vs 65.3 years, p=0.0684) and history of  

migraine with aura (PET positive patients 33% vs PET negative 87.5%, p=0.091). PET 

positive patients were more likely to have cSS (83.3% vs 25.0%, p=0.044) and had lower 

levels of CSF Aβ-42 (median 115.0 pg/ml vs 224.0 pg/ml, p=0.0389).  
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Table 4.6.1: Global and regional 18F-florbetapir PET SUVR values for the BOCAA study 

P values are from Mann Whitney U tests.  

 

 CAA patients Healthy Volunteers p value 

n 9 5 - 

Global SUVR, median (IQR) 1.11 (1.01 to 1.17) 0.94 (0.94 to 1.03) 0.4634 

Frontal SUVR, median (IQR) 1.11 (0.98 to 1.18) 0.95 (0.94 to 1.05) 0.5045 

Parietal SUVR, median (IQR) 1.07 (1.00 to 1.17) 0.91 (0.91 to 1.00) 0.2856 

Occipital SUVR, median (IQR) 1.09 (1.01 to 1.20) 0.94 (0.93 to 1.01) 0.2053 

Temporal SUVR, median (IQR) 1.09 (0.96 to 1.14) 0.94 (0.94 to 1.00) 0.3173 

Anterior and middle cingulate SUVR, 
median (IQR) 

1.14 (1.13 to 1.30) 1.05 (1.04 to 1.13) 0.5045 

Posterior cingulate SUVR, median (IQR) 1.16 (1.06 to 1.24) 1.04 (1.01 to 1.06) 0.4232 

Precuneus SUVR, median (IQR) 1.19 (1.06 to 1.27) 0.94 (0.93 to 0.95) 0.0231 
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Table 4.6.2: Global and regional 18F-florbetapir PET positivity, using standardised SUVR thresholds 

P values are from one-sided Fisher’s exact tests. 

 

 Threshold for positivity, SUVR CAA patients Healthy Volunteers p value 

n - 9 5 - 

Global positivity (all cortical grey 
matter), n (%) 

1.072 5 (55.6) 1 (20.0) 0.238 

Frontal positivity, n (%) 1.075 5 (55.6) 1 (20.0) 0.238 

Parietal positivity, n (%) 1.070 5 (55.6) 1 (20.0) 0.238 

Occipital positivity, n (%) 1.072 6 (66.7) 1 (20.0) 0.133 

Temporal positivity, n (%) 1.059 5 (55.6) 1 (20.0) 0.238 

Anterior and middle cingulate 
positivity, n (%) 

1.165 4 (44.4) 1 (20.0) 0.378 

Posterior cingulate positivity, n (%) 1.150 5 (55.6) 1 (20.0) 0.238 

Precuneus positivity 
(CAA patients n=8) 

1.066 6 (75.0) 1 (20.0) 0.086 
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Table 4.6.3: Comparison of PET positive and negative patients 

P values are from t-tests (where mean and SD given), Mann Whitney U tests (where median and IQR 
given), or two-sided Fisher’s exact tests (remainder). 

 PET positive PET negative p value 

n 6 (42.9) 8 (57.1) - 

Age, years, mean (SD) 70.0 (2.8) 65.3 (5.3) 0.0684 

Sex, female, n (%) 2 (33.3) 3 (37.5) 1.000 

Past Medical History 

Hypertension, n (%) 4 (66.7) 4 (50.0) 0.627 

Hypercholesterolaemia, n (%) 4 (66.7) 2 (25.0) 0.277 

Diabetes mellitus, n (%) 1 (16.7) 0 (0.0) 0.429 

Seizures, n (%) 1 (16.7) 0 (0.0) 0.429 

Migraine with aura, n (%) 2 (33.3) 7 (87.5) 0.091 

    

TFNE, n (%) 2 (33.3) 2 (25.0) 1.000 

Previous ICH, n (%) 2 (33.3) 2 (25.0) 1.000 

    

Years of education, mean (SD)  17.8 (3.7) 20.1 (2.7) 0.2040 

mRS, median (IQR) 0 (0 to 0) 0 (0 to 0) 0.3865 

    

MMSE score, median (IQR) 29 (29 to 30) 29.5 (28.5 to 30) 0.6792 

MoCA score, median (IQR) 27.5 (26 to 29) 27 (25 to 28.5) 0.6455 

    

WMH score, 
median (IQR) 

dWMH 1 (1 to 1) 1 (0 to 2) 0.7257 

pvWMH 2.5 (2 to 3) 1.5 (1 to 3) 0.3387 

Lacunes, n (%) 1 (16.7) 0 (0.0) 0.429 

    

MTA grade, median (IQR) 1 (1 to 1) 1 (0 to 1) 0.2519 

GCA grade, median (IQR) 1 (1 to 2) 1 (0 to 2) 0.5887 

    

cSS, n (%) 

None 1 (16.7) 6 (75.0) 

0.044 Focal 3 (50.0) 0 (0.0) 

Disseminated 2 (33.3) 2 (25.0) 

Lobar CMBs, median (IQR) 2 (1 to 17) 0 (0 to 3.5) 0.1996 

    

CSF Aβ-38, pg/ml, median (IQR) 
2476.8  

(1434.5 to 2613.5) 
1638.5  

(1485.5 to 2068.8) 
0.4386 

CSF Aβ-40, pg/ml,  median (IQR) 
4253.3  

(3169.0 to 4445.0) 
3440.8  

(3085.0 to 4629.0) 
0.6985 

CSF Aβ-42, pg/ml, median (IQR) 
115.0  

(92.5 to 134) 
224.0  

(135.3 to 341.0) 
0.0389 

CSF sAPPα, pg/ml, median (IQR) 
90.5  

(67.9 to 103.0) 
90.2  

(72.1 to 135.0) 
0.6056 

CSF sAPPβ, pg/ml, median (IQR) 
85.8  

(79.0 to 108.0) 
91.7  

(74.9 to 139.8) 
0.5186 
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4.6.4 Discussion 

Our main findings were firstly, that amyloid-PET was not a useful discriminator between 

CAA patients and healthy volunteers, with only half of our CAA patients meeting the 

threshold for PET positivity. Secondly, when we compared participants with positive and 

negative PET scans, we found that those with positive scans were more likely to have 

cSS and lower levels of CSF Aβ-42. Finally, we encountered significant technical 

difficulties with the automatic segmentation algorithm used, in particular for our patient 

group. Automated image processing pipelines are potentially hugely advantageous as 

they allow for rapid processing of large datasets in a standardised way, and it will be 

crucial for the issues identified by this pilot to be solved, in order for these automated 

methods be reliably applied to patients with significant brain pathology.  

 

We found no differences in amyloid-PET signal between our patient and healthy 

volunteer groups using either continuous SUVR values or standardised thresholds for 

positivity. Additionally, we did not find that PET positivity was associated with cognitive 

scores (MMSE, MoCA), or clinical features of CAA (history of TFNE or symptomatic 

parenchymal ICH). Whilst our results must be interpreted with caution due to the errors 

in cortical segmentation and a potential lack of statistical power, they are in in keeping 

with previously published work (108), which found that late amyloid-PET uptake was 

poor at discriminating between CAA patients and age matched controls. There is data 

suggesting that early amyloid-PET tracer uptake is impaired in CAA (109), and thus 

legitimate questions remain about whether the tracer is able to adequately reach the 

relevant cerebrovascular Aβ pathology. Additional concerns are the relatively high 

prevalence of “asymptomatic” amyloid in healthy volunteers (our rate of 20% is not 

dissimilar to previously reported estimates (415)), and the known overlap between AD 

and CAA (14), which raises questions about whether amyloid uptake in CAA is actually 

labelling parenchymal rather than vascular deposits (110). Finally, lessons learnt from 

therapeutic trials in AD might also have relevance for CAA (424, 425); this includes the 
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fact that amyloid burden may be within normal limits in up to 30% of patients with clinically 

diagnosed AD, and that amyloid load might be a marker of relatively late-stage disease 

(424). Whether amyloid-PET is useful longitudinally in CAA remains to be seen.  

 

Our finding that PET positivity was associated with cSS is in keeping with previously 

published work (72, 95, 426). Interestingly, cSS is also associated with cognitive 

impairment (32, 72, 123, 159, 427-431), and has been associated with both the APOE 

ε4 allele and a pattern of cortical atrophy (involving the precuneus, posterior cingulate, 

parietotemporal, superior frontal, and medial temporal cortices) similar to that seen in AD 

(95). We also found that CSF Aβ-42 was lower in patients with positive PET scans, 

another finding typically associated with AD (383). Thus our findings might be interpreted 

as evidence that in patients with CAA, amyloid-PET positivity is reflective of co-existent 

AD-like pathology; replication of these findings in larger cohorts will be needed to confirm 

this.  

 

The strengths of this work are the detailed phenotyping available for each patient, our 

use of a standardised research and imaging protocol for all participants, our ability to 

measure amyloid burden using two modalities (PET and CSF), and the threshold values, 

which have been obtained from a large number of participants. The limitations are firstly, 

our small sample size, which means that our negative results are not definitive and might 

simply reflect a lack of power. We did not include data on early uptake in this work, which 

might have provided a mechanism for why such a large proportion of our CAA patients 

were PET negative (i.e. due to tracer uptake issues); this is an area for future work. The 

difficulties with the automated parcellation method have been described (Section 4.6.2.4) 

and this could have resulted in artificially low SUVR values in the patient group, who had 

more brain pathology and thus more errors. The next stage of this project will be to 

improve these parcellations, through a combination of lesion masking, identification and 

exclusion of WMH using FLAIR sequences, and additional processing to remove the 
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extracranial labelling. One potential limitation of PET in CAA patients with previous ICH 

is that the location of their previous haemorrhage(s) might have been the site of greatest 

amyloid uptake (based on the hypothesis that amyloid pathology increases bleeding 

risk). However, these areas can never be assessed once they are damaged by the ICH, 

and so the uptake observed might be artificially low. Finally, we chose to use the 

cerebellum as our reference region, a region which can be affected by vascular amyloid 

(432, 433); other regions, for example the pons, might be for reliable for CAA.  

 

To summarise, in this small pilot study we did not find that amyloid-PET using 18F-

florbetapir was able to distinguish patients with CAA from healthy volunteers; PET 

positivity was not associated with cognitive performance or clinical markers of CAA, but 

there were associations with the presence of cSS and lower levels of CSF Aβ-42. 

Although our results have significant limitations, they support the argument that amyloid-

PET might be of limited use as a biomarker for therapeutic clinic trials; it could be used 

as a selection criteria for future anti-amyloid strategies in CAA (in a manner akin to that 

used in AD), but further work on whether it can detect all presentations of CAA and 

whether it varies longitudinally is needed.   
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5 Discussion  

The three main aims of the programme of research described in this PhD thesis were 

described in Section 1; this discussion will now consider how the results presented here 

were able to address these three objectives, before highlighting outstanding questions, 

suggesting directions for future research, and drawing final conclusions.  

 

5.1 What is the role of SVDs and their neuroimaging markers in 

different patient populations? 

This thesis contains data from four projects which aimed to address this question. 

Together, these results demonstrate that structural markers of SVD have relevance in a 

diverse range of patient populations.  

 

The main findings were: 

1. In a memory clinic population, CSO-PVS were associated with ADCI, whereas BG-

PVS were associated with SVCI; however, CSO-PVS was not independently 

associated with PiB positivity. This work provides further supporting evidence that 

CSO-PVS are a key imaging marker for AD, and raises the possibility that CSO-PVS 

are a measure of vascular amyloid processes that are not identified by amyloid-PET, 

amyloid independent processes, or both.  

 

2. In patients presenting with spontaneous (“primary”) ICH, the presence of cognitive 

impairment prior to the index ICH event was associated with imaging markers of CAA 

(fulfilling the modified Boston criteria for probable CAA, and per point increase of a 

composite CAA score). This finding shows that haematoma damage cannot be the 

only mechanism contributing to cognitive disruption in patients with CAA, and 

supports the hypothesis that small vessel mechanisms are important for this 

disruption. 
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3. In patients with AF-associated ischaemic stroke and TIA, we found that nearly a 

quarter of patients (24.7%) met IQCODE criteria for pre-existing cognitive 

impairment. Pre-existing cognitive impairment was associated with the presence of 

lacunes, pvWMH, dWMH, and MTA (but not with other structural markers of small 

vessel disease), and was also associated with both acute post-event cognitive 

performance and functional outcome at 24 months.  

 

4. When comparing acute (immediate post-event) MoCA performance and 12 month 

MoCA performance in patients with AF-related ischaemic events, we found that, 

overall, performance at 12 months was improved. When comparing “reverters” 

(patients with an acute MoCA score <26, with improvement of ≥2 points at 12 months) 

and “non-reverters” (those with acute MoCA score <26 who did not show this 

improvement), we found that the presence of structural imaging markers of small 

vessel disease (CSO-PVS, CMBs, composite SVD and CAA scores) is associated 

with non-reversion.  

 

In answer to the question “What is the role of SVDs and their neuroimaging markers in 

different patient populations?” we can say firstly that the presence of these markers is 

common across the three populations considered (those attending a memory clinic, 

patients presenting with ICH, and those with AF-related ischaemic events). We also 

provide evidence that these markers are associated with clinical measures, including 

diagnosis (project 1; Section 2.4) or cognitive measures (remainder). Finally, this work 

shows that, on the whole, no single SVD subtype is responsible for the phenotype 

observed; the possible exception to this (from the work described in this thesis) is the 

impact of CAA in patients with ICH (project 2; Section 2.5). This is in keeping with data 

from neuropathological data from population-based studies of the elderly, which show 

that multiple different neurodegenerative and cerebrovascular pathologies interact and 
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contribute to the eventual cognitive phenotype (126, 434, 435). There are two further 

conclusions that can be drawn from the results presented. Firstly, cerebrovascular 

pathology is likely to play a role in conditions considered “neurodegenerative”; this is one 

interpretation of the results presented in project 1 (Section 2.4), and is further supported 

by neuropathological work which shows CAA has an independent contribution to AD 

diagnosis (50). Secondly, in patients presenting with “cerebrovascular” diagnoses (i.e. 

stroke, either haemorrhagic or ischaemic), SVD pathologies are likely to interact with 

each other and with neurodegenerative processes; to consider cognitive impairment in 

this context as purely “vascular” is likely to be a gross oversimplification.  

 

It is important to recognise and acknowledge the limitations of MR-based structural 

markers of SVD. Firstly, these methods are only semi-quantitative and thus partially 

subjective, which can result in variation between raters. Attempts were made to reduce 

the impact of this by ensuring that a given imaging feature was rated by a single individual 

where possible, and when this was not the case, using kappa values to confirm adequate 

interrater reliability. Whilst this limitation can be avoided by using purely quantitative 

analysis methods, they are not available for all structural markers. Another limitation of 

these structural imaging markers is that they can only be used in patients with MRI data, 

which almost certainly results in a biased study population, with a bias towards including 

patients with milder disease (i.e. those able to tolerate an MRI) and without certain 

comorbidities (e.g. those with pacemakers). We tried to address this issue by comparing 

included and excluded participants, but inevitably complete quantification of this is not 

possible.  

 

Although the data described here are observational, making it impossible to draw 

conclusions about causality, the evidence suggests that SVDs are present and appear 

to contribute to cognitive phenotype in three independent patient populations. This might 

suggest that pure “neurodegenerative” or “vascular” cognitive impairment is unusual, and 
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thus a wide range of cognitive syndromes may be amenable to future strategies that aim 

to mitigate SVD related damage.  

 

5.2 How does SVD subtype and burden influence clinical outcomes 

in patients with ICH? 

This thesis presents the results from two projects that aim to address this question, using 

data from the CROMIS-2 ICH study, which included patients presenting with 

spontaneous ICH. The main findings are: 

1. At 3 year follow up, overall there were fewer ICH events than cerebral ischaemic 

events (45 vs 70), but the opposite was observed in the lobar ICH group, where there 

were more ICH events (n=35) than cerebral ischaemic events (n=29). Lobar ICH 

location was independently associated with a higher risk of recurrent ICH events, but 

there was no association between ICH location and the risk of subsequent cerebral 

ischaemic events. In addition to ICH location, recurrent ICH events were associated 

with a history of previous ischaemic events, antiplatelet use prior to study entry, and 

increasing Van Swieten score, whereas the occurrence of subsequent cerebral 

ischaemic events were associated with increasing age, AF, and a history of previous 

ischaemic events.  

 

2. Death within 3 years of ICH was independently associated with age at study entry, 

smoking, pre-event mRS and NIHSS at presentation, but not ICH location or WMH 

burden. Death within 6 months of ICH was associated with different factors compared 

with death after this time, but ICH location and WMH burden were not associated 

with death during either period. In further exploratory analyses where the time-

varying effect of each variable was allowed to vary continuously with time, a history 

of previous cerebral ischaemic events, initial GCS, NIHSS, Van Swieten score and 

ICH volume had significant time-varying effects, with the hazard ratios of previous 
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cerebral ischaemic events and Van Swieten score increasing with time, whilst those 

for GCS, NIHSS and ICH volume decreased with time.  

 

As discussed in the Introduction (Section 1.2), one of the most important reasons for 

being able to accurately differentiate between SVD subtypes in life is in patients with 

ICH, where CAA and DPA are believed to confer different ischaemic and haemorrhagic 

risk. However, both these projects highlight the limitations of using CT-based imaging to 

establish SVD subtype.  

 

We found a strong association between lobar ICH location and ICH recurrence, but no 

association between ICH location and subsequent cerebral ischaemic risk; this could be 

interpreted as supportive of previous data suggesting that CAA is associated with an 

increased recurrent ICH risk (15). However, caution is needed as lobar ICH might not 

just be a surrogate marker of CAA. As described earlier, lobar ICH can occur in the 

context of hypertension or “mixed” CAA and DPA disease. The authors responsible for 

the CT-based Edinburgh criteria for CAA found in their cohort patients with lobar ICH, 26 

of 62 (41.9%) patients had absent or mild CAA, and of those with lobar ICH with 

moderate or severe CAA, the majority (26 of 36, 72.2%) had co-existing DPA (58). 

Moreover, 6 of 48 patients presenting with non-lobar ICH (12.5%) had moderate or 

severe CAA. These data show the limitations of defining SVD subtype on the basis of 

ICH location alone. Whilst ICH recurrence was also associated with higher Van Swieten 

scores, WMH are not specific for SVD subtype. Thus it is not possible to exclude the 

possibility that a feature specific to lobar ICH but unrelated to CAA is responsible for the 

recurrent ICH associations observed (for example, that lobar ICH is associated with more 

severe “mixed” SVD burden). 
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Our analyses of death did not find direct associations between surrogate markers of SVD 

(ICH location, Van Swieten score). However, the interpretation of ICH location in the 

context of death is difficult, as infratentorial haemorrhages (those involving the brainstem 

and cerebellum) increase the risk of complications such as obstructive hydrocephalus 

and brainstem compression, are thus are associated with death via mechanisms 

independent of SVD (318, 319). We did find in our exploratory univariate time-varying 

analyses that the HR associated with Van Swieten score and death increased with time, 

but this needs to be interpreted with caution as this analysis was not adjusted for age. 

The results of these analyses show that the factors influencing death, particularly in the 

longer term, are complex. 

 

5.3 Are we able to identify new biomarkers for CAA using body 

fluid measures and amyloid-PET imaging? 

This thesis presents initial results from BOCAA, a prospective observational feasibility 

study designed in order to guide future therapeutic studies in CAA. As well as presenting 

our recruitment experience and potential pitfalls for larger studies aiming to identify CAA 

patients for trials, the following preliminary results were presented: 

1. We found that patients with CAA had a distinctive body fluid profile, compared to HV 

and AD groups. In unadjusted analyses, patients with CAA showed lower levels of 

all amyloid components measured (Aβ-38, Aβ-40, Aβ-42, sAPPα and sAPPβ), and 

higher levels of serum NFL and ferritin than both other groups. Patients with AD had 

higher total tau and phospho-tau than both HV and CAA groups; CSF NFL was 

increased in both CAA and AD groups relative to the HV group, and neurogranin was 

higher in patients with AD than HV. In age adjusted analyses, differences for the CAA 

group remained for Aβ-38, Aβ-40, Aβ-42, and sAPPβ; for the AD group, Aβ-42 was 

significantly different from HV (but not the CAA group).  
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2. Amyloid-PET was not a useful discriminator between CAA patients and healthy 

volunteers, with only half of our CAA patients meeting the threshold for PET positivity. 

Participants with positive amyloid-PET scans were more likely to have cSS and had 

lower levels of CSF Aβ-42.  

 

Here, we used two different modalities to identify biomarkers for CAA. Although our 

sample sizes are small, with only 10 CAA patients included in the analyses, we found 

striking differences in the CSF profile between CAA patients, AD patients and the HV 

group, which might suggest that this is the biomarker modality with the best 

discriminative capacity. Our negative findings need to be interpreted with caution as we 

might have been underpowered to identify smaller effects. Additionally, the PET analyses 

were complicated by significant technical issues with the GIF parcellation. Whilst this 

initial data shows promise, it is important to recognise that CAA can present 

heterogeneously (with cognitive symptoms, TFNE, ICH, or a combination thereof), and 

this study focused on haemorrhagic, non-cognitive presentations; biomarker profiles 

might not be uniform across these presentations. Future studies will need to consider 

this when planning their approach to novel biomarker identification.  

 

5.4 Future directions 

The projects described in this thesis have highlighted a number of areas for future 

research. The limitations of using structural markers of SVD have been discussed, some 

of which can be addressed through automated volume measurements (in particular, for 

brain volumes, WMH and PVS). At present, neuropathological studies remain the gold 

standard for establishing how different cerebrovascular and neurodegenerative 

pathologies interact in order to contribute to clinical phenotype, but the use of multimodal 

imaging (for example, combining amyloid and tau PET with MRI) could allow these 

interactions to be better identified in vivo. In addition to this, definitions are likely to 
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change; the clinical heterogeneity observed in patients with imaging features of CAA, 

raises questions about whether these different presentations (in particular, cognitive 

CAA and haemorrhagic CAA) can really be grouped together as a single disease. There 

is also greater awareness that “pure” CAA in ICH, existing in isolation as the sole 

contributing neuropathology, is likely to be unusual (58). New methods of identifying DPA 

will be important for establishing how it influences clinical presentation in the increasing 

recognised “mixed” phenotype. 

 

This work on outcomes following spontaneous ICH highlights the limitations of using CT 

to accurately diagnose SVDs, and the difficulties resulting from the low number of 

cerebrovascular events, in our case despite a large cohort size (over 1000 patients) and 

lengthy follow up (3 years). The development of new CT-based diagnostic criteria for 

CAA (58) may allow the first of these limitations to be overcome, and the correlation of 

these Edinburgh criteria with clinical (rather than neuropathological) outcomes will be 

crucial for their validation. Further studies which follow a similar or larger number of 

participants for longer time periods (at least 5 years, up to 10 years), ideally with MRI for 

all participants at baseline, would allow for the accrual of more events; this will be 

important for attaining more meaningful and robust conclusions regarding long-term 

cerebrovascular outcomes in these patients. Interval assessments of these patients, 

where imaging (again, ideally MRI) and assessment of clinical factors (for example, 

medication use, cognitive performance, and changes to baseline measures such as 

smoking) are repeated, would again allow for a more detailed understanding of outcomes 

in these patients, and would be particularly useful for further work into how time-varying 

effects influence outcome. Finally, all observational studies in ICH are likely to be biased 

towards a “survivor” population, and research which includes all patients presenting with 

an acute ICH to stroke services is needed to account for this.  
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A large amount of data from the BOCAA study is yet to be analysed, and there is great 

potential for new biomarkers to be identified from this work. This includes analysis of the 

outstanding MR modalities (including NODDI, resting state and visual task fMRI, and 

arterial spin labelling), confirmation of the PET results using corrected parcellations, 

comparison of early PET uptake (as a measure of perfusion) in the patients and healthy 

volunteers, analysis of the neuropsychological testing and outcome measures collected. 

Additionally, there are likely to be new serum and CSF markers, developed for CAA or 

for other neurological diseases, which could be tested using the samples from BOCAA 

as part of larger, international collaborations. The results from the CSF analyses could 

have relevance for the mechanisms underlying CAA, and might direct future work that 

aims to answer two of the most fundamental outstanding questions in CAA: what is the 

mechanism behind vascular (as opposed to parenchymal) amyloid deposition, and why 

does vascular amyloid cause bleeding in a subset of patients? It will also be important to 

characterise the phenotypic heterogeneity of CAA, in particular the differences between 

patients presenting with cognitive versus haemorrhagic symptoms. Replication of the 

results from BOCAA in larger cohorts, as well as research investigating how the most 

promising of these biomarkers change with time, will be essential.  

 

5.5 Final conclusions  

SVDs have clinical relevance in diverse populations, and make important contributions 

to cognitive phenotype and prognosis. The recent development of novel technologies 

provides exciting new techniques for investigating SVDs, the outcome of which 

undoubtedly be fresh mechanistic insights into the manner in which they contribute to 

clinical disease. This progress will be key in our future ability to identify treatment targets 

in conditions for which there are currently no proven disease-modifying strategies; the 

hope is that this will lead to effective management and perhaps even curative treatment 

for patients diagnosed with these common age-related processes.  
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Appendix 3: BOCAA Study Documents and Forms 

I. Standard Operating Procedure 

Abbreviations: 
AC   Ana Carvalho (INM) 
AT   Alice Tucker (LWENC CRF) 
CRF   Case Report Form 
CSF   Cerebrospinal fluid 
DB   David Brown (INM) 
DJW   Professor David J Werring (Principle Investigator) 
EC Dr Edgar Chan (Department of Neuropsychology);  
GB   Dr Gargi Banerjee (Study Co-ordinator) 
HVIS   Healthy Volunteer Information Sheet 
INM   Institute of Nuclear Medicine 
LC   Professor Lisa Cipolotti (Department of Neuropsychology) 
LP   Lumbar puncture 
LWENC CRF Leonard Wolfson Experimental Neurology Centre Clinical 

Research Facility 
PIS   Patient Information Sheet 
SRN   Stroke Research Nurse 
UCLH   University College London Hospital 
 
Patient selection / initial approach: 
 DJW and GB to review imaging of potential participants and ensure eligibility for trial 
 Potential participants to be contacted by post (invitation letter / PIS / HVIS); 

subsequent contact (if participant agrees) by email / telephone 
 
Prior to research visit, once participant has agreed to take part in study: 
 GB to contact AT and submit booking form for participant screening visit (to take 

place at LWENC CRF) 
 At screening visit, GB to complete screening checklist to ensure eligibility, and then 

consent participant 
 GB to send letter to participant confirming appointment date and details 

 
 GB to contact INM (DB ± AC) and confirm PET-MR date and time slot for participant 
 GB to submit study PET-MR request form 
 GB to contact AT and submit booking form for participant (visit 1 and 2) 
 AT to confirm dates for participant’s Visits 1 and 2; NOTE VISIT 2 MUST TAKE 

PLACE WITHIN TWO WEEKS OF VISIT 1 
 AT to generate UCLH hospital number (if necessary) for participant 
 AT to generate/retrieve notes for participant 
 GB to inform Department of Neuropsychology (EC) of date for participant’s Visit 1, 

and confirm time 
 GB to submit Department of Neuropsychology request form (EC/LC) 
 GB to contact participant (email/telephone) in order to confirm appointment date and 

details 
 GB to send letter to participant confirming appointment date and details 
 
Visit 1 (full day): 
 Participant arrival at LWENC CRF by 8.30AM; they must be fasted 
 Participant to have fasting blood samples taken by LWENC CRF staff at LWENC 

CRF (please see separate Blood Sample Checklist / SOP for full details) 
 Patient to have breakfast 
 CRF and Participant Information Sheet to be completed by GB / LWENC staff 
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 Neuropsychological testing to start at approx. 10.30AM (EC; contact details above); 
LWENC CRF staff to walk participant to Department of Neuropsychology 

 Once neuropsychological testing complete (estimate by 1PM); participant lunch / 
short break  

 LWENC CRF staff to walk participant from LWENC CRF to University College 
Hospital Macmillan Cancer Centre, Huntley Street, for PET-MR scan appointment 
(appointments likely to be from 2.30PM onwards) 

 Participant to have PET-MR scan 
 END OF VISIT 1 FOR PARTICIPANT; GB to bring notes back to LWENC CRF in 

preparation for Visit 2  
 

 GB to review blood results and imaging results once available; any unexpected 
abnormalities to be immediately communicated to participant, DJW, participant GP 
and LWENC CRF 

 GB to post letter to participant GP to inform them of study involvement 
 
Visit 2 (half day): 
 VISIT 2 MUST TAKE PLACE WITHIN TWO WEEKS OF VISIT 1 
 Participant arrival at LWENC CRF for LP 
 LP to be performed by LWENC CRF staff (please see separate CSF Sample 

Checklist / SOP for full details) 
 END OF VISIT 2 FOR PARTICIPANT  

 
Follow up: 
 GB/SRN to post follow up questionnaire to patient and patient GP at 6 months, 1 

year, and then annually (for up to 5 years) 
 
 
  

https://www.uclh.nhs.uk/OurServices/OurHospitals/UCH/CC/
https://www.uclh.nhs.uk/OurServices/OurHospitals/UCH/CC/
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II. Patient Information Sheet 

You are invited to participate in a research project in which we are collecting information 

to try and find new markers for the disease Cerebral Amyloid Angiopathy (CAA). Before 

you decide it is important for you to understand why the research is being done and what 

it will involve. Please take time to read the following information carefully and discuss it 

with friends, relatives and any other doctors if you wish. Ask us if there is anything that 

is not clear or if you would like more information. Take time to decide whether or not you 

wish to take part. 

 

What is the purpose of the study? 

Small blood vessels (less than a millimetre or so in diameter) supply the brain with blood. 

Diseases of these small blood vessels become very common with increasing age. 

Cerebral amyloid angiopathy (CAA) is one of these "small vessel diseases", and affects 

25% of those over the age of 70. It is associated with a type of stroke called spontaneous 

intracerebral haemorrhage (ICH) which is bleeding within the brain). ICH is responsible 

for 10% of stroke in high-income countries and 20% in low-income and middle-income 

countries. CAA can also cause difficulties with memory and cognition.  

 

CAA has recently become a promising target for treatment, but we still don’t fully 

understand why some people get CAA, or why it causes strokes and memory problems 

in some people.  More research is needed before we can properly evaluate new 

treatments. One way of approaching these questions is by identifying new “biomarkers”. 

Biomarkers are measures that can tell us a variety of things; sometimes they can tell us 

whether someone has a disease or not, sometimes they can tell us how severe a disease 

is, and sometimes they can tell us about how a disease is likely to progress. If a 

biomarker could tell us about disease severity or progression, we could use it to test 

future treatment – if the biomarker got better, we could see that our treatment was 

working.  

 

This project aims to find new biomarkers for CAA. It will do this by looking for differences 

between patients with CAA and healthy people of a similar age who do not have CAA. 

One way of detecting differences will be by comparing brain scans between these two 

groups. This project will use a new type of scan protocol that allows two types of scan to 

take place at the same time. These two types of scan are called Magnetic Resonance 

Imaging (MRI) and Positron Emission Tomography (PET). The PET part of the scan will 
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use a specific compound called florbetapir (or "Amyvid"). This project will also look for 

differences in the fluid that surrounds the brain and spinal cord, which is called 

cerebrospinal fluid, or CSF. The project will check other measures, such as levels of 

patient disability and tests of memory and attention (as examples), and check to see 

whether any of the new biomarkers correlate with these measures.  

 

Why have I been chosen? 

You have been chosen because you have CAA. 

 

Do I have to take part? 

Your participation in the study is entirely voluntary. It is up to you to decide whether or 

not to take part. If you do decide to take part you will be given this information sheet to 

keep and be asked to sign a consent form. If you decide to take part you are still free to 

stop taking part at any time and without giving a reason. This will not affect the standard 

of care you receive. 

 

What will happen to me if I take part? 

If you agree to join the study, we will collect your medical details from you and your 

medical notes. You will initially have a brief clinical assessment, during which you will 

have a couple of short memory and attention tests, and during which you will be asked 

questions about your daily life and medical history; this is to ensure that you are eligible 

to take part in the study. You will receive the best possible medical care and have the 

usual investigations including brain scans that form part of normal patient care. You will 

receive £20 towards covering your travel costs.  

 

You will have a blood sample taken for routine tests and also for genetic and other tests. 

The routine tests are to ensure that it is safe to perform a lumbar puncture. The other 

tests will look at genes or substances in the blood that may be related to the presence 

of CAA.  You will not receive any results from the research genetic or other blood tests. 

Should the research discover genetic or other blood tests of clinical significance, all 

participants will be contacted and asked if they wish to have further investigations 

performed.  
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You will also have neuropsychological testing. This will be carried out by a trained clinical 

psychologist, who will ask you to perform a number of tasks that will test lots of brain 

functions, including your memory, language skills and attention. This testing will take 

approximately 60 minutes, and will not involve any physically invasive tasks. There will 

also be some questions about your daily activities, and a short test of walking speed, 

where you will have to stand up from a chair, walk a specified distance, turn around and 

return to the chair.  

 

You will have a PET-MRI scan lasting approximately 55 minutes; you may have had a 

similar scan done before. You will receive an injection of a radioactive tracer (florbetapir, 

or "Amyvid") once you are in the scanner – the MRI and PET scans will then take place 

simultaneously. You will lie down flat in a small tunnel, and will hear some knocking and 

buzzing noises. We can offer you some earplugs to make this noise less unpleasant for 

you.  

 

You will have a lumbar puncture, which is a procedure in which a sample of cerebrospinal 

fluid (the fluid that surrounds the brain and spinal cord) is taken. This will then be tested 

for biomarkers. The test will be performed by a doctor trained in this procedure. A needle 

is inserted into the lower part of the spine (after some local anaesthetic to numb the 

area), and samples are collected via this needle. The procedure is usually carried out 

whilst you are lying on your side, with your legs pulled up and your chin tucked in; in 

some situations, the procedure may be carried out whilst you are sat up and leaning 

forwards. The whole process is likely to last approximately 30 minutes.  

 

All of these tests except the lumbar puncture will be completed during a single day. The 

lumbar puncture will take place within approximately two weeks of your first visit. The 

reason for this delay is to allow us to check your blood tests, and to ensure enough time 

between the lumbar puncture and the PET-MRI scan to avoid any interference between 

the two. Having the lumbar puncture on another day will also allow you to have time to 

recover afterwards. 

 

You will be sent a questionnaire at 6 and 12 months, which will ask questions about your 

general health. You may also be sent further similar questionnaires annually, up to five 

years after taking part in the study.  

 



 

281 
 

We will write to your GP to inform them that you are enrolled in this study, if you choose 

to take part. We may also contact your GP in the future with regard to changes in your 

health status.  

 

The data from this study will be used to contribute towards an educational qualification. 

The data from this project may be shared with other research groups, both within the UK 

and internationally. If this is the case, the data will be anonymised, which means that 

nobody would be able to identify you from it.  

 

You will not routinely receive any results from the research tests. Should any of these 

tests identify results of clinical significance, you will be contacted and asked if you wish 

to have further investigations performed. Your GP will also be contacted and informed of 

any unexpectedly abnormal results.  

 

What are the possible benefits of taking part? 

This project will provide access to a study team with expertise in CAA, providing 

participants with more information regarding their disease and its prognosis. This study 

will be important in identifying new biomarkers for CAA, and could lead to CAA being 

identified more accurately and at an earlier stage, as well as correlating these markers 

with clinical outcomes. This study will be essential in informing future therapeutic studies, 

which will benefit future patients with CAA. This is especially relevant as currently there 

are no treatments for CAA.  More broadly, the study will be of benefit to patient support 

groups and disease specific charities (such as the Stroke Association), which will be in 

a better position to educate patients, their families and carers, together with the general 

public and policy makers about CAA. 

 

What are the possible disadvantages of taking part? 

You may experience minor discomfort or anxiety during blood taking, but this will be 

minimised according to standard clinical procedures and by ensuring only appropriately 

trained personnel undertake the testing.  

 

The MRI scan is noisy and may provoke claustrophobia; noise is minimised using 

earplugs, anxiety and claustrophobia are reduced by continuous communication during 

the scan via intercom.  
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Neuropsychological testing may similarly cause minor inconvenience.  

 

The PET scan involves exposure to radiation, and any exposure to radiation has a risk 

of inducing cancer. However, the radiation dose used in a PET scan is very low and 

extremely unlikely to be hazardous to your health. The total radiation dose you will be 

exposed to is 7.0 mSv - this will confer a risk for lifetime mortality from cancer of about 1 

in 4,900. This estimate should be compared with the lifetime natural incidence rate of 

cancer in the UK, which is approximately 1 in 3. The extra risk of cancer due to this 

exposure represents an increase in this natural rate of incidence in the UK population of 

under 0.1%. At the mean UK background radiation rate of 2.4 mSv per year, this effective 

radiation dose of 7.0 mSv also represents the equivalent of just under three years 

exposure to natural background radiation. Parts of the UK, e.g. Cornwall, experience 

background radiation approximately three times higher than this due to the increased 

concentration of radon of geological origin − thus the 7.0 mSv effective dose stated 

above will equate to approximately one year of exposure at this enhanced natural 

background level. Although the level of radiation from the PET scan is small, we advise 

that you avoid close contact with children and pregnant women for the rest of the day; 

this may be inconvenient for you. In addition, if you are planning to travel abroad in the 

near future you may trigger one of the very sensitive radiation detectors located at 

airports, train stations or seaports. In the unlikely event that this occurs there is no need 

to be alarmed. Customs officials will understand what has happened, however, we 

recommend you carry your appointment letter with you as proof of your recent test. 

 

A lumbar puncture is generally safe and the risk of serious complications is low. Common 

side effects include localised swelling, back pain or rash; these usually settle within a 

couple of days. Another common side effect is headache, which is thought to be due to 

a persistent slow leak of spinal fluid from the lumbar puncture site. This “post-lumbar 

puncture headache” may affect up to 40% of people. These headaches are typically 

worse when in the upright position and are relieved by lying down. They usually resolve 

within hours, and drinking plenty of fluids and taking simple painkillers will help. If the 

headache persists for more than 2 days then you may require a procedure called a blood 

patch. This would require blood to be taken from your arm and injected into the site of 

the lumbar puncture in order to seal the leak. A study in a population similar to this one 

reported post-lumbar puncture headache in 9% of participants; only 0.3% of all those 

studied required a blood patch.  Significant risks include infection or bleeding at the site 
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of needle entry, and nerve damage; these risks are rare. All risks will be minimised by 

using standard clinical procedures (including use of local anaesthetic), and by ensuring 

only appropriately trained personnel undertake the testing. You will be asked to sign a 

written consent form prior to this procedure, and the doctor will discuss the procedure 

once again including its potential risks at this time. 

 

All staff on the study will be fully trained in good clinical practice, and will always consider 

the well-being of the participant as their primary concern. You can withdraw from the 

study at any time without affecting your clinical care. 

 

What happens if something goes wrong? 

Every care will be taken in the course of this study.  However, in the unlikely event that 

you are injured by taking part, compensation may be available.  If you suspect that the 

injury is the result of negligence then you may be able to claim compensation. Injury that 

results as a consequence of the design or management of the research is covered by 

the Sponsor (Joint Research Office, University College London). If you suspect that the 

injury is the result of negligence on the part of the hospital or a hospital employee, this 

is covered by NHS or relevant professional indemnity respectively.  

 

 After discussing with your research doctor, please make the claim in writing to Dr David 

Werring who is the Chief Investigator for the research and is based at UCL Institute of 

Neurology. The Chief Investigator will then pass the claim to the Sponsor’s Insurers, via 

the Sponsor’s Office. You may have to bear the costs of the legal action initially, and you 

should consult a lawyer about this. 

 

Regardless of this, if you wish to complain, or have any concerns about any aspect of 

the way you have been approached or treated by members of staff or about any side 

effects (adverse events) you may have experienced due to your participation in the 

research, the normal National Health Service complaints mechanisms are available to 

you. Please ask your research doctor if you would like more information on this. Details 

can also be obtained from the Department of Health website: http://www.dh.gov.uk. 

 

Will my taking part in this study be kept confidential? 

All information regarding your medical records will be treated as strictly confidential and 

will only be used for medical research on CAA. The medical information will be kept at 

http://www.dh.gov.uk/
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the UCL Stroke Research Centre, UCL Institute of Neurology at Russell Square House 

(London, UK) for analysis. Professor David Werring, the Chief Investigator, will be 

responsible for the security and access to the information. The data may be used for 

future research on stroke by UCL and/or other research institutions in the UK but your 

confidentiality will be strictly maintained. Your medical records may be inspected by 

competent authorities and properly authorized persons, but if any information is released 

outside the trial office it will be transferred in a secure manner.  The results of the study 

will be published in medical journals or other public sites.  

 

If you want to take out life insurance, health insurance or a mortgage, companies may 

ask you about any genetic tests that you may have had. We keep research results 

confidential. 

 

In summary, if you take part, you will have: 

- A short initial assessment 

- A blood sample collected for a routine tests as well as  for genetic analysis 

- Neuropsychological testing and functional assessment 

- An PET-MRI scan 

- A lumbar puncture 

- Questionnaires sent to you at 6 months and 12 months after testing (and annually 

up to five years after testing) 

 

Thank you for reading this information sheet and taking the time to consider participating 

in this study. If you agree to take part, you will be given a copy of this information sheet 

and a copy of the signed consent form. 

 
Further information can be obtained from:  

Professor David Werring, Consultant Neurologist 

Stroke Research Centre, UCL Institute of Neurology, Russell Square House, 10-12 

Russell Square, London WC1B 5EH 

Tel: 020 3108 7492; email: d.werring@ucl.ac.uk 

 

Dr Gargi Banerjee, BOCAA Study Co-ordinator 

Stroke Research Centre, UCL Institute of Neurology, Russell Square House, 10-12 

Russell Square, London WC1B 5EH 

Tel: 020 3108 7416; email: g.banerjee@ucl.ac.uk
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III. Healthy Volunteer Information Sheet   

You are invited to participate in a research project in which we are collecting information 

to try and find new markers for the disease Cerebral Amyloid Angiopathy (CAA). You 

have been invited as a healthy volunteer, which means that you do not have the disease. 

Before you decide it is important for you to understand why the research is being done 

and what it will involve. Please take time to read the following information carefully and 

discuss it with friends, relatives and any other doctors if you wish. Ask us if there is 

anything that is not clear or if you would like more information. Take time to decide 

whether or not you wish to take part. 

 

What is the purpose of the study? 

Small blood vessels (less than a millimetre or so in diameter) supply the brain with blood. 

Diseases of these small blood vessels become very common with increasing age. 

Cerebral amyloid angiopathy (CAA) is one of these "small vessel diseases", and affects 

25% of those over the age of 70. It is associated with a type of stroke called spontaneous 

intracerebral haemorrhage (ICH) which is bleeding within the brain). ICH is responsible 

for 10% of stroke in high-income countries and 20% in low-income and middle-income 

countries. CAA can also cause difficulties with memory and cognition.  

 

CAA has recently become a promising target for treatment, but we still don’t fully 

understand why some people get CAA, or why it causes strokes and memory problems 

in some people.  More research is needed before we can properly evaluate new 

treatments. One way of approaching these questions is by identifying new “biomarkers”. 

Biomarkers are measures that can tell us a variety of things; sometimes they can tell us 

whether someone has a disease or not, sometimes they can tell us how severe a disease 

is, and sometimes they can tell us about how a disease is likely to progress. If a 

biomarker could tell us about disease severity or progression, we could use it to test 

future treatment – if the biomarker got better, we could see that our treatment was 

working.  

 

This project aims to find new biomarkers for CAA. It will do this by looking for differences 

between patients with CAA and healthy people of a similar age who do not have CAA. 

One way of detecting differences will be by comparing brain scans between these two 

groups. This project will use a new type of scan protocol that allows two types of scan to 

take place at the same time. These two types of scan are called Magnetic Resonance 
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Imaging (MRI) and Positron Emission Tomography (PET). The PET part of the scan will 

use a specific compound called florbetapir (or "Amyvid"). This project will also look for 

differences in the fluid that surrounds the brain and spinal cord, which is called 

cerebrospinal fluid, or CSF. The project will check other measures, such as levels of 

patient disability and tests of memory and attention (as examples), and check to see 

whether any of the new biomarkers correlate with these measures.  

 

Why have I been chosen? 

You have been chosen as a healthy volunteer because you do not have CAA, and are 

of the correct age.  

 

Do I have to take part? 

Your participation in the study is entirely voluntary. It is up to you to decide whether or 

not to take part. If you do decide to take part you will be given this information sheet to 

keep and be asked to sign a consent form. If you decide to take part you are still free to 

stop taking part at any time and without giving a reason.  

 

What will happen to me if I take part? 

If you agree to join the study, we will collect your medical details from you. You will initially 

have a brief clinical assessment, during which you will have a couple of short memory 

and attention tests, and during which you will be asked questions about your daily life 

and medical history; this is to ensure that you are eligible to take part in the study. You 

will receive £20 towards covering your travel costs.  

 

You will have a blood sample taken for routine tests and also for genetic and other tests. 

The routine tests are to ensure that it is safe to perform a lumbar puncture. The other 

tests will look at genes or substances in the blood that may be related to the presence 

of CAA.   

 

You will also have neuropsychological testing. This will be carried out by a trained clinical 

psychologist, who will ask you to perform a number of tasks that will test lots of brain 

functions, including your memory, language skills and attention. This testing will take 

approximately 60 minutes, and will not involve any physically invasive tasks. There will 

also be some questions about your daily activities, and a short test of walking speed, 
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where you will have to stand up from a chair, walk a specified distance, turn around and 

return to the chair.  

 

You will have a PET-MRI scan lasting approximately 55 minutes; you may have had a 

similar scan done before. You will receive an injection of a radioactive tracer (florbetapir, 

or "Amyvid") once you are in the scanner – the MRI and PET scans will then take place 

simultaneously. You will lie down flat in a small tunnel, and will hear some knocking and 

buzzing noises. We can offer you some earplugs to make this noise less unpleasant for 

you.  

 

You will have a lumbar puncture, which is a procedure in which a sample of cerebrospinal 

fluid (the fluid that surrounds the brain and spinal cord) is taken. This will then be tested 

for biomarkers. The test will be performed by a doctor trained in this procedure. A needle 

is inserted into the lower part of the spine (after some local anaesthetic to numb the 

area), and samples are collected via this needle. The procedure is usually carried out 

whilst you are lying on your side, with your legs pulled up and your chin tucked in; in 

some situations, the procedure may be carried out whilst you are sat up and leaning 

forwards. The whole process is likely to last approximately 30 minutes.  

 

All of these tests except the lumbar puncture will be completed during a single day. The 

lumbar puncture will take place within approximately two weeks of your first visit. The 

reason for this delay is to allow us to check your blood tests, and to ensure enough time 

between the lumbar puncture and the PET-MRI scan to avoid any interference between 

the two. Having the lumbar puncture on another day will also allow you to have time to 

recover afterwards. 

 

We will write to your GP to inform them that you are enrolled in this study, if you choose 

to take part. We may also contact your GP in the future with regard to changes in your 

health status.  

 
The data from this study will be used to contribute towards an educational qualification. 

The data from this project may be shared with other research groups, both within the UK 

and internationally. If this is the case, the data will be anonymised, which means that 

nobody would be able to identify you from it.  
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You will not routinely receive any results from the research tests. Should any of these 

tests identify results of clinical significance, you will be contacted and asked if you wish 

to have further investigations performed. Your GP will also be contacted and informed of 

any unexpectedly abnormal results.  

 

What are the possible benefits of taking part? 

As a healthy volunteer, there is no benefit to taking part, as you do not have CAA.  

 

What are the possible disadvantages of taking part? 

You may experience minor discomfort or anxiety during blood taking, but this will be 

minimised according to standard clinical procedures and by ensuring only appropriately 

trained personnel undertake the testing.  

 

Neuropsychological testing may similarly cause minor inconvenience.  

 

The MRI scan is noisy and may provoke claustrophobia; noise is minimised using 

earplugs, anxiety and claustrophobia are reduced by continuous communication during 

the scan via intercom.  

 

The PET scan involves exposure to radiation, and any exposure to radiation has a risk 

of inducing cancer. However, the radiation dose used in a PET scan is very low and 

extremely unlikely to be hazardous to your health. The total radiation dose you will be 

exposed to is 7.0 mSv - this will confer a risk for lifetime mortality from cancer of about 1 

in 4,900. This estimate should be compared with the lifetime natural incidence rate of 

cancer in the UK, which is approximately 1 in 3. The extra risk of cancer due to this 

exposure represents an increase in this natural rate of incidence in the UK population of 

under 0.1%. At the mean UK background radiation rate of 2.4 mSv per year, this effective 

radiation dose of 7.0 mSv also represents the equivalent of just under three years 

exposure to natural background radiation. Parts of the UK, e.g. Cornwall, experience 

background radiation approximately three times higher than this due to the increased 

concentration of radon of geological origin − thus the 7.0 mSv effective dose stated 

above will equate to approximately one year of exposure at this enhanced natural 

background level. Although the level of radiation from the PET scan is small, we advise 

that you avoid close contact with children and pregnant women for the rest of the day; 
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this may be inconvenient for you. In addition, if you are planning to travel abroad in the 

near future you may trigger one of the very sensitive radiation detectors located at 

airports, train stations or seaports. In the unlikely event that this occurs there is no need 

to be alarmed. Customs officials will understand what has happened, however, we 

recommend you carry your appointment letter with you as proof of your recent test.  

 

A lumbar puncture is generally safe and the risk of serious complications is low. Common 

side effects include localised swelling, back pain or rash; these usually settle within a 

couple of days. Another common side effect is headache, which is thought to be due to 

a persistent slow leak of spinal fluid from the lumbar puncture site. This “post-lumbar 

puncture headache” may affect up to 40% of people. These headaches are typically 

worse when in the upright position and are relieved by lying down. They usually resolve 

within hours, and drinking plenty of fluids and taking simple painkillers will help. If the 

headache persists for more than 2 days then you may require a procedure called a blood 

patch. This would require blood to be taken from your arm and injected into the site of 

the lumbar puncture in order to seal the leak. A study in a population similar to this one 

reported post-lumbar puncture headache in 9% of participants; only 0.3% of all those 

studied required a blood patch. Significant risks include infection or bleeding at the site 

of needle entry, and nerve damage; these risks are rare. All risks will be minimised by 

using standard clinical procedures (including use of local anaesthetic), and by ensuring 

only appropriately trained personnel undertake the testing. You will be asked to sign a 

written consent form prior to this procedure, and the doctor will discuss the procedure 

once again including its potential risks at this time. 

 

All staff on the study will be fully trained in good clinical practice, and will always consider 

the well-being of the participant as their primary concern. You can withdraw from the 

study at any time. 

 

What happens if something goes wrong? 

Every care will be taken in the course of this study.  However, in the unlikely event that 

you are injured by taking part, compensation may be available.  If you suspect that the 

injury is the result of negligence then you may be able to claim compensation. Injury that 

results as a consequence of the design or management of the research is covered by 

the Sponsor (Joint Research Office, University College London). If you suspect that the 

injury is the result of negligence on the part of the hospital or a hospital employee, this 

is covered by NHS or relevant professional indemnity respectively.  
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 After discussing with your research doctor, please make the claim in writing to Dr David 

Werring who is the Chief Investigator for the research and is based at UCL Institute of 

Neurology. The Chief Investigator will then pass the claim to the Sponsor’s Insurers, via 

the Sponsor’s Office. You may have to bear the costs of the legal action initially, and you 

should consult a lawyer about this. 

 

Regardless of this, if you wish to complain, or have any concerns about any aspect of 

the way you have been approached or treated by members of staff or about any side 

effects (adverse events) you may have experienced due to your participation in the 

research, the normal National Health Service complaints mechanisms are available to 

you. Please ask your research doctor if you would like more information on this. Details 

can also be obtained from the Department of Health website: http://www.dh.gov.uk. 

 

Will my taking part in this study be kept confidential? 

All information regarding your medical records will be treated as strictly confidential and 

will only be used for medical research. The medical information will be kept at the UCL 

Stroke Research Centre, UCL Institute of Neurology at Russell Square House (London, 

UK) for analysis. Professor David Werring, the Chief Investigator, will be responsible for 

the security and access to the information. The data may be used for future research on 

stroke by UCL and/or other research institutions in the UK but your confidentiality will be 

strictly maintained. The medical records generated by this project may be inspected by 

competent authorities and properly authorized persons, but if any information is released 

outside the trial office it will be transferred in a secure manner.  The results of the study 

will be published in medical journals or other public sites.  

 

If you want to take out life insurance, health insurance or a mortgage, companies may 

ask you about any genetic tests that you may have had. We keep research results 

confidential. 

 

In summary, if you take part, you will have: 

- A short initial assessment 

- A blood sample collected for a routine tests as well as  for genetic analysis 

- Neuropsychological testing and functional assessment 

- An PET-MRI scan 

- A lumbar puncture 
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Thank you for reading this information sheet and taking the time to consider participating 

in this study. If you agree to take part, you will be given a copy of this information sheet 

and a copy of the signed consent form. 

   

Further information can be obtained from:  

Professor David Werring, Consultant Neurologist 

Stroke Research Centre, UCL Institute of Neurology, Russell Square House, 10-12 

Russell Square, London WC1B 5EH 

Tel: 020 3108 7492; email: d.werring@ucl.ac.uk 

 

Dr Gargi Banerjee, BOCAA Study Co-ordinator 

Stroke Research Centre, UCL Institute of Neurology, Russell Square House, 10-12 

Russell Square, London WC1B 5EH 

Tel: 020 3108 7416; email: g.banerjee@ucl.ac.uk 

 

  



 
 

292 
 

IV. Screening Checklist 

 
 

 

 

Biomarkers and Outcomes in CAA (BOCAA) 

Screening Checklist 

 
 
 
 
 
 
 
 

Study ID  

Date of completion DD / MM / YYYY 

Name of person completing 
screening checklist 

 

Signature  
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PATIENT ELIGIBILITY 

 
 

Inclusion Criteria  Yes  No 

Age 55 – 100 years (inclusive)     

MMSE ≥ 23 (see appendix 1)     

mRS ≤ 3 (see appendix 2)     

At least “probable” Modified Boston Criteria  for CAA     

Competent to give informed consent     

 
If any of the above are checked “No”, the patient is NOT eligible for the study – STOP. 
 
 

 
 

Exclusion Criteria  Yes  No 

Contraindications to MRI scanning: 
 Pacemaker or defibrillator  
 Metallic foreign bodies within eyes 
 Deep brain stimulator 
 Bullets or gunshot pellets 

 Cerebral aneurysm clips 

 Cochlear implant 
 Other MRI-incompatible implants or devices 

    

Contraindications to lumbar puncture: 
 Possible raised intracranial pressure 
 Ongoing anticoagulant therapy 
 Thrombocytopenia or other bleeding diathesis  
 Suspected spinal epidural abscess 

    

Contraindications to PET scanning: 
 Pregnancy 
 Breastfeeding 
 Unavoidable close contact with young children 
 Recent chemotherapy or radiotherapy 

    

 
If any of the above are checked “Yes”, the patient is NOT eligible for the study – STOP. 
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CURRENT MEDICATIONS 

 

Drug Name Dose Frequency 
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Appendix 1:  The Mini-Mental State Exam (MMSE) 
Adapted from Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical 
method for grading the cognitive state of patients for the clinician. J Psychiatr Res. 
1975;12(3):189-98. 
 

 Score Maximum 
points 

ORIENTATION 
1 point per correct 

response 
10 

What is the year?  

5 

What is the season?  

What is the date?  

What is the day?  

What is the month?  

Where are we? Which state?  

5 

Which country?  

Which town?  

Which hospital?  

Which floor?  

REGISTRATION 
1 point per correct 

response 
3 

Name 3 objects; then ask the patient 
to repeat them back to you 

 
3 

ATTENTION AND CALCULATION 
1 point per correct 

response 
5 

Serial 7s: ask the patient to start at 
100 and then take away 7; stop after 
five answers. 

 
5 

Alternative: spell “world” backwards.  5  

RECALL 
1 point per correct 

response 
3 

Ask for the 3 objects repeated above.   3 

LANGUAGE 
1 point per correct 

response 
9 

Name a pencil and a watch  2 

Repeat the following: “No ifs, ands, or 
buts” 

 
1 

Follow a three stage command e.g. 
“take this paper in your hand, fold it in 
half and put it on the floor” 

 
3 

Read and obey the following:  
 

“CLOSE YOUR 
EYES” 

 

1 

Write a sentence  1 

Copy this design: 

 

 

1 

TOTAL  30 
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Appendix 2:  The Modified Rankin Scale (mRS) 

Score Description 

0 No symptoms at all 

 

1 No significant disability despite symptoms; able to carry out all usual duties and 

activities 

 

2 Slight disability; unable to carry out all previous activities, but able to look after 

own affairs without assistance 

 

3 Moderate disability; requiring some help, but able to walk without assistance 

 

4 Moderately severe disability; unable to walk without assistance and unable to 

attend to own bodily needs without assistance 

 

5 Severe disability; bedridden, incontinent and requiring constant nursing care 

and attention 

 

6 Dead 
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V. Patient Consent Form 

 

Participant Study Number:   

 

 

 

Observational study of Biomarkers and Outcomes in Cerebral Amyloid Angiopathy (BOCAA) 

CONSENT FORM 

 

                                          

1. I confirm that I have read and understood the Patient 
Information Sheet (V2.0, dated 29 September 2015) 
for the above study and have had the opportunity to ask 
questions. I understand that the data in this study will 
be included in future related clinical research projects.  
 

2. I confirm that I have had sufficient time to consider 
whether or not I want to be included in the study. 

 

3. I understand that my participation is voluntary and that 
I am free to withdraw at any time, without giving any 
reason, without my medical care or legal rights being 
affected. 
 

4. I understand that sections of any of my medical notes 
may be looked at by responsible individuals from 
regulatory authorities where it is relevant to my taking 
part in research. I give permission for these individuals 
to have access to my records. 

 

5. I agree to have a blood sample taken both for routine 
tests and for a genetic test as part of the study protocol. 
I understand this is given as a gift. I understand that the 
sample will be stored for analysis of biomarkers and for 
use in genetic research related to the trial and future 
related clinical research projects. 

 

6. I agree to have a cerebrospinal fluid sample taken as 
part of the study protocol. I understand that I will 
complete a further written consent with regard to this 
procedure. I understand this is given as a gift. I 
understand that the sample will be stored for analysis 
of biomarkers and for use in genetic research related to 
the trial and future related clinical research projects. 

Please initial 
boxes below 

Chief Investigator: Professor David Werring 

Please complete in BLACK ball point pen 
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7. I agree to research being carried out on tissue samples 
taken as part of my clinical care. 
 

8. I agree to my GP being informed about my taking part 
in this study and my GP will be sent a copy of this 
consent form and the information leaflet. I give 
permission to the researcher to contact my GP if they 
are any unexpected findings in my cerebrospinal fluid 
or blood tests. I agree to my GP being contacted in the 
future for updates regarding my health status.  

 
9. I understand that information held by the NHS and 

records maintained by the NHS Information Centre (IC) 
may be used to keep in touch with me and follow up my 
health status. 
 

10. I understand that information from this study may be 
shared with other collaborating centres in an 
anonymised form (i.e. in which I will not be identifiable).  
 

 

11. I agree to being contacted in the future with regard to 
potential follow up once this study has ended.  
 

 

12. I agree to take part in the above study. 
 

 

                        

Name of participant (please PRINT)   Date (DD/MM/YY) Signature of participant 

     

 

Name of person taking   Date (DD/MM/YY) Signature of person taking consent 

consent (please PRINT)  

 

One copy to be given to the participant; one copy to be kept with hospital notes, 

original copy to the site data collection file 
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VI. Healthy Volunteer Consent Form 

 

 

Participant Study Number:   

 

 

                                               

1. I confirm that I have read and understood the Healthy 
Volunteer Information Sheet (V2.0, dated 29 September 
2015) for the above study and have had the opportunity to 
ask questions. I understand that the data in this study will be 
included in future related clinical research projects.  
 

2. I confirm that I have had sufficient time to consider whether 
or not I want to be included in the study. 

 

3. I understand that my participation is voluntary and that I am 
free to withdraw at any time. 

 

4. I understand that sections of any of my medical notes may 
be looked at by responsible individuals from regulatory 
authorities where it is relevant to my taking part in research. 
I give permission for these individuals to have access to my 
records. 
 

5. I agree to have a blood sample taken both for routine tests 
and for a genetic test as part of the study protocol. I 
understand this is given as a gift. I understand that the 
sample will be stored for analysis of biomarkers and for use 
in genetic research related to the trial and future related 
clinical research projects. 
 

6. I agree to have a cerebrospinal fluid sample taken as part of 
the study protocol. I understand that I will complete a further 
written consent with regard to this procedure. I understand 
this is given as a gift. I understand that the sample will be 
stored for analysis of biomarkers and for use in genetic 
research related to the trial and future related clinical 
research projects. 
 

7. I agree to my GP being informed about my taking part in this 
study and my GP will be sent a copy of this consent form and 
the information leaflet. I give permission to the researcher to 
contact my GP if they are any unexpected findings in my 
cerebrospinal fluid or blood tests. I agree to my GP being 
contacted in the future for updates regarding my health 
status.  

 

    Please initial boxes below 
Chief Investigator: Professor David Werring 

Please complete in BLACK ball point pen 
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8. I understand that information held by the NHS and records 
maintained by the NHS Information Centre (IC) may be used 
to keep in touch with me and follow up my health status. 
 

9. I understand that information from this study may be shared 
with other collaborating centres in an anonymised form (i.e. 
in which I will not be identifiable).  

 

10. I agree to being contacted in the future with regard to 
potential follow up once this study has ended.  

 

11. I agree to take part in the above study. 
 

                        

Name of participant (please PRINT) Date (DD/MM/YY) Signature of participant 

 

 

Name of person taking consent  Date (DD/MM/YY) Signature of person taking consent 

(please PRINT)  

 

 

One copy to be given to the participant; one copy to be kept with hospital notes, 

original copy to the site data collection file 
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VII. Participant Information 

 
 
 
 

BOCAA: PARTICIPANT INFORMATION 

 
 

Hospital ID  

NHS Number  

Date of Birth DD / MM / YYYY 

Surname  

First name(s)  

Sex Male Female 

Hand preference Left Right Unknown 

Address  

Contact telephone number  

 
 

Next of kin (NOK)   

Relationship to participant  

NOK address  

NOK contact telephone 
number 

 

 
 

GP name   

GP address  

GP telephone number  
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VIII. Patient Case Report Form 

 

 

 

 

Biomarkers and Outcomes in CAA (BOCAA) 

Case Report Form (CRF)  

 
 
 
 
Please fill in this form for each participant in BLOCK CAPITALS and BLACK INK.  
Please enter the participant’s unique study number on each page.  
 
 
 

Participant Initials  

Study ID  

 
 
 

Date of CRF completion DD / MM / YYYY 

Name of person completing 
CRF 

 

Signature  
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PAST MEDICAL HISTORY 

 
 

Condition  Yes  No  
If yes, please provide 
date(s) of diagnosis. 

Hypertension       

Hypercholesterolaemia       

Diabetes Mellitus Type 1       

Diabetes Mellitus Type 2       

       

Myocardial Infarction       

Cardiac revascularisation 
(either PCI or CABG) 

      

Congestive heart failure       

Angina       

Atrial fibrillation       

Peripheral vascular disease       

       

Dementia or other cognitive 
impairment 

      

Seizures       

Migraine with aura       

Migraine without aura       

Transient focal neurological 
episodes 

      

       

Previous ischaemic stroke       

Previous TIA       

Previous ICH       

 

Please use this space to provide 
details of any other conditions or 
procedures.  
 
Please include dates where 
possible. 

 
 
 
 
 
 
 
 
 
 

 
Abbreviations: 
CABG  Coronary Artery Bypass Grafting 
ICH  Intracerebral haemorrhage 
PCI  Percutaneous Coronary Intervention 
TIA  Transient Ischaemic Attack 
  



 
 

304 
 

 
 

CURRENT MEDICATIONS 

 

Drug Name Dose Frequency 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Any Allergies? 
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SOCIAL HISTORY 

 
 

 Yes  No  
If yes, please provide further 
details below. 

Does the patient currently 
smoke? 

     

 
Number of cigarettes per day: 
 
 
If the patient smokes tobacco in 
another form, e.g. pipes, roll ups, 
etc., please provide details below 
(method and quantity per day).  
 
 
 
 
 

If the patient is currently a 
non-smoker, have they 
previously ever smoked? 

     

 
Year started: 
Year stopped: 
Number of cigarettes per day: 
 

Does the patient currently 
drink alcohol? 

     
Number of units per week: 

If the patient currently does 
not drink alcohol, have they 
done so previously? 

      
Year started: 
Year stopped: 
Number of units per week: 
 

Does the patient currently 
use recreational drugs? 

      
Please provide details, including 
which substances and quantity 
consumed per week. 
 
 
 
 
 
 

If the patient currently does 
not use recreational drugs, 
have they done so 
previously? 

      
Please provide details, including 
which substances, quantity 
consumed per week, and years of 
consumption.  
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Social situation Please tick Notes 

At home, completely 
independent 

  

At home, mostly independent  Please indicate tasks for which the 
patient requires assistance.  
 
 
 
 
 
 
 

At home, requiring 
assistance from family or 
carers. 

 Please indicate frequency of carers, 
and tasks for which the patient requires 
assistance.  
 
 
 
 
 
 

Residential home  Please indicate tasks for which the 
patient requires assistance.  
 
 
 
 
 
 

Nursing home  Please indicate tasks for which the 
patient requires assistance.  
 
 
 
 
 
 

Other e.g. sheltered 
accommodation, warden-
controlled premises etc.  

 Please provide details. 
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Mobility Please tick Notes 

Independent   

One stick   

Two sticks   

Frame   

Other walking aid  Please provide details. 
 
 
 

Chair/bedbound   

If chair/bedbound, is the 
patient able to transfer 
independently between 
chair and bed? 

 If no, please indicate level of assistance 
required by patient for transfer: 
 Assistance from one person 
 Assistance from two people 
 Hoist transfer 

 

Education Age (years) Notes 

How old was the patient 
when they left school?  

  

If the patient went on to 
higher education, at what 
age did they leave full time 
education? 

 Please indicate highest level of 
educational attainment achieved by 
patient (e.g. qualification). 
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CLINICAL EXAMINATION 

 

 
TGUG = Timed Get Up and Go Test 
Please ask participant to rise from a chair, walk 3 metres, walk back to chair, and sit 
down again. Record the time taken do all of this, in seconds.  
 
 
 
 

  Yes  No  

Does the patient have a normal neurological 
examination? 

    
 

 
If no, please provide details of any abnormalities below. 
 
 
 
 
 
 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

  

Height CM  Blood Pressure mmHg 

Weight KG  Heart Rate BPM 

Temperature oC  MOCA score  

   
Please see Appendix 1 for MOCA score. 

 

TGUG (see below) seconds    
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Appendix 1:  The Montreal Cognitive Assessment (MOCA) 
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IX. Healthy Volunteer Case Report Form 

 
 

 

 

Biomarkers and Outcomes in CAA (BOCAA) 

Case Report Form (CRF)  

 
 
 
 
Please fill in this form for each participant in BLOCK CAPITALS and BLACK INK.  
Please enter the participant’s unique study number on each page.  
 
 
 

Participant Initials  

Study ID  

 
 
 

Date of CRF completion DD / MM / YYYY 

Name of person completing 
CRF 

 

Signature  
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PAST MEDICAL HISTORY 

 
 

Condition  Yes  No  
If yes, please provide 
date(s) of diagnosis. 

Hypertension       

Hypercholesterolaemia       

Diabetes Mellitus Type 1       

Diabetes Mellitus Type 2       

       

Myocardial Infarction       

Cardiac revascularisation (either 
PCI or CABG) 

      

Congestive heart failure       

Angina       

Atrial fibrillation       

Peripheral vascular disease       

       

Dementia or other cognitive 
impairment 

      

Seizures       

Migraine with aura       

Migraine without aura       

Transient focal neurological 
episodes 

      

       

Previous ischaemic stroke       

Previous TIA       

Previous ICH       

 

Please use this space to provide 
details of any other conditions or 
procedures.  
 
Please include dates where 
possible. 

 
 
 
 
 
 
 
 
 
 

 
Abbreviations: 
CABG  Coronary Artery Bypass Grafting 
ICH  Intracerebral haemorrhage 
PCI  Percutaneous Coronary Intervention 
TIA  Transient Ischaemic Attack 
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CURRENT MEDICATIONS 

 

Drug Name Dose Frequency 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Any Allergies? 
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SOCIAL HISTORY 

  Yes  No  
If yes, please provide further 
details below. 

Does the patient currently 
smoke? 

     

 
Number of cigarettes per day: 
 
 
If the patient smokes tobacco in 
another form, e.g. pipes, roll ups, 
etc., please provide details below 
(method and quantity per day).  
 
 
 
 
 

If the patient is currently a 
non-smoker, have they 
previously ever smoked? 

     

 
Year started: 
Year stopped: 
Number of cigarettes per day: 
 

Does the patient currently 
drink alcohol? 

     
Number of units per week: 

If the patient currently does 
not drink alcohol, have they 
done so previously? 

      
Year started: 
Year stopped: 
Number of units per week: 
 

Does the patient currently 
use recreational drugs? 

      
Please provide details, including 
which substances and quantity 
consumed per week. 
 
 
 
 
 
 

If the patient currently does 
not use recreational drugs, 
have they done so 
previously? 

      
Please provide details, including 
which substances, quantity 
consumed per week, and years of 
consumption.  
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Social situation Please tick Notes 

At home, completely 
independent 

  

At home, mostly independent  Please indicate tasks for which the 
patient requires assistance.  
 
 
 
 
 
 
 

At home, requiring assistance 
from family or carers. 

 Please indicate frequency of carers, 
and tasks for which the patient 
requires assistance.  
 
 
 
 
 
 

Residential home  Please indicate tasks for which the 
patient requires assistance.  
 
 
 
 
 
 

Nursing home  Please indicate tasks for which the 
patient requires assistance.  
 
 
 
 
 
 

Other e.g. sheltered 
accommodation, warden-
controlled premises etc.  

 Please provide details. 
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Mobility Please tick Notes 

Independent   

One stick   

Two sticks   

Frame   

Other walking aid  Please provide details. 
 
 
 

Chair/bedbound   

If chair/bedbound, is the 
patient able to transfer 
independently between chair 
and bed? 

 If no, please indicate level of 
assistance required by patient for 
transfer: 
 Assistance from one person 
 Assistance from two people 
 Hoist transfer 

 

Education Age (years) Notes 

How old was the patient when 
they left school?  

  

If the patient went on to higher 
education, at what age did 
they leave full time education? 

 Please indicate highest level of 
educational attainment achieved by 
patient (e.g. qualification). 
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CLINICAL EXAMINATION 

 
 

Height CM  Blood Pressure mmHg 

Weight KG  Heart Rate BPM 

Temperature oC  MOCA score  

 
 
 

  

Please see Appendix 1 for MOCA score. 

 

TGUG (see 
below) 

seconds  
  

 

TGUG = Timed Get Up and Go Test 
Please ask participant to rise from a chair, walk 3 metres, walk back to chair, and sit 
down again. Record the time taken do all of this, in seconds.  
 
 

  Yes  No  

Does the patient have a normal neurological 
examination? 

    
 

 
If no, please provide details of any abnormalities below. 
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Appendix 1:  The Montreal Cognitive Assessment (MOCA) 
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X. Lumbar Puncture Standard Operating Procedure 

 All participants in this study will have a lumbar puncture. 

 This will be performed at visit 2. 

 Visit 2 will take place within 2 weeks of visit 1.  
 
ABBREVIATIONS: 
CSF  Cerebrospinal fluid 
GB Gargi Banerjee, study co-ordinator  
LP  Lumbar puncture 
LWBL  Leonard Wolfson Biomarker Lab  
     

EQUIPMENT CHECKLIST PRIOR TO STARTING 

Equipment for performing the lumbar 

puncture: 

 Sterile Pack 
 Cleaning material (e.g. chlorhexidine) 
 Orange needle 
 Green needle 
 5ML or 10ML syringe 
 Lignocaine 
 Spinal needle 
 Dressing 

Equipment according to LPC preference 

CSF bottles for research tests: 

 Yellow universal containers x 1 

To be collected by GB for LWBL 
processing 

 Research Consent Form 
This should have been completed on 
visit 1, and should be in the participant 
notes.  

 LP Consent Form Standard NHS Yellow Consent Form  

 

Procedure: 

 Research labels and empty bottles for research samples to be provided by GB on 

the morning of visit 2 

 GB to check blood tests and imaging prior to LP and to inform LPC and LWENC CRF 

if any contraindications to procedure 

 GB to confirm Research Consent Form completed and in participant notes 

 GB to complete yellow NHS consent form for procedure and file in participant notes 

 GB to perform LP; samples for research only: 

o Yellow universal containers x 1; each has maximum capacity of 25ML 

o The tube should be nearly full (approx. 20ML total) 

o Label both bottles with research labels (provided by GB); no NHS details must 

be included on these samples 

o GB to contact LWBL and inform them that samples are ready for collection; 

GB to transport samples to LWBL 

o LWBL MUST RECEIVE SAMPLES BY 4PM AT THE VERY LATEST 

 GB to document procedure in participant notes 

 Participant to rest for approximately 1 hour, after which they may return home.  
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XI. Blood Sample Standard Operating Procedure 

 

 All participants in this study will have fasting blood tests. 

 This will be performed first thing on Visit 1, after which the participant will be 
provided breakfast 

 
 
 
ABBREVIATIONS: 
GB Gargi Banerjee, study co-ordinator 
HCP Health care professional who will be taking the blood 
LWBL  Leonard Wolfson Biomarker Lab   
     

EQUIPMENT CHECKLIST PRIOR TO STARTING 

Equipment for taking blood: 

 Tourniquet 
 Cleaning material (e.g. chlorhexidine 

wipe) 
 Needle 
 Vacutainer or syringe 
 Dressing 

Equipment according to HCP preference 

Blood for NHS tests: 

 Purple x 1 (EDTA) 
 Gold x 3 (SST) 
 Blue x 1 (citrate) 
 Grey x 1 (fluoride) 

To be sent for NHS blood tests i.e. full 

blood count, U&E, LFT including total 

protein, bone profile, ferritin, fasting lipid 

profile, clotting, and glucose. 

Blood bottles for research tests: 

 Purple x 3 (EDTA) 
 Gold x 3 (SST) 

To be collected by GB for LWBL 

processing. 

 Research Consent Form 

This should have been completed at the 

beginning of visit 1, and be in the 

participant notes.  

 

Procedure: 

1. Research labels and completed NHS blood test form to be provided by GB on the 

morning of visit 1 

2. HCP to confirm Research Consent Form completed and in participant notes 

3. HCP to take blood: 

 NHS tubes to be filled first: 

i. Purple x 1, Gold x 3, Blue x 1, Grey x 1  

ii. Each bottle should be completely filled  

iii. Label each bottles with NHS details i.e. UCLH hospital number; no research 

details should be included on these samples 

iv. Send in UCLH form for full blood count, U&E, LFT including total protein, bone 

profile, ferritin, fasting lipid profile, clotting, and glucose (form will be completed 

by GB prior to procedure) 

v. GB will check results of these tests and contact patient if need be 
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 Research tubes: 

i. Purple x 3, Gold x 3 

ii. Each bottle should be completely filled  

iii. Label all bottles with research labels (provided by GB); no NHS details must be 

included on these samples 

iv. HCP to contact GB and inform her that samples are ready for collection 

v. GB to contact LWBL and inform them that samples are ready for collection; GB 

to transport samples to LWBL 

vi. LWBL MUST RECEIVE SAMPLES BY 4PM AT THE VERY LATEST 

4. Participant may then continue with remaining investigations 
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XII. Patient Follow up Questionnaire 

 

 

 

Please complete the questionnaire below, and return to us in the enclosed envelope.  
 
The questionnaire asks your information about your health since the last questionnaire 
(or your visit). It should only take a few minutes of your time. 

 

Patient Name   

BOCAA study number  

Address 
 
 
 
 

Is the address we have 
for you up to date? 

No             Yes           
If NO, please enter the new address: 

 

 

 

 
Who completed this form (please circle)?   Patient          Carer         

Friend/relative          Other         

Please enter today’s date:  _____ /______ /_________  

 
 
 

 

  

If you need help, a carer, friend or relative may fill in this form with you or on your 
behalf. 
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1. What is your current living and mobility situation NOW? (please tick Yes or No to all of 
the following boxes as appropriate) 

  Yes  No 

Could you live alone without any help from another person? This 
means being able to bathe, use the toilet, shop, prepare or get 
meals and manage finances. 

 
 

 
 

Are you able to do everything that you were doing 6 months ago, 
even if slower and not as much? 

 
 

 
 

Are you exactly the same as you were 6 months ago?     

Are you able to walk without help from another person?     

Are you bedridden or needing constant supervision?     

 

Do you have symptoms unrelated to CAA that could affect your 
answer to question 1?   

 
 

 
 

If YES, please briefly state your symptoms: 

_________________________________________________ 

 

2. We would like to know if you had any further events that may have been a stroke or a 
mini-stroke since the last questionnaire. 

 
Have you experienced any of the following?  
 

 

Yes 
 

No 

Have you been told by a doctor or other healthcare professional 
that you have had another stroke in the last 6 months? 

 
 

 
 

Have you been told by a doctor or other healthcare professional 
that you have had a TIA, mini-stroke, or transient ischaemic in the 
last 6 months? 

 

 

 

 

Have you been told by a doctor or other healthcare professional 
that you have had another brain haemorrhage in the last 6 
months? 

 

 

 

 

Have you had a sudden painless weakness on one side of your 
body in the last 6 months? 

 
 

 
 

Have you had a sudden numbness or a dead feeling on one side 
of your body in the last 6 months? 

 
 

 
 

Have you had a sudden painless loss of vision in one eye or both 
eyes in the last 6 months? 

 
 

 
 

Have you suddenly lost one half of your vision in the last 6 
months? 

 
 

 
 

Have you suddenly lost the ability to understand what people are 
saying in the last 6 months? 

 
 

 
 

Have you suddenly lost the ability to express yourself verbally or 
in writing in the last 6 months? 

 
 

 
 

Have you had any sudden vertigo or imbalance in the last 6 
months? 

 
 

 
 

Have you had any loss of coordination of one limb or two limbs in 
the last 6 months? 

 
 

 
 

Have you been told by a doctor that you had a heart attack in the 
last 6 months? 
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Have you been told by a doctor that you had angina in the last 6 
months? 

 
 

 
 

Have you had episodes of chest pain in the last 6 months?  
 

 
 

Have you had any paraesthesias (pins and needles, tingling) 
affecting one side of your body in the last 6 months?  

 
 

 
 

Have you had any shaking/jerking in one side of your body in the 
last 6 months? 

 
 

 
 

Have you had any new problems with vision (for example seeing 
zig-zags, flashing lights, objects changing their size or shape, or 
seeing things that were not there) in the last 6 months? 

 

 

 

 

 

 

If you have experienced any of these symptoms did you seek any 
medical advice? 

 
 

 
 

 
If YES, where did you seek advice (please circle)?      
 
Hospital Visit            GP visit             NHS direct  
 
Name of hospital you visited: 
________________________________________________________ 
 
Name of consultant you visited: 
______________________________________________________ 

 

 

 
THANK YOU for completing this form.   
 
Please put the form in the envelope provided and send it to: 
 
Dr Gargi Banerjee 
BOCAA Study Co-ordinator 
Stroke Research Office, Box 6 
National Hospital for Neurology and Neurosurgery 
Queen Square, London, WC1N 3BG 
 
 
You can contact the Study Co-ordinator by phoning 020 3108 7416 or by emailing 
g.banerjee@ucl.ac.uk 
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XIII. General Practitioner Follow Up Questionnaire 

 
 
 
 
 
This questionnaire is about one of your patients who agreed to participate in our study. 
We would be very grateful if you could complete and return it to us in the enclosed 
envelope (no stamp required). 
 

Patient Name   

BOCAA study number  

Address 
 
 
 
Date of study recruitment 

Is the address we have for 
the patient up to date? 

No             Yes          
If NO, please enter the patient’s new address: 

 

 

 

 

Has the patient had any of the following further events since the study recruitment? 

 
 
 

Ischaemic stroke TIA Myocardial infarction 

Intracranial 

haemorrhage 
Death 

None of these events have 

occurred 

If the patient was admitted to hospital please give the name of the hospital and the date 
of admission.  Please send copies of the discharge summary if possible. 

Name of hospital  
____________________________________________________________________ 
 
Date of admission  _____ /______ /_________ 

If the patient has died, please give date of death. 

Date of death  _____ /______ /_________ 
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Has the patient received a formal diagnosis of dementia? If so, please indicate 
subtype.  

 
 
 
 

 
If other, please specify 
____________________________________________________________________ 
 
 
Please provide date of diagnosis, if possible _____ /______ /_________ 
 

Alzheimer’s disease  Frontotemporal dementia 

Vascular dementia  Other 

What is the patient’s Modified Rankin Scale score?  Please circle.  

0 No symptoms at all 

1 
No significant disability despite symptoms; able to carry out all usual duties 
and activities 

2 
Slight disability; unable to carry out all previous activities, but able to look 
after own affairs 
without assistance 

3 Moderate disability; requiring some help, but able to walk without assistance 

4 
Moderately severe disability; unable to walk without assistance and unable to 
attend to own bodily needs without assistance 

5 
Severe disability; bedridden, incontinent and requiring constant nursing care 
and attention 

6 Dead 

 

 

THANK YOU for completing this form.   
 
Please put the form in the envelope provided and send it to: 
 
Dr Gargi Banerjee 
BOCAA Study Co-ordinator 
Stroke Research Office, Box 6 
National Hospital for Neurology and Neurosurgery 
Queen Square, London, WC1N 3BG 
 
 


