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Imaging and Genetics Pilot Study Fund Application  

 

 
This fund is for CCACE Members only. 
 
Completed application forms should be submitted to: 
 

Anna Sim 

  CCACE Secretary 

Office Use Only  Department of Psychology 

Date received   7 George Square 

Application Number   Edinburgh 

Date to Executive Committee   EH8 9JZ 

OUTCOME   Email: anna.sim@ed.ac.uk 

   
For further information or help with your application please contact: 

Beverly Roberts, CCACE Scientific Administrator 
Phone: 0131 650 3368 
Email: beverly.roberts@ed.ac.uk 

 
 
 

Applying to:     Imaging fund       √           Genetics fund 
 
Study title (max 20 words): Cerebral small vessel disease – cause or consequence of blood-brain barrier 
failure – a follow-up imaging study. 

Principal investigator 

Name:  Position:  

Address:  Telephone: 

 E-mail: 

  

Correspondence contact (if different from above) 

Name:  Position:  

Address:  Telephone:  

 E-mail: 

Details of co-investigators and collaborators other than PI (please add extra lines as required) 

Name: Designation / job function: Department / affiliation: 

   

   

   

   

   

 

Student project:    No 

If yes, name of student: 
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2. 

 

   
 

Estimated duration of project: 9 months 

Start date: 1
st
 April 2009 End date: Dec 2009 

 

Total amount applied for (£): 12,000 

 

Breakdown of funds requested (these funds cannot be used for salaries): 

Type (e.g.materials) Details Amount (£) 

MR scans FLAIR, T1 volume, GRE, T2, (60 at £250 each) £12,000 

   

 

Additional funds secured from elsewhere? (please give details):  

£3,000, saved from grant that funded initial round of scanning in this cohort (total scanning cost £15,000) 

 

 

 

Please attach a maximum of two A4 pages with the following information (use Arial 10 point): 

 

Research title:  

Cerebral small vessel disease – cause or consequence of blood-brain barrier failure – a follow-up imaging 
study. 
 
Research questions/aims:  
1. To evaluate the feasibility, practicality and validity of performing follow-up MR imaging to assess 
progression of cerebral small vessel disease (white matter lesions, lacunar infarcts, atrophy, microbleeds 
and enlarged perivascular spaces) at two years after initial imaging;  
2. To evaluate the feasibility of co-registering scans and using the MCMxxxIV image processing software to 
measure white matter lesion and brain iron load progression;  
3. To evaluate the use of MCMxxxVI image processing software to determine whether there is any 
association between increased blood-brain barrier permeability at initial presentation with small vessel 
stroke and subsequent progression of imaging features of small vessel disease. 
 
Background  
Lacunar infarction causes 25% of first ever ischaemic stroke (about 20% of all stroke), is thought to result 
from an intrinsic abnormality of the small deep perforating arterioles but its cause is poorly understood.

1
 The 

intrinsic small arteriolar wall disorder was described in pathological studies in the 1950’s by Miller Fisher as 
“arterial wall disorganisation” and by others since as “lipohyalinosis”. Patients rarely die of lacunar stroke so 
pathological material is scant. Lipohyalinosis is also observed pathologically in the white matter in areas of 
“leukoaraiosis” (“white matter hyperintensities” (WMH)) on MR imaging and is associated with cognitive 
decline and dementia.

2
  Thus lacunar infarction, white matter disease and cognitive decline may be different 

clinical manifestations of a common diffuse underlying problem.
3
  

Although ischaemia is a popular hypothetical cause, there is increasing evidence that the initiating trigger 
may be blood brain barrier failure with consequent small arteriolar wall, perivascular neuronal and glial cell 
damage.

4
 This process may in turn lead to perforating artery narrowing or occlusion, rather than be the 

result of it. The blood brain barrier becomes increasingly permeable at older ages and permeability is 
increased further in dementia (particularly patients classified as vascular dementia) and in those with many 
WMHs.

5
 We have developed a methodology for assessing the blood brain barrier using MR imaging and IV 

injected gadolinium. In two studies performed in Edinburgh in 48
6
 and 97 patients,

7
 we have demonstrated 

that patients with lacunar stroke have subtly more permeable blood brain barrier than do patients with large 
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3. 

 

artery cortical ischaemic stroke. The increased blood brain barrier permeability was associated with 
increasing age and enlarged perivascular spaces, the latter being another feature of cerebral small vessel 
disease and thought to be a major drainage conduit for the brain interstitial fluid. We have also performed 
studies of the retinal vasculature

8-10
 and blood markers of endothelial function

11
 and a systematic review of 

endothelial function in lacunar stroke (ESC 2009 accepted). These indicate that the retinal small vessels are 
different in lacunar stroke, but little evidence of endothelial dysfunction beyond what would be expected in 
patients with vascular risk factors and any type of ischaemic stroke. In the larger study (97 patients, 49 with 
lacunar and 48 with cortical ischaemic stroke) of blood brain barrier function, the recruitment and initial 
imaging was funded by the CSO, but did not extend to cover follow-up scanning. 
 
If blood brain barrier impairment is a cause of cerebral small vessel disease, rather than a consequence, 
then it might be expected that the patients with the most abnormal blood brain barrier at initial presentation 
would have the most evidence of progressive small vessel disease on imaging during follow up, ie 
increasing numbers of WMHs, microbleeds, lacunar infarcts and perhaps enlarged perivascular spaces. We 
know from studies to date that 5-8% of lacunar stroke patients have a recurrent lacunar stroke by one 
year,

12
 13% at 2.5 years (Edinburgh Stroke Registry); 6-8% of patients have new silent lacunes on imaging 

by one year;
13

and the median increase in WMLs was 2.6ml over 3 years,
14

 (3.1ml/year in those with the 
most WMLs at baseline),

15
 in older people without stroke. WML progression is likely to be greater than this 

in patients with stroke.  
 
We therefore propose to follow-up our cohort of lacunar and cortical stroke patients recruited between 2005 
and 2007 and perform repeat structural MR imaging to assess progression of features of cerebral small 
vessel disease. This is a unique opportunity to gather more information on the mechanism of the effect of 
small vessel disease on the brain, as well as to test out the image analysis methods in preparation for future 
longitudinal studies of the LBC 1936 cohort as well as other groups relevant to the CCACE.  
 
Method, analysis, power :  
We will contact all 97 participants who underwent blood brain barrier imaging between 2005 and 2007 and 
invite them to attend for a structural MR scan. This will include T1 sagittal, T2, FLAIR, Gradient Echo axial 
images and takes about 20 minutes. Consent for follow-up imaging was obtained at the time of original 
entry into the study, in case further funding for follow-up imaging became available. We anticipate that no 
more than 60 patients will be able or willing to attend as some will have died (we have already ascertained 
that 15 have died) or be too disabled or unwilling to participate.  
The patients will be asked whether they have experienced a further stroke or other vascular event.  
The image data will be scored for WMH,

16
 microbleeds,

17
 atrophy

18
 and EPVS

19
 using validated rating 

scales by a neuroradiologist blind to stroke subtype and clinical data.  
The image data will be co-registered to the baseline images, the WMH volume and brain volumes 
measured using the MCMxxxVI tool (Valdez-Hernandez)

20
 and the difference in WMH and atrophy between 

baseline and the present determined. Note the baseline data were originally processed using very different 
tools and this will also provide a unique opportunity to evaluate the MCMxxxVI tool as a method of 
segmenting brain tissue so as to measure specific features like blood brain barrier function. The comparison 
of baseline to follow up will also be important to determine how to cope with the likely change in brain 
volume as well as in WMH volume and will provide invaluable test data for the planned follow-up of the LBC 
1936 cohort. We will also assess change in brain iron load using the same tool. Both WMH and brain iron 
load may indicate separate but related manifestations of small vessel disease.  
The statistical analysis will be by application of linear mixed models as developed for our primary analysis of 
the baseline image data, with WMH, brain iron load and atrophy progression as additional variables (F 
Chappell).

7
 

Based on the WMH/lacune progression data given above, we expect that 10-15% of patients will have some 
imaging evidence of small vessel disease progression at 1 year. We calculated sample size using Power3 
(http://dceg.cancer.gov/tools/design/power) for studying features of relative odds of disease using 
multivariate modelling, assuming an OR for disease progression in lacunar vs. cortical stroke of 12.25 
(based on the above data), Type I and II errors rates of 0.05 and 0.8 respectively. For 80% power, a two-
sided test, the estimated sample size is 170 patients to reach one year follow-up. Clearly we do not have 
this power in the present sample, but will provide strong justification for funding for a definitive study. 
  
Rationale as a pilot study 
The assessment of change in WMH, and mapping abnormal areas on the initial scan to the follow-up scan 
is not a trivial problem. The baseline images from several years ago need to be matched to the new images, 



                               

            

4. 

 

and then the WMH volume at both time points and the change in volume measured. The MCMxxxVI 
software, developed for structural image analysis in the DCM project, has not been evaluated for this 
purpose, yet the LBC 1936 cohort will be re-scanned and we need a reliable method for assessing change 
in brain size and appearance. This pilot project provides not only  
a) the opportunity to test out the MCMxxxVI software for future use in the DCM core project and  
b) to help refine assessment of blood brain barrier permeability for the diabetic cohort, but also  
c) to obtain further evidence on whether or not there is any association between worsening blood brain 
barrier function and progressive small vessel disease. Small vessel disease may be the major cause of the 
white matter abnormalities being studied in the DCM project. These data will provide substantial evidence to 
justify a future larger grant to study the role of blood brain barrier failure in symptomatic small vessel 
disease as well as in cognitive decline and help justify the scanning of the diabetic cohort in the DCM 
project should there be any difficulty in obtaining funding from HtA. The role of blood brain barrier function is 
a very contentious area and consequently difficult to fund without substantial pilot data. 
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