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CT scanning to diagnose CAA: back to the future? 
Most intracerebral haemorrhages are due to cerebral 
small vessel diseases hypertensive arteriopathy (arteriolo-
sclerosis), which affects deep perforating vessels, and 
cerebral amyloid angiopathy (CAA), which affects 
superficial cortical and leptomeningeal vessels. Diagnosis 
of CAA is important because it has a high recurrence risk 
(7·4% per year in a pooled analysis of cohort studies)1 
and might require specific prevention strategies (eg, 
modifying the use of antithrombotic drugs) or, in the 
future, disease-modifying treatments targeting vascular 
β-amyloid.2 MRI with blood-sensitive sequences can 
detect haemorrhagic small vessel disease biomarkers, 
including cerebral microbleeds and cortical superficial 
siderosis,3 making it the best in-vivo diagnostic modality 
for CAA. By contrast, although widely available as the first 
diagnostic test for acute intracerebral haemorrhage, the 
value of CT for diagnosing CAA is uncertain. 

In The Lancet Neurology, Mark A Rodrigues and 
colleagues did a diagnostic accuracy study4 of 
acute non-contrast CT brain scans in a prospective 
population-based inception cohort study of adults 
with first-ever intracerebral haemorrhage who died and 
underwent research autopsy. Of the 62 participants 
with lobar intracerebral haemorrhage, 36 (58%) were 
associated with moderate or severe CAA compared 
with 26 (42%) that were associated with absent or 
mild CAA, and were independently associated with 
subarachnoid blood extension (32 [89%] of 36; 

p=0·014), finger-like projections associated with the 
haematoma (14 [39%] of 36; p=0·043), and APOE ε4 
possession (18 [50%] of 36; p=0·0020). The diagnostic 
criteria for CAA-associated lobar intracerebral 
haemorrhage had excellent discrimination (c 
statistic 0·92, 95% CI 0·86–0·98), confirmed by 
internal validation. For the rule-out criteria, neither 
subarachnoid haemorrhage nor APOE ε4 possession 
had 100% sensitivity (95% CI 88–100), whereas for the 
rule-in criteria, subarachnoid haemorrhage and either 
APOE ε4 possession or finger-like projections had 
96% specificity (95% CI 78–100). A simplified CT-only 
model found subarachnoid haemorrhage alone had 
89% sensitivity (95% CI 73–96), whereas subarachnoid 
haemorrhage and finger-like projections had 100% 
specificity (95% CI 84–100). 

The study was of high methodological quality, 
including population-based recruitment, blinded 
assessment of the index diagnostic test, and 
clear presentation of diagnostic accuracy and 
statistical uncertainty. Autopsy with standardised 
neuropathological evaluation is the best available 
reference standard to decide whether CAA is likely to 
have caused a particular intracerebral haemorrhage, 
although, as the authors note, other non-CAA small 
vessel disease (eg, arterioloscerosis or lipohyalinosis) 
frequently co-existed with CAA and so might have also 
contributed to some lobar intracerebral haemorrhage.

Published Online 
January 10, 2018 
http://dx.doi.org/10.1016/
S1474-4422(18)30005-X

See Articles page 232

4 Bejjani BP, Damier P, Arnulf I, et al. Transient acute depression induced by 
high-frequency deep-brain stimulation. N Engl J Med 1999; 340: 1476–80.

5 Soulas T, Gurruchaga JM, Palfi S, Cesaro P, Nguyen JP, Fénelon G. 
Attempted and completed suicides after subthalamic nucleus stimulation 
for Parkinson’s disease. J Neurol Neurosurg Psychiatry 2008; 79: 952–54.

6 Schuepbach WMM, Rau J, Knudsen K, et al. Neurostimulation for 
Parkinson’s disease with early motor complications. N Engl J Med 2013; 
368: 610–22. 

7 Lhommée E, Wojtecki L, Czernecki V, et al. Behavioural outcomes of 
subthalamic stimulation and medical therapy versus medical therapy alone 
for Parkinson’s disease with early motor complications (EARLYSTIM trial): 
secondary analysis of an open-label randomised trial. Lancet Neurol 2018; 
17: 223–31.

8 Rodriguez-Oroz MC, López-Azcárate J, Garcia-Garcia D, et al. Involvement 
of the subthalamic nucleus in impulse control disorders associated with 
Parkinson’s disease. Brain 2011; 134: 36–49. 

9 Stocchi F, Antonini A, Barone P, et al. Early DEtection of wEaring off in 
Parkinson disease: the DEEP study. Parkinsonism Relat Disord 2014; 
20: 204–11.

10 Martínez-Fernández R, Rodríguez-Rojas R, Del Álamo M, et al. 
Focused ultrasound subthalamotomy in patients with asymmetric 
Parkinson’s disease: a pilot study. Lancet Neurol 2018; 17: 54–63.

http://crossmark.crossref.org/dialog/?doi=10.1016/S1474-4422(18)30005-X&domain=pdf


Comment

198 www.thelancet.com/neurology   Vol 17   March 2018

The Edinburgh criteria could open a new chapter in 
CAA diagnosis because CT scanning is well tolerated 
by almost all acute patients with intracerebral 
haemorrhage and is more widely available than 
MRI, especially in countries with poor brain imaging 
resources. If CAA could be accurately diagnosed on 
the basis of acute CT findings, this diagnosis would 
rapidly provide clinicians, patients, and families with 
important information on prognosis in the acute stage 
of intracerebral haemorrhage that otherwise might be 
available only later or not at all. 

However, substantial limitations need to be addressed 
before the Edinburgh criteria might be useful for routine 
clinical practice. Most importantly, external validation 
must ensure that the excellent model performance 
does not relate to specific circumstances of patient 
population, recruitment, CT scan rating, or analysis. The 
included population was biased towards older patients 
with more severe intracerebral haemorrhage, early 
death, and other adverse prognostic features, so might 
not be applicable to patients with mild intracerebral 
haemorrhage in whom long-term management 
plans are needed. Furthermore, progressive cognitive 
impairment and transient focal neurological episodes 
are increasingly recognised as presenting syndromes of 
CAA,5 which were not included in this study.

An important next step is to compare the Edinburgh 
CT-based criteria to the established and widely used 
MRI-based Boston diagnostic criteria, which, using strictly 
lobar bleeding and cortical superficial siderosis, have 
excellent sensitivity and good specificity for CAA,6 ideally 
using a brain tissue diagnosis as a common reference 
standard. Unfortunately, the authors could only obtain 
MRI in seven patients, so could not investigate this. 
Future studies should also determine whether CT-defined 
intracerebral haemorrhage associated with CAA is 
associated with a high risk of intracerebral haemorrhage 
recurrence (as is the case for MRI-diagnosed intracerebral 
haemorrhage associated with CAA),1 which would add 
validity and clinical prognostic value.

The new CT-based criteria rely on detecting finger-like 
projections, which were very tightly linked with 
CAA-associated intracerebral haemorrhage, and were 
absent in all non-CAA lobar intracerebral haemorrhage; 
a key challenge is to better define these projections 
(currently subjective and guided by representative images 
on a rating form), especially for non-neuroradiologists, 

to improve the modest inter-rater agreement of 0·60 
(0·36–0·83). Reliability testing in other populations and 
observers will be important, while future research with 
machine learning techniques could help to objectively 
and reproducibly diagnose intracerebral haemorrhage 
associated with CAA on CT images without inter-rater 
variation. This study was an acute study with a median 
time of 5 h (IQR 3–18) from intracerebral haemorrhage 
to CT scan. The prevalence of finger-like projections and 
subarachnoid haemorrhage are likely to reduce over time, 
by contrast with stable MRI findings in the Boston criteria 
that can be applied at any time. Further work to establish 
the dynamic evolution, changing diagnostic accuracy with 
time, and underlying mechanisms of these CT markers will 
be important. 

Finally, the full criteria also require APOE genotyping, 
which is not routinely available, even in specialist 
centres. This requirement will limit immediate 
application in clinical practice, but if the criteria are 
externally validated and are shown to add important 
clinical value, it would make a strong argument for 
allocating resources to make APOE testing more widely 
available. In the meantime, the Edinburgh CT and 
genetic criteria offer researchers and clinicians the 
exciting prospect of rapid and accurate diagnosis in this 
most deadly form of intracerebral haemorrhage. 

David J Werring
Stroke Research Centre, Department of Brain Repair and 
Rehabilitation, University College London Institute of Neurology, 
National Hospital for Neurology and Neurosurgery, London 
WC1N 3BG, UK 
d.werring@ucl.ac.uk

I report personal fees from Bayer.

Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access 
article under the CC BY-NC-ND 4.0 licence.

1 Charidimou A, Imaizumi T, Moulin S, et al. Brain hemorrhage recurrence, 
small vessel disease type, and cerebral microbleeds: a meta-analysis. 
Neurology 2017; 89: 820–29.

2 Greenberg SM, Al-Shahi Salman R, Biessels GJ, et al. Outcome markers for 
clinical trials in cerebral amyloid angiopathy. Lancet Neurol 2014; 
13: 419–28.

3 Wilson D, Adams ME, Robertson F, Murphy M, Werring DJ. 
Investigating intracerebral haemorrhage. BMJ 2015; 350: h2484.

4 Rodrigues MA, Samarasekera N, Lerpiniere C, et al. The Edinburgh CT  
and genetic diagnostic criteria for lobar intracerebral haemorrhage 
associated with cerebral amyloid angiopathy: model development and 
diagnostic test accuracy study. Lancet Neurol 2018, published online Jan 10. 
http://dx.doi.org/10.1016/S1474-4422(18)30006-1. 

5 Banerjee G, Carare R, Cordonnier C, et al. The increasing impact of cerebral 
amyloid angiopathy: essential new insights for clinical practice. 
J Neurol Neurosurg Psychiatry 2017; 88: 982–94.

6 Linn J, Halpin A, Demaerel P, et al. Prevalence of superficial siderosis 
in patients with cerebral amyloid angiopathy. Neurology 2010; 74: 1346–50.


	CT scanning to diagnose CAA: back to the future?
	References




