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Abstract

Background and Purpose—The aim of the present study is to explore whether using 7 Tesla
MRI, additional brain changes can be observed in Hereditary Cerebral Hemorrhage with
Amyloidosis-Dutch type (HCHWA-D) patients as compared to the established MRI features of
sporadic cerebral amyloid angiopathy (SCAA).

Methods—The local institutional review board approved this prospective cohort study. In all
cases, informed consent was obtained. This prospective parallel cohort study was conducted
between 2012 and 2014. We performed T,*-weighted MRI performed at 7 Tesla (7T) in pre-
symptomatic mutation carriers (n=11, mean age 35 + 12yrs), symptomatic HCHWA-D patients
(n=15, mean age 45 + 14yrs), and in control subjects (n=29, mean age 45+14 yrs). Images were
analyzed for the presence of changes that have not been reported before in SCAA and HCHWA-D.
Innovative observations comprised intragyral hemorrhaging and cortical changes. The presence of
these changes was systematically assessed in all participants of the study.

Results—Symptomatic HCHWA-D-patients had a higher incidence of intragyral hemorrhage
(47% (7/15), controls 0% (0/29), p<0.001), and a higher incidence of specific cortical changes
(40% (6/15) vs 0% (0/29), p<0.005). In pre-symptomatic HCHWA-D-mutation carriers, the
prevalence of none of these markers was increased compared with control subjects.

Conclusions—The presence of cortical changes and intragyral hemorrhage are imaging features
of HCHWA-D that may help recognizing SCAA in living patients.

Keywords

cerebral amyloid angiopathy; cerebrovascular disease/stroke; intracerebral hemorrhage; magnetic
resonance imaging; neuroradiology

Corresponding author: S. van Rooden, Dept. of Radiology, C3-Q, Leiden University Medical Center, PO Box 9600, 2300 RC Leiden,
the Netherlands, Phone: +31-71-5264376, Fax: +31-71-5248256, S.van_Rooden@lumc.nl.

Disclosures: None.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koemans et al.

Page 2

Subject terms

Magnetic Resonance Imaging; Intracranial Hemorrhage; Cerebrovascular Disease/Stroke; vascular

disease

Introduction

Sporadic cerebral amyloid angiopathy (SCAA) can only be diagnosed with certainty by
means of post-mortem histological examination of the brain tissue. The Boston criteria,
based on radiological findings, have been developed to help making the diagnosis SCAA
during life.X New MRI markers may further improve these criteria. Hereditary Cerebral
Hemorrhage with Amyloidosis- Dutch type (HCHWA-D), a hereditary form of CAA, is
considered to be a good model for studying SCAA.2

Current disease markers for SCAA include hemorrhagic changes on CT or MR, including
the presence of intra cranial hemorrhage (ICH), lobar microbleeds (MBs), subarachnoid
hemorrhage (SAH), and superficial siderosis.3-6 In the pre-symptomatic phase of HCHWA-
D, these markers are almost completely absent”- & which may be due to the fact that
hemorrhagic lesions are a late manifestation of the disease, or due to the limited sensitivity
of conventional MRI systems in detecting the presence of more subtle hemorrhagic
manifestations. High resolution To*-weighted MRI at ultra-high field strength (7T) takes full
advantage of the increased spatial resolution, increased signal-to-noise and contrast-to-noise
ratio associated with high-field MRI, and could provide a sensitive method to detect early or
small haemorrhagic lesions. The aim of the present study is to explore whether using 7 Tesla
MRI, additional brain changes can be observed in HCHWA-D patients as compared to the
established MRI features of SCAA.

Materials and Methods

Statistics

The authors declare that all supporting data are available within the article (and its online
supplementary files). The ethics committee of our institution approved the study, and written
informed consent was obtained from all subjects. In total 15 symptomatic (mean age 55
years), and 11 pre-symptomatic HCHWA-D patients (mean age 35 years) and 29 controls
(mean age 45 years) participated. At 7T T,*-weighed gradient echo scans were performed.
Conventional markers were scored: ICH, MBs, SAH and superficial siderosis as previously
described.8 Based on prior visual inspection of the images by an experienced
neuroradiologist, intragyral hemorrhaging and specific cortical changes were scored.
Intragyral hemorrhaging is defined as a parenchymal hemorrhage restricted to the
subcortical white matter of an individual gyrus (figure 1). A “striped’ cortical pattern is
defined as linear hypointense stripes perpendicular to the cortex (figure 2). Please see http://
stroke.ahajournals.org for supplementary information.

Demographic characteristics were analyzed using post-hoc Mann-Whitney U-tests for
MMSE score and age; for blood-pressure measurements a general linear model, univariate

Stroke. Author manuscript; available in PMC 2019 June 01.


http://stroke.ahajournals.org
http://stroke.ahajournals.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koemans et al.

Results

Page 3

analysis adjusted for age and sex was performed; and for prevalence of cardiovascular risk
factors and the differences in sex a chi-square test was used. For each marker prevalence,
post-hoc univariate general linear modelling was used, adjusted for age and sex. For all
dichotome features the interobserver variability (kappa value) was calculated. Please see
http://stroke.ahajournals.org.

The characteristics of the study cohort are shown in supplementary table I. No differences
were found in these characteristics among pre-symptomatic, symptomatic mutation-carriers
and control subjects, except for a significant difference between symptomatic HCHWA-D
patients and pre-symptomatic carriers/controls in mean MMSE score and a significant
difference in age between symptomatic patients and pre-symptomatic carriers, which is
inherent to the disease.

Prevalence of all hemorrhagic markers are shown in table 1. Results (% of variance
explained and FDR corrected p-values) of univariate general linear modelling for each MRI
marker for detection of hereditary CAA are shown in supplementary table Il. Symptomatic
HCHWA-D patients had a higher incidence of intragyral hemorrhage (47% (7/15), controls
0% (0/29), p<0.001), and a higher incidence of the striped cortex sign (40% (6/15) vs 0%
(0/29), p<0.005). This striped cortex was only observed in the occipital lobe. In pre-
symptomatic HCHWA-D mutation carriers, the prevalence of none of these markers was
increased compared with control subjects.

The results of the distribution of the classic markers have been published previously.
Prevalence of all markers: ICH, MBs, SAH and superficial siderosis was increased in
symptomatic HCHWA-D-patients (p<0.001), but not in pre-symptomatic mutation carriers.

The overlap; are patients positive for classic markers the same as the ones positive for the
new markers, was also analysed. Patients with a striped cortex all showed microbleeds, 5/6
showed superficial siderosis, all showed ICHSs, and 3/6 showed SAH. Of the patients with
intragyral hemorrhage, all demonstrated microbleeds, all showed superficial siderosis, all
showed ICHs, and 3/7 showed SAH. Of all symptomatic patients, three showed both
intragyral hemorrhage and a striped cortex and all classic markers.

Interobserver agreement was calculated for the MRI markers. There was complete consensus
concerning intragyral hemorrhaging (x = 1.0). The x value was substantial for a striped
cortex, x = 0.74 (p<0.001).

Discussion

Intragyral hemorrhage and a striped pattern in the occipital cortex at 7T MRI are imaging
findings not detected earlier in HCHWA-D-patients, indicating innovative radiological
manifestations of cerebral small vessel disease.

The striped cortex was found in 40% of the symptomatic mutation carriers and not in
presymptomatic mutation carriers, which implicates that this marker is associated with more
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advanced stages of the disease. Interestingly, the striped cortex was only seen in the occipital
lobe. The fact that in sSCAA and HCHWA-D the occipital lobe is most severely affected with
amyloidosis? 9 10 may indirectly implicate that this cortical pattern may be a specific CAA
marker. Given the shape and course in the cortex, they could be caused by AB deposition in
and along the penetrating arteries co-locating with iron causing abnormal cortical patterns
on To*-weighted MRI.11 Another explanation is the presence of calcification of the
perforating cortical vessels which would also cause an hypointense signal on these images.
12,13 The used MRI technique may be especially sensitive to deoxy hemoglobine in veins
and also might explain the pattern we observed. Histological analysis of these radiological
observations is required to elucidate the underlying histological substrate.

Intragyral hemorrhages are a hemorrhagic manifestation of CAA which has not yet been
described previously. These hemorrhages are large enough to been seen in earlier sSCAA
studies, however the increased spatial resolution, signal-to-noise and contrast-to-noise of 7T
MRI makes evaluation of the exact location of an hemorrhage much more precise. However,
future research could focus on finding this pattern of hemorrhages in SCAA patients and the
implication it could have for the diagnostic value of the Boston criteria.

We note several limitations of this study. These markers were only detected in the
symptomatic stage and are not the most common markers. Still, we believe there is an added
value of these markers. These markers might be specific for sporadic CAA, and could have
added value to the specificity of the Boston criteria. Moreover, it gives us information on the
disease process and therefore increase our understanding of sporadic CAA. Furthermore, our
results were obtained in HCHWA-D patients, who have a particularly severe form of CAA
and are small population as a whole which limits our sample size.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
High resolution 2D transverse To*-weighted gradient echo 7 Tesla MRI scans showing

intragyral hemorrhages (arrows) in three symptomatic patients.
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Figure 2.
High resolution 2D transverse To*-weighed gradient echo 7 Tesla MRI scans showing the

striped cortex sign (arrows) in the occipital cortex of three symptomatic patients.
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Innovative MRI features and classic MRI markers for detection of hereditary CAA on Ty*-w 7T MRI.

Table 1

Symptomatic carriers (n=15)

Pre-symptomatic carriers (n=11)

Controls (n=29)

Innovative Features

Intragyral hemorrhage % 47 (7/15) 0 (0/11) 0 (0/29)

Striped cortex sign % 40 (6/15) 0 (0/11) 0 (0/29)
Classic Markers

Lobar microbleeds % 100 (15/15) 18 (2/11) 7 (2/29)

Superficial siderosis % 93 (14/15) 9 (1/11) 0 (0/29)

ICH % 100 (15/15) 9 (1/11) 0 (0/29)

SAH % 47 (7/15) 18 (2/11) 0 (0/29)
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