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Abstract 
 

Lobar haematomas represent around half of all supratentorial haemorrhages and 

have high mortality and morbidity. Their management depends on the underlying cause. 

Apart from local causes such as vascular malformation, which are rare and can usually be 

easily excluded thanks to imaging, the vast majority of lobar hematomas equally frequently 

result from either hypertensive arteriolopathy (HA) or cerebral amyloid angiopathy (CAA). 

Distinguishing between CAA and HA is important for prognostication (risk of recurrence 

nearly 7-fold higher in the former), for decision-making regarding e.g. antithrombotic 

therapies (for other indications) and for clinical trials of new therapies. Currently, a non-

invasive diagnosis of probable CAA can be made using the MR-based modified Boston 

criteria, which have excellent specificity but moderate sensitivity against histopathological 

reference, leading to the clinically largely irrelevant diagnosis of “possible CAA”. 

Furthermore, the Boston criteria cannot be applied when both lobar and deep MRI 

hemorrhagic markers are present, a not uncommon situation. Here we propose to test 

whether new CT- and MR-based imaging biomarkers, namely finger-like projections of the 

hematoma and adjacent subachnoïd haemorrhage on acute-stage CT or MRI, and remote 

punctate diffusion-weighted imaging ischemic lesions on acute- or subacute-stage MRI, have 

the potential to improve the performance of the Boston criteria. Furthermore, we also 

propose to test whether clinical-radiological biomarkers may also allow a positive diagnosis 

of HA to be made in lobar hematomas, which, if feasible, would not only further reduce the 

prevalence of “possible CAA” but also permit a diagnosis of HA and/or CAA to be made in 

the presence of mixed deep and lobar MRI hemorrhagic markers.  
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Intracerebral hemorrhage (ICH) accounts for ~20% of all strokes and its mortality and 

morbidity (i.e., dependency) have remained high to this day (~50% and 30%, respectively)1, 2. 

Supratentorial ICHs, which represent the vast majority of ICHs, are classically categorized as 

deep-seated - affecting the basal ganglia and neighboring white matter - or lobar - affecting 

one of cerebral lobes. The vast majority of deep-seated hemorrhages are related to arterial 

hypertension (HTN) and rarely pose diagnostic difficulties regarding etiology - save for the 

rare presentation in young, non-hypertensive subjects. Conversely, lobar ICHs, which 

represent ~45% of all supratentorial ICHs1, have a myriad of causes including local conditions 

such as vascular malformation, tumor and acute vasculitis, most of which are rare and can 

usually be easily identified. The remaining account for the vast majority of lobar ICHs and 

result from the two major subtypes of sporadic cerebral small vessel disease (cSVD), namely 

hypertensive arteriolopathy and cerebral amyloid angiopathy (CAA).  

Lobar ICH: CAA versus hypertensive arteriolopathy and the issue of ‘Possible CAA’ 

Distinguishing between CAA and hypertensive arteriolopathy (i.e., arteriolosclerosis)3 

in lobar ICH is important for prognostication, as the risk of recurrence is around 7%/year in 

CAA-related ICH, nearly 7-fold higher than in non-CAA-related ICH4. Identifying the 

underlying etiology also has important implications for decision-making, notably regarding 

antithrombotic therapies (for other indications), and for clinical trials of new therapies, for 

instance targeting the underlying pathogenic mechanism. In pathological autopsy specimen, 

moderate-to-severe CAA (the degree which is expected to potentially lead to ICH) was 

present in 33% to 58% of lobar ICH cases in four studies5-8, while an older study reported a 

prevalence of 74%9. Across these five studies, moderate-to-severe CAA was present in 97 

out of 172 patients, i.e., a prevalence of 56.4%. Therefore, slightly over half of no-clear-cause 

lobar ICH patients have CAA, with hypertensive arteriolopathy being the likely cause of lobar 

ICH in the rest.   

No major progress has taken place lately regarding the etiological diagnosis of lobar 

ICH over and above the development in the early 2000s of the MR-based ‘Boston criteria’9 

(modified in 201010), which have been validated against pathological material (autopsy, 

biopsy or hematoma evacuation). The modified Boston criteria allow, in the absence of a 

pathological sample, a diagnosis of ‘probable CAA’ to be made in living patients presenting 

with lobar ICH in whom no other cause has been identified. In patients aged 55yrs or above 

with first-ever symptomatic lobar ICH, this diagnosis requires the presence on T2* or 

susceptibility-weighted imaging (SWI) MRI of at least one additional lobar hemorrhagic 

markers, i.e., previous asymptomatic ICH, cerebral microbleed (CMB) or cortical superficial 

siderosis (cSS, which although much less common than lobar CMBs, is highly specific for 
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CAA)10, 11. Although the modified Boston criteria have high specificity (~90%), they have only 

moderate sensitivity (~70%)12-14. Reflecting this moderate sensitivity, patients with isolated 

lobar ICH receive the diagnosis of “possible CAA”, which applied to 37% of all lobar ICHs in a 

recent study15. However, “possible CAA” lacks clinical utility for patient management, and is 

of limited use for inclusion in clinical trials. An international consortium retrospectively 

collecting patients aged 50 yrs or older in whom a pathological diagnosis was available and 

who had MRI including T2*-sensitive sequences during life16 recently led to the addition to 

the modified Boston criteria of multiple cSS as well as of two non-hemorrhagic MRI markers, 

namely multiple peri-vascular dilatations in the centrum semi-ovale and multi-spot pattern 

white matter FLAIR hyperintense lesions. Adding these imaging markers moderately but 

significantly improved the sensitivity of the modified Boston criteria to ~80% in the whole 

cohort (74.5% in the subset that had autopsy as the diagnostic standard)13. To reduce further 

the proportion of lobar ICH patients categorized as “possible CAA”, it would be desirable to 

further improve the performance, particularly the sensitivity, of the Boston criteria (Figure 

1). 

Mixed location hemorrhage 

In addition to the above “possible CAA” issue, another commonly encountered 

clinical situation (around 20% of all lobar ICHs in two studies15, 17) is the presence on MRI of 

“mixed” deep and lobar hemorrhagic markers, which according to the Boston criteria 

preclude a diagnosis of CAA. Although as per the latter criteria the presence of at least two 

lobar CMBs in the absence of deep CMB has strong specificity for CAA, post-mortem studies 

have documented that lobar CMBs per se lack specificity and can be found in a good fraction 

of non-CAA-related lobal ICHs6. Yet, the “no-deep-CMB” requirement regardless of the 

number of lobar CMBs or even the presence of cSS may be too conservative and lead to 

reduced sensitivity. Although studies using amyloid PET suggest that the vast majority of 

patients with mixed-location CMBs do not have CAA, some patients apparently do18. 

Likewise, up to 15% of patients with mixed location hemorrhage (ICH and/or CMBs) have 

cSS19, suggesting the co-existence of CAA- and HTN-related arteriolopathies. Indeed, in 

autopsy studies, 42 % to 60% of lobar ICH patients had both CAA and documented 

(presumably hypertensive) moderate-to-severe arteriolosclerosis5, 20. Consistent with this 

observation, in three studies one-half to two-thirds of patients with pathology-proven CAA-

related lobar ICH had a clinical history of HTN5, 6, 21. New biomarkers are therefore needed to 

afford a diagnosis of CAA even in the presence of HTN-related markers such as deep CMBs. 

An attractive approach in such patients would be to apply not just the Boston criteria but 

also HTN-related arteriolopathy (HTN-A) probabilistic diagnostic criteria, and assess the 

presence of either, or both diagnoses (Figure 2). 

Classification algorithms 

Clinical classification algorithms, notably H-ATOMIC22 and SMASH-U23, have been 

proposed to facilitate the etiological diagnosis of ICH and differentiate among CAA, HTN-

related arteriolopathy and other less common etiologies. However, both scores have 

intrinsic limitations. Neither used pathology as gold-standard, and both therefore lack formal 

validation. Both applied the Boston criteria to classify patients as CAA, creating a circular 
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argument. They considered HTN as underlying etiology based mainly on clinical history, yet 

as stated above the majority of proven CAA-related ICH patients, and up to two-thirds of 

lobar ICH patients diagnosed as probable CAA, are hypertensive24. Finally, they included 

antithrombotic therapy as a separate etiology, whereas it is now widely admitted that, in 

this clinical situation, the true underlying cause of the ICH is cSVD, while the antithrombotics 

act as facilitators only25, 26. More broadly, such classification schemes do not allow the 

option that bleeding may be due to two or more contributing factors. 

Novel imaging biomarkers, in association with established imaging, clinical and biological 

markers, may not only improve the accuracy of the Boston-criteria but also perhaps allow a 

positive diagnosis of HTN-related lobar ICH to be made. This would in turn allow more 

patients with lobar ICH - either isolated or in conjunction with deep hemorrhagic markers - 

to be accurately diagnosed as CAA, hypertensive vasculopathy, both or neither.  

Novel CT-based biomarkers 

Based on earlier clinical observations27, 28 and own preliminary work29, 30, the Edinburgh 
group published in 2018 the results of a study that assessed the diagnostic value of 
admission plain CT for CAA5. To this end, they exploited a large sample of patients who died 
early after ICH, had undergone admission CT, and in whom full autopsy was available, 
collected as part of a prospective population-based registry. Focusing on lobar ICH (N=62 
patients; moderate-to-severe CAA present pathologically in 58%), they assessed the 
diagnostic value of two potential hemorrhagic CT markers: finger-like projections (FLP) of the 
hematoma and presence of acute sub-arachnoid hemorrhage (SAH) near the hematoma, and 
one biological marker, the APO-E genotype. Although combination of all three markers had 
an excellent positive predictive value (PPV; 96%), APO-E genotyping is not part of clinical 
practice, and in many countries formal consent is required to carry out genotyping. Because 
of this practical limitation, the authors proposed a “simplified” version of their criteria solely 
based on the CT markers and using the practical rule-in/rule-out approach. Accordingly, the 
“rule-in” criteria, meant to confidently diagnose CAA, are based on presence of both SAH 
and FLP (at least one of these markers was absent in 100% of patients without 
histopathologically proven CAA, i.e., perfect specificity), while “rule-out” criteria, meant to 
confidently exclude CAA, are based on the absence of SAH (which was true in 89% of the 
proven CAA cases). However, according to this paradigm, no clinically meaningful conclusion 
can be reached in those patients fulfilling neither of these criteria. In a subsequent purely 
imaging-based study of lobar ICH in hereditary Dutch-type CAA, van Etten et al31 reported 
sensitivities of 58% and 76% for FLP and SAH, respectively, both of which however markedly 
declined with smaller hematoma size. Because by definition all their subjects had hereditary 
CAA, specificity could not be assessed. Another study tested the diagnostic value of FLP and 
SAH in 16 patients with lobar ICH in whom a pathological diagnosis was made on hematoma 
evacuation in all patients but one32. The population studied mostly survived the index event, 
as is true for 57% of the symptomatic lobar ICH population1, and was therefore 
representative of the majority of lobar ICH patients in whom making a diagnosis CAA has 
strong clinical relevance. CAA was present histopathologically in 7 patients (44%), and SAH 
and FLP in 12 (75%) and 10 (62%) patients, respectively. Consistent with Rodrigues et al5, 
SAH had 100% sensitivity for CAA but low specificity, while FLP had lower performance and 
did not add upon SAH. Interestingly, all patients with ‘possible CAA’ based on MRI but with 
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CAA on pathology had SAH, suggesting SAH may improve the sensitivity of the Boston 
criteria. 

Consistent with the above idea, four retrospective studies without pathological reference 
that compared acute CT findings to follow-up MRI found a significantly higher prevalence of 
both SAH and FLP in patients with probable CAA vs no CAA, defined as per the Boston 
criteria15, 33-35. These studies also support the idea of a potential diagnostic utility of CT in 
situations where MRI is not available36. In the Sembill et al study15, the inter-observer 
reproducibility of FLP was suboptimal, consistent with the Baron et al study32, together 
suggesting that SAH may be a more reliable CT biomarker than FLP.  Interestingly, one of 
these studies35 reported specific associations of SAH with cSS, and of FLP with lobar MBs, 
arguing for a distinct pathophysiology of these two acute CT hemorrhagic markers, in turn 
supporting the rationale to study them as separate potential CAA markers. However, these 
findings were not replicated by Sembill et al15. to distinguish acute lobar ICH-associated SAH 
from acute SAH without lobar ICH, which is part of the Boston criteria11, 16, Schwarz et al  
named “subarachnoid extension” (SAE) the finding of SAH on admission CT in the context of 
acute lobar ICH35. In conclusion, whether SAH and FLP on acute-stage CT may improve the 
sensitivity of the Boston criteria now needs to be assessed in larger, multi-center samples 
with pathological diagnosis. 

 Novel MR-based biomarkers 

In some countries such as France and Switzerland, a significant number of acute stroke 
centers use MRI as first-line imaging modality in patients admitted for suspected stroke. The 
sensitivity of acute-stage MRI to acute SAH is known to be at least equal to, and probably 
even higher than, plain CT37. Regarding FLP, a recent study found a very high concordance 
(89%) of MRI and CT for presence of FLP34. Thus, MR-based datasets may in all likelihood be 
used to assess the diagnostic value of these two acute-stage imaging biomarkers.     

Punctate DWI lesions remote from the site of hemorrhage (RDWILs) are a frequent 
observation in patients with acute ICH, with a prevalence of ~30% within 3 days of stroke 
onset. Although their prevalence declines in the first few days, it then remains nearly stable 
over the subsequent 3 months38-40. Punctate DWI lesions are exceptionally observed in 
unselected non-ICH population studies41, yet their prevalence is also around 30% in 
prospective studies of non-ICH subjects with cSVD42-44. In the context of ICH, RDWILs are 
more frequently located in cortical/juxta-cortical and sub-cortical white matter regions than 
in deep-seated regions, are often multiple, and may have slightly higher prevalence in deep-
seated versus lobar ICH45, 46. They are associated with MRI markers of cSVD20, 46 and are 
considered to reflect ischemic damage secondary to cSVD-related arteriolar obstruction, 
which includes cortical micro-infarcts42. Accordingly, the majority of RDWILs progress to 
cavitated or non-cavitated micro-infarcts on 1.5T MRI47, as also recently documented 
pathologically in CAA48. By analogy, in the context of spontaneous ICH, RDWILs are 
considered a marker of the underlying arteriolopathy, and accordingly are predictive of 
stroke recurrence, both hemorrhagic and ischemic,39, 44 as well as of poor outcome49. Thus, 
both the presence and the location (i.e., deep vs lobar) of RDWILs may have diagnostic value 
to differentiate CAA from hypertensive arteriolopathy. 

Additional potential biomarkers 
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Although this update review focuses on novel yet routinely obtainable CT and MR-based 
imaging biomarkers, other potential diagnostic markers such as CSF-based Aβ assay50 and 
amyloid PET51 may also be considered towards improving the etiological classification of no-
clear-cause lobar ICH, particularly in case of small hematomas for which histopathological 
validation is lacking. Although both biomarkers appear to hold value in distinguishing CAA 
from healthy age-matched controls and may eventually be added in the Boston criteria, they 
are limited by substantial overlap with incipient Alzheimer’s disease (AD). Thus, based on 
amyloid PET, incipient AD affects up to one-third of cognitively intact aged people52. 
Likewise, pathological studies show that AD may be associated with CAA in similar 
proportions53, although these estimates represent end-stage CAA and may not reflect the 
clinical situation. Pending more work, the diagnostic utility of these biomarkers therefore 
remains uncertain. This is also true of MR-based cerebrovascular reactivity assessment54 and 
blood-based biomarkers55. Furthermore, as these potential biomarkers are currently 
assessed as part of prospective research protocols, their validation against histopathology is 
unlikely to take place in the near future - although could be approached from investigations 
in hereditary CAA56, 57.  

Conclusion 

Studies are needed to assess whether the above new CT- and MRI-based imaging 
biomarkers, in conjunction with and comparison to the previously established MRI and 
clinical biomarkers, may improve the etiological diagnosis in patients with no-clear-cause 
lobar ICH, and specifically reduce the proportion of patients categorized as “possible CAA” 
(Figure 1) and allow etiological classification in patients with “mixed” deep and lobar MRI 
hemorrhagic markers (Figure 2).  
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Figure Legends 

Figure 1: Proposed paradigm to reduce the proportion of no-clear-cause lobar ICH patients 
currently categorized as “possible CAA” by both i) increasing the sensitivity of the Boston 
criteria to diagnose probable CAA (red arrow), and ii) allowing a diagnosis of “probable 
hypertensive arteriolopathy” thanks to a new set of histopathologically validated criteria 
(green arrow). Note: the arrows are meant to represent the shrinking of the “possible CAA” 
diagnostic category following the enlargement of the “probable CAA” category and the 
creation of the new “probable hypertensive arteriolopathy” diagnostic category (i.e., as if 
drawing curtains). 

Figure 2:  Proposed paradigm to reduce the occurrence of “no-CAA” as per current Boston 
criteria in case of mixed superficial and deep hemorrhagic MRI biomarkers. The novel 
scheme proposed here is to allow a positive diagnosis of hypertensive arteriolopathy (HA) to 
be made in the presence of lobar ICH and other superficial hemorrhagic markers. This would 
in turn allow a diagnosis of CAA to be made despite the presence of deep hemorrhagic 
markers.  This paradigm therefore opens up the possibility to identify the co-occurrence of 
both .probable CAA and probable HA, or the presence of neither. 
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