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Summary for Social Media  

1. If you and/or a co-author has a Twitter handle that you would like to be tagged, please enter it 

here. (format: @AUTHORSHANDLE). 

@davidseiffge ; @PrCCordonnier 

2. What is the current knowledge on the topic?  (one to two sentences) 

Determining the underlying causes of intracerebral hemorrhage (ICH) is of major importance because 

risk factors, prognosis and management differ by ICH subtype. To date, there is no consensus on the 

optimal causal classification system for ICH subtypes although a few algorithms for classifying ICH 

causes have been previously proposed. 

3. What question did this study address? (one to two sentences) 

We developed a new causal classification system for ICH Subtypes – termed CLAS-ICH – based on 

recent advances in neuroimaging, defining 5 ICH subgroups: (A) Arteriolosclerosis, (C) Cerebral 

Amyloid Angiopathy (CAA), (M) Mixed cerebral small vessel disease (SVD; potential 

arteriolosclerosis/CAA combination), (O) Other rare forms of SVD (genetic SVD and others), (S) 

Secondary Causes (macrovascular causes, brain tumour and other defined rare causes). Every patient 

is scored in each category according to the level of diagnostic evidence: (1) well-defined ICH subtype; 

(2) possible underlying disease; (0) no evidence of the disease. 

4. What does this study add to our knowledge?  (one to two sentences) 

CLAS-ICH is a novel causal classification for ICH subtype, which is simple to apply and based on 

validated neuroimaging markers. In this study, ICH phenotyping using CLAS-ICH offers several 

advantages including high inter-observer agreement, detection of a well-defined cause in 65% of 

patients, and the ability to capture the overlap between ICH causes, as well as the level of diagnostic 

evidence. 

5. How might this potentially impact on the practice of neurology? (one to two sentences) 

ICH is a heterogeneous disease with various causes that can coexist in a given patient. CLAS-ICH may 

guide clinicians to identify causes of ICH, and improve ICH classification in multicenter studies.  
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ABSTRACT:  

Objective: Determining the underlying causes of intracerebral hemorrhage (ICH) is of major 

importance because risk factors, prognosis and management differ by ICH subtype. We developed a 

new causal classification system for ICH Subtypes – termed CLAS-ICH – based on recent advances in 

neuroimaging. 

Methods: CLAS-ICH defines 5 ICH subtypes: Arteriolosclerosis, Cerebral Amyloid Angiopathy (CAA), 

Mixed small vessel disease (SVD), Other rare forms of SVD (genetic SVD and others), Secondary 

Causes (macrovascular causes, tumour and other rare causes). Every patient is scored in each 

category according to the level of diagnostic evidence: (1) well-defined ICH subtype; (2) possible 

underlying disease; (0) no evidence of the disease. We evaluated CLAS-ICH in a derivation cohort of 

113 patients with ICH from Massachusetts General Hospital, Boston (USA) and in a derivation cohort 

of 203 patients from Inselspital, Bern (Switzerland). 

Results: In the derivation cohort, a well-defined ICH subtype could be identified in 74 (65.5%) 

patients, including 24 (21.2%) with Arteriolosclerosis, 23 (20.4%) with CAA, 18 (15.9%) with mixed 

SVD, and 9 (8.0%) with a secondary cause. One or more possible causes were identified in 42 (37.2%) 

patients. Inter-observer agreement was excellent for each category (kappa value ranging from 0.86 

to 1.00). Despite substantial differences in imaging modalities, we obtained similar results in the 

validation cohort. 

Interpretation: CLAS-ICH is a simple and reliable classification system for ICH subtyping, that 

captures overlap between causes and the level of diagnostic evidence. CLAS-ICH may guide clinicians 

to identify ICH causes, and improve ICH classification in multicenter studies. 
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INTRODUCTION 

Spontaneous (i.e. non-traumatic) intracerebral hemorrhage (ICH), affecting more than 3 million 

people worldwide each year,1 is the most severe stroke subtype with high risk of death,2 

dependence3 and dementia.4, 5 ICH is a heterogeneous cerebrovascular disease with diverse range of 

conditions and more than 30 known potential causes.6, 7 Determining underlying causes of ICH is of 

major importance because risk factors, mechanisms, prognosis and management differ by ICH 

subtype.  

Etiological classification systems have been shown to be useful in patients with ischemic stroke in 

clinical routine practice (enabling individualized stroke risk estimation and targeted treatment 

regimens based on the stroke subtype) as well as in clinical research (well-phenotyped cohorts for 

epidemiological studies and clinical trials).8-10 Subtyping ICH must face many challenges including lack 

of standardized etiological workup, variable levels of diagnostic certainty and possible co-occurrence 

of multiple causes. To date, there is no consensus on the optimal causal classification system for ICH 

subtypes although a few algorithms for classifying ICH causes have been previously proposed.11, 12 

In the current study, we aimed to develop a causal CLASsification system for ICH Subtypes (CLAS-

ICH), based on the most recent advances in neuroimaging, ICH epidemiology and cerebral small 

vessel disease (SVD) phenotyping, defining ICH subgroups with presumed similar pathogenesis and 

prognosis, with potential clinical relevance for specific acute and preventive management strategies. 

We sought to design a classification system that may guide clinicians in determining the underlying 

cause of ICH and in providing urgent specific cares. At the same time, the classification tool can be 

useful for researchers in defining well-phenotyped ICH subtypes for epidemiological and clinical 

studies. 
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METHODS 

In 2019, we drafted a proposal which aimed to develop a novel causal classification system for ICH 

subtypes. We invited experts from various countries in Europe, America and Asia to participate in an 

international collaborative effort. Our core group included experts in neurology, stroke, 

neuroimaging, neuroepidemiology, cerebral SVD and ICH. We critically reviewed pre-existing causal 

ICH classification systems in the context of the most recent advances in ICH epidemiology and 

neuroimaging. We searched PubMed without language restriction for publications regarding causal 

ICH classification systems published from inception up to June 10, 2019. We used the search terms 

“intracerebral hemorrhage” or “intracranial hemorrhage” AND “cause” or “etiology” AND 

“classification” or “system” or “classification system”. Based on the strengths and weakness of 

previous systems, we identified key principles and developed a new classification system for ICH 

subtypes, through call meetings. We provided clinical and imaging clues to guide etiologic 

investigations. We tested the inter-observer reliability of the classification system in a single center 

cohort of consecutive patients with acute spontaneous ICH. 

Rationale for a new ICH subtype classification system 

Spontaneous ICH have numerous potential causes, most often cerebral small vessel disease (SVD) 

and macrovascular structural lesions.6, 7  Since there is no consensus on an etiologic classification 

system,13 prevalence of each ICH cause remains uncertain. Spontaneous ICH are usually categorized 

as (1) primary ICH when ICH is caused by the rupture of small brain vessels damaged by different 

forms of SVD, or (2) secondary ICH when the bleeding is caused by structural brain vascular 

malformation, brain tumor, inherent coagulopathy, or other rare diseases.14 It is widely accepted that 

SVD are the main causes, accounting for around 80 % of spontaneous ICH.6, 7 This large ICH subgroup 

includes mainly two sporadic age-related SVDs: arteriolosclerosis - also called hypertensive 

angiopathy or deep perforator arteriopathy - and sporadic cerebral amyloid angiopathy (CAA).15, 16 

Other rare forms comprise inherited (such as familial CAA, CADASIL or COL4A1 mutations) and 
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infrequent sporadic SVD (post-radiation angiopathy).17 Secondary causes account for around 20% of 

spontaneous ICH, even if this proportion may vary according to the study population. A 

macrovascular structural lesion, such as arteriovenous malformation, dural arteriovenous fistula or 

cerebral cavernous malformation has been reported in 15-23% of adults with ICH18-20 and brain 

tumors in less than 5%.21 Other various ICH causes (cerebral venous thrombosis, reversible cerebral 

vasoconstriction syndrome, posterior reversible encephalopathy syndrome [PRES], moya-moya, etc.) 

occur more rarely.  

To date, a few anatomical ICH classification systems have been proposed22 and only two causal ICH 

classification systems have been previously published. The SMASH-U classification system was 

proposed in 2012 to provide a simple and practical clinical classification for the etiology of ICH.11 The 

authors used a retrospective registry of consecutive patients (n=1013) with ICH from the Helsinki 

University Central Hospital to apply the etiologic classification system. An elimination strategy 

algorithm was used to assign one exclusive ICH cause among the following 6 categories: structural 

lesion (S), medication (M), amyloid angiopathy (A), systemic/other disease (S), hypertension (H), 

undetermined (U).  

A second classification system, named H-ATOMIC, has been more recently developed and applied in 

a prospective multicenter cohort study in Spain (n=439).12 H-ATOMIC includes 7 ICH categories: 

arterial hypertension (H), cerebral amyloid angiopathy (A), tumor (T), oral anticoagulants (O), arterio-

venous malformations and cavernoma (M), infrequent causes (I), and cryptogenic (C). The rater 

scores each category according to the degree of diagnostic certainty: (1) Definite; (2) Probable; (3) 

Possible. Strengths and weakness of each classification system are summarized in Table 1. 
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A novel Causal Classification System for ICH subtypes: CLAS-ICH 

Key principles for the classification system 

(1) The new classification system is an imaging-based classification for ICH etiology (or etiologies) 

using validated neuroimaging biomarkers of small vessel and macrovascular pathologies rather than 

risk factors. Oral anticoagulants (OAC) are considered as an important risk factor for ICH but not as a 

direct cause.23, 24 

(2) The new classification is a comprehensive classification system that applies to all subtypes of 

spontaneous (i.e. non-traumatic) ICH, that must be distinguished from ischemic stroke (brain 

imaging) and traumatic ICH (major head trauma <24 hours of symptom onset causing loss of 

consciousness and thought to be sufficient to have caused the intracerebral bleeding).  

(3) ICH subgroups of the classification system include the main known causes of ICH and recognize 

that SVD and structural macrovascular lesions are predominant causes. 

(4) ICH subgroups of the classification system are based on the premise that pathogenesis, prognosis, 

or both, differ by ICH subtypes, and might thus affect the management strategies. 

(5) The classification system recognizes that patients can have multiple potential causes of ICH, 

particularly presumed “mixed” small vessel disease (i.e. potential arteriolosclerosis/CAA 

combination). Instead of selecting only the single most likely cause of ICH (which may be subject to 

interpretation), the classification system should also allow overlap between ICH subtypes. 

(6) When identifying ICH subtype, the level of diagnostic certainty might be affected by different 

factors including etiologic workup completeness, imaging parameters and image quality. 

Neuroimaging investigation modalities (e.g. CT vs. MRI) for evaluating ICH may also vary across 

centers and countries.  The classification system should capture the level of diagnostic evidence and 

the work-up quality.  
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ICH subtypes of CLAS-ICH 

The new classification system – termed CLAS-ICH (Causal CLASsification system for ICH Subtypes) – 

defines 5 ICH subtypes, representative of the main causes of spontaneous ICH (Fig 1 & Table 2). 

These 5 ICH categories include: (A) Arteriolosclerosis, (C) Cerebral Amyloid Angiopathy, (M) Mixed 

Cerebral Small Vessel Diseases, (O) Other rare forms of Cerebral Small Vessel Disease, (S) Secondary 

Causes (Table 3).  

Level of diagnostic evidence and evaluation of workup quality 

Every patient is scored in each of the main ICH categories according to the level of diagnostic 

evidence: (1) well-defined ICH subtype; (2) possible underlying disease; (0) absence of evidence of 

the disease that may have caused ICH. Clinical and imaging criteria to define well-defined ICH 

subtype are pre-specified. When available, we used validated diagnostic criteria, such as the 

modified Boston criteria for CAA.25 The level of diagnostic evidence is considered as “possible” in 

patients who have imaging markers or clues suggesting the presence of an underlying disease 

without enough criteria for “well-defined” ICH subtype. When a patient cannot be scored in an ICH 

category because etiological investigations are insufficient, a score (9) for insufficient workup is 

given. 

Inter-observer reliability  

We determined the inter-observer reliability of the classification system. Two stroke neurologists 

(DJS and NR) independently performed subtype classification using CLAS-ICH in a derivation cohort 

and an external validation cohort. Our derivation cohort included 113 consecutive patients admitted 

at Massachusetts General Hospital (MGH), Boston (USA) for spontaneous ICH between May, 2017 

and August, 2019. In the validation cohort, we enrolled 203 consecutive patients with acute ICH 

admitted at the Inselspital, Bern (Switzerland) between July, 2018 and December, 2019. The study 

was performed with approval of the appropriate local review boards. Informed consent was not 

required due to the retrospective observational design of the study.   
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Each observer reviewed extracted data from medical records. Data extraction was performed by two 

investigators (MCZ in the derivation cohort; MBG in the validation cohort) who did not participate in 

case assessments. Extracted data included age, sex, medical history and medication, brain imaging 

modalities (non-contrast CT [NCCT]; Magnetic Resonance Imaging [MRI]) and results (acute ICH 

location categorized as lobar [affecting the cortex or subcortical white matter], deep [affecting the 

thalamus, basal ganglia or brainstem] or cerebellar26; presence and location of chronic ICH or 

cerebral microbleeds [CMBs]; presence of cortical superficial siderosis [cSS]; presence of severe 

[Fazekas 3] white matter hyperintensities [WMH], presence of lacunes; neuroimaging markers of SVD 

were assessed according to the STandards for Reporting Vascular changes on nEuroimaging 

[STRIVE]27), vascular brain imaging modalities (CT angiography [CTA]; MR angiography [MRA]; intra-

arterial digital subtraction angiography [DSA]) and results, blood tests, and other specific 

investigations. Each observer was provided with a copy of the classification system and was asked to 

strictly apply related rules (Table 2 and 3). We also evaluated the inter-observer agreement of other 

pre-existing classification systems (SMASH-U and H-ATOMIC) in the derivation cohort. The inter-

observer reliability was evaluated using the κ statistic. A κ of 1 indicates perfect agreement, whereas 

zero shows only chance agreement; in general, excellent agreement refers to values greater than 

0.80, whereas 0.61 to 0.80 indicates substantial agreement, and 0.41 to 0.60 indicates moderate 

agreement. 
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RESULTS 

The demographics and baseline characteristics of patients in the derivation cohort (n=113) and in the 

validation cohort (n=203) are shown in Table 4. The mean (SD) age of included patients was 74.7 

(11.5) years in the derivation cohort, and 73.3 (12.2) years in the validation cohort. Vascular risk 

factors and anticoagulant use were more common in the derivation cohort. The distribution of ICH 

locations was comparable across the study cohorts. Brain imaging was performed in all patients using 

brain NCCT for 80.7% (n=255) and/or brain MRI for 56.3% (n=178) of the cohorts. Angiography was 

obtained to evaluate underlying vascular causes using CTA (n=188, 59.5%), MRA (n=59, 18.7%), 

and/or DSA (n=18, 5.7%) based on clinical judgment. There were substantial differences in imaging 

modalities between the two cohorts. A total of 79 (69.9%) patients from the derivation cohort were 

evaluated with brain MRI compared to 99 (48.8%) in the validation cohort. CTA and MRA were also 

more frequently obtained in the derivation cohort than in the validation cohort. 

ICH subtypes 

Using CLAS-ICH system, a well-defined ICH subtype was identified in 74 of 113 (65.5%) patients in the 

derivation cohort, and 130 of 203 (64.0%) patients in the validation cohort (p = 0.797). In the 

derivation cohort, arteriolosclerosis (n=24; 21.2%), CAA (n=23; 20.4%), and mixed SVD (n=18; 15.9%) 

were the most common well-defined ICH subtypes, followed by secondary causes (n=9; 8.0%). 

Structural macrovascular lesions (n=3) and cerebral venous thrombosis (n=3) were the most frequent 

well-defined secondary causes. The distribution of well-defined ICH subtypes was comparable in the 

validation cohort. In the derivation cohort, one or more possible underlying disease(s) were 

identified in 42 (37.2%) patients, and 36 (31.9%) had multiple possible causes. These proportions 

were similar in the validation cohort. Within the whole population (derivation and validation 

cohorts), none of the patients presented with a non-traumatic ICH without any well-defined (level 1) 

or possible (level 2) underlying disease. 

Overlap between ICH subtypes 
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In the derivation cohort, 36 (31.9%) patients had multiple possible causes (level 2) of ICH (Fig 2). The 

most frequent overlapping was observed in patients with possible secondary cause who had a 

possible other cause including possible arteriolosclerosis (n=16), possible CAA (n=15) or possible 

mixed SVD (n=1). Overlapping was also observed in 4 patients with possible CAA and possible mixed 

SVD. 

Interobserver reliability 

There was excellent agreement for ICH phenotyping using CLAS-ICH. The κ value (95% confidence 

interval) for each category ranged from 0.86 (0.78-0.95) to 1.00 (1.00-1.00) in the derivation cohort, 

and from 0.91 (0.86-0.96) to 1.00 (1.00-1.00) in the validation cohort (Table 5). In the derivation 

cohort, ICH subtyping using other classification systems showed higher variability in the inter-

observer agreement. The κ value (95% confidence interval) for each category ranged from 0.71 (0.41-

1.00) to 1.00 (1.00-1.00) when using SMASH-U, and from 0.39 (-0.15-0.93) to 1.00 (1.00-1.00) when 

using H-ATOMIC (Table 6). 
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DISCUSSION 

We developed a novel causal classification system for ICH subtyping – termed CLAS-ICH –which is 

simple to apply and based on validated neuroimaging markers. In addition to its excellent inter-

observer reliability, ICH phenotyping using CLAS-ICH in unselected hospital-based cohorts revealed 

several advantages. This classification system could determine a well-defined ICH subtype in more 

than 65% of all ICH cases. When a well-defined ICH subtype was not identified, all other patients had 

one or more possible cause(s), which may guide clinicians for further investigations. Face validity for 

CLAS-ICH is provided by the finding that SVD (including arteriolosclerosis, CAA, but also mixed SVD) 

are the most frequent causes of non-traumatic ICH in the cohort used to test the system. Finally, 

CLAS-ICH offers the possibility to capture potential overlap between ICH causes, as well as the level 

of diagnostic evidence. 

CLAS-ICH is an imaging-based classification system for ICH. Compared to other ICH classification 

systems that categorize ICH subgroups based on risk factors such as hypertension or oral 

anticoagulant use,11, 12 CLAS-ICH considers that a pathological process directly or indirectly affecting 

the cerebral vasculature (i.e. cerebral small vessel disease, vascular malformation, brain tumour, 

cerebral venous thrombosis) is necessary to cause a brain hemorrhage. CLAS-ICH includes evidence 

derived from comprehensive imaging of the brain parenchyma and intracranial vessels. Assignment 

to each ICH subgroup relies on the evidence of presumed or validated neuroimaging markers that 

characterize this subgroup. This may explain substantial differences in ICH subtyping using CLAS-ICH 

compared to other systems. In our cohort, based on SMASH-U and H-ATOMIC system, anticoagulants 

were considered as the cause of ICH in one third of patients, whereas CLAS-ICH considers 

anticoagulant as a risk factor and not as a cause. Moreover, 15% of our cohort classified as mixed 

hemorrhage using CLAS-ICH are not considered in other classification systems.   
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CLAS-ICH defines 5 ICH subgroups that are representative of the most frequent causes of 

spontaneous ICH. Cerebral SVD subgroups are the most common categories in this causal 

classification system (4 of 5 categories) because they are the main causes of ICH. In our study, SVD – 

including arteriolosclerosis, CAA and mixed SVD - accounted for more than 85% of all well-defined 

ICH subtypes. Arteriolosclerosis and CAA are two key ICH subtypes of CLAS-ICH, characterized by 

different underlying pathological lesions, risk factors, and outcome. CLAS-ICH also consider two 

additional important ICH subgroups (i.e. “mixed” and “other” forms of SVD) that were not considered 

in pre-existing ICH classifications, although these groups remain likely to be associated with SVD. 

Recent advances in pathology and neuroimaging suggest that CAA and arteriolosclerosis often co-

occur in aging populations.28, 29 The resulting imaging feature of these patients combining imaging 

markers of CAA (lobar ICH / CMBs) and arteriolosclerosis (deep ICH / CMBs), often termed “mixed 

hemorrhages” is commonly encountered in patients with ICH.30-32 These cases, which do not fulfill 

the criteria for “pure” arteriolosclerosis or “pure” CAA are likely to relate to a combination of these 

two diseases and are categorized in CLAS-ICH as mixed SVD. Other rare forms of SVD, including 

genetic SVD (e.g. COL4A1, CADASIL) are also considered in CLAS-ICH. The last category of CLAS-ICH – 

secondary causes – accounting for 12% of well-defined ICH subtypes in our cohort, comprises 

structural macrovascular lesions and other rare causes of ICH. Although it might seem quite 

heterogeneous, this latest ICH subgroup includes ICH cases requiring specific etiological workup and 

treatment, compared to SVD-related ICH. 

The philosophy of CLAS-ICH is analogous to the ASCOD classification for ischemic stroke subtyping.9 

Instead of selecting one single ICH cause which is thought to be more likely linked to ICH (elimination 

strategy applied in SMASH-U classification), CLAS-ICH evaluates all potential underlying causes in a 

given patient and captures the overlap between ICH subgroups. Our findings demonstrated that 

overlaps between ICH subtypes primarily concern “possible” secondary causes with “possible” DPA 

or CAA. This has important clinical relevance suggesting that in the absence of other marker of SVD, a 
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secondary cause should be sought in patients with a single lobar or single deep ICH despite normal 

first-line investigations. 

Another important difference between CLAS-ICH and previous ICH classification systems is the 

absence of “cryptogenic” or “undetermined” ICH subgroups. These are default categories, which are 

difficult to define. The concept of “cryptogenic” ICH may lead clinicians to consider that some ICH can 

occur without any underlying vascular disease. Using CLAS-ICH, such hemorrhages are classified as 

one (or multiple) “possible underlying cause(s)” based on patient’s age, ICH location and other 

imaging findings. This information is useful for clinicians and can guide further etiological 

investigations and/or repeated neuroimaging to determine a definite cause, instead of accepting a 

final diagnosis of “cryptogenic ICH”. 

Another strength of CLAS-ICH is that this classification system is quite simple and fast to apply, based 

on imaging markers that are routinely collected in daily practice. Each ICH case is graded in all 

potential ICH subtypes instead of selecting the most likely cause (that may be interpretative and 

source of inter-observer variability). Accordingly, CLAS-ICH has shown to classify ICH subtypes 

accurately with high inter-observer reliability, and less variability in inter-observer agreement than 

other systems. Defining ICH subgroups can have different purposes such as patient’s selection for 

clinical trial, providing well-phenotyped ICH cohorts for epidemiological studies, patients 

prognostication, and identifying ICH subgroups requiring specific therapies in routine clinical practice. 

Similarly to causative classification systems developed for subtyping ischemic stroke, we believe 

CLAS-ICH will help harmonize decision on ICH causes among physicians and to improve comparability 

among studies.  

Our study has limitations. Brain imaging modalities may vary across centers, and MRI is sometimes 

contraindicated or not tolerated in patients with severe ICH. As this novel classification system was 

designed to be widely applicable to most patients with non-traumatic ICH, CLAS-ICH can be used in 

patients evaluated either with MRI or CT. We acknowledge that the ability of CLAS-ICH to determine 
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underlying cause of ICH might be affected by imaging modalities. However, despite substantial 

differences in imaging evaluation in our derivation and validation cohorts (70% vs 49% with available 

MRI), CLAS-ICH could determine a well-defined ICH subtype in 65% of cases in the derivation cohort, 

but also in the validation cohort. In the current version of CLAS-ICH, diagnosis of CAA was based on 

the modified Boston criteria (version 1.5) instead of the recently published Boston criteria V2.0,33 

which were not available when we designed the structure of CLAS-ICH. Although Boston criteria V2.0 

include additional MRI markers (such as centrum semi ovale enlarged perivascular spaces, or 

multispot WMH) compared to Boston criteria V1.5, these two versions have many similarities, and 

diagnosis of CAA in CLAS-ICH may also be made according to the Boston criteria V2.0. Nonetheless, 

CLAS-ICH should be updated and validated in the future to fit with the Boston criteria V2.0. We also 

might have considered the Edinburgh CT and genetic diagnostic criteria for CAA, which have shown 

high diagnostic accuracy in patients with large fatal lobar ICH.34 Nonetheless, we did not include 

these CT-based criteria in the novel classification system because those require Apolipoprotein E 

(ApoE) genotyping (which is not performed in routine clinical practice in many centers), and the 

Edinburgh criteria have not been yet validated in ICH survivors. However, we may update CLAS-ICH 

and include the simplified Edinburgh criteria,35 which have shown high diagnostic performance in 

patients with large ICH. 

 

CONCLUSION 

Advances in neuroimaging enable accurate ICH phenotyping but standardized etiological workup and 

validated causal classification system are needed. ICH is a heterogeneous disease with various causes 

that can coexist in a given patient. We believe that the novel CLAS-ICH system might be useful to fill 

this clinical and research need to guide clinicians in determining underlying cause(s) of ICH and 

provide appropriate treatment. As CLAS-ICH offers high inter-observer reliability in ICH subtyping, 
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this new classification system would also be widely used by researchers enabling the features of well-

phenotyped ICH cohorts to be compare across study centers. 
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FIGURE LEGENDS 

Figure 1. Examples of ICH subtyping using the CLAS-ICH system 

Axial T2*-weighted gradient recalled echo (A, B, C) and fluid-attenuated inversion recovery (D) MRI 

sequences; Axial non-contrast CT (E, F). Every patient is scored in each ICH subgroup (Arteriosclerosis 

[A], Cerebral Amyloid Angiopathy [C], Mixed SVD [M], Other form of SVD [O], Secondary cause [S]) 

according to the level of diagnostic evidence: (1) well-defined ICH subtype; (2) possible underlying 

disease; (0) absence of evidence of the disease that may have caused ICH.  (A) Deep left thalamic ICH 

with multiple strictly deep microbleeds (A1 C0 M0 O0 S0); (B) Left lobar ICH with multiple strictly 

lobar microbleeds and disseminated cortical superficial siderosis (A0 C1 M0 O0 S0); (C) Left lobar ICH 

with multiple hemorrhages (microbleeds and ICH) located both in lobar and deep regions of the brain 

(A0 C0 M1 O0 S0); (D) Single (i.e. without other hemorrhage) left lobar ICH with confluent WMH in a 

68 years-old man, and normal MRA (A0 C2 M2 O0 S0); (E) Right lobar ICH with underlying 

arteriovenous malformation (A0 C0 M0 O0 S1); (F) Right lobar ICH without evidence of small vessel 

disease on CT and normal CTA in a 72 years-old woman (A0 C2 M0 O0 S2). 

 

Figure 2. Overlap between ICH subtypes 

Venn diagram showing overlap between ICH subtypes (level 1 or 2) included in CLAS-ICH 
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TABLE LEGENDS 

Table 1. Characteristics of previous ICH classification systems 

 

* SICH score = Secondary Intracerebral Hemorrhage score (ranging from 0 to 6).36 

 

Table 2. CLAS-ICH classification system 

 

* diagnosis of CAA is based on the modified Boston criteria (version 1.5).25 Well-defined CAA (C1) 
would also include patients meeting criteria for probable CAA according to Boston criteria 2.033 or 
the simplified Edinburgh criteria for high probability of CAA.35 Possible underlying CAA (C2) would 
also include patients meeting criteria for possible CAA according to Boston criteria 2.033  or medium 
probability of CAA according to the simplified Edinburgh criteria.35 

Abbreviations: CAA = cerebral amyloid angiopathy; CMB = cerebral microbleed; CSF = cerebrospinal 
fluid; cSS = cortical superficial siderosis; ICH = intracerebral hemorrhage; PET = positron emission 
tomography; SVD = small vessel disease; WMH = white matter hyperintensities 

 

Table 3. Secondary causes of Intracerebral Hemorrhage 

 

 

Table 4. Patient characteristics and distribution of ICH subtypes in the derivation and validation 
cohorts. 

 

Abbreviations: CAA = cerebral amyloid angiopathy; CTA = Computed tomography angiography; DSA = 
digital subtraction angiography; ICH = intracerebral hemorrhage; MRA = Magnetic resonance 
angiography; MRI = Magnetic Resonance Imaging; NCCT = non-contrast Computed tomography; SVD 
= small vessel disease. 

 

Table 5. Interobserver agreement for ICH phenotyping using CLAS-ICH in the derivation and 
validation cohorts. 

 

Table 6. Distribution of ICH subtypes by classification system and interobserver agreement 

Distribution of ICH subtypes within the derivation cohort (n=113) according to CLAS-ICH, H-ATOMIC 
and SMASH-U classification systems. * CLAS-ICH grade 1 is defined as a well-defined ICH subtype; † 
H-ATOMIC grade 1 is defined as a definite cause, and grade 2 as a probable cause. 

Abbreviations: AVM = Arteriovenous malformation; CAA = cerebral amyloid angiopathy; SVD = small 
vessel disease. 
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Table 1. Characteristics of previous ICH classification systems 

 

 
SMASH-U H-ATOMIC 

Minimum 
etiologic 
workup 

Not described 

non-contrast head CT  
(MRI is an acceptable alternative) 

Blood tests 
Electrocardiogram and chest radiography 
CT-angio or other angiographic modalities 

(when SICH score* >2) 
Decision 
algorithm 
to assign 
ICH 
cause(s) 

Elimination strategy. 
Only 1 cause is allowed. 

In case of multiple cause, the rater 
should select the most likely cause. 

More flexible strategy grading each ICH 
category. 

Allowing (theoretically) multiple causes. 
But an alternative cause is excluded in 

most definite causes  

Criteria 
for each 
ICH 
category 

Some ICH subgroups are based on 
validated imaging markers 

Others are based on risk factors which 
are not true causes (hypertension, 

anticoagulant use) 

Some ICH subgroups are based on 
validated imaging markers 

Others are based on risk factors which 
are not true causes (hypertension, 

anticoagulant use) 

Level of 
diagnostic 
evidence 

Not captured 

Diagnostic certainty is graded as: 
(1) definite 

(2) probable 
(3) possible 

Inter-
observer 
reliability 

Very good (κ=0.89) Good (κ=0.76) 

Easy and 
fast to 
apply 

+++ - 

 

* SICH score = Secondary Intracerebral Hemorrhage score (ranging from 0 to 6).36 

 



Table 2. CLAS-ICH classification system 

 

(A) Arteriolosclerosis 
A1- Well-defined 
ICH subtype  

(a) Pathologically-proven arteriolosclerosis on brain biopsy or autopsy or 
(b) Multiple hemorrhages (including ICH and CMB) confined to the deep (basal ganglia, thalamus, 
brainstem) regions of the brain (cerebellar hemorrhages [ICH or CMB] allowed) or 
(c) Single (without other ICH/CMB) deep ICH  
                - and evidence of severe (confluent) WMH and/or lacunes in the deep regions of the brain 

A2- Possible 
underlying disease  

Single (without other ICH/CMB) deep ICH  
- and no evidence of severe (confluent) WMH and/or lacunes 
- and absence of other well-defined cause of ICH 

A0- Absence of 
evidence of the 
disease 

MRI (or CT) does not show strictly deep hemorrhage(s) (ICH/CMB). 
Cases where there is both deep and lobar hemorrhages are classified as “Mixed SVD ” (defined 
below).   

A9- Insufficient 
workup 

MRI (or CT) not available. MRI can detect CMB (unlike CT) and is preferable to evaluate imaging 
markers suggesting the presence of arterioloclerosis. Non-contrast CT is an alternative imaging 
when MRI is contraindicated, not tolerated or not available. 

(C) Cerebral Amyloid Angiopathy* 
C1- Well-defined 
ICH subtype 

(a) Pathologically-proven CAA on brain biopsy or autopsy or 
(b) Multiple strictly lobar (cortical or corticosubcortical) hemorrhages, including ICH, CMB or cSS 
(cerebellar hemorrhages [ICH or CMB] allowed) 

- and age ≥ 55 years  
- and absence of other well-defined cause of ICH 

C2- Possible 
underlying disease 

(a) Single strictly lobar (cortical or corticosubcortical) hemorrhages on MRI (or CT), including ICH, 
CMB or cSS  

- and age ≥ 55 years,  
- and absence of other well-defined cause of ICH 

C0- Absence of 
evidence of the 
disease 

Absence of pathological evidence of CAA. 
Neuroimaging does not show strictly lobar ICH/CMB nor cSS.  
Cases where there is both deep and lobar hemorrhages are classified as “Mixed SVD” (defined 
below).   

C9- Insufficient 
workup 

MRI (or CT) not available. In the absence of pathological examination, MRI can detect CMB and cSS 
(unlike CT) and is preferable to rule out CAA. Non-contrast CT is an alternative imaging when MRI is 
contraindicated, not tolerated or not available. 

(M) Mixed Cerebral Small Vessel Diseases 
M1- Well-defined 
ICH subtype 

(a) Pathologically-proven coexistence of arterioloclerosis and CAA on brain biopsy or autopsy or 
(b) Mixed hemorrhages: multiple brain hemorrhages (including ICH, CMB and cSS) located both in 
lobar and deep regions (cerebellar hemorrhages [ICH or CMB] allowed) 

M2- Possible 
underlying disease 

(a) Single (without other ICH/CMB/cSS) lobar ICH 
- and evidence of severe (confluent) WMH and lacunes 

(b) Single (without other ICH/CMB/cSS) cerebellar ICH 
- and evidence of severe (confluent) WMH and lacunes 

M0- Absence of 
evidence of the 
disease 

MRI (or CT) does not show evidence of multiple ICH/CMB or other imaging markers of SVD 
including severe (confluent) WMH and lacunes 

M9- Insufficient 
workup 

MRI (or CT) not available. MRI can detect CMB and cSS (unlike CT) and is preferable to rule out 
cerebral small vessel disease. Non-contrast CT is an alternative imaging when MRI is 
contraindicated, not tolerated or not available. 

 

* diagnosis of CAA is based on the modified Boston criteria (version 1.5).25 Well-defined CAA (C1) would also include 
patients meeting criteria for probable CAA according to Boston criteria 2.033 or the simplified Edinburgh criteria for high 
probability of CAA.35 Possible underlying CAA (C2) would also include patients meeting criteria for possible CAA according to 
Boston criteria 2.033  or medium probability of CAA according to the simplified Edinburgh criteria.35 



Table 2 (continued) 

 

(O) Other form of Cerebral small vessel disease 
O1- Well-defined 
ICH subtype 

(a) Inherited SVD (for example: familial forms of CAA, CADASIL, CARASIL, COL4A1 mutations) 
confirmed with genetic testing 
(b) Well-demonstrated SVD that does not fulfill all criteria for other SVD subtypes. Example could 
include patient with multiple strictly lobar hemorrhage (ICH/CMB/cSS) but age < 55 years 
(c) other rare well-defined causes of SVD (for example post-radiation Angiopathy) 

O2- Possible 
underlying disease 

(a) Suspected inherited SVD not confirmed with genetic testing based on: 
   - evidence of imaging markers of SVD including CMB, cSS, severe (confluent) WMH and/or 
lacunes 
   - documented familial history of ICH 

O0- Absence of 
evidence of the 
disease 

MRI (or CT) does not show evidence imaging markers of SVD including CMB, cSS, severe 
(confluent) WMH and lacunes 
Absence of evidence of genetic SVD 
Absence of familial history of ICH 

O9- Insufficient 
workup 

MRI (or CT) not available. MRI can detect CMB (unlike CT) and is preferable to rule out cerebral 
small vessel disease. Non-contrast CT is an alternative imaging when MRI is contraindicated, not 
tolerated or not available. 

(S) Secondary causes of ICH 
S1- Well-defined 
ICH subtype 

Etiologic investigations have clearly demonstrated the presence of a secondary cause of ICH as 
listed in Table 3. 

S2- Possible 
underlying disease  

Despite a complete workup, a definite secondary cause of ICH has not been demonstrated but 
remain highly suspected based on: 

- the presence of imaging clues for a secondary cause (early draining vein, 
disproportionate perihematomal edema) 
- and/or age < 55 years 
- and/or absence of imaging markers of SVD 

S0- Absence of 
evidence of the 
disease 

Negative investigations for a secondary cause. When suspected, ruling out a secondary cause may 
require: brain MRI, CT/MR angiography, intra-arterial digital subtraction angiography, venography, 
body CT/PET, brain or extracerebral biopsy, blood tests, CSF tests 

S9- Insufficient 
workup 

Unable to reasonably rule out a secondary cause based on the best available etiologic 
investigations whereas it is suspected based on the clinical context or imaging findings (see Table 
3) 

 

Abbreviations: CAA = cerebral amyloid angiopathy; CMB = cerebral microbleed; CSF = cerebrospinal 
fluid; cSS = cortical superficial siderosis; ICH = intracerebral hemorrhage; PET = positron emission 
tomography; SVD = small vessel disease; WMH = white matter hyperintensities 



Table 3. Secondary causes of Intracerebral Hemorrhage 

 

Category Examples  Clinical and imaging clues  
Macrovascular 
causes 

- Brain arteriovenous malformation 
(AVM) 
- Intracranial aneurysm 
- Dural arteriovenous fistula 
- Cavernous malformation (CM) 

- ICH lobar location, absence of SVD. 
- Extension to subarachnoid and subdural 
spaces, flow voids and calcifications along 
the hematoma (AVM). 
- Subarachnoid hemorrhage in the basal 
cisterns (intracranial aneurysm) 
- Subarachnoid or subdural extension 
and/or abnormal dilated cortical vessels 
(dural fistula) 
- Small, well-demarcated ICH with 
homogenous density on CT (often with 
heterogeneous intensity on MRI) and no 
extension to other brain compartments 
(CM). CM can occur anywhere in the 
brain, but should be particularly 
considered in ICH with the above 
characteristics isolated to the medulla or 
midbrain. 

Brain tumour - Primary tumour 
- Metastasis 

- Clinical context (fatigue, unexplained 
weight loss, anorexia, known solid 
cancer) 
- Pre-existing headache and other 
neurological symptoms 
- Disproportionate perihematomal 
edema 
- Active or history of malignancy that is 
reported to metastasize to the brain. 

Hemostatic and 
hematologic 
disorders 

- Severe thrombocytopenia  
- Severe clotting factor deficiency such 
as hemophilia 
- Afibrinogenemia 
- Other 

- Abnormal platelet count or coagulation 
tests 

Cerebral venous 
thrombosis 
(CVT) 

- CVT from local cause (head trauma, 
head and CNS infections, tumour) 
- CVT from systemic cause (pregnancy 
and puerperium, cancer, 
prothrombotic disorder, etc.) 

- Clinical context (pregnancy or 
puerperium, known prothrombotic 
disease, oral contraceptive use, fever, 
etc.) 
- Pre-existing headache 
- ICH location close to venous sinuses 
- Disproportionate perihematomal 
edema 

Hemorrhagic 
infarction 

- Spontaneous hemorrhagic infaction 
- Hemorrhagic infarction occurring in 
patients receiving anticoagulant or 
thrombolytic therapy 

- Presence of acute moderate / large 
territorial infarcts adjacent to ICH or in 
other arterial territories 

Vasculitis and 
related 
vasculopathies 

- Primary Angiitis of the CNS  
- Systemic vasculitis 
- moyamoya 

- Clinical context (valvular cardiopathy, 
fever, known systemic disease, 
vasoactive medication or drug) 
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- Reversible Cerebral Vasoconstriction 
Syndrome 
- Posterior reversible encephalopathy 
syndrome 
- Infective endocarditis, infections of 
CNS 
- Other vasculopathies 

- Pre-exiting headache 
- Co-existence of acute ischemic lesions 
- Cerebral microbleeds, mycotic 
aneurysm (infective endocarditis) 

Toxic - Cocaine 
- Other sympathomimetic drugs 

- Clinical context 
- Laboratory tests 

Rare entities - Dissection of intracracranial arteries 
- Hyperperfusion syndrome 
- Other 

- Clinical context (carotid endarterectomy 
or angioplasty, endovascular treatment) 

 

 



Table 4. Patients characteristics and distribution of ICH subtypes in the derivation and validation 
cohorts. 

 

  Derivation cohort 
(n=113) 

Validation cohort 
(n=203) p-value 

Demographics and clinical data    

Age, mean (SD) 74.7 (11.5) 73.3 (12.2) 0.324 

Female, n (%) 47 (41.6) 110 (54.2) 0.032 

Hypertension, n (%) 100 (88.5) 154 (75.9) 0.007 

Diabetes, n (%) 39 (34.5) 36 (17.7) 0.001 

Anticoagulant use, n (%) 42 (37.2) 48 (23.6) 0.011 

Imaging    

Location of index ICH   0.840 

     Lobar, n (%) 53 (46.9) 101 (49.8)  

     Deep, n (%) 50 (44.2) 87 (42.9)  

     Cerebellum, n (%) 10 (8.8) 15 (7.4)  

Brain NCCT performed, n (%) 113 (100) 142 (70.0) <0.001 

CTA performed, n (%) 95 (84.1) 93 (45.8) <0.001 

Brain MRI performed, n (%) 79 (69.9) 99 (48.8) <0.001 

MRA performed, n (%) 34 (30.1) 25 (12.3) <0.001 

DSA performed, n (%) 4 (3.5) 14 (6.9) 0.230 

CLAS-ICH subtypes    

Well-defined cause (grade 1) 74 (65.5) 130 (64.0) 0.797 

     Arteriosclerosis (grade 1) 24 (21.2) 38 (18.7) 0.589 

     CAA (grade 1) 23 (20.4) 40 (19.7) 0.890 

     Mixed SVD (grade 1) 18 (15.9) 32 (15.8) 0.969 

     Other form of SVD (grade 1) 0 (0) 0 (0) _ 

     Secondary cause (grade 1) 9 (8.0) 20 (9.9) 0.577 

Possible cause (grade 2) 42 (37.2) 73 (36.0) 0.831 

Multiple causes (≥2 grades 1 or 2) 36 (31.9) 63 (31.0) 0.880 

Absence of identified cause (grade 0 or 9) 0 (0) 0 (0) _ 

 

Abbreviations: CAA = cerebral amyloid angiopathy; CTA = Computed tomography angiography; DSA = 
digital subtraction angiography; ICH = intracerebral hemorrhage; MRA = Magnetic resonance 
angiography; MRI = Magnetic Resonance Imaging; NCCT = non-contrast Computed tomography; SVD 
= small vessel disease. 



Table 5. Interobserver agreement for ICH phenotyping using CLAS-ICH in the derivation and 
validation cohorts. 

 

ICH subtypes 

Interobserver Agreement 

κ value 95% Confidence Interval 

Derivation cohort (n=113)   

   Arteriosclerosis (A) 0.86 0.78-0.95 
   Cerebral Amyloid Angiopathy (C) 1.00 1.00-1.00 
   Mixed Cerebral Small Vessel Diseases (M) 0.93 0.85-1.00 
   Other form of Cerebral small vessel disease (O) 1.00 1.00-1.00 
   Secondary causes of ICH (S) 0.91 0.83-0.98 
    

Validation cohort (n=203)   

   Arteriosclerosis (A) 0.94 0.89-0.99 
   Cerebral Amyloid Angiopathy (C) 0.91 0.86-0.96 
   Mixed Cerebral Small Vessel Diseases (M) 0.87 0.80-0.94 
   Other form of Cerebral small vessel disease (O) 1.00 1.00-1.00 
   Secondary causes of ICH (S) 0.94 0.89-0.99 
    

 



Table 6. Distribution of ICH subtypes by classification system and interobserver agreement 

 

  
n (%) Interobserver agreement,   

κ value (95% CI) 
CLAS-ICH   

Arterioclerosis (grade 1*) 24 (21.2) 0.86 (0.78-0.95) 
CAA (grade 1) 23 (20.4) 1.00 (1.00-1.00) 
Mixed SVD (grade 1) 18 (15.9) 0.93 (0.85-1.00) 
Other form of SVD (grade 1) 0 (0) 1.00 (1.00-1.00) 
Secondary cause (grade 1) 9 (8.0) 0.91 (0.83-0.98) 
Absence of identified cause (grade 0 or 9) 0 (0) 1.00 (1.00-1.00) 
H-ATOMIC   

Hypertension (grade 1 or 2†) 29 (25.7) 0.90 (0.84-0.97) 
CAA (grade 1 or 2) 20 (17.7) 0.97 (0.83-0.98) 
Tumour (grade 1 or 2) 2 (1.8) 1.00 (1.00-1.00) 
Oral anticoagulant (grade 1 or 2) 42 (37.2) 0.93 (0.85-1.00) 
AVM / Cavernoma (grade 1 or 2) 2 (1.8) 1.00 (1.00-1.00) 
Infrequent cause (grade 1 or 2) 4 (3.5) 0.74 (0.53-0.95) 
Cryptogenic 4 (3.5) 0.39 (-0.15-0.93) 
SMASH-U   

Structural vascular lesion 6 (5.3) 1.00 (1.00-1.00) 
Medication 38 (33.6) 1.00 (1.00-1.00) 
CAA 30 (26.5) 0.89 (0.79-0.98) 
Systemic disease 1 (0.9) 1.00 (1.00-1.00) 
Hypertension 31 (27.4) 0.96 (0.89-1.00) 
Undetermined 4 (3.5) 0.71 (0.41-1.00) 

 

Distribution of ICH subtypes within the derivation cohort (n=113) according to CLAS-ICH, H-ATOMIC 
and SMASH-U classification systems. * CLAS-ICH grade 1 is defined as a well-defined ICH subtype; † 
H-ATOMIC grade 1 is defined as a definite cause, and grade 2 as a probable cause. 

Abbreviations: AVM = Arteriovenous malformation; CAA = cerebral amyloid angiopathy; SVD = small 
vessel disease. 
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