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ABSTRACT 

Background: Accurately distinguishing non-traumatic intracerebral hemorrhage 

(ICH) subtypes is important since they may have different risk factors, causal 

pathways, management and prognosis. We systematically assessed the inter- and 

intra-rater reliability of ICH classification systems.  

Methods: We sought all available reliability assessments of anatomical and 

mechanistic ICH classification systems from electronic databases and personal 

contacts until October 2014. We assessed included studies' characteristics, reporting 

quality and potential for bias; summarized reliability with kappa value forest plots; 

and performed meta-analyses of the proportion of cases classified into each subtype.  

Summary of review: We included 8 of 2152 studies identified. Inter- and intra-rater 

reliabilities were substantial to perfect for anatomical and mechanistic systems (inter-

rater kappa values: anatomical 0.78-0.97 [6 studies, 518 cases], mechanistic 0.89-0.93 

[3 studies, 510 cases]; intra-rater kappas: anatomical 0.80-1 [3 studies, 137 cases], 

mechanistic 0.92-0.93 [2 studies, 368 cases]). Reporting quality varied but no study 

fulfilled all criteria and none was free from potential bias. All reliability studies were 

performed with experienced raters in specialist centers. Proportions of ICH subtypes 

were largely consistent with previous reports suggesting that included studies are 

appropriately representative.   

Conclusions: Reliability of existing classification systems appears excellent, but is 

unknown outside specialist centers with experienced raters. Future reliability 

comparisons should be facilitated by studies following recently published reporting 

guidelines. 
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INTRODUCTION 

Non-traumatic intracerebral hemorrhage (referred to in this paper as ICH) accounts 

for 10-20% of strokes worldwide.
1
 Although age-standardized mortality rates for 

hemorrhagic stroke have decreased in the past two decades, the absolute number of 

those affected is increasing.
2
 Risk factors, causal pathways, investigations, 

management and prognosis may differ between ICH subtypes, and stratified 

approaches to treatment may be appropriate.
3
 Hence studies of ICH need to use 

classification systems that distinguish subtypes accurately. Such studies also need to 

be very large for adequate statistical power.
4
 

Existing ICH classification systems are ‘anatomical’ or ‘mechanistic’. Anatomical 

systems classify hemorrhages according to their anatomical origin or location as 

lobar, deep, infratentorial, intraventricular, and various combinations or modifications 

of these. Mechanistic systems integrate this anatomical information with clinical 

symptoms, signs and investigations to assign a subtype based on presumed 

mechanism. Commonly used categories include hypertension, cerebral amyloid 

angiopathy (CAA), anticoagulation and structural causes.  

This study was part of an initiative to develop scalable methods for sub-classifying 

ICH in large, population-based, prospective research studies, such as the UK Biobank. 

An ideal classification system for large-scale research use would assign the maximum 

number of cases to determined, valid subtypes without sacrificing reliability or 

accuracy, and would be applicable in a range of different clinical settings. Here we 

systematically sought and assessed the performance of existing ICH classification 

systems, focusing on their inter- and intra-rater reliability. We also assessed the 
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proportion of cases assigned to each subtype to ensure that the included studies were 

appropriately representative.  

METHODS 

Search strategy 

We searched Ovid Medline and Embase (until October 2014) for studies that assessed 

the inter- or intra-rater reliability of ICH classification systems in human adults, 

combining search terms for hemorrhagic stroke, classification systems, and reliability 

(appendix e-1). We included conference abstracts and foreign language articles, 

checked the bibliographies of all relevant studies and reviews identified, searched 

Google Scholar for relevant citations and contacted researchers in the field for 

information about unpublished studies. One author (stroke research fellow KR) 

assessed eligibility by reviewing all titles, abstracts and, where necessary, the full 

texts of potentially relevant articles, resolving uncertainties through discussion and 

mutual consensus with a second author (professor of neurology and 

clinical epidemiology CLMS). 

Study inclusion/exclusion criteria and contact with authors 

We included all studies that reported inter- or intra-rater reliability of any anatomical 

or mechanistic ICH classification system. To minimize publication and reporting bias 

(whereby positive results are more likely to be published or reported than negative 

ones), we contacted the authors of all studies which reported the proportion of cases 

classified into mutually exclusive categories, to obtain unpublished reliability data. 

We also contacted the authors of all included studies to obtain additional information 

about study characteristics that may affect reliability.  
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We excluded studies that used a classification system based on features other than 

anatomical or mechanistic (e.g., based on severity or prognosis), and studies 

conducted in highly selected patient populations (e.g., ICH in one anatomical 

territory) or among cases with selected clinical features (e.g., including only ICH 

cases with an epileptic seizure at onset). 

Data extraction 

We divided included studies into those that had used either an anatomical or a 

mechanistic classification system. From each study, we extracted data on: study 

characteristics; study population characteristics; classification system; raters 

classifying the cases; number of cases classified into each category; methods and 

results of reliability assessment. 

Inter- and intra-rater reliability 

We displayed available inter- and intra-rater reliability measures (kappa [κ] statistics 

and 95% confidence intervals) on a forest plot. Kappa was considered to indicate 

slight- (κ= 0.01–0.20), fair- (κ =0.21-0.40), moderate- (κ=0.41–0.60), substantial- 

(κ=0.61–0.80) or almost perfect reliability (κ=0.81–0.99).
5
 We assessed the quality of 

reliability reporting of included studies, using criteria based on the Guidelines for 

Reporting Reliability and Agreement Studies (GRRAS)
6
, and potential risk of bias, 

using criteria developed specifically for this study, relating to study design features 

that we considered might influence the reliability results (see first column of 

Supplemental Table I).  

Meta-analyses of proportions of ICH subtypes 

We extracted data and performed random effects proportion meta-analyses for the 

more commonly used categories for anatomical classifications (supratentorial versus 
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(vs) infratentorial; lobar vs any other location) and mechanistic classifications 

(attributed vs not to: hypertension; CAA; anticoagulant use; vascular structural cause; 

undetermined). We assessed heterogeneity and the effect of study mean age (≥70 vs 

<70 years), country (Europe/USA/Australia vs Asia) and hospital- vs population-

based study design. We performed analyses with StatsDirect 

(http://www.statsdirect.com/). 
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RESULTS 

From 2152 publications screened we identified 20 potentially eligible studies.
7-26 

We 

contacted the authors of all 20 studies, eventually including 8 studies with reliability 

data available in the publication or direct from the authors (Figure 1).
7,8, 21-26

 Six of 

the eight included studies provided additional unpublished information.
7, 8, 22, 24-26 

Reliability of classification systems 

Six studies provided data about the reliability of an anatomical classification 

system
8,21, 23-26

 and three about the reliability of a mechanistic classification system
7, 

22, 25
 (Table 1, Figure 2). 

 

Study characteristics 

Most studies were hospital- rather than population-based (5/6 anatomical and 2/3 

mechanistic system studies). There were a median of 76 cases for anatomical and 142 

for mechanistic studies, mean age was 57-75 years for anatomical and 61-71 years for 

mechanistic studies, and 48-66% were male. Studies were conducted in Europe (4/6 

anatomical, 2/3 mechanistic), Asia (1/6 anatomical, 1/3 mechanistic) and the USA 

(1/6 anatomical). Classifications were performed retrospectively in most studies (4/6 

anatomical and 3/3 mechanistic). The time interval between the two intra-rater 

reliability ratings ranged from 2-6 months (anatomical) and 15 months to two years 

(mechanistic). There were 2-6 raters for anatomical and 2-3 for mechanistic studies, 

including neuroradiologists, neurologists (some with special stroke expertise) and 

neurosurgeons in anatomical and all stroke neurologists in mechanistic studies. In 5/6 

anatomical studies, CT scans were clearly available to each rater. Raters had access to 

medical records and imaging reports in all mechanistic studies. Completeness of 

investigation varied across mechanistic studies, but most cases had a CT brain scan, 
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15-20% an MRI brain scan and 25-30% intracranial blood vessel imaging (CTA, 

MRA or DSA) (Table 1). 

 

Quality of reporting and measures used to reduce bias 

No study satisfied all the GRRAS criteria.
6
 Many lacked details about the subject 

population, rater experience with the classification system and factors relating to the 

rating process (see Supplemental Table II). No study had used all possible measures 

to reduce potential bias. The commonest potential sources of bias were that the raters 

came from the same institution and were aware of being compared to other raters (see 

Supplemental Table I). 

Inter-rater and intra-rater reliability 

Anatomical classification systems. Six studies provided data about inter-rater 

reliability,
8,21,23-26

 and three about intra-rater reliability
23,24,26 

(Figure 2).  

Inter-rater reliability was substantial to almost perfect for classifying ICH as lobar vs 

any other location in four studies (κ range 0.78-0.97),
21, 23-25 

and for classifying ICH 

into 4-5 categories (lobar, deep, cerebellar, brainstem ± multiple location categories) 

in two studies (κ 0.81-0.87).
8,26

 Intra-rater reliability for lobar versus any other ICH 

was almost perfect in two studies (κ 0.85-1),
23, 24 

and substantial in one study of ICH 

classified into 4 categories (ĸ=0.8).
26 
 

Mechanistic classification systems. Three studies provided data about inter-rater 

reliability
7,22,25

 and two
7, 22

 about intra-rater reliability of a mechanistic classification 

system. All assessed SMASH-U
7 

(structural vascular lesions [S], medication [M], 

amyloid angiopathy [A], systemic disease [S], hypertension [H], or undetermined 
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[U]) or modifications of this. Classification rules for SMASH-U can be found in a 

recent publication
7
 and in Supplemental Table IV. Both inter-rater and intra-rater 

reliability were almost perfect (κ ranges 0.89-0.93 and 0.92-0.93, respectively) 

(Figure 2). There were insufficient data for meta-analyses of reliability estimates or to 

draw reliable conclusions about factors potentially affecting reliability. (Table 1, 

Figure 2)  

Proportions of ICH subtypes  

Data were available for meta-analyses of ICH subtype proportions from three studies 

that used an anatomical classification system
8, 25,26

 (Figure 3A) and three that used a 

mechanistic system
7, 22, 25 

(Figure 3B). The number of studies included in different 

meta-analyses varied, depending on availability of required data. Detailed study 

characteristics are shown in Supplemental Table III. The pooled proportion of ICH 

cases classified as lobar was 0.32 (95% CI 0.24-0.41), with moderate heterogeneity 

between studies (I
2
=60%). The proportion was smaller in one study, including 

younger cases recruited from Asia.
8
 The pooled proportion classified as supratentorial 

was 0.90 (95% CI 0.84-0.94) (Figure 3A). The pooled proportion classified as 

hypertensive was 0.47 (95% CI 0.32-0.62), CAA-related 0.20 (95% CI 0.12-0.29), 

undetermined cause 0.11 (95% CI 0.04-0.20), due to anticoagulant use 0.09 (95% CI 

0.02-0.20) and due to a vascular structural cause 0.06 (95% CI 0.03-0.08). There was 

substantial heterogeneity between studies (I
2
 values 87-99%) (Figure 3B). The 

proportion classified as due to CAA was higher and the proportion undetermined 

lower in one study including older cases.
25
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DISCUSSION 

Inter- and intra-rater reliabilities of existing anatomical and mechanistic classification 

systems appeared to be substantial to almost perfect. Reporting quality was variable with no 

study completely following the GRRAS guidelines,
6
 probably because measuring reliability 

was not the primary aim for all studies and the guidelines were published only recently. 

Furthermore, since no study had used all possible measures to reduce potential bias, 

reliability may have been over-estimated. All raters in these studies were experts in their 

field, limiting the generalizability of the results to less expert raters who might usefully 

contribute to large-scale research studies. Finally, the majority of the studies were conducted 

in Caucasian participants, which limits the generalizability of the results to other ethnicities. 

The proportions of ICH subtypes were largely consistent with previous reports,
27

 suggesting 

that the included studies are representative.  

The included classification systems have some limitations. For anatomical systems, these 

include: classification based on presumed site of origin of ICH in some studies and on ICH 

location in others; unclear and/or variable category definitions; and few systems with a 

separate category for bleeds in multiple or uncertain locations. For mechanistic systems, 

limitations include: assumptions about causal pathways (e.g., hypertension is commonly 

considered to be causally associated with deep ICH location and CAA with lobar ICH, 

despite doubts about the nature and/or strength of these associations);
28,29

 the dependence on 

investigations undertaken to identify the potential cause (which vary considerably among 

specialties and countries, and with age, ICH location and blood pressure);
30

 varying 

definitions of primary and spontaneous ICH; inability to assign a proportion of cases to a 

determined subtype; and that most cases do not have a single cause, but several interacting 

contributory factors.
27
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To our knowledge, there are no prior published systematic reviews of the reliability of ICH 

classification systems. Other strengths include a thorough search strategy, and rigorous 

assessment of study characteristics, quality and bias indicators. In addition, although we 

found relatively few relevant published studies, through contacting authors we were able to 

include additional unpublished reliability results.  Finally, our study has highlighted the 

limitations of existing classification systems, which should help ensure their further 

refinement where needed and their appropriate use in diverse clinical and research settings. 

We may have missed some publications where reliability was assessed but buried in a few 

words within the body of the text. We attempted to address this by manually searching 

through relevant review papers and reading full texts of all potentially relevant publications. 

Limited available data mean that conclusions about potential factors affecting the reliability 

and proportions of ICH subtypes are also inherently limited. Finally, although reliability is an 

important feature of a classification system, it does not necessarily correlate with diagnostic 

accuracy or validity, which would require reference to a ‘gold’ standard. 

While both anatomical and mechanistic systems appear to have excellent reliability, for large 

population-based, prospective epidemiological studies, anatomical classification systems are 

likely to be more: feasible (less information from investigations is required); scalable 

(automated or semi-automated classification may be possible); and appropriate for many 

prospective studies of potential causes of ICH (free of assumptions about causal pathways). 

Developing such methods for use at scale will require clear definitions, classification 

protocols, and categories for multiple and uncertain locations. Mechanistic systems such as 

the SMASH-U have the advantage of already having a very clear set of rules which probably 

contributes to their excellent reliability.
31

 However, the validity of mechanistic systems could 

be further improved by integrating categories for cases with an uncertain and multiple 

overlapping mechanisms. Such systems are likely to be appropriate for stratifying patients for 
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clinical trials; some case-control studies; and in clinical practice to encourage a more 

systematic mechanistic work-up. The feasibility of collecting the additional information 

required for mechanistic classification in large, prospective, population-based studies needs 

further assessment, since it would complement the simpler information required for 

anatomical sub-classification and – potentially – allow nested case-control studies based on 

not only anatomical but also mechanistic information.  

To conclude, existing classification systems appear to have excellent reliability in the settings 

in which they have been tested, but their reliability is unknown outside highly specialized 

centers with experienced readers. Future comparisons will be facilitated by studies following 

published GRRAS reporting guidelines.
6
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Table 1. Characteristics of studies assessing reliability of an ICH classification system. 

First author 

Country 

Year 

Classification system  Population Raters Data 

Categories*  
Clear 

rules 

Developed 

locally 

Cases† 

Ethnicity 

% male 

Description 

Age 

(mean 

±SD) 

Method‡ 

Timing¶ 
Investigations 

performed 

Number 

Expertise§ 

Blinding# 
Institutions 

** 

Blinding†† 

Same‡‡ 
Information 

available¶¶ 
Inter Intra Inter Intra 1 2 Hx 

Out- 

come 

ANATOMICAL SYSTEMS 

Chiewvit8 

Thailand 

2009 

·Lobar 

·Thalamic-

ganglionic 

·Cerebellum  

·Brainstem                                               

·Multiple 

location 

n/a n/a 

84 

Thai 

63 

Hospital case 

review 
57±17 R ? n/a n/a 2 n/a Experts Y N Single Y Y Y 

Access to CT 

scans 

Wermer24 

Netherlands 

2002 

·Lobar 

·Deep 
n/a n/a 

50/25 

Caucasian 

54 

Selected 

(based on 

ICH volume) 

hospital case 

review 

67 R 
1-10 

years 

2 

months 
n/a 3 1 Experts  Y N Multiple Y Y Y 

Access to CT 

scans 

Bhattathiri23 

UK 

2003 

·Lobar  

·BG/ thalamus 

·Internal capsule 

n/a n/a 

43 

? 

? 

Selected 

(opportunity 

sample) trial 

case review 

? R ? 
Min. 2 

months 
n/a 6 6 Experts Y ? ? Y Y Y 

Assume access 

to CT scans 

Ziai21 

USA 

2011 

Abstract 

 

·Lobar 

·Caudate 

·Globus 

pallidus 

·Putamen 

·Thalamus 

·Primary IVH 

n/a n/a 

145 

? 

? 

Presumed 

hospital-

based 

? ? ? n/a n/a 3 n/a Experts ? ? ? ? ? ? ? 

Palm24 

Germany 

2013 

·Lobar 

·Deep 
n/a n/a 

127 

Caucasian 

50.7 

Population 

based stroke 

registry 

71.3± 

13.5 
P 

Most 

within 

24 

hours 

n/a n/a 2 n/a Experts Y N Single Y Y Y 
Access to CT 

scans 

Charidimou26 

UK 

2015 

·Lobar 

·Deep 

·Cerebellar 

·Brainstem 

n/a n/a 

69 

92% 

Caucasian 

48 

Hospital- 

based, 

selected 

subset of 

cases 

74.9± 

12.3 
R 

>1 

month 

~6 

months 
n/a 3 1 Experts Y N Multiple Y Y Y 

Access to CT 

scans 
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First author 

Country 

Year 

Classification system  Population Raters Data 

Categories*  
Clear 

rules 

Developed 

locally 

Cases† 

Ethnicity 

% male 

Description 

Age 

(mean 

±SD) 

Method‡ 

Timing¶ 
Investigations 

performed 

Number 

Expertise§ 

Blinding# 
Institutions 

** 

Blinding†† 

Same‡‡ 
Information 

available¶¶ 
Inter Intra Inter Intra 1 2 Hx 

Out- 

come 

MECHANISTIC SYSTEMS 

 

Meretoja7 

Finland 

2012 

 

·Structural 

lesion 

·Systemic/ 

other disease 

·Medication 

·CAA 

·Hypertension 

·Undetermined 

Y Y 

100 

Caucasian 

58 

Random 

selection of 

hospital 

cases 

66±13 R 
Several 

years 
2 years 

100% CT 

and/or MRI 

25% 

CTA,MRA or 

DSA 

3 3 Experts Y N Single n/a Y Y 

Full medical 

records, 

neurology 

opinion, 

imaging, all 

tests 

Palm25  

Germany 

2013 

 

·Structural 

vascular 

pathology 

·OAK related 

·CAA 

·Hypertension 

·Undetermined 

Y 
Modified 

locally 

142 

Caucasian 

51 

Population 

based stroke 

registry 

71.3± 

13.5 
R 

6 

months 

– 5 

years 

n/a 

100% CT; 

 20% MRI; 

26% CTA, 

MRA and/or 

DSA 

2 n/a Experts Y N Single n/a ? Y 

Anatomical 

classification, 

neuroimaging, 

age, 

medications on 

admission, 

INR, 

cardiovascular 

risk factors 

Yeh22 

Taiwan 

2014 

 

·Structural 

lesion 

·Systemic/other 

disease 

·Medication 

·CAA 

·Hypertension 

·Undetermined 

Y 
Modified 

locally 

268 

Chinese 

66 

Cases from 

National 

Taiwan 

University 

Hospital 

Stroke 

Registry 

database 

60.9 ± 

16.0 
R 

7-19 

months 

15 

months 

100% CT; 

15% MRI; 

30% CTA, 

MRA and/or 

DSA  

2 1 Experts Y N Single n/a Y Y 

 

Past medical hx 

and medication 

hx, imaging 

results,clinical 

information, 

blood tests 

*For definitions of classification system categories see Supplemental.Table IV 

†number of ICH cases classified for reliability assessment.  

‡Method: R (retrospective): cases classified after initial presentation, usually through retrieving and reviewing medical records; P (prospective): patients 

classified at the time of/shortly after presenting and being recruited.  

¶Time from symptom onset to classification (inter-rater reliability) or between two ratings (intra-rater reliability).  

§Expertise (predefined categories): Expert=neuroradiology/neurosurgery/neurology trainee or consultant, stroke research fellow; Less expert=physicians 1-4 

years post registration, general practitioners, nurses or medical students. 

#Blinding: 1: rater unaware of other raters’ decisions &/or their own previous decision; 2: rater unaware of being compared to other raters. 

**Institutions: raters from single or multiple institutions. 

††Blinding: raters blind to patient’s clinical history (Hx) and/or outcome. 

‡‡Same: same information available to each rater. 

Page 23 of 27 International Journal of Stroke



For Review Only

Reliability of ICH classification systems 

23 

  

 

 

¶¶Information available: information available to the rater for classification purposes.  

?: unknown; Y=yes; N=no;  

 

Comments about specific studies: 
8
mean age applies to a larger sample of 131 cases (including cases with subarachnoid/subdural/intraventricular 

hemorrhage); 
24

only supratentorial cases; 50 cases rated by 3 raters to assess inter-rater agreement, 25/50 cases rated twice by one rater to assess intra-rater 

agreement, not specified how these 25 cases chosen from amongst the 50; 
23

only supratentorial ICH cases; classification assumed retrospective, though not 

specifically mentioned; 
21

not stated explicitly in the abstract but assumed to include only supratentorial ICH cases and to use expert rater(s). 
25 

% male, mean 

age and investigations performed applies to a larger sample of 152 non-traumatic ICH cases; 
7
each case classified by 2 of 3 raters, with 2 raters classifying 

50 cases each and one rater classifying 100 cases; Investigations performed apply to larger sample of 1013 ICH cases; 100 cases for reliability selected at 

random from the whole sample of 1013 patients, but weighted to ensure appropriate representation of all SMASH-U classifications.  
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Figure titles and legends:  

Figure 1.  

Title: Selection of included studies. 

Legend:.“n”: overall number of ICH cases included  

Figure 2.  

Title: Inter- and intra-rater reliability of existing classification systems.  

Legend: Squares represent individual study reliability estimates, and associated horizontal 

lines represent 95% confidence intervals.  

Figure 3.  

Title: Proportion of ICH cases in (A) anatomical and (B) mechanistic categories.  

Legend: Notation as Figure2. Unfilled diamonds: pooled proportion estimates. Population-

based (P), hospital-based (H), Yes (Y), No (N), Europe (E), Asia (A).  

3A: Chiewvit, Charidimou: 7 multiple ICH/isolated intraventricular haemorrhage cases 

excluded 
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