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ABSTRACT
Background  We aim to comprehensively assess and 
compare the predictive performance of haematoma 
expansion (HE) scores in a homogeneous cohort of acute 
intracerebral haemorrhage (ICH) patients.
Methods  Existing scores for predicting HE in acute 
ICH patients were included and categorised by imaging 
modality: non-contrast CT (NCCT), single-phase CT 
angiography (sCTA) and multiphase CTA (mCTA). The 
predictive performance of the scores was evaluated 
with the c-statistic in a population of consecutive adult 
patients with acute ICH admitted to a tertiary care centre 
in Southern Alberta, Canada, between February 2012 and 
May 2020, investigated with a multimodal imaging protocol 
(NCCT, sCTA and mCTA). The primary outcome was HE 
(ICH volume growth ≥6 mL or ≥33%), and the secondary 
outcome was severe HE (ICH volume growth ≥12.5 mL or 
≥66%). The DeLong test compared the best-performing 
scores from each imaging category.
Results  16 HE scores were assessed (NCCT=8, sCTA=6 
and mCTA=2) in 217 patients with a median age of 70 
years (IQR=60–80), and 86 (39.6%) were females. 51 
(23.5%) patients experienced HE and 35 (16.1%) had 
severe HE. The c-statistic for predicting HE ranged from 
0.516 to 0.674 for NCCT-based scores, 0.627 to 0.725 for 
sCTA-based scores and 0.800 to 0.814 for mCTA-based 
score. The c-statistic for predicting severe HE ranged from 
0.505 to 0.666 for NCCT scores, 0.651 to 0.740 for sCTA 
scores and 0.813 to 0.828 for mCTA scores. A statistically 
significant difference favouring mCTA over other imaging 
modalities in predicting both HE and severe HE was 
observed.
Conclusions  Advanced imaging demonstrated a stepwise 
improvement in the predictive performance of HE scores. 
However, no existing score achieved excellent predictive 
performance (c-statistics ≥0.90) in our cohort, highlighting 
the need for further refinement.

INTRODUCTION
Intracerebral haemorrhage (ICH) is a 
devastating condition characterised by high 
mortality rates and significant disability.1 
Haematoma expansion (HE) occurs in 
20%–30% of cases within the first hours and is 

associated with poorer clinical outcomes, with 
estimated odds of severe disability or death 
increasing by 5% for every 1 mL of haematoma 
growth.2 3 Prevention or mitigation of HE is 
needed with approaches such as haemostatic 
treatment, anticoagulation reversal, minimal 
surgical intervention and blood pressure 
control.2 4 However, when applied broadly 
to an unselected ICH patient population, 
these treatments have shown limited effec-
tiveness and have been hampered by poten-
tial adverse effects in clinical trials.4 5 Future 
trials and treatment protocols require better 
ways to predict the occurrence and severity of 
HE to aid in optimal patient selection. Predic-
tors of HE can be broadly categorised into (1) 
clinical (ie, time from symptom onset, use of 
antithrombotic and clinical severity) and (2) 
imaging-based features. For practical reasons, 
imaging is done mostly with CT. Within this 
category, several imaging modalities can be 
applied: (a) non-contrast CT (NCCT) (ie, 
initial haematoma volume; density and shapes 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Several haematoma expansion scores have been 
developed, yet they have not been compared in a 
homogeneous, unselected population.

WHAT THIS STUDY ADDS

	⇒ Advanced imaging demonstrated a step-
wise improvement in the predictive per-
formance of haematoma expansion scores 
(mmultiphase CT Aangiography>ssingle-phase CT 
Aangiography>NCnon-contrast CT).

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Future research should focus on developing and 
validating new scores that leverage nuanced fea-
tures of the spot sign to inform acute treatment 
decision-making.
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heterogeneity signs), (b) single-phase CT angiography 
(sCTA) (ie, presence and number of spot sign; colocalisa-
tion with hypodensity) and (c) multiphase/dynamic CTA 
(mCTA) (ie, time of first appearance and evolution of 
spot sign).2 6–9 Multiple scores integrating several of these 
factors have been developed, yielding a predictive c-static 
ranging from 0.62 to 0.93, with scores including advanced 
imaging features consistently showing superior perfor-
mances.10–12 However, these scores have been explored in 
heterogeneous populations, using different definitions of 
HE, focusing solely on haematoma occurrence and not its 
severity, and some lack validation, making direct compari-
sons of their performance challenging.

Aim and hypothesis
We aim to comprehensively assess and compare the 
predictive performance of multiple HE scores in a homo-
geneous single-centre cohort of acute ICH patients inves-
tigated with a multimodal CT imaging protocol.

METHODS
Search strategy and selection of HE scores
We included scores predicting HE in adults with non-
traumatic primary ICH. We excluded (1) scores devel-
oped in small samples (<100 patients), (2) nomograms 
that could not be calculated by a simple scoring sheet but 
required a visual tool to map points, (3) studies with only 
predictive markers that did not develop scores/scales and 
(4) studies exploring radiomics and machine-learning 
predictors. Scores were selected from a previous system-
atic analysis by Yogendrakumar et al (inception to June 
2018)10 and an updated literature review (June 2018 to 
May 2024). For the updated literature review, we searched 
PubMed and Scopus and screened all retrivied titles 
using the following MeSh term: (1) Predict, hematoma 
expansion score* or scale, intracerebral hemorrhage; (2) 
Predict, hematoma expansion score* or scale*, intracer-
ebral hemorrhage, Hematoma growth and (3) Predict, 
hematoma expansion score* or scale*, intracerebral 
hemorrhage, hematoma growth, CT angiogram.

The HE scores were categorised based on the presence 
of NCCT, sCTA and mCTA imaging features. In cases 
where multimodal imaging features were considered in 
the score, it was categorised based on the most advanced 
imaging technique (ie, in the case of NCCT and sCTA 
variables, the score was classified as a sCTA score).

Patient sample
This retrospective, single-centre study involved consecu-
tive adult patients with acute ICH admitted to a tertiary 
care centre in Southern Alberta, Canada, which caters to 
approximately 2 million people, between February 2012 
and May 2020. The inclusion criteria were (1) time from 
symptom onset to imaging <12 hours, (2) acquisition of 
NCCT, sCTA and mCTA and (3) follow-up neuroimaging 
(CT or MRI) performed between 12 and 72 hours after 
baseline imaging. Patients were excluded if they had (1) 
a secondary ICH aetiology, (2) isolated intraventricular 

haemorrhage (IVH) or (3) underwent neurosurgical 
intervention before follow-up imaging. Acute ICH 
management followed local protocol and guidelines.

Baseline clinical, laboratory and radiological variables
The baseline clinical variables collected included onset-to-
imaging time, ultra-early haematoma growth (initial ICH 
volume/hour from the onset-to-imaging time), history of 
previous haemorrhagic stroke, anticoagulation use, anti-
platelet use, baseline National Institutes of Health Stroke 
Scale (NIHSS) and baseline Glasgow Coma Scale. The 
baseline laboratory variables collected included inter-
national normalised ratio and serum glucose levels. For 
patients with unknown onset, the last time known well 
was considered the onset time to calculate both onset-to-
imaging time and ultra-early growth. All anticoagulant 
drugs (vitamin K antagonists, direct oral anticoagulants 
or heparin) were considered when assigning point(s) for 
the variable ‘anticoagulant at the onset’.

The baseline NCCT radiological variables collected 
included initial ICH volume, hypodensity sign, blend sign, 
fluid-level sign, swirl sign, heterogeneous density, irreg-
ular shape, island sign and extension to the ventricular 
system, that is, IVH.6 The ‘niveau’ formation was defined 
as either the presence of a blend sign or a fluid-level 
sign.13 The CTA radiological variables collected included 
the presence of spot signs, their phase of appearance, the 
maximum density of spot signs (maximum Hounsfield 
unit), the maximum diameter of spot signs, and the 
number of spot signs.14

Image acquisition and analysis
All patients received a comprehensive acute stroke 
imaging protocol, which included NCCT and multiphase 
CTA using either the Discovery CT 750HD or Revolu-
tion CT (GE Healthcare, Milwaukee, Wisconsin, USA). 
The CTA was conducted with a bolus-tracking technique 
involving the injection of 70 mL of non-ionic iodinated 
contrast (68% ioversol, Optiray 320, Mallinckrodt, St 
Louis, Missouri, USA) at a rate of 6 mL/s. The mCTA 
ICH protocol included three phases with 10–11 s between 
the first and second phases and a 16–18 s time interval 
between the second and third phases.14 The first phase 
of the mCTA protocol covered the entire cervical and 
intracranial vasculature (from aortic arch to vertex) and 
represented a routine sCTA acquisition. The second and 
third phases covered the intracranial vasculature from 
the skull base to the vertex.15 Axial images were acquired 
with a section thickness of 0.625 mm and reconstructed 
with a 1 mm overlapping section. Scanning parame-
ters included a tube voltage of 120 kV and an auto tube 
current ranging from 10 to 625 mA. Haematoma volumes 
at baseline (initial volume) and follow-up (final volume) 
were calculated with the semiautomatic segmentation 
software Quantomo (Cybertrial, Calgary, Canada).16 The 
total ICH volume included both intraparenchymal and 
intraventricular components.
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NCCT shape and density signs were collected according 
to the international NCCT collaboration group stan-
dards.6 The CTA spot sign was defined as a serpiginous or 
spot-like appearance of contrast within the margins of the 
ICH (1) without connection to a vessel, (2) a maximum 
diameter ≥1.5 mm, (3) a contrast density double the back-
ground haematoma or ≥120 Hounsfield unit and (4) no 
hyperdensity at the corresponding NCCT.17 NCCT and 
CTA markers were read by two neurologists and stroke 
imaging researchers (UP and KT) with 4 and 16 years of 
experience, respectively, blinded to clinical and radiolog-
ical outcomes.

Outcomes
The primary outcome was HE, defined as ICH volume 
growth ≥6 mL or ≥33% between the initial and final 
volumes. The secondary outcome was severe HE (sHE) 
defined as ICH volume growth ≥12.5 mL or ≥66%.18

Statistical analysis
Continuous variables were presented as medians and 
IQRs, while categorical variables were reported as counts 
and percentages. Baseline clinical and radiological 
features, as well as clinical and radiological outcomes, 
were compared between patients who experienced HE 
and patients who did not. Univariable comparisons were 

conducted using Fisher’s exact test for categorical vari-
ables and Wilcoxon rank-sum test for continuous varia-
bles. Discrimination of the HE scores for outcomes was 
evaluated with receiver operating characteristic curves, 
reporting the area under the curve (c-statistic) with 95% 
CIs, along with the Aikake information criterion and 
Bayesian information criterion. Calibration plots and 
the Brier score were used to assess the calibration of the 
predictive scores. The Brier score was calculated as the 
mean squared error between the predicted probabilities 
and the observed outcomes, ranging from 0 to 1, where 0 
indicates perfect calibration. The DeLong test was used to 
compare the best-performing scores from each imaging 
category. No inter-reader or intrareader agreement was 
assessed for radiological expansion markers or expansion 
scores. All calculated p values were two-tailed. Statistical 
significance was assumed at p<0.05. The statistical analysis 
was performed with Stata (V.18.0).

RESULTS
Included NCCT, sCTA and mCTA scores for HE
Overall, 16 HE scores (NCCT scores=8, sCTA scores=6 
and mCTA scores=2) from 14 studies were selected to be 
explored and compared in our cohort (figure 1):

Figure 1  Flow chart of literature review and reasons for exclusion. Sixteen scores were derived from the final 14 studies. 
*Included the Spot Sign Score, 9-Point, BRAIN, PREDICT A/B (Prediction of Haematoma Growth and Outcome in Patients 
With Intracerebral Haemorrhage Using the CT-Angiography Spot Sign), HEP (Haematoma Expansion Prediction), Acute 
ICH Growth Score, HEAVN, BAT, Basal Ganglia Score and NAG Score. BAT, Blend sign, Any hypodensity, Time; HEAVN, 
Heterogeneity, peripheral Oedema, Anticoagulant use, Volume, Niveau formation; ICH, intracerebral haemorrhage; NAG, NIHSS, 
Anticoagulation, Glucose; NIHSS, National Institutes of Health Stroke Scale.
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1.	 NCCT scores: (1) BAT (Blend sign, Any hypodensi-
ty, Time) Score,19 (2) BRAIN (Baseline ICH volume, 
Recurrent ICH, Anticoagulation, Intraventricular 
extension, Number of hours to baseline CT from 
symptom onset) Score,8 (3) Basal Ganglia Score,20 
(4) NAG (NIHSS, Anticoagulation, Glucose) Score,21 
(5) HEAVN (Heterogeneity, peripheral Oedema, 
Anticoagulant use, Volume, Niveau formation) 
Score,13 (6) NCCT expansion Score,11 (7) ‘Li et al 
NCCT Score’,22 (8) ‘Kong et al NCCT Score’.23

2.	 sCTA scores: (1) ‘applied to sCTA-Spot Sign Score’,24 
(2) 9-Point Score,25 (3) PREDICT A Score,26 (4) PRE-
DICT B Score,26 (5) Acute ICH Growth Score and27 (6) 
sCTA expansion Score.11

3.	 mCTA scores: (1) ‘applied to mCTA- Spot Sign Score’ 
and24 (2) mCTA expansion Score.11

Details of the included variables and the calculation 
method for individual scores can be found in the online 
supplemental fmaterials and online supplemental tables 
1–3.

Patient characteristics
217 patients were included in the study, the median age 
was 70 years (IQR=60–80), 86 (39.6%) were females and 
39 (18.0%) were taking anticoagulant drugs. The median 
baseline NIHSS was 10 (IQR=5–20), the median initial 
ICH volume was 18.9 mL (IQR=5.5–34.2) and the median 
onset-to-imaging time was 225 min (IQR=109–392). 
HE and sHE were seen in 51 (23.5%) and 35 (16.1%) 
patients, respectively. Detailed demographics, medical 
history, baseline features, radiological markers of expan-
sion and radiological outcomes of the study cohort are 
summarised in table 1.

Prediction accuracy of NCCT, sCTA and mCTA scores for HE 
and sHE
The c-statistic for predicting HE ranged from 0.516 to 
0.674 for NCCT scores (table 2), 0.627 to 0.725 for sCTA 
scores (table  3) and 0.800 to 0.814 for mCTA scores 
(table  4, figure  2). The c-statistic for predicting sHE 
ranged from 0.505 to 0.666 for NCCT scores (table  2), 
0.651 to 0.740 for sCTA scores (table  3) and 0.813 to 
0.828 for mCTA scores (table 4).

Calibration plots are shown in online supplemental 
figure 1–16.

The comparison of the best-performing scores across 
each imaging category showed a statistically significant 
difference favouring mCTA over other imaging modal-
ities in predicting both HE (mCTA vs NCCT, p=0.006; 
mCTA vs sCTA, p=0.003) and sHE (mCTA vs NCCT, 
p=0.001; mCTA vs sCTA, p=0.013) (table 5).

DISCUSSION
We comprehensively compared 16 HE scores in a homo-
geneous patient population, demonstrating a stepwise 
improvement in predictive performance with the incor-
poration of advanced imaging protocols. Specifically, the 
c-statistic for predicting HE improved by approximately 

0.5 points with sCTA imaging and by approximately 1.4 
points with mCTA imaging compared with scores that 
relied solely on NCCT markers. A similar trend was 
observed when assessing sHE.

In our cohort, NCCT HE scores exhibited a wide range 
of performance, with c-statistics ranging from 0.516 to 
0.674. The HEAVN Score13 and ‘Li et al NCCT Score’22 
demonstrated the highest predictive performance. Our 
results are consistent with previous studies showing good 
performances of these two scores in their respective vali-
dation cohorts (c-statistics ≥0.80).13 22 Nonetheless, none 
of the eight scores tested achieved a c-statistic above 0.7 

Table 1  Patient characteristics

Acute ICH 
patients

(n=217)

Demographics

 � Age (years) (median, IQR) 70 (60–80)

 � Sex (F) (n, %) 86 (39.6)

Medical History

 � Diabetes (n, %) 41 (18.9)

 � Arterial hypertension (n, %) 175 (80.7)

 � Previous ischaemic stroke (n, %) 16 (7.4)

 � Previous haemorrhagic stroke (n, %) 5 (2.3)

 � Prior anticoagulants use 37 (18.0)

Baseline clinical and radiological features

 � NIHSS (median, IQR) 10 (5–20)

 � GCS (median, IQR) 15 (11–15)

 � Initial ICH volume (mL) (median, IQR) 18.9 (5.5–34.2)

 � Known onset time (n, %) 103 (47.5)

 � Onset-to-imaging time (min) (median, 
IQR)

225 (109–392)

 � uHG (mL/h) (median, IQR) 4.4 (1.3–12.2)

 � ICH location deep (n, %) 116 (53.5)

Radiological markers of expansion

 � Spot Sign (n, %) 69 (31.8)

 � Hypodensity sign (n, %) 74 (34.1)

 � Blend sign (n, %) 32 (14.8)

 � Black hole (n, %) 27 (12.4)

 � Island sign (n, %) 54 (24.9)

Radiological outcomes

 � Significant HE (≥6 mL or≥33%) 51 (23.5)

 � Severe HE (≥12.5 mL or≥66%) 35 (16.1)

 � Absolute HE (mL) (median, IQR) 0.2 (0–4.5)

 � Relative HE (%) (median, IQR) 2% (0–19)

 � Follow-up ICH volume 20.1 (6.4–43.5)

GCS, Glasgow Coma Scale; HE, haematoma expansion; ICH, 
intracerebral haematoma; NIHSS, National Institutes of Health 
Stroke Scale; uHG, ultra-early haematoma growth.
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in our cohort, highlighting their limitations in predicting 
HE without advanced imaging support.

In our cohort, sCTA scores demonstrated a c-statistic 
ranging from 0.627 to 0.725. The ‘applied to sCTA-Spot 
Sign Score’24 showed the highest predictive performance. 
This score focuses solely on the presence of the spot sign 
and its characteristics (number, maximum diameter and 
maximum CT density).24 In contrast, the second-best-
performing score was the sCTA Expansion Score,11 which 
incorporated the presence of the spot sign with an esti-
mate of pre-scan haematoma growth. This suggests that 
combining spot sign nuances with time-dependent factors 

might significantly improve the predictive accuracy. 
Notably, the ‘applied to sCTA-Spot Sign Score’ is the only 
sCTA score that achieved a C-statistic higher than 0.9 in a 
validation study,28 yet these results were not confirmed in 
another validation study.10

In our cohort, the two mCTA scores demonstrated the 
highest predictive performance, with c-statistics of 0.800 
and 0.814. The best-performing score was the ‘applied to 
mCTA-Spot Sign Score’24 which evaluates the morpho-
logical features of the spot sign, but not its temporal 
evolution.

Table 2  Discrimination of non-contrast CT (NCCT) Scores to predict haematoma expansion

Haematoma expansion prediction Severe haematoma expansion prediction

AUC (95% CI) AIC BIC Brier Score AUC (95% CI) AIC BIC Brier Score

BAT Score 0.605 (0.525 
to 0.686)

235.11 241.87 0.176 0.594 (0.500 to 
0.689)

192.37 199.13 0.133

BRAIN Score 0.516 (0.430 
to 0.603)

240.47 247.23 0.180 0.505 (0.404 to 
0.605)

195.72 202.48 0.135

Basal Ganglia 
Score

0.612 (0.533 
to 0.691)

236.65 243.41 0.177 0.569 (0.473 to 
0.665)

194.67 201.43 0.135

NAG Score 0.522 (0.455 
to 0.582)

240.28 247.04 0.180 0.544 (0.466 to 
0.623)

194.79 201.55 0.135

HEAVN Score 0.674 (0.589 
to 0.760)

225.50 232.26 0.167 0.654 (0.554 to 
0.754)

186.33 193.09 0.129

NCCT 
Expansion 
Score

0.647 (0.589 
to 0.760)

228.72 235.48 0.170 0.666 (0.570 to 
761)

184.15 190.91 0.128

‘Li et al22 NCCT 
Score’

0.649 (0.565 
to 0.733)

230.44 237.21 0.171 0.623 (0.523 to 
0.723)

190.43 197.20 0.132

‘Kong et al23 
NCCT Score’

0.602 (0.517 
to 0.687)

234.69 241.45 0.175 0.601 (0.501 to 
0.700)

191.69 198.45 0.133

AIC, Akaike information criterion; AUC, area under the curve; BAT, Blend sign, Any hypodensity, Time; BIC, Bayesian information criterion; 
HEAVN, Heterogeneity, peripheral Oedema, Anticoagulant use, Volume, Niveau formation; NAG, NIHSS, Anticoagulation, Glucose; NIHSS, 
National Institutes of Health Stroke Scale.

Table 3  Discrimination of sCTA scores to predict haematoma expansion

Haematoma expansion prediction Severe haematoma expansion prediction

AUC (95% CI) AIC BIC Brier Score AUC (95% CI) AIC BIC Brier Score

‘Applied to sCTA-
Spot Sign Score’

0.725 (0.650 to 
0.800)

200.84 207.6 0.143 0.738 (0.649 to 
0.826)

164.69 171.45 0.111

9-Point Score 0.717
(0.630 to 0.803)

216.86 223.62 0.158 0.726 (0.629 to 
0.823)

176.53 183.29 0.122

PREDICT-A Score 0.637 (0.548 to 
0.726)

230.21 236.97 0.170 0.653 (0.552 to 
0.755)

186.38 193.14 0.129

PREDICT-B Score 0.627 (0.533 to 
0.721)

231.61 238.37 0.171 0.651 (0.545 to 
0.756)

187.12 193.88 0.129

Acute ICH Growth 
Score

0.688 (0.604 to 
0.771)

222.93 229.69 0.165 0.678 (0.573 to 
0.778)

182.64 189.40 0.126

sCTA Expansion 
Score

0.720 (0.634 to 
0.805)

207.29 214.05 0.148 0.740 (0643 to 
0.837)

167.39 174.15 0.114

AIC, Akaike information criterion; AUC, area under the curve; BIC, Bayesian information criterion; ICH, intracerebral haematoma; sCTA, single-phase 
CT angiography.
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Overall, the c-statistics for the scores were lower than 
those reported in the original studies. This is consistent 
with the trend observed in validation studies, which 
typically demonstrated reduced predictive performance 
compared with the development studies (most scores 
were assessed only in development cohorts). Addition-
ally, the shorter time from symptom onset to imaging 
in the original studies compared with our cohort—both 
in development and validation cohorts—might suggest 
that these scores are more effective within the early time 
window.10

Our findings demonstrated a remarkable progressive 
improvement in the predictive performance of the scores 

with the use of more advanced imaging, which is in line 
with results from a previous single-centre study.24 None-
theless, none of the scores achieved excellent discrimina-
tion (c-statistic ≥0.90), even with mCTA imaging. However, 
emerging evidence has shown additional nuances of 
the spot sign that can significantly increase the predic-
tion accuracy for HE occurrence and severity.7 9 14 29–32 
While some dynamic features have been incorporated in 
previous scores, such as the time of first appearance, other 
pivotal characteristics have not. Specifically, changes in 
the spot sign volume over time, whether an increase or 
decrease, have shown high predictive value.14 33 Another 
recently described aspect is the colocalisation of the spot 

Table 4  Discrimination of mCTA Scores to predict haematoma expansion

Haematoma expansion prediction Severe haematoma expansion prediction

AUC (95% CI) AIC BIC Brier Score AUC (95% CI) AIC BIC Brier Score

‘Applied to mCTA-
Spot Sign Score’

0.814 (0.746 to 
0.882)

178.07 184.84 0.125 0.828
(0.753 to 
0.903)

147.21 153.97 0.101

mCTA Expansion 
Score

0.800
(0.732 to 0.868)

184.37 191.13 0.131 0.813 (0.740 
to 0.887)

161.31 158.07 0.106

AIC, Akaike information criterion; AUC, area under the curve; BIC, Bayesian information criterion; mCTA, multiphase CT angiography.

Figure 2  The heatmap compares the performance (measured as c-statistics) of various predictive scores for intracerebral 
haematoma expansion (≥6 mL or ≥33%) grouped by imaging modality, including non-contrast CT (NCCT), single-phase 
CT angiography (sCTA) and multiphase CT angiography (mCTA). The colour gradient highlights the relative differences in 
performance, with darker colour indicating high c-statistics.
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sign with a hypodensity sign on NCCT (‘black-and-white 
sign’). This colocalisation presumably represents a site of 
long-lasting bleeding or impaired haemostasis (hypoden-
sity) that continues to bleed (spot sign).9 34

Improved risk stratification for HE is urgently warranted 
as our armamentarium of potentially effective anti-HE 
interventions expands. Indeed, hyperacute interven-
tions that have demonstrated clinical benefits carry non-
negligible risks, such as thromboembolic complications 
with reversal anticoagulant therapy, acute kidney injury 
with intensive blood pressure lowering and surgery-
related risks.35–37 Despite advancements in our under-
standing of HE, scores have not been employed in clinical 
practice—unlike in other areas of cardiovascular medi-
cine, where scoring systems guide decision-making in 
balancing the risks and benefits of interventions (e.g., the 
CHA2DS2-VASc Score).38 A novel scoring system that inte-
grates nuanced features of the spot sign holds promise 
to finally achieve consistently a c-statistic above 0.90 for 
predicting HE, with the potential to influence acute 
decision-making significantly. An accurate stratification 
of the risk of HE occurrence and severity might tailor the 
timing, intensity and type of hyperacute interventions. A 
potential limitation of incorporating nuances of the spot 
sign, such as volume changes, into a HE score for clinical 
practice is the challenge of assessing these nuances in the 
acute setting. However, automated software, particularly 
those driven by artificial intelligence, could streamline 
this process and deliver real-time scores.

Our study has several limitations. First, it involved a 
relatively small, single-centre cohort, thus limiting the 
generalisability of our findings. Nonetheless, it remains 
one of the largest cohorts to include mCTA imaging, 
enabling a comprehensive comparison of all described 
scores. Second, we excluded patients who underwent 
surgical haematoma evacuation prior to follow-up 
imaging, which may have led to preferential exclusion of 
patients with the highest risk of HE, possibly resulting in 
a slightly biased study sample. Third, the timing and type 
of hyperacute treatment administered in the emergency 
room might influence HE occurrence and severity, yet it 
was not systematically collected in our cohort. Finally, we 
could not assess two specific scores due to missing data. 
Yet, these scores demonstrated only modest performance 

in their original development cohorts. Despite this, our 
study validated several scores that had previously lacked 
external validation.

CONCLUSIONS
Advanced imaging demonstrated a stepwise improve-
ment in the predictive performance of HE scores. 
However, no existing score achieved excellent discrimi-
nation in our cohort, highlighting the need for further 
refinement. Future research should focus on developing 
and validating new scores that leverage nuanced features 
of the spot sign to inform decision-making of anti-HE 
therapeutic interventions. Furthermore, quick, auto-
mated software solutions for ICH assessment, including 
automated calculation of imaging-based risk stratification 
scores, should be a high research priority to allow broad 
use of these scores in clinical routine.
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Difference in c-statistics Z-statistic P value Difference in c-statistics Z-statistics P value

sCTA vs NCCT 0.05 1.039 0.299 0.07 1.319 0.187

mCTA vs sCTA 0.09 2.990 0.003 0.09 2.492 0.013

mCTA vs NCCT 0.14 2.724 0.006 0.16 3.233 0.001

NCCT scores used in the analyses were the HEAVN score for HE and the NCCT Expansion Score for severe HE.
HE, haematoma expansion; HEAVN, Heterogeneity, peripheral Oedema, Anticoagulant use, Volume, Niveau formation; mCTA, multiphase CT 
angiography; NCCT, non-contrast CT; sCTA, single-phase CT angiography.
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