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Objective: Hematoma expansion (HE) is the most important therapeutic target 
during acute care of patients with intracerebral hemorrhage (ICH). Imaging 
biomarkers such as non-contrast CT (NCCT) markers have been associated 
with increasing risk for HE. The aim of the present study was to evaluate the 
influence of NCCT markers with functional long-term outcome and with HE in 
patients with deep (basal ganglia and thalamus) ICH who represent an important 
subgroup of patients at the highest risk for functional deterioration with HE due 
to the eloquence of the affected brain region.

Methods: From our prospective institutional database, all patients maximally 
treated with deep ICH were included and retrospectively analyzed. NCCT 
markers were recorded at diagnostic imaging, ICH volume characteristics were 
volumetrically evaluated, and all patients received follow-up imaging within 
0–48  h. We explored associations of NCCT makers with unfavorable functional 
outcome, defined as modified Rankin scale 4–6, after 12  months and with HE. 
Bias and confounding were addressed by multivariable regression modeling.

Results: In 322 patients with deep ICH, NCCT markers were distributed as 
follows: irregular shape: 69.6%, heterogenous density: 55.9%, hypodensities: 
52.5%, island sign: 19.3%, black hole sign: 11.5%, and blend sign: 4.7%. Upon 
multivariable regression analyses, independent associations were documented 
with the functional outcome for irregular shape (aOR: 2.73, 95%CI: 1.42–5.22, 
p  =  0.002), heterogenous density (aOR: 2.62, 95%CI: 1.40–4.90, p  =  0.003) and 
island sign (aOR: 2.54, 95%CI: 1.05–6.14, p  =  0.038), and with HE for heterogenous 
density (aOR: 5.01, 95%CI: 1.93–13.05, p  =  0.001) and hypodensities (aOR: 3.75, 
95%CI: 1.63–8.62, p  =  0.002).

Conclusion: NCCT markers are frequent in deep ICH patients and provide 
important clinical implications. Specifically, markers defined by diverging intra-
hematomal densities provided associations with a 5-times higher risk for HE and 
a 2.5-times higher likelihood for unfavorable functional long-term outcome. 
Hence, these markers allow the identification of patients with deep ICH at high 
risk for clinical deterioration due to HE.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is one of 
the most severe subtypes of stroke (1–3). Currently, treatment 
options remain limited, as available randomized clinical 
trials have shown no effective treatment strategies (4). The most 
important possibly modifiable outcome predictor is hematoma 
expansion (HE) (5–7). In deep ICH (basal ganglia and thalamus) 
particularly, HE  may be  even more important, a specific 
subgroup with a poorer prognosis per se, due to higher reported 
HE rates linked to more frequent intraventricular hemorrhage 
(IVH) and its anatomical location involving more eloquent 
structures as compared to most lobar ICH regions (8–11). 
Specifically, according to recent studies, the odds for poor 
functional outcome and extent of disability-adjusted life-years 
were higher in deep ICH with HE  as compared to lobar ICH 
patients with HE (12, 13).

Increasingly, imaging parameters are applied to select patients 
at the highest risk for HE, who may represent ideal candidates for 
therapeutic interventions; e.g., data from the Antihypertensive 
Treatment of Acute Cerebral Hemorrhage II (ATACH-2) trial 
suggested that patients with a high risk of HE benefit to a larger 
degree from intensive blood pressure reduction than those with 
low risk (14).

Recent studies have suggested that non-contrast CT markers 
are associated with HE as well as clinical outcomes and hence 
may represent a safer, faster, and valid alternative to approaches 
using CT contrast media (15, 16). The most commonly used 
NCCT markers include the following: density markers 
(heterogenous density, hypodensities, black hole sign, and blend 
sign) and shape markers (irregular shape and island sign) (17). 
According to a recent meta-analysis including 25 studies, 
statistical heterogeneity of these NCCT markers associated with 
investigated outcomes was moderate to substantial (HE: I2 
span = 77–93% or functional short-term outcome: I2 
span = 85–88%), with large variations in sample sizes and limited 
confounder adjustments in the individual studies (15).

Therefore, we decided to investigate associations of NCCT 
markers in a large cohort of patients with deep ICH (1) for 
functional long-term outcome at 12 months and (2) for HE on 
follow-up imaging, both after rigorous confounder adjustments. 
We analyzed a variety of density and shape NCCT markers based 
on data derived from a large prospective cohort study in ICH 
[NCT03183167].

Methods

Patient selection

Based on our prospective UKER-ICH registry (NCT03183167) in 
spontaneous ICH patients, we  screened 1,322 patients with ICH 
treated at a single University Hospital between 2006 and 2015 (12, 18) 
and excluded 735 patients with infratentorial or lobar ICH location. 
To be able to analyze all patients who had full details of diagnostic 
(standardized DICOM formatted imaging) and follow-up imaging 
available (conducted within 0–48 h) for quantitative volumetric 
assessment and evaluation of NCCT markers, we further excluded 265 
patients (n = 114) with missing follow-up imaging within 48 h, (n = 73) 
with established early care limitations (withhold, withdrawal of care 
within 24 h), (n = 64) who were transferred from outside hospitals, 
(n = 10) who received hematoma evacuation surgery, and (n = 4) with 
primary IVH. Hence, 322 solely deep ICH patients remained for this 
present analysis; please see Figure 1 flow diagram. The study was 
approved by the responsible ethics committee (115_17B), and 
informed consent was obtained from all individuals.

Data collection

We retrieved data on demographics, baseline characteristics, and 
clinical parameters from our prospective study. Clinical data including 
age, gender, medical history [hypertension, congestive heart failure, 
previous brain infarction, previous bleeding complications, hepatic 
impairment, renal insufficiency, diabetes mellitus, and prior use of 
antiplatelet drugs (APT) and oral anticoagulant (OAC)], and status at 
hospital admission [pre-stroke mRS (pre-mRS), Glasgow Coma Scale 
score (GCS), the National Institutes of Health Stroke Scale Score 
(NIHSS), and systolic, diastolic, and mean (MAP) arterial blood 
pressure] were retrieved. The max-ICH Score was calculated as 
appropriate using clinical data and imaging (19).

Imaging acquisition and analysis

Diagnostic and follow-up CT scans were performed according 
to institutional standardized protocols. DICOM data of all patients 
were retrospectively extracted and reanalyzed to evaluate NCCT 
markers and ICH volumes, measured by semi-automated planimetry 
as reported (20). Two experienced reviewers (SH, SL) who were 
blinded to all clinical information independently evaluated the 
presence of NCCT imaging markers. Discrepancies were settled by 
the third rater (TE). All NCCT signs were defined according to the 
diagnostic criteria described by Morotti et al. (17). Density markers 
such as heterogenous density (17, 21), hypodensities (17, 22), blend 
sign (17, 23), and black hole sign (17, 24), as well as shape markers 
such as irregular shape (17, 21) and island sign (17, 25) were 

Abbreviations: APT, Antiplatelet drugs; ICH, Intracerebral hemorrhage; IVH, 

Intraventricular hemorrhage; HE, Hematoma enlargement; mRS, Modified Ranking 

Scale; NCCT, Non-contrast CT; OAC, Oral anticoagulation.
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assessed, as appropriate. Heterogenous density was defined as ≥3 
hypoattenuated regions compared with the surrounding hematoma 
(using the categorial density scale from Barras). Two or more 
irregularities, joined or separated from the hematoma edge, were 
interpreted as irregular shape (using the categorial shape scale from 
Barras). Both markers were evaluated on the axial slice with the 
largest ICH area (17, 21). Any hypodense region with no connection 
to the outer surface of the hematoma, regardless of its size, 
morphology, or density, was characterized as hypodensity (17, 22). 
The island sign was defined as ≥3 scattered small hematomas, which 
are entirely separate from the main hematoma, or ≥ 4 small 
hematomas, some or all of which are connected to the main 
hematoma (17, 25). The blend sign was labeled as a relatively 
hypoattenuated region next to a hyperattenuated region within the 
hematoma with a well-defined margin and a density difference of at 
least 18 Hounsfield units (HU) (17, 23). The black hole sign was 
defined as a hypoattenuated area of any dimension or morphology 
that has a density difference of at least 28 HU with the encapsulating 
hematoma (17, 24, 26).

Primary and secondary outcomes

We defined the primary outcome as the proportion of patients 
with unfavorable functional outcome at 12 months using the modified 
Rankin Scale (mRS [range: 0, no symptoms to 6, death]); unfavorable 

outcome was defined as a score of 4–6 (4, unable to walk unassisted, 
to 6, death), which was dichotomously compared with the proportion 
of patients with favorable outcome (0, no deficit, to 3, being able to 
walk unassisted) (27, 28). Follow-up information was gathered by 
personnel blinded to clinical data according to the study protocol 
(28). The secondary outcome consisted of the presence of 
HE. We defined hematoma expansion (HE) as a 6 mL absolute and/
or 33% relative increase in hematoma volume measured at follow-up 
CT (0–48 h) (17).

Statistical analysis

All statistical analyses were performed using STATA (Version 
14.2).1 A value of α = 0.05 was considered statistically significant. 
Categorial variables were presented as numbers and percentages (n, 
%) and were compared by Pearson χ2 and Fisher exact tests. The 
distribution of the data was evaluated by the Kolmogorov–Smirnov 
test: normally distributed continuous data [expressed as 
mean ± standard deviation (SD)] was compared using the Student 
t-test; otherwise, we used the Mann–Whitney U-test [presented as 
median and interquartile range (IQR)]. Sensitivity analyses to identify 

1 http://www.stata.com

FIGURE 1

Flow chart of study participants. Overall, data of 1,322 patients with intracerebral hemorrhage (ICH) (2006–2015) were screened. After the exclusion of 
735 patients with lobar, cerebellar and brainstem ICH, 587 patients with deep ICH (basal ganglia and thalamus) remained; 265 patients with no follow-
up imaging <48  h (n  =  114), early care limitations (n  =  73), hospital transfers (n  =  64), hematoma evacuation surgery (n  =  10), and primary intraventricular 
hemorrhage (n  =  4) were excluded. Therefore, 322 patients remained for data analyses.

https://doi.org/10.3389/fneur.2023.1268839
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://www.stata.com


Kölbl et al. 10.3389/fneur.2023.1268839

Frontiers in Neurology 04 frontiersin.org

confounders with the investigated outcomes consisted of a 
dichotomized approach (mRS 0–3 vs. 4–6 and HE present vs. absent) 
to compare baseline characteristics. To evaluate independent 
associations of NCCT markers with primary and secondary outcomes, 
we conducted two multivariable binary logistic regression analyses 
(model A, mRS 4–6, model B, HE present). In general, confounders 
for each outcome were identified based on sensitivity analyses and 
evaluated by standardized mean difference >10% and according to 
existing evidence (5, 29–32). Hence, the following parameters were 
included in multivariate modeling: model (A): age, baseline ICH 
volume, pre-mRS, NIHSS, HE, and IVH; and model (B): baseline ICH 
volume, systolic blood pressure, APT, OAC, time from symptom onset 
to diagnostic CT, and time from diagnostic CT to follow-up 
CT. We graphically displayed these associations as Forest plots with 
corresponding adjusted odds ratios (aORs).

Results

Baseline characteristics

The entire study population consisted of 322 patients with deep 
ICH meeting selection criteria (Table 1), with a median age of 69 years 
(IQR, 59.6–77.0) and 40.1% (n = 129/322) being female. Prior use of 
antiplatelet drugs (APT) was found in 29.5% (n = 95/322), and prior 
use of oral anticoagulant (OAC) in 14.0% (n = 45/322). Neurological 
assessment on admission was measured by the NIHSS at a median of 
15 (IQR, 9–24) and with a median max ICH score of 4 (IQR, 3–5). 
Diagnostic CT was performed at a median of 3.6 h (IQR, 1.6–8.5 h) 
after symptom onset, and follow-up CT was performed at 21.5 h (IQR, 
14.2–28.4 h). Hematoma volume at diagnosis was at a median of 
11.97 mL (IQR, 5.1–27.0 mL), IVH was found in 61.5% (n = 198/322) 
of patients, and HE  occurred in 14.3% (n = 46/322). Unfavorable 
functional outcome at 12 months, defined as mRS 4–6, occurred in 
61.8% (n = 199/322) of patients. For the sensitivity analysis of excluded 
patients, please see Supplementary Table S1.

Long-term outcome and NCCT markers

The dichotomized comparison (mRS 0–3 vs. 4–6) provided that 
patients with unfavorable outcome showed significant imbalances 
(Table 1), e.g., older age [72.0 (62.0–79.0) vs. 65.0 (54.0–72.0); absolute 
difference (AD): 7.0, 95%CI (3.6 to 10.4) years; standardized mean 
difference (SMD): 0.6], and worse pre-mRS [1 (0–2) vs. 0 (0–1); AD: 
1.0, 95%CI (0.6 to 1.4); SMD: 0.57], more frequent prior ischemic 
stroke/TIA [25.1% (50/199) vs. 13.8% (17/123); AD: 11.3, 95%CI (2.7 
to 19.9); SMD:0.29]. Patients with unfavorable long-term outcome 
had a worse neurological assessment on admission, i.e., GCS [11 
(4–13) vs. 14 (11–15); AD: −3.0, 95%CI (−4.8 to −1.2); SMD: −0.72], 
NIHSS [18 (12–32) vs. 9 (5–16); AD: 9.0, 95%CI (5.9–12.1); SMD: 
0.81], and max-ICH score [5 (4–6) vs. 2 (1–4); AD: 3.0, 95%CI (2.6–
3.4); SMD: 1.46]. Patients with mRS 4–6 at 12 months had larger ICH 
volumes at diagnostic CT [16.9 (8.4–35) vs. 6.1 (2.0–14.9); AD: 10.7, 
95%CI (6.6–14.9); SMD: 0.7] and follow-up CT [18.0 (8.0–44.2) vs. 
5.8 (2.1–15.3); AD: 12.3, 95%CI (6.9–17.7); SMD: 0.81]. IVH and 
HE were found more often in patients with unfavorable outcome 
[IVH; 74.9% (149/199) vs. 39.8% (49/123); AD: 35.0, 95%CI 

(24.5–45.6); SMD: 0.76; and HE, 17.1% (34/199) vs. 9.8% (12/123); 
AD: 7.3, 95%CI (−0.1 to 14.7); SMD: 0.22].

The presence of the NCCT markers in all patients and 
dichotomized according to long-term outcome at 12 months (mRS 
0–3 vs. mRS 4–6) is shown in Table 2. Any NCCT marker (presence 
of at least 1 NCCT marker) was present in 79.2% (n = 255/322) of 
patients. The frequencies of NCCT markers were as follows: 69.6% of 
all patients (n = 224/322) exhibited irregular shape, 55.9% 
(n = 180/322) heterogenous density, 52.5% (n = 169/322) 
hypodensities, 19.3% (n = 62/322) island sign, 4.7% (n = 15/322) blend 
sign, and 11.5% (n = 37/322) black hole sign. Patients with unfavorable 
long-term outcome showed more frequently NCCT markers than 
patients with favorable outcome [88.4% (176/199) vs. 64.2% (79/123); 
AD: 24.2, 95%CI (14.6 to 33.8); SMD: 0.59]. In patients with 
unfavorable outcome, the following NCCT markers were significantly 
more frequent: Irregular shape [80.4% (160/199) vs. 52.0% (64/123); 
AD: 28.4, 95%CI (18.0 to 38.8); SMD: 0.63], heterogenous density 
[66.8% (133/199) vs. 38.2% (47/123); AD: 28.6, 95%CI (17.8 to 39.4); 
SMD: 0.60], hypodensities [60.3% (120/199) vs. 39.8% (49/123); AD: 
20.5, 95%CI (9.5 to 31.5); SMD: 0.42], island sign [26.1% (52/199) vs. 
8.1% (10/123); AD: 18.0, 95%CI (10.2 to 25.8); SMD: 0.49].

Table 3 gives an overview of imaging characteristics stratified 
according to the evaluated NCCT markers and the frequency of 
concomitantly present NCCT. Patients with island sign, black hole 
sign and blend sign had larger ICH volumes than patients without. 
The distribution of functional outcome evaluated by mRS score at 
12 months stratified according to the evaluated NCCT markers 
(present vs. absent) is shown in Figure 2.

HE and NCCT markers

Table  4 shows the baseline characteristics of patients with or 
without HE (cutoff 6 mL and/or 33%). Significant associations with 
HE  were present for prior use of OAC [34.8% (16/46) vs. 10.5% 
(29/276); AD: 24.3; 95%CI (10.0 to 38.5); SMD: 0.60], with earlier 
admission after symptom onset [1.7 (0.9–4.1) h vs. 3.5 (1.4–8.7) h; 
AD: −1.8, 95%CI (−3.5 to −0.04); SMD: −0.40] and earlier diagnostic 
CT [2.2 (1.2–5.1) h vs. 4.1 (1.7–9.2) h; AD: −1.9, 95%CI (−3.6 to 
−0.2); SMD: −0.39]. There was no difference in the time between 
diagnostic CT and follow-up CT [18.2 (9.6–26.5) h vs. 21.7 (14.6–
29.3) h; AD: −3.3, 95%CI (−6.9 to 0.2); SMD: −0.17]. Patients with 
HE had larger ICH volumes at diagnostic CT [17.8 (10.8–37.6) vs. 10.2 
(4.9–25.4); AD: 7.6, 95%CI (1.8 to 13.5); SMD: 0.27] and on follow-up 
CT [34.6 (16.3–62.0) vs. 9.8 (4.6–25.8); AD: 24.9, 95%CI (18.3 to 
31.5); SMD: 0.90]. Two NCCT markers were significantly associated 
with HE, i.e., heterogenous density [87.0% (40/46) vs. 50.7% 
(140/276); AD: 36.2, 95%CI (24.9 to 47.6); SMD: 0.85] and 
hypodensities [78.3% (36/46) vs. 48.2 (133/276); AD: 30.1, 95%CI 
(16.8 to 43.4); SMD: 0.65].

Independent predictors of unfavorable 
outcome and HE

Upon multivariable modeling, we  identified independent 
associations with unfavorable functional outcome for age (aOR: 5.29, 
95%CI: 2.79–10.02; p < 0.001), pre-mRS score (aOR: 3.84, 95%CI: 

https://doi.org/10.3389/fneur.2023.1268839
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kölbl et al. 10.3389/fneur.2023.1268839

Frontiers in Neurology 05 frontiersin.org

1.89–7.81; p < 0.001), IVH (aOR: 4.29, 95%CI: 2.39–7.70; p < 0.001) 
and baseline ICH volume (aOR: 4.25, 95%CI: 2.21–8.18; p < 0.001). In 
the second step, we conducted an adjusted analysis for each NCCT 
marker with unfavorable outcome separately, which showed 
significant associations for irregular shape (aOR: 2.73, 95%CI: 

1.42–5.22; p = 0.002), heterogenous density (aOR: 2.62, 95%CI: 1.40–
4.90; p = 0.003) and island sign (aOR: 2.54, 95%CI: 1.05–6.14; 
p = 0.038), as shown in Figure 3. The absence of any NCCT marker was 
associated with significantly reduced odds of achieving unfavorable 
outcome at 12 months (aOR: 0.24, 95%CI: 0.12–0.51; p < 0.001).

TABLE 1 Baseline characteristics for the entire cohort and dichotomized according to long-term outcome (12  months).

All (n =  322) mRS 0–3 
(n =  123)

mRS 4–6 
(n =  199)

Absolute 
difference (95%CI)

SMD

Age, median (IQR) 69.0 (59.6–77.0) 65.0 (54.0–72.0) 72.0 (62.0–79.0) 7.0 (3.6 to 10.4) 0.60

pre-mRS, median (IQR) 1 (0–2) 0 (0–1) 1 (0–2) 1.0 (0.6 to 1.4) 0.57

Female sex, n (%) 129 (40.1%) 46 (37.4%) 83 (41.7%) 4.3 (6.6 to 15.3) 0.09

Medical history, n (%)

Arterial hypertension 297 (92.2%) 115 (93.5%) 182 (91.5%) −2.0 (−7.9 to 3.8) −0.08

Heart failure 47 (14.6%) 14 (11.4%) 33 (16.6%) 5.2 (−2.4 to 12.8) 0.15

Prior ischemic stroke/TIA 67 (20.8%) 17 (13.8%) 50 (25.1%) 11.3 (2.7 to 19.9) 0.29

Prior ICH/bleeding 

complications
22 (6.8%) 6 (4.9%) 16 (8.0%) 3.2 (−2.2 to 8.5) 0.13

Hepatic insufficiency 31 (9.6%) 11 (8.9%) 20 (10.1%) 1.1 (−5.4 to 7.7) 0.04

Renal failure 52 (16.1%) 13 (10.6%) 39 (19.6%) 9.0 (1.3 to 16.8) 0.25

Diabetes mellitus 94 (29.2%) 38 (30.9%) 56 (28.1%) −2.8 (−13.0 to 7.5) −0.06

APT 95 (29.5%) 31 (25.2%) 64 (32.2%) 7.0 (−3.1 to 17.0) 0.15

OAC 45 (14.0%) 13 (10.6%) 32 (16.1%) 5.5 (−1.9 to 13.0) 0.16

Status at hospital admission

GCS, median (IQR) 12 (6–14) 14 (11–15) 11 (4–13) −3.0 (−4.8 to −1.2) −0.72

NIHSS, median (IQR) 15 (9–24) 9 (5–16) 18 (12–32) 9.0 (5.9 to 12.1) 0.81

Syst. blood pressure, median 

(IQR)
170 (150–190) 171 (155–190) 170 (148–192) −1.0 (−10.2 to 8.2) −0.11

Dia. blood pressure, median 

(IQR)
92 (80–106) 95.0 (81.0–108.0) 90.0 (80.0–105.0) −5.0 (−10.5 to 0.5) −0.24

Mean blood pressure, mean 

(SD)
119.0 (22.5) 120.5 (21.2) 118.1 (23.3) 1 (−5.8 to 7.8) −0.11

maxICH Score, median (IQR) 4 (3–5) 2 (1–4) 5 (4–6) 3.0 (2.6 to 3.4) 1.46

Timing (hours), median (IQR)

Symptom onset to admission 3.2 (1.2–8.0) 3.3 (1.2–8.7) 3.2 (1.1–7.3) −0.1 (−1.3 to 1.1) −0.01

Symptom onset to diagnostic 

CT
3.6 (1.6–8.5) 3.6 (1.6–9.2) 3.6 (1.6–8.2) 0.0 (−1.2 to 1.2) −0.01

Diagnostic CT to follow-up CT 21.5 (14.2–28.4) 22.3 (15.8–31.1) 20.9 (13.2–28.2) −1.4 (−4.1 to 1.3) −0.12

Imagine

1. ICH volume (mL), median 

(IQR)
11.97 (5.1–27.0) 6.1 (2.0–14.9) 16.9 (8.4–35) 10.7 (6.6 to 14.9) 0.70

IVH, n (%) 198 (61.5%) 49 (39.8%) 149 (74.9%) 35.0 (24.5 to 45.6) 0.76

2. ICH volume (mL), median 

(IQR)
12.4 (5.0–32.5) 5.8 (2.1–15.3) 18.0 (8.0–44.2) 12.3 (6.9 to 17.7) 0.81

HE 33% and/or 6 mL, n (%) 46 (14.3%) 12 (9.8%) 34 (17.1%) 7.3 (−0.1 to 14.7) 0.22

Comparison of patients with favorable functional long-term outcome (mRS 0–3 score at 12 months) vs. patients with unfavorable functional long-term outcome (mRS score 4–6 at 12 months). 
Absolute differences are provided in percent for frequency data and for scales or continuous variables as mean differences of the according measurement unit. Standardized mean differences 
(SMD) are given to compare the difference between patients with favorable vs. poor outcomes. n, number of patients; SD, standard deviation; IQR, Interquartile range; CI, confidence interval; 
SMD, standardized mean differences; ICH, intracerebral hemorrhage, IVH, intraventricular hemorrhage; APT, prior antiplatelet drug use; OAC, prior oral anticoagulation drug use; premRS, 
modified Ranking scale sore before stroke; GCS, Glasgow Coma Scale (ranging from 3, comatose, to 15, alert); NIHSS, National Institutes of Health Stroke Scale (ranging from 0, no stroke 
symptoms, to 42, severe stroke); syst. Blood pressure, systolic blood pressure; dia. Blood pressure, diastolic blood pressure, mean arterial blood pressure, mean arterial blood pressure; max-
ICH Score; maximally treated ICH Score; HE, Hematoma enlargement.
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Upon multivariable modeling for independent associations 
with HE, baseline ICH volume (aOR: 2.6, 95%CI: 1.29–5.24; 
p = 0.007), prior use of OAC (aOR: 4.83, 95%CI: 2.23–10.43; 
p < 0.001) and time from symptom onset to diagnostic CT (aOR: 
0.51, 95%CI: 0.25–1.01; p = 0.05) were significantly associated 
with HE. Upon adjusted analyses for each NCCT marker with 
HE, significant associations were present for heterogenous 
density (aOR: 5.01, 95%CI: 1.93–13.05; p = 0.001) and 
hypodensities (aOR: 3.75, 95%CI: 1.63–8.62; p = 0.002), as shown 
in Figure 4.

Discussion

The present study, for the first time, evaluated the association 
of NCCT markers with long-term functional outcome solely in 
deep ICH patients. This important subgroup of ICH patients is 
characterized by the highest risk for HE (8), more rapid 
HE-dynamics (13), smaller volume increases leading to poorer 
functional outcome (8), and a greater societal burden due to 
younger age (8). We identified the NCCT marker heterogenous 
density as clinically meaningful in deep ICH patients, increasing 

TABLE 2 Distribution of NCCT markers in the entire cohort and dichotomized according to long-term outcome (12  months).

NCCT markers,  
n (%)

All (n =  322) mRS 0–3 
(n =  123)

mRS 4–6 
(n =  199)

Absolute difference 
(95%CI)

SMD

Any sign 255 (79.2%) 79 (64.2%) 176 (88.4%) 24.2 (14.6 to 33.8) 0.59

Irregular shape 224 (69.6%) 64 (52.0%) 160 (80.4%) 28.4 (18.0 to 38.8) 0.63

Heterogenous density 180 (55.9%) 47 (38.2%) 133 (66.8%) 28.6 (17.8 to 39.4) 0.60

Hypodensities 169 (52.5%) 49 (39.8%) 120 (60.3%) 20.5 (9.5 to 31.5) 0.42

Island sign 62 (19.3%) 10 (8.1%) 52 (26.1%) 18.0 (10.2 to 25.8) 0.49

Blend sign 15 (4.7%) 4 (3.3%) 11 (5.5%) 2.3 (−2.2 to 6.7) 0.11

Black hole sign 37 (11.5%) 9 (7.3%) 28 (14.1%) 6.8 (0.1 to 13.4) 0.22

Distribution of NCCT (non-contrast CT) markers in the entire cohort and dichotomized according to long-term outcome at 12 months (mRS 0–3 vs. mRS 4–6). Absolute differences are 
provided in percent for frequency data and for scales or continuous variables as mean differences of the according measurement unit. Standardized mean differences (SMD) are given to 
compare the difference between patients with favorable vs. poor outcomes. n, number of patients; CI, confidence interval; SMD, standardized mean differences; NCCT, non-contrast CT; Any 
sign, the presence of at least 1 NCCT marker.

TABLE 3 Characteristics of patients divided according to the presence of NCCT markers.

Any sign 
(n =  255)

Irregular 
shape 

(n =  224)

Heterogenous 
density 

(n =  180)

Hypodensities 
(n =  169)

Island sign 
(n =  62)

Blend sign 
(n =  15)

Black hole 
sign 

(n =  37)

Age, median (IQR), y 68.0 (59.0–77.0) 68.5 (59.0–76.8) 68.0 (59.0–76.0) 67.0 (58.5–75.5) 67.0 (58.0–75.5) 64.0 (55.0–72.0) 67.0 (60.5–78.5)

Female sex, n (%) 101 (39.6%) 91 (40.6%) 65 (36.1%) 59 (34.9%) 19 (30.6%) 6 (40%) 14 (37.8%)

Timing (h), median (IQR)

Symptom onset to admission 3.0 (1.1–6.8) 2.9 (1.1–7.3) 2.7 (1.1–5.4) 3.0 (1.3–6.3) 4.0 (1.3–8.4) 2.9 (1.5–6.4) 3.2 (1.0–6.3)

Symptom onset to diag. CT 3.5 (1.5–7.3) 3.6 (1.5–8.0) 3.2 (1.5–6.1) 3.5 (1.6–6.7) 4.4 (1.7–8.8) 3.4 (1.6–6.7) 3.5 (1.4–6.5)

Diag. CT to follow-up CT 20.7 (13.1–27.2) 20.4 (13.0–26.4) 20.4 (13.0–28.0) 20.4 (13.3–28.1) 23.2 (16.8–30.7) 24 (14.0–29.2) 20.4 (12.7–28.2)

Imagine

1. ICH volume, median 

(IQR)

16.5 (7.9–31.6) 17.1 (8.7–34.2) 17.8 (9.5–37.2) 19.2 (9.9–39.1) 33.9 (17.5–53.3) 42.0 (17.9–73.8) 38.0 (17.9–57.8)

IVH, n (%) 166 (65.1%) 150 (67.0%) 124 (68.9%) 116 (68.6%) 43 (69.4%) 8 (53.3%) 27 (73.0%)

2. ICH volume, median 

(IQR)

16.0 (7.7–37.2) 17.3 (8.0–42.0) 18.6 (9.8–47.0) 22.7 (10.4–47.8) 37.9 (18.7–64.6) 48.0 (24.6–78.5) 44.2 (17.1–68.0)

HE 33% and/or 6 mL, n (%) 41 (16.1%) 37 (16.5%) 40 (22.2%) 36 (21.3%) 14 (22.6%) 3 (20.0%) 9 (24.3%)

NCCT markers, n (%)

Irregular shape 224 (87.8%) 155 (86.1%) 142 (84.0%) 58 (93.5%) 15 (100.0%) 31 (83.8%)

Heterogenous density 180 (70.6%) 155 (69.2%) 140 (82.8%) 52 (83.9%) 13 (86.7%) 35 (94.6%)

Hypodensities 169 (66.3%) 142 (63.4%) 140 (77.8%) 49 (79.0%) 14 (93.3%) 36 (97.3%)

Island sign 62 (24.3%) 58 (25.9%) 52 (28.9%) 49 (29.0%) 4 (26.7%) 16 (43.2%)

Blend sign 15 (5.9%) 15 (6.7%) 13 (7.2%) 14 (8.3%) 4 (6.5%) 5 (13.5%)

Black hole sign 37 (14.5%) 31 (13.8%) 35 (19.4%) 36 (21.3%) 16 (25.8%) 5 (33.3%)

Baseline characteristics of all patients divided according to the presence of different NCCT (non-contrast CT) markers. n, number of patients; SD, standard deviation; IQR, Interquartile range; 
CI, confidence interval; SMD, standardized mean differences; ICH, intracerebral hemorrhage, IVH, intraventricular hemorrhage; HE, Hematoma enlargement.
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the odds for unfavorable functional long-term outcome by 
2.5-fold and for HE by 5-fold.

There are several well-established predictors of functional 
outcome, including age, neurological assessment, hematoma volume 
and hematoma expansion (5, 29–32). Yet, the very first step for ICH 
diagnosis in most patients is a non-contrast CT scan. Hence, the 
availability of easy-to-use imaging biomarkers that are robustly 
associated with clinical outcome reflects a very important step in 
hyperacute care. Furthermore, if this surrogate marker is also 
specific for the most important treatment target HE, then this 
parameter could serve as an important and clinically meaningful 
predictor both ways. According to a recent meta-analysis, NCCT 
markers such as irregular shape and density, black hole sign, blend 
sign, hypodensities, and island sign were all associated with poor 
short-term outcome and an increased risk for HE, which, however, 

was based on unadjusted pooled estimates (15). In our study, after 
robust adjustments, only the density markers (heterogenous 
density) and shape markers (irregular shape and island sign) were 
independently associated with poor long-term outcome. At the 
same time, only heterogenous density and hypodensities were 
independently associated with HE. These findings suggest a 
simplification to only one density marker, that is heterogenous 
density, which serves as the only parameter associated with both 
outcomes and, therefore, may represent the ideal radiologic 
biomarker in patients with deep ICH. Heterogenous density of ICH 
is conventionally assessed on a visual analog scale (21) and hence 
may be easily integrated into clinical practice or even into automated 
analyses using artificial intelligence-based methodologies. 
Furthermore, it remains to be determined to what extent aggressive 
treatment interventions, such as systolic blood pressure lowering or 

FIGURE 2

Distribution of functional long-term outcome at 12  months. Distribution of modified Rankin Scale (mRS) at 12  months in patients according to the 
presence of non-contrast CT (NCCT) markers. The percentage of participants with the mRS obtained at 12  months is shown in each cell. Any sign, the 
presence of at least 1 NCCT marker.
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TABLE 4 Comparison of patients without versus patients with HE.

HE absent (n =  276) HE present (n =  46) Absolute difference(95%CI) SMD

Age, median (IQR), y 69.0 (60.0–77.0) 68.0 (57.8–77.0) −2.0 (−7.8 to 3.8) −0.08

pre-mRS, median (IQR) 1 (0–2) 1 (0–1) 0.0 (−0.6 to 0.6) −0.06

Female sex, n (%) 114 (41.3%) 15 (32.6%) −8.7 (−23.4 to 6.0) −0.18

Medical history, n (%)

Arterial hypertension 253 (91.7%) 44 (95.7%) 4.0 (−2.7 to 10.7) 0.16

Heart failure 39 (14.1%) 8 (17.4%) 3.3 (−8.4 to 15.0) 0.09

Prior ischemic stroke/TIA 57 (20.7%) 10 (21.7%) 1.1 (−11.7 to 14.0) 0.03

Prior Bleeding complications 18 (6.5%) 4 (8.7%) 2.1 (−6.5 to 10.8) 0.08

Hepatic insufficiency 26 (9.4%) 5 (10.9%) 1.4 (−8.2 to 11.1) 0.05

Renal failure 42 (15.2%) 10 (21.7%) 6.5 (−6.1 to 19.2) 0.17

Diabetes mellitus 84 (30.4%) 10 (21.7%) −8.7 (−21.8 to 4.4) −0.20

APT 85 (30.8%) 10 (21.7%) −9.1 (−22.2 to 4.0) −0.21

OAC 29 (10.5%) 16 (34.8%) 24.3 (10.0 to 38.5) 0.60

Status at hospital admission

GCS, median (IQR) 12 (7–15) 11 (5–13) −1.0 (−3.1 to 1.1) −0.19

NIHSS, median (IQR) 14 (8–24) 18 (13–28) 4.0 (0.0 to 8.0) 0.28

Syst. blood pressure, median 

(IQR)
170 (150–190) 170 (154.3–199.3) 0.0 (−12.9 to 12.9) 0.10

Dia. blood pressure, median 

(IQR)
91.5 (80.0–105.5) 99.0 (78.0–114.5) 6 (−1.5 to 13.5) 0.18

Mean blood pressure, mean 

(SD)
118.6 (21.9) 121.4 (26.0) 2.0 (−7.7 to 11.7) 0.12

maxICH score, median (IQR) 4 (3–5) 4.5 (4–5) 1 (0.0 to 2.0) 0.49

Timing hours, median (IQR)

Symptom onset to admission 3.5 (1.4–8.7) 1.7 (0.9–4.1) −1.8 (−3.5 to −0.04) −0.40

Symptom onset to diag. CT 4.1 (1.7–9.2) 2.2 (1.2–5.1) −1.9 (−3.6 to −0.2) −0.39

Diag. CT to follow-up CT 21.7 (14.6–29.3) 18.2 (9.6–26.5) −3.3 (−6.9 to 0.2) −0.17

Imagine

1. ICH volume (mL), median 

(IQR)
10.2 (4.9–25.4) 17.8 (10.8–37.6) 7.6 (1.8 to 13.5) 0.27

IVH, n (%) 164 (59.4%) 34 (73.9%) 14.5 (0.5 to 28.4) 0.31

2. ICH volume (mL), median 

(IQR)
9.8 (4.6–25.8) 34.6 (16.3–62.0) 24.9 (18.3 to 31.5) 0.90

NCCT markers, n (%)

Any sign 214 (77.5%) 41 (89.1%) 11.6 (1.3 to 21.8) 0.31

Irregular shape 187 (67.8%) 37 (80.4%) 12.7 (0.0 to 25.4) 0.29

Heterogenous density 140 (50.7%) 40 (87.0%) 36.2 (24.9 to 47.6) 0.85

Hypodensities 133 (48.2) 36 (78.3%) 30.1 (16.8 to 43.4) 0.65

Island sign 48 (17.4%) 14 (30.4%) 13.0 (−1.0 to 27.1) 0.31

Blend sign 12 (4.3%) 3 (6.5%) 2.2 (−5.4 to 9.7) 0.10

Black hole sign 28 (10.1%) 9 (19.6%) 9.4 (−2.6 to 21.4) 0.27

Comparison of patients with HE (hematoma enlargement) vs. without HE (cutoff 33% and/or 6 mL). Absolute differences are provided in percent for frequency data and for scales or 
continuous variables as mean differences of the according measurement unit. Standardized mean differences (SMD) are given to compare the difference between patients with and without HE. 
n, number of patients; SD, standard deviation; IQR, Interquartile range; CI, confidence interval; SMD, standardized mean differences; ICH, intracerebral hemorrhage; IVH, intraventricular 
hemorrhage; APT, prior antiplatelet drug use; OAC, prior oral anticoagulation drug use; premRS, modified Ranking scale sore before stroke; GCS, Glasgow Coma Scale (ranging from 3, 
comatose, to 15, alert); NIHSS, National Institutes of Health Stroke Scale (ranging from 0, no stroke symptoms, to 42, severe stroke); syst. Blood pressure, systolic blood pressure; dia. Blood 
pressure, diastolic blood pressure, mean blood pressure, mean arterial blood pressure; max-ICH Score; maximally treated ICH Score; NCCT, non-contrast CT; Any sign, the presence of at least 
1 NCCT marker.
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hemostatic approaches, may translate to larger effect sizes in patients 
with present NCCT markers to prevent HE.

The complexity of the increasing number and partially overlapping 
definitions of NCCT markers evaluated in recent years, as well as 
different standards of HE, may have hindered clinical applicability, 
especially translation into clinical trials of hyper-acute management as 

important selection criteria. Importantly, recent data suggest that time 
course (e.g., symptom onset to CT) affects the sensitivity and specificity 
of different NCCT markers. In line with a recent study, which showed 
that hypodensity and heterogenous density makers had a higher 
sensitivity within a 2-h time window, we report that these subgroups of 
patients (heterogenous density and hypodensity positive) arrived at the 

FIGURE 3

Association of NCCT markers with unfavorable outcome (mRS 4–6) at 12  months. Logarithmic forest plot, which shows adjusted odds ratios (OR), 
confidence interval (CI), and p-values of non-contrast CT (NCCT) markers for long-term outcome after adjusting for age, baseline intracerebral 
hemorrhage volume (ICH), hematoma enlargement (HE) (defined as a 33% and/or 6  mL increase), National Institutes of Health Stroke Scale (NIHSS) 
ranging from 0, no stroke symptoms, to 42, severe stroke, pre-stroke modified Ranking Scale (pre-mRS) and intraventricular hemorrhage (IVH).

FIGURE 4

Association of NCCT markers with HE (defined as 33% and/or 6  mL increase). Logarithmic forest plot, which shows odds ratio (OR), confidence interval 
(CI), and p-value of non-contrast CT (NCCT) markers for hematoma enlargement (HE) after adjusting for ICH baseline volume, prior use of antiplatelet 
drugs, prior use of anticoagulant drugs, systolic blood pressure, time from symptom onset to diagnostic CT, and time from diagnostic to follow-up CT.
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hospital the earliest, at a median of 2.7 and 3h, respectively (33). In 
theory, this would lead to two clinically meaningful aspects: (1) the 
ability to identify high-risk patients without known symptom onset or 
after wake-up constellations in ICH and (2) the identification of patients 
with a greater potential that aggressive interventions exert larger effect 
sizes on HE prevention and functional long-term outcome. Increasingly, 
researchers suggest a combination of markers and time measures as 
ideal for predicting HE, and therefore, our findings would suggest that 
in deep ICH, the NCCT markers, heterogenous density and 
hypodensities, would be valuable to predict HE (34).

For our research, we used granular data, robust and standardized 
methodology and validated definitions for imaging analyses; specifically, 
we applied the most commonly used definitions of hematoma expansion 
after volumetric analyses (17, 20). For NCCT markers, we  strictly 
followed the Standards for Detecting, Interpreting, and Reporting 
Noncontrast Computed Tomographic Markers of Intracerebral 
Hemorrhage Expansion by Morotti et al. (17). Additionally, we used 
prospectively collected data on long-term functional outcome, which 
may provide increased generalizability of our findings. Nevertheless, our 
research has several limitations. First, due to the retrospective design, the 
time points of follow-up imaging were not standardized. Second, we did 
not execute in-depth analyses of the IVH extent, which deserves future 
investigations (35, 36). Third, accompanying CTA imaging for spot sign 
evaluation was not available in all cases; hence, a comparison of 
diagnostic performance to NCCT markers was not feasible. Finally, since 
the examined population consisted mainly of white Europeans, it is 
questionable whether our findings can be transferred to other ethnic 
groups. Many prior studies largely investigated Asian cohorts in which 
the incidence of ICH is higher compared to other ethnic groups, and 
moreover, limited data is available regarding ethnic differences in HE 
dynamics (15, 37, 38).

Conclusion

NCCT markers are frequent in deep ICH patients and provide 
important clinical implications. Specifically, markers defined by diverging 
intra-hematomal densities provided associations with a 5-times higher 
risk for HE and a 2.5-times higher likelihood of unfavorable functional 
long-term outcome. Hence, these markers allow the identification of 
high-risk patients with deep ICH for clinical deterioration due to HE.

Data availability statement

The datasets presented in this article will be made available upon 
reasonable request and in adherence with institutional data sharing 
regulations. Requests to access the datasets should be directed to joji.
kuramatsu@uk-erlangen.de.

Ethics statement

The studies involving humans were reviewed and approved by the 
Ethics committee of the Friedrich-Alexander-University Erlangen-
Nuremberg, approval number: 115_17B. The studies were conducted in 
accordance with the local legislation and institutional requirements. The 
participants provided their written informed consent to participate in 
this study.

Author contributions

KK: Conceptualization, Data curation, Formal analysis, Investigation, 
Writing – original draft. SH: Conceptualization, Data curation, Formal 
analysis, Investigation, Writing – original draft. MX: Data curation, 
Investigation, Writing – review & editing. JS: Data curation, Writing – 
review & editing, Methodology, Project administration. AM: Data 
curation, Writing – review & editing, Project administration, Validation. 
SB: Data curation, Writing – review & editing, Validation. SL: Data 
curation, Investigation, Writing – review & editing, Project 
administration. BV: Data curation, Investigation, Methodology, Writing 
– review & editing, Project administration. TE: Conceptualization, Data 
curation, Writing – review & editing, Methodology, Supervision, 
Validation. BK: Data curation, Writing – review & editing, Project 
administration, Supervision. JK: Conceptualization, Formal analysis, 
Supervision, Writing – original draft, Investigation, Methodology, Project 
administration, Validation.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

The present study was performed in (partial) fulfillment of the 
requirements for obtaining the degree “Dr. med.” for KK. The 
Department of Neurology is part of the University of Erlangen-
Nürnberg, Friedrich-Alexander-Universität Erlangen-Nürnberg 
(FAU), Germany.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

JK declared that he was an editorial board member of Frontiers, 
at the time of submission. This had no impact on the peer review 
process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2023.1268839/
full#supplementary-material

https://doi.org/10.3389/fneur.2023.1268839
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
mailto:joji.kuramatsu@uk-erlangen.de
mailto:joji.kuramatsu@uk-erlangen.de
https://www.frontiersin.org/articles/10.3389/fneur.2023.1268839/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2023.1268839/full#supplementary-material


Kölbl et al. 10.3389/fneur.2023.1268839

Frontiers in Neurology 11 frontiersin.org

References
 1. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M, Bennett 

DA, et al. Global and regional burden of first-ever ischaemic and haemorrhagic stroke 
during 1990-2010: findings from the global burden of disease study 2010. Lancet Glob 
Health. (2013) 1:e259–81. doi: 10.1016/S2214-109X(13)70089-5

 2. Cordonnier C, Demchuk A, Ziai W, Anderson CS. Intracerebral haemorrhage: 
current approaches to acute management. Lancet. (2018) 392:1257–68. doi: 10.1016/
S0140-6736(18)31878-6

 3. Morotti A, Goldstein JN. Diagnosis and management of acute intracerebral 
hemorrhage. Emerg Med Clin North Am. (2016) 34:883–99. doi: 10.1016/j.
emc.2016.06.010

 4. Broderick JP, Grotta JC, Naidech AM, Steiner T, Sprigg N, Toyoda K, et al. The story 
of intracerebral hemorrhage: from recalcitrant to treatable disease. Stroke. (2021) 
52:1905–14. doi: 10.1161/STROKEAHA.121.033484

 5. Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA, et al. 
Hematoma growth is a determinant of mortality and poor outcome after intracerebral 
hemorrhage. Neurology. (2006) 66:1175–81. doi: 10.1212/01.wnl.0000208408.98482.99

 6. Delcourt C, Huang Y, Arima H, Chalmers J, Davis SM, Heeley EL, et al. Hematoma 
growth and outcomes in intracerebral hemorrhage: the INTERACT1 study. Neurology. 
(2012) 79:314–9. doi: 10.1212/WNL.0b013e318260cbba

 7. Kuramatsu JB, Gerner ST, Schellinger PD, Glahn J, Endres M, Sobesky J, et al. 
Anticoagulant reversal, blood pressure levels, and anticoagulant resumption in patients 
with anticoagulation-related intracerebral hemorrhage. JAMA. (2015) 313:824–36. doi: 
10.1001/jama.2015.0846

 8. Roh D, Boehme A, Young C, Roth W, Gutierrez J, Flaherty M, et al. Hematoma 
expansion is more frequent in deep than lobar intracerebral hemorrhage. Neurology. 
(2020) 95:e3386–93. doi: 10.1212/WNL.0000000000010990

 9. Sreekrishnan A, Dearborn JL, Greer DM, Shi F-D, Hwang DY, Leasure AC, et al. 
Intracerebral hemorrhage location and functional outcomes of patients: a systematic 
literature review and meta-analysis. Neurocrit Care. (2016) 25:384–91. doi: 10.1007/
s12028-016-0276-4

 10. Delcourt C, Sato S, Zhang S, Sandset EC, Zheng D, Chen X, et al. Intracerebral 
hemorrhage location and outcome among INTERACT2 participants. Neurology. (2017) 
88:1408–14. doi: 10.1212/WNL.0000000000003771

 11. Kuohn LR, Witsch J, Steiner T, Sheth KN, Kamel H, Navi BB, et al. Early 
deterioration, hematoma expansion, and outcomes in deep versus lobar intracerebral 
hemorrhage: the FAST trial. Stroke. (2022) 53:2441–8. doi: 10.1161/
STROKEAHA.121.037974

 12. Haupenthal D, Kuramatsu JB, Volbers B, Sembill JA, Mrochen A, Balk S, et al. 
Disability-adjusted life-years associated with intracerebral hemorrhage and secondary 
injury. JAMA Netw Open. (2021) 4:e2115859. doi: 10.1001/jamanetworkopen.2021.15859

 13. Sembill JA, Kuramatsu JB, Gerner ST, Sprügel MI, Roeder SS, Madžar D, et al. 
Hematoma enlargement characteristics in deep versus lobar intracerebral hemorrhage. 
Ann Clin Transl Neurol. (2020) 7:363–74. doi: 10.1002/acn3.51001

 14. Yogendrakumar V, Ramsay T, Menon BK, Qureshi AI, Saver JL, Dowlatshahi D. 
Hematoma expansion shift analysis to assess acute intracerebral hemorrhage treatments. 
Neurology. (2021) 97:e755–64. doi: 10.1212/WNL.0000000000012393

 15. Morotti A, Arba F, Boulouis G, Charidimou A. Noncontrast CT markers of 
intracerebral hemorrhage expansion and poor outcome: a meta-analysis. Neurology. 
(2020) 95:632–43. doi: 10.1212/WNL.0000000000010660

 16. Sporns PB, Schwake M, Schmidt R, Kemmling A, Minnerup J, Schwindt W, et al. 
Computed tomographic blend sign is associated with computed tomographic angiography 
spot sign and predicts secondary neurological deterioration after intracerebral hemorrhage. 
Stroke. (2017) 48:131–5. doi: 10.1161/STROKEAHA.116.014068

 17. Morotti A, Boulouis G, Dowlatshahi D, Li Q, Barras CD, Delcourt C, et al. 
Standards for detecting, interpreting, and reporting noncontrast computed tomographic 
markers of intracerebral hemorrhage expansion. Ann Neurol. (2019) 86:480–92. doi: 
10.1002/ana.25563

 18. Sprugel MI, Kuramatsu JB, Volbers B, Saam JI, Sembill JA, Gerner ST, et al. Impact 
of statins on hematoma, edema, seizures, vascular events, and functional recovery after 
intracerebral hemorrhage. Stroke. (2021) 52:975–84. doi: 10.1161/
STROKEAHA.120.029345

 19. Sembill JA, Gerner ST, Volbers B, Bobinger T, Lucking H, Kloska SP, et al. Severity 
assessment in maximally treated ICH patients: the max-ICH score. Neurology. (2017) 
89:423–31. doi: 10.1212/WNL.0000000000004174

 20. Volbers B, Staykov D, Wagner I, Dörfler A, Saake M, Schwab S, et al. Semi-
automatic volumetric assessment of perihemorrhagic edema with computed 
tomography. Eur J Neurol. (2011) 18:1323–8. doi: 
10.1111/j.1468-1331.2011.03395.x

 21. Barras CD, Tress BM, Christensen S, MacGregor L, Collins M, Desmond PM, et al. 
Density and shape as CT predictors of intracerebral hemorrhage growth. Stroke. (2009) 
40:1325–31. doi: 10.1161/STROKEAHA.108.536888

 22. Boulouis G, Morotti A, Brouwers HB, Charidimou A, Jessel MJ, Auriel E, et al. 
Association between hypodensities detected by computed tomography and hematoma 
expansion in patients with intracerebral hemorrhage. JAMA Neurol. (2016) 73:961–8. 
doi: 10.1001/jamaneurol.2016.1218

 23. Li Q, Zhang G, Huang Y-J, Dong M-X, Lv F-J, Wei X, et al. Blend sign on computed 
tomography: novel and reliable predictor for early hematoma growth in patients with 
intracerebral hemorrhage. Stroke. (2015) 46:2119–23. doi: 10.1161/
STROKEAHA.115.009185

 24. Li Q, Zhang G, Xiong X, Wang X-C, Yang W-S, Li K-W, et al. Black hole sign: novel 
imaging marker that predicts hematoma growth in patients with intracerebral 
hemorrhage. Stroke. (2016) 47:1777–81. doi: 10.1161/STROKEAHA.116.013186

 25. Li Q, Liu Q-J, Yang W-S, Wang X-C, Zhao L-B, Xiong X, et al. Island sign: an 
imaging predictor for early hematoma expansion and poor outcome in patients with 
intracerebral hemorrhage. Stroke. (2017) 48:3019–25. doi: 10.1161/
STROKEAHA.117.017985

 26. Li Q, Yang W-S, Chen S-L, Lv F-R, Lv F-J, Hu X, et al. Black hole sign predicts poor 
outcome in patients with intracerebral hemorrhage. Cerebrovasc Dis. (2018) 45:48–53. 
doi: 10.1159/000486163

 27. Qureshi AI, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin RL, et al. 
Intensive blood-pressure lowering in patients with acute cerebral hemorrhage. N Engl J 
Med. (2016) 375:1033–43. doi: 10.1056/NEJMoa1603460

 28. Kuramatsu JB, Biffi A, Gerner ST, Sembill JA, Sprugel MI, Leasure A, et al. 
Association of Surgical Hematoma Evacuation vs conservative treatment with functional 
outcome in patients with cerebellar intracerebral hemorrhage. JAMA. (2019) 
322:1392–403. doi: 10.1001/jama.2019.13014

 29. Qureshi AI, Mendelow AD, Hanley DF. Intracerebral haemorrhage. Lancet. (2009) 
373:1632–44. doi: 10.1016/S0140-6736(09)60371-8

 30. An SJ, Kim TJ, Yoon BW. Epidemiology, risk factors, and clinical features of 
intracerebral hemorrhage: an update. J Stroke. (2017) 19:3–10. doi: 10.5853/
jos.2016.00864

 31. Al-Shahi Salman R, Frantzias J, Lee RJ, Lyden PD, Battey TWK, Ayres AM, et al. 
Absolute risk and predictors of the growth of acute spontaneous intracerebral 
haemorrhage: a systematic review and meta-analysis of individual patient data. Lancet 
Neurol. (2018) 17:885–94. doi: 10.1016/S1474-4422(18)30253-9

 32. Hemphill JC 3rd, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The ICH 
score: a simple, reliable grading scale for intracerebral hemorrhage. Stroke. (2001) 
32:891–7. doi: 10.1161/01.STR.32.4.891

 33. Morotti A, Li Q, Mazzoleni V, Nawabi J, Schlunk F, Mazzacane F, et al. Non-
contrast CT markers of intracerebral hemorrhage expansion: the influence of onset-to-
CT time. Int J Stroke. (2022) 18:704–11. doi: 10.1177/17474930221142742

 34. Morotti A, Dowlatshahi D, Boulouis G, Al-Ajlan F, Demchuk AM, Aviv RI, et al. 
Predicting intracerebral hemorrhage expansion with noncontrast computed 
tomography: the BAT score. Stroke. (2018) 49:1163–9. doi: 10.1161/
STROKEAHA.117.020138

 35. Morotti A, Boulouis G, Dowlatshahi D, Li Q, Shamy M, Al-Shahi Salman R, et al. 
Intracerebral haemorrhage expansion: definitions, predictors, and prevention. Lancet 
Neurol. (2022) 22:159–71. doi: 10.1016/S1474-4422(22)00338-6

 36. Dowlatshahi D, Deshpande A, Aviv RI, Rodriguez-Luna D, Molina CA, Blas YS, 
et al. Do intracerebral hemorrhage nonexpanders actually expand into the ventricular 
space? Stroke. (2018) 49:201–3. doi: 10.1161/STROKEAHA.117.018716

 37. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence, 
case fatality, and functional outcome of intracerebral haemorrhage over time, according 
to age, sex, and ethnic origin: a systematic review and meta-analysis. Lancet Neurol. 
(2010) 9:167–76. doi: 10.1016/S1474-4422(09)70340-0

 38. Chen Y-C, Chang K-H, Chen C-M. Genetic polymorphisms associated with 
spontaneous intracerebral hemorrhage. Int J Mol Sci. (2018) 19:3879. doi: 10.3390/
ijms19123879

https://doi.org/10.3389/fneur.2023.1268839
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.1016/S0140-6736(18)31878-6
https://doi.org/10.1016/S0140-6736(18)31878-6
https://doi.org/10.1016/j.emc.2016.06.010
https://doi.org/10.1016/j.emc.2016.06.010
https://doi.org/10.1161/STROKEAHA.121.033484
https://doi.org/10.1212/01.wnl.0000208408.98482.99
https://doi.org/10.1212/WNL.0b013e318260cbba
https://doi.org/10.1001/jama.2015.0846
https://doi.org/10.1212/WNL.0000000000010990
https://doi.org/10.1007/s12028-016-0276-4
https://doi.org/10.1007/s12028-016-0276-4
https://doi.org/10.1212/WNL.0000000000003771
https://doi.org/10.1161/STROKEAHA.121.037974
https://doi.org/10.1161/STROKEAHA.121.037974
https://doi.org/10.1001/jamanetworkopen.2021.15859
https://doi.org/10.1002/acn3.51001
https://doi.org/10.1212/WNL.0000000000012393
https://doi.org/10.1212/WNL.0000000000010660
https://doi.org/10.1161/STROKEAHA.116.014068
https://doi.org/10.1002/ana.25563
https://doi.org/10.1161/STROKEAHA.120.029345
https://doi.org/10.1161/STROKEAHA.120.029345
https://doi.org/10.1212/WNL.0000000000004174
https://doi.org/10.1111/j.1468-1331.2011.03395.x
https://doi.org/10.1161/STROKEAHA.108.536888
https://doi.org/10.1001/jamaneurol.2016.1218
https://doi.org/10.1161/STROKEAHA.115.009185
https://doi.org/10.1161/STROKEAHA.115.009185
https://doi.org/10.1161/STROKEAHA.116.013186
https://doi.org/10.1161/STROKEAHA.117.017985
https://doi.org/10.1161/STROKEAHA.117.017985
https://doi.org/10.1159/000486163
https://doi.org/10.1056/NEJMoa1603460
https://doi.org/10.1001/jama.2019.13014
https://doi.org/10.1016/S0140-6736(09)60371-8
https://doi.org/10.5853/jos.2016.00864
https://doi.org/10.5853/jos.2016.00864
https://doi.org/10.1016/S1474-4422(18)30253-9
https://doi.org/10.1161/01.STR.32.4.891
https://doi.org/10.1177/17474930221142742
https://doi.org/10.1161/STROKEAHA.117.020138
https://doi.org/10.1161/STROKEAHA.117.020138
https://doi.org/10.1016/S1474-4422(22)00338-6
https://doi.org/10.1161/STROKEAHA.117.018716
https://doi.org/10.1016/S1474-4422(09)70340-0
https://doi.org/10.3390/ijms19123879
https://doi.org/10.3390/ijms19123879

	Association of non-contrast CT markers with long-term functional outcome in deep intracerebral hemorrhage
	Introduction
	Methods
	Patient selection
	Data collection
	Imaging acquisition and analysis
	Primary and secondary outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Long-term outcome and NCCT markers
	HE and NCCT markers
	Independent predictors of unfavorable outcome and HE

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

