
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=yner20

Neurological Research
A Journal of Progress in Neurosurgery, Neurology and Neurosciences

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/yner20

Accuracy of imaging markers on noncontrast
computed tomography in predicting intracerebral
hemorrhage expansion

Jinxiu Cai , Huachen Zhu , Dan Yang , Rong Yang , Xingquan Zhao , Jian Zhou
& Peiyi Gao

To cite this article: Jinxiu Cai , Huachen Zhu , Dan Yang , Rong Yang , Xingquan Zhao ,
Jian Zhou & Peiyi Gao (2020): Accuracy of imaging markers on noncontrast computed
tomography in predicting intracerebral hemorrhage expansion, Neurological Research, DOI:
10.1080/01616412.2020.1795577

To link to this article:  https://doi.org/10.1080/01616412.2020.1795577

© 2020 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 22 Jul 2020.

Submit your article to this journal 

Article views: 213

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=yner20
https://www.tandfonline.com/loi/yner20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01616412.2020.1795577
https://doi.org/10.1080/01616412.2020.1795577
https://www.tandfonline.com/action/authorSubmission?journalCode=yner20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=yner20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01616412.2020.1795577
https://www.tandfonline.com/doi/mlt/10.1080/01616412.2020.1795577
http://crossmark.crossref.org/dialog/?doi=10.1080/01616412.2020.1795577&domain=pdf&date_stamp=2020-07-22
http://crossmark.crossref.org/dialog/?doi=10.1080/01616412.2020.1795577&domain=pdf&date_stamp=2020-07-22


ARTICLE

Accuracy of imaging markers on noncontrast computed tomography in 
predicting intracerebral hemorrhage expansion
Jinxiu Cai a, Huachen Zhu a, Dan Yanga, Rong Yanga, Xingquan Zhaob, Jian Zhou a and Peiyi Gaoa

aDepartment of Radiology, Beijing Tiantan Hospital, Capital Medical University, Beijing, China; bDepartment of Neurology, Beijing Tiantan 
Hospital, Capital Medical University, Beijing, China

ABSTRACT
Objectives: Hematoma expansion (HE) is an important factor of unfavorable outcome in 
patients with intracerebral hemorrhage (ICH). Imaging markers on noncontrast computed 
tomography (NCCT) provide increasing value in the prediction of HE due to fast and easy-to- 
use advantages; however, the accuracy of NCCT-based prediction of intracerebral HE remains 
unclear. We aimed to investigate the predictive accuracy of NCCT markers for the evaluation of 
HE using a well-characterized ICH cohort.
Methods: We retrospectively analyzed 414 patients with spontaneous ICH, who underwent 
baseline CT within 6 h after symptom onset and follow-up CT within 24 h after ICH. Hematoma 
volumes were measured on baseline and follow-up CT images, and imaging features that 
predicted HE were analyzed. The test characteristics for the NCCT predictors were calculated.
Results: Of the 414 patients investigated, 63 presented blend sign, 45 showed black hole sign, 
36 had island sign and 34 had swirl sign. In the 414 patients, 88 presented HE, the incidence 
was 21.26%. Of the 88 patients with HE, 22 presented blend sign, 11 showed black hole sign, 8 
had swirl sign and 7 had island sign. The blend sign showed highest sensitivity (25.00%) and 
swirl sign showed the highest specificity (92.02%) among the four predictors. We noted 
excellent interobserver agreement for the identification of HE.
Conclusion: The four NCCT markers can predict HE with limited sensitivity, high specificity and 
good accuracy. This may be useful for prompt identification of patients at high risk of active 
bleeding, and prevention of over-treatment associated with HE.

Abbreviations: HE, hematoma expansion; ICH, intracerebral hemorrhage; NCCT, noncontrast 
computed tomography.
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Introduction

Intracerebral hemorrhage (ICH) is a common neurolo-
gical emergency associated with high incidence rates, 
accounting for 9–13% of strokes in high-income coun-
tries, but showing a significant increase up to 25% in 
China [1]. Compared with other stroke subtypes, ICH 
patients suffer higher mortality and more severe disabil-
ity [2,3]. Several risk factors such as hematoma location, 
initial ICH volume, perihematomal edema and early 
hematoma growth are significantly associated with unfa-
vorable outcomes in patients with ICH [4–6]. Early 
hematoma growth is a predictive event compared with 
hemorrhage location and volume which are unmodifi-
able on presentation [7]. Therefore, rapid identification 
of patients at high risk of active bleeding is essential for 
prompt therapeutic intervention.

There have been several validated imaging findings on 
computed tomography (CT) which can predict early 
hematoma expansion (HE) such as spot sign observed 
on computed tomographic angiography (CTA) source 
images [8–10] and intrahematoma hypodensities, blend 
sign as well as island sign showed on non-contrast 

computed tomography (NCCT) images [11–16]. 
However, CTA is not part of the routine diagnostic 
workup of acute ICH in many medical settings, and the 
accuracy of spot sign for prediction of HE was also shown 
to be suboptimal [17]. NCCT is a preferred method for 
patients with ICH since it is fast, safe and widely available. 
The imaging features on NCCT may predict early HE 
and then facilitate the evaluation of poor outcomes in 
ICH patients. Currently, several NCCT predictors of HE 
have been reported and validated [7,11–16]; however, the 
conclusions are still inconsistent, and the accuracy of 
NCCT markers in predicting HE remains unclear.

In this study, we aimed to investigate the accu-
racy and reliability of multiple NCCT markers in 
predicting early hematoma expansion in patients 
with ICH.

Methods

Study population

This study was approved by the Institutional Review 
Board of Beijing Tiantan Hospital. Written informed 
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consent was waived by the Institutional Review Board 
considering the retrospective nature of the investiga-
tion. The data that support the study findings are 
available from the corresponding author upon reason-
able request. This retrospective study was performed 
in consecutive patients with ICH aged >18 years, who 
were registered at our hospital from November 2007 
to May 2018. We included patients with the following 
characteristics: (1) spontaneous ICH, (2) ICH diag-
nosed on baseline CT within 6 h of symptom onset, (3) 
follow-up NCCT performed within 24 h after the 
initial CT and (4) no anticoagulation treatment admi-
nistered. Following were the exclusion criteria for this 
study: (1) secondary ICH such as vascular malforma-
tion and tumor, traumatic and aneurysmal bleeding, 
(2) hemorrhagic transformation of ischemic stroke 
and (3) missing data of follow-up NCCT. We recorded 
the following clinical data: age, sex, medical history, 
the time interval from symptom onset to baseline CT 
scan, 3-month mortality and disability rates. 
Characteristics of the study population are described 
in the online-only Data Supplement.

Images acquisition and analysis

All patients with ICH underwent a baseline CT and 
follow-up NCCT scans within 24 h after symptom 
onset. The baseline and follow-up CT were performed 
by standard imaging parameters with axial section 
thickness 5 mm and matrix = 512 × 512. Baseline 
hemorrhagic volume and hematoma volume on fol-
low-up NCCT were calculated using semi-automated 
three-dimensional Slicer software. All the CT images 
were independently analyzed by two experienced 
reviewers, who were blinded to the clinical informa-
tion of patients with ICH, to determine the presence of 
the NCCT predictors such as black hole sign, swirl 
sign, blend sign and island sign.

HE was defined as relative hematoma growth >33% 
over the initial volume identified on CT or an absolute 
increase in hematoma volume >12.5 ml over the 

baseline ICH volume [12,13]. According to previously 
described radiological criteria [11–16], black hole sign 
[13] was defined as (1) an area of relative hypoattenua-
tion encapsulated within the hyperattenuating hema-
toma, (2) round, oval or rod-like shape without any 
connection with the adjacent brain parenchyma, (3) 
an area of hypoattenuation with well-defined margin 
and (4) a density difference of at least 28 Hounsfield 
units (Hu) between two areas of differing densities. 
Swirl sign [14–16] was defined as a swirling hypodense 
or isodense region inside the hyperdense hematoma 
compared to the attenuation of brain parenchyma, 
and that could be connected with the surrounding 
brain tissue. These regions could vary in shape and 
could be round, streak-like or irregular. The sign 
should be observed in both the axial and coronal 
plane. There was an overlap in the CT attenuation 
between black hole sign and swirl sign; therefore, we 
distinguished the two signs based on the CT value of 
the hypoattenuation areas. A hypodense area with an 
attenuation of at least 28 Hu compared with 
a hematoma and density approaching that of the 
brain parenchyma was assigned to black hole sign. 
A hypodense region with density lower than that of 
brain tissue but higher than that of cerebrospinal fluid 
was allotted to swirl sign. The imaging features of 
redefined black hole sign and swirl sign are illustrated 
in Figure 1. Blend sign [12] was defined as (1) blending 
of areas of relative hypoattenuation with adjacent 
hyperdense area in a hematoma, (2) a hematoma 
with an attenuating difference of at least 18 Hu 
between the two areas of differing densities, (3) a well- 
defined margin between the two areas and (4) an area 
of relative hypoattenuation not encompassed by 
a hyperdense area of the hematoma. Island sign [11] 
was defined as (1) ≥3 small hematomas, all of which 
were scattered and separated from the main hema-
toma or (2) ≥4 small hematomas, some or all of 
which were connected to the main hemorrhage. Two 
experienced radiologists who were blinded to the clin-
ical data of ICH patients independently reviewed all 

Figure 1. Illustration of redefined black hole sign and swirl sign. Axial non-contrast computed tomography (CT) images. (a) Black 
hole sign in a patient with right basal ganglia hemorrhage. There are two round hypodense areas encapsulated within the 
hyperdense hematoma with clear margin and a density difference of 41 Hounsfield units (Hu). (b) Swirl sign in left basal ganglia 
hematoma. A swirling hypodense region inside the hyperdense hematoma with an CT value of 27 Hu. (c) Swirl sign in another ICH 
patient, which shows the area of hypoattenuation connected with the adjacent brain parenchyma.
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the baseline CT and follow-up NCCT images, and 
assessed the four aforementioned imaging features. 
Discrepancies regarding the confirmation of CT fea-
tures and the presence of the four predictive signs 
were resolved by consensus through discussion.

Statistical analysis

Continuous variables were presented as medians and 
interquartile ranges or means ± standard deviation 
(SD). Categorical data were expressed as percentages. 
The demographic characteristics and NCCT imaging 
features (black hole, swirl, blend and island sign) were 
compared between patients with and without HE 
using Fisher exact test, student’s t test, Z test or the 
Mann-Whitney U test as appropriate. The test char-
acteristics (sensitivity, specificity and positive and 
negative predictive values) were calculated. The recei-
ver operating characteristic (ROC) curve was plotted, 
and accuracy (true positive + true negative/sample 
size) was also calculated. The Cohen к statistic was 
used to determine the interobserver reliability of the 
four NCCT predictive markers evaluated in this study. 
A probability value <0.05 was considered statistically 
significant. All statistical analyses were performed 
using a commercial SPSS software package Version 
23.0 (IBM Corporation, Armonk, NY).

Results

Demographic and clinical characteristics

A total of 414 patients with spontaneous ICH were 
included in this study; no patient underwent surgical 
operation before follow-up CT was performed. The 
study included 297 (71.74%) man and 117 (28.26%) 
women (male: female ratio 2.5:1). The mean patient 
age was 54.7 ± 11.9 years (range: 19–84 years). The 
initial hemorrhage was located in the deep region 340 

(82.13%), cerebral lobes 58 (14.01%), brain stem 8 
(1.93%) and cerebellum 8 (1.93%). The median baseline 
hemorrhage volume was 20.55 ml. The mean time 
interval from symptom onset to baseline CT scan was 
2.68 h. Significant HE was observed in 88 of 414 patients 
with ICH who underwent follow-up NCCT within 24 h.

Prevalence and characteristics of the four NCCT 
markers

A total of 178 (43.00%) ICH patients showed predic-
tive signs on the baseline CT images. Blend sign, black 
hole sign, island sign and swirl sign were observed in 
63 (15.22%), 45 (10.87%), 36 (8.70%) and 34 (8.21%) 
of the 414 patients with ICH, respectively. In the 414 
ICH patients, 88 presented HE on follow-up NCCT 
(incidence rate of HE was 21.26%). Of the 88 patients 
with HE, 22 (25.00%) had blend sign, 11 (12.50%) had 
black hole sign, 8 (9.09%) had swirl sign and 7 (7.95%) 
had island sign. The baseline demographic and CT 
imaging characteristics of the patients with and with-
out HE are summarized in Table 1.

The four NCCT imaging markers showed limited 
sensitivity and high specificity for prediction of HE. 
Blend sign showed the highest sensitivity of 25% and 
swirl sign showed the highest specificity of up to 
92.02% among the four NCCT markers evaluated in 
this study. The area under the ROC curve was 0.568 
for blend sign, 0.517 for black hole sign, 0.505 for swirl 
sign and 0.502 for island sign (Figure 2). With regard 
to the accuracy of the four NCCT markers, swirl sign 
was relatively high up to 74.40%, and black hole sign 
was low to 73.19%. The test characteristics of the 
predictors of early HE investigated in this study are 
shown in Table 2. There was excellent interobserver 
agreement for identification of the features of HE on 
NCCT images, and the kappa value was 0.864, 0.816, 
0.814 and 0.808 for swirl, island, black hole and blend 
sign.

Table 1. Comparison of baseline demographic and CT imaging characteristics between patients with and without hematoma 
expansion.

Hematoma expansion

Yes (n = 88) No (n = 326) P-value

Age, mean (SD) 54.66 (11.60) 54.64 (12.03) 0.194
Sex, n (%) 0.004
Male 74 (84.09%) 223 (68.40%)
Female 14 (15.91%) 103 (31.60%)
Baseline ICH volume, median, (IQR) 16.27 (7.30–30.06) 15.60 (7.95–29.27) 0.482
ICH location, n (%) 0.801
Deep 75 (85.23%) 265 (81.29%)
Lobar 10 (11.36%) 48 (14.72%)
Brainstem 2 (2.27%) 6 (1.84%)
Cerebellum 1 (1.14%) 7 (2.15%)
IVH, n (%) 22 (25.00%) 117 (35.89%) 0.055
Blend sign, n (%) 22 (25.00%) 41 (12.58%) 0.004
Black hole sign, n (%) 11 (12.25%) 34 (10.43%) 0.580
Swirl sign, n (%) 8 (9.09%) 26 (7.98%) 0.735
Island sign, n (%) 7 (7.95%) 29 (8.90%) 0.781

ICH indicates intracerebral hemorrhage; IQR, interquartile range; IVH, intraventricular hemorrhage; and SD standard deviation.
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Discussion

The purpose of this study was to investigate the accu-
racy of NCCT markers in predicting HE using a large 
spontaneous ICH cohort. We found that the four 
NCCT imaging markers could predict HE with limited 
sensitivity, high specificity and good accuracy. These 
results suggested that NCCT markers are still inade-
quate in rapid identification of ICH patients at high 
risk of HE. Therapeutic intervention to minimize 
unfavorable outcomes associated with HE based on 
NCCT prediction needs to be carefully considered to 
avoid overtreatment of patients with ICH.

We evaluated four NCCT markers as predictor of 
HE in our study. The overall incidence of HE in 
patients with ICH was 21.26%, which was slightly 
lower than those reported in recent studies [18,19]. 
A potential explanation for this was the differences in 
cohort composition and variables associated with HE 
and NCCT signs. In this study, a large sample size of 
ICH patients were registered, and these patients were 
recruited from the departments of emergency, neurol-
ogy and neurosurgery rather than from a single stroke 

unit. Owing to a relatively small bias in sample selec-
tion, our results including incidence, sensitivity and 
specificity are likely to accurately reflect the real-world 
clinical picture. The NCCT markers investigated in 
this study are widely available and easy-to-use, and 
may be rapidly evaluated using baseline NCCT. Just 
for this reason, our study is clinically important and 
would significantly contribute to the practical applica-
tion because most of ICH patients experience HE 
within the first 6 h after symptom onset.

The CTA spot sign is the strongest predictor in 
identifying patients at high risk of HE, other CTA- 
based markers such as spot-and-tail sign and leakage 
sign have also been validated to be independent pre-
dictors of HE [20,21]. However, emergency CTA is 
not readily available in many hospitals, particularly 
within the first several hours after ICH onset. In 
the Antihypertensive Treatment of Cerebral 
HemorrhageⅡclinical trial, Morotti et al. [17] 
observed that more than 80% of the participants did 
not undergo CTA examination, and in those who 
underwent CTA, the diagnostic accuracy of the spot 
sign was poor than that reported by prior studies. In 
view of these facts, there is an increasing need for 
predictive markers on NCCT because of its widely 
available and easy-to-use in all patients with ICH.

Blend sign is an excellent imaging marker of HE in 
patients with ICH. In a previous study, Li et al. [12] 
reported that blend sign was an independent predictor 
of HE with high sensitivity and specificity. In our 
study, however, blend sign showed low sensitivity 
and high specificity. This discrepancy between the 
two sensitivity may be attributed to the differences in 

Figure 2. Receiver operating characteristic (ROC) curve showed the area under the curve was 0.568 for blend sign, 0.517 for black 
hole sign, 0.505 for swirl sign and 0.502 for island sign.

Table 2. Test characteristics of four predictors for early hema-
toma expansion.

N
Incidence 
rate (%)

SE 
(%)

SP 
(%)

PPV 
(%)

NPV 
(%)

Accuracy 
(%)

Black hole 
sign

45 10.87 12.50 89.57 24.44 79.13 73.19

Swirl sign 34 8.21 9.09 92.02 23.53 78.95 74.40
Blend sign 63 15.22 25.00 87.42 34.92 81.20 74.15
Island sign 36 8.70 7.95 91.10 19.44 78.57 73.43

SE indicates sensitivity; SP, specificity; PPV, positive predictive value; and 
NPV, negative predictive value.
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hematoma volume. In their study, the patients with 
ICH presented a relatively large baseline hematoma 
volume, and the NCCT-based predictors of HE are 
more prevalent in large hemorrhages [22].

Black hole sign and swirl sign are NCCT markers 
that reflect hematoma density heterogeneity for HE 
prediction. Compared with black hole sign, swirl sign 
showed a more hypoattenuating area and could be 
encapsulated by the hematoma or could be connected 
to the surrounding brain tissue. It is therefore necessary 
to establish an objective method to distinguish between 
these signs for better predictive accuracy. In the present 
study, we redefined black hole sign and swirl sign on the 
basis of intrahematoma hypodensity using a relatively 
accurate CT attenuating value to avoid overlap between 
the two different signs. The intrahematoma hypoden-
sity was a strong predictor of HE, but it showed low 
specificity for HE prediction because of its unclear 
definition and lack of strict defining criteria. Our results 
showed that black hole sign and swirl sign both had 
high specificity in predicting HE compared with find-
ings reported by previous studies [13–16].

We observed that island sign showed low incidence, 
sensitivity and high specificity in our study compared 
with the results reported by previous studies. In a study 
that included 252 patients with ICH, Li et al. [11] defined 
a special type of irregular hematoma as island sign, and 
reported that island sign may accurately predict early HE 
with 44.5% sensitivity and 98.3% specificity. The discre-
pancies in sensitivity may reflect differences in sample 
size, severity of patients and geographic distribution 
between the two studies. Additionally, island sign 
remains a nonspecific marker owing to the lack of objec-
tive criteria to define this marker.

In our study, the four NCCT markers showed low 
sensitivity, high specificity and moderate accuracy as 
predictors of early HE. A predictor of HE showing good 
specificity may be useful to select the optimal therapeu-
tic strategy to minimize unfavorable HE-induced out-
comes in patients with ICH. Notably, the low sensitivity 
of the NCCT markers evaluated in this study is also 
important because this finding may provide a hint that 
overtreatment should be avoided in patients at low risk 
of HE during the course of clinical treatment of ICH. 
A recent study [23] reported that patients with homo-
geneous and regularly shaped small ICH pretend to be 
safe for less intensive monitoring and may not benefit 
from therapies aimed at preventing ICH expansion.

Several HE prediction scores that do not require the 
CTA spot sign evaluation have been published and are 
used in clinical practice. HE prediction scores may 
combine multiple NCCT predictors and risk factors of 
HE for a relatively accurate assessment of HE. 
Regardless of the Hematoma Expansion Prediction 
score [24], the clinical prediction algorithm (BRAIN) 

[25] or BAT score [7], HE risk grading scores are mainly 
based on NCCT markers as predictors, and currently, 
there is lack of consistent criteria and consensus regard-
ing the optimal grading of each variable.

HE is a dynamic process that usually occurs within 
24 h after ICH onset [2,26]. The HE detection rate is 
significantly associated with the time when ICH 
patients arrive at hospital and receive baseline CT 
scan. The earlier the baseline CT is performed, the 
higher the detection rate of HE may be found. 
Therefore, ICH patients should be urgently trans-
ferred to a medical institution preferably within 6 h 
after symptom onset. HE is often regarded as the 
results of single vessel rupture with continuous bleed-
ing as a tap, or of secondary mechanical shearing of 
adjacent vessels caused by expansion of initial hemor-
rhage [27,28]. No matter single or multifocal bleeding, 
they all may lead to HE and show some characteristics 
on NCCT images.

Several limitations should be considered in this 
study. First, we evaluated the accuracy of the four 
NCCT markers as predictors of HE, and estimated 
the overall incidence of HE in patients with ICH. 
However, we did not investigate the association 
between HE and poor outcomes of ICH patients. 
Second, there was a little insufficiency in the data 
consistency because our study cohort included 
patients with ICH recruited from three different stroke 
units including the emergency, neurology and neuro-
surgery departments. In our opinion, the multiple- 
unit ICH cohort represents a strength of our study 
because our results accurately reflect the real-world 
situation in clinical practice. Third, the lack of long- 
term follow-up CT images and clinical data may affect 
further studies in the prognostic evaluation of ICH 
patients. We observed that 40 ICH patients suffered 
HE; however, without the four signs on NCCT, this 
part of the data needs to be further analyzed in future 
studies. CTA spot sign evaluation was not included in 
this study because CTA examination is not part of the 
routine diagnostic workup in ICH patients in our 
institution. In future studies, the incorporation of 
CTA spot sign and NCCT marker evaluation may 
play a great role in prediction of HE in patients with 
ICH [29].

In summary, we evaluated the accuracy of blend 
sign, black hole sign, swirl sign and island sign as 
predictors of early HE. The four NCCT markers 
can predict HE with low incidence, limited sensi-
tivity, high specificity and good accuracy. These 
predictors are rapidly and widely available and 
easy-to-use for prediction of HE. This may provide 
help in rapid identification of patients with ICH at 
high risk of active bleeding and in precaution of 
over-treatment associated with HE.
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