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Abstract In patients with spontaneous intracerebral hemor-
rhage (sICH), hematoma expansion (HE) is associated with
poor outcome. Spot sign and black hole sign are neuroimaging
predictors for HE. This study was aimed to compare the pre-
dictive value of two signs for HE. Within 6 h after onset of
sICH, patients were screened for the computed tomography
angiography spot sign and the non-contrast computed tomog-
raphy black hole sign. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
of two signs for HE prediction were calculated. The accuracy
of two signs in predicting HE was analyzed by receiver-
operator analysis. A total of 129 patients were included in this
study. Spot sign was identified in 30 (23.3%) patients and
black hole sign in 29 (22.5%) patients, respectively. Of 32
patients with HE, spot sign was observed in 19 (59.4%) and
black hole sign was found in 14 (43.8%). The occurrence of
black hole sign was significantly associated with spot sign
(P < 0.001). The sensitivity, specificity, PPV, and NPVof spot
sign for predicting HE were 59.38, 88.66, 63.33, and 86.87%
respectively. In contrast, the sensitivity, specificity, PPV, and
NPVof black hole sign for predicting HE were 43.75, 84.54,
48.28, and 82.00%, respectively. The area under the curve was
0.740 for spot sign and 0.641 for black hole sign. (P = 0.228)
Both spot sign and black hole sign appeared to have good

predictive value for HE, and spot sign seemed to be a better
predictor.
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Introduction

Spontaneous intracerebral hemorrhage (sICH) is a severe sub-
type of stroke, which accounts for 10–15% of all cases of
stroke and is related to high early mortality and poor outcome
[1–3]. Hematoma expansion (HE) can be found in about 30%
sICH patients and is associated with worse clinical outcome
[4]. Some neuroimaging predictors have been found to be
associated with HE, which may assist in the improvement of
outcome in sICH patients [5–7]. The computed tomography
angiography (CTA) spot sign, which was firstly defined by
Wada et al. in 2007, was found to be significantly associated
with HE [8]. The predictive value of spot sign for HE was
confirmed by many other studies [9–11]. Meta-analysis also
suggested spot sign on CTA was a reliable neuroimaging
marker for prediction of HE [12]. In addition to predicting
HE, CTA spot sign was also found to be related to clinical
outcome and mortality in sICH patients [13, 14]. Although the
spot sign seems to be a good indicator for predicting HE, its
assessment is based on CTA, which is still unavailable in
manymedical institutions. Thus, the identification of potential
predictors for HE on non-contrast computed tomography
(NCCT) is still important. Recently, the black hole sign on
NCCT, defined as the relatively hypoattenuated area within
the hyperattenuated hematoma and with a clear border to near-
by brain tissue, was suggested to be a novel predictor for HE
[15]. The black hole sign seemed to be a simple and effective
method to predict HE in sICH patients. However, the
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predictive roles of CTA spot sign and NCCT black hole sign
have not been compared in the same cohort of sICH patients.
Thus, this retrospective cohort study was performed to com-
pare the predictive value of CTA spot sign and NCCT black
hole sign for HE.

Methods

Study design

This retrospective study was performed based on the sICH
database in the department of neurosurgery, West China
Hospital, Sichuan University. This study was approved by
the biomedical ethics committee of West China Hospital,
Sichuan University. The inclusive criteria in this study were
as follows: (1) adult sICH patients diagnosed by computed
tomography (CT) or magnetic resonance imaging (MRI)
scans; (2) CTA was performed within 6 h after ictus of
sICH; (3) the follow-up NCCT was performed within 24 h
after CTA. The exclusive criteria were as follows: (1) second-
ary intracerebral hemorrhage caused by aneurysm, arteriove-
nous malformation, moyamoya disease, or tumor; (2) insuffi-
cient imaging information including initial CTA or follow-up
NCCT; (3) hematoma evacuation before follow-up NCCT.
The management of patients followed the latest edition of
American Heart Association/American Stroke Association
(AHA/ASA) and European Stroke Organisation (ESO) guide-
lines [16, 17].

Clinical data

Baseline characteristics including age, sex, admission blood
pressure, and medical history were collected. The included
medical histories were hypertension, diabetes mellitus, previ-
ous stroke, and smoke and alcohol abuse. Results of coagula-
tion tests at admission including platelet count, prothrombin
time (PT), activated partial thromboplastin time (APTT), and
international normalized ratio (INR) were also collected.

Imaging acquisition

In our hospital, CTAwas a part of standard clinical examina-
tion when patients were admitted to the emergency room.
CTA was performed on a dual-source 64-slice CT scanner
(SOMATOM Definition Flash; Siemens Healthcare Sector,
Forchheim, Germany), including NCCT scan (120 kV,
340 mA, contiguous 5-mm axial slices) and CTA scan. For
CTA, 100 mL of ioversol (Iopamidol, Bracco Pharma Co,
Shanghai, China; 370 mg I/mL) was intravenously injected
at a rate of 4.8 mL/s via a power injector through an intrave-
nous line using the following parameters: 80 kVp; 110 mA;
slice thickness, 1 mm; and pitch, 1:1. Another NCCT was

performed within 24 h after CTA for evaluation of hematoma
size.

Detection of the black hole sign and the spot sign

All the CT scans were reviewed by two neuroradiologists
independently. The reviewers were blinded to the clinical con-
dition of patients and evaluated the initial CTA and the follow-
up NCCT. If disagreement about the black hole sign or the
spot sign occurred, it would be judged by the discussion of
two reviewers. In accordance with previous studies, the
criteria for the spot sign in our study were as follows: (1) at
least one focus of contrast pooling within the ICH: high
Hounsfield unit (HU) value (>120); (2) discontinuous from
normal or abnormal vasculature adjacent to the ICH; and (3)
any size and morphology [18, 19]. The black hole sign on the
NCCT was defined as follows: (1) relatively hypoattenuated
area (black hole) encapsulated within the hyperattenuating
hematoma; (2) the black hole could be round, oval, or rod-
like but was not connected with the adjacent brain tissue; (3)
the relatively hypoattenuated area should have an identifiable
border; (4) the hematoma should have at least a 28 Hounsfield
unit (HU) difference between the two density regions [15].
Illustrative black hole sign-positive NCCT images and spot
sign-positive CTA images are shown in Fig. 1.

Measurement of hematoma volume

Volume of hematoma was calculated with the A × B × C/2
method fromCTscans, in which Awas the largest diameter on
the largest hemorrhage slice, B was the maximal diameter
perpendicular to A, and C was the vertical hematoma depth
[20]. The HE was defined as an absolute increase >12.5 mL or
a relative increase >33% in hematoma volume on follow-up
NCCT [21].

Statistical analysis

All the statistical analyses were performed by SPSS 21.0 and
Excel 2010. Baseline information including demographics,
medical histories, blood pressure at admission, hematoma
characteristics at admission, and results of coagulation tests
were compared between patients with HE and those without
HE. Statistical significance was assumed if a probability value
is <0.05. Continuous values were expressed as mean and stan-
dard deviation (SD) and analyzed by the t test. Discontinuous
variables were expressed as median and interquartile range
(IQR) and analyzed by the Wilcoxon rank sum test. The cat-
egorical values were analyzed by chi-square analysis.
Spearman’s correlation analysis was performed to investigate
the association between the spot sign and the black hole sign.
Multivariable logistic regression was also performed to adjust
the odds ratio (OR) and 95% confidence interval (CI) of the
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black hole sign and the spot sign on HE. The roles of the black
hole sign and the spot sign in predicting HE were analyzed by
receiver-operator analysis. The area under the receiver-
operating characteristic (ROC) curves of the black hole sign
and the spot signwere comparedwith Z test. The interobserver

reliability for the identification of the spot sign and the black
hole sign was determined by calculation of κ values.

Results

From February 2015 to April 2016, a total of 129 consecutive
patients meeting the inclusive criteria were enrolled in this
study. The median time interval between onset of ICH to ini-
tial CTAwas 4 h (3.5 h). The mean age was 59.0 ± 11.6 years
with a range from 36 to 83 years. The mean baseline volume
of hematoma was 26.15 ± 22.11 mL. Hematomas located in
the lobe (18, 14.0%), basal ganglia (74, 57.4%), thalamus (16,
12.4%), cerebellum (15, 11.6%), and brain stem (6, 4.7%). HE
was identified in 32 (24.8%) patients. The mean volume of
HE was 24.68 ± 21.87 mL. The baseline characteristics of
patients with and without HE are shown in Table 1. In this
study, the spot signwas found in 30 patients and the black hole
sign was found in 29 patients. Patients with HE had signifi-
cantly higher prevalence of the spot sign and the black hole
sign than those without HE. Interobserver reliability between
two neuroradiologists to identify the spot sign and the black
hole sign was satisfying with the κ value 0.918 and 0.932,
respectively.

In 16 patients with both spot sign and black hole sign, 12
(75.00%) had HE. Seven (50.00%) of 14 patients with spot
sign but no black hole sign had HE. Two (15.38%) out of 13
patients who had black hole sign but no spot sign had HE. A
total of 86 patients had neither spot sign nor black hole sign
and 11 (12.79%) of them had HE. Significant association be-
tween the spot sign and the black hole sign was found
(Spearman correlation coefficient = 0.407, P < 0.001). Thus,
multivariable analyses for the spot sign and the black hole sign
were performed separately and both signs were associated
with HE (Table 2 and Table 3).

The sensitivity, specificity, positive predictive value, and
negative predictive value of the spot sign for predicting HE
were 59.38, 88.66, 63.33, and 86.87%, respectively. The sen-
sitivity, specificity, positive predictive value, and negative pre-
dictive value of the black hole sign for predicting HE were
43.75, 84.54, 48.28, and 82.00%, respectively. The ROC
curves of the two signs for the prediction of HE in sICH
patients are shown in Fig. 2. The area under the curve was
0.740 for the spot sign and 0.641 for the black hole sign. No
significant difference was found between the area under ROC
curves of the spot sign and the black hole sign (P = 0.228).

Discussion

In this study, we compared the predictive role of the CTA spot
sign to that of the NCCT black hole sign in the same cohort of
sICH patients. Occurrence of the black hole sign was found to

Fig. 1 Illustration of the computed tomographic angiography (CTA) spot
sign and the non-contrast computed tomographic (NCCT) black hole
sign. a, b Different locations of hematoma with black hole sign (+) and
spot sign (+). cBlack hole sign (−) and spot sign (+). dBlack hole sign (+)
and spot sign (−)
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be significantly associated with the spot sign. Both the spot sign
and the black hole sign had good predictive values for HE.
Although no significant difference was found in the predictive
value for HE of the spot sign and the black hole sign, the spot
sign tended to be a better neuroimaging predictor for HE.

Many previous studies showed the CTA spot sign was a
good predictor for HE in sICH patients [8, 13, 14, 19, 22]. In
our study, we also found the CTA spot sign had good predic-
tive value for HE. The CTA spot sign was thought to reflect
continuous bleeding from the ruptured cerebral vessels [18].
Although the previous studies suggested the predictive value
of the spot sign, the results varied in different studies. InWada
et al.’s study, the sensitivity, specificity, positive predictive
value, and negative predictive value of the spot sign were

91, 89, 77, and 96%, respectively [8]. However, Wang et al.
reported the sensitivity, specificity, positive predictive value,
and negative predictive value of the spot sign were 77.9, 93.2,
78.9, and 92.8% [22]. A meta-analysis including 18 studies
suggested the pooled sensitivity and specificity of the spot
sign were 53 and 88%, respectively. Several factors could
influence the predictive value of the spot sign for HE.
Firstly, the settings of CTAwere various in different medical
institutions. Higher tube current in CTA could provide better
predictive accuracy of HE to the spot sign [23]. A 90-s de-
layed CTA was demonstrated to improve sensitivity of the
spot sign for prediction of HE [11]. Longer scan timing of
CTA could improve the predictive value of the spot sign for
HE [24]. Secondly, the different sizes of hematoma may

Table 1 Baseline characteristics
Patients with HE (n = 32) Patients without HE (n = 97) P

Mean age (years) 58.5 ± 12.0 59.1 ± 11.5 0.799

Sex, male 26 68 0.219

Admission SBP (mmHg) 178 ± 29 170 ± 30 0.137

Admission DBP (mmHg) 106 ± 16 99 ± 19 0.055

Hypertension 16 43 0.577

Diabetes mellitus 4 4 0.088

Previous stroke 1 6 0.508

Smoking 15 31 0.127

Alcohol consumption 16 32 0.084

PLT (109/L) 144 ± 55 150 ± 56 0.557

PT (s) 11.0 ± 0.8 11.1 ± 1.3 0.659

APTT (s) 27.9 ± 2.6 27.4 ± 6.3 0.669

INR 0.93 ± 0.07 0.94 ± 0.12 0.647

Time to CTA (h) 3.16 ± 1.44 4.00 ± 1.35 0.003

Hematoma volume (mL) 32.67 ± 16.02 24.00 ± 23.45 0.054

Black hole sign 14 15 0.001

Spot sign 19 11 <0.001

Data are mean ± SD or number of patients

HE hematoma expansion, SBP systolic blood pressure, DBP diastolic blood pressure, PLT platelet count, PT
prothrombin time, APTTactivated partial thromboplastin time, INR international normalized ratio,CTA computed
tomography angiography

Table 2 Multivariate analysis for
hematoma expansion (spot sign
included)

Values Hematoma expansion

OR 95% CI of OR P value

DBP—for every 1 mmHg increase 1.024 0.996–1.051 0.089

Time to CTA—for every 1 h increase 0.649 0.446–0.945 0.024

Baseline hematoma volume—for every 1 mL increase 1.012 0.990–1.034 0.298

Diabetes mellitus 0.793 0.082–7.656 0.841

Alcohol consumption 1.942 0.723–5.221 0.188

Spot sign 10.689 3.735–30.585 <0.001

DBP diastolic blood pressure, CTA computed tomography angiography
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influence the prevalence of the spot sign. In patients with
initial volume of hematoma >30 mL, the spot sign had the
better predictive value for HE [22]. The lower volume of
hematoma could be associated with the lower prevalence of
the spot sign and lower possibility of HE [25]. Moreover, the
interval between onset of sICH and CTA may also influence
the accuracy of spot sign for HE prediction. The incidence of
HE in patients with spot sign was found to decrease as onset-
to-CTA time increased [26]. For sICH patients with spot sign,
the shorter onset-to-CTA time and higher spot sign HU can
improve the predictive value for HE [27]. Thus, although CTA
spot sign has been shown to be a good predictor for HE,
further studies are still needed to investigate the optimal meth-
od to predict HE with the spot sign.

Several previous studies discussed the association between
heterogeneity of hematoma and HE. In Barras et al.’s study,
density heterogeneity of hematoma predicted HE independently
[28]. Blacquiere et al. also found density heterogeneity onNCCT
was associated with HE at 24 h [5]. Boulouis et al. reported
hypodensities within hematoma on NCCT could predict HE
[29]. However, these studies did not provide a standardized and
simple marker for HE prediction. The black hole sign was a
simple neuroimaging marker based on the heterogeneity of he-
matoma on NCCT. It was firstly reported by Li et al. as a novel
predictor for HE in sICH [15]. However, the association between
the black hole sign and the spot signwas unclear. In our study, we
found the occurrence of the black hole sign was significantly
associated with the spot sign and patients with both spot sign

Fig. 2 Receiver-operating
characteristic (ROC) curve by
using a binary definition of
hematoma expansion. The area
under the curve of the spot
sign = 0.740 and the area under
the curve of the black hole
sign = 0.641; P = 0.228

Table 3 Multivariate analysis for
hematoma expansion (black hole
sign included)

Values Hematoma expansion

OR 95% CI of OR P value

DBP—for every 1 mmHg increase 1.024 0.996–1.051 0.089

Time to CTA—for every 1 h increase 0.657 0.464–0.930 0.018

Baseline hematoma volume—for every 1 mL increase 1.009 0.990–1.029 0.361

Diabetes mellitus 2.031 0.311–13.248 0.459

Alcohol consumption 2.105 0.841–5.271 0.112

Black hole sign 4.090 1.520–11.002 0.005

DBP diastolic blood pressure, CTA computed tomography angiography
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and black hole sign were at high risk of HE. We also found the
occurrence of HE was still relatively high in patients with spot
sign but without black hole sign. However, the incidence of HE
was low in patients with black hole sign but without spot sign.
The black hole sign was considered to reflect different age of
bleeding and the fresh bleeding could be hypoattenuating on
NCCT [15], which seemed to share the similar underlyingmech-
anism with the CTA spot sign. The sensitivity, specificity, posi-
tive predictive value, and negative predictive value of the black
hole sign for predicting HE were reported to be 31.9, 94.1, 73.3,
and 73.2%, respectively, which showed that the black hole sign
could have good predictive value for HE [15]. In our study, the
sensitivity and the negative predictive value of the black hole
sign were higher and the specificity and the positive predictive
value were lower. Many factors might influence the predictive
value of the black hole sign. The time to baseline CT in this study
(3.16 h in expanders and 4.00 h in non-expanders) was much
longer than that in Li et al.’s study (2.3 h in expanders and 2.6 h
in non-expanders). In addition, the initial volume of hematoma
was different in our study (31.99 mL in expanders and 23.06 mL
in non-expanders) from that in Li et al.’s study (33.1 mL in
expanders and 14.1 mL in non-expanders). Further study is nec-
essary to investigate the accurate factors influencing the predic-
tive value of the black hole sign.

There are several limitations in this study. First, this was a
single-center retrospective cohort study with the relatively
small sample size. Second, only the CTA spot sign and the
black hole sign were included in this study. Moreover, the
onset-to-CTA time was relatively long in this study, which
potentially affected the predictive value of both signs.
Furthermore, the association between both signs and clinical
outcome was not discussed in this study. Further multi-center
prospective cohort studies with larger sample size, shorter
onset-to-CTA time, and outcome assessment are needed.

Conclusion

This study compared the predictive value of the CTA spot sign
and the NCCT black hole sign in the same cohort of sICH
patients. The occurrence of the black hole sign was signifi-
cantly associated with the spot sign. Both the spot sign and the
black hole sign seemed to have good predictive value for HE
and the spot sign appeared to be a better predictor for HE.
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