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from CT angiography and noncontrast CT for
predicting intracranial hemorrhage expansion
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Abstract

Expansion of intracranial hemorrhage (ICH) is an important predictor of poor clinical outcomes. Various imaging markers$
non-contrast computed tomography (NCCT) or computed tomographic angiography (CTA) have been reported as predictors
of ICH expansion. We aimed to compare the associations between various CT imaging markers and ICH expansion. Patients
with spontaneous ICH who underwent initial NCCT, CTA, and subsequent NCCT between January 2016 and December 2019
were retrospectively identified. ICH expansion was defined as a volume increase of > 33% or > 6 mL. We analyzed the presence
of imaging markers such as the black hole sign, blend sign, island sign, or swirl sign on initial NCCT or spot sign on CTA. An
alternative free-response receiver operating characteristic curve analysis was performed using a 4-point scoring system based
on the consensus of the reviewers. The predictive value of each marker was assessed using univariate and multivariate logistic
regression analyses. A total of 250 patients, including 60 (24.0%) with ICH expansion, qualified for the analysis. Among the
patients with spontaneous ICH, 118 (47.2%) presented with a black hole sign, 52 (20.8%) with a blend sign, 93 (37.2%) with
an island sign, 79 (31.6%) with a swirl sign, and 56 (22.4%) with a spot sign. In univariate logistic regression, the initial ICH
volume (P = .038), initial intraventricular hemorrhage (IVH) presence (P < .001), swirl sign (P <.001), and spot sign (P < .001)
were associated with ICH expansion. Multivariate analysis confirmed that the presence of initial IVH (odds ratio, 4.111; P = .002)
and spot sign (odds ratio, 109.5; P < .001) were independent predictors of ICH expansion. Initial ICH volume, IVH, swirl sign,
and spot sign are associated with ICH expansion. The presence of spot signs and IVH were independent predictors of ICH
expansion.

Abbreviations: BHS = black hole sign, BS = blend sign, CTA = computed tomographic angiography, ICH = intracranial
hemorrhage, IS = island sign, IVH = intraventricular hemorrhage, NCCT = noncontrast computed tomography, ROC = receiver
operating characteristic curve, SS = swirl sign.
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1. Introduction

Early hematoma expansion occurs in approximately one-third of
the patients with spontaneous intracerebral hemorrhage (ICH).
Hematoma expansion is highly predictive of neurological dete-
rioration and is an independent predictor of mortality and func-
tional outcome.?* Therefore, predicting ICH expansion can be
a crucial part of targeting patients for anti-expansion treatment.
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Recently, various imaging markers on noncontrast computed
tomography (NCCT) have been reported as predictors of ICH
expansion, including the black hole sign (BHS), island sign (IS),
swirl sign (SS), and blend signs (BS).5' NCCT imaging markers
are more readily available in clinical routine than CT angiogra-
phy (CTA). In addition, contrast application may be associated
with risks of allergic reactions to the contrast medium and renal
dysfunction in some patients. However, several articles have
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proposed the spot sign on CTA as a potential predictor of hema-
toma expansion. 1014

In this study, we aimed to clarify the association between 4 NCCT
markers (BHS, IS, SS, and BS) or CTA spot sign and ICH expansion
using univariate and multivariate logistic regression models.

2. Methods

The study protocol was approved by the Jeonbuk National
University Hospital Institutional Review Board (JNU 2018-10-
015-01) in South Korea. The requirement for informed consent
was waived by our institutional review board from the relatives
of the deceased.

2.1. Patients

This case-control study was a retrospective analysis of the insti-
tutional data of all patients who were admitted for treatment
of ICH between January 2015 and December 2019. During
this period, 365 patients were admitted for ICH treatment.
The inclusion criteria of this study were as follows: age > 18
years, history of spontaneous ICH, immediate NCCT within
1 hour after symptom onset, CTA examination within 1 hour
after NCCT, and follow-up NCCT examination between 2 and
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6 hours after CTA. The exclusion criteria for this study were
as follows: brainstem or cerebellar hemorrhage; trauma-related
hemorrhage; secondary ICH, such as ischemic transformation,
tumor, vasculitis, Moyamoya disease, and venous infarction;
previous lobar infarction history; and previous brain surgery
history. Of 325 patients, 250 with spontaneous ICH and com-
plete NCCT and CTA examination following our study proto-
col were enrolled in this study.

2.2. CT acquisition

Initial NCCT (Definition Flash; Siemens, Erlangen, Germany)
with a slice thickness of 1.0mm was obtained for all patients.
Patients in our sample underwent NCCT, followed by CTA if
it was detected, which was performed by scanning from the
cerebral vertex to the aortic arch with 0.6-mm section thickness
slices. Nonionic contrast media (80-120 milliliters; Xenetix,
Guerbet, Aulnay-sous-Bois, France) was administered into the
antecubital vein at 3 to 5 milliliters/second, and CTA source
images for the evaluation of atherosclerosis or vascular malfor-
mation were post-processed and reformatted to create coronal,
sagittal, and axial multiplanar images. Follow-up NCCT with
a slice thickness of 1.0 mm was performed, except for patients
who needed emergency operation.

_-

Figure 1. (A) Black hole sign. (B) Blend sign. (C) Island sign. (D) Swirl sign. (E) Spot sign.
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The demographic characteristics of patients with and without ICH expansion.

Total (n = 250) ICH expansion (n = 60) No expansion (n = 190) P
Age 65.8+0.9 63.9+18 658+ 1.0 .344
Male, n (%) 130 (52.0) 30 (50.0) 100 (52.6) 722
Hypertension, n (%) 150 (60.0) 33(55.0) 117 (61.6) .364
Diabetes, n (%) 60 (24.0) 14 (23.3) 46 (24.2) .890
Smoking, n (%) 26 (10.4) 5(8.3) 21 (11.9) 547
Alcohol, n (%) 49 (19.6) 13(21.7) 36 (18.9) .644
Chronic renal disease, n (%) 11 4.4 4(6.7) 7(3.7) .302
Liver disease, n (%) 15 (6.0) 5(8.3) 10 (5.3 .363
Cardiac disease, n (%) 7(2.8) 0(0.0) 7(3.7) .202
Systolic blood pressure 167.3+23 164.6 + 5.1 168.2 25 498
PT 125+06 147 +£20 11.9+03 .695
aPTT 291+04 29.5+1.1 29.0+05 .645
INR 16+04 14+02 17+£05 187
Antiplatelet, n (%) 29 (11.6) 6(10.0) 23(12.1) .657
Anticoagulant, n (%) 11 (4.4) 5(8.3) 6(3.2) .140
Initial ICH volume 151+£1.2 19.9+22 13614 <.001
Initial IVH, n (%) 99 (39.6) 35(68.3) 66 (33.7) <.001

aPTT = activated partial thromboplastin time, ICH = intracranial hemorrhage, INR = international normalized ratio, IVH = intraventricular hemorrhage, PT = prothrombin time.

2.3. Clinical data

Clinical and demographic data were acquired through a retro-
spective review of medical charts. The collected data included
sex, age, underlying disease (hypertension, diabetes, chronic
renal disease, liver disease, or cardiac disease), smoking, alcohol
consumption, previous medication, and initial GCS for correla-
tion between hematoma expansion and NCCT and CTA imag-
ing findings.

2.4. Image analysis

Initial NCCT for the diagnosis of BHS, IS, SS, BS, and CTA
for the diagnosis of spot signs were reviewed retrospectively
by 2 neuroradiologists with 25 and 15 years of experience,
respectively. Two reviewers, without information on the study
design, evaluated the anonymized and randomized images.
Discrepancies regarding the diagnosis of the 4 NCCT markers
and CTA spot signs were settled by a joint discussion of the
reviewers.

The imaging findings of NCCT for the detection of ICH
expansion have been considered in previous studies. The
BHS (Fig. 1A) was defined as follows: a hypoattenuated
and encapsulated area encapsulated within the high-density
hematoma and a black hole with round, oval, or rod-like and
no connection to the adjacent brain tissue, and the hema-
toma should have at least a 28 HU difference between the 2
density regions.!>*! The hematoma IS on NCCT (Fig. 1B) is
defined as > 3 scattered and small hematomas, all separate
from the main hematoma, or >4 small hematomas, some
or all of which may connect with the main hematoma. The
scattered small hematomas were round or oval and were sep-
arated from the main hematoma. The connected small hema-
tomas should bebubble-or sprout-like.[”” The hematoma SS
(Fig. 1C) on NCCT was defined as an area of low density
(30-50 HU, hypo- or isodense to the brain parenchyma)
surrounded by a hyperdense fluid collection.!®! Hematoma
BS (Fig. 1D) represents a hematoma with a hyperdense and
hypodense area and a well-defined margin that is recognized
by the eye. The 2 different regions showed a difference of at
least 18 HU. The hypodense area should not be encapsulated
by ICH.!"%!I The spot sign on CTA (Fig. 1E) was defined as
the presence of at least 1 focus of contrast density within the
ICH, with a lack of connection with normal or abnormal
vessels surrounding the hemorrhage, and without hyperden-
sity at the corresponding location on NCCT.!!>-4l Reviewers

Comparison of NCCT and CTA for patients with and without ICH
expansion.

ICH expansion No expansion

Total (n =250) (n = 60) (n =190) P
Black hole sign, n (%) 118 (47.2) 31 (561.7) 87 (45.8) 427
Blend sign, n (%) 52 (20.8) 16 (26.7) 36 (18.9) 199
Island sign, n (%) 93 (37.2) 28 (46.7) 65 (34.2) .082
Swirl sign, n (%) 79 (31.6) 31(51.7) 48 (25.3)  <.001
Spot sign, n (%) 56 (22.4) 44 (73.3) 12 (6.3) <.001

CTA = CT angiography, ICH = intracranial hemorhage, NCCT = non-contrast CT.

reviewed by consensus and rated the presence of 4 NCCT
markers and CTA spot sign based on a 4-point scoring sys-
tem, where a score of 4 indicated they were “completely
confident,” 3 “probably confident,” 2 “less confident,” and
1 if they could not detect the imaging finding. The reviewers
evaluated the NCCT or CTA within a 4-weeks interval.

Another reviewer measured the ICH volume on initial and
follow-up NCCT in millimeters using the ABC/2 method.!'>'¢!
An increase of hematoma size > 33% or > 6 mL was considered
significant enlargement./”-!8!

2.5. Statistical analysis

Continuous variables were summarized as means with standard
deviations, while categorical data were expressed as counts and
percentages. To assess the diagnostic accuracy of the imaging
markers on NCCT or CTA for ICH expansion, an alternative
free-response receiver operating characteristic (ROC) curve
analysis was performed based on a 4-point scoring system by
consensus of the reviewers. The diagnostic accuracy of each
imaging marker was assessed by calculating the area under
the alternative free response ROC curve (Az). The differences
between the imaging markers with regard to the area under
the ROC curves were statistically analyzed using the 2-tailed
Student ¢ test for paired data. The sensitivities and positive pre-
dictive values for each observer and each imaging modality were
also calculated based on the number of lesions assigned a confi-
dence level of 3 or 4 from among all lesions. The sensitivity and
positive predictive value of each imaging marker were compared
using McNemar’s test. The significance level for the statistical
analysis was set at P < .05.
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Figure 2. (A). Initial noncontrast computed tomography (CT) of a 66-year-old man demonstrates hyperdense hematoma in the left basal ganglia. Note positive
findings of black hole sign, island sign, and swirl sign. (B). CT angiography demonstrates hyperdense spot signs in the hematoma (arrows). (C). Follow-up CT

scan performed 2h later demonstrates increased hematoma volume.

Univariate analysis of predictors of ICH expansion.

Multivariate analysis of predictors of ICH expansion.

OR 95% P OR 95% P
Age 0.990 0.969-1.011 343 ICH volume 1.006 0.986-1.027 563
Male, n (%) 1111 0.622—1.986 722 Island sign 0.510 0.190-1.368 181
Hypertension, n (%) 0.763 0.424-1.371 .365 Swirl sign 0.308 0.093-1.025 .055
Diabetes, n (%) 0.953 0.481-1.888 .890 Spot sign 109.5 29.954-400.286 <.001
Smoking, n (%) 0.732 0.263-2.032 .549 Anticoagulant 4121 0.368-46.167 251
Alcohol, n (%) 1.371 0.631-2.980 425 PT 1.006 0.917-1.104 .895
Chronic renal disease, n (%) 1.867 0.527-6.612 .333 Initial IVH 4111 1.690-10.000 .002
Liver disease, n (%) 1.636 0.536-4.991 .387
Systolic blood pressure 0.997 0.989-1.005 496 ICH = intracranial hemorrhage, IVH = intraventricular hemorrhage, PT = prothrombin time.
PT 1.031 0.997-1.066 072
ﬁ\m_r éggg 88?3_1 8gg ggi The demographic characteristics of the patients with and
Antiplatelet, n (%) 0.807 0.312-2.085 658 without ICH expansion are summarized in Table 1. Initial ICH
Anticoagulant, n (%) 2788 0.819-9.485 101 volume in patients with ICH expansion was significantly higher
ICH volume 1.015 1.001-1.029 038 than that in patients without ICH expansion (19.9 = 2.2 vs
Black hoe sign, n (%) 1.266 0.708-2.263 427 13.6 = 1.4, P <.001). The incidence of initial IVH in patients
Blend sign, n (%) 1.556 0.790-3.063 201 with ICH expansion was significantly higher than that in
Island sign, n (%) 1.683 0.934-3.033 .083 patients without ICH expansion (58.3% vs 33.7%, P <.001).
Swirl sign, n (%) 3.162 1.731-5.799 <.001 The results of the 4 NCCT markers and CTA spot signs in
Spot sign, n (%) 40.792 18.002-92.432 <.001 patients with and without ICH expansion are summarized in
Initial IVH 2.756 1.520-4.997 <.001

aPTT = activated partial thromboplastin time, ICH = intracranial hemorrhage, INR = international
normalized ratio, IVH = intraventricular hemorrhage, PT = prothrombin time.

Multivariate analysis of ICH expansion was performed using
logistic regression analysis. Variables with P < .20 from univar-
iate analysis were considered candidate predictors for multivar-
iate analysis. The significance level for the statistical analysis
was set at P <.05. Analyses were performed using SPSS v.24.0
for Windows (IBM, Somers, NY) and MedCalc v.11.6.0 for
Windows (MedCalc Software, Mariakerke, Belgium).

3. Results

A total of 250 patients (mean age, 65.3 years; age range, 38-90
years; male, 52.0%) with spontaneous ICH and complete
NCCT and CTA examination following our study protocol
were enrolled in this study. Of these patients, 60 (24.0%) had
ICH expansion on the immediate follow-up NCCT.

Table 2. SS on NCCT and spot sign on CTA were significantly
more prevalent in patients with ICH expansion (P <.001)
(Fig. 2).

Logistic regression was performed to assess the association
between clinical data, radiologic markers, and ICH expan-
sion. In univariate logistic regression, the initial ICH volume
(P =.038), initial intraventricular hemorrhage (IVH) (P < .001),
SS (P <.001), and spot sign (P < .001) were associated with ICH
expansion (Table 3). Multivariable logistic regression analysis
confirmed the presence of initial IVH (OR 4.111; P =.002) and
CTA spot sign (OR 109.5; P <.001) as independent predictors
of ICH expansion (Table 4).

The interpretation of NCCT and CTA findings and the sensi-
tivity and specificity of ICH expansion in patients with abnormal
CT findings are summarized in Table 5. The sensitivity, PPV, and
NPV of the CTA spot sign were significantly higher than those
of the 4 NCCT markers (P <.05). In univariate logistic regres-
sion, the initial ICH volume (P =.038), initial intraventricular
hemorrhage (IVH) presence (P <.001), swirl sign (P <.001),
and spot sign (P < .001) were associated with ICH expansion.
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The specificity of the CTA spot sign in patients without ICH
expansion was significantly higher than that of the 4 NCCT
markers (P <.001).

The area under the ROC curves values between ICH expan-
sion and NCCT and CTA imaging findings for both observers
are summarized in Table 6. The area under the ROC curves for
the CTA spot sign was significantly higher than that for the 4
NCCT markers (P < .05) (Fig. 3).

4. Discussion

Our results showed that the CTA spot sign had a significantly
higher sensitivity and specificity in patients with ICH expansion,
but the 4 NCCT markers had lower sensitivity for ICH expan-
sion. In particular, only the CTA spot sign as an imaging marker
independently contributed to the hematoma expansion.
Although spontaneous ICH comprises only 10% to 20% of
all strokes, its mortality rates approach 30% to 40% at 1 month,
and up to 75% of patients suffer significant disability or mor-
tality at 1 year."”23 Currently, the management of spontaneous
ICH patients includes primarily supportive therapies,* such
as airway management, hemodynamic monitoring, and control
of intracranial pressure,®! with no treatment options demon-
strating significant efficacy.*®! However, preventing secondary
expansion of hemorrhage after initial ICH highlights opportu-
nities for therapeutic intervention.* Such expansion occurs in
approximately one-third of ICH patients and is associated with
significantly worse clinical outcomes.[t3#+26-281 So_ predicting sec-
ondary expansion may help to include as many patients as pos-
sible who need antiexpansion therapies, such as intensive blood
pressure reduction or administration of tranexamic acid.!?”#-321
The clinical value of NCCT markers and the CTA spot sign
as predictors of ICH expansion has been validated in several
studies.’'* He et al compared the black hole sign and other CT
features (irregular hematoma and initial hematoma volume) to
predict hematoma expansion and outcome.?! They found that
irregular hematoma, black hole sign on CT, and delayed intra-
ventricular hemorrhage extension were independent predictors
of hematoma expansion. The CT black-hole sign presented the
highest accuracy in predicting hematoma expansion. However,
it was not an independent predictor of poor outcome. Xin et
al also reported the black hole sign to be a good predictor of
hematoma growth.!! Qi Li et al proposed the island sign as a
reliable CT imaging marker that independently predicts hema-
toma expansion and poor outcomes in patients with ICH.!”
D. Ng et al demonstrated that the swirl sign is associated with
a larger initial hematoma, earlier initial CT, and hematoma
expansion.®! Sporns et al identified hematoma volume, intraven-
tricular hemorrhage, and the presence of a blended sign as inde-
pendent predictors of neurological deterioration.!"” Those were
studies on NCCT markers, and the following studies focused
on the CTA spot sign. In a patient-level meta-analysis of stud-
ies reporting ICH growth, with data on over 5400 subjects by
Al-Shahi Salman et al,®*! independent predictors of hemorrhage
growth were time from symptom onset to baseline imaging,
ICH volume on baseline imaging, antiplatelet use, anticoagulant
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use, and contrast extravasation (“spot sign”) on initial CT angi-
ography. Xu et al reported that the spot sign was related to an
increased risk of hematoma expansion and had a significantly
higher risk of in-hospital and 3-month death.!'?! Also, Han et
al identified that the spot sign is a strong independent predictor
of hematoma expansion, mortality, and poor clinical outcomes
in primary ICH. Morotti et al investigated whether the integra-
tion of spot signs and hypodensities improves the stratification
of ICH expansion risk.** They showed that the spot sign and
hypodensities predict hematoma growth independently from
each other, and their integrated analysis identifies patients at the
highest risk of ICH expansion. Hypodensity had a higher sen-
sitivity for ICH expansion, whereas specificity was superior for
the spot sign.

Recently, Sporns et al investigated the degree of interaction
between 5 NCCT imaging markers (BS, BHS, IS, hypodensities,
and heterogeneous densities) and the CTA spot sign and their
individual contribution to outcome prediction in patients with
ICH 1 The CTA spot sign and NCCT hypodensities were the
2 most important independent risk factors for poor outcomes
after ICH. However, our study focused on ICH expansion. The
spot sign had the highest sensitivity and specificity among the
imaging parameters.

Some limitations of this study should be considered when
interpreting our results. Our study was a non-randomized, sin-
gle-center, retrospective analysis. In addition, the sample size
was relatively small. Another limitation is that our study lacks
a long-term follow-up (such as the modified Rankin scale) that
might offer additional information but was not available for
this study. Additionally, the interobserver agreement of the
NCCT island sign was relatively low compared with that of the
other markers.

5. Conclusion

We demonstrated that only the CTA spot sign suggested a high
risk of ICH expansion; in particular, the spot sign showed higher
sensitivity and specificity for ICH expansion. Multivariate anal-
ysis showed that the presence of the CTA spot sign was inde-
pendently correlated with hematoma expansion. Therefore,
although contrast medium in CTA has some risks, such as aller-
gic reaction or renal dysfunction, not only NCCT but also CTA
should be performed if possible. This could allow for better

ROC analysis of this study.

Variable AUC SE 95% Cl

Black hole sign 0.529 0.047 0.461-0.596
Blend sign 0.569 0.041 0.501-0.635
Island sign 0.586 0.043 0.518-0.651
Swirl sign 0.601 0.048 0.534-0.666
Spot sign* 0.733 0.040 0.670-0.79

AUC = area under the ROC curves.
*AUC of CTA spot sign was significantly higher than that of 4 NCCT markers (P < .05).

Sensitivity and specificity of 4 NCCT markers and the CTA spot sign associated with ICH expansion.

BHS (n = 118) BS (n = 52) IS (n = 93) SS (n = 79) Spot sign (n = 56)
Sensitivity, % 26.3 30.8 30.1 39.2 78.6*
Specificity,% 78.0 77.8 79.6 83.0 91.8*
PPV,% 51.7 26.7 46.7 51.7 73.3*
NPV.% 54.2 81.1 65.8 74.7 93.7*

*CTA spot sign was significantly higher than that of 4 NCCT markers (P < .001).
**CTA spot sign was significantly higher than that of BHS, BS, and IS (P < .05).

BHS = black hole sign, BS = Blend sign, IS = island sign, NPV = negative predictive value, PPV = positive predictive value, SS = swirl sign.
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Figure 3. ROC curve. The AUC of the CTA spot sign was significantly higher
than that of the 4 NCCT markers. AUC = area under the ROC curves, CTA
= computed tomographic angiography, NCCT = noncontrast computed
tomography, ROC = receiver operating characteristic curve.

prediction of expansion than NCCT imaging markers alone,
and may help set a potential therapeutic target for anti-expan-
sion treatment in the future.
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