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Objective: Intracranial hemorrhage (ICH) expansion is a predictor of poor clinical outcome. ICH expansion can
be predicted with a swirl sign on noncontrast computed tomography (NCCT) and/or a spot sign on computed
tomographic angiography (CTA). In this study, we aimed to evaluate the diagnostic value of a swirl sign and a
spot sign in identifying hematoma expansion.

Patients and methods: Patients with spontaneous ICH between January 2013 and August 2018 who underwent an
initial NCCT and CTA, and a subsequent NCCT at a single center were retrospectively identified. Two experi-
enced neuroradiologists reviewed all images for swirl sign and spot sign presence using a 4-point scale for
receiver-operative characteristic analysis. ICH expansion was defined as volume growth of > 33% or > 6 mL.
Results: A total of 227 patients, including 54 with ICH expansion, qualified for analysis. For both observers, the
area under the curve (AUC) of spot sign was significantly higher than that of swirl sign (observer 1: 0.748 vs.
0.577, p = .002; observer 2: 0.749 vs. 0.589, p = .004). The sensitivities of ICH expansion in patients with a spot
sign was significantly higher than patients with a swirl sign (observer 1: 54.1% vs. 28.0%, p = .002; observer 2:
56.9% vs. 30.3%, p = .002). Patients with a spot sign had the highest risk of ICH expansion (odds ratio: observer
1 = 8.14, observer 2 = 9.30, p < 0.001).

Conclusions: A spot sign on CTA was identified and associated with ICH expansion. A swirl sign on NCCT had a
relatively low sensitivity and AUC, and will not be able to replace spot sign on CTA.

1. Introduction ICH had purposed the evaluation of initial volume, location, and pre-

valence of ICH expansion. A spot sign on CTA is a potent imaging

Intracerebral hemorrhage (ICH) is known to have dire prognosis,
proven by its high 30-day mortality rate of approximately 40% [1]. To
predict patient’s poor functional outcome and mortality, hematoma
expansion is used as an independent determinant [1,2]. Almost 40% of
ICH patients showed hematoma expansion on the first day of symptom
onset [3].

Prognostic factors of ICH included initial volume, age, low Glasgow
Coma Scale (GCS) score, and shorter time from onset to presentation
[4,5]. ICH expansion due to active rebleeding or extravasation has been
reported in 38-70% of patients during the first 24 h after symptom
onset [6,7]. Especially, ICH expansion is associated with early neuro-
logic deterioration and is an independent predictor of poor clinical
outcome and increased morbidity [7-10]. CT protocol in patients with

marker that is associated with early ICH expansion [3,11-13]. Recently,
NCCT markers such as blend sign, black hole sign, swirl sign, and island
sign were proposed for predicting ICH expansion [14-17]. A swirl sign
on NCCT is a hypo- or iso-attenuated lesion within a hyper-attenuated
fluid collection [18]. The spot sign identification requires performing
early CTA examination which is not routinely executed in many in-
stitutions [19,20]. Furthermore, diagnostic criteria of imaging findings
of spot sign/swirl sign have been proposed with great heterogeneity
[21].

Some papers reported the relationship between imaging findings of
CTA and NCCT and ICH expansion [22,23]. The combined analysis of
hypodensity on NCCT and spot sign on CTA improved the stratification
of ICH expansion risk [23]. In this study, we aimed to evaluate the
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diagnostic value of swirl sign and spot sign in better identifying he-
matoma expansion in patients with ICH by receiver-operative char-
acteristic analysis.

2. Patients and methods

The study protocol was approved by our institutional review board.
Informed consent was waived from relatives of the deceased.

2.1. Patients

This was a retrospective analysis of our institutional data of all
patients who were admitted for treatment of ICH from January 2013 to
August 2018. During this period, 345 patients were admitted for
treatment of ICH. Inclusion criteria of this study were as follows: 1) age
= 18 years; 2) spontaneous ICH on history; 3) immediate NCCT within
one hour after symptom onset; 4) CTA examination within one hour
after NCCT; and 5) Follow-up NCCT examination between 2 and 6 h
after CTA. Our exclusion criteria for this study were as follows: 1)
brainstem or cerebellar hemorrhage; 2) trauma-related hemorrhage; 3)
secondary ICH such as tumor, vasculitis, moyamoya disease, and ve-
nous infarction; 4) previous lobar infarction history; and 5) previous
brain surgery history. Of 345 patients, 227 with spontaneous ICH and
complete NCCT and CTA examination of our study protocol were en-
rolled in this study.

2.2. CT acquisition

Initial NCCT (Definition Flash; Siemens, Erlangen, Germany) with a
slice thickness of <5 mm were obtained for all patients. Patients in our
sample had a NCCT, followed by a CTA if it was detected with ICH,
which was performed by scanning from the cerebral vertex to the aortic
arch with 0.7-mm section thickness slices. Nonionic contrast media
(80-120 ml) was administered into the antecubital vein at 3-5 milli-
liters/second, and the CTA source images for evaluation of athero-
sclerosis or vascular malformation were post-processed and reformatted
to create coronal, sagittal, and axial multiplanar images. Follow-up
NCCT with a slice thickness of =5 mm was performed except for pa-
tients who needed emergency operation.

2.3. Clinical data

Clinical and demographic data were acquired through retrospective
review of medical charts. The collected data included sex, age, under-
lying disease, previous medication, and initial GCS for correlation be-
tween hematoma expansion and imaging findings of NCCT and CTA.

2.4. Image analysis

Initial NCCT for diagnosis of swirl sign and CTA for diagnosis of spot
sign were reviewed retrospectively by two neuroradiologists with 25
and 15 years of experience, respectively. They were not informed about
the composition of the patient population and independently evaluated
the anonymized, randomized images. The swirl sign on NCCT was de-
fined as an area of low density (30-50 HU, hypo- or isodense to brain
parenchyme) surrounded by a hyperdense fluid collection [17,18]. The
spot sign on CTA was defined as presence of at least one focus of con-
trast density within the ICH, with lack of connection with normal or
abnormal vessels surrounding the hemorrhage, and without hyper
density at the corresponding location on NCCT [23,24]. Reviewers se-
parately reviewed NCCT and CTA by standard radiological viewing, and
rated the presence of spot sign or swirl sign finding based on a 4-point
scoring system, where a score of 4 indicated they were “completely
confident” about detecting the Spot sign or swirl sign, 3 “probably
confident,” 2 “less confident,” and 1 if they could not detect the spot
sign or swirl sign. Each observer has evaluated the NCCT or CTA with 4-

Clinical Neurology and Neurosurgery 182 (2019) 130-135

weeks interval.

Another reviewer measured the volume of ICH of initial and follow-
up NCCT in millimeters using the ABC/2 method [25]. An increase of
hematoma size > 33% or > 6 mL was considered significant enlarge-
ment [6,8,12,26].

2.5. Statistical analysis

The correlation between ICH expansion and imaging findings of
NCCT or CTA was assessed by calculating the area under the ROC
curves (AUC). Differences between mean AUC were compared using
two-tailed student’s t-tests for paired data. Sensitivities for each ob-
server and imaging set were evaluated according to the number of le-
sions assigned confidence levels of 3 or 4. Prior to image interpretation,
observers were aware that lesions assigned confidence levels of 3 or 4
would be included in separate sensitivity calculations. Sensitivities
were compared using McNemar’s test. A two-tailed p < 0.05 was con-
sidered statistically significant. We also calculated 95% confidence in-
tervals. We evaluated differences between these two groups using the
Student t-test for continuous variables and the Fisher test for categorical
variables.

To assess interobserver agreement, we calculated the « statistic for
both observers. The significance of the difference between the k-values
assigned to the two imaging modalities was then tested using z-tests.
The statistical significance level was set at p < 0.05. Statistical ana-
lyses were performed using SPSS v. 22.0 for Windows (IBM, Somers,
NY, USA) and Medcalc v.11.6.0 for Windows (MedCalc Software,
Mariakerke, Belgium).

3. Results

A total 227 (median age, 63.5 years; age range, 32-90 years; male,
58.1%) with spontaneous ICH and complete NCCT and CTA examina-
tion of our study protocol were enrolled in this study. Of these patients,
54 (23.8%) had ICH expansion on immediate follow-up NCCT.

The demographic characteristics of patients with and without ICH
expansion are summarized in Table 1. Of total patients, 126 (55.5%)
had hypertension. Initial ICH volume in patients with ICH expansion
was significantly higher than that in patients without ICH expansion
(43.2 + 33.2 vs. 32.8 = 29.3, p = 0.029). However, initial GCS in
patients without ICH expansion was significantly higher than that in
patients with ICH expansion (12.3 = 3.5 vs. 10.7 = 4.1, p = 0.006).

Interpretation of CT findings and sensitivity of ICH expansion in
patients with abnormal CT findings are summarized in Table 2. The
swirl sign on NCCT in both observers was found approximately 33%. Of
these patients, ICH expansion was appeared 28% in observer 1 and 30%
in observer 2. The spot sign on CTA in both observers was found

Table 1
Demographic findings of two groups.
ICH expansion No ICH expansion p value
(n =54) (n=173)
Age 62.0 = 14.4 64.0 = 14.3 0.371
Male (%) 34 (63.0) 98 (56.6) 0.434
Hypertension (%) 29 (53.7) 97 (56.1) 0.757
Diabetes (%) 15 (27.8) 34 (19.7) 0.255
Chronic renal disease (%) 15 (27.8) 29 (16.8) 0.075
Liver disease (%) 13 (24.1) 25 (14.5) 0.096
Cardiac disease (%) 4 (7.4) 18 (10.4) 0.608
Previous stroke history (%) 11 (20.4) 18 (10.4) 0.064
Antiplatelet drug (%) 14 (25.9) 45 (26.0) 1.000
Anticoagulant drug (%) 4 (7.4) 6 (3.5) 0.057
GCS 10.7 = 4.1 12.3 = 3.5 0.006
ICH volume 43.2 = 33.2 32.8 = 29.3 0.029

Note — ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale.



B.K. Park, et al.

Table 2
Sensitivity between ICH expansion and CT imaging findings of
two observers.

ICH expansion

Observer 1
Swirl sign (n = 75)
Spot sign (n = 61)
Both (n = 31)
Observer 2
Swirl sign (n = 76)
Spot sign (n = 58)
Both (n = 29)

21 (28.0%)
33(54.1%)"
12 (38.7%)

23 (30.3%)
33 (56.9%)"
12 (41.4%)

Note — ICH, intracerebral hemorrhage.

# Correlation of both observers between ICH expansion and
spot sign were significantly higher than that between ICH ex-
pansion and swirl sign (p = 0.002).

approximately 26-27%. Of these patients, ICH expansion was appeared
54% in observer 1 and 57% in observer 2. Positive findings of swirl sign
and spot sign were found approximately 13%. ICH expansion appeared
39% in observer 1 and 41% in observer 2. Sensitivities of data between
ICH expansion and spot sign on CTA was significantly higher than the
data between ICH expansion and swirl sign on NCCT in both observers
(p = 0.002) (Fig. 1).

The AUC values between ICH expansion and CT imaging findings in
both observers are summarized in Table 3. For both observers, the AUC
of spot sign was significantly higher than that of swirl sign (observer 1:
0.748 vs. 0.577, p = .002; observer 2: 0.749 vs. 0.589, p = .002)
(Fig. 2). The Odds ratio between ICH expansion and CT imaging find-
ings in both observers are summarized in Table 4. Patients with a spot
sign had the highest risk of ICH expansion (odds ratio: observer
1 = 8.14, observer 2 = 9.30, p < 0.001).

The k-values for the two observers between ICH expansion and CT
imaging findings are summarized in Table 5. The k-values were 0.795
for swirl sign on NCCT and 0.957 for spot sign on CTA, indicating ex-
cellent interobserver agreement. The k-values of spot sign on CTA be-
tween two observers were significantly higher than that of swirl sign on
NCCT (p < 0.05).

4. Discussion

The main finding of this retrospective study is that spot sign on CTA
is the significant predictor of ICH expansion compared with swirl sign
on NCCT. The spot sign has more interobserver agreement compared
with swirl sign for interpretation of CT findings.

A
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Fig. 1. ROC Curve.
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Table 3
Receiver operative characteristic analysis between ICH expansion and CT
imaging findings of two observers.

Observer 1 Observer 2

Swirl sign Spot sign Swirl sign Spot sign
AUC 0.577 0.748° 0.589 0.749°
95% CI 0.509 - 0.642 0.686 — 0.803 0.522 - 0.653 0.687 - 0.804
Z statistic 1.908 6.755 2.168 6.806
SD 0.040 0.037 0.041 0.037

Note — ICH, intracerebral hemorrhage; AUC, area under the ROC curve.
2 AUC of both observers between ICH expansion and spot sign were sig-
nificantly higher than that between ICH expansion and swirl sign (p < 0.05).

ICH expansion occurs in up to 70% of patients documented by NCCT
performed within 3h after onset of symptoms [6,27]. Unfortunately,
treatment for ICH is not clearly established. The dire prognosis of ICH
calls for a more effective and innovative treatment to be developed.
Previous main predictors of early higher mortality and poor clinical
outcome during the early phase of ICH are hematoma expansion, initial
ICH volume, GCS, and IVH [7,8,28]. At least 38-70% of patients
had > 33% growth in the volume of ICH during the first 24 h after
symptom onset [6,7]. Hematoma volume increase of 10.7 ml (1 stan-
dard deviation) over 24 h had strong correlation with poor outcome
[2]. Increased risk of major disability and death is associated with the
speed of ultraearly ICH expansion in ICH patients [29]. Therefore, we
defined that increase of hematoma size > 33% or > 6 mL was con-
sidered significant enlargement, retrospectively [8,26].

The mechanism of acute phase ICH expansion is not clearly un-
derstood. Mayer et al. [30,31] suggested that damage of the normal
cerebral anatomy, collapse of blood-brain barrier, early transient
ischemia, local tissue distortion, vascular engorgement caused by de-
crease of venous outflow, and rapid increase in ICP may result in he-
matoma expansion. Risk factors identified for ICH expansion include
blood pressure, and vascular and coagulation disorders [11,32].

Early CT protocol in patients with ICH used either only NCCT or
CTA after initial NCCT for evaluation of critical imaging findings of ICH
expansion. The spot sign on CTA, also known as small, focal contrast
enhancement within an intracerebral hematoma due to contrast ex-
travasation, is a potent imaging marker that is associated with early ICH
expansion and poor functional outcome in patients with ICH [3,11-13].
Recently, NCCT markers such as blend sign, black hole sign, swirl sign,
and island sign were proposed for predicting ICH expansion [14-17].
Swirl sign on NCCT is a hypo- or iso-attenuated lesion within a hyper-
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A.ROC curve of observer 1. B. ROC curve of observer 2. The AUC of spot sign was significantly higher than that of swirl sign.
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Fig. 2. ICH expansion.

A and B. Swirl sign. A. Noncontrast CT of a 73-year-old woman demonstrates hyperdense hematoma with hypodense foci (arrow). B. Follow-up CT scan performed

2h later demonstrates increased hematoma volume.

C and D. Spot sign. A. Initial CTA of a 81-year-old man demonstrates hyperdense foci in the initial ICH (arrow). B. Follow-up CT scan performed 2 h later de-

monstrates increased hematoma volume.

Table 4 Table 5
Odds ratio between ICH expansion and CT imaging findings of two observers. Kappa value of CT imaging findings of two observers.
Observer 1 Observer 2 Swirl sign Spot sign®
Swirl sign Spot sign Swirl sign Spot sign Kappa 0.795 0.957
Standard error 0.023 0.0127
Odds ratio 1.402 8.138 1.680 9.303 95% CI 0.751 - 0.840 0.9327 - 0.9817
95% CI 0.743 - 2.645 4.121 - 0.896 — 3.151  4.656 —
16.071 18.586 @ Kappa values of spot sign between two observers were significantly higher
z statistic 1.044 6.039 1.617 6.316 than that of swirl sign (p < 0.05).
Significance level P = 0.296 P < 0.000 P =0.106 P < 0.000

Note — ICH, intracerebral hemorrhage.

attenuated fluid collection [18]. Especially, the sensitivity of imaging
markers on NCCT is relatively low.

Some papers reported the relationship between imaging findings of
CTA and NCCT and ICH expansion [22,23]. Sporns et al. [22] reported
the correlation between blend sign on NCCT and spot sign on CTA in

133

patients with secondary neurological deterioration after spontaneous
ICH. Of the 81 patients with secondary deterioration, 31 (38.3%) had
blend sign and spot sign on admission. The CT blend sign showed a high
association with the CTA spot sign and was a reliable predictor of
secondary neurological deterioration after spontaneous ICH. When in-
cluded in the multivariable analysis, the spot sign was no longer as a
significant predictor of secondary neurological deterioration. Also, this
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paper analyzed the correlation between imaging findings and secondary
neurological deterioration instead of ICH expansion in patients with
spontaneous ICH. The combination of the two radiological signs does
not improve the prediction of hematoma growth in patients with
spontaneous ICH. Morotti et al. [23] investigated whether the in-
tegration of spot sign and hypodensity improved the stratification of
ICH expansion risk. The rate of ICH expansion was 55.6% in patients
with both spot sign on CTA and hypodensity on NCCT. Subjects with
both imaging findings on CT had the highest risk of hematoma growth
(odds ratio, 9.50). In our study, spot sign on CTA in patients with ICH
expansion by each observer had significantly higher prevalence than
swirl sign on NCCT. Also, positive findings of swirl sign and spot sign in
patients with ICH expansion was appeared 39% in observer 1 and 41%
in observer 2. This ratio was relatively low compared with only spot
sign. Our results revealed some difference compared with previous re-
ports [22,23]. Our results reflected the high detection of swirl sign on
NCCT and relatively low correlation to ICH expansion.

Xu et al. [33] reported the meta-analysis about accuracy of spot sign
in predicting hematoma expansion and clinical outcome. The spot sign
occurred in 23.4% patients with spontaneous ICH and was related with
approximately 8-fold increased risk of ICH expansion [33]. Also, pa-
tients with spot sign had a significantly higher risk of in-hospital death
and 3-month death. In our study, the spot sign was related with ap-
proximately 8- or 9-fold increased risk of ICH expansion. However, the
swirl sign did not show the relation of ICH expansion.

Also, in the present study, the diagnostic accuracy (AUC) of spot
sign on CTA for relation of ICH expansion by both observers was sig-
nificantly higher than that of swirl sign on NCCT. Interobserver
agreement of swirl sign on NCCT was significantly lower than that of
spot sign on CTA. The results of the present study suggest that the swirl
sign on NCCT without CTA as single marker for ICH expansion would
have a limited role because of lower sensitivity and relatively low in-
terobserver agreement. Our study results show spot sign in CTA have
higher AUC, sensitivities and risk of ICH expansion. These results sup-
port the decision to routinely give contrast media and perform CTA in
patients presenting with ICH.

This study has some limitations. First, only a relatively small
number of cases with retrospective nature and single center design were
evaluated. A larger number of cases and longitudinal prospective stu-
dies are needed to validate our results. Second, our study only included
the swirl sign without blend sign or black hole sign on NCCT. Therefore,
correlation of ICH expansion and swirl sign on NCCT could be led to
potential underestimation. However, in our study, interobserver
agreement of swirl sign on NCCT was relatively low. Spot sign on CTA
was more valuable in terms of the diagnostic accuracy of imaging
finding associated with ICH expansion Finally, we analyzed the imaging
findings related to ICH expansion. Therefore, we did not includ the
results about mortality or clinical outcome of various clinical data.

5. Conclusion

Spot sign on CTA was identified and associated with ICH expansion,
supporting the decision to routinely perform CTA in patients presenting
with ICH. Swirl sign on NCCT has a relatively low sensitivity and AUC,
and will not be able to replace spot sign. Also, spot sign on CTA has
higher interobserver agreement by observers. Therefore, spot sign on
CTA may need the selection of patients for antiexpansion treatments in
acute state and for clinical trials testing antiexpansion treatments.
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