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Abstract

Background: Acute intracerebral hemorrhage (ICH) heterogeneity on NCCT, characterized by qualitative and
quantitative methods, is predictive of hematoma expansion and mortality however association with the spot
sign is not well-described. We sought to validate and determine the association between qualitative and
quantitative hematoma heterogeneity with expansion and the spot sign, respectively.

Methods: We retrospectively studied 71 ICH patients presenting <24 h post-ictus with baseline NCCT, CTA and
24-hour follow-up CT available. Baseline NCCT was assessed qualitatively for presence of swirl sign or
hematoma heterogeneity by two independent readers blinded to CTA findings and quantitatively using CT
densitometry (CTD). Associations with 24-hour hematoma expansion ≥6 ml or ≥33 % and spot sign were
assessed using logistic regression and diagnostic performance was assessed. Association between qualitative
and quantitative densitometry parameters was also examined.

Results: Swirl sign and quantitative CTD standard deviation were independently associated with expansion on
multivariable analysis (p = 0.037 and p = 0.032, respectively). Swirl sign and hematoma heterogeneity were predictive of
CTA spot sign (p = 0.020 and p = 0.035, respectively) while CTD standard deviation demonstrated only trend univariate
association. CTD parameters were not significantly associated with swirl sign while only CTD skewness was associated
with hematoma heterogeneity. Agreement for swirl sign and hematoma heterogeneity identification was nearly perfect
(κ = 0.81) and substantial (κ = 0.79) respectively.

Conclusion: NCCT qualitative parameters predict hematoma expansion and CTA spot sign presence. Quantitative
markers independently predict hematoma expansion but not CTA spot sign presence.

Background
Hematoma expansion occurs in up to 73 % of patients
with primary intracerebral hemorrhage (ICH) and is inde-
pendently associated with early neurological deterioration,
death, and disability [1, 2]. Prevention of expansion is an
attractive therapeutic target however improved means for
expansion prediction are needed to guide potential acute
interventions [3, 4]. Previous studies have identified

heterogeneity or low-attenuation within a hematoma on
hyperacute NCCT, coined the ‘swirl sign’, to be predictive
of expansion and poor outcome [5–11]. Hematoma het-
erogeneity may partially reflect the presence of active
extravasation within the hematoma in which uncoagulated
blood appears iso- or hypodense relative to the brain par-
enchyma on CT [11]. Quantitative hematoma heterogen-
eity analysis using CT densitometry (CTD) is theoretically
more robust, reproducible, and less prone to interpret-
ation bias compared to qualitative techniques [5, 6]. CTD
may also facilitate rapid and reliable expansion prediction
in the acute setting using semi-automated techniques [12].

* Correspondence: richard.aviv@sunnybrook.ca
1Division of Neuroradiology and Department of Medical Imaging,
Sunnybrook Health Sciences Centre, University of Toronto, 2075 Bayview
Avenue, Room AG 31, Toronto, ON M4N 3M5, Canada
Full list of author information is available at the end of the article

© 2015 Connor et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Connor et al. Neurovascular Imaging  (2015) 1:8 
DOI 10.1186/s40809-015-0010-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s40809-015-0010-1&domain=pdf
mailto:richard.aviv@sunnybrook.ca
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Recently CTD parameters, including the coefficient of
variation (CV) and standard deviation (SD), were found
be predictive of hematoma expansion independent of ini-
tial ICH volume and time from symptom onset [6]. These
promising results however have yet to be validated. The
association between qualitative and quantitative parame-
ters of hematoma heterogeneity and the CTA spot sign, a
potent marker of active hemorrhage expansion [13, 14],
has also not been well-studied. NCCT predictors of
hematoma expansion and the CTA spot sign could theor-
etically mitigate the need for CTA in patients at low risk
of harboring vascular lesions or alert the clinician to the
suspicion of underlying CTA spot sign and potentially
facilitate earlier prothrombotic or hypotensive manage-
ment thereby reducing the magnitude of expansion [15].
Importantly, many centers especially in the community do
not or cannot perform emergent CTA in the setting of
acute ICH. We therefore attempted to validate the associ-
ation between quantitative and qualitative hematoma het-
erogeneity, hematoma expansion and the CTA spot sign
in an acute ICH population. We further sought to deter-
mine the association between quantitative CTD parame-
ters and qualitatively assessed hematoma heterogeneity.

Methods
Study cohort
Sunnybrook Hospital Research ethics board approved
study retrospectively reviewed all ICH patients entered
into a departmental stroke database between September
2010 and December 2012. Study inclusion criteria were
all patients presenting to our tertiary care hospital emer-
gency department with stroke symptoms attributable to
primary ICH demonstrated on non-contrast CT with
follow-up 24-hour CT available. Patients with evidence
of secondary ICH such as ICH from trauma, aneurysm,
vascular malformation, hemorrhagic transformation of
ischemic stroke, venous sinus thrombosis and tumor
were excluded. Patients with isolated intraventricular
hemorrhage (IVH) were also excluded. Of 106 eligible
cases, 35 were excluded due to lack of 24-hour follow-
up (n = 6), surgical intervention before follow-up (n =
12), administration of recombinant factor VIIa (n = 2),
isolated IVH (n = 4), unknown time of onset (n = 4), and
poor scan quality/motion artifact (n = 7). Seventy-one
(67 %) patients were therefore included in final analysis.

Clinical data
Baseline variables were recorded in an ICH database at
time of presentation and any missing data retrieved by
chart review. Clinical variables included were: patient
age, gender, history of anticoagulation or hypertension,
baseline neurological status (NIHSS), mean arterial
blood pressure (MABP), time from symptom onset to
baseline CT and follow-up. Hemoglobin, platelet and

white blood cell count, serum glucose, International
Normalized Ratio (INR) and partial thromboplastin time
(PTT) were also recorded.

Image acquisition
All patients underwent standard institutional acute ICH
CT protocol, performed on a 64-slice CT scanner
(LightSpeed Plus and VCT; GE Healthcare), including
baseline head NCCT, CTA of the neck and intracranial
circulation, and follow-up 24-hour NCCT. All NCCT
was performed from the skull base to the vertex with
the following parameters: 120 kVp, 340 mA, 4 × 5 mm
collimation, 1 s/rotation, and table speed of 15 mm/ro-
tation. CTA studies were acquired from the aortic arch
to the vertex in helical half-scan mode with the follow-
ing parameters: 0.7 mL/kg of iodinated contrast (max-
imum 90 mL via antecubital fossa through 18- or 20-G
angiocatheter), 120 kVp, 280 mA, 1 s/rotation, 1.25-
mm section thickness at 0.625-mm intervals, and table
speed of 3.75 mm/rotation. CTA contrast bolus timing
was performed using SmartPrep (GE Healthcare) semi-
automated attenuation-triggered technique.

Imaging analysis
Individual patient hematoma volumes and quantitative
CTD parameters were measured from three-dimensional
ROIs on baseline and follow-up NCCT studies. Mea-
sured CTD parameters included mean hematoma dens-
ity in HU, SD, CV, skewness, and kurtosis [6]. ROIs were
generated using a semi-automated seeding algorithm
coded in MATLAB (Version R2012b; MathWorks,
Natick, Massachusetts). The ROI generation algorithm
started with an operator selected seed ROI created
within the confines of the hematoma and then was
coded to expand into adjacent voxels meeting a mini-
mum attenuation threshold set to 44 HU. A secondary
ROI growth phase was used to expand up to 3 voxels
further with minimum attenuation threshold of 38 HU
in order to adequately capture the hematoma periphery
and lower density details within the hematoma. Low-
density voxels inside the hematoma not meeting mini-
mum threshold attenuation, potentially representing
swirl signs, were included in the ROI by a reverse grow-
ing algorithm which included all voxels not connected
with the exterior of the hematoma on each axial slice.
Manually defined ROI margin constraints were applied
where the hematoma margins were contiguous with
adjacent bone, dura, or intraventricular hemorrhage.
Accuracy of all ROIs was validated by a staff neuroradi-
ologist (XX) with 10 years of experience. Hematoma vol-
umes were compared against the validated Quantomo
technique [12, 14] for a subset of 28 cases to further
ensure accuracy. Hematoma appearance on NCCT was
qualitatively assessed and dichotomized into homogeneous
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and heterogeneous appearance. All hematomas demon-
strating enclosed regions that were iso- or hypodense to
brain parenchyma were classified as heterogeneous. Het-
erogeneous hematomas were further subdivided into swirl
sign positive or negative according to Selariu [9]. Specific-
ally, the swirl sign was defined as an intrahematoma region
of hypo or isoattenuation compared to the attenuation of
brain parenchyma and may be rounded, streak-like, or
irregular. If the heterogeneity was inconsistent with the
swirl sign definition the hematoma was considered hetero-
geneous but swirl negative. To facilitate classification,
standard windowing settings were used (width 30, level
30). CTA was assessed by the staff neuroradiologist for
presence and number of spot signs by identifying intrahe-
matoma contrast density on CTA, having either a serpigin-
ous and/or spot-like appearance, without connection to an
outside vessel [14, 16]. ICH location (ie. deep, lobar, and
infratentorial) and IVH presence was also recorded. Base-
line CT review was performed 8 weeks prior to assessment
of 24-hour follow-up imaging results to avoid bias.

Statistical analysis
Outcomes for the study were 1) hematoma expansion,
2) presence of the spot sign, and 3) swirl sign and
hematoma heterogeneity presence. Hematoma expan-
sion was defined as ICH growth of >6 ml or >33 % from
baseline to 24-hour CT [14, 17, 18]. Univariate associa-
tions between clinical and NCCT radiographic variables
with hematoma expansion were assessed using bivariate
logistic regression. Variables demonstrating significant
or trend association (p < 0.10) were included in a multi-
variable logistic regression model using backwards step-
wise selection. Predictors of the CTA spot sign and
heterogeneity were also examined using the same
approach. Prior to multivariable modelling, multicolli-
nearity was assessed with the variance inflation factor
statistic. Diagnostic performance of the swirl sign was
assessed for hematoma expansion prediction with and
without spot sign presence. Diagnostic performance of
the swirl sign for spot sign prediction was also exam-
ined. Interobserver agreement of the swirl sign and het-
erogeneity was assessed using the Cohen’s κ statistic.
Values of κ from 0.21 to 0.4, 0.41 to 0.6, 0.61 to 0.8, and
0.81 to 1 were considered fair, moderate, substantial, and
nearly perfect, respectively [19]. Pearson’s correlation co-
efficient and intraclass correlation coefficient (ICC)
compared baseline volumes obtained by the semi-
automated ROI generation algorithm and the validated
Quantomo technique [12]. ICC values of <0.4, 0.4 to
0.75, and >0.75 were considered to demonstrate poor,
fair to good, and excellent agreement. Differences
between included and excluded patients were examined
with the Wilcoxon rank sum and χ2 tests for continuous
and categorical/dichotomous variables respectively.

Statistical significance was defined as p < 0.05 for all
tests. Statistical analysis was performed using SAS 9.2
(SAS Institute Inc, Cary, NC) and R, version 2.13.2
(http://www.r-project.org).

Results
Patient characteristics are summarized in Table 1. In
brief, mean (SD) patient age was 68.2 ± 15.6 years and
46 (65 %) patients were male respectively. Median (inter-
quartile range [IQR]) time from onset to baseline CT
was 1.9 (1.3–4.6) hours and median (IQR) NIHSS at
presentation was 10 (6–16). Hypertension and anticoa-
gulation history was present in 57 (80 %) and 9 (13 %)
patients respectively. Median (IQR) baseline ICH volume
was 18.1 (5.3–37.6). Thirty-six (51 %) patients had a
deep ICH location and 36 (51 %) had IVH.
There were no significant differences in patient age,

gender, time from symptom onset to baseline CT, antic-
oagulation history, or baseline ICH volume between
included and excluded patients (all p > 0.05). Excluded
patients however had a greater IVH frequency (71 % vs.
51 %; χ2 p = 0.042) and higher baseline NIHSS (median
[IQR] 18 [8–23] vs. 10 [6–16]; p = 0.020). Semi-
automated hematoma volume measurements demon-
strated near perfect correlation and high agreement with
the previously validated Quantomo technique [12] for
baseline hematoma volume measurements (ρ = 0.90,
95 % CI 0.80–0.95; ICC 0.84, 95 % CI 0.68–0.92 respect-
ively). Thirty-three (46 %) and 35 (49 %) patients dem-
onstrated a swirl sign and heterogeneous hematoma
respectively. Interobserver agreement for the swirl sign
and qualitatively assessed hematoma heterogeneity was
nearly perfect (κ = 0.81, 95 % CI 0.67–0.96) and substan-
tial respectively (κ = 0.79, 95 % CI 0.63–0.93).

Prediction of hematoma expansion
Hematoma expansion of >6 ml or >33 % occurred in 21
(30 %) patients. Univariate associations between clinical
and radiographic predictors of hematoma expansion are
summarized in Table 1.
Significant NCCT predictors of hematoma expansion

included swirl sign (OR 3.3, 95 % CI 1.2–10; p = 0.031)
and CTD SD (OR 0.65, 95 % CI 0.43–0.94; p = 0.029).
Additionally CTD CV (p = 0.059), CTD mean density
(p = 0.052), and hematoma heterogeneity (p = 0.062)
trended to significance. No significant clinical predic-
tors of expansion were detected, although time from
onset to baseline CT of <3 h (p = 0.059), and baseline
INR >1.5 (p = 0.057) trended towards significance. Collin-
earity was noted between the swirl sign and hematoma
heterogeneity in addition to CTD SD and CTD CV and
accordingly these variables were assessed in separate mul-
tivariable models. Multivariable analysis including swirl
sign and CTD SD in addition to other NCCT and clinical
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predictors of expansion with trend association yielded a
final model including swirl sign (OR 3.3, 95 % CI 1.1–
10.6; p = 0.037) and CTD SD (OR 0.66, 95 % CI 0.43–0.94;
p = 0.032). Substitution of CTD CV for CTD SD yielded a
final model including swirl sign (OR 3.8, 95 % CI 1.3–

12.8; p = 0.020) and CTD mean density (OR 0.8, 95 % CI
0.70–0.97; p = 0.033). Substitution of swirl sign with
hematoma heterogeneity in the multivariable regression
with CTD SD or CTD CV yielded final models that
included CTD SD alone or hematoma heterogeneity (OR

Table 1 Patient characteristics and univariate associations with hematoma expansion

Variable All patients Hematoma expansion* No hematoma expansion p-value**

(n = 71) (n = 21) (n = 50)

Clinical Variables

Age, years (mean ± SD) 68.2 ± 15.6 71.1 ± 14.0 66.9 ± 16.2 0.295

Gender, male (%) 46 (65) 13 (62) 33 (66) 0.742

Hypertension (%) 57 (80) 16 (76) 41 (82) 0.574

Anticoagulation (%) 9 (13) 2 (10) 7 (14) 0.605

Time to Baseline CT, hours 1.9 (1.3–4.6) 1.4 (1.2–1.9) 2.1 (1.4–6.4) 0.361

<3 h n (%) 49 (69) 18 (86) 31 (62) 0.059

NIHSS 10 (6–16) 11 (8–15) 10 (5–16) 0.751

MABP, mmHg 146 (130–172) 150 (137–172) 144 (129–169) 0.773

Laboratory Values

Hemoglobin, g/L 142 (131–150) 142 (117–150) 142 (135–149) 0.317

Platelets, x109/L 228 (180–286) 239 (181–297) 227 (175–268) 0.173

WBC, x109/L 8.1 (6.8–10.8) 7.5 (6.7–9.1) 8.6 (6.8–10.9) 0.257

INR 1.03 (0.99–1.12) 1.06 (0.99–1.20) 1.02 (0.99–1.11) 0.243

INR >1.5 (%) 6 (8) 4 (19) 2 (4) 0.057

PTT (sec) 31 (28–34) 32 (28–36) 30 (28–33) 0.455

Glucose (mmol/L) 7.1 (6.0–8.3) 7.0 (6.1–7.8) 7.1 (6.0–8.4) 0.529

Radiological Characteristics

NCCT characteristics

Baseline Hematoma Volume (cm3) 18.1 (5.3–37.6) 8.0 (4.3–42.9) 18.5 (6.2–36.3) 0.633

ICH Location 0.211

Deep (%) 36 (51) 13 (62) 23 (46) –

Lobar (%) 29 (41) 7 (33) 22 (44) –

Infratentorial (%) 6 (8) 1 (5) 5 (10) –

IVH presence (%) 36 (51) 10 (48) 26 (52) 0.736

Swirl Sign (%) 33 (46) 14 (67) 19 (38) 0.031

Heterogeneous Hematoma (%) 35 (49) 14 (67) 21 (42) 0.062

Quantitative NCCT Densitometry Values

Mean HU (mean ± SD) 55.1 ± 3.9 53.7 ± 3.7 55.7 ± 3.9 0.052

SD (mean ± SD) 10.1 ± 1.5 9.4 ± 1.7 10.4 ± 1.4 0.029

CV (mean ± SD) 0.182 ± 0.021 0.174 ± 0.024 0.185 ± 0.019 0.059

Skewness (mean ± SD) −0.23 ± 0.26 −0.18 ± 0.18 −0.24 ± 0.29 0.383

Kurtosis (mean ± SD) 2.31 ± 0.37 2.30 ± 0.24 2.31 ± 0.41 0.952

CTA variables

CTA spot sign presence (%) 26 (37) 12 (57) 14 (28) 0.023

CTA spot sign number 0 (0–1) 1 (0–3) 0 (0–1) 0.009

All values represent median (IQR) or n (%) unless specified
*Hematoma expansion defined as >6 mL or >33 %
**p-value calculated from bivariate logistic regression
Bold font indicates statistical significance
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3.4, 95 % CI 1.1–11.2; p = 0.040) and CTD mean density
(OR 0.84, 95 % CI 0.70–0.97; p = 0.032), respectively.
Multivariable model area under the curve ranged from

0.64 for the model with swirl sign alone to 0.73 for a
model with swirl sign and CTD SD. There was no statis-
tically significant difference in expansion discrimination
between multivariable models.
Diagnostic performance of swirl sign and hematoma

heterogeneity for hematoma expansion prediction with
and without the presence of a spot sign are listed in
Table 2.

Predictors of CTA spot sign
A CTA spot sign was present in 26 (37 %) patients. Sig-
nificant NCCT predictors of the spot sign on univariate
analysis included the swirl sign (OR 4.5, 95 % CI 1.6–
12.7; p = 0.005) and heterogeneous hematomas (OR 4.9,
95 % CI 1.7–15; p = 0.003). Trend associations were
noted for CTD SD (OR 0.73, 95 % CI 0.51–1.0; p =
0.067) and CTD CV (OR 0.01, 95 % CI 0.00–10.7; p =
0.076). Significant clinical predictors of spot sign pres-
ence included time from onset to baseline CT <3 h
(OR = 9.6; 95 % CI = 2.0–46; p = 0.004) and NIHSS
(OR 1.1; 95 % CI 1.0–1.2; p = 0.009). Collinearity was
noted between the swirl sign and hematoma hetero-
geneity in addition to CTD SD and CV. Multivariable
analysis including swirl sign and CTD SD in addition
to other NCCT and clinical predictors of the spot sign
with trend association demonstrated a final model in-
cluding swirl sign (OR 3.2; 95 % CI 1.1–10; p = 0.020)
and time from symptom onset to baseline CT <3 h
(OR 7.1; 95 % CI 1.7–48; p = 0.035). Substitution of
CTD CV for CTD SD yielded the same final model.
Substitution of swirl sign with hematoma heterogen-
eity in multivariable regression with CTD SD or CTD
CV yielded final models that included hematoma het-
erogeneity (OR 3.4, 95 % CI 1.1–11; p = 0.035) and
time from symptom onset to baseline CT <3 h (OR
6.7, 95 % CI 1.6–46; p = 0.020). Both multivariable
models demonstrated a model area under the curve of
0.75. Diagnostic performance of the swirl sign and
hematoma heterogeneity for spot sign presence is
demonstrated in Table 3.

Association between CTD parameters and qualitative
hematoma heterogeneity
Univariate analysis between CTD predictors and the
swirl sign and hematoma heterogeneity separately dem-
onstrated trend association between CTD skewness and
swirl sign (p = 0.079) and significant association CTD
skewness and hematoma heterogeneity (OR 0.1, 95 % CI
0.01–0.63; p = 0.021). The remaining CTD parameters,
including CTD SD, CV, mean, and kurtosis were not sig-
nificantly associated with either outcome (all p > 0.10).

Discussion
Previous studies of the swirl sign and hematoma hetero-
geneity in acute ICH, assessed both qualitatively and
quantitatively on NCCT, demonstrated significant statis-
tical associations with hematoma expansion [5, 6]. Our
study findings are concordant with these findings
demonstrating that both qualitative (swirl sign) and
quantitative (CTD SD) measures independently predict
hematoma expansion. Other quantitative predictors of
expansion included CTD mean density and qualitative
hematoma heterogeneity. For both CTD SD and CTD
mean density, an inverse relationship with expansion
was noted such that the risk of expansion was increased
when either CTD SD or CTD mean density decreased as
demonstrated in densitometry histograms from Fig. 1.
The inverse relationship between CTD SD and greater
hematoma expansion was also noted by Barras et al. in
their previous CTD study of 81 acute ICH patients in
the placebo arm of the Phase 2 recombinant Factor VIIa
trial [6]. The same study identified CTD CV as the
greatest individual predictor of expansion although this
only demonstrated trend association in the present study
(p = 0.059). The differences between the two studies re-
mains unclear, but both studies confirm the potential for
quantitative prediction of hematoma expansion.
To our knowledge, the association between the swirl

sign, hematoma heterogeneity and the CTA spot sign is
not previously studied. A significant association between
the swirl sign and qualitative hematoma heterogeneity
and the spot sign independent of time from symptom
onset was demonstrated. These findings further support
the importance of recognizing the swirl sign and
hematoma heterogeneity for predicting spot sign

Table 2 Diagnostic performance of qualitative hematoma heterogeneity for hematoma expansion

Sensitivity Specificity Positive predictive value Negative predictive value

Spot Sign 57 (34–78) 72 (58–84) 46 (27–67) 80 (65–90)

Swirl Sign 67 (43–85) 62 (47–75) 42 (25–61) 82 (66–92)

Either 76 (53–92) 50 (36–64) 39 (24–55) 83 (65–94)

Both 48 (26–70) 84 (71–93) 56 (31–78) 79 (66–89)

All values listed in percentage with 95 % confidence intervals listed in parentheses
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presence. The inability of quantitative measures to pre-
dict the spot sign or the swirl sign but independent asso-
ciation with hematoma expansion suggests that
qualitative and quantitative measures may be capturing
different imaging features of potential for hematoma
expansion. Therefore, optimal NCCT ICH expansion
prediction, in the absence of CTA, may benefit from
both qualitative and quantitative measures of hematoma
heterogeneity. An important limitation of swirl sign recog-
nition is that platelet-fibrin thrombi may mimic a swirl
sign in vitro by reducing attenuation relative to retracted
blood clot [20]. CTA may therefore be preferable, by facili-
tating direct contrast extravasation visualization. In the

absence of CTA availability, the swirl sign and hematoma
heterogeneity may however aide in hematoma expansion
prediction.
Interobserver agreement of the swirl sign and

hematoma heterogeneity was nearly perfect (κ = 0.81)
and substantial (κ = 0.79), respectively, similar to results
demonstrated by Selariu for the swirl sign (κ = 0.80). To
facilitate high interobserver agreement, a pre-specified
viewing window width and level of 30 and 30 respect-
ively is recommended similar to strategies employed in
NCCT evaluation for ischemic stroke and for CTA spot
sign identification [17, 21]. Utilization of thin slice CT
may further improve agreement or alter performance

Table 3 Diagnostic performance of qualitative hematoma heterogeneity for spot sign presence

Sensitivity Specificity Positive predictive value Negative predictive value

Swirl Sign 69 (48–86) 67 (51–80) 55 (36–72) 79 (63–90)

Hematoma Heterogeneity 73 (52–88) 64 (49–78) 54 (37–71) 80 (37–71)

All values listed in percentage with 95 % confidence intervals listed in parentheses

Fig. 1 a NCCT of deep right ICH (38 ml) with swirl sign (arrow). b Corresponding hematoma CT densitometry histogram (Mean HU 55.3, SD 9.7,
CV 0.18, Skewness −0.26, Kurtosis 2.41). c CTA with multiple spot signs present (arrows). The patient subsequently underwent hematoma expansion of
41 ml. d NCCT of a different patient with right frontal lobar ICH (38 ml) and trace IVH. e Corresponding hematoma CT densitometry histogram (Mean
HU 61.5, SD 12.2, CV 0.20, Skewness −0.64, Kurtosis 2.6). f CTA demonstrates no evidence of spot sign. The patient had a stable hematoma on
24-hour follow-up
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but requires further study [22]. Swirl sign prevalence
was modestly higher in our study (46 %) compared to
Selariu (30 %) and Kim (15 %). Previous radiological-
surgical correlation studies in patients with traumatic
extra-axial hematomas demonstrate that the swirl sign
was associated with evidence of active bleeding at time
of surgery evacuation, most commonly arterial hemorrhage
[11, 23]. Extravasation of intravenous contrast both on
post-contrast CT and conventional angiogram in epidural
hematomas has also been shown and further support
active bleeding in epidural hematomas [24, 25]. Recently in
acute ICH patients, the spot sign was studied using a
dynamic 60 s CTA acquisition and demonstrated evolv-
ing growth over time consistent with sites of active
extravasation [13]. Our finding that swirl signs were
associated both hematoma expansion and spot sign is
consistent with these previous findings suggesting
recent or on-going extravasation and potential risk for
further expansion [20].
Our study was limited in sample size with a signifi-

cant proportion of patients excluded due to surgical
intervention, lack of adequate CT follow-up, or severe
motion artifact at baseline. This limited our statistical
power and number of variables allowable for multivari-
able analysis. This study was also performed retrospect-
ively and further prospective study is required to
determine whether these methods may be employed
with high-interobserver agreement real-time in the
acute setting. Variations in CT scanners may contribute
to heterogeneity in CTD results and further validation
in a multicenter setting with CT scanners from differ-
ent models and manufacturers is needed [6]. The semi-
automated ROI generation techniques used in this
study demonstrated high correlation with the previ-
ously validated Quantomo technique but remains lim-
ited by the need for manual seed placement and tracing
to prevent ROI extension into areas of IVH and dural
or calvarial hematoma contact.

Conclusion
The NCCT swirl sign and hematoma heterogeneity are
significantly associated with hematoma expansion and
the CTA spot sign. CTD SD is the best CTD predictor
of expansion however is not significantly associated with
spot sign. In the absence of CTA availability, swirl sign
and hematoma heterogeneity recognition may aide in
hematoma expansion.
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