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ABSTRACT
Background

Intracerebral haemorrhage (ICH) outcome depends on hematoma volume, location, and expansion.
Objectives

To assess the validity of neuroimaging signs for predicting the prognosis of patients with acute ICH in our
population.

Patients and Methods

A prospective cohort study was performed on 90 patients with acute ICH admitted to Shar Hospital from
March to October 2019. Inclusion criteria were ages of >18 years and spontaneous ICH, and exclusion criteria
were trauma, brain tumour, and secondary ICH. Demographic features were recorded. Blackhole, swirl, island,
Blend and spot signs, ICH location and volume, and ICH score were assessed by non-contrast computed
tomography (CT) scan and CT angiography. Glasgow coma scale (GCS) and modified Rankin scale were used
to assessing patients’ outcomes

Results

Except for the ages of patients (p-values=0.01), other demographic characteristics had no significant associations
with the expansion of hematoma and outcome. Modified Rankin Scale, GCS, and hematoma location and
volume had statistically significant associations with hematoma expansion and outcome. Further, strong
sensitivity of black hole (90.9%) and spot (92.8%) signs, strong specificity of Blend (92.6%) and spot signs
(97.1%), substantial positive predictive value for spot sign (92.8%), substantial negative predictive value was
for all signs. In addition, substantial accuracy of spot sign (95.8%), were found. Also, significant associations
for all the signs, except Blend, with hematoma expansion were found.

Conclusion

It is better to use neuroimaging signs, at least the signs found on non-contrast CT scans, all together in clinical
practice.

Keywords: Blackhole sign, Blend sign, Intracerebral haemorrhage (ICH); Intracerebral haemorrhage
(ICH) score; Island sign; Spot sign; Swirl sign.
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INTRODUCTION

Intracerebral haemorrhage (ICH) is caused by ruptures
of small arteries secondary to hypertension and other
vascular abnormalities . ICH incidence is variable
across countries and ethnicities; it accounts for 8-24%
of all strokes @ The prevalence of primary ICH in low/
middle-income countries was twice its prevalence
compared to high-income countries, 22 vs 10 per
100,000 person-year . The incidence of ICH increases
with ageing, and for all ages, the annual incidence rate
is higher in men than women ©-. Also, the fatality
rate of ICH is approximately 40% in the first month
and 54% in the first year, and only 12-39% of patients
achieve long-term functional independence 7.

The outcome of ICH depends on hematoma volume,
location, and an extension to ventricles ®. However,
ICH leads to more severe disability and higher mortality
than ischemic stroke ®.

Although some ICH will develop during sudden
emotional stress or exertion, most occur during
daily activities ©®.The initial injury of ICH is by
physical disruption of brain parenchyma due to
compression!>!V, However, the secondary injury is
related to the clotting cascade, especially thrombin,
after haemoglobin breakdown and endothelial damage
(2 Further, the risk factors that could be modified
are hypertension, smoking, alcohol consumption, low
triglycerides, decreased low-density lipoprotein, and
drugs, including antithrombotic, anticoagulants, and
sympathomimetics (319,

However, the non-modifiable risk factors include male
gender and old age “*'9. The clinical presentations
vary by the location and size of ICH; besides, the main
symptoms of ICH are headache, nausea, vomiting,
decreased level of consciousness, sensorimotor deficits
1619 Usually, the neurological symptoms deteriorate
in minutes to hours ©. Further, the neurological
deterioration, which occurs before and during hospital
admission, indicates worsening of oedema or early
hematoma enlargement ® about 15-23% of patients have
hematoma expansion and neurological deterioration in
the first few hours @,

The poor prognostic factors are as follows: old age,
large hematoma volume, intraventricular extension,
infratentorial location, hematoma expansion, contrast
extravasation on computed tomography (CT),

angiography (spot sign), and the use of anticoagulation
4,21)
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Rapid diagnosis is essential for the appropriate
management and better functional results. In addition
to the neurological history and examination, rapid
neuroimaging with a non-contrast head CT scan is
highly specific and sensitive for I[CH and is essential
to early diagnosis ??. CT scan will reveal not only the
location and size of the ICH but also the mass effects,
intraventricular extension, hydrocephalus, and early
signs of herniation ?*23,

MRI is sensitive as CT in determining the presence of
haemorrhage but rarely offers additional information
in the acute setting @%. In addition, the time required
for MRI can be detrimental due to a high risk of
deterioration during the first few hours ¥,

Computed tomography (CT) angiogram is very sensitive
for identifying associated vascular abnormalities
and contrast extravasation (spot sign) ®. The spot
sign in CT angiography indicates ongoing bleeding
within an ICH and increased mortality ©®. Further,
CT angiography is quick, inexpensive, and safe; the
radiation exposure is similar to a chest or abdominal
CT scan, while there is undoubtedly a financial cost to
performing CT angiography, this will vary by system
and is difficult to quantify universally @7

However, performing a CT angiography is minimal
compared to the costs of untreated stroke or the costs of

inappropriate transportation for endovascular therapy
@7

Other neuroimaging signs indicating hematoma
expansion are swirl, black hole, Blend, and island non-
contrast CT scan ®-?, Besides, a swirl sign indicates
an active perioperative bleeding and unclotted blood,
and a black hole sign is a swirl sign encapsulated within
the haemorrhage with a clear border @839,

Further, a Blend sign in hematoma is a mixture of a
hypoattenuating region with a nearby hyperattenuating
region with a clear border ©V. Also, an island sign
describes the extreme margin irregularities of the
hematoma ©2).

In the current study, we aimed to assess our population
has predicted prognostic factors of patients with acute
hemorrhagic stroke on plain non-contrast CT scan and
CT angiography.
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PATIENTS AND METHODS

A prospective cohort study was performed on 90
patients who had an acute ICH and were admitted
to the Emergency Department of Shar Hospital,
Sulaimani city, Kurdistan Region, Iraq. The study
was performed from March to October 2019. Further,
a formal acceptance letter was obtained from Shar
Hospital before starting the study. Written informed
consent was taken from the patients’ families for their
inclusion in this study.

The inclusion criteria were 18 years or older, and
spontaneous ICH was confirmed on a non-contrast CT
scan. Besides, the exclusion criteria were patients who
had head trauma, brain tumour, or secondary ICH from
a hemorrhagic transformation of ischemic infarction.

The demographic features of the patients, including
age, gender, residency, occupation, marital status, body
mass index (BMI), smoking and alcohol consumption
habits, and past medical history of hypertension and
diabetes mellitus (DM), were recorded. A non-contrast
CT scan of the head was performed for all the patients.
However, CT angiography was performed for only
48 (53.3%) patients due to their renal impairments.
The neuroimaging signs of a black hole, swirl, island,
Blend and spot signs, location of ICH, and ICH score
were assessed by the non-contrast CT scan and CT
angiography. Also, the ellipsoid technique (ABC/2,
when A = length, B = width, and C = height) on a
non-contrast CT scan was used to evaluate hematoma
volume (33). Further, the Glasgow coma scale (GCS)
and modified Rankin scale (scores of 0-6) (34) were
used to assessing patients’ outcomes.

The (IBM SPSS Statistics version 25) was used to
analyze the data, and both descriptive and inferential
statistics were used. In the descriptive statistics, means
and standard deviations (SD) were used for continuous
variables, and frequencies and percentages were used
for categorical variables. Also, the Fisher Exact Test,
Paired-Samples T-Test, Chi-Square test, and one-
way ANOVA were used to determine the differences
between groups. Further, a p-value of <0.05 was
considered a statistically significant association.

RESULTS

The mean + SD (standard deviation) of the ages of the
patients were 64.3£16.1 years with a male: female ratio
of 1.9:1. Further, the urban residencies of the patients
were more common than rural residencies; (64, 71.1%)

vs (26, 28.9%), and the occupations of the patients
were as follows: public servant (36, 40%), housewife
(27, 30%), Retired (20, 2.2%), and self-employed
(7, 7.8%). Also, most of the patients (81, 90%) were
married; however, few of them (6, 6.7%) were single
and divorced (3, 3.3%).

The mean £ SD of BMI was 27.7£3.4 Kg/m2. The
history of patients was as follows: smoking (64, 71.1%),
alcohol consumption (25, 27.8%), hypertension (62,
68.9%), and DM (54, 60%).

The mean = SD of GCS, modified Rankin scale,
hematoma volume detected on non-contrast CT scan,
and ICH score at admission were 8.4 + 2.8, 3.9+0.9,
38.3x12.4 ml, and 3.3+0.9, respectively. Besides, the
ICH score distribution at presentation was as follows:
score 1 (4, 4.4%), score 2 (15, 16.7%), score 3 (29,
32.2%), score 4 (38, 42.2%), and score 5 (4, 4.4%). Also,
the ICH scores during the follow-up period, hematoma
volume, modified Rankin scale at discharge, and the
outcome of the patients are shown in Table 1.

There was a significant association of ages with the
outcome of the patients (p-value = 0.01); however, this
association was none significant for gender, residency,
occupation, marital status, BMI, smoking, alcohol
consumption, hypertension, and DM (p-values = 0.06,
0.7, 0.1, 0.5, 0.6, 0.8, 0.6, 0.3, and 0.5, respectively), as
shown in Table 2. There were statistically significant
associations of GCS, modified Rankin scale, and
hematoma volume with the outcome of the patients
(p-values = <0.001, 0.007, and 0.001, respectively), as
shown in Table 3.

The validity results, extracted from Table 4, of black
hole, swirl, Island, Blend, and CT angiography spot
signs were as follows: sensitivity (90.9%, 54.5%,
40.9%, 27.3%, and 92.8%, respectively), specificity
(32.4%, 70.6%, 72.1%, 92.6%, and 97.1%, respectively),
positive predictive value (30.3%, 37.5%, 32.1%, 54.5%,
and 92.8%, respectively), negative predictive value
(91.7%, 82.8%, 79%, 79.7%, and 97.1%, respectively),
and accuracy (46.6%, 66.7%, 64%, 76.7%, and 95.8%,
respectively). There was a significant improvement in
the modified Rankin scale and ICH score after discharge
and three months, respectively, as compared to
admission (Table 5). However, no significant difference
was observed in hematoma volume in comparison to
admission (Table 5). There was a significant association
of age with the hematoma expansion (p-value = 0.01);
however, no significant associations were found
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between gender, residency, occupation, marital status, <0.001, respectively), as shown in Table 7. In addition,
BMI, smoking, alcohol consumption, hypertension, there were significant associations between the black
and DM (p-values = 0.1, 0.4, 0.3, 0.1, 0.3, 0.07, 0.3, 0.9, hole sign, swirl sign, and island sign with hematoma
and 0.2, respectively), as shown in Table 6. expansion. However, no significant differences were

observed between the Blend sign and hematoma

Further, our results showed statistically highly expansion (Table 8)

significant associations of GCS, modified Rankin
scale, and site of the hematoma with the expansion
of the hematoma (p-values = <0.001, <0.001, and

Table 1. Outcome of patients during follow-up.

Variable No. Percent
ICH score after one-month 1 ) 8.9
= mean + SD (2.7 £ 0.9)
2 32 35.6
3 37 41.1
4 13 14.4
5 0 0.0
ICH score after three months 1 21 23.3
= mean = SD (2.1 + 0.9)
2 44 48.9
3 20 22.2
4 3 3.3
5 2 2.2
Hematoma volume after 72 hours <30 ml 28 31.1
= mean * SD (37.9 + 12.5 ml)
>30 ml 62 68.9
Hematoma volume after 5-7 days <30 ml 28 31.1
= mean = SD (36.8 £ 12.8 ml)
>30 ml 62 68.9
Modified Rankin scale at discharge 2 29 32.2
= mean = SD (3 £ 0.8)
3 30 33.3
4 31 34.5
5 0 0.0
Outcome Died 22 24.4
Alive 68 75.6
Total 90 100.0

ICH = intracerebral haemorrhage.
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Table 2. Distribution of demographic characteristics according to the outcome.

Demographic characteristics Outcome p-values
Died (%) Alive (%)

Age (year) <40 1 (4.5) 4 (5.9)
40-49 0 (0) 11 (16.2)
50-59 0 (0) 14 (20.6) 0.01"
60-69 7 (31.8) 18 (26.5)
=70 14 (63.6) 21 (30.9)

Gender Male 18 (81.8) 41 (60.3) 0.06"
Female 4 (18.2) 27 (39.7)

Residency Urban 15 (68.2) 49 (72.1) 0.7
Rural 7 (31.8) 19 (27.9)

Occupation Housewife 4 (18.2) 23 (33.8)
Self-employed 0 (0) 7 (10.3) 0.1
Public servant 12 (54.5) 24 (35.3)
Retired 6 (27.3) 14 (20.6)

Marital status  Married 21 (95.5) 60 (88.2)
Single 1 (4.5) 5 (7.4) 0.5
Divorced 0 (0) 3 4.4)

BMI Normal (18.5-24.99) 5 (22.7) 12 (17.6)
Overweight (25-29.99) 12 (54.5) 44 (64.7) 0.6"
Obese (=30) 5 (22.7) 12 (17.6)

Smoking Yes 16 (72.7) 48 (70.6) 0.8~
No 6 (27.3) 20 (29.4)

Alcohol Yes 7 (31.8) 18 (26.5) .

consumption 15 (68.2) 50 (73.5) 06

Hypertension  Yes 17 (77.3) 45 (66.2) 0.3
No 5(22.7) 23 (33.8)

DM Yes 12 (54.5) 42 (61.8) 0.5+
No 10 (45.5) 26 (38.2)

* Fisher's exact test; **Chi-square test.

Table 3. Distribution of clinical scales and hematoma volume according to the outcome.

) Outcome
Variables p-values
Died (%) Alive (%)
GCS Minor brain injury (13-15) 0 (0) 9 (13.2)
Moderate brain injury (9-12) 2 (9.1) 33 (48.5) <0.001*
Severe brain injury (3-8) 20 (90.9) 26 (38.2)
Modified Rankin scale 2 1 (4.5) 8 (11.8)
3 0 (0) 19 (27.9)
0.007**
4 12 (54.5) 30 (44.1)
5 9 (40.9) 11 (16.2)
Hematoma volume <30 ml 0 (0) 26 (38.2)
0.001%*
>30 ml 22 (100.0) 42 (61.8)

*Chi-square test; ** Fisher's exact test. CT = computed tomography.
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Table 4. Validity test results in comparison to the outcome.

Outcome
Validity tests
Died (%) Alive (%) Total (%)

Yes 20 (30.3) 46 (69.7) 66 (100.0)
Blackhole sign

No 2 (8.3) 22 (91.7) 24 (100.0)

Yes 12 (37.5) 20 (62.5) 32 (100.0)
Swirl sign

No 10 (17.2) 48 (82.8) 58 (100.0)

Yes 9 (32.1) 19 (67.9) 28 (100.0)
Island sign

No 13 (21.0) 49 (79.0) 62 (100.0)

Yes 6 (54.5) 5 (45.5) 11 (100.0)
Blend sign

No 16 (20.3) 63 (79.7) 79 (100.0)
Total 22 (24.4) 68 (75.6) 90 (100.0)
CT angiography spot sign Yes 13 (92.8) 1(7.2) 14 (100.0)

No 1 (2.9) 33 (97.1) 34 (100.0)
Total 14 (29.2) 34 (70.8) 48 (100.0)

Table 5. Distribution of Modified Rankin scale according to admission and discharge.

Variables (Mean * SD) p-values
Modified Rankin scale Admission Discharge
<0.001*
3.9 +£0.9 3+0.8
ICH score Admission After one month  After three month
<0.001**
3.2 £ 0.9 2.6 £ 0.8 2.1 £0.8
Hematoma volume Admission After 72 hours After 5-7 days
0.7%*
384 +12.7 38.1+£12.9 37.1 £ 13

*Paired t-test; **One way ANOVA analysis; SD = standard deviation.
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Table 6.Distribution of demographic characteristics according to the hematoma volume.

Variables No expansion (%) Expansion (%) P-values
Age (year) <40 2 (7.7) 3 (4.7)
40-49 7 (26.9) 4 (6.3)
50-59 6 (23.1) 8 (12.5) 0.01*
60-69 7 (26.9) 18 (28.1)
>70 4 (15.4) 31 (48.4)
Gender Male 20 (76.9) 39 (60.9)
0.1%*
Female 6 (23.1) 25 (39.1)
Residency Urban 17 (65.4) 47 (73.4)
0.4%
Rural 9 (34.6) 17 (26.6)
Occupation Housewife 5 (19.2) 22 (34.4)
Self-employed 3 (11.5) 4 (6.3)
0.3%x
Public servant 13 (50.0) 23 (35.9)
Retired 5 (19.2) 15 (23.4)
Marital status Married 21 (80.8) 60 (93.8)
Single 4 (15.4) 2 (3.1) 0.1%*
Divorced 1 (3.8) 2 (3.1)
BMI
Normal (18.5-24.99) 7 (26.9) 10 (15.6)
Overweight (25-29.99) 16 (61.5) 40 (62.5) 0.3*
Obese (230) 3 (11.5) 14 (21.9)
Smoking Yes 19 (73.1) 45 (70.3)
0.7%*
No 7 (26.9) 19 (29.7)
Alcohol consumption  y.¢ 9 (34.6) 16 (25.0)
0.3%x
No 17 (65.4) 48 (75.0)
Hypertension Yes 18 (69.2) 44 (68.8)
0.9%*
No 8 (30.8) 20 (31.3)
DM Yes 13 (50.0) 41 (64.1)
0.2%x
No 13 (50.0) 23 (35.9)

*Fisher’s exact test; **Chi-square test; BMI = body mass index; DM = Diabetes mellitus.
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Table 7. Distribution of clinical scales and site of hematoma according
to hematoma volume expansion.

Variable No e)Eop/:)nsion EXP(?,}:?O“ p-values
GCs Minor brain injury (13-15) 5 (19.2) 4 (6.3)
Moderate brain injury (9-12) 21 (80.8) 14 (21.9) <0.001*
Severe brain injury (3-8) 0 (0) 46 (71.9)
Modified Rankin scale 2 6 (23.1) 3 (4.7)
3 14 (53.8) 5 (7.8)
<0.001%*
4 6 (23.1) 36 (56.3)
5 0 (0) 20 (31.3)
Site Lobar 8 (30.8) 45 (70.3)
Subarachnoid 4 (15.4) 0 (0)
Intraventricular 0 (0) 1(1.6)
Temporal 0 (0) 3(4.7)
Parietal 0 (0) 1 (1.6)
Putman 6 (23.1) 0 (0)
Thalamus 4 (15.4) 0 (0) <0.001%*
Cerebellar 1(3.8) 4 (6.3)
Basal ganglia 0 (0) 1(1.6)
Putman and thalamus 1(3.8) 0 (0)
Lobar and parietal 1(3.8) 6 (9.4)
Lobar and temporal 0 (0) 34.7)
Lobar and thalamus 1(3.8) 0 (0)

*Chi-square test; **Fisher’s exact test; GCS = Glasgow coma scale.
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Table 8. Distribution of CT signs according to hematoma volume.

No expansion Expansion

Variable (%) (%) p-values
Blackhole sign Yes 13 (50.0) 53 (82.8)
0.001%
No 13 (50.0) 11 (17.2)
Swirl sign Yes 1(3.8) 31 (48.4)
<0.001*
No 25 (96.2) 33 (51.6)
Island sign Yes 3 (11.5) 25 (39.1)
0.01%*
No 23 (88.5) 39 (60.9)
Blend sign Yes 1(3.8) 10 (15.6)
0.1%*
No 25 (96.2) 54 (84.4)

*Chi-square test; **Fishers exact test.
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DISCUSSION

We collected our patients in Shar Hospital in Sulaimani
city during eight months period. We aimed to assess
neuroimaging signs as predictable prognostic factors
for patients with acute ICH on plain non-contrast CT
scans and CT angiography in our population. We then
chose black hole, swirl, Island, and Blend signs on non-
contrast CT scans and spot signs on CT angiography as
compared to the outcome of the patients.

Except for the ages of the patients in the current study,
other demographic characteristics of the patients did
not have significant associations with the expansion of
hematoma volume and the outcome. Further, the mean
age of the patients was 64.3 years, which was less than
the median age (68 years) found by the study of Sporns
et al.®>. Although the study of Sporns et al.®¥did not
find a significant association of ages with the outcome
(p-value = 0.292), our result showed a significant
association of patients' ages with the outcome (p-value
=0.01).

Also, other demographic characteristics in the study of
Sporns et al.®> such as gender, history of hypertension,
and DM, same as our findings, were statistically none
significant. Further, by considering that an advance in
age is a risk factor for developing stroke ©¢® and due to
the continuous conflicts in our region and the Middle
East, the age in our population is younger than the
age in other populations of the world ¢”. Therefore,
we consider patients' age as confounding to the
neuroimaging signs in our study.

The clinical scales of GCS modified Rankin scale and
hematoma location and volume measured by ellipsoid
technique on non-contrast CT scan ©® had statistically
significant associations with the expansion of hematoma
volume and the outcome. Our findings were parallel
with the findings found in the study of Sporns et al.®>,
and Huynh et al.®®. Tt is the fact that the skull is a fixed
container, and any addition in its contents will increase
pressure on brain tissue; thence, increased hematoma
volume of the ICH in the current study had a significant
association with the outcome of the patients.

Furthermore, our results showed strong sensitivity of
black hole sign and spot sign and strong specificity of
Blend and spot signs.

Besides, the positive predictive value was substantial
only for spot signs; however, the negative predictive
value was substantial for all the signs but with slight

differences; Island and Blend signs were less strong
than other signs. Also, the accuracy of the spot sign
was extreme; however, the accuracy of other signs was
weaker. Moreover, there were significant associations
of black hole sign, swirl sign, and island sign with
hematoma expansion. However, this association was
none significant for the Blend sign. Thus, our results
were partly agreed with the study of Sporns etal.®>. They
found that black holes and Blend signs had significant
associations with the outcome of their patients. Further,
they also found hypodensities, which overlapped with
the black hole sign due to both hypodensities, on non-
contrast CT scan as a least specific sign; however, they
found that spot sign on CT angiography as the most
sensitivity sign ¢,

Although the CT angiography is quick and not costly as
compared to the costs of untreated stroke 2627, there are
times that it cannot be performed, e.g., when the patient
is contraindicated for its contrast media due to allergy
or renal impairment ©%. Likewise, we could perform
CT angiography only for 48 (53.3%) of our patients.
Thus, other neuroimaging signs on non-contrast CT
scans for acute ICH are valuable alternatives when
used collectively for predicting hematoma expansion
and outcome of the patient ¢,

In conclusion, the black hole and spot signs had
strong sensitivity, and Blend and spot signs had strong
specificity. However, a strong positive predictive value
was found only for spot signs. Besides, the negative
predictive value was strong for all the signs. Further,
strong accuracy was only found for spot signs. Also,
significant associations for all the signs with hematoma
expansion were found, except the Blend sign. Therefore,
it is reasonable to use all the signs altogether, especially
when there are contraindications for CT angiography
or lack of availability.
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