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OUTLINE

ICH etiology

= Etiologic Classification

= Vascular Imaging

» Added Value of Magnetic Resonance Imaging (MRI)

HEMATOMA EXPANSION (HE)
= CTA Spot Sign
= Non-contrast CT (NCCT) features

OUTCOME
= [maging predictors of poor outcome
= Prognostication timing




ICH ETIOLOGY

Arteriovenous malformation

» Extension to other brain compartments
(subarachnoid haemorrhage)

» Flow voids

« Calcification

= Nidus with abnormal dilated vessels

« Arteriovenous shunt

Micro-aneurysm (infective endocarditis)
» Acute and multiple ischaemic lesons

= Small irregular arterial aneurysms

« Diffuse brain microbleeds

Haemorrhagic transformation

of cerebral infarction

= Substantial areas of acute ischaemic
lesions adjacent to the ICH

Moya Moya disease

« Stenosis and/or occlusion of the
terminal portion of the internal
carotid arteries

= Presence of dilated collateral vessels

Aneurysm

» Disproportionate subarachnoid extension
of the blood, abnormal focal dilatation of an artery

Cavernous malformation

« Small, homogeneous ICH with no
extension to other brain compartments

= ‘Popcorn’ appearance on MRI

Cerebral venous thrombosis

» Area of venous infarct

» ICH close to sinuses or veins
» High relative oedema volume

Brain tumour (primary and/or metastasis)
. I.xga Mmﬂam"dmna

Vasculitis
» Small multiple acute ischaemic lesions
» Segmentary diffuse arterial stenosis

syndrome
» Parietal and occipital asymmetrical
oedematous lesions

Dural arteriovenous fistula

» Subarachnoid or subdural extension

= Abnormal dilated cortical veins and
extracranial arteries without nidus

« Arteriovenous shunt

75 % “Primary”
CEREBRAL SMALL
VESSEL DISEASE

25% “Secendary”
MACROVASCULAR
NON-MACROVASCULAR

Nat Rev Dis Primers. 2023.16;9(1):14.



NCCT

£ o )
Disproportionate Edema Hyperdense Veins Calcification
- Tumor -> CVT - AVM

Nat Rev Dis Primers. 2023.16;9(1):14. AJONR Am J Neuroradiol 2010, 31 (9) 1653-1660; Eur J Neurol. 2023;30:1686—-1695



NCCT - Cerebral Amyloid Angiopathy

Probability of moderate or severe CAA
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Figure 3: Categorisation of probability of lobar intracerebral haemorrhage associated with moderate or severe cerebral amyloid angiopathy according to the
three predictor variables, with example CT images

Lancet Neurol 2018;17:232-40



RED FLAGS

Patient characteristics and NCCT (DIAGRAM score)

Age 18-50 years Age 51-70 years
Deep Lobar Posterior Deep Lobar Posterior
Fossa Fossa
SVD I 13 . | svD | 1 4 11
Ma SVD 17 Mo SVD ]

Patient characteristics, NCCT and CTA (DIAGRAM+ score)

CTA Negative

Age 18-50 years
Deep Lobar  Posterior

Age 51-T0 years

Deep Lobar Posterior

Fossa Fossa
SVD 1 5 ] sSVD | 1 2 4
Mo SVD ) Mo SVD | 3 11 24
CTA Positive
Age 18-50 years Age 51-70 years
Deep  Lobar Posterior Deep Lobar Posterior
Fossa Fossa
SVD 14 . .| svp I 17
Mo SVD Mo SVD
Low 1-5%

Intermediate  6-25%

CLINICAL

= Young age

= No history of hypertension
= Thunderclap headache

IMAGING

» Lobar - Infratentorial location
= No CT signs of SVD

= Extensive I[VH

= CT calcifications

Nat Rev Dis Primers. 2023;9(1):14; BMJ 2015;351:h5762; JNNP 2018; 89 671-671; Eur Stroke J 2017, Vol. 2(4) 369-376



NEGATIVE CTA

Table 3. Yield of intracranial macrovascular causes from the optimised model compared to the actual yield.

Predictors Observed proportion of patients with Model predicted proportion
a macrovascular cause for each of patients with a macrovascular
combination of predictors in our cause for each combination

CTA result SVDon CT HTM dataset. % (95% Cl) [raw numbers] of predictors, %

Positive Mo Mo 95.3% (84.2-99.4) [41/43] 95.8%

Positive Mo Yes B5.7% (57.2-98.2) [12/14] 86 4%

Positive Yes Mo B0.0% (44.4-97.4) [8/10] 83.7%

Positive Yes Yes 75.0% (19.4-99.4) [3/4] 59.0%

| Negative No Mo 23.1% (12.5-36.8) [12/52] | 22.1%

Megative Mo Yes 5.9% (0.1-28.7) [1/17] 7.3%

Megative Yes Mo 6.3% (0.2-30.2) [1/16] 6.1%

Megative Yas Tes 0% [O/17] |.8%

CTA: computed tomography angiography: HTMN: hypertencion; 3VD: small vessel disease.
‘Positive’ includes CTA showing a "definite’ or "possible” macrovascular cause; 'negative’ denotes CTA showing no suspicion of a vascular malformation.

Eur Stroke J 2017, Vol. 2(4) 369-376



MRI - ADDED VALUE

CAVERNOMA TUMOR CORTICAL CVT Small Vessel

Nat Rev Neurol . 2017;13(9):555-565; ISBN-13 978-0-521-87331-4



MRI - ADDED VALUE

Epidermoid Cyst

CNS Lymphoma




CLINICAL PRACTICE

| ICH on NCCT |
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HEMATOMA EXPANSION

ICH is a dynamic Disease

HE frequency:

= Qverall: 20%

= Early presenters (< 6h): 33%
= Anticoagulation: > 50%

Definition
= >33%and/or>6mL

Lancet Neurol 2023; 22: 159-71



HE PREDICTORS =1

EUROPEAN STROKE
ORGANISATION
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CTA SPOT SIGN
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CTA SPOT SIGN IN CLINICAL TRIALS

70 Patients with ICH enrolled and randomized ‘
51 From the SPOTLIGHT trial?
19 From the STOP-IT trial

)/ ; ’ Y
32 Patients assigned to receive rFVIla \ 37 Patients assigned to receive placebo
\J \J

primary outcome assessment and were primary outcome assessment and were

32 Patients had 24-h CT scan for 37 Patients had 24-h CT scan for
included in intention-to-treat analysis included in intention-to-treat analysis

3 Excluded
2 Lost to follow-up
s 1 Missed follow-up but alive
with modified Rankin Scale
scoreof 3atly

2 Excluded
> 1 Lost to follow-up
1 Withdrew from study

Y Y
30 Patients had 90-d follow-up and were 34 Patients had 90-d follow-up and were
included in intention-to-treat analysis included in intention-to-treat analysis

26 sites

US and Canada
S5+ years

> 70 patients

100 enrolled

¢

v

50 randomly assigned placebo (intention-to-treat

population)

50 randomly assigned tranexamic acid
(intention-to-treat population)

13 protocol violations (11 participants)

imaging
— 3 had second scan outside defined
timeframe

10 received treatment =60 min after

15 protocol violations (15 participants)
7 received treatment =60 min after
imaging
> 3 received treatment =45 h after onset
4 had second scan outside defined
timeframe
1did not have second scan

v

h

39 in per-protocol analysis

35 in per-protocol analysis

13 sites
Australia

6+ years

- 100 patients

JAMA Neurol. 2019;76(12):1493-1501; Lancet Neurol. 2020;19(12):980-987.



NCCT MARKERS

None HD-BH-FL-Swirl HD-BH-Swirl Island

Shape
irregularity:  Grade | Grade || Grade | Grade IV Grade V

None HD-Swirl HD-Swirl HD-BH-FL-Swirl

k-

heterogeneity: Grade | Grade | Grade V
o J

ANN NEUROL 2019;00:1-13 Neurology. 2020;95:632-643; Lancet Neurol 2023;22:159-71



NCCT MARKERS

D. Hypodensity
Study or subgroup

Log (odds ratio)

Odds ratio

SE Weight (%) IV, random, 95% Cl Year

Standards for Detecting, Interpreting,

and Reporting Noncontrast Computed

Tomographic Markers of Intracerebral
Hemorrhage Expansion
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Significant hernatoma expansion [HE) affects one-fifth of people within 24 hours after acute intracerebral hemarrhage
PCH), and its prevention i an appeasling treatment target. Although the computed tomegraphy (CTlangiography spot
sign predicts HE, only a minority of ICH patients receive contrast injection. Conversely, noncontrast CT (MCCT) is used
1o diagnase neady all ICH, so NCCT markers represent & widely available altarmative for prediction of HE. However, dif-
ferant NCCT signs describe similar fleatures, with lack of consensus on the optimal image acquisition protocol, assess.
ment, terminclogy, and diagnestic ariteria. bn this review, we propase practical guidelines for detecting, interpreting,

and reporting NCCT predictors of HE.
ANN NEUROL 201900113

Odds ratio
IV, random, 95% CI

Ref #20 16771 0.1652 21.7 5.35(3.87, 7.40) 2016

Ref #26 0.8796 01751 21.4 241 (1.71,3.40) 2017 -

Ref #36 13788 0.3231 16.7 3.97{2.11,7.48) 2019 _

Ref #33 1.7299 0.3058 172 5.64(3.10,10.27) 2019 _—

Ref #35 0.7129 0.1052 23.1 2.04(1.66, 2.51) 2019 -

Total (95% CI) 100.0  3.47(2.18,5.50) il

Heterogeneity: Tau? = 0.23; Chi? = 31.57, df = 4 (p < 0.00001); I = 87% I t t i

Test for overall effect: 7 = 5.27 (p < 0.00001) 0.01 0.10 ) 1.00 10.00 ) 100.00
Favors (no expansion) Favors (expansion)

Neurology. 2020;95(14):632-643; Neurology. 2023 Aug 21;10.1212/WWNL.0000000000207728.




NCCT ACCURACY

A B cv
087 0,57 03+
064 0,6 05
g" g g™
= = =
= = -]
n w n
c £ €
o ] a
W uwh W
o4 0.4+ o4
0.5 0.5 025
= Four Predictors
= Four Pradictors — Four Prediciors Y
a— . & S . . = Four Pridictors phus Hypodensgities
Fowr Pradictors plus Hypodensities Four Predictors plus Spot Sign —— Four Predictors phus Hypodensities plus Spet Sign
oo T T T T 0ot T T T T oo T T T T
00 0.2 04 0 L] 1.0 om 1 04 05 L] 10 00 02 o4 0s 0g 10
1- Specificity 1 - Specificity 1 - Specificity

Figure 4. ROC curves for the predicted probability of hematoma expansion in patients with CTA (n=895).

A, 4 predictors: AUC, 0.68; 95% ClI, 0.64 to 0.73; 4 predictors plus hypodensities: AUC, 0.74; 95% CI, 0.70 to 0.78. B, 4 predictors: AUC, 0.68;
95% CI, 0.64 to 0.73; 4 predictors plus spot sign: AUC, 0.69; 95% CI, 0.65 to 0.73. C, 4 predictors: AUC, 0.68; 95% CI, 0.64 to 0.73; 4 predictors
plus hypodensities: AUC, 0.74; 95% ClI, 0.70 to 0.78; 4 predictors plus hypodensities plus spot sign: AUC, 0.74;, 95% CI, 0.70 to 0.78. AUC
indicates area under the curve; CTA, computed tomography angiography; and ROC, receiver operating characteristic curves.

Stroke. 2023;54(2):567-574;



IS THE SPOR SIGN DEAD?

Table 3. Accuracy of spot sign and hypodensity sign at various combinations in predicting hematoma expansion (=6mL or =33%).

Predicted Probability of ICH Expansion, %

1,00

807

60—

205

00

8 L} [}
o
@ p for trend < 0.001
T L T T
§5- HD- 55+ HD- S5- HD+ S5+ HD+

CT markers Spot sign — Spot sign - Spot sign + Spot sign + Black-&-White
hypodensity sign - hypodensity sign + hypodensity sign - hypodensity sign + sign +
(no-colocalized)
Prevalence 112 (56%) 44 (22%) 18 (9%) 12 (6%) 14 (7%)
Sensitivity (95%Cl) 26% (14.6%-40.3%) 18% (8.6%—31.4%) 14% (5.8%—26.7%) 12% (4.5%—24.3%) 28% (16.2%—42.5%)
Specificity (95%Cl) 34% (24.5%—42.2%) 76.7% (69.1%83.12%) 92.7% (87.3%-96.3%) 96% (91.5%—98.5%) 100% (97.6%—100%)
Positive predictive I'1.6% (7.5%—17.5%) 20.5% (11.7%-33.2%) 38.9% (20.7%—60.8%) 50% (25.3%—74.8%) 100% (76.8%—100%)

value (95%Cl)

Stroke. 2018 Sep;49(9):2067-2073. Eur Stroke J. 2024 Aug 16:23969873241271745.




HE Shift Analysis

Percent Hematoma Growth (Intraparenchymal Expansion)

B >75% Expansion
8.2% B 50 - 75% Expansion

— E o
Placebo <25% Expansion

C 25.0% 41.2% Non-Expansi
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Figure 3. Polychotomous percent hematoma volume change (intraparenchymal) quintines stratified by treatment status.
Adjusting for onset to treatment time, baseline intraparenchymal hemorrhage volume, and study (as a random effect), an ordinal analysis of
percent hematoma volume change showed a significant between-group difference favoring treatment recombinant activated factor Vila (rFVila)
(adjusted common odds ratio; and rFVlla [acOR], 0.61 [95% CI, 0.47-0.80]), proportional odds assumption met.

Stroke. 2023 Dec;54(12):2990-2998.



Severe HE (>66% and/or >12.5 mL)

EUROPEAN Predictors of severe intracerebral
hemorrhage expansion

STRUKE JOURNAL

We investigated the predictors of severe hematoma expansion (SHE)
in acute intracerebral hemorrhage (ICH)

Methods Results Conclusion
Main predictors of sHE

- Retrospective analysis

* Nine sites

SHE: ICH growth
>66% and/or >12,5 mL
ICH volume (mL) Onsetto CT (h) Anticoagulant 15% of ICH patients
aOR1.02 aOR 096 aOR 3.00 experience sHE

Prediction of sHE with
few clinical and
imaging variables
Hypodensities Spot sign

aOR 283 aOR 511

Morotti, A, et al.  European Stroke Journal, 2024 andreamorotti@unibsit  dolorg/10,1177_23969873241247436

Eur Stroke J . 2024 Sep;9(3):623-629



IMAGING PREDICTORS OF OUTCOME
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HIGHER VOLUME TOLERANCE IN LOBAR BLEEDINGS

. GOOD OUTCOME at 6 months (mRS 0-2)

POOR OUTCOME at 6 months (mRS 4-6)

. MORTALITY at 6 months

Location

Putamen/ EC

IC/GP

Thalamus

Cerebellum

Brainstem

Outcome of Cut-off ICH Volume Smaller or Largor than Cut-off
Volume Adjusted OR (95% CI)* P
mL
<40.5 4.90 (1.51 - 15.87) 0.008
>48.0 14.26 (3.95 - 51.44) <0.001
>89.5 20.29 (5.21 -79.01) <0.001
<32.5 17.50 (6.10 — 50.15) <0.001
>41.0 30.02 (8.95 - 100.64) <0.001
>42.0 12.53 (2.99 - 52.55) <0.001
<5.5 38.01 (8.02 - 180.10) <0.001
>6.0 103.37 (10.90 — 980.33) <0.001
>21.0 214.74 (15.80 — 2918.34) <0.001
<6.5 10.75 (2.66 — 43.39) <0.001
>9.5 17.35 (4.30 - 70.03) <0.001
>10.5 5.20 (0.76 - 35.70) 0.094
<17.0 5.97 (0.48 - 74.19) 0.165
Poor outcome 5220 17.89 (1.61 - 198.64) 0.019
>22.0 45.00 (5.47 — 370.02) <0.001
<3.0 272.57 (0.64 — 116506.90) 0.070
>7.5 31.04 (2.46 - 392.26) 0.008
>10.5 - -

Stroke. 2023;54:1548—-1557 .




ADMISSION vs DELAYED PROGNOSTICATION

B yig Mortality at 90 days

-
P

0.6

Sensitivity

I Source of the Curve

Baseline FUNC Score
AUC 0.76

____Delayed FUNC Score AUC
0.84

I) D
0.0 0.2 .4 0.6 0.8 1.0

1 - Specificity

Stroke. 2020;51:1107-1110.



TAKE HOME MESSAGES

ETIOLOGY

= Vascular imaging (arteries + veins)

= MRI -> SVD and non macrovascular causes
= DSA - macrovascular causes

= Keep searching - repeat imaging

HEMATOMA EXPANSION

= |CH volume — Anticoagulation — NCCT time
= NCCT markers + CTA spot sign

=  Severity Spectrum

OUTCOME
= Delayed prognostication
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