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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

 Imaging predictors of poor outcome

 Prognostication timing



ICH ETIOLOGY

75 % “Primary”
CEREBRAL SMALL 

VESSEL DISEASE

25% “Secondary”
MACROVASCULAR

NON-MACROVASCULAR

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



NCCT

Disproportionate Edema Hyperdense Veins               Calcification

 Tumor                                            CVT                                  AVM

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



NCCT – Cerebral Amyloid Angiopathy

Lancet Neurol 2018;17:232–40



RED FLAGS

CLINICAL

 Young age

 No history of hypertension

 Thunderclap headache

IMAGING

 Lobar – Infratentorial location

 No CT signs of SVD

 Extensive IVH

 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

Eur Stroke J 2017, Vol. 2(4) 369–376



MRI – ADDED VALUE

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

CAVERNOMA                       TUMOR                          CORTICAL CVT                     Small Vessel



MRI – ADDED VALUE

CNS Lymphoma                                                            Epidermoid Cyst



CLINICAL PRACTICE

 Repeat imaging at 2-3 months

ICH on NCCT

CTA for ALL

Risk of macrovascular cause*

MRI

DSA

*High Risk of Macrovascular Cause

 Young Age

 Lobar location

 Infratentorial location

 No history of hypertension

 No signs of small vessel disease

Low

High



HEMATOMA EXPANSION

Lancet Neurol 2023; 22: 159–71

ICH is a dynamic Disease

HE frequency:

 Overall: 20% 

 Early presenters (< 6h): 33%

 Anticoagulation: > 50%

Definition

 > 33 % and / or > 6 mL



HE PREDICTORS

Lancet Neurol 2018;17:885–94; Neurology 2016;87:357–64. 

Ultra-Early Hematoma Growth: ICH volume/imaging time  mL/h



CTA SPOT SIGN

Emerg Med Clin North Am. 2016 ;34:883-899; Radiology. 2017;285(3):932-940.



CTA SPOT SIGN IN CLINICAL TRIALS

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

26 sites

US and Canada

5+ years

 70 patients

13 sites

Australia

6+ years

 100 patients



NCCT MARKERS

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



NCCT MARKERS

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



NCCT ACCURACY

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



IS THE SPOR SIGN DEAD?

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



HE Shift Analysis

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



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

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



IMAGING PREDICTORS OF OUTCOME



HIGHER VOLUME TOLERANCE IN LOBAR BLEEDINGS

Stroke. 2023;54:1548–1557.



ADMISSION vs DELAYED PROGNOSTICATION

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

 ICH volume – Anticoagulation – NCCT time

 NCCT markers + CTA spot sign

 Severity Spectrum

OUTCOME

 Delayed prognostication
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