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Objectives

- Discuss  the  conce pt  of 
prim ary vs  s e condary ICH

- Se le ct  pat ie nts  for vascular 
im aging in the  workup of ICH

- Re vie w role  of MRI for 
e valuat ion, t re a tm e nt  and 
prognos is  of ICH



• Spontaneous ICH (sICH) – brain injury due to acute 
hemorrhage from ruptured cerebral blood vessel

• Neurologic emergency
• Epidemiology 1-3

– About 10 – 15% of all strokes in the US 
– Incidence increases with age; use of anticoagulation is growing
– Incidence 1.6 - fold higher in Black>White and 1.6 -fold higher in Mexican 

Americans > non -Hispanic White people
• Morbidity & Mortality

– Great public health burden 4

– Mortality up to 33% at 30 days and 50 -55% at one year 5

Introduction

1 Tsao CW, et al. Circulation 2022; 145(8): e153 -639, 2 Poon MT, et al. Front Neurol Neurosci. 2015; 37:1 -12, 3 Morgenstern LB, et al. Am J Epidemiol. 2004; 
160: 376 -383, 4 Greenberg SM, et al. Stroke. 2022; 53:e282 -361, 5 Jolink WMT, et al. Neurology 2015; 85(15): 1318 -1324



ICH Etiologies
- primary (spontaneous) ICH not 

truly primary but result of 
defined underlying (often co -
occurring) common cerebral 
small vessel disease pathologies 1

- Primary ICH accounts for about 
80% of cases 2

1 Greenberg SM, et al. Stroke. 2022; 53:e282 -361
2 Macellari F, et al. Stroke. 2014;45(3):903 –908e



Primary ICH
• Re sult  of 2  com m on ce re bral sm all 

ve s se l pathologie s , age -re la te d
• Arte rioloscle ros is  ( = lipohyalinos is )

• Conce nt ric  vascular wall thicke ning of 
pe ne t ra t ing arte riole s  in de e p 
te rritorie s

• RF: hype rte ns ion, diabe te s , age
• Ce re bra l am yloid angiopathy (CAA)

• De pos it ion of b-am yloid pe pt ide  in 
arte riolar walls  and capillarie s  in 
le ptom e ninge s , corte x and ce re be llar 
he m isphe re s  

• RF: age , apolipoprote in E ge notype s  of 
e 2 or e 4  a lle le s

Gre e nbe rg SM, e t  a l. St roke . 20 22; 5 3 :e 28 2-3 6 1
ht tps ://twit te r.com /a_charidim ou/s ta tus /14 9 8 16 25 8 13 9 9 29 3 9 5 3

about:blank


• Emergent neuroimaging with CT(MRI)
• Se ria l im aging a t  6 h to  as se s s  for HE, unt il ICH 

s table  and in case  of ne urologic  worse ning
– 20 -25 % of ICH have  HE1, m os t  w/in 6 h (pe ak w/in 

3 h)2

– Shorte r t im e  from  onse t  to  base line  im aging, highe r 
ICH volum e , ant i-throm bot ic  use , spot  s ign on CTA 
as socia te  with HE2

• CTA w/in firs t  hours  of ICH onse t  can he lp 
ide nt ify pat ie nts  a t  high risk for HE

Ne uroim aging - ICH Diagnosis

1 Morot t i A, e t  a l. Lance t  Ne uro 20 23 ; 22(2):15 9 -171
2 Al-Shadi Salm an R, e t  a l. Lance t  Ne urol 20 18 ; 17(10 ):8 8 5 -8 9 4



Results: A macrovascular cause was identified in 69 patients (23%). 29 1 pat ie nts  
(9 8 %) unde rwe nt  CT angiography; 214  with a  ne gat ive  re sult  unde rwe nt  addit ional 
MRI/MRA and 9 7 with a  ne gat ive  re sult  for both CT angiography and MRI/MRA 
unde rwe nt  DSA. Early CT angiography de te cte d 5 1 m acrovascular cause s  (yie ld 
17%, 9 5 % confide nce  inte rval 13 % to 22%). CT angiography with MRI/MRA 
ide nt ifie d two addit ional m acrovascular cause s  (18 %, 14 % to 23 %) and these 
modalities combined with DSA another 15 (23%, 18 % to 28 %).

Study question: What  are  the  diagnos t ic  yie ld and accuracy of e arly com pute d 
tom ography (CT) angiography followe d by m agne t ic  re sonance  im aging/angiography 
(MRI/MRA) and digita l subt ract ion angiography (DSA) in pat ie nts  with non-t raum at ic 
int race re bral he m orrhage ? 

Macrovascular causes of ICH
- De pe nding on age  cate gory, 

in those  <70  ye ars  of age  
without  hype rte ns ion-re la te d 
de e p ICH, 1 of 4 to 1 of 7 
patients had an underlying 
macrovascular cause in the 
DIAGRAM study 1

- Rapid ide nt ificat ion is  
im portant  and influe nce s  
t re atm e nt  and outcom e 1,2

1 Van Asch CJJ, e t  a l. BMJ. 20 15  Nov 9 :3 5 1:h5 76 2
2 Fam  MD, e t  a l. Ce re brovasc Dis . 20 17; 4 3 :223 -23 0



• CTA ± CTV (MRI/MRV) on admission to acutely exclude macrovascular cause or CVT
• CTA ± CTV recommended and highest yield of DCA* as adjunct/alternative imaging in 

– < 70  ye ars  with lobar ICH
– < 4 5  ye ars  with de e p or pos te rior fos sa  ICH
– 4 5  – 70  ye ars  with de e p or pos te rior fos sa  ICH and no h/o hype rte ns ion and s igns  of 

sm all ve s se l dis e ase
– ICH with CTA/MRA and m acrovascular le s ion*
– P at ie nts  with prim ary IVH*

• P rim ary IVH -> DSA re com m e nde d to  r/o  m acrovascular cause
• If CTA/MRA sugge s t ive  of m acrovascular cause  -> obta in DSA
• MRI/MRA re asonable  to  as se s s  for non-m acrovascular e t iology if CTA/CTV ne gat ive
• If init ia l DCA ne gat ive  and no cle ar cause , cons ide r re pe at  DCA in 3 -6  m onths

Neurovascular imaging for ICH pathogenesis (2022) 

Gre e nbe rg SM, e t  a l. St roke . 20 22; 5 3 :e 28 2-3 6 1



Role of MRI – ICH Diagnos is
• ICH diagnos is  in hype racute  & acute  s e t t ings 1-2

• De te rm ining the  acuity of ICH3 -5

1  Fie bach J, e t  a l. St roke . 20 0 4  Fe b;3 5 (2):5 0 2-6 , 2 Rom anova AL, e t  a l. J St roke  Ce re brovasc Dis  20 14  Se p;23 (8 ):20 3 6 -20 4 0 , 3 Bradle y WG. 
Radiology. 19 9 3  Oct ;18 9 (1):15 -26 , 4  We e rink LB, e t  a l. Br J Radiol. 20 23  Aug;9 6 (114 8 ):20 220 3 0 4 , 5 P e nckhofe r M, e t  a l. Front  Ne urosci. 20 24  
May 9 :18 :14 0 8 28 8



From: Penckhofer M, et al. Front Neurosci. 2024 May 9:18:1408288



Role of MRI – ICH Et iology
• Tim ing of s tudy
• P rim ary e t iologie s
• Secondary etiologies

From : P e nckhofe r M, e t  a l. Front  Ne urosci. 20 24  May 9 :18 :14 0 8 28 8



Role of MRI – Se condary cause s  of ICH

1 Boukobza M, et al. Neuroradiology 62 , 9 3 5 –9 4 5  (20 20 )
2 France schi AM, e t  a l. AJNR Am  J Ne uroradiol. 20 20  Jul;4 1(7):1173 -
1176

Vein of Labbe hemorrhagic 
infarct

Hemorrhagic PRES



Role of MRI – Risk s t ra t ifica t ion & prognos is
• ICH e t iology as socia te s  with re curre nce  risk 

– CAA-re la te d ICH 7.3 9 %/y vs  1.11%/y arte rioloscle ros is -
re la te d ICH1

• Im aging biom arke rs
– cSS as socia te s  with highe r risk of HE, inde pe nde nt  

m arke r of poor prognos is  and highe r re curre nce  risk of 
ICH in lobar ICH2,3

– DWI + puncta te  le s ions , while  ofte n subclinica l, as socia te  
with incre ase d risk by 2.5  of subse que nt  is che m ic s t roke 3

1  Charidim ou A, e t  a l. Ne urology. 20 17; 8 9 :8 20 -8 29 , 2 Boulois  G, e t  a l. Jam a Ne urol. 20 16 ; 73 : 14 4 0 -14 4 7, 3 Sporns  P B, e t  a l. J Clin Me d. 20 21; 10 : 
10 8 6



Role of MRI – Tre atm e nt
• Acute  m anage m e nt  inform e d by MRI(MRA/MRV)

– CVST: ant icoagula t ion, e ve n in pre se nce  of he m orrhage
– Vascular m alform at ions  -> e ndovascular/ne urosurge ry 

e valuat ions
– He m orrhagic m ass  -> ne uro/oncology/ne urosurge ry 

consulta t ions
– He m orrhagic absce s s  -> ID/ne urosurge ry e valuat ions  

• Se condary s t roke  pre ve nt ion
– Ant ipla te le t /ant icoagula t ion the rapy guide d by ICH e t iology and 

re curre nce  risk, we ighing risk of he m orrhage  vs  is che m ia 1

1 Gre e nbe rg SM, e t  a l. St roke . 20 22; 5 3 :e 28 2-3 6 1



• About 1 in 5 patients with ICH have a secondary etiology. 
• CTA +/- CTV (MRA/V) imaging on admission can help exclude 

macrovascular cause or CVT. 
• MRI brain can guide diagnosis, etiology, risk stratification & prognosis and 

treatment decisions. 
• DSA with highest yield as adjunct/alternative to CTA/MRA in select 

patients
– <70 with lobar ICH
– <45 with deep or posterior fossa ICH
– 45 -70 with deep or posterior fossa ICH w/o HTN or SVD
– ICH with CT or MR evidence of macrovascular etiology
– Primary IVH

• Repeat neuro -imaging via MRI brain and/or DSA if previous imaging 
inconclusive. 

Summary
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