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Global burden of ICH
Primary prevention and public awareness

 ICH care now: ABC bundles of care 
Anticoagulation reversal
BP lowering
Care pathway for prompt neurosurgical referral

Secondary prevention:
Anti-thrombotics, Blood pressure lowering, statins

 Measuring quality of care for ICH indicators

Overview: State of the art treatment for ICH
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Evidence based treatments

Highly trained team

Multi-disciplinary, across organisations

Research to develop evidence based treatments

Audit and quality improvement

 Technology – imaging

Environment – stroke unit, surgery, critical care

Patient/family involvement throughout the pathway

‘State of the art’ treatment

Core components
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Healthcare needs to be for all....

Robin Hood

‘robar a los ricos y dar a los pobres’



Greenberg, S. M. 2022 AHA/ASA . Guideline for the Management of Patients with Spontaneous Intracerebral Hemorrhage. Circulation.

Neuroinvasive Monitoring, Intracranial Pressure 
& Edema Treatment 

sICH or IVH and hydrocephalus which is contributing to decreased level of 

consciousness or GCS <8: 

Ventricular drainage should  be 
performed to reduce mortality 

(1) 

Corticosteroids should not be 
administered for treatment of 
elevated ICP (3: No Benefit)

ICP monitoring and treatment to 
reduce mortality and improve 

outcomes (2b)

Early prophylactic hyperosmolar 
therapy for improving outcomes is 

not well established (2b)

Bolus hyperosmolar therapy  may 
be considered for 

transiently reducing ICP (2b)

Abbreviation: ICP indicates intracranial pressure; IVH, intraventricular hemorrhage; and sICH, spontaneous intracerebral hemorrhage. 



1. Pre-hospital alert

2. Immediate imaging

3. Pathways of care

4. Thrombolysis

5. Thrombectomy

6. Stroke Unit Care

7. VTE prevention

8. Hemicraniectomy

9. Secondary prevention

10. Rehabilitation therapy

11. Carotid surgery/stenting

All strokes need state of the art care – many overlaps

Ischaemic stroke Intracerebral haemorrhage

1. Pre-hospital alert

2. Immediate imaging

3. Pathways of care

4. Anticoag. reversal, BP lowering

5. Neurosurgery

6. Stroke Unit Care

7. VTE prevention

8. Hemicraniectomy

9. Secondary prevention

10. Rehabilitation therapy

11. Follow up imaging/MRI/MRA
7



Outstanding questions: How best to organise ICH care
Can we identifty patients in the pre-hospital setting?
Should ICH patients go to specialist centres? 

 Possible future treatment targets:
? Stop the bleeding – haemostatic agents

rFactor VIIa, Tranexamic acid, Desmopressin
? Reduce damage caused by the blood

Anti-odema agents
Inflammation

? Improve recovery with non drug interventions 
Transcranial magnetic stimulation/

Overview: State of the art treatment for ICH
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Devastating disease – high early mortality, long term disability

 Incidence set to rise as age and high blood pressure are main risk 
factors

GBD Study 2019: 3 million ICH, 1.5 million deaths due to ICH

Despite causing 25% of stoke – ICH accounts 45% mortality

 Leading risk factor - hypertension 

 Increased with lower economic class, 
lower level education, higher BM, older age

Up to a third of ICH patients have continued bleeding (haematoma 
expansion) which occurs early (mostly < 6 hours)

Even 1ml of blood in brain linked with worse outcome

Background – intracerebral haemorrhage

Global burden of ICH

Haematoma expansion



Global burden of ICH
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Global burden of disease

• Lancet Neurol 2021; 20: 795–820
20 January 2025 12



ICH – increasing burden due to ageing population

 Incidence related to age

Leading risk factor - hypertension 

 Increased with lower economic class, 
lower level education, higher BM, older age

https://doi.org/10.3389/fneur.2023.1241158



• Despite overall decrease in 
incidence there remains very 
high global burden

• Regionally, Central Asia, Oceania, and 
Southeast Asia had the highest age-
standardized prevalence rates of ICH, 
whereas Australasia, high-income 
North America, and Western Europe 
had the lowest rates. 

1/20/2025 14
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Prevention

 Informing citizens – recognise 
stroke

Stroke code

Specialist stroke unit care for 
all

 Tackle health inequalities

Stroke prevention – Spanish strategy

Stroke 2nd ranked cause of 
death in Spain

 Leading cause of death in 
females

 Leading cause of disability in 
Spain

16

http://www.msssi.gob.es/



Prevention

Stroke prevention –

Lifestyle modification
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Smoking

Alcohol

Stress

Obesity

Exercise

Mediterranean diet

Air pollution

Volume 14 - 2023 | https://doi.org/10.3389/fneur.2023.1194810

https://doi.org/10.3389/fneur.2023.1194810


Location, Location, Location …





T2*-gradient echo (A) and susceptibility weighted 

imaging (B) sequences demonstrating multiple 

strictly lobar microbleeds and disseminated 

cortical superficial siderosis, respectively.  Both 

are indicative of advanced cerebral amyloid 

angiopathy. Diffusion-weighted imaging showing a 

punctate region of restricted diffusion remote 

from an acute intracerebral hemorrhage (C; 

arrow). T2-weighted (D, F) and T2-FLAIR 

sequences (E) showing an occult subcortical 

infarct (D; arrow), severe periventricular white 

matter disease (E) and centrum semiovale dilated 

perivascular spaces (F; suggestive of cerebral 

amyloid angiopathy).

MRI Markers of  
CSVD



Pre-hospital recognition of stroke symptoms: 
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Treatment for ICH needs an emergency pathway

Stabilize the 
patient

Stop the 
bleeding

Reduce 
the brain 
damage

Increase 
recovery



 ICH patients may benefit more 
than IS patients

Greater mortality benefit in ICH

Despite this not all ICH patients 
get to a stroke unit

Stroke Unit Care

Langhorne, Stroke 2013
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Haematoma
formation

Minutes

Haematoma
expansion

Hours

Toxicity and 
oedema

Days

Recovery 
and repair

Months

Treatment targets vary by time

Timeline after ICH for possible interventions

Anticoagulation reversal

BP lowering

Haemostatic therapies

Surgical evacuation

Anti-odema targets

Mannitol? IL1Ra ?

Rehabilitation

Secondary 
prevention
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Primary 

Prevention

Pre-
hospital 

care
Acute care

Recovery 
and repair

Months

State of the art ICH care

Timeline for possible interventions

Emergency pathways

Stabilization of patients

Surgical evacuation

Anti-odema targets

Mannitol? IL1Ra ?

Rehabilitation

Secondary 
prevention

Blood pressure lowering

Lifestyle interventions

Air-polution



BP lowering
INTERACT-4

Anticoagulation reversal

ANNEX A-I RCT - reversal of 
DOAC Factor Xa ICH

Care bundles
INTERACT-3 study
ABC ICH care bundle

Neurosurgery
ENRICH study – minimally 
invasive surgery
SWITCH – decompression 
surgery

Evidence based guidelines

AHA ICH 2022

What’s new in ICH ?

Need to increase ICH metrics 

Artificial Intelligence for detection 
of ICH – may help rapid access for 
treatments and trials 

26

Audit Data

Brain imaging



Anticoagulation reversal
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Greenberg, S. M. 2022 AHA/ASA . Guideline for the Management of Patients with Spontaneous Intracerebral Hemorrhage. Circulation.

Reversal of  Coagulopathy
Management of  Anticoagulant-Associated Hemorrhage

Patients with ICH on anticoagulation

Discontinue anticoagulation therapy immediately.  Rapid reversal should be performed as soon as possible (1)

VITAMIN K ANTAGONISTS DABIGATRAN FACTOR Xa-INHIBITORS HEPARINS

INR 1.3 –1.9 INR >2.0

4-F PCC 
10-20 IU/kg 

(2b)

4-F PCC 

25-50 IU/kg 

(1)

IV Vitamin K 

(1)

History: When last dose taken

Activated charcoal if DOAC < 2 hrs (potential efficacy up to 8 hrs) (2b)

Unfractionated 

Heparin

Low Molecular 

Weight Heparin

Protamine 
(2a)

Protamine 
(2b)

Is 

Idarucizumab 

available?

Idarucizumab 

(2a)

PCCs or aPCC and/or

renal replacement therapy 

(2b)

YES NO

Is 

Andexanet alfa 

available?

Andexanet

alfa 
(2a)

4 Factor PCCs or aPCC (2b)

YES NO

Abbreviations: 4-F PCC indicates four-factor prothrombin complex concentrate; aPCC, activated prothrombin complex concentrate; DOAC, direct oral anticoagulant; 

ICH, intracerebral hemorrhage; and  INR, international normalized ratio.

• The effectiveness of 

recombinant factor 

VIIa or TXA to 

improve outcome is 

not well established 

(2b)



Anticoagulation Reversal is an emergency

Introduce a protocol of care for rapid 
administration:
1.Point of care testing device in the emergency 
department

2.Drug storage in emergency department –
This can reduce door to needle time 1

Vitamin K antagonist - Warfarin
4 factor Prothrombin Complex Concentrate and 
Vitamin K

Direct Thrombin Inhibitors: 
Dabigitran – use Idarucizumab antidote if available

Factor Xa inhibitors -
Andexenat alfa reverses anticoag. effect – v. rapidly
Prothrombin Complex Concentrate may have some 
benefit1. A Parry-Jones BMJ Qual Improv 2015



Andexanet alpha for DOAC ICH

30

N Engl J Med 2024;390:1745-1755​ DOI: 
10.1056/NEJMoa2313040



Blood pressure lowering
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BP Lowering in 
the Ambulance  



Blood pressure lowering improves outcome: 
INTERACT 4

33https://www.nejm.org/doi/full/10.1056/NEJMoa2314741

For patients with hemorrhagic stroke 
(Panel C), including 12 with 
subarachnoid hemorrhage, the 
distribution of scores indicates a 
significant decrease in the odds of a 
poor functional outcome (common 
odds ratio, 0.75; 95% CI, 0.60 to 
0.92).

Drug used:
Urapidil (Alpha-1 antagonist 
& 5-HT1A agonist) 25 mg IV bolus, 
repeated only once after 5 min); 





 ICH patients n=145

 ICH patients n=56

 2 hours from onset time

 No imaging pre-treatment 

 Larger ICH and more early deaths

 Increased bad outcome in ICH 
patients

? avoid GTN in first few 
hours after ICH

Pre-hospital GTN treatment : RIGHT-2, MR ASAP

RIGHT-2 2019

MR ASAP 2022

https://doi.org/10.1161/STROKEAHA.RIG

HT2ICH

https://www.MRASAPLancetNov2022

https://doi.org/10.1161/STROKEAHA.119.026389
https://www.sciencedirect.com/science/article/pii/S1474442222003337?via%3Dihub#fig2


Care pathway for prompt 

neurosurgical referral

36



Greenberg, S. M. 2022 AHA/ASA . Guideline for the Management of Patients with Spontaneous Intracerebral Hemorrhage. Circulation.

Minimally Invasive Surgical Evacuation of  
Intraventricular Hemorrhage

Spontaneous IVH + Obstructive 

Hydrocephalus

Spontaneous ICH < 30 mL

GCS >3

IVH requiring EVD

Spontaneous ICH <30 mL

IVH requiring EVD

EVD EVD + thrombolytic

Neuroendoscopy 

+ EVD

+/- thrombolytic

Functional 

Outcome 

Benefit

(2b*)

Mortality 

Reduction

(I)

Functional 

Outcome 

Benefit

(2b†)

Functional 

Outcome 

Benefit

(2b†)

Reduced 

Permanent 

Shunt 

Dependence 

(2b†)
Note: *Not well  established. †Uncertain

Abbreviations: EVD indicates external ventricular drain; GCS, Glasgow coma scale; ICH, Intracerebral hemorrhage, and IVH, intraventricular hemorrhage. 

Mortality 

Reduction

(2a)

Dose: 1 mg every 8h up to 12 doses was the dose used in CLEAR III



 20mls

GCS 5-12

 Can be useful to reduce mortality

 Maybe reasonable to improve 

functional outcome

NO COMMENT ON SUBCORTICAL ICH

https://doi.org/10.1161/STR.0000000000000407Stroke. 2022;53:e282–e361

https://doi.org/10.1161/STR.0000000000000407


https://doi.org/10.1161/STR.0000000000000407Stroke. 2022;53:e282–e361

https://doi.org/10.1161/STR.0000000000000407
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ENRICH RCT
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Neurosurgery – outstanding questions

Predicting failure

• Intra-operative imaging

https://doi.org/10.3390/biomedicines1203050

8



Knowledge gaps: AHA guidelines

Criteria for selecting patients

Benefit of MIS over craniotomy -
craniotomy often performed as rescue therapy

Type of device- ? Surgeon expertise more important



ENRICH results: Implications?
• Bayesian analysis, UW-mRS analysis (from IS DAWN population)

• How to explain utility weighted mRS to patients 

• Effect seems to be driven by lobar – but not powered –
is there still equipoise for lobar patients?
does this exclude a benefit in basal ganglia group?

• MIPS technique and learning curve



 Type of device

 Location of ICH (deep vs lobar)

 Timing of surgery

Many outstanding questions re surgery:

Diagnostics 2021, 11(3), 576; https://doi.org/10.3390/diagnostics11030576

Trials are ongoing: US, Australia, Netherlands, Switzerland, Germany

• MIND: Artemis in the Removal of Intracerebral Hemorrhage

• Ultra-Early, Minimally inVAsive intraCerebral Haemorrhage evacUATion Versus Standard 

trEatment (EVACUATE)

• Dutch ICH Surgery Trial (DIST)

• Early minimally invasive image-guided endoscopic evacuation of intracerebral 

haemorrhage(EMINENT-ICH)

Early

Reduced time of  blood 

in brain = less damage

Later

Patient more stable = 

Less risk of bleeding

https://doi.org/10.3390/diagnostics11030576


MIND

• MIND: Artemis in the Removal of Intracerebral 
Hemorrhage

• ClinicalTrials.gov ID NCT03342664

• Sponsor Penumbra Inc.

• Inclusion: ICH 18-80yrs, 20-80mls, NIHSS >= 6, GCS 5-
15, 
CT from onset< 24hrs, surgery < 72 hours

• Exclusion: Spot sign, DOAC, INR > 1.4, thalamic ICH
• Device – Artemis Penumbra

Currently on hold pending publication of ENRICH results
DSMC has ceased enrollment to the lobar group
? Resume enrolment in the deep basal ganglia group?
Decision expected very soon…



EVACUATE:

Ultra-Early, Minimally inVAsive intraCerebral Haemorrhage 
evacUATion Versus Standard trEatment (EVACUATE)
• ClinicalTrials.gov ID NCT04434807

• Bruce Campell

• Inclusion: ICH, HV >= 20mls, < 8 hours
Enrolling both lobar and basal ganglia ICH

• Device: Aurora surgiscope and evacuator 
(Integra Lifesciences)

• Ongoing…
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• RCT endoscopic surgery < 8 hours n=400
• clinicaltrials.gov/ct2/show/NCT03608423
• SELECTION in the ambulance
• Deferred consent model 
• Primary outcome death

• UPDATE:
36 recruited from 3 sites – 5/10 sites open now

Enrolling both lobar and basal ganglia ICH 
patients –
Has been discussed and decision to continue 
Different device/procedure, different timing  

Dutch ICH Surgery Trial (DIST):



EMINENT-ICH RCT
 Superiority multicenter RCT

 Endoscopy + best medical care vs. best medical care

 SSE: 200 patients

 Primary endpoint: mRS ≤ 3 at 6 months

 Secondary endpoints: PROMs, mortality and morbidity

Pictograms www.alamy.com

Brain Icons made by Freepik and Eucalyp from www.flaticon.com

Patient gets admitted with ICH ICH is evacuated within 24 

hours + BMT

Patient recovers on ICU and 

later on the ward

Follow-up after 3 and 6 months

CT, Inclusion

Randomisation Post-OP CT Rehabilitation

Patient gets best medical treatment within 24 

hours after ictus

CT after 24 h

Contact: eminent-ich@usb.ch

http://www.alamy.com/
mailto:eminent-ich@usb.ch


• 1 in 10 suitable for catheter 
based surgery

• 4 in 10 suitable for endoscopic 
surgery

• Endoscopic more expensive BUT 
more effective – therefore more 
cost effective

• More patients suitable for DIST 
criteria -

20 January 2025 50



Decompression craniectomy for ICH:



ICH incidence and outcomes in Spain

• Men more likely to have ICH

• Women more likely to have SAH

• Women had increased mortality

• Decompressive
hemicraniectomy improved 
outcome in both sexes

• Women less likely to have 
neurosurgery

https://doi.org/10.3390%2Fjcm1016375

3
52





Bundles of care

INTERACT-3, ABC, ESO Guidelines



Bundles of care: INTERACT-3

55

Step wedge RCT

Goal directed care Bundle:

1. Early intensive BP lowering (target < 140mmHg)

2. Intensive glucose control (target 6.1–7.8 mmol/L and 
7.8–10.0 mmol/L for DM) for 7 days

3. Treatment of pyrexia (≥37.5 °C)

4. Reversal of anticoagulation

Results: The likelihood of a poor outcome was lower in the care bundle 
group common odds ratio 0·86; 95% CI 0·76–0·97; p=0·015

https://clinicaltrials.gov/ct2/show/NCT03209258

https://clinicaltrials.gov/ct2/show/NCT03209258
https://clinicaltrials.gov/ct2/show/NCT03209258


Greenberg, S. M. 2022 AHA/ASA . Guideline for the Management of Patients with Spontaneous Intracerebral Hemorrhage. Circulation.

General Care
Glucose and Temperature Management

Glucose Management

Monitor serum glucose to 
reduce both 

hyper/hypoglycemia. (1)

Treat serum glucose 
<40-60 mg/dL 

to reduce mortality. (1)

• In critically ill, target of <180 mg/dL associated with lower 

mortality than target of 81-108 mg/dL. 

• Intensive glucose control (target 81-108 mg/dL) more likely 

to result in severe hypoglycemic events compared to control. 

Temperature 

Management

In patients with spontaneous ICH, pharmacologically 
treating an elevated temperature may be reasonable 

to improve functional outcomes. (2b)

The usefulness of therapeutic hypothermia 
(<35°C/95°F) to decrease peri-ICH edema is 

unclear.  (2b)

As a general standard, acetaminophen and cooling 

blankets are recommended for almost all patients with 

sustained fever in excess of 38.3°C (101.0°F), despite 

the lack of prospective randomized controlled trials 

supporting this approach.

. 

Abbreviations: dL indicates deciliter; ICH, intracerebral hemorrhage; mg/dL, milligram per deciliter; mmol/L, millimoles per liter; and NICE-SUGAR, 

Normoglycemia in Intensive Care Evaluation and Surviving Using Glucose Algorithm Regulation.

In patients with spontaneous ICH, treating 
moderate to severe hyperglycemia (>180–

200 mg/dL, >10.0–11.1 mmol/L) is reasonable to improve 
outcomes. (2a)



Implementation of an acute care bundle for 

intracerebral haemorrhage and 30-day case fatality at 

a UK comprehensive stroke centre

1. Parry Jones et.al , Ann Neurol Vol 86 2019 

Driver diagram

Aim: By Dec 2016, 10% 

absolute reduction in 

30-day case fatality after 

admission to Salford 

with acute ICH

Anticoagulants

Blood pressure

Neurosurgery

Supportive care

Recognition as emergency
Fast reversal

Intensive BP lowering

Early enteral treatment

Reduce BP variability over 72 h

Timely, focused referrals

Detection of macrovascular causes

mRS < 2 AND GCS <9 / posterior 

fossa ICH /obstructed 3/4 ventricle/ 

HV >30mls

Early detection of complications

Timely rescanning

Slide courtesy of Adrian Parry Jones, Manchester

Process of care : ABC Bundle in UK



Implementation of an acute care bundle for 

intracerebral haemorrhage and 30-day case fatality at 

a UK comprehensive stroke centre

• >30% reduction in mortality1

• Rapid D2N time for anti-

coagulant reversal

• Increase in use of anti-

hypertensives with lower BP

• Increased referral to surgery

• Decrease in do not resuscitate 

decisions

• Perception that treatment was 

not futile
1. Parry Jones et.al , Ann Neurol Vol 86 2019 

Results: ABC Bundle reduced mortality by 30%
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Systems of care for ICH

CODE ICH

60



CODE  ICH – organized rapid systems of care for ICH
US example

61

https://www.ahajournals.org/doi/10.1161/STROKEAHA.123.043033



CODE ICH – Anticoagulation reversal, BP lowering
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https://www.ahajournals.org/doi/10.1161/STROKEAHA.123.043033



Time is brain for ICH too – measure processes of 
care

63

https://currents.neurocriticalcare.org/Leading-Insights/Article/time-

is-brain-for-ich-too

https://currents.neurocriticalcare.org/Leading-Insights/Article/time-is-brain-for-ich-too

https://www.noca.ie/news-events/time-is-brain-key-message-

from-stroke-report-launch/

Anticoagulation

reversal

Blood pressure 

lowering



Using technology to improve pathways of care:

64

9. Facilitating interpretation of head CT by stroke physicians without 

requiring formal radiology report

Activate ICH

team

• Blood pressure lowering, anticoagulation 
reversal, avoid fever, treat hyperglycaemia

• Swallow assessment

Emergency Department

• ? Candidate for neurosurgery

Neurosurgeons

• Continue blood pressure lowering, 
anticoagulation reversal, avoid fever, treat 
hyperglycaemia

• Swallow assessment, VTE prevention

Neurologists



Quality improvements in ICH care – core components

65https://doi.org/10.1161/STROKEAHA.123.042310

• Multi-disciplinary teams

• Audit and feedback

• Education

• Learning from other

• Process mapping

• De-implementation

• Quality improvement projects 

focusing on ICH are a priority



Outstanding questions: Transfer of care
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ICH patients transported to comprehensive stroke centers had higher incidences of 

vomiting and pneumonia after their stroke

Haematoma expansion did not explain the worse outcome in ICH patients 

transported to comprehensive stroke centres



ICH- Pre-hospital care – 2024 data 

https://doi.org/10.3389/fstro.2024.1437746 68

Rates of severe dependency and death increased by 9% per hour while the same 

rates for patients with AIS only increased by 2.5%.



• The hospital of initial admission 
(CSC vs TSC/PSC) was not 
associated with outcome (adjusted 
common OR 1.13, 95% CI 0.93–
1.38). A

• PSM analysis indicated that transfer 
to a CSC was not associated with 
more favorable outcomes (OR 0.77, 
95% CI 0.55–1.10; p

• CSC = comprehensive stroke center; 
scale; NIHSS = NIH Stroke Scale; PSC 
= primary stroke center; PSM = 
propensity score matching; TSC = 
telestroke center. = 0.16).

20 January 2025 69

A Triage Model for Interhospital Transfers of 

Low Risk Intracerebral Hemorrhage Patients
Kaleem, Safa et al.

Journal of Stroke Cerebrov Dis, Vo 30, Issue 4, 105616

1. Initial Glasgow Coma Scale >13, 

2. ICH <15ml, absence of IVH, 

3. Supratentorial location  

Unlikely to benefit from transfer

(area under curve 0.72, specificity 91.4%, 

sensitivity of52.6%)



1. D dimer

2. GFAP

3. FAST-ED NIHSS and time

20 January 2025 70

Biomarkers – to exclude ICH in the 
ambulance – CAN START treatments ??



4 technologies:

1. Microwave imaging

2. Volumetric impedance phase 
shift spectroscopy (VIPS)

3. Transcranial ultrasound

4. Electroencephalopathy 2

20 January 2025 71

1

3
4



Secondary prevention after ICH:

Anti-platelets: Re-START1 trial 

• No increased ICH in those on anti-platelets

• Most patients > 70yrs few > 80yrs. No interaction with age.

• Few patients with CMB included

• Anti-coagulants: AF
OAC (DOAC) vs none vs left atrial occlusion device Randomised 
data needed – suggest randomise to on-going RCTS: ENRICH-AF, 
PRESTIGE AF 

[1] Al-Shahi Salaman Lancet 2019 [2] Al-Shahi Salaman Lancet Neurology 2019 [3] Kuramatsu Eur Heart Journal 2018



Treatment targets for ICH

Haemostatic therapies
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Some patients are higher risk – prioritize these patients

Blend
Black Hole

Island

Hypodensities

Predictors of expansion on plain CT head – associated with worse outcome

Target blood pressure lowering in these patients

Consider other treatments to stop bleeding – e.g tranexamic acid as part of clinical trials



• Increasing risk HE
Non lobar
Lobar non CAA
Lobar CAA

• Not associated with 
risk of HE or function 
after adjustment for 
covaraties

• Risk HE increase with time 
but constant across 
volumes in in lobar CAA ICH

ANN NEUROL 2022;92:921–930

Haematoma location:



Tranexamic acid for ICH: TICH-2
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• Primary outcome: No significant benefit on function
modified Rankin Scale day 90 shift analysis
No significant benefit aOR 0.88 (95% CI 0.76-1.03) 

• Secondary outcomes – Significant reductions:
Early death (day 2,7) 
Haematoma expansion
Serious adverse events
Day 365  - No benefit on function
Day 365  - Reduced death

TICH-2 https://doi.org/10.1016/S0140-6736(18)31033-X

• 2,325 participants ICH enrolled < 8 hours
No maximum haematoma volume specified

https://doi.org/10.1016/S0140-6736(18)31033-X


TXA reduces haematoma expansion:

• Tranexamic significantly reduced haematoma growth and neurological 
deterioration1

TXA Placebo MD/OR 95%CI p 

Neurological deterioration*

All ≤7 days 338 (29.1).    366 (31.4)  0.75 (0.60, 0.94) 0.013

Early (<48 hours) 275 (23.7).    291 (25.0)  0.75 (0.59, 0.96) 0.022

Radiological outcome

Haematoma expansion 265 (25.5).    305 (29.3)  0.77 (0.63, 0.94) 0.011

• TXA reduced HE in both lobar and non lobar ICH

No interaction between treatment with TXA 

and type of ICH2

1. Z Kang et. al. : https://link.springer.com/article/10.1007/s12975-020-00845-6 Trans Str Res 2021, 2 ANN NEUROL 2022;92:921–930

: 

https://link.springer.com/article/10.1007/s12975-020-00845-6 Trans Str Res 2021


TICH-3 Synopsis

78

Design:  Double blind randomised clinical trial, pragmatic streamlined design

Participants: Inclusion: < 4.5 hours of stroke onset 

Exclusion: Massive ICH (Glasgow Coma Scale < 6 or Haematoma Volume > 60ml) seizures 

Consent: Rapid emergency process – oral consent followed by written consent

Intervention: Tranexamic 1g IV bolus then 1g infusion 8hrs or saline by identical regime

Randomisation: Simple - use the lowest available treatment pack number

Primary Outcome: Early death (day 7)

Secondary outcome: Function-Shift analysis modified Rankin Scale day at 6 months

Sample size: 5500 (3900 UK and 1900 Internationally)

Cost/funder: UK NIHR plus others internationally

Duration: 7.25 years - Aim start UK recruitment early 2022

• ICH emergency condition - facilitate rapid enrolment 



Treatment of Intracerebral Hemorrhage 
in Patients on Non-vitamin K Oral Anticoagulants 

with Tranexamic Acid

Methods

§ double-blind, randomized, placebo-controlled trial at 6 Swiss Stroke Centers

§ registered at ClinicalTrials.gov (NCT02866838); funded by the Swiss National Science Foundation

§ Inclusion criteria:

• acute ICH within 12 hours of symptom onset 

• prior treatment with NOAC (apixaban, dabigatran, edoxaban or rivaroxaban; last intake within 

48hours or proven NOAC activity by NOAC-specific coagulation assays)

• age >18 years

§ Exclusion criteria (main):

• severe preexisting disability (mRS score >4)

• secondary ICH (e.g., vascular malformation, tumor, trauma) 

• GCS score <5

• planned neurosurgical hematoma evacuation within 24 hours (before follow-up imaging)

• pulmonary embolism / deep vein thrombosis within the preceding 2 weeks

Stroke 2023 Sep;54(9):2223-2234. doi: 10.1161/STROKEAHA.123.042866.



TICH-NOAC
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Results – secondary outcomes

Placebo 

(N=31)

Tranexamic acid 

(N=32)

Effect size 

(95% CI)
p value

Symptomatic hematoma expansion* 9 (29%) 8 (25%) 0.74 (0.23 to 2.32)† 0.60

Absolute hematoma volume change*, ml 1.8 (0.1-8.7) 3.3 (0.6-8.8) -0.33 (-3.80 to 3.14)‡ 0.85

Ordinal mRS score at 90 days

0

1

2

3

4

5

6

0 (0%)

3 (10%)

3 (10%)

3 (10%)

7 (23%)

2 (6%)

13 (42%)

0 (0%)

2 (6%)

3 (9%)

3 (9%)

6 (19%)

3 (9%)

15 (47%)

1.11 (0.44 to 2.80)§ 0.83

UNPUBLISHED DATA - DO NOT COPY OR DISTRIBUTE

* missing follow-up imaging for 2 patients (both died before follow-up imaging; one assigned to tranexamic acid and one to placebo; included in the analysis of symptomatic HE (assuming HE), but not in

the analysis of absolute hematoma volume change)

† odds ratio (logistic regression adjusted for baseline hematoma volume)

‡median difference (median regression with bootstrapped standard error estimation and 1000 repetitions, adjusted for baseline hematoma volume)

§ common odds ratio (ordinal logistic regression adjusted for baseline hematoma volume)

Results – primary outcome

Placebo 

(N=31)

Tranexamic acid 

(N=32)

Odds ratio

(95% CI)
p value

Hematoma

expansion*
14 (45%) 15 (47%) 0.98 (0.36 to 2.71)† 0.97

UNPUBLISHED DATA - DO NOT COPY OR DISTRIBUTE

* missing follow-up imaging for 2 patients (both died before follow-up imaging; one tranexamic acid and one placebo; included in the primary

outcome analysis assuming hematoma expansion)

† logistic regression adjusted for baseline hematoma volume



ICH on prior antiplatelets: Data TICH-2
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• Patients older, more co-
morbidities, larger baseline 
haematoma

• Increased risk of haematoma 
expansion, neurological 
deterioration and death day 7 
and 90

J Am Heart Assoc 2021 Feb;10(5):e019130.
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Hemostasis & Coagulopathy 
Antiplatelet-Related Hemorrhage in Spontaneous ICH
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If the patient is being treated with 

aspirin, platelet transfusion might 

be considered to reduce 

postoperative bleeding and 

mortality.

(2b)

If the patient is being 

treated with ASA, platelet 

transfusions are 

potentially harmful and 

should not be 

administered. (3:Harm)

Does the  

patient require 

emergent 

neurosurgery?

Patients with Spontaneous ICH

YES

NO

If the patient is being treated with  

antiplatelet agents, the 

effectiveness of desmopressin with 

or without platelet transfusions to 

reduce the expansion of the 

hematoma is uncertain.

(2b)

PATCH RCT

Lancet 2016

AHA ICH Guidelines 2022 https://doi.org/10.1161/str.0000000000000407

https://doi.org/10.1161/str.0000000000000407


ICH on anti-platelet treatment:



Desmopressin

• Used for inherited bleeding conditions 

• Induces endothelium to release stores of 
vWF

• vWF casues platelets to adhere to 
damaged endothelium

• 2 small non controlled studies1,2 – safe and 
feasible

• Recommended for traumatic brain injury3

• Neurocritical care guidelines in US

1: Kapapa et al. Neurology Research  International 2014; 2: Naidech et al Stroke 45:2451-3 2014 3: Mappus et.al. 2017 Trauma

Desmopressin stimulates release of Von 

Willebrand Factor increasing platelet 

adhesion



DASH pilot study: ISRCTN 67038373

• Participants: ICH < 24 hours on anti-platelet therapy

• Objectives: to assess the feasibility of RCT 
Desmopressin or placebo to inform a definitive trial

• Primary outcome: number of eligible participants 
receiving treatment

Definitive study primary outcome: Death or 
dependency at Day 90 (mRS, shift analysis)

• Completed 54 participants enrolled –
Results Dec 2022

• Desmopressin for reversal of antiplatelet 
drugs in stroke due to haemorrhage

https://DASHprotocol2020bmjopen

https://bmjopen.bmj.com/content/bmjopen/10/11/e037555.full.pdf


• Data Courtesy of Philippe Lyrer on behalf of the TICH-NOAC Investigators

26 out of 63 patients were treated within 4.5h and hematoma volume ≤ 60ml. 
Treatment within 4.5h: 28/63 patients

hematoma volume ≤ 60ml: 58/63

Interaction with onset-to-treatment time:

Trend for better outcome (i.e., less hematoma expansion)

with tranexamic acid in the early treatment window, but 

the interaction is no longer significant (see plot). 

When analysing time as a continuous measure, its interaction with 

treatment is significance (p-interaction = 0.025).



Blood pressure

• Interaction with BP < 170mmHg 
TICH-2 and TICH NOAC

• Tranexamic acid may improve clinical and radiological 
outcomes in participants with baseline SBP≤170 mm Hg, 
despite being older and larger HV

• Reduction in BP associated with less HE and early death

• Future research should aim to establish which subgroups of 
patients may benefit from tranexamic acid and whether BP 
lowering is additive or synergistic in the presence of tranexamic 
acid in acute intracerebral haemorrhage.

http://dx.doi.org/10.1136/bmjno-2023-000423

http://dx.doi.org/10.1136/bmjno-2023-000423


Treatment targets

Inflammation
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GCS

WCC

Creatine

All more powerful than HV

? Related to neuroinflammation

Role of neuro-inflammation

Bad prognostic markers
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https://www.frontiersin.org/articles/10.3389/fnins.2022.942100/full#B67



Ageing brain and ICH: 

https://doi.org/10.3389%2Ffnagi.2022.859067



BLOC-ICH: Phase II trial of IL-1Ra in ICH

80 ICH patients:

< 8 h post-onset

Supratentorial

72 h SC IL-1Ra

100 mg BD

Matched 

placebo

72 h 

CT Brain

(oedema)

Day 2-4 

MRI brain

(BBBB)

3 month

Clinical 

outcomes



Proportion of patients with mRS 0-2 continually increased 

in both groups (interaction p <0.0001 for time)

iDEF – Deferoxamine for improving recovery after ICH?

The proportion of patients with mRS 4-6 

continually decreased over time from 

day 7 through day 180!

Slide courtesy of Magdy Selim



Treatment targets - neuromodulation

Transcranial magnetic stimulation (TMS)
Transcranial direct current stimulation (tDCS)



Static and dynamic alterations in multiple brain 
regions
Changes in ipsilateral thalamus and cingulum and 
contralateral cerebellar posterior lobe important

https://doi.org/10.1002/jmri.29166 94



Predicting outcome after ICH



96

Causes of spontaneous ICH:

Frontiers in neurology

Werring 2012

http://dx.doi.org/10.3389/fneur.2

012.00133
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Updated Boston Criteria: v2.0 MRI markers 

https://doi.org/10.1016/S1474-4422(22)00208-3

Probable CAA requiring the presence of:

• at least two strictly lobar haemorrhagic lesions (ie, 

intracerebral haemorrhages, cerebral microbleeds, or 

foci of cortical superficial siderosis) or 

• at least one strictly lobar haemorrhagic lesion and at 

least one white matter characteristic (ie, severe visible 

perivascular spaces in centrum semiovale or white 

matter hyperintensities in a multispot pattern)



https://doi.org/10.1161/STROKEAHA.122.041246

Size and location very important -



Location location....
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Predicting long term recovery: 40% of survivors will improve

Slide courtesy of Magdy Selim



 Education is key – know what the guidelines/processes are

 ICH bundles of care – medical (non-surgical approaches)
Anticoagulation reversal
BP lowering
Treat hyperglycaemia
Avoid Fever

 Surgical approaches need better evidence 

 Team based approach
Emergency department, neurology, neurosurgery, intensive care, 
good nursing care (swallow assessment, DVT prevention), 
therapy (physio, occupational, speech)

 Enrol in clinical trials:
? Stop the bleeding – haemostatic agents 
e.g. Tranexamic acid, Desmopressin
? Odema therapies -

 Secondary prevention: 
Anti-thrombotics, Blood pressure lowering, statins

Summary for state of the art ICH care:



We need ICH care globally and to target 
inequalities MUCH MUCH better.....

20 January 2025 102
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Need a well trained team for ICH care

Emergency

Department

Intensive Care

Neurosurgery

Neurology/

Stroke Drs

Neurology

Rehabilitation
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Behind the clinical team need researchers...

Research 

Methodologists

Statisticians

Regulatory 

authorities

Stroke/Health

Organisations

Pre-clinical 

scientists

Clinical staff

Always working with patients and their families....



Thank you – any questions?

nikola.sprigg@nottingham.ac.uk


