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Intracerebral hemorrhage

Major public health problem

Second most common cause of stroke

Deadliest stroke subtype:

40% pt deceased at one-month

75% pt severely disabled or deceased after the first year

Neurological deterioration occurs frequently

Need of effective therapies

Different treatment approaches have the potential to improve outcomes
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Prognostic factors

Hemphill III et al. Stroke. 2001; 32: 891–897
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ICH volume on admission and clinical outcome

ICH volume on admission is a powerful predictor of neurologic deterioration and mortality

Broderick et al. Stroke. 1993; 24: 987–993



ICH due to cerebral small vessel disease 

Spontaneous rupture of a damaged vessel (arteriolosclerosis, cerebral amyloid angiopathy)



Hematoma expansion

Increase of ICH volume

Intraventricular (deep) and subarachnoid (lobar) extension



Direct pressure effects:  ICP, hydrocephalus, herniation

Secondary injury: edema, inflammation, biochemical toxicity
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Hematoma expansion after hospital admission
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Therapeutic targets

SURGICAL EVACUATION

ICH

ANTI-EXPANSION TREATMENTS

Expansion
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Hematoma Expansion



Hematoma expansion

Potentially modifiable determinant of poor outcome in acute ICH

Key target for emerging therapies

Success of treatments will likely depend on the accurate selection of patients at risk for expansion
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Time to imaging is essential when assessing ICH

Fujii et al. J Neurosurg. 1994; 80: 51–57 Kazui et al. Stroke. 1996; 27: 1783–1787

All ICHs expand! Ability to detect expansion will depend on the timing of the neuroimaging
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ICH volume is a “single snapshot” of a dynamic process

<6h 24h

187 min

58 min
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The impact of ICH volume on expansion may vary widely depending on the time from symptoms onset



uHG as the adjustment of ICH volume by the time from symptom onset

Represents the rate of expansion before hospital presentation

Ultraearly hematoma growth (uHG)

Rodriguez-Luna et al. Neurology. 2011; 77: 1599–1604 Rodriguez-Luna et al. Neurology. 2016; 87: 357–364
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Timing of neuroimaging and ICH volume
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Salman et al. Lancet Neurol. 2018; 17: 885–894

Predicted probability of hematoma expansion



Predictors of hematoma expansion
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Four predictors

Timing of neuroimaging

ICH volume

Antiplatelets

Anticoagulants

Acceptable discrimination for expansion

Five predictors

+ sCTA spot sign

Improved the C-index of the model 

Salman et al. Lancet Neurol. 2018; 17: 885–894

C-index 0.78

C-index 0.83



CTA spot sign
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A focus of contrast enhancement within hematoma 

visible on CTA source images

Validated in a multicentric study as a powerful 

predictor of hematoma expansion

Used in some trials to select patients for anti-

expansion treatments



Non-contrast CT markers of expansion (apart from ICH volume)

Shape

Density

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017       2018 20191994

Fluid level
(Blacquerie et al.)

Blend sign
(Li et al.)

Black hole sign
(Li et al.)

Hypodensities
(Boulouis et al.)

Swirl sign
(Kim et al.)

Swirl sign
(Selariu et al.)

Irregularity scale
(Fujii et al.)

Satellite sign
(Shimoda et al.)

Island sign
(Li et al.)

Irregular
(Barras et al.)

Heterogeneous
(Barras et al.)
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Standardization
(Morotti et al.)



Approaches to prevent hematoma expansion

Blood pressure control

INTERACT2, ATACH-II, INTERACT3  INTERACT4

General hemostatic treatments

rFVIIa: phase IIb, FAST  SPOTLIGHT&STOP-IT  FASTEST

Tranexamic acid: CRASH-2, TICH-2  STOP-AUST, TRAIGE  TICH-3

Anticoagulation reversal

Vitamin K antagonists: INCH

Direct oral anticoagulants: RE-VERSE AD

ANNEXa-I
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Blood Pressure Control



Elevation in BP in acute ICH
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Qureshi et al. Am J Emerg Med. 2007; 25: 32–38

75%



Elevation in BP and BP variability and outcome
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Rodriguez-Luna et al. Eur J Neurol. 2013; 20: 1277–1283

Willmot al. Hypertension. 2004; 43: 18–24



Elevation in BP and BP variability and outcome
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Manning al. Lancet Neurol. 2014; 13: 364–373

It is not only important to maintain low BP, 

but also to keep it stable



Intensive BP lowering and functional outcome, early RCT
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Anderson et al. NEJM. 2013; 368: 2355–2365 Qureshi et al. NEJM. 2016; 375: 1033–1043

Inconsistent results



Intensive BP lowering and functional outcome, care bundle
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Ma et al. Lancet. 2023; 402: 27–40

Rather than testing intensive BP lowering as a single intervention



Different measures were combined in a care bundle, including intensive BP 

lowering

Intensive BP lowering, as part of a care bundle protocol, leads to 

improved functional outcomes in patients with acute ICH 



Intensive BP lowering and functional outcome, influence of time
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NEJM. 2024; 390: 1862–1872

Pt. with suspected stroke & SBP >150 mmHg



Intensive BP lowering, what is the mechanism of action?
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The benefit of intensive BP lowering is believed to be driven by the attenuation of expansion



Intensive BP lowering and ICH expansion
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RCT failed to show an impact of intensive BP lowering treatment on expansion

Anderson et al. NEJM. 2013; 368: 2355–2365

Anderson et al. Lancet Neurol. 2008; 7: 391–399

Treat. initiation: 4h 
33% target ≤60 min
35% follow-up CT



Intensive BP lowering and ICH expansion
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Meta-analyses have shown a greater reduction of expansion with intensive BP management

Tsivgoulis et al. Neurology. 2014; 83: 1523–1529 Lattanzi et al. Cerebrovasc Dis. 2017; 43: 207–213



Intensive BP lowering and ICH expansion. Influence of time
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Post-hoc analyses 

Early initiation of antihypertensive treatment Early achievement of the BP target



Intensive BP lowering and ICH expansion. Influence of time
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Probability of BP control within 60 min & Expansion Probability of BP control within 6 hours & Expansion



Hemostatic agents



Hemostatic agents
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Tested to prevent hematoma expansion in patients with acute ICH

Recombinant activated factor VII (rFVIIa)

Tranexamic acid (TXA)



Hemostatic treatments: tranexamic acid

TICH-2 (phase III)

n=2.325

ICH <8 hours

TXA vs. placebo

 Expansion

 7d mortality

 SAEs

No  thromboembolism

= 90d mRS

Sprigg et al. Lancet. 2018; 391: 2107–2115
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Hemostatic treatments: rFVIIa

FAST (phase III)

n=841

Treatment <4 hours

Single dose: Placebo, 20 or 80 g rFVIIa/kg

Safety

Thromboembolic SAEs:

8% placebo, 9% 20 g, 10% 80 g (p=ns)

Arterial thromboembolic SAEs:

3% placebo, 4% 20 g, 5% 80 g

(p=0.040)
Mayer et al. NEJM. 2008; 358: 2127–2137

Efficacy
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Hemostatic treatments: rFVIIa

FAST secondary analysis

In a subgroup of patients 

(including those treated early) 

the reduction of expansion 

with rFVIIa was doubled
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Hemostatic treatments: patients at highest risk of expansion

Efforts to identify patients at highest risk of expansion have been done in the last few years



Increase the likelihood of demonstrating a clinical benefit of hemostatic treatment

Most promising 

selection criteria
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Thromboembolism
 Expansion

Improve outcomes

Spot sign

 Time



Hemostatic treatments: selection by spot sign

SPOTLIGHT & STOP-IT (rFVIIa)

Merged due to

Slow recruitment

Lack of funding

Target sample size not reached (n=69)

No effect on expansion was observed

Gladstone et al. JAMA Neurol. 2019; 76: 1493–1501
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<6 hours <5 hours



Hemostatic treatments: selection by spot sign

STOP-AUST (TXA)

n=100

ICH <4.5 hours & spot sign

Similar expansion and mRS

No  thromboembolism

TRAIGE (TXA)

n=171

ICH <8h & Spot or Black hole or Blend sign
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Meretoja et al. Lancet Neurol. 2020; 19: 980–987

Liu et al. Stroke Vasc Neurol. 2021; 6: 160–169



Hemostatic treatments: selection by spot sign

Single-pase CTA

The more arterial the spot sign pattern, the greater expansion

Rodriguez-Luna et al. Stroke. 2014; 45: 734–739

Rodriguez-Luna et al. Radiology. 2017; 285: 932–940

Multiphase CTA
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These trials used non-standardized acquisitions of the CTA  There is a need for standardization



Hemostatic treatments: selection by spot sign
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SPOTLIGHT prespecified analysis

rFVIIa at 63 min from CT scan

Expansion was already presented in postdose CT

Al-Ajlan et al. Stroke. 2023; 54: 715–721



Hemostatic treatments: selection by time

FASTEST

rFVIIa vs. Placebo

ICH <2 hours

Main objective: 180d mRS

Secondary objectives: expansion, quality of life

TICH-3

TXA vs. Placebo

ICH <4.5 hours

Main objective: 7d mortality

Secondary objectives: 180d mRS
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Anticoagulation Reversal



Anticoagulant-related ICH

Up to 20% of all ICH

Poorer outcomes than ICH without anticoagulation

DOACs, compared with warfarin, present smaller ICH and of less severity
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Anticoagunlant Action Anticoagulation reversal

Vit K antagonists

(VKAs)

Warfarin

Acenocumarol

Inhibition Vit K dependent 

coagulation factors (II, VII, IX y X)

Prothrombin complex concentrate (PCC) 

+ Vit K vs. Fresh frozen plasma (FFP)

Direct oral anticoagulants

(DOACs)

Dabigatran FIIa inhibition (thrombin) Idarucizumab

Rivaroxaban 

Apixaban

Edoxaban

FXa inhibition Andexanet alfa vs. PCC

Oral anticoagulants reversal strategy

D. Rodriguez-Luna

Depends on the anticoagulant agent (different mechanisms of action)



Oral anticoagulants reversal: vitamin K antagonists

INCH

4F PCC (30 UI/kg) + Vit K (5–10 mg)

vs. FFP (20 mL/kg)

ICH <12 hours

INR >2

Terminated early in favor of PCC

PCC faster INR normalization

PCC lower hematoma expansion

(underpowered for clinical outcome)

Steiner et al. Lancet Neurol. 2016; 15: 566–573
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Oral anticoagulants reversal: Dabigatran

No RCT

RE-VERSE AD

Single-arm prospective study

Idarucizumab (2.5 + 2.5 mg)

503 major hemorrhage or recent surgery

301 major hemorrhage

53 ICH

100% reversal <4 hours

Lower mortality compared with previous studies

Pollack et al. NEJM. 2017; 377: 431–441
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ANNEXa-I

Andexanet alfa vs. Standard (PCC included)

900 ICH <6 hours

Apixaban, Rivaroxaban o Edoxaban <15h

Terminated early in favor of 

andexanet alfa (n=530)

Superiority in hemostatic efficacy

Despite  thromboembolisms

Underpowered to mRS score

Conolly et al. NEJM. 2024; 390: 1745–1755

Oral anticoagulants reversal: factor Xa inhibitors
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In Spain there is no availability of andexanet alfa

ARICH registry

Spanish registry of OAC-related ICH

18 stroke centers

867 OAC-related ICH <24 hours

Determinants of No anticoagulant reversal

 GCS score

 ICH volume

Unavailability of a specific reversal agent  need to ensure the availability of specific agents

Rodriguez-Luna et al. Unpublished data

Oral anticoagulants reversal: Application to real clinical practice
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AHA GWTG registry

5224 ICH pt under OAC

Door-to-treatment time ≤60 min vs. clinical and functional outcomes

Oral anticoagulants reversal: Influence of time
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Sheth et al. JAMA Neurology. 2024; 81: 363–372



Surgical Evacuation of ICH



Surgical evacuation of ICH
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Potential Benefits

 mass effect,  intracranial pressure, improvement of cerebral perfusion

 secondary cytotoxic damage

Potential Risks

Dissecting healthy brain tissue

Complications: hemorrhage, infection

Options

Open craniotomy (with ICH evacuation)

Minimally invasive surgery (ICH evacuation ± thrombolysis)

Results

One positive trial of minimally invasive surgery (ENRICH)



Open craniotomy with hematoma evacuation
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Most used technique (accessibility) 

Most studied technique

de Oliveira Manoel. Crit Care. 2020;24: 45

Large trials

STICH: supratentorial ICH <72h

STICH II: superficial lobar ICH <48h, no IVH

Mendelow et al. Lancet. 2005; 365: 387–397

Mendelow et al. Lancet. 2013; 382: 397–408



Minimally Invasive Surgery (MIS)
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Advantages (compared to open craniotomy)

Minimization of damage

Reduction of intervention time

Possibility of only using local anesthetic

Disadvantages

Incomplete evacuation of the hematoma

Potential risk of rebleeding (due to the use of fibrinolytics)

 risk of infection (due to the catheter)

Main trials

MISTIE III

ENRICH



MISTIE III

Supratentorial ICH <24h

Starting treatment 12–72h after CT 

Minimally invasive catheter evacuation + rtPA vs. standard

MIS: Stereotactic aspiration and thrombolysis
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Morris et al. Neurology. 2024, 103: e209714 Hanley et al. Lancet. 2019, 393: 1021–1032



ENRICH

ICH <24 hours

Transulcal parafascicular evacuation with BrainPath Endoport Sheath® vs. Standard treatment

The sheath has an obturator with a tip that minimizes damage by displacing parenchyma

Once hematoma is reached, the obturator is removed

Hematoma is evacuated by irrigation and suction

MIS: Endoport mediated evacuation
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Vargas et al (2019) Spontaneous Intracerebral Hemorrhage. 

In: Spiotta et al. Management of Cerebrovascular Disorders.

Pradilla et al. NEJM. 2024, 390: 1277–1289



Meta-analysis (MIS and/or craniotomy)

Benefit of surgery was stronger when 

performed sooner

Surgical evacuation of ICH. Influence of time
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Sondag et al. Ann Neurol. 2020, 88: 239–250

Single center study (MIS)

Shorter time was related to better outcomes

Kellner et al. Stroke. 2021, 52: e546–e539



How should we implement all these approaches?



Aim: To facilitate implementation of evidenced-based practice by ensuring that all components of the 

bundle are considered an delivered effectively to every patient

Bundled care
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Institute for Healthcare Improvement, 2001



QASC

Ischemic and hemorrhagic stroke

Nursing protocol to manage:

Fever

Hiperglycemia

Swallowing dysfunction

 Disability and mortality at both

90 days and 4 years

Bundled care
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Middleton et al. Stroke. 2017, 48: 1331–1336



Bundled care

ABC

Anticoagulation: Rapid anticoagulation reversal

Blood pressure: SBP lowering <140 mmHg within 1st hour

Care pathway: Immediate neurosurgical referral:

- GCS <9

- Posterior fossa

- Obstructed 3rd-4th ventricle

- ICH volume >30 mL

 BP needle-to-target times

 Mortality at 30 days

Parry-Jones et al. Ann Neurol. 2019, 86: 495–503
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INTERACT3

Definitive support for this comprehensive approach

Intensive BP lowering

Strict glucose control

Antipyrexia treatment

Reversal of warfarin-related anticoagulation

Improved functional outcome at 6 months

Bundled care
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Ma et al. Lancet. 2023; 402: 27–40



Implementation Challenges



Implementation challenges
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Ouyang et al. Cerebrovasc Dis. 2022; 51: 373–383



Implementation challenges
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Vall d’Hebron ICH experience

Changes in nursing care

Progressive shift towards nurses taking 

the lead in BP management

Continuous education

Improve time metrics and BP outcomes

Pancorbo et al. J Clin Nurs. 2024; 33: 1398–1408



Challenges. Access to a Stroke Unit
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Optimal environment

Staff expertise

Nursing care

Multiparametric monitorization

Prevention of complications

Diagnostic procedures

Early mobilization



Stroke Unit

(pt that do not require ICU care)



Challenges. Code ICH
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Expert consensus 

To help address some of these challenges

Imperative for timely intervention

BP control

Reversal of anticoagulation

Proposal

ICH workflow

Time-based metrics

Li et al. Stroke. 2024; 55: 494–505



Every acute ICH patient
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All components of a care bundle: BP control, OAC reversal, access to neurosurgical 

evaluation, glucose control, temperature control, swallowing evaluation, etc.

As soon as possible, especially for BP control and OAC reversal

At the bedside, ideally initiated in the CT suite and continued at the Stroke Unit

ICH is a treatable disease: care bundle with BP control, OAC reversal, MIS for lobar ICH 

Challenges: code ICH (time metrics), role of nursing staff, access to the Stroke Unit
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