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Objectives

1. Evaluate the impact of blood pressure control in ICH

2. Identify coagulopathy related ICH and reversal strategies



Spontaneous ICH

• 10-15% of strokes

• Mortality 30-50%

• Risk factors:
• Hypertension

• Coagulopathy

• Amyloid angiopathy

• Substance abuse, esp. cocaine

Molyneux Lancet 2015.



Location, location, location

Putamen
Thalamus
Pons 
Cerebellum

• Larger hematoma volume
• Lobar, putamen

• Functional outcomes
• Good: cerebellar, caudate
• Bad: pontine, multilobar



ICH Score

Hemphill. Stroke, 2001.

Component Points

GCS
     3-4
     5-12
     13-15

2
1
0

ICH volume
     ≥30
     <30

1
0

IVH
     Yes
     No

1
0

Infratentorial origin
     Yes
     No

1
0

Age, years
     ≥80
     <80

1
0

Total score 0-6



Early ICH management

1. Establish blood pressure target

2. Coagulopathy reversal

3. EVD, surgery if indicated



Blood Pressure



INTERACT2

• 2839 patients, all volumes

• Intensive SBP <140 vs. standard SBP <180 within 6 hours

• No significant difference in poor outcome (mRS 3-6) at 90 days 
• 52% vs. 55.6%

• Ordinal analysis: lower mRS in intensive group
• OR for disability= 0.87, 95% CI 0.77-1, p=0.04

• No difference in mortality 11.9% vs. 12%

Anderson. NEJM, 2013.



INTERACT2

Poor outcome

52%

55.6%



INTERACT2



Blood Pressure Management
AHA/ASA Guidelines 2015

Hemphill. Stroke, 2015.



ATACH2

• 1000 patients with ICH volume <60cc

• Intensive SBP 110-140 vs. standard 140-180 within 4.5 hours

• No significant difference in poor outcome (mRS 4-6) at 90 days
•  38.7% vs. 37.7%

• Overall adverse events similar

• Renal adverse events within 7 days 9% vs. 4%, p=0.002

• Enrollment stopped early for futility

Quereshi. NEJM, 2016.



ATACH2



INTERACT2 vs. ATACH2



Blood pressure does matter

• Timing

• Magnitude of lowering

• BP variability

Ann Neurol 2020; 88:388-395.
Neurocrit Care 2020; 33:689-398.

Neurology 2018; 91:e1058-e1066.



Timing of BP lowering

• Post-hoc analysis of ATACH-2 data

• 354/913 patients treated within 2 hours
• Reduced hematoma expansion 18.2% vs. 28.4%, p=0.02

• Increased good functional outcome (mRS 0-2) at 3 months 41.7% vs. 27.8%, p=0.006

• mRS shift towards better outcome at 3 months

Ann Neurol 2020; 88:388-395.



Ultra high BP at presentation

• Post-hoc analysis of ATACH-2 data

• 228/999 patients with initial SBP >220

• Intensive BP lowering
• Higher neurologic deterioration 24h 15.5% vs. 6.8%

• No differences in hematoma expansion or 3m death/severe disability

• Higher rates of kidney adverse events 13.6% vs. 4.2%

• SBP reduction >90mmHg associated with AKI-> positive predictor of mortality

JAMA Neurol 2020; 77:1355-1365.
J Am Heart Assoc 2018; 7:e008439.



Ischemic complications of BP lowering

• DWI+ lesions on MRI
• Older age,  higher admission BP, greater change in MAP, microbleeds, and microvascular white matter 

disease

• Poor functional outcome at 90 days

• SBP goal <140 mmHg compared with <160 mmHg (protocol change)
• Cerebral ischemia (32% vs. 16%, p=0.047) 

• Early neurologic deterioration (19% vs. 5%, p=0.022)

Neurology 2017; 88:782-788.
Neurology 2018; 91:e1058-e1066.



BPV

• FAST-MAG cohort

• Hyperacute phase (above)
• 0 to 4-6 hours

• Acute phase (below)
• 0 to 24-26 hours

SD= standard deviation of SBP 

CV= coefficient of variation of SBP

SV= successive variation of SBP

Stroke 2018; 49:348-354.



AHA/ASA 2022

.Stroke. 2022;53:e282–e361.



Coagulopathy



Coagulopathy and ICH

• Up to 20% of ICH related to anticoagulant therapy

• Associated with:
• Lobar location

• Increased risk of hematoma expansion

• Poor neurological outcome

• Mortality

• Anticoagulant use anticipated to increase with aging population

Rosand et al. Arch Int Med, 2004.
Maas et al. Neurocrit Care, 2013.



Anticoagulation reversal

• Discontinue anticoagulants immediately

• Guide warfarin reversal by INR values
• Re-dose as necessary

• DOAC reversal
• Obtain information on timing of last dose

• Treat based on clinical bleeding > lab testing

• Reverse if within 3-5 half lives of administration

• Activated charcoal is an option if ingestion within the past 2 hours



Agent Mechanism Half-life Reversal

Warfarin Reduction in vitamin 
K-dependent clotting 
factors (II, VII, IX, X)

20-60 h Vitamin K 10 mg IV
PCC 25-50 U/kg
FFP 10-15 ml/kg if PCC not 
available 

Dabigatran Direct thrombin 
inhibitor

13 h
22-35 h if ClCr 
<30

Idarucizumab 5 mg IV x2 doses
PCC if idarucizumab not available
Hemodialysis

Rivaroxaban, 
apixaban, edoxaban

Xa inhibitor Rivaroxaban 7-9 h
Apixaban 9-14 h

PCC 50 U/kg
Andexanet

Heparin Indirectly inhibits Xa 
and IIa via 
antithrombin

45-90 min Protamine 1 mg per 100 U heparin 
given within past 2-3 h

Enoxaparin Same as heparin but 
mainly Xa

4 h Protamine reverses ~60% of effect
<8 h: 1 mg per 1 mg enoxaparin
8-12 h: 0.5 mg per 1 mg 
enoxaparin

Guidelines for Reversal of Antithrombotics in 
Intracranial Hemorrhage. Neurocrit Care 2016. 



Prothrombin complex 
concentrate (PCC)
• Derived from plasma

• Contain variable amounts of factors II, VII, IX, X
• Activated formulations available

• Fast prep time

• Rapid INR correction with smaller volume

• Cost: ~$5000 per dose



• 54 patients

• Primary outcome: INR <1.2 within 3h 
of treatment
• FFP 9% vs. PCC 67% (p=0.0003)

• Hematoma expansion >=33%
• FFP 59% vs. PCC 44% (p=0.024)

• PCC treatment effect: 16.9cc less 
hemorrhage expansion

• Discontinued early due to safety 
concerns

Steiner T, et al. Lancet Neurol 2016.



Andexanet alpha

• Modified recombinant inactive Xa

• Binds and sequesters Xa inhibitors

• Reduces anti-Xa activity

• Approved by FDA May 2018 for reversal of apixaban and rivaroxaban
• Life threatening or uncontrolled bleeding

• Expensive! $25-50k per patient

Levy JH, Douketis J, Weitz JI. Nat Rev Cardiol 2018.



Apixaban

Rivaroxaban

Enoxaparin

Connolly SJ, et al.  New Engl J Med 2019.

Anti-Xa 
Activity



Crit Care. 2022 Jun 16;26(1):180.



Idarucizumab

• Monoclonal antibody

• High affinity binding to dabigatran
• 350x higher affinity than dabigatran to thrombin

• Theoretically, no inherent anticoagulant or 
prothrombotic effects

• Dosing: 5gm= 2 x 2.5gm vials <15 min apart

• Cost: $3500-4000

Levy JH, Douketis J, Weitz JI. Nat Rev Cardiol 2018.



Stroke. 2022;53:e282–e361.



PATCH

• 190 supratentorial ICH

• Antiplatelet use by history

• Platelet transfusion within 90 
mins diagnostic CT

• Surgical patients excluded

Baharoglu. Lancet, 2016.

Poor outcome

72%

56%



Conclusions

• Blood pressure management is important

• Individualize your blood pressure target and avoid variability

• Identify and reverse coagulopathy as quickly as possible

• Avoid empiric platelet transfusion in non-surgical patients on 
antiplatelet agents



Thank you!
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