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Spontaneous ICH







 BMJ Practical neurology 
guidelines



Rationale for 

Clot 

evacuation 

1. ICP CONTROL

2. PREVENT CLOT 
EXPANSION

3. PREVENT SECONDARY 
INFLAMMATION 



Treatment 

targets in ICH



Immediate ICP Control

 Important if ICH volume > 30 
cc
1. Improves CPP
2. Prevents ischemic injury to 
peri-hematoma area
3. Expedites extubation
4. Decrease ICU related 
complications 
5. Decreases ICU-LOS

 Medical Complications 
cause 50% mortality





Inflammation 

Cascade



Neuroinflammation after intracerebral hemorrhage and 

potential therapeutic targets – J Stroke



Clinical trials  in 

intracerebral 

hemorrhage



Clinical trials in ICH
Treatment Target Mechanism Study

Subgroups Coagulopathy related INCH- INR Normalization in coumadin 

associated Intracerebral 

hemorrhage

Platelet Dysfunction Platelet Transfusion in Acute 

Intracerebral hemorrhage

IMPACT-Improving Platelet Activity 

for cerebral hemorrhage treatment-

DDAVP proof of Concept

Preconditioning RICH- Remote Ischemic Conditioning 

for ICH 

Cerebral Edema GATE-ICH- Glibenclamide

Advantage in Treating Edema after 

ICH

BLOC-ICH: Interleukin-1 receptor 

Antagonist in ICH

Efficacy,Safety &Tolerability of 

BAF312 compared to Placebo in 

patients with ICH

Stem Cells Mesenchymal stem cells therapy in 

patients with recent ICH



Imaging markers

 Diagnostic imaging markers associated with 
hematoma expansion in intracerebral 
hemorrhage. The various signs associated with 
hematoma expansion indicated by white arrows 
in each panel. Spot sign is seen on computed 
tomography angiography (CTA), the others are 
found on non-contrast computed tomography 
head (CTH). 

 (A) Spot sign; (B) Island sign; (C) Satellite sign; 
(D) Black hole sign; (E) Swirl sign; (F) Blend sign.



Spot Sign





STICH trial: Failed to demonstrate superiority over medical 

management 



STICH trial

• Timing: <72 hrs

• Location: Supratentorial

• Volume > 20 cc on CT

• GCS  >5

• Technique: method of choice of responsible neurosurgeon

• Outcome: GOS



STICH trial

Kaplan Meir Survival Curves



ICH: Standard of 

care (AHA)



STICH II: No difference in extended GOS at 6 months

STICH II: Absolute difference of primary outcome dichotomy of 3.7% favoured surgery

Other trends of a secondary shift in good disability scale strata and mortality also favoured surgery with a 6% effect, trending but not 

reaching statistical significance



Why is MISTIE required?

STICH I & II – Use of open 
craniotomy does not yield 

effect size of 10-15% in 
mortality or functional 

benefit

MISTIE designed to eliminate 
Craniotomy associated injury 

:
1. Cortical incision
2. Electrocautery

3. Toxic exposure to thrombin
4. Mechanical manipulation 

of normal brain tissue







MISTIE II

Study Design : MISTIE II 
was an international, 

multicenter (26 sites in the 
USA, Canada, UK, and 

Germany), randomized, 
phase 2 trial of image-

guided, catheter-based 
removal of ICH ≥20 mL, 

measured by the ABC/2 
method. All subjects were 
managed in an intensive 

care unit setting. 

Participants Subjects with 
non-traumatic 

(spontaneous) ICH 
attributed to cerebral 

small vessel disease and 
not due to a 

macrovascular cause 
such as an aneurysm or 

AVM were candidates for 
this trial. 

Inclusion Criteria: all 
patients age 18–80 years 

old with spontaneous, 
non-traumatic, 

supratentorial ICH ≥20mL, 
Glasgow Coma Scale 
(GCS) score ≤14 or NIH 

Stroke Scale (NIHSS) score 
≥6, a historical modified 

Rankin Scale (mRS) score 
of 0 or 1, whose ICH 

remained the same size 
for ≥ 6hrs 



Stability 

Protocol

Protocol

The risks of initial haematoma growth/instability were managed by use of a 
stability protocol combining normalization of coagulation parameters, BP 
management, and repeat computed tomography (CT) assessment of clot size, 
measured using the ABC/2 method. 

Six or more hours after the diagnostic CT, a stability CT was performed to ensure 
that the ICH clot had not expanded by >5 mL, providing image demonstration of 
a safe starting point for clot reduction therapy, defined as the absence of active 
bleeding before performing MIS+rt-PA. 

The CT could be repeated every six hours until the clot stabilized or just before the 
48-hour eligibility window closed, whichever came first. 

In addition, a magnetic resonance image (MRI) or CT angiography (CTA) was 
required to rule out underlying pathology as the bleeding source; an angiogram 
was encouraged with equivocal findings on vascular pathology screening. An INR 
≤1.3, a normal aPTT, and BP stability were required prior to randomization.

After a protocol amendment, planned catheter insertion trajectories describing 
the skull entry site and the planned linear path to the hematoma target were 
shared by the site with the trial’s Surgical Center for joint review (stage two only). 



MIS Protocol

Individuals randomized to MIS+rt-PA were taken to the operating 
room and general anesthesia was induced

Image-guidance was used to place an introducer cannula within 
the middle two-thirds of the overall haematoma diameter, via a 
burr hole or twist drill opening. The introducer portion was then 
removed.

Clot aspiration was performed using a 10 mL hand-held syringe 
until there was no longer any fluid component of the clot noted 
in the aspirate and/or until first resistance. 

A soft catheter was passed through a rigid, peel-away cannula 
into the residual haematoma, tunneled subcutaneously, and 
connected to a three-way stopcock and a closed drainage 
system. 

A postoperative CT was performed to confirm positioning of the 
soft catheter within, and stability of, the residual haematoma and 
catheter tract.



Thrombolysis 

Protocol

Three or more hours after catheter placement, intraclot rt-PA administrations of 
0.3 mg in 1 mL or 1.0 mg in 1 mL were given every 8 hours, for up to 9 doses, or 
until a trial-defined surgical performance requirement was reached. 

All doses were followed by a 3 mL flush of preservative-free normal saline. After 
each assigned dose, the system was closed for 1 hour to allow drug-clot 
interaction, and then reopened to allow for gravitational drainage. 

Trial-defined surgical performance requirements were reduction of clot to either 
20% of the volume measured on the stability CT prior to randomization, or to ≤ 
15 mL, or occurrence of a clinically significant re-bleeding event, defined as a 
sustained drop of more than two points on the Glasgow Coma Scale (GCS) 
motor score with CT-demonstrated ICH enlargement. 

CT scans were subsequently obtained every 24 hours until dosing was complete 
to evaluate safety and drainage



Medical Treatment Protocol

All subjects were managed 
using the American Heart 

Association recommendations 
for the treatment of non-

traumatic (spontaneous) ICH.

This allowed for a standard 
approach to monitoring 

patients’ airway, ventilation, 
intracranial pressure (ICP), 

sedation, and 
pharmacological treatment of 

intracranial mass effect. 

Patients randomized to 
receive standard medical 
care received follow up CT 
scans and other monitoring 

assessments on the same 
schedule as those randomized 

to receive MIS+rt-PA.



Follow-up

Subjects were followed with an MRI scan at Day 7. 

Subjects returned to clinic on Days 30, 180 (stages one and two), and 365 (stage two) 
and were contacted by phone at Days 90 (stages one and two) and 270 (stage two). 

A certified examiner assessed the modified Rankin Scale (mRS), Barthel Index (BI), 
Stroke Impact Scale (SIS), Glasgow Outcome Scale (GOS), extended GOS (eGOS), NIH 
Stroke Scale (NIHSS, clinic visits only) and a repeat CT (days 30 and 180 only).



 MISTIE II-

Consort 



Results

 Functional Outcome showing modified 
Rankin Scale Scores at Days 180 and 365 
comparing MISTIE Treatment vs medical 
Controls for All Randomized subjects



MISTIE II provided

1. Evidence of safety of non-craniotomy 
procedure

2. Identified the best dose of thrombolytic 
drug to be used for clot volume reduction

3. Demonstrated a treatment effect for 
mRS 0-3 that was substantial (>10% 

absolute benefit) and was sustained for 1 
year

The conclusions required testing in a 
large population to assess generalizability.



MISTIE III

Minimally Invasive Surgery plus Alteplase for Intracerebral Hemorrhage Evacuation

To assess whether minimally invasive surgery followed by gentle thrombolytic 
irrigation of catheterized intracerebral hemorrhagic clot alters functional outcome

To determine whether MISTIE could achieve improved functional outcome at 365 
days after stroke without procedure-related safety events or additional brain injury



MISTIE III

Randomized, controlled, 
open-label blinded 
endpoint, phase 3 
explanatory trial

Image-guided catheter-
based removal of 

intracerebral hemorrhage 
of 30 ml or more (ABC/2) 

done at 78 hospitals in 
USA, Canada, Europe, 

Australia and Asia



Inclusion criteria

Age : >/= 18 yrs

Spontaneous 
non-traumatic 

supratentorial ICH 
of 30 ml or more

GCS </= 14

NIHSS >/= 6 
mRS = 0 or 1, 
before bleed

ICH size stable for 
6 hrs after last CT 
(variation within1-5ml)



Trial profile

 All randomly assigned patients 

(n=506) were included in safety 

and sensitivity analysis. Loss to flow 

up occurred when patient could 
not be contacted. Withdrawal 

occurred with patient of family 

refused to complete the planned 

follow up.



Exclusion criteria

 Life threatening mass effect requiring surgery

 Irreversible impaired brain stem function (bilateral fixed, dilated pupils and extensor 

motor posturing), GCS ≤4.

 Infratentorial haemorrhage

 Ruptured aneurysm, arteriovenous malformation (AVM), vascular anomaly, 

Moyamoya disease, haemorrhagic conversion of an ischemic infarct, recurrence 

of a recent 

 Platelet count 1.4.



Demographic and baseline characteristics 



Treatment 

variables



mRS scores and eGOS scores 365 days after 

stroke in modified intention-to treat analysis



Overall Survival



Safety Outcomes



Serious adverse events











Are these the same disease ?







Recent 

trends





Brainpath System







Trajectory 

planning and 

use of 

tractography





Preoperative & Postoperative GCS-

Improvement in GCS was statistically significant (Fig.C)



Procedure



Outcomes



 Flowchart of MIPS 

pathway for patient 

management











Adaptive Design













Decreased time to evacuation is independently associated with

a decrease in the probability of achieving a good outcome at 6 

mo

(shade: 95% CI).





AHA 

recommendations 

2022











Equipment for Endoscopic intracerebral hematoma 

evacuation













The devices, from top to bottom, are the craniopuncture YL-1 needle (outer diameter: 3.0 mm), 
the 14F vascular sheath used in the Minimally Invasive Surgery Plus Rt-PA for ICH Evacuation 
(MISTIE) procedure (4.8 mm), the Artemis device inserted through a 19F vascular sheath and a 3-port 
Endoscope such as the Storz Lotta (6.3 mm), the clear sheath used during endoscope-assist 
procedures (10.0 mm), the Aurora Surgiscope (11.5 mm), and the BrainPath endoport (15.8 mm)





Ongoing trials 



AHA



AHA





Thank You


