
The management of ICH 

when to operate when not to? 



• High Incidence 

o Accounts for 10-15% of all strokes1,2,5 

o 80,000 cases in US;  2 million WW2,5 

o Incidence doubles for African-

Americans and Asians 1,2,3 

• High Mortality/Morbidity 

o 30-day mortality ~50% with majority 

dead in first 2 days3 

o Substantial disability; only 20% of 

survivors live independently at 6 

months3 

• 45% of all ICH has a 

ventricular component (IVH) 7 
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800,000 Strokes (US) 

 

 

10% ICH/IVH 

 

 

80,000 

 

 

40,000 
Potential 

 Cases 

Not Targets: 

• Acute mortality 

• < 20 cc clot 

• Amyloid, Lobar 

• Subdural  

• Subtentorial 

~ 50% 

ICH intervention  = Can Help Thousands 

Target: 

• Anterior, Ventricular 

• Hypertensive 

• > 20 cc clot 
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Intraparenchymal hemorrhage 



Intraparenchymal hemorrhage 

• Current management strategy 

– Blood pressure control and monitor 

– Surgical evacuation by craniotomy 

– Placement of external ventricular drainage  



Intraparenchymal hemorrhage 

• STICH trial 

– Randomized prospective study looking at 

effectiveness of early surgery (within 24 

hours of randomization) versus initial 

medical therapy  

– STICH trial did not showed significant 

difference in outcome between surgical 

arm and medical therapy 

– Subgroup analysis showed that superficial 

hemorrhages (< 2 cm from the surface) 

benefited from evacuation 

 



 



Intraparenchymal hemorrhage 

• STICH showed us that evacuation of 

deeper hemorrhages through 

craniotomy was not more beneficial 

than conservative measures 

 

• The question of evacuation through less 

invasive methods has not been tested 

 

• What about early evacuation with less 

invasive methods? 



 



Intraparenchymal hemorrhage 

• MISTIE II trial 

 



MISTIE II Trial (complete) 
Medical Management + Clot Drainage Catheter With tPA 

vs. Medical Management Alone 

• Inclusion: Spontaneous, supratentorial Intracerebral 

Hemorrhage ≥ 20ml, with a GCS ≤ 14 or a NIHSS ≥ 6. 

• n = 96 patients randomized 

• Therapy: 1 mg of tPA administered via drainage 

catheter every 8 hours for up to 72 hours (3 days) 
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Intraparenchymal hemorrhage 

• MISTIE II 



14% 

MISTIE II Long Term Outcomes 
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CLEAR II Trial (complete) 
EVD + tPA  vs. EVD + placebo 

• Inclusion: small supratentorial ICH (≤ 30 ml) with 

massive IVH with an EVD already placed for treatment of 

obstructive hydrocephalus, per standard of care 

– Median ICH volume:  7.5 ml 

– Median IVH volume:  52.7 ml 

• n = 48 patients randomized 

• Therapy: Subjects were randomized to receive either 3 

mg of rtPA or 3 ml of normal saline injected via the EVD 

into the ventricular spaces every 12 hours until clot 

resolution. 

– 10.2 ± 8 days in ICU for rtPA and 12.7 ± 8.4 days in ICU for 

placebo 
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CLEAR II Outcomes 

Naff N et al. Stroke 2011;42:3009-3016 

Copyright © American Heart Association, Inc. All rights reserved. 

P value = 0.1 

tPA is not without 

consequences in 

the ventricles 
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Intraventricular hemorrhage 

• Intraventricular and intracerebral hemorrhage 

have a morbidity and mortality rate of 50-80% 

 

• Animal models have demonstrated that in IVH 

intracranial pressure control is important but 

to the change in neurological outcome, 

removal of IVH is important 

 

• IVH has been shown to increase tissue 

inflammation and the more of the blood 

removed, the more decrease in inflammatory 

factors 



Current management of IVH 

• Observation and monitoring of neurological 

status, control blood pressure 

 

• Placement of External Ventricular Drainage 

system 

 

• Placement of EVD plus or minus infusion of 

TPA 

 

• Surgical evacuation 



Intraventricular hemorrhage 

• CLEAR trial 

– Multicenter blinded prospective safety trial 

comparing best medical care with aggressive 

ventricular drainage with TPA injected into 

ventricular catheters at a dose of 3 mg every 12 

hours 

– Study enrolled 48 pts 

– Symptomatic bleeding was 23% in t-PA group 

versus 5% in placebo group 

– Mortality was 19% in t-PA group versus 23% in 

placebo group 

– Clot resolution was 18% in t-PA group versus 8% 

in placebo group 

 



Intraventricular hemorrhage 

• t-PA group underwent earlier removal of EVD 

catheters due to clot obstruction and there 

were less exchanging of EVD catheters due 

to clot obstruction 

 

• There was also clinical improvement by an 

increase in GCS scores at 4 days in t-PA 

group 

 

• This was an initial safety study and not 

designed to assess long-term functional 

outcome. 

 



Intraventricular hemorrhage 

• CLEAR III trial is a current ongoing 

trial that will assess functional 

performance in a 90 to 180-day time 

frame 



Intraventricular hemorrhage 

• CLEAR III 



Current Treatment Options 

Medical Management 

– Ineffective in randomized trials to improve patient 

outcomes. (BP lowering, Corticosteroids, Glycerol, Mannitol, 

Hemodilution) 

Open surgery 

– No evidence of improved outcomes in randomized trials; 

STICH I & II 

Minimally invasive drainage 

Recent trials have shown mixed results 

– MISTIE I & II: promising; phase III underway 

– CLEAR I & II: tPA elevates symptomatic hemorrhage; 

phase III underway 
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Clinical Conclusions 

• MISTIE II and CLEAR II show positive trend of 

evacuating clot in patients with ICH / IVH to reduce 

mass effect and hemotoxicity. 

 

• Both trials show trends toward better outcomes if the 

clot burden can be reduced quickly 

 

• Thrombolysis is not without consequence in terms of 

bleeding events and ICU stay days. 
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Apollo 

A minimally invasive device that is 

primarily indicated for intraventricular 

hemorrhage but its use in 

intraparenchymal hemorrhages might 

have a role in the future 



• Dedicated hardware components deliver 

• Vacuum, irrigation, vibrational energy 

 

• All components physician controllable, 

precise, and gentle 

 

• Compatible neuroendoscope enables: 

• Fluid/clot vs. brain differentiation 

• Hemostasis confirmation 
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The Apollo™ System 



The Apollo™ System Wand 

• Vacuum 

• Irrigation 

• Proprietary, internal vibrational 

energy ensures rapid fluid/clot 

removal 
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• Material must extrude into tip under vacuum 

before vibration and irrigation can act 

 





Adjunctive Technologies 

• Access 

• Burr Hole, mini-craniotomy 

• 19F Peel away sheath 

• Neuronavigation: Trans-dural Ultrasound, 

Stealth 

• Direct Visualization: Storz Neuroendoscope 

• Location: OR 

Rush Medical Center 



Apollo case 



 

 

• Important to create a working space 

within the sheath away from clot at tip 

 

 

 

 

 

 

• Evacuate the hematoma until tissue 

differentiation is seen.  

• Exit sheath later in case. 

Procedure:  Endoscopy 
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Setup:  Room Orientation 

• Apollo™ System near patient’s head, behind physician 

• Endoscopy tower and neuronavigation at patient’s feet 

• If using intraop CT, need short drapes, minimize other 

equipment near head 



• 51y F found unresponsive at home 

– Exam 

• GCS 4T 

• Intubated 

• Pupils 2mm, non-reactive 

• Localizing lt UE 

– CT: Lt BG ICH/ IVH 

– OR: Apollo aspiration  



PRE      POST    



Patient B 

Endoscope 

Video 



Apollo case 



Apollo case 



Outcome 

• Patient extubated following commands 

• No need for VP shunt 

 



• 49y M woke up w HA, emesis 

– Exam:  
• GCS 7T 

• Intubated 

• Localizing in all extremities 

– CT head:  
• Rt caudate ICH w IVH 

– OR: 

• Apollo aspiration 

– Permanent Shunt: None 



PRE     POST 

  POST    





• 53y F found unresponsive 

– Intially GCS 8 at OSH, there decompensated 
to 4T 

– Exam: 
• GCS 4T 

• Intubated 

• Pupils 3mm, sluggish 

• Localizes rt UE 

– CT: pan IVH 

– OR: Apollo aspiration 

– Permanent Shunt: Yes 

 



                                                        

PRE            POST 



• 56y M presented with confusion, rt 

sided weakness 

– Exam: 

• GCS 14 

• Dysarthric 

• Plegic on Rt 

– CT: lt thalamic ICH/ IVH 

– OR: Apollo aspiration 

– Permanent Shunt: None 

 



PRE        POST  

                                                    

   



• 76y M found unresponsive 

– Exam 

• GCS 3T  

• Eyes closed to painful stimuli 

• No movement of extremities to deep painflu 

stim 

– CT: lt thalamic ICH w IVH 

– OR: Apollo aspiration 

– Permanent Shunt: None 

 



PRE     POST  

     



Pre-Op 

A More Recent Case Of Bilateral Casted Ventricles 

• 64YO male, sudden 

headache, loss of 

consciousness 

• Corneal reaction only, 

extending posturing upon 

arrival 

• Immediate EVD insertion 

resulted in opening eyes to 

stimulation after several days. 

• Bi-lateral, frontal burr holes for 

Apollo evacuation 

 

 



Post-Op 

• Frontal horns cleared along 

with Foramen of Monro to 

restore circulation. 

• Patient stable post-op. 

 



Pre-Op    Post-Op 

• Surgical goal was removal of obstruction from frontal 

horn and Foramen of Monro 





 



 







 



Why do we care about ICH? 



NEUROLOGICAL INJURY AFTER ICH 

• Stage 1: Mechanical Disruption  

• Immediate mechanical destruction of neurons 

• Stage 2: Local Ischemia 

• Local mass effect limits regional perfusion 
around the hematoma 

 

 



Stage 3: Hemotoxicity 

• Hours, days even weeks after hemorrhage 

• Direct toxic effects of blood product 
degradation on surround brain tissue 

 

NEUROLOGICAL INJURY AFTER ICH 



ICH TREATMENT 

• Removal of blood products could improve 
outcomes 

• Relieve local ischemia 

• Remove hemotoxic material 

• Must be accomplished without any 
additional injury to the adjacent normal 
brain  



brainaneurysm@me.com 



 



 





 



 



 



 



 



 



 



PREVALENT DISEASE 

• Accounts for 10-15% of all strokes 

• Much more common than SAH 

• Affects 80,000 in the US, 2M WW 



CLINICALLY DEVASTATING DISEASE 

• Highest rates of morbidity, mortality, and 
economic burden of any of the stroke subtypes  

• 30-day mortality of ~45%, majority dead in first 2 
days 

• IVH extension raises mortality to 50 – 80% 

• Majority of survivors are severely disabled  

• Only 20% of survivors live independently at 6 
months 



Broderick et al., Stroke 1993 

BRODERICK et al., STROKE 1993 

• 99% of patients with >30cc hemorrhage have an 

Oxford Handicap score of 4 or greater 



NO EFFECTIVE TREATMENTS 

• While the major advances have occurred in the 

treatment of other forms of stroke… 

• NO MEDICAL OR SURGICAL TREATMENT 

HAS BEEN SHOWN TO BE BENEFICIAL IN 

THESE PATIENTS 

 



ORPHANED POPULATION 

• Reimbursements for the medical 
management of ICH patients are poor and 
their care is time and resource intensive 

• ICH has become an orphaned disease 

 



CURRENT STATUS 

• ICH patients are an optimal cohort for new 
and innovative (although unproven) 
therapies 



Early hematoma 

evacuation…why 

would it be beneficial? 



OPEN SURGERY IS NOT EFFECTIVE  

• Meta-analysis of 2186 cases from published 

literature (1985-2009) 

• Presumably because injury to the 

surrounding brain during surgery negates 

the benefits of hemorrhage evacuation 



NO BENEFIT FOR MORTALITY AFTER 

SURGERY  



EVIDENCE FOR MIS 

• Zhou et al., Stroke 2012 Meta-analysis of 
12 high quality MIS trials involving 1955 
patients 

• MIS vs. Medical Management 

• MIS reduced death or dependence at 
end of follow up (OR, 0.54, P<0.00001) 

• MIS reduced death at the end of follow 
up (OR, 0.53, P<0.00001) 



MISTIE II (ICH) 

• Phase II trial of minimally invasive 
stereotactic hematoma aspiration followed by 
catheter placement and t-PA irrigation for up 
to 4 days 

• Significant reduction in peri-hematomal 
edema (PHE) 

Mould et al., Stroke, 2013 



14% 



MOBILITY  ADL 

Duncan, PW: 

Stroke, 1999 



$ 44K (35%) 38 days (35%) 
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• 48 patients were randomized to receive 
either 3 mg of rtPA or 3 ml of normal 
saline injected via the EVD into the 
ventricular spaces every 12 hours until 
clot resolution 

 

 

CLEAR II 



Naff N et al. Stroke 2011;42:3009-3016 
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• Patients whose clot 

resolved faster showed 

better GCS at 96 hours 

(p<0.001) 

 

• GCS score not only 

improved more quickly but 

also did not show a decline 

on day 3 

Highest clot reduction 

of 30% per day 

CLEAR II OUTCOMES 



CLEAR II OUTCOMES 

• Patients whose clot resolved faster showed 

better clinical outcomes (p value <0.001) 

 

• The faster the hemorrhage was reduced, the 

better the patients faired 

 
Outcome rtPA Placebo 

mRS score ≤4  52% 27% 

NIHSS ≤ 10 54% 29% 
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CLEAR II OUTCOMES 

Naff N et al. Stroke 2011;42:3009-3016 

Copyright © American Heart Association, Inc. All rights reserved. 

P value = 

0.1 

tPA is not without 

consequences in 

the ventricles 
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CONSIDERATIONS OF CURRENT MIS 

TREATMENTS 
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• Catheter drainage with tPA can be slow and 
can increase symptomatic hemorrhage 

• MISTIE treatment effect driven by patients 
with < 10cc of blood left after procedure 

• Minority of patients in MISTIE 

• Required days to achieve 

• Multiple serial CT scans 

• Fast and complete mass effect reduction is 
key 



ADVANTAGES OF A PURELY 

MECHANICAL CLOT EVACUATION 

• IMMEDIATE, predictable, reduction of 
hematoma volumes to < 10 cc in most 
all cases 

• No need for tPA infusions or  post-
procedure catheter placement 



EARLY EXPERIENCE:  APOLLO™ SYSTEM 

40% 

14% 

92% 

30 Day  

Mortality Rate1 

Technical  

Success Rate2 

30 Day  

Mortality Rate2 

Modern Medical  
Management 

Apollo™ System Apollo™ System 

• Further evidence generation is planned 



OBSERVATIONS TO DATE 

• Case experience indicates that substantial 
hemorrhage evacuation is technically 
feasible in most cases 

• Without a requirement for catheter drainage 
or t-PA irrigation 

 

Spiotta et al., Neurosurgery 2015 
 



CONCLUSIONS 

• MIS for ICH is where thrombectomy for 

AIS was ~ 10 years ago 

• Compelling preliminary data 

• New devices to facilitate the procedure 

• Randomized clinical trials are required 


