
An update on the Acute Surgical 
Management of Intracerebral 
Haemorrhage

Intracerebral haemorrhage (ICH), 
despite being proportionally far less 
common than ischaemic stroke, 

causes a greater global burden of disease, 
due to mortality approaching 40%, and 
high disability rates in survivors [1]. 
Apart from stroke unit care, evidence for 
ICH surgical and medical interventions is 
weak, leading to large variations in clin-
ical practice. This review covers current 
surgical controversies, techniques used 
for ICH, current guidelines for perioper-
ative management, and outlines current 
trials aiming to strengthen the surgical 
intervention evidence base.

Surgical trial evidence overview
Surgical intervention for ICH is contro-
versial. Excepting strong evidence of 
a mortality reduction for ventricular 
draining in patients with intraventricular 
haemorrhage (IVH) and hydrocephalus, 
there is no RCT-based Class 1 evidence 
for any surgical intervention, whether 
via minimally invasive surgery (MIS) 
or conventional craniotomy [2]. A key 
challenge faced in ICH Randomised 
Controlled Trial (RCT) design is navi-
gating clinical equipoise in a highly fatal 
and comorbid condition. Investigators 
may deem enrolment unethical, or 
alternately, deem intervention a priori 
futile, limiting trial recruitment to narrow 
patient subpopulations. As clinical dete-
rioration from mass effect is common, 
patient crossover to emergency surgical 
treatment may contaminate surgical 
trials. 

The landmark (but neutral) cranioto-
my-based Surgical Trial in IntraCerebral 
Haemorrhage (STICH) found early 
surgery of patients with ICH (versus 

initial conservative treatment) was not 
associated with functional improvement. 
However, patients were only randomised 
if treating clinicians felt equipoise existed. 
Furthermore, screening logs were not 
kept and 25% of patients crossed over to 
surgical treatment, limiting interpretation 
[3]. Subsequent craniotomy trial indi-
vidual patient meta-analysis suggested 
early (<8 hours) intervention may be 
beneficial [4]. Additionally there was 
potential benefit for patients aged<70, 
with moderate neurological deficits and 
ICH volumes, with superficial clots bene-
fiting most [4]; however the STICH-2 trial 
which targeted some of these character-
istics was neutral [5]. Despite a dearth of 
RCT-based evidence, surgical interven-
tion for deteriorating patients with large 
cerebellar ICH is routinely performed on 
the basis of observational data strongly 
suggesting a mortality reduction; an RCT 
is unlikely.

Meta-analyses of MIS trials suggests 
overall benefit, although analysis is 
complicated by differing surgical 
techniques [6]. The largest MIS trial 
(MISTIE-III) did not demonstrate func-
tional improvement benefit [7], however 
a mortality benefit was observed. 
Nevertheless, functional outcome 
seemed improved in patients with 
optimal evacuation (predefined as <15 
mL residual volume) [7]. This suggested 
that surgical efficacy (influenced by 
technique and experience) may be a 
key determinant of functional outcome. 

Surgical Techniques
Lacking clear evidence of optimal target 
population or technique, ICH surgical 
cohorts and approaches differ signifi-
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Abstract 
Whether surgical intervention benefits patients or patient subgroups with intracerebral 
haemorrhage (ICH) remains controversial, despite numerous randomised controlled 
trials. However, ICH without intervention has an extremely high mortality rate, with 
significant disability in many survivors. Consequently, there are a wide variety of 
practices worldwide, from near-routine intervention in large ICH to near-complete 
avoidance of surgery. We review the evidence behind ICH surgical intervention, 
discuss peri-operative management, and also mention ongoing trials of early minimal-
ly-invasive surgery, which may strengthen the evidence base in this challenging field.
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cantly between regions and institutions. For 
instance, craniopuncture-based craniotomy is 
reported as ‘standard of care’ for ICH in China, 
but is largely not performed elsewhere [8].

The two main aims of surgery (which may 
overlap) are (1) to treat or prevent intracranial 
hypertension and (2) to limit perihaematomal 
brain injury.  

(1) Preventing and treating intracranial 

hypertension
ICH can increase intracranial volume by 
multiple mechanisms (mass effect from the 
haematoma and perihaematomal oedema, 
hydrocephalus from IVH and/or secondary 
hydrocephalus from herniation). IVH-related 
hydrocephalus can be acute (from blood 
clot-related obstruction) or delayed (a post-IVH 
inflammatory response reducing cerebrospinal 
fluid resorption) [9]. Hydrocephalus may exist 
in isolation or complicate mass effect. While 
medical approaches to intracranial hyper-
tension are largely ineffective [2], surgical 
intervention can ameliorate hydrocephalus 
and potentially prevent fatal transtentorial 
herniation by ICH debulking (reducing mass 
effect), and/or increasing intracranial volume 
(the latter is the focus of the SWITCH trial 
(Swiss Trial of Decompressive Craniectomy 
Versus Best Medical Treatment of Spontaneous 
Supratentorial Intracerebral Hemorrhage 
(www.clinicaltrials.gov NCT02258919)). It is 
probable (though it remains unproven) that 
surgical intervention can be life-saving. This is 
reflected in stroke guidelines internationally 
(for instance, the most recent American Heart 
Association guidelines state it might be consid-
ered in deteriorating patients as a lifesaving 
measure (Class 2B, Level of Evidence-C)). A 
combination of significant midline shift and 
deteriorating conscious state portends inter-
vention, where deemed appropriate [10]. 
However, as summarised previously, it is uncer-
tain whether and to what degree interven-
tion may improve functional outcome beyond 
reducing mortality.       

Ventricular drainage is strongly advised to 
reduce mortality in patients with hydroceph-
alus secondary to ICH +/- IVH contributing 
to impaired conscious state [2]. A recent 
meta-analysis suggests concurrent administra-
tion of intraventricular fibrinolysis may both 
decrease mortality and improve functional 
outcomes, especially when administered early 
[11], however in the CLEAR-III trial, a mortality 
benefit from fibrinolytic-enhanced ventricular 
drainage was accompanied by increased 
severe disability in survivors [12]. 

(2) Limiting perihaematomal injury
Excepting reduction of above mass effect bene-
fits of haematoma evacuation are theoretical. 
It is possible, with ultra-early intervention, 
that haematoma expansion may be directly 

curtailed, however with most ICH expan-
sion occurring in the first 2-3 hours [13], the 
optimal time-window for this benefit seems 
currently unfeasible. Haematoma evacuation 
may prevent ICH-related secondary injury. 
Intra-haematomal cytotoxic substances (most 
notably thrombin in the earlier time-frame and, 
later, iron from haemolysis) seem experimen-
tally to mediate peri-haematomal injury and 
oedema [14]. Therefore their removal may be 
beneficial. Haematoma evacuation can occur 
via craniotomy or MIS, which is technically 
varied. 

MIS techniques
The three main approaches are craniopunc-
ture, stereotactic thrombolysis and endoscopic 
removal. Craniopuncture is mostly utilised in 
China, and involves intra-haematomal place-
ment of a YL-1 needle, skull fixation of the 
cannula and then haematoma aspiration, 
initially freely followed by fibrinolytic-aug-
mented aspiration over several days. This 
approach is untested outside Chinese settings 
[8].

An analogous approach was tested in the 
Western MISTIE-III trial, enrolling patients with 
large (≥30mL) supratentorial ICH within 72 
hours of onset, following a stability scan ≥6 
hours after initial imaging. A 4.8mm cannula 
was inserted and 8-hourly fibrinolytic-aug-
mented aspiration ensued (9 doses maximally) 
aiming for <15mL residual [15].

 Direct MIS ICH removal can occur via several 
stereotactic endoscopic or endoscope-like 
approaches. Such techniques have included 
combining a Storz endoscope (Tuttlingen, 
Germany) via a 6.3mm introducer sheath with 
the Artemis evacuation system (Penumbra, 
CA, USA); combining the Aurora Surgiscope 
and Evacuator (Integra Lifesciences, NJ, USA. 
11.5mm external diameter); and combining 
the BrainPath Endoport with the Myriad hand-
piece (Nico Corp, IN, USA, 15.8 mm external 
diameter) (Figure 1). These techniques allow 

direct visually-guided haematoma evacuation 
and facilitate direct surgical haemostasis, thus 
minimising rebleeding risk. The best balance 
of surgical visibility (via a large port) versus 
minimising invasiveness (via a smaller port) 
remains unclear. 

Peri-operative management
Regardless of approach, recommended periop-
erative care of patients includes facilitation of 
haemostasis, management of blood pressure, 
glucose, and temperature and thromboprophy-
laxis, although direct evidence of benefit in 
surgical cohorts is scant [2].

Pre-operatively, effective anticoagula-
tion reversal is required, with prothrombin 
complex concentrate, idarucizumab, or andex-
anet alpha as appropriate [2]. Platelet transfu-
sion in patients on aspirin undergoing crani-
otomy may lower the risk of rebleeding and 
improve functional outcome (in contrast with 
non-surgical patients, whom it may harm) [16]. 
Desmopressin and tranexamic acid remain 
investigational [2]. Systolic blood pressure 
targeting 140 mmHg, but not substantially 
below, is non-harmful and potentially bene-
ficial. Euglycaemia and avoidance of fever is 
recommended [2].

Thromboprophylaxis is highly recom-
mended, initially with intermittent pneumatic 
compression and then potentially low-dose 
unfractionated or low-molecular-weight 
heparin [2]. Although prophylactic antiepi-
leptic medications are not indicated, patients 
with active clinical or electrographic seizures 
should be treated [2]. Following surgery, once 
safe to transfer patients, care within a stroke 
unit will probably improve outcomes [17].

Current RCTs and Future Directions
Given treatment-related uncertainties and clin-
ically unmet need, there is significant global 
interest in further ICH surgical trials, espe-
cially MIS studies. For robust and generalisable 
trial results, consecutive recruitment avoiding 

Figure 1: The devices used in current and upcoming minimally invasive surgical trials: The AURORA 
Surgiscope and Evacuator are being used in the EVACUATE trial. The Artemis Neuro Evacuation 
Device is being used in the MIND trial. The NICO BrainPath and Myriad are being used in the 
ENRICH trial.
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‘standard of care evacuation’ is optimal (and, 
we feel, justified given the uncertainty of 
evidence reflected in guidelines.) 

The ENRICH trial (Early MiNimally-invasive 
Removal of IntraCerebral Hemorrhage  
(www.clinicaltrials.gov, unique identifier 
NCT02880878)) has been presented (American 
Association of Neurological Surgeons and 
European Stroke Organisation Conferences, 
2023) but not yet published. A functional 
outcome benefit was demonstrated from rela-
tively early (<24 hrs) clot evacuation via the 
Brainpath Endoport compared with medical 
management in 300 participants. Benefit 
appeared restricted to lobar ICH patients, with 
an anterior basal ganglia treatment subgroup 
terminated early for futility. The MIND study 
(Minimally Invasive Neuro Evacuation Device 
(NCT03342664)) enrols 500 patients within 72 
hours of ICH onset, randomised 2:1 to mini-
mally invasive endoscopic evacuation with the 

Artemis System or to medical management. 
These minimally invasive techniques are 

combined with ultra-early time-frame inter-
vention in several studies underway or in 
late-stage planning, utilising ischaemic stroke 
triage and evaluation pathways, and leveraging 
the theoretical benefits from earlier evacua-
tion, suggested by pre-clinical studies, observa-
tional data and surgical trial meta-analysis. The 
EVACUATE trial (Ultra-Early, Minimally inVA-
sive intraCerebral Haemorrhage evacUATion 
Versus Standard treatment (NCT04434807)), 
employs the Aurora Surgiscope and Evacuator 
(Integra Lifesciences, NJ, USA), randomising 
240-434 patients with ICH volumes ≥ 20mL to 
ultra-early surgery (<8 hrs) or standard care 
(expected reporting December 2026). The DIST 
trial (Dutch Intracerebral Hemorrhage Surgery 
Trial) enrols 600 patients with ICH volumes ≥ 
10mL, randomising to similarly early surgery 
with any CE-approved device (currently only 

the Artemis system) or standard care. 
Together with other ICH trials in advanced 

stages of planning, these results will inform the 
next generation of surgical ICH care and poten-
tially (individually or combined) demonstrate 
patient subgroups who benefit from particular 
surgical interventions.  

Conclusion
Surgical best-practice care for ICH patients 
remains controversial. Currently the best 
evidence for intervention is in patients with 
hydrocephalus, cerebellar ICH and patients 
with impending transtentorial herniation who 
may accept survival with a severe neurological 
deficit. Ongoing surgical treatment trials will 
help determine definitively whether surgical 
ICH evacuation (especially using minimally 
invasive techniques) improves functional 
outcomes, and which patients may maximally 
benefit.
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