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Outline

• Who is going to get worse

• When do you (they) operate?

• What can you do medically

• Common issues

• A brief word of caution

What are we going to talk 
about?

• Intracranial/Intracerebral hemorrhage

• Non-aneurysmal

• Non-traumatic

It’s a big deal

• >1,000,000 cases worldwide annually

• 63,000,000 DALY for ICH

• 39,000,000 DALY for ischemic stroke



Ischemic
87%

Hemorrhagic
13%

Clinical Presentation

• Can’t reliably differentiate from ischemic stroke

• Clues - h/a, LOC, n/v

• Imaging - location

NEJM, 2001
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Prognostication

care, such as disposition from the ED, planning for repeat

imaging, and need for ICP monitoring or continuous
electroencephalography (cEEG).

Hematoma expansion is common in patients with acute

ICH, and this is associated with worsened outcomes
[6, 17]. Though the pathophysiology that leads to hema-

toma expansion is incompletely understood, it tends to

occur early (within a few hours of onset) and coagulopathy
increases the frequency of its occurrence and its extent

[18]. However, hematoma expansion is common even in

patients without coagulopathy or who are not receiving
antithrombotic medications. Thus, intervention to address

treatable aspects should not be delayed pending patient

disposition.

Blood Pressure

Elevated blood pressure is extremely common in patients

with acute ICH. While it seems intuitive that elevated

blood pressure may predispose to hematoma expansion due
to increased bleeding or to elevated ICP from worsening

edema, clinical studies have had conflicting results
regarding the impact of acutely elevated blood pressure and

the value of acutely lowering the blood pressure [19, 20].

There has been a concern that acutely lowering blood
pressure could lead to ischemic brain injury in the peri-

hematoma region, but this risk has not been supported by

recent studies [21, 22].
While blood pressure management has remained con-

troversial, current approaches favor rapid lowering of

moderately elevated blood pressures [1, 2]. Two pilot
randomized clinical trials, INTERACT and ATACH, sug-

gested that acutely lowering systolic blood pressure to

below 140 mmHg is safe [23, 24]. These were followed by
pivotal phase III efficacy trials to test the impact of blood

pressure lowering on clinical outcome. INTERACT2 was a

Fig. 3 ABC/2 method for estimating ICH hematoma volume [5].
Right basal ganglia intracerebral hemorrhage. The axial CT image
with the largest cross sectional area of hemorrhage is selected. In this
example, the largest diameter (A) is 6 cm, the largest diameter
perpendicular to (A) on the same image (B) is 3 cm, and hemorrhage
is seen on 6 slices of 0.5 cm (5 mm) thickness for a (C) of 3 cm (not
shown). Thus, the hematoma volume is (6 9 3 9 3)/2 = 27 cc. Note
that for (C), if the hematoma area on a slice is approximately 25–75%
of the hematoma area on the reference slice used to determine (A),
then this slice is considered half a hemorrhage slice, and if the area is
less than 25% of the reference slice, the slice is not considered a
hemorrhage slice

Fig. 4 Contrast extravasation (‘‘spot sign’’) in acute ICH. In this
post-contrast image obtained after administration of IV contrast
during a ‘‘code stroke’’ CT (non-contrast study, CT angiogram, CT
perfusion study), contrast extravasation is present in this acute left
temporal lobe ICH. This finding is commonly referred to as a ‘‘spot
sign’’ (arrows) and is associated with increased risk of hematoma
expansion
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Measuring Volume

Volume of blood

• 1/71 patients with >30cm3 independent at 30 days

Broderick et al, Stroke 1993

Volume ≤30cm3 

GCS≥9
Volume ≥60cm3 

GCS≤8

30 day mortality 19% 91%
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Spot Sign



Extravasation

Becker at al, Stroke, 1999

See Spot Mortality

All ICH Supratentorial ICH

Extravasation 63.5%
33/52 p=0.01

53.6%
15/28 p<0.0001

No Extravasation 16.4%
10/61

12.2%
5/41

Becker at al, Stroke, 1999

phase III clinical trial of acute blood pressure lowering in

ICH patients presenting with a systolic blood pressure
between 150 and 200 mmHg [25]. Patients were random-

ized to two different systolic blood pressure thresholds: a

standard threshold of less than 180 mmHg and an intensive
threshold of less than 140 mmHg for the initial seven days

after ICH occurrence. Patients in the intensive arm had

modestly better outcomes with about 3% fewer patients
having death or severe disability (defined as a modified

Rankin Scale score of 3 to 6). Interestingly, there was no
difference in hematoma expansion between groups.

ATACH 2 had a similar design and tested the two systolic

blood pressure thresholds of 180 and 140 mmHg for the
initial 24 h after ICH using the titratable intravenous agent

nicardipine [26]. ATACH 2 did not demonstrate a differ-

ence in outcome between treatment groups.
Both the current American Heart Association/American

Stroke Association Guidelines for the Management of

Intracerebral Hemorrhage and the guidelines from the
European Stroke Organization recommend a target blood

pressure of less than 140 mmHg in patients like those

studied in INTERACT2 [1, 2]. The most recent version of
both of these evidence-based guidelines were developed

after the publication of INTERACT 2 and prior to the

completion of ATACH 2. Given these new clinical trial
results, it may be reasonable to target a systolic blood

pressure between 140 and 180 mmHg with the specific

threshold determined based on patient comorbidities and
level of chronic hypertension. Although the clinical dif-

ference between these two systolic blood pressure

thresholds may be modest and debatable, none of the

current guidelines recommend allowing blood pressure to

remain extremely elevated without treatment [1, 2]. Acute
lowering of blood pressure is reasonable in patients pre-

senting with more extreme levels of hypertension, but less

is known about the specific safety and efficacy of treatment
[1].

Basic principles of blood pressure lowering in ICH are

that management should be initiated immediately and a
titratable agent should be used to ensure that the target

value is reached quickly and with minimal potential for
overshoot. IV beta-blockers and calcium-channel blockers

are the most commonly used medications for this indica-

tion in the ED and the intensive care unit (ICU).
Labetalol is rapid acting, has mixed alpha and beta

adrenergic antagonism, and is commonly used in the ED in

an initial bolus dose of 5–20 mg. Nicardipine is a calcium
channel blocker of the dihydropyridine family that is more

selective for coronary and cerebral vascular beds. A com-

mon initial nicardipine dose of 5 mg/hr is often used, with
titration up every 15 min as needed. Clevidipine is another

calcium channel blocker that acts even more rapidly than

nicardipine. If possible, nitroprusside should be avoided
due to its potential for cerebral vasodilation, disturbed

cerebral autoregulation, and elevated ICP. ICU admission

is recommended, due to the close monitoring and frequent
medication changes required to lower blood pressure. A

more detailed discussion of common anti-hypertensive

medications utilized in neurologic emergencies can be
found in the Pharmacotherapy Module.

Coagulopathy: Anticoagulants, Antiplatelet Agents,
and Heparin

The use of antithrombotic medications for prevention and
treatment of ischemic stroke, cardiovascular disease, and

systemic venous thromboembolism is common and is

increasing as the population ages. Antithrombotic medi-
cations are a risk factor for the occurrence of ICH, as well

as for hematoma expansion if an ICH occurs. Given the

range of antithrombotic medications, including warfarin,
heparin, antiplatelet agents such as aspirin and clopidogrel,

and newer agents such as dabigatran, rivaroxaban and

apixaban, the specific risks and interventions to reverse
coagulopathy vary. Additionally, coagulopathies may be

due to underlying medical conditions, such as liver disease

or hematologic malignances.
The second focus in ICH is on treatment of coagu-

lopathy. As part of the initial evaluation of the ICH patient,

a medical history and medication list should be obtained
from the patient, family, prehospital providers, or medical

record; specifically the use of antithrombotic medication

and, if possible, when the last dose was taken should be
noted. Urgent laboratory tests should include a complete

Table 2 The ICH Score [10]

Component ICH Score Points

Glasgow Coma Scale

3–4 2

5–12 1

13–15 0

ICH volume (cc)

C30 1

<30 0

Presence of IVH

Yes 1

No 0

Infratentorial origin of ICH

Yes 1

No 0

Age (years)

C80 1

<80 0

Total ICH Score 0–6
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patients with extensive multifocal cortical superficial 
siderosis might have up to a 26% yearly risk of bleeding.40 
Such patients also have a high risk of cognitive decline 
and dementia.41 The widely used MRI-based modified 
Boston criteria have excellent sensitivity and good 
specificity for cerebral amyloid angiopathy, requiring the 
patient to be aged over 55 years, have one previous lobar 
intracerebral haemorrhage, or lobar cerebral microbleeds, 
or cortical superficial siderosis.42 The Edinburgh CT and 
genetic criteria for lobar intracerebral haemorrhage 
associated with cerebral amyloid angiopathy have since 
been developed,43 with a three-variable model using two 
non-contrast CT features (subarachnoid haemorrhage 
and finger-like haematoma projections) and an 
apolipoprotein E (APOE) genotype to predict moderate 
or severe cerebral amyloid angiopathy. The Edinburgh 
sensitive rule-out criteria and specific rule-in criteria 
based on non-contrast CT and APOE genotype are 
potentially widely applicable for diagnostic, prognostic, 
and therapeutic decisions in everyday clinical practice if 
MRI is contraindicated, intolerable, or unavailable. 
Diagnosis of cerebral amyloid angiopathy in vivo is a 
challenge in the absence of a histological sample. 
Moreover, in the absence of a specific curative treatment, 
such patients should be managed in the same manner as 
a patient with any other type of spontaneous intracerebral 
haemorrhage. However, a key clinical dilemma yet to be 
solved is how best to assess the balance of benefits and 
risks of starting or restarting antithrombotic drugs in 
these high-risk patients.44

Other causes
Although cerebral amyloid angiopathy and deep per-
forating vasculopathy might be responsible for most 
(around 80%) cases of non-traumatic intracerebral 
haemorrhage, clinicians should consider searching for 
other causes (panel 2). Some causes will require urgent 
management—for example, intensive anticoagulation 
for cerebral venous thrombosis.

Organisation of care
Intracerebral haemorrhage is a medical emergency in 
which most patients benefit from an early active 
management plan. Various studies of health record data 
show that premature use of orders for do-not-resuscitate, 
withdrawal of care, or palliative care (which includes 
narcotic use) independently predict mortality, after 
adjustment for conventional clinical prognostic factors.45,46 
Active care includes monitoring, early screening for 
dysphagia, maintenance of physiological control, inc-
luding avoidance of high blood glucose concentrations, 
and timely intervention for neurological deterioration, 
secondary complications, and adverse events. Patients 
with critical care needs, such as mechanical ventilation 
and ventriculostomy, are ideally managed in an intensive 
care or high-dependency unit, where there is a high nurse 
to patient ratio and specialised care and expertise. For all 
other patients, management within a specialist acute 
stroke unit can reduce the risks of death and dependency 
after intracerebral haemorrhage compared with general 
ward care. A meta-analysis of 13 randomised controlled 

Panel !: Clues for underlying causes of intracerebral haemorrhage

Deep perforating vasculopathy
• Haematoma located in the basal ganglia or brainstem; 

microbleeds or old intracerebral haemorrhage in the basal 
ganglia or brainstem; white matter lesions; lacunes

Cerebral amyloid angiopathy
• Lobar intracerebral haemorrhage; cortico-subcortical 

microbleeds; cortical superficial siderosis; apolipoprotein E !4; 
cognitive decline; transient focal neurological episodes

Brain arteriovenous malformation
• Extension to other brain compartments; flow voids; 

calcification

Intracranial arterial aneurysm
• Disproportionate subarachnoid extension

Cavernous malformation
• Small, homogeneous intracerebral haemorrhage with no 

extension to other brain compartments

Intracranial venous thrombosis
• Headaches preceding intracerebral haemorrhage onset; 

intracerebral haemorrhage close to sinuses or veins; high 
relative oedema volume; onset in pregnancy or 
postpartum

Dural arteriovenous fistula
• Subarachnoid or subdural extension; abnormal dilated 

cortical vessels

Haemorrhagic transformation of cerebral infarction
• Substantial areas of acute ischaemic lesions adjacent to the 

intracerebral haemorrhage or di"use acute ischaemic lesions 
in other arterial territories

Severe clotting factor deficiency such as haemophilia
• Abnormal coagulation tests

Tumour (primary/metastasis)
• Large perihaematomal oedema

Vasculitis
• Headaches; small acute ischaemic lesions in di"erent arterial 

territories; focal di"use arterial stenosis

Infective endocarditis
• Acute ischaemic lesions in di"erent arterial territories; small 

irregular arterial aneurysms; di"use brain microbleeds

Posterior reversible encephalopathy syndrome
• Thunderclap headaches; parietal and occipital asymmetrical 

oedematous lesions
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Intracerebral haemorrhage: current approaches to acute 
management
Charlotte Cordonnier, Andrew Demchuk, Wendy Ziai, Craig S Anderson

Acute spontaneous intracerebral haemorrhage is a life-threatening illness of global importance, with a poor 
prognosis and few proven treatments. As a heterogeneous disease, certain clinical and imaging features help 
identify the cause, prognosis, and how to manage the disease. Survival and recovery from intracerebral 
haemorrhage are related to the site, mass e!ect, and intracranial pressure from the underlying haematoma, and 
by subsequent cerebral oedema from perihaematomal neurotoxicity or inflammation and complications from 
prolonged neurological dysfunction. A moderate level of evidence supports there being beneficial e!ects of active 
management goals with avoidance of early palliative care orders, well-coordinated specialist stroke unit care, 
targeted neurointensive and surgical interventions, early control of elevated blood pressure, and rapid reversal of 
abnormal coagulation.

Introduction
Acute spontaneous (non-traumatic) intracerebral 
haemorrhage is the most common type of spontaneous 
intracranial haemorrhage (others being subarachnoid 
haemorrhage and isolated intraventricular haemor-
rhage) and is the most serious and least treatable form 
of stroke that a!ects approximately 2 million people 
in the world each year.1 It is a life-threatening and 
disabling event, usually manifest as a rapidly expanding 
haematoma arising within the brain parenchyma, with 
potential extension into the ventricular system and 
subarachnoid or dural spaces. One in three patients die 
within the first month of onset, and survivors have 
varying degrees of residual disability and high risk of 
recurrent intracerebral haemorrhage, other serious 
vascular events, and neuro logical complications such 
as epilepsy and dementia. As most cases occur in 
working adults in large populations of low-income and 
middle-income countries, among whom the prevalence 
of hypertension and other vascular risk factors is high, 
intracerebral haemorrhage has enormous social and 
economic e!ects from the resultant loss of productive 
life years. A meta-analysis of available population-based 
studies showed stable early case fatality for intracerebral 
haemorrhage between 1980 and 2008.2 More recent 
data have shown favourable trends in survival from 
intracerebral haemorrhage in the Netherlands,3 the 
UK,4 and France,5 possibly related to the development 
of specialist-organised stroke unit care. Unfortunately, 
there is still no medical treatment for acute intracerebral 
haemorrhage that is clearly beneficial, and the role of 
surgery remains controversial despite its widespread 
use in various forms. We review the evidence and o!er 
guidance in the management of intracerebral haemor-
rhage, for which recent advances provide encouraging 
information about reducing cerebral injury, preventing 
complications, and promoting recovery from this 
complex and challenging illness.

Acute assessment
Intracerebral haemorrhage is di"cult to di!erentiate 
from acute ischaemic stroke at the bedside, but certain 
features suggest its diagnosis: rapidly progressive 
neurological signs and symptoms, headache, vomiting, 
seizures, and reduced consciousness often dispro-
portionate to focal deficits all suggest mass e!ect from an 
underlying haematoma; neck sti!ness indicates chemical 
meningitis from extension of intraventricular haemor-
rhage into the subarachnoid space. Neuro imaging should 
be done immediately to confirm the diagnosis of stroke 
and the underlying pathological process.

Neuroimaging
Neuroimaging done rapidly after presentation, either 
CT or MRI, is needed to di!erentiate intracerebral 
haemorrhage from acute ischaemic stroke (in patients 
presenting with acute focal neurological symptoms) or 
tumours—either primary brain tumours (eg, pituitary) or 
metastasis (eg, renal, melanoma)—which are prone to 
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d. Patient disposition from the emergency department

(ED)

The ENLS suggested algorithm for the initial manage-
ment of ICH is shown in Fig. 1. Suggested items to

complete within the first hour of evaluating a patient with

ICH are shown in Table 1

Diagnosis

ICH may result from a variety of underlying etiologies.

Rupture of a small arteriole due to chronic hypertension
accounts for approximately 60% of cases. Other common

causes include cerebral amyloid angiopathy, coagulopathy

due to treatment with antithrombotic medications, sympa-
thomimetic drugs such as cocaine, and underlying vascular

anomalies such as arteriovenous malformations (AVMs) or

cavernous malformations. Less common causes include
cerebral vasculitis, Moya–Moya syndrome, and rupture of

a saccular or mycotic aneurysm. Secondary hemorrhagic

transformation of an arterial or venous infarct may also
occur.

Most patients with acute ICH develop the sudden onset

of a focal neurological abnormality. Without neuroimag-
ing, the ICH neurological syndrome often cannot be

reliably distinguished from an acute ischemic stroke.

Headache, progressive neurological signs and symptoms,
acute severe hypertension, and decreased level of con-

sciousness occur more frequently in ICH than in ischemic

stroke.
The initial prehospital and ED resuscitation is similar

across stroke subtypes, with rapid neuroimaging being
essential to diagnosis. Because treatments for ICH and

acute ischemic stroke are different, ICH-specific interven-

tions are not provided until the diagnosis is made. Thus,
prehospital care focuses on management of the ABCs and

rapid transport to a designated stroke receiving hospital.

Non-contrast computed tomography (CT) is the most
commonly used modality given that it can be done quickly,

can be used for critically ill patients, and has a very high

sensitivity and specificity for acute parenchymal hemor-
rhage. Magnetic resonance imaging (MRI) may have a

similar sensitivity to identify ICH, but logistics related to

availability and the clinical condition of the patient limits
its use as a primary modality [3, 4].

Fig. 1 ENLS Intracerebral
Hemorrhage protocol
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robust leak.30 Although dynamic CT angiography31 and 
CT perfusion32,33 ensure good detection of contrast 
extravasation in the brain and might provide a more 
robust measure of extravasation rate, these methods 
have a higher radiation dose than single-phase or multi-
phase CT angiography. Ultimately, however, the clinical 
utility of the CT angiography spot sign for management 
of patients with intracerebral haemor rhage has not 
been defined.

Prognostic scales
The ICH score is the most commonly used prognostic 
scale that combines demographic and clinical infor-
mation with the location and volume of intracerebral 
haemorrhage and presence of intraventricular haemor-
rhage.34 Although other scores are available, none are 
substantially better at predicting outcomes, particularly 
that of early death.35 Part of the problem is that loss 
of consciousness, a prominent feature of intracerebral 
haemorrhage, complicates the use of neurological assess-
ment scales, such as the National Institutes of Health 
Stroke Scale. Altered consciousness can also be related to 
complications such as seizures, dehydration, head injury 
from falling, cerebral anoxia from airway obstruction, 
or even cardiac arrest. Scores that include the CT 
angiography spot sign or other haematoma patterns on 
non-contrast CT seem to predict haematoma growth, but 
are not superior to established clinical (ie, neurological 
severity) and haematoma (ie, haematoma volume, 
presence of intraventricular haemorrhage) parameters at 
predicting clinical outcome.36

Classification of causes
The notion of primary disease is entrenched in 
conventional medical practice, but there is no such thing 
as primary intracerebral haemorrhage in the same 
way that there is no such thing as primary cerebral 
infarction. The major risk factors for spontaneous 
intracerebral haemorrhage are ageing, male sex, high 
blood pressure, illicit drug use, excessive alcohol 
consumption (particularly with a binge pattern), and 
dietary (eg, high salt consumption and low consumption 
of fruit and fresh vegetables37) and genetic factors, which 
preferentially influence endothelial integrity. Vascular 
risk factors are often considered as an underlying cause, 
whereas the actual underlying pathological cause 
(eg, small vessel disease, amyloid angiopathy, or vascular 
malformation) in intracerebral haemorrhage is not 
well acknowledged or goes undetected. Heterogeneous 
disease entities, such as cerebral amyloid angiopathy, 
vasculitis, and deep perforating vasculopathy, are 
often included together only because they share one 
common com plication of acute bleeding into the brain 
parenchyma. Thus, spontaneous intracerebral haemor-
rhage should be considered as a heterogeneous 
condition, for which the attending clinician is required 
to investigate the cause, the most frequent being deep 

perforating vasculopathy and sporadic cerebral amyloid 
angiopathy.

Deep perforating vasculopathy or arteriolosclerosis
Often called hypertensive intracerebral haemorrhage, 
deep perforating vasculopathy or arteriolosclerosis is 
the main cause of intracerebral haemorrhages that are 
most often located in the basal ganglia, thalamus, and 
brainstem. How much cerebellar intracerebral haemor-
rhage relates to hypertension versus cerebral amyloid 
angiopathy is uncertain. In the absence of prospectively 
validated diagnostic criteria, clinicians should keep in 
mind that the presence of risk factors is neither 
necessary nor su!cient to conclude that a deep 
intracerebral haemorrhage is due to arteriolosclerosis.38 
Because this vasculopathy has two modalities of 
expression—haemorrhagic and occlusive—clinicians 
should search for biomarkers for chronic damage to the 
brain, such as cerebral white matter lesions, lacunes, 
microbleeds, or old intracerebral haemorrhage located 
in the basal ganglia or brainstem. To assess chronic, 
often silent, lesions dedicated MRI sequences such as 
fluid-attenuated inversion recovery, gradient echo T2*, 
or susceptibility-weighted imaging  are useful (figure 1). 
In the absence of features of arteriolosclerosis, even in 
an elderly patient with hypertension, clinicians should 
consider searching for other causes, especially for small 
deep arteriovenous malformations, for which surgical 
intervention can have beneficial e"ects.

Cerebral amyloid angiopathy
Cerebral amyloid angiopathy is characterised by the 
presence of amyloid-# protein within cortical and 
leptomeningeal blood vessel walls, and is a common 
cause of a lobar intracerebral haemorrhage. Indeed, 
cerebral amyloid angiopathy is associated with a high 
risk of rebleeding of about 9% per year;39 however, some 

A B

Figure !: Brain MRI, axial slices
(A) Fluid-attenuated inversion recovery sequence showing occlusive features of deep perforating vasculopathy 
with extensive white-matter hyperintensities (green arrow) and lacunes in the right basal ganglia. (B) T2* gradient 
echo sequence showing haemorrhagic features of deep perforating vasculopathy with a deep left haematoma 
(green arrow head) and deep right microhaemorrhages (red arrow).
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Intracerebral haemorrhage: current approaches to acute 
management
Charlotte Cordonnier, Andrew Demchuk, Wendy Ziai, Craig S Anderson

Acute spontaneous intracerebral haemorrhage is a life-threatening illness of global importance, with a poor 
prognosis and few proven treatments. As a heterogeneous disease, certain clinical and imaging features help 
identify the cause, prognosis, and how to manage the disease. Survival and recovery from intracerebral 
haemorrhage are related to the site, mass e!ect, and intracranial pressure from the underlying haematoma, and 
by subsequent cerebral oedema from perihaematomal neurotoxicity or inflammation and complications from 
prolonged neurological dysfunction. A moderate level of evidence supports there being beneficial e!ects of active 
management goals with avoidance of early palliative care orders, well-coordinated specialist stroke unit care, 
targeted neurointensive and surgical interventions, early control of elevated blood pressure, and rapid reversal of 
abnormal coagulation.

Introduction
Acute spontaneous (non-traumatic) intracerebral 
haemorrhage is the most common type of spontaneous 
intracranial haemorrhage (others being subarachnoid 
haemorrhage and isolated intraventricular haemor-
rhage) and is the most serious and least treatable form 
of stroke that a!ects approximately 2 million people 
in the world each year.1 It is a life-threatening and 
disabling event, usually manifest as a rapidly expanding 
haematoma arising within the brain parenchyma, with 
potential extension into the ventricular system and 
subarachnoid or dural spaces. One in three patients die 
within the first month of onset, and survivors have 
varying degrees of residual disability and high risk of 
recurrent intracerebral haemorrhage, other serious 
vascular events, and neuro logical complications such 
as epilepsy and dementia. As most cases occur in 
working adults in large populations of low-income and 
middle-income countries, among whom the prevalence 
of hypertension and other vascular risk factors is high, 
intracerebral haemorrhage has enormous social and 
economic e!ects from the resultant loss of productive 
life years. A meta-analysis of available population-based 
studies showed stable early case fatality for intracerebral 
haemorrhage between 1980 and 2008.2 More recent 
data have shown favourable trends in survival from 
intracerebral haemorrhage in the Netherlands,3 the 
UK,4 and France,5 possibly related to the development 
of specialist-organised stroke unit care. Unfortunately, 
there is still no medical treatment for acute intracerebral 
haemorrhage that is clearly beneficial, and the role of 
surgery remains controversial despite its widespread 
use in various forms. We review the evidence and o!er 
guidance in the management of intracerebral haemor-
rhage, for which recent advances provide encouraging 
information about reducing cerebral injury, preventing 
complications, and promoting recovery from this 
complex and challenging illness.

Acute assessment
Intracerebral haemorrhage is di"cult to di!erentiate 
from acute ischaemic stroke at the bedside, but certain 
features suggest its diagnosis: rapidly progressive 
neurological signs and symptoms, headache, vomiting, 
seizures, and reduced consciousness often dispro-
portionate to focal deficits all suggest mass e!ect from an 
underlying haematoma; neck sti!ness indicates chemical 
meningitis from extension of intraventricular haemor-
rhage into the subarachnoid space. Neuro imaging should 
be done immediately to confirm the diagnosis of stroke 
and the underlying pathological process.

Neuroimaging
Neuroimaging done rapidly after presentation, either 
CT or MRI, is needed to di!erentiate intracerebral 
haemorrhage from acute ischaemic stroke (in patients 
presenting with acute focal neurological symptoms) or 
tumours—either primary brain tumours (eg, pituitary) or 
metastasis (eg, renal, melanoma)—which are prone to 
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Search strategy and selection criteria

We searched PubMed for papers published between 
Dec 1, 1945, and April 1, 2018. We used the search terms: 
“intracerebral haemorrhage” or “haemorrhagic stroke” or 
“intracranial haemorrhage”. Two authors independently 
reviewed all the retrieved articles. In case of disagreements 
regarding the literature search results, another author was 
consulted to formulate a mutual consensus. The search 
focused on articles published in English. We mostly selected 
publications from the past 5 years but did not exclude 
commonly referenced and highly regarded older 
publications. We also searched the reference lists of articles 
identified by this search and selected those we judged 
relevant. Review articles are cited to provide readers with 
more detail.

Management
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When do you operate?

• Major trials: STICH & MISTIE

• No difference in functional outcome, long 
term mortality 
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• Cerebellar hemorrhage >3cm

• Brainstem compression
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• 506 Patients with >30ml of ICH 

• Spontaneous, non-traumatic, supratentorial

• Safe

• Better functional outcome if clot reduced to 
<15ml

Articles

www.thelancet.com   Vol 393   March 9, 2019 1021

E!cacy and safety of minimally invasive surgery with 
thrombolysis in intracerebral haemorrhage evacuation 
(MISTIE III): a randomised, controlled, open-label, blinded 
endpoint phase 3 trial
Daniel F Hanley*, Richard E Thompson*, Michael Rosenblum, Gayane Yenokyan*, Karen Lane*, Nichol McBee*, Steven W Mayo*, 
Amanda J Bistran-Hall, Dheeraj Gandhi, W Andrew Mould, Natalie Ullman, Hasan Ali, J Ricardo Carhuapoma, Carlos S Kase, Kennedy R Lees*, 
Jesse Dawson, Alastair Wilson, Joshua F Betz, Elizabeth A Sugar*, Yi Hao, Radhika Avadhani, Jean-Louis Caron, Mark R Harrigan, 
Andrew P Carlson, Diederik Bulters, David LeDoux, Judy Huang, Cully Cobb, Gaurav Gupta, Ryan Kitagawa, Michael R Chicoine, Hiren Patel, 
Robert Dodd, Paul J Camarata, Stacey Wolfe, Agnieszka Stadnik, P Lynn Money, Patrick Mitchell, Rosario Sarabia, Sagi Harnof, Pal Barzo, 
Andreas Unterberg, Jeanne S Teitelbaum, Weimin Wang, Craig S Anderson, A David Mendelow*, Barbara Gregson*, Scott Janis*, Paul Vespa*, 
Wendy Ziai*, Mario Zuccarello*, Issam A Awad*, for the MISTIE III Investigators†

Summary
Background Acute stroke due to supratentorial intracerebral haemorrhage is associated with high morbidity and 
mortality. Open craniotomy haematoma evacuation has not been found to have any benefit in large randomised trials. 
We assessed whether minimally invasive catheter evacuation followed by thrombolysis (MISTIE), with the aim of 
decreasing clot size to 15 mL or less, would improve functional outcome in patients with intracerebral haemorrhage.

Methods MISTIE III was an open-label, blinded endpoint, phase 3 trial done at 78 hospitals in the USA, Canada, 
Europe, Australia, and Asia. We enrolled patients aged 18 years or older with spontaneous, non-traumatic, supratentorial 
intracerebral haemorrhage of 30 mL or more. We used a computer-generated number sequence with a block size of 
four or six to centrally randomise patients to image-guided MISTIE treatment (1·0 mg alteplase every 8 h for up to 
nine doses) or standard medical care. Primary outcome was good functional outcome, defined as the proportion 
of patients who achieved a modified Rankin Scale (mRS) score of 0–3 at 365 days, adjusted for group di!erences 
in prespecified baseline covariates (stability intracerebral haemorrhage size, age, Glasgow Coma Scale, stability 
intraventricular haemorrhage size, and clot location). Analysis of the primary e"cacy outcome was done in the 
modified intention-to-treat (mITT) population, which included all eligible, randomly assigned patients who were 
exposed to treatment. All randomly assigned patients were included in the safety analysis. This study is registered with 
ClinicalTrials.gov, number NCT01827046.

Findings Between Dec 30, 2013, and Aug 15, 2017, 506 patients were randomly allocated: 255 (50%) to the MISTIE 
group and 251 (50%) to standard medical care. 499 patients (n=250 in the MISTIE group; n=249 in the standard 
medical care group) received treatment and were included in the mITT analysis set. The mITT primary adjusted 
e"cacy analysis estimated that 45% of patients in the MISTIE group and 41% patients in the standard medical care 
group had achieved an mRS score of 0–3 at 365 days (adjusted risk di!erence 4% [95% CI –4 to 12]; p=0·33). Sensitivity 
analyses of 365-day mRS using generalised ordered logistic regression models adjusted for baseline variables showed 
that the estimated odds ratios comparing MISTIE with standard medical care for mRS scores higher than 5 versus 
5 or less, higher than 4 versus 4 or less, higher than 3 versus 3 or less, and higher than 2 versus 2 or less were 0·60 
(p=0·03), 0·84 (p=0·42), 0·87 (p=0·49), and 0·82 (p=0·44), respectively. At 7 days, two (1%) of 255 patients in the 
MISTIE group and ten (4%) of 251 patients in the standard medical care group had died (p=0·02) and at 30 days, 
24 (9%) patients in the MISTIE group and 37 (15%) patients in the standard medical care group had died (p=0·07). 
The number of patients with symptomatic bleeding and brain bacterial infections was similar between the MISTIE 
and standard medical care groups (six [2%] of 255 patients vs three [1%] of 251 patients; p=0·33 for symptomatic 
bleeding; two [1%] of 255 patients vs 0 [0%] of 251 patients; p=0·16 for brain bacterial infections). At 30 days, 76 (30%) 
of 255 patients in the MISTIE group and 84 (33%) of 251 patients in the standard medical care group had one or more 
serious adverse event, and the di!erence in number of serious adverse events between the groups was statistically 
significant (p=0·012).

Interpretation For moderate to large intracerebral haemorrhage, MISTIE did not improve the proportion of patients 
who achieved a good response 365 days after intracerebral haemorrhage. The procedure was safely adopted by our 
sample of surgeons.
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E!cacy and safety of minimally invasive surgery with 
thrombolysis in intracerebral haemorrhage evacuation 
(MISTIE III): a randomised, controlled, open-label, blinded 
endpoint phase 3 trial
Daniel F Hanley*, Richard E Thompson*, Michael Rosenblum, Gayane Yenokyan*, Karen Lane*, Nichol McBee*, Steven W Mayo*, 
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Andrew P Carlson, Diederik Bulters, David LeDoux, Judy Huang, Cully Cobb, Gaurav Gupta, Ryan Kitagawa, Michael R Chicoine, Hiren Patel, 
Robert Dodd, Paul J Camarata, Stacey Wolfe, Agnieszka Stadnik, P Lynn Money, Patrick Mitchell, Rosario Sarabia, Sagi Harnof, Pal Barzo, 
Andreas Unterberg, Jeanne S Teitelbaum, Weimin Wang, Craig S Anderson, A David Mendelow*, Barbara Gregson*, Scott Janis*, Paul Vespa*, 
Wendy Ziai*, Mario Zuccarello*, Issam A Awad*, for the MISTIE III Investigators†

Summary
Background Acute stroke due to supratentorial intracerebral haemorrhage is associated with high morbidity and 
mortality. Open craniotomy haematoma evacuation has not been found to have any benefit in large randomised trials. 
We assessed whether minimally invasive catheter evacuation followed by thrombolysis (MISTIE), with the aim of 
decreasing clot size to 15 mL or less, would improve functional outcome in patients with intracerebral haemorrhage.

Methods MISTIE III was an open-label, blinded endpoint, phase 3 trial done at 78 hospitals in the USA, Canada, 
Europe, Australia, and Asia. We enrolled patients aged 18 years or older with spontaneous, non-traumatic, supratentorial 
intracerebral haemorrhage of 30 mL or more. We used a computer-generated number sequence with a block size of 
four or six to centrally randomise patients to image-guided MISTIE treatment (1·0 mg alteplase every 8 h for up to 
nine doses) or standard medical care. Primary outcome was good functional outcome, defined as the proportion 
of patients who achieved a modified Rankin Scale (mRS) score of 0–3 at 365 days, adjusted for group di!erences 
in prespecified baseline covariates (stability intracerebral haemorrhage size, age, Glasgow Coma Scale, stability 
intraventricular haemorrhage size, and clot location). Analysis of the primary e"cacy outcome was done in the 
modified intention-to-treat (mITT) population, which included all eligible, randomly assigned patients who were 
exposed to treatment. All randomly assigned patients were included in the safety analysis. This study is registered with 
ClinicalTrials.gov, number NCT01827046.

Findings Between Dec 30, 2013, and Aug 15, 2017, 506 patients were randomly allocated: 255 (50%) to the MISTIE 
group and 251 (50%) to standard medical care. 499 patients (n=250 in the MISTIE group; n=249 in the standard 
medical care group) received treatment and were included in the mITT analysis set. The mITT primary adjusted 
e"cacy analysis estimated that 45% of patients in the MISTIE group and 41% patients in the standard medical care 
group had achieved an mRS score of 0–3 at 365 days (adjusted risk di!erence 4% [95% CI –4 to 12]; p=0·33). Sensitivity 
analyses of 365-day mRS using generalised ordered logistic regression models adjusted for baseline variables showed 
that the estimated odds ratios comparing MISTIE with standard medical care for mRS scores higher than 5 versus 
5 or less, higher than 4 versus 4 or less, higher than 3 versus 3 or less, and higher than 2 versus 2 or less were 0·60 
(p=0·03), 0·84 (p=0·42), 0·87 (p=0·49), and 0·82 (p=0·44), respectively. At 7 days, two (1%) of 255 patients in the 
MISTIE group and ten (4%) of 251 patients in the standard medical care group had died (p=0·02) and at 30 days, 
24 (9%) patients in the MISTIE group and 37 (15%) patients in the standard medical care group had died (p=0·07). 
The number of patients with symptomatic bleeding and brain bacterial infections was similar between the MISTIE 
and standard medical care groups (six [2%] of 255 patients vs three [1%] of 251 patients; p=0·33 for symptomatic 
bleeding; two [1%] of 255 patients vs 0 [0%] of 251 patients; p=0·16 for brain bacterial infections). At 30 days, 76 (30%) 
of 255 patients in the MISTIE group and 84 (33%) of 251 patients in the standard medical care group had one or more 
serious adverse event, and the di!erence in number of serious adverse events between the groups was statistically 
significant (p=0·012).

Interpretation For moderate to large intracerebral haemorrhage, MISTIE did not improve the proportion of patients 
who achieved a good response 365 days after intracerebral haemorrhage. The procedure was safely adopted by our 
sample of surgeons.
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standard medical care group achieved an eGOS score of 
4–8 (adjusted risk di!erence 4·2% (95% CI –3·3 to 11·8%; 
p=0·28) 365 days after stroke. Inclusion of all randomly 
assigned patients (n=506) in the sensitivity analysis did 
not change the primary result.

Estimated all-cause mortality (figure 3) di!ered by 
6–8% throughout the 365-day period (log-rank p=0·08), 
and was significantly lower in the MISTIE group than 
the standard medical care group at 365 days (severity-
adjusted Cox proportional hazard ratio 0·67, 95% CI 
0·45–0·98; p=0·037). Analysis of the association 
between clot removal and functional outcome, adjusted 
for the same baseline variables as the primary e"cacy 
analysis, showed extent of removal was correlated with 
mRS scores of 0–3 (odds ratio 0·68 [95% CI 0·59–0·78; 
p<0·0001; appendix). Similarly, the as-treated analyses 
comparing the proportion of patients who achieved the 
surgical aim (clot size #15 mL) in the MISTIE group 
with the standard medical care group showed a 
10·5% increase in risk di!erence (95% CI 1·0–20·0; 
p=0·03) in mRS scores of 0–3 at 365 days after 
controlling for variation in initial severity factors and 
severity matching (appendix). These secondary analyses 
are not adjusted for multiplicity and should be 
interpreted as exploratory.

Intracranial pressure elevation and cerebral perfusion 
pressure depression were less common in the MISTIE 
group than the standard medical care group (table 2). 
Patient disposition, 180-day function, other intensive 
care unit care, and quality of life were similar between 
the groups (appendix). Additional subgroup analyses, the 
as-treated analyses, site random e!ects analyses, and a 

Figure !: mRS and eGOS scores 365 days after stroke in the modified intention-to-treat analysis set 
mRS scores range from 0 (no disability) to 6 (death). eGOS scores range from 8 (upper good recovery) to 1 (death). 110 (44%) of 249 patients in the MISTIE group 
and 100 (42%) of 240 patients in the standard medical care group had an mRS score of 3 or less 365 days after stroke. 139 (56%) of 249 patients in the MISTIE group 
and 140 (58%) of 240 patients in the standard medical care group had an mRS score of 4–6 365 days after stroke. mRS scores were missing for 10 of 499 patients: 
six patients were lost to follow-up and four patients withdrew. 94 (39%) of 244 patients in the MISTIE group and 84 (36%) of 234 patients in the standard medical 
care group had achieved eGOS scores of 4–8 (upper severe disability to upper good recovery) 365 days after stroke, and 150 (61%) patients in the MISTIE group and 
150 (64%) patients in the standard medical care group had eGOS scores of 1–3 (lower severe disability to death) 365 days after stroke. eGOS scores were missing for 
21 of 499 patients, of whom 11 completed the study with no eGOS reported, six were lost to follow-up, and four refused further participation. Detailed ordinal 
measures for mRS and eGOS are shown in the appendix. mRS=modified Rankin Scale. eGOS=extended Glasgow Outcome Scale.
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Summary
Background Acute stroke due to supratentorial intracerebral haemorrhage is associated with high morbidity and 
mortality. Open craniotomy haematoma evacuation has not been found to have any benefit in large randomised trials. 
We assessed whether minimally invasive catheter evacuation followed by thrombolysis (MISTIE), with the aim of 
decreasing clot size to 15 mL or less, would improve functional outcome in patients with intracerebral haemorrhage.

Methods MISTIE III was an open-label, blinded endpoint, phase 3 trial done at 78 hospitals in the USA, Canada, 
Europe, Australia, and Asia. We enrolled patients aged 18 years or older with spontaneous, non-traumatic, supratentorial 
intracerebral haemorrhage of 30 mL or more. We used a computer-generated number sequence with a block size of 
four or six to centrally randomise patients to image-guided MISTIE treatment (1·0 mg alteplase every 8 h for up to 
nine doses) or standard medical care. Primary outcome was good functional outcome, defined as the proportion 
of patients who achieved a modified Rankin Scale (mRS) score of 0–3 at 365 days, adjusted for group di!erences 
in prespecified baseline covariates (stability intracerebral haemorrhage size, age, Glasgow Coma Scale, stability 
intraventricular haemorrhage size, and clot location). Analysis of the primary e"cacy outcome was done in the 
modified intention-to-treat (mITT) population, which included all eligible, randomly assigned patients who were 
exposed to treatment. All randomly assigned patients were included in the safety analysis. This study is registered with 
ClinicalTrials.gov, number NCT01827046.

Findings Between Dec 30, 2013, and Aug 15, 2017, 506 patients were randomly allocated: 255 (50%) to the MISTIE 
group and 251 (50%) to standard medical care. 499 patients (n=250 in the MISTIE group; n=249 in the standard 
medical care group) received treatment and were included in the mITT analysis set. The mITT primary adjusted 
e"cacy analysis estimated that 45% of patients in the MISTIE group and 41% patients in the standard medical care 
group had achieved an mRS score of 0–3 at 365 days (adjusted risk di!erence 4% [95% CI –4 to 12]; p=0·33). Sensitivity 
analyses of 365-day mRS using generalised ordered logistic regression models adjusted for baseline variables showed 
that the estimated odds ratios comparing MISTIE with standard medical care for mRS scores higher than 5 versus 
5 or less, higher than 4 versus 4 or less, higher than 3 versus 3 or less, and higher than 2 versus 2 or less were 0·60 
(p=0·03), 0·84 (p=0·42), 0·87 (p=0·49), and 0·82 (p=0·44), respectively. At 7 days, two (1%) of 255 patients in the 
MISTIE group and ten (4%) of 251 patients in the standard medical care group had died (p=0·02) and at 30 days, 
24 (9%) patients in the MISTIE group and 37 (15%) patients in the standard medical care group had died (p=0·07). 
The number of patients with symptomatic bleeding and brain bacterial infections was similar between the MISTIE 
and standard medical care groups (six [2%] of 255 patients vs three [1%] of 251 patients; p=0·33 for symptomatic 
bleeding; two [1%] of 255 patients vs 0 [0%] of 251 patients; p=0·16 for brain bacterial infections). At 30 days, 76 (30%) 
of 255 patients in the MISTIE group and 84 (33%) of 251 patients in the standard medical care group had one or more 
serious adverse event, and the di!erence in number of serious adverse events between the groups was statistically 
significant (p=0·012).

Interpretation For moderate to large intracerebral haemorrhage, MISTIE did not improve the proportion of patients 
who achieved a good response 365 days after intracerebral haemorrhage. The procedure was safely adopted by our 
sample of surgeons.
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standard medical care group achieved an eGOS score of 
4–8 (adjusted risk di!erence 4·2% (95% CI –3·3 to 11·8%; 
p=0·28) 365 days after stroke. Inclusion of all randomly 
assigned patients (n=506) in the sensitivity analysis did 
not change the primary result.

Estimated all-cause mortality (figure 3) di!ered by 
6–8% throughout the 365-day period (log-rank p=0·08), 
and was significantly lower in the MISTIE group than 
the standard medical care group at 365 days (severity-
adjusted Cox proportional hazard ratio 0·67, 95% CI 
0·45–0·98; p=0·037). Analysis of the association 
between clot removal and functional outcome, adjusted 
for the same baseline variables as the primary e"cacy 
analysis, showed extent of removal was correlated with 
mRS scores of 0–3 (odds ratio 0·68 [95% CI 0·59–0·78; 
p<0·0001; appendix). Similarly, the as-treated analyses 
comparing the proportion of patients who achieved the 
surgical aim (clot size #15 mL) in the MISTIE group 
with the standard medical care group showed a 
10·5% increase in risk di!erence (95% CI 1·0–20·0; 
p=0·03) in mRS scores of 0–3 at 365 days after 
controlling for variation in initial severity factors and 
severity matching (appendix). These secondary analyses 
are not adjusted for multiplicity and should be 
interpreted as exploratory.

Intracranial pressure elevation and cerebral perfusion 
pressure depression were less common in the MISTIE 
group than the standard medical care group (table 2). 
Patient disposition, 180-day function, other intensive 
care unit care, and quality of life were similar between 
the groups (appendix). Additional subgroup analyses, the 
as-treated analyses, site random e!ects analyses, and a 

Figure !: mRS and eGOS scores 365 days after stroke in the modified intention-to-treat analysis set 
mRS scores range from 0 (no disability) to 6 (death). eGOS scores range from 8 (upper good recovery) to 1 (death). 110 (44%) of 249 patients in the MISTIE group 
and 100 (42%) of 240 patients in the standard medical care group had an mRS score of 3 or less 365 days after stroke. 139 (56%) of 249 patients in the MISTIE group 
and 140 (58%) of 240 patients in the standard medical care group had an mRS score of 4–6 365 days after stroke. mRS scores were missing for 10 of 499 patients: 
six patients were lost to follow-up and four patients withdrew. 94 (39%) of 244 patients in the MISTIE group and 84 (36%) of 234 patients in the standard medical 
care group had achieved eGOS scores of 4–8 (upper severe disability to upper good recovery) 365 days after stroke, and 150 (61%) patients in the MISTIE group and 
150 (64%) patients in the standard medical care group had eGOS scores of 1–3 (lower severe disability to death) 365 days after stroke. eGOS scores were missing for 
21 of 499 patients, of whom 11 completed the study with no eGOS reported, six were lost to follow-up, and four refused further participation. Detailed ordinal 
measures for mRS and eGOS are shown in the appendix. mRS=modified Rankin Scale. eGOS=extended Glasgow Outcome Scale.
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Summary
Background Acute stroke due to supratentorial intracerebral haemorrhage is associated with high morbidity and 
mortality. Open craniotomy haematoma evacuation has not been found to have any benefit in large randomised trials. 
We assessed whether minimally invasive catheter evacuation followed by thrombolysis (MISTIE), with the aim of 
decreasing clot size to 15 mL or less, would improve functional outcome in patients with intracerebral haemorrhage.

Methods MISTIE III was an open-label, blinded endpoint, phase 3 trial done at 78 hospitals in the USA, Canada, 
Europe, Australia, and Asia. We enrolled patients aged 18 years or older with spontaneous, non-traumatic, supratentorial 
intracerebral haemorrhage of 30 mL or more. We used a computer-generated number sequence with a block size of 
four or six to centrally randomise patients to image-guided MISTIE treatment (1·0 mg alteplase every 8 h for up to 
nine doses) or standard medical care. Primary outcome was good functional outcome, defined as the proportion 
of patients who achieved a modified Rankin Scale (mRS) score of 0–3 at 365 days, adjusted for group di!erences 
in prespecified baseline covariates (stability intracerebral haemorrhage size, age, Glasgow Coma Scale, stability 
intraventricular haemorrhage size, and clot location). Analysis of the primary e"cacy outcome was done in the 
modified intention-to-treat (mITT) population, which included all eligible, randomly assigned patients who were 
exposed to treatment. All randomly assigned patients were included in the safety analysis. This study is registered with 
ClinicalTrials.gov, number NCT01827046.

Findings Between Dec 30, 2013, and Aug 15, 2017, 506 patients were randomly allocated: 255 (50%) to the MISTIE 
group and 251 (50%) to standard medical care. 499 patients (n=250 in the MISTIE group; n=249 in the standard 
medical care group) received treatment and were included in the mITT analysis set. The mITT primary adjusted 
e"cacy analysis estimated that 45% of patients in the MISTIE group and 41% patients in the standard medical care 
group had achieved an mRS score of 0–3 at 365 days (adjusted risk di!erence 4% [95% CI –4 to 12]; p=0·33). Sensitivity 
analyses of 365-day mRS using generalised ordered logistic regression models adjusted for baseline variables showed 
that the estimated odds ratios comparing MISTIE with standard medical care for mRS scores higher than 5 versus 
5 or less, higher than 4 versus 4 or less, higher than 3 versus 3 or less, and higher than 2 versus 2 or less were 0·60 
(p=0·03), 0·84 (p=0·42), 0·87 (p=0·49), and 0·82 (p=0·44), respectively. At 7 days, two (1%) of 255 patients in the 
MISTIE group and ten (4%) of 251 patients in the standard medical care group had died (p=0·02) and at 30 days, 
24 (9%) patients in the MISTIE group and 37 (15%) patients in the standard medical care group had died (p=0·07). 
The number of patients with symptomatic bleeding and brain bacterial infections was similar between the MISTIE 
and standard medical care groups (six [2%] of 255 patients vs three [1%] of 251 patients; p=0·33 for symptomatic 
bleeding; two [1%] of 255 patients vs 0 [0%] of 251 patients; p=0·16 for brain bacterial infections). At 30 days, 76 (30%) 
of 255 patients in the MISTIE group and 84 (33%) of 251 patients in the standard medical care group had one or more 
serious adverse event, and the di!erence in number of serious adverse events between the groups was statistically 
significant (p=0·012).

Interpretation For moderate to large intracerebral haemorrhage, MISTIE did not improve the proportion of patients 
who achieved a good response 365 days after intracerebral haemorrhage. The procedure was safely adopted by our 
sample of surgeons.
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patients with spontaneous supratentorial lobar intracerebral 
haematomas (STICH II): a randomised trial
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Summary
Background The balance of risk and benefi t from early neurosurgical intervention for conscious patients with 
superfi cial lobar intracerebral haemorrhage of 10–100 mL and no intraventricular haemorrhage admitted within 48 h 
of ictus is unclear. We therefore tested the hypothesis that early surgery compared with initial conservative treatment 
could improve outcome in these patients.

Methods In this international, parallel-group trial undertaken in 78 centres in 27 countries, we compared early 
surgical haematoma evacuation within 12 h of randomisation plus medical treatment with initial medical treatment 
alone (later evacuation was allowed if judged necessary). An automatic telephone and internet-based randomisation 
service was used to assign patients to surgery and initial conservative treatment in a 1:1 ratio. The trial was not 
masked. The primary outcome was a prognosis-based dichotomised (favourable or unfavourable) outcome of the 
8 point Extended Glasgow Outcome Scale (GOSE) obtained by questionnaires posted to patients at 6 months. Analysis 
was by intention to treat. This trial is registered, number ISRCTN22153967.

Findings 307 of 601 patients were randomly assigned to early surgery and 294 to initial conservative treatment; 298 and 
291 were followed up at 6 months, respectively; and 297 and 286 were included in the analysis, respectively. 174 (59%) 
of 297 patients in the early surgery group had an unfavourable outcome versus 178 (62%) of 286 patients in the initial 
conservative treatment group (absolute di! erence 3·7% [95% CI –4·3 to 11·6], odds ratio 0·86 [0·62 to 1·20]; p=0·367).

Interpretation The STICH II results confi rm that early surgery does not increase the rate of death or disability at 
6 months and might have a small but clinically relevant survival advantage for patients with spontaneous superfi cial 
intracerebral haemorrhage without intraventricular haemorrhage.

Funding UK Medical Research Council.

Introduction
Spontaneous supratentorial intracerebral haemorrhage 
is a heterogeneous disorder with clinical manifestations 
that range from none to rapid death. It a! ects 4 million 
patients worldwide each year and median case fatality at 
1 month is 40%.1 Many survivors remain severely disabled 
and therefore are an enormous burden on stroke services 
with only a quarter having a good outcome.2

Surgery has the potential to reduce the volume of 
intracerebral haemorrhage and there is clinical and 
experimental evidence that mass removal might reduce 
nervous tissue damage, possibly by relieving local 
ischaemia3–6 or removal of noxious chemicals.7–9 Never-
theless, responses to surgery do not seem to be 
homogeneous, with trial data, expert opinion, and 
mechanistic reasoning all indicating that early surgery 
benefi ts only some clots. For example, large, surgically 
accessible clots exerting a mass e! ect might benefi t 
from early surgery; whereas inaccessible clots, with 
surgical approach paths that cross eloquent speech and 
motor regions probably do not. Therefore, most neuro-
surgeons would remove a large frontopolar intracerebral 
haemor rhage with recent deterioration in conscious-
ness and would not remove a small intracerebral 

haemorrhage in the internal capsule or basal ganglia. 
Also some clots are too small or the patient is too well to 
consider intervention. The hypothesis in the present 
STICH II study was based on the results of a subgroup 
analysis from the fi rst STICH trial that accorded with 
these ideas.10

Several prospective randomised controlled trials11–19 
were undertaken during the previous century, cul min-
ating in the fi rst large trial of early surgery for spon-
taneous supratentorial intracerebral haemor rhage,20 the 
results of which were neutral. This outcome seemed to 
occur because some groups of patients did worse with 
surgery (those with deep-seated bleeds or with intra-
ventricular haemorrhage and hydrocephalus) and some 
better (patients with superfi cial lobar haematomas 
without intraventricular haemorrhage).10 The same e! ect 
was noted in a meta-analysis of other studies: a benefi t 
with surgery that was not signifi cant.21

These fi ndings led to the STICH II trial, designed to 
fi nd out whether early surgery would improve outcomes 
compared with initial conservative treatment in patients 
with superfi cial lobar supratentorial intracerebral 
haemor rhage without intraventricular haemorrhage. The 
hypothesis was that early surgery could improve outcome 
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initial conservative treatment), six (1%) had an ischaemic 
stroke (fi ve and one, respectively), six (1%) a pulmonary 
embolism (one and fi ve, respectively), 16 (3%) a major 
cardiac event (nine and seven, respectively), and 71 (12%) 
pneumonia (31 and 40, respectively).

With the prognosis-based dichotomy of GOSE, 123 (41%) 
of 297 patients in the early surgery group had a favourable 
outcome at 6 months compared with 108 (38%) of 286 
patients in the initial conservative treatment group 
(OR 0·86, 95% CI 0·62 to 1·20; p=0·367). Early surgery 
had an absolute benefi t of 3·7% (table 4) and a relative 
benefi t of 9·7% (–11·4 to 30·8). Adjustment for the 
covariates age, GCS, haemorrhage volume, and neuro-
logical defi cit made little di! erence to the prognosis-based 
outcome (0·85, 0·59 to 1·22; p=0·384).

The mortality rate at 6 months was 18% in the early 
surgery group and 24% in the initial conservative 
treatment group (table 4; OR 0·71, 95% CI 0·48 to 1·06; 
p=0·095); absolute di! erence in favour of early surgery 
was 5·6% (table 4) and the relative di! erence was 7·3% 
(–1·3 to 16·0). The actual survival advantage during the 
fi rst 6 months with early surgery was not signifi cant 
(fi gure 2). 27 (9%) of 298 patients died at 30 days and 
43 (14%) at 90 days in the early surgery group, whereas 
43 (15%) of 291 patients died at 30 days and 63 (22%) at 
90 days in the initial conservative treatment group.

Table 4 shows the full extended GOSE, Rankin, and 
EuroQoL by treatment group. The prognosis-based 
Rankin showed favourable outcome in 47% of the 
patients in the early surgery group and in 44% of those in 
the initial conservative treatment group (p=0·46; table 4); 
the absolute di! erence in favour of early surgery was 
3·1% (table 4) and the relative di! erence was 7·0% 
(95% CI –11·4 to 25·3). The actual distribution of GOSE 
was more favourable for the early surgery group than for 
the initial conservative treatment group (fi gure 3), 
although the di! erence was not signifi cant (p=0·091; 
table 4). The proportional odds model analysis of these 
data (OR 0·77, 95%CI 0·58 to 1·03; p=0·075) was 
consistent with the "# trend analysis.

Figure 4 shows prespecifi ed subgroup analyses and 
analyses for the poor and good prognosis groups. No 
prespecifi ed subgroups showed heterogeneity of treat-
ment response.

At 6 months, 79 (39%) of 203 patients in the poor 
prognosis group died and 67 (33%) had lower severe 
disability, whereas 44 (12%) of 380 patients died in the 
good prognosis group and 63 (17%) had lower severe 
disability. Patients in the good prognosis group were 
much more likely to have a good recovery (85 [22%] of 
380) or moderate disability (89 [23%]) than were those in 
the poor prognosis group (12 [6%] of 203 and 13 [6%], 
respectively). Subgroup analysis of the prognosis-based 
prediction group showed signifi cant heterogeneity 
(I#=79%, p=0·03). Patients in the poor prognosis group 
were more likely to have a favourable outcome with early 
surgery than with initial conservative treatment (OR 0·49, 

95% CI 0·26–0·92; p=0·02; fi gure 4). By contrast, there 
was no advantage for surgery in the good prognosis 
group (1·12, 0·75–1·68; p=0·57).

There were di! erences in the causes of death between 
the two groups. Patients in the early surgery group were 
more likely to die from cardiac events (14 [26%] of 54 vs 
fi ve [7%] of 69) and less likely to die from intracerebral 
haemorrhage or rebleed (eight [15%] vs 20 [29%]), chest 

Figure !: Kaplan–Meier survival curve
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stroke (fi ve and one, respectively), six (1%) a pulmonary 
embolism (one and fi ve, respectively), 16 (3%) a major 
cardiac event (nine and seven, respectively), and 71 (12%) 
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With the prognosis-based dichotomy of GOSE, 123 (41%) 
of 297 patients in the early surgery group had a favourable 
outcome at 6 months compared with 108 (38%) of 286 
patients in the initial conservative treatment group 
(OR 0·86, 95% CI 0·62 to 1·20; p=0·367). Early surgery 
had an absolute benefi t of 3·7% (table 4) and a relative 
benefi t of 9·7% (–11·4 to 30·8). Adjustment for the 
covariates age, GCS, haemorrhage volume, and neuro-
logical defi cit made little di! erence to the prognosis-based 
outcome (0·85, 0·59 to 1·22; p=0·384).

The mortality rate at 6 months was 18% in the early 
surgery group and 24% in the initial conservative 
treatment group (table 4; OR 0·71, 95% CI 0·48 to 1·06; 
p=0·095); absolute di! erence in favour of early surgery 
was 5·6% (table 4) and the relative di! erence was 7·3% 
(–1·3 to 16·0). The actual survival advantage during the 
fi rst 6 months with early surgery was not signifi cant 
(fi gure 2). 27 (9%) of 298 patients died at 30 days and 
43 (14%) at 90 days in the early surgery group, whereas 
43 (15%) of 291 patients died at 30 days and 63 (22%) at 
90 days in the initial conservative treatment group.

Table 4 shows the full extended GOSE, Rankin, and 
EuroQoL by treatment group. The prognosis-based 
Rankin showed favourable outcome in 47% of the 
patients in the early surgery group and in 44% of those in 
the initial conservative treatment group (p=0·46; table 4); 
the absolute di! erence in favour of early surgery was 
3·1% (table 4) and the relative di! erence was 7·0% 
(95% CI –11·4 to 25·3). The actual distribution of GOSE 
was more favourable for the early surgery group than for 
the initial conservative treatment group (fi gure 3), 
although the di! erence was not signifi cant (p=0·091; 
table 4). The proportional odds model analysis of these 
data (OR 0·77, 95%CI 0·58 to 1·03; p=0·075) was 
consistent with the "# trend analysis.

Figure 4 shows prespecifi ed subgroup analyses and 
analyses for the poor and good prognosis groups. No 
prespecifi ed subgroups showed heterogeneity of treat-
ment response.

At 6 months, 79 (39%) of 203 patients in the poor 
prognosis group died and 67 (33%) had lower severe 
disability, whereas 44 (12%) of 380 patients died in the 
good prognosis group and 63 (17%) had lower severe 
disability. Patients in the good prognosis group were 
much more likely to have a good recovery (85 [22%] of 
380) or moderate disability (89 [23%]) than were those in 
the poor prognosis group (12 [6%] of 203 and 13 [6%], 
respectively). Subgroup analysis of the prognosis-based 
prediction group showed signifi cant heterogeneity 
(I#=79%, p=0·03). Patients in the poor prognosis group 
were more likely to have a favourable outcome with early 
surgery than with initial conservative treatment (OR 0·49, 

95% CI 0·26–0·92; p=0·02; fi gure 4). By contrast, there 
was no advantage for surgery in the good prognosis 
group (1·12, 0·75–1·68; p=0·57).

There were di! erences in the causes of death between 
the two groups. Patients in the early surgery group were 
more likely to die from cardiac events (14 [26%] of 54 vs 
fi ve [7%] of 69) and less likely to die from intracerebral 
haemorrhage or rebleed (eight [15%] vs 20 [29%]), chest 

Figure !: Kaplan–Meier survival curve
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Early surgery versus initial conservative treatment in 
patients with spontaneous supratentorial lobar intracerebral 
haematomas (STICH II): a randomised trial
A David Mendelow, Barbara A Gregson, Elise N Rowan, Gordon D Murray, Anil Gholkar, Patrick M Mitchell, for the STICH II Investigators

Summary
Background The balance of risk and benefi t from early neurosurgical intervention for conscious patients with 
superfi cial lobar intracerebral haemorrhage of 10–100 mL and no intraventricular haemorrhage admitted within 48 h 
of ictus is unclear. We therefore tested the hypothesis that early surgery compared with initial conservative treatment 
could improve outcome in these patients.

Methods In this international, parallel-group trial undertaken in 78 centres in 27 countries, we compared early 
surgical haematoma evacuation within 12 h of randomisation plus medical treatment with initial medical treatment 
alone (later evacuation was allowed if judged necessary). An automatic telephone and internet-based randomisation 
service was used to assign patients to surgery and initial conservative treatment in a 1:1 ratio. The trial was not 
masked. The primary outcome was a prognosis-based dichotomised (favourable or unfavourable) outcome of the 
8 point Extended Glasgow Outcome Scale (GOSE) obtained by questionnaires posted to patients at 6 months. Analysis 
was by intention to treat. This trial is registered, number ISRCTN22153967.

Findings 307 of 601 patients were randomly assigned to early surgery and 294 to initial conservative treatment; 298 and 
291 were followed up at 6 months, respectively; and 297 and 286 were included in the analysis, respectively. 174 (59%) 
of 297 patients in the early surgery group had an unfavourable outcome versus 178 (62%) of 286 patients in the initial 
conservative treatment group (absolute di! erence 3·7% [95% CI –4·3 to 11·6], odds ratio 0·86 [0·62 to 1·20]; p=0·367).

Interpretation The STICH II results confi rm that early surgery does not increase the rate of death or disability at 
6 months and might have a small but clinically relevant survival advantage for patients with spontaneous superfi cial 
intracerebral haemorrhage without intraventricular haemorrhage.

Funding UK Medical Research Council.

Introduction
Spontaneous supratentorial intracerebral haemorrhage 
is a heterogeneous disorder with clinical manifestations 
that range from none to rapid death. It a! ects 4 million 
patients worldwide each year and median case fatality at 
1 month is 40%.1 Many survivors remain severely disabled 
and therefore are an enormous burden on stroke services 
with only a quarter having a good outcome.2

Surgery has the potential to reduce the volume of 
intracerebral haemorrhage and there is clinical and 
experimental evidence that mass removal might reduce 
nervous tissue damage, possibly by relieving local 
ischaemia3–6 or removal of noxious chemicals.7–9 Never-
theless, responses to surgery do not seem to be 
homogeneous, with trial data, expert opinion, and 
mechanistic reasoning all indicating that early surgery 
benefi ts only some clots. For example, large, surgically 
accessible clots exerting a mass e! ect might benefi t 
from early surgery; whereas inaccessible clots, with 
surgical approach paths that cross eloquent speech and 
motor regions probably do not. Therefore, most neuro-
surgeons would remove a large frontopolar intracerebral 
haemor rhage with recent deterioration in conscious-
ness and would not remove a small intracerebral 

haemorrhage in the internal capsule or basal ganglia. 
Also some clots are too small or the patient is too well to 
consider intervention. The hypothesis in the present 
STICH II study was based on the results of a subgroup 
analysis from the fi rst STICH trial that accorded with 
these ideas.10

Several prospective randomised controlled trials11–19 
were undertaken during the previous century, cul min-
ating in the fi rst large trial of early surgery for spon-
taneous supratentorial intracerebral haemor rhage,20 the 
results of which were neutral. This outcome seemed to 
occur because some groups of patients did worse with 
surgery (those with deep-seated bleeds or with intra-
ventricular haemorrhage and hydrocephalus) and some 
better (patients with superfi cial lobar haematomas 
without intraventricular haemorrhage).10 The same e! ect 
was noted in a meta-analysis of other studies: a benefi t 
with surgery that was not signifi cant.21

These fi ndings led to the STICH II trial, designed to 
fi nd out whether early surgery would improve outcomes 
compared with initial conservative treatment in patients 
with superfi cial lobar supratentorial intracerebral 
haemor rhage without intraventricular haemorrhage. The 
hypothesis was that early surgery could improve outcome 
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STICH 2

• Small benefit for superficial ICH without IVH

• No difference in death or disability



Future directions

• Seems like we’re getting close to 

• patients who might benefit

• newer devices, MIS

BP parameters should be 
ordered with confidence 

and precision

ICH BP - the studies

• INTERACT & ATACH - SBP <140 is safe

• INTERACT 2 

• either SBP <180 or <140 for 7 days

• Improved mortality/disability with low bp

Current Guidelines
• For ICH patients presenting with SBP between 150 

and 220 mm Hg and without contraindication to acute 
BP treatment, acute lowering of SBP to 140mm Hg is 
safe (Class I; Level of Evidence A) and can be effective 
for improving functional outcome (Class IIa; Level of 
Evidence B).

• For ICH patients presenting with SBP >220 mm Hg, it 
may be reasonable to consider aggressive reduction of 
BP with a continuous intravenous infusion and frequent 
BP monitoring (Class IIb; Level of Evidence C).



ATACH 2

• 24 hrs of <180 or <140 with nicardipine

• no difference in death/disability

• With or without strict maintenance of intensive SBP goals• Increased neurological deterioration
• Increase in cardiac-related adverse events

N Engl J Med 2016; 375:1033-1043

To AED or not

• What causes seizures in these patients?

• Incidence up to 16%

Don’t

• Empirically start AED’s

Do

• Have a low threshold for EEG

• Treat clinical seizures

• Treat electroencephalographic seizures



You’re a hospitalist

• Treat high or low sugars

• Treat fevers (probably)

• Use VTE ppx

VTE is Bad

• Intermittent pneumatic compression

• Document cessation of bleeding, then ok to use 
LMWH/Heparin at 1-4 days

• No great data on IVC filter vs. anticoagulation

Cerebral Edema

• Sodium

• Osmotic agents

• Monitoring - no exact metrics, consider for 
GCS ≤8, mass effect suggestive of high ICP, 
hydrocephalus

What are the options?

• Remove brain/lesion - surgeon

• Reduce CSF - ventric

• Reduce blood - hyperventilate, decr 
CMRO2, raise HOB

• Reduce parenchymal volume - osmotic 
diuretics



hypertension, bradycardia, and irregular respirations or

apnea (Cushing’s triad) although the concurrence of all

three signs is an uncommon and often late finding [4].
Common sites for herniation are the cingulum (subfalcine

herniation), medial temporal lobe (uncal herniation), and

inferior cerebellum (tonsillar herniation).
The cardinal signs of transtentorial (uncal) herniation

are an acute loss of consciousness associated with ipsilat-

eral pupillary dilation and contralateral hemiparesis,
resulting respectively from compression or displacement of

ascending arousal pathways, oculomotor nerve (III), and

corticospinal tract [5, 6]. In a subset of patients, herniation-
associated shift of the midbrain compresses the contralat-

eral anterior cerebral peduncle (crus cerebri) against the

tentorium, resulting in hemiparesis that is ipsilateral to the

lesion (Kernohan’s false localizing sign) [7]. Transtentorial

herniation may cause ipsilateral cerebral infarction due to

occlusion of the posterior cerebral artery.

Neuroimaging

In the emergent setting of a brain code, a cranial computed
tomography (CT) scan should be obtained to identify a

process that may require surgical intervention. Initial

resuscitative measures and stabilization, including airway
interventions, circulatory and ventilatory support, and ini-

tial hyperosmolar therapy, must occur prior to diagnostic

imaging. Cranial CT is preferred over magnetic resonance
imaging (MRI) due to availability and speed of imaging. In

the majority of cases, CT will identify the underlying

process (see Table 1), although MRI may subsequently be
needed for further characterization. MRI should only be

sought once the imminent risk of an additional brain code

has been mitigated by medical and/or surgical intervention.

ICP Monitoring

ICP monitors are invasive and are of several different

types, including intraventricular catheters as well as intra-
parenchymal, subdural, and epidural devices. The decision

to proceed with ICP monitoring is determined by the

Fig. 1 ENLS intracranial hypertension and herniation protocol

Fig. 2 Intracranial compliance is biphasic

Table 1 Etiologies of brain code

Extra-axial processes

Epidural hemorrhage

Subdural hemorrhage

Subdural empyema

Extra-axial brain tumor

Pneumocephalus

Focal brain processes

Brain tumor (primary, metastatic)

Ischemic stroke

Primary intracerebral hemorrhage

Brain abscess

Traumatic brain injury

Hydrocephalus

Diffuse brain processes

Traumatic brain injury

Aneurysmal subarachnoid hemorrhage

Infectious meningitides and encephalitides

Non-infectious neuroinflammatory disorders

Hepatic encephalopathy

Toxic-metabolic encephalopathies

Neurocrit Care

123

Head midline 
HOB >30° 
Normal Na

PaCO2 30-35 helpful briefly 
Mannitol .5-1g/kg q4-6 - max osm 320 
Saline - 2-23.4% - pick goal, check q4-6

Na >160 unhelpful

ENLS, 2017

Restart Anticoagulation
• Low risk, largely safe in the longterm

• Decreases other cardio- and cerebrovascular events

• Timin g  is the  questio n

The optimal timing to resume oral anticoagulation after anticoagulant-related ICH is uncertain. 
Avoidance of oral anticoagulation for at least 4 weeks, in patients without mechanical heart valves, 
might decrease the risk of ICH recurrence (Class IIb; Level of Evidence B). (New recommendation)

If indicated, aspirin monotherapy can probably be restarted in the days after ICH, although the 
optimal timing is uncertain (Class IIa; Level of Evidence B). (New recommendation) 

Anticoagulation after nonlobar ICH and antiplatelet monotherapy after any ICH might be 
considered, particularly when there are strong indications for these agents (Class IIb; Level of 
Evidence B). 

AHA guidelines

Kuramatsu et al., European Heart Journal 2018

Optimal timing in afib?



ACC, 2012

Afib

• Balance per day risk of stroke with per day risk 
of bleed

• consider how you evaluate the bleed risk

• Exact risk unclear - no great data

• Many wait 4-6 weeks

• Some observational studies suggest 7-8 weeks 
may be optimal

Pennlert et al, Stroke, 2016

Self-fulfilling prophecy

Aggressive full care and postponement of 
new DNR orders until the second full day of 
hospitalization “probably recommended”

Good Resources

• Neurocritical Care Society - ENLS

• Neurohospitalist Society

• Society of Hospital Medicine

• AHA/ASA guidelines


